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Abstract 

The U.S. Army Corps Regulatory Program considers the loss (impacts) and 
gain (compensatory mitigation) of aquatic resource functions as part of 
Clean Water Act Section 404 permitting and compensatory mitigation de-
cisions. To better inform this regulatory decision-making, the Regulatory 
Program needs transparent and objective approaches to assess the func-
tion and condition of aquatic resources, including streams.  

Therefore, the Regulatory Program needs function-based stream assess-
ments (1) to characterize a stream’s condition or function, (2) to improve 
understanding of the impact of a proposed action on an aquatic resource, 
and/or (3) to inform the development of stream compensatory mitigation 
tools rooted in stream condition and/or function. A function-based stream 
assessment can provide regulatory decision makers with the resources to 
objectively consider alternatives, minimize impacts, assess unavoidable 
impacts, determine mitigation requirements, and monitor the success of 
mitigation projects.  

A multiagency National Committee on Stream Assessment (NCSA) con-
vened to create these guidelines to inform the development of new meth-
ods and evaluation of both national-level and regional methods currently 
in use. The resulting guidelines present nine phases, including rationale 
and recommendations to facilitate work efforts. The NCSA hopes that this 
technical guide promotes transparency, technical defensibility, and con-
sistent application of stream assessments in the Regulatory Program. 

  

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

Stream assessments are a critical part of the U.S. Army Corps of Engineers 
(USACE) Regulatory Program, the mission of which is to protect aquatic 
resources and navigation (capacity and condition) while allowing for rea-
sonable development through fair and balanced permit decisions, pursu-
ant to Section 404 of the Clean Water Act (CWA Section 404);* Section 10 
of the Rivers and Harbors Appropriation Act of 1899 (RHA);† and Section 
103 of the Marine Protection, Research, and Sanctuaries Act.‡  

CWA Section 404 requires that no discharge of dredged or fill material be 
permitted into Waters of the United States (WOTUS) if it causes or con-
tributes to significant degradation of WOTUS. During the regulatory re-
view process, permit applicants must first demonstrate efforts “to avoid 
and minimize impacts to [WOTUS] to the maximum extent practicable.” § 
Compensatory mitigation for unavoidable impacts may then be required 
as a condition of a Department of the Army (DA) permit. 

“The fundamental objective of compensatory mitigation is to offset envi-
ronmental losses resulting from unavoidable impacts to WOTUS author-
ized by DA permits.”** “Compensatory mitigation requirements must be 
commensurate with the amount and type of impact authorized by a DA 
permit” and be “based on what is practicable and capable of compensating 
for the aquatic resource functions that will be lost as a result of the permit-
ted activity.”†† This focus on aquatic resource functions is repeated 
throughout the 2008 Federal regulations governing compensatory mitiga-
tion,‡‡ hereinafter referred to as the 2008 Mitigation Rule.  

 
* 33 U.S.C. § 1344 et seq. (2011).  
† Rivers and Harbors Appropriation Act of 1899, 33 U.S.C. §403 et seq. (2019). 
‡ Marine Protection, Research, and Sanctuaries Act of 1972, 33 U.S.C. § 1401 (2010). 
§ Compensatory Mitigation for Losses of Aquatic Resources, 73 Fed. Reg. 70 (10 Apr. 2008), 19,594–

19705. 
** Compensatory Mitigation for Losses of Aquatic Resources, 33 C.F.R. § 332.3(a) (2011). 
†† 33 C.F.R. § 332.3(a). 
‡‡ 73 Fed. Reg. 70, 19,594–19705. 
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Ecosystem functions are defined in the 2008 Mitigation Rule as the “phys-
ical, chemical, and biological processes that occur in ecosystems,”* and 
functional capacity is the “degree to which an area of aquatic resources 
performs a specific function.”† The area of aquatic resource in the context 
of this technical guide may be a stream reach or a compilation of stream 
reaches making up a project area (e.g., a proposed impact requiring CWA 
Section 404 authorization or a proposed compensatory mitigation project 
to offset impacts). The term functional capacity may also be used to refer 
to the overall degree of function performed by an aquatic resource, as op-
posed to only the degree of function for a single specific function. In cases 
where appropriate functional or condition assessment methods are availa-
ble, federal regulations state that such “methods should be used where 
practicable to determine how much compensatory mitigation is required.”‡ 

