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Overview

Discussion of the various approaches used to characterize impacts to E&R uses 
associated with streamflow alteration and outline methods used to set management 
targets/objectives for supporting and protecting those uses. Provide a sense of the 
differences between:

● Assessing Environmental vs. Recreational Uses and Needs

● Risk Ratings, Threshold Setting, Response Functions, Water Supply Deficits



Selecting Assessment 
Methodology(s)



Flow Assessment Techniques

1 Risk rating approaches 
based on hydrological 
alteration

2 Environmental flow 
threshold setting 
methodologies

3 Environmental 
response function 
development

4 Relating streamflow 
to recreational user 
preferences



Spatial Resolution +-

Data Needs +-

Cost Per Stream Mile +-

Tennant Method R2CROSS Generalized
Habitat Model

2D Hydraulic 
Habitat Model

AQUATIC HABITAT

Stream
Temperature Model

Rapid Assessment At-a-Station
Hydraulic Geometry

CHANNEL DYNAMICS

2D Channel
Evolution Model

1D Sediment
Transport Model

Flow Assessment 
Techniques

The suitability of any given environmental flow 
assessment approach is project specific and will 
depend on:

01    | The specific objectives of the planning or 
assessment effort

02    | The geographic scope and scale of the 
planning or assessment effort

03    | The budget and expertise available to 
implement various assessment approaches



Hydrological risk rating 
based approaches 

Based on statistical comparisons of hydrological 
regime behaviour under natural conditions vs 
managed conditions

01    | Indicators of Hydrological Alteration (IHA): 
suite of regime behaviour metrics

02    | Watershed Flow Evaluation Tool (WFET): 
maps flow alteration statistics to attribute risks

03    | Locally developed streamflow report cards 
(e.g. Friends of the Yampa Streamflow Report 
Card)

Natural Condition Existing Conditions

Flow Metric
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High Risk: 50-100% Reduction
Moderate Risk: 25-50% Reduction
Minimal Risk: 10-25% Reduction
Low Risk: < 10% Reduction



Environmental 
threshold-setting

Typically use locally collected data to generate 
minimum or maximum flows necessary to support 
different environmental attributes. Examples include:

01    | Tennant Method: Instream flows based on mean 
annual flow calculations using gaging station records

02    | R2Cross: Instream flows based on channel 
geometry and hydraulic characteristics  

03    | Wetted Perimeter: Instream flow based on 
cross-sectional geometry and water depth/stage

04    | Effective Discharge: regularly recurring 
flood flows based on channel geometry and 
sediment characteristics 



Response Function 
Development

Methods that consider environmental attribute 
characteristics that vary as a function of 
streamflow. 

01    | Generally relates hydraulic characteristics to habitat 
quality or sediment mobilization/surface scour

02    | Includes methods/models like PHABSIM, 
CASIMIR, River2D and others

03    | Typically requires collection of detailed 
site-specific data

04    | Produces outputs that allow users to evaluate impacts 
from a change in hydrology and/or compute an attribute 
value for any given streamflow value



Recreational Use 
Opportunities

Based on stated preferences for streamflows by 
recreational users on a specific reach of 
river/stream. Typically results in application of the 
Boatable Days methodology

01    | Requires deployment of community 
surveys that ask respondents to identify acceptable 
and optimal flow conditions for different uses
02    | Computes the number of days in a given year 
type that fall in different flow categories

03    | Identifies differences in recreational use 
opportunities between reaches and/or year types 
as a function of streamflow



Apply Assessment Results Carefully

1 Assessment methodologies provide a specific view of environmental and/or 
recreational use needs that rely on a set of assumptions

2 Important constraints on environmental and/or recreational uses may exist that 
cannot be effectively considered by a given assessment methodology

3 Ideally, stream health and recreational use assessments provide useful and 
important information, they almost NEVER provide all the information you will 
need for good decision-making



Confidential Customized for Lorem Ipsum LLC Version 1.0

Heuristic not Panacea

✓ Threshold methods generally intended as a means for identifying minimum 
streamflows necessary for protecting aquatic life

✓ No method singularly and simultaneously accommodate consideration of 
peak flows, rates of recession, inter-seasonable variability, baseflows

✓ No guarantee that optimizing flows to some E-Flow assessment metric will 
preclude undesirable changes to the aquatic ecosystem

✓ Non-flow characteristics (water quality, riparian condition, stream 
temperature, etc.) may limit aquatic ecosystems before flows do on some 
stream reaches



Details of the R2Cross 
Methodology



Reach Identification & 
Transect Selection

Identify one or more critical or representative 
riffles

01    | Channel hydraulics should not be impacted 
by downstream structures/channel characteristics

02    | Individual transect should reflect “typical” 
width, depth, slope characteristics of the riffle

03    | Avoid braided channels and areas with 
undercut banks 

04    | Select and measure enough transects to 
capture the natural variability of riffles observed 
within a defined stream segment (2 to 5 per reach)



Hydraulic (& Biological) 
Data Collection

Characterize the geometric and hydraulic 
conditions at each transect

01    | Survey bed topography with optical level, 
sag-tape, total-station, RTK, or other means

02    | Measure water depth and velocity at multiple 
stations across the transect using velocimeter, ADCP, 
etc.
03    | Optional: collect particle size distribution 
sample using Wolman Pebble Count or sieve

04    | Optional: conduct/review fisheries data 
and/or collect macroinvertebrate samples if 
appropriating ISF right



Hydraulic Modeling

Use hydraulic modelling approaches to estimate 
velocity and depth conditions at each transect 
across a range of stream flows

01    |    The recommended model can be found on 
the CWCB’s ISF Program website – the eRAMS
version of the R2CROSS hydraulic model.  Full 
program documentation and a User’s Manual can also 
be downloaded.   

02    |    D84 is optional (Wohlman pebble count not 
required)

03    | Creates a table indicating the average 
water depth, average velocity, wetted perimeter 
associated with each simulated discharge

.



Threshold Setting

Use hydraulic modelling results and habitat criteria 
table from Nehring (1979) to identify threshold flows

01    | Use habitat criteria table from Nerhring1 to 
identify the discharges that satisfy each condition

02    | Identify the flow where 2-of-3 criteria are 
satisfied: generally used to approximate winter 
environmental flow

03    | Identify the flow where 3-of-3 criteria are 
satisfied: generally used to approximate summer 
environmental flow

2 Nehring, R.B., 1979. Evaluation of instream flow methods and determination of 

water quantity needs for streams in the State of Colorado. Colorado Division of 

Wildlife, Fort Collins, CO. 
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