Stream assessment for the Regulatory Program must balance the need for 
objective decision-making with the concurrent need to make those regula-
tory decisions in a timely manner. It is consequently often necessary to as-
sess stream condition as a proxy for stream function by evaluating a suite 
of indicators that represent structural and compositional attributes of the 
stream ecosystem. Stream condition is the relative ability of a riverine eco-
system to support and maintain a community of organisms, which has 
species composition, diversity, and functional organization comparable to 
high-quality reference aquatic resources in the region (Davies 2000). 
Stream condition is, therefore, the state of the stream at the time of the as-
sessment—a snapshot (Nadeau et al. 2018)—as opposed to a function, 
which is a process occurring over time. Like stream function, stream con-
dition can vary through both space and time throughout the assessed 
stream reach or watershed (Scarsbrook and Townsend 1993; Hatch et al. 
2010; Grabowski et al. 2014; Nadeau et al. 2018).   

In 2006, an international committee of scientists, engineers, and practi-
tioners defined 15 key stream and riparian zone functions that they aggre-
gated into 5 categories: system dynamics, hydrology, geomorphology, biol-
ogy, and physiochemical (Figure 1; Fischenich 2006). Drawing on the ef-
forts of Fischenich (2006) to characterize stream functions, the stream 
functions pyramid developed by Harman et al. (2012) proposed a hierar-
chical framework that connects stream functions with various function-

 
* 33 C.F.R. § 332.2. 
† 33 C.F.R. § 332.2. 
‡ 33 C.F.R. § 332.3(f). 
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based parameters, which then relate to a scoring system for evaluating the 
condition of streams (Figure 1). The purpose behind the development of the 
stream functions pyramid was to provide an approach for assessing stream 
restoration or mitigation design. The stream functions pyramid is essen-
tially a five-level hierarchical framework, with hydrology at the base of the 
pyramid and successive categories of hydraulics, geomorphology, physico-
chemical, and then biology (aquatic life) at the top of the pyramid.  

Figure 1.  Comparison of stream functions described by Fischenich (2006) and organization 
of the stream functions pyramid described by Harman et al. (2012).  

 

The stream functions pyramid emphasizes the need to address the founda-
tion of the pyramid, in terms of hydrologic and physical processes, to sup-
port higher-level functional categories, like biologic processes. Although the 
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pyramid provides a framework for identifying and organizing stream func-
tions, it does not intrinsically illustrate the interrelationships of functions 
in various levels of the pyramid hierarchy nor does it address the change in 
hierarchy that may occur. For example, it may be that biology increases in 
significance seasonally, with vegetation dominating stream function and in-
fluencing the way all other functions respond to the system. Underlying the 
foundation of the pyramid, as well as Fischenich’s (2006) functions, are ge-
ology and climate, which influence all other parts of the pyramid.    

1.2 Relationship of stream assessments to other regulatory tools 

An effective stream assessment method underlies development of other 
function-based regulatory tools that allow regulators and their partners to 
(1) develop mitigation crediting and debiting protocols, (2) determine mit-
igation project performance, (3) compare streams to a target condition, 
and (4) determine the current status of a stream and in what direction the 
stream is trending. The development of stream assessment methods in the 
Regulatory Program has often comingled with the development of these 
tools for other regulatory purposes. This can possibly lead to some diffi-
culty differentiating the results of the assessment relative to the output of 
the other tools. The National Committee on Stream Assessment (NCSA) 
contends that objective assessment of stream condition at proposed im-
pact and mitigation sites is necessary to inform development of these other 
function-based tools.  

Crediting and debiting protocols are used in the Regulatory Program to as-
sign “units of measure (e.g., linear feet, area, etc.) representing the accrual 
or attainment of aquatic [resource] functions” at a mitigation site or the 
“loss of aquatic [resource] functions at an impact site,” respectively.* Har-
man et al. (2021) discusses in detail identifying and applying units of 
measure in crediting and debiting protocols. These protocols are not nec-
essarily stream assessment methods themselves, though they should be 
predicated on an objective assessment of stream conditions, both at pro-
posed mitigation sites (credits) and proposed impact sites (debits). 

The 2008 Mitigation Rule requires that compensatory mitigation projects 
be evaluated using ecological performance standards based on attributes 
that are objective, verifiable, and based on the “best available science that 

 
* 33 C.F.R. § 332.2. 
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can be measured or assessed in a practicable manner.” Performance stand-
ards should “relate to the [specific] objectives of the compensatory mitiga-
tion project” and provide sufficient information to allow regulatory deci-
sion makers to determine whether it is developing into the desired re-
source type and providing the expected functions.* Objective stream as-
sessment methods can therefore inform the identification of appropriate 
ecological performance standards for the Regulatory Program. 

To compare an aquatic resource to a target condition, or otherwise charac-
terize its functional capacity, a stream needs to be put into context with 
other streams in a given geographic area (e.g., state, ecoregion, physio-
graphic province, etc.). The 2008 Mitigation Rule defines reference 
aquatic resources as “a set of aquatic resources that represent the full 
range of variability exhibited by a regional class of aquatic resources as a 
result of natural processes and anthropogenic disturbances.”† Reference 
conditions, as used in this technical guide, may therefore be defined as the 
full range of variability exhibited by a regional class of aquatic resources as 
a result of natural processes and anthropogenic disturbances. A stream as-
sessment method based on or related to regional reference conditions can 
provide this context. 

Assessing the current status of a stream’s condition is important not only 
for evaluating the likely impacts of a proposed project on stream condition 
and/or function but also to assess baseline (i.e., preproject) conditions at 
proposed mitigation projects. The former is an important consideration to 
inform regulatory decisions on the number of debits required to compen-
sate for unavoidable authorized impacts, and the latter is necessary for as-
signing mitigation credits by representing the “floor” for evaluation of 
functional improvement or functional lift following mitigation activities. 
Each of these uses for stream assessments also requires that the output of 
the assessment provides a regional context for similar aquatic resources. 

Assessment of stream conditions conducted over a recurring time interval, 
such as postmitigation monitoring or postproject impact monitoring, can 
illustrate a trend of either improving or degrading conditions if the compo-
nent indicators used by the stream assessment method and the output of 
the assessment itself are sensitive to the changes occurring in the stream 
ecosystem over time. Evidence of such a trend may inform management 

 
* 33 C.F.R. § 332.5. 
† 33 C.F.R. § 332.2. 
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actions to hasten, reverse, or halt the trend, depending on project objec-
tives and the direction in which stream conditions are trending. 

1.3 Existing stream assessment methods 

Stream assessment methods are developed for many different purposes, 
including both regulatory purposes (e.g., Section 404 CWA and/or State or 
local regulations) and nonregulatory purposes, such as resource manage-
ment inventories or other targeted resource surveys. The USACE Regula-
tory Districts currently use a variety of methods to conduct stream assess-
ments as part of the CWA Section 404 Regulatory Program, some of which 
are inextricable components of broader guidance (Table 1).  

Even stream assessment methods developed for application outside of the 
USACE Regulatory Program may be appropriate to apply in the regulatory 
context. However, it is important to evaluate whether such methods would 
be able to effectively and efficiently meet the needs of the Regulatory Pro-
gram. It is consequently important to specify not only what the program-
matic goals of the assessment method are but also how to evaluate 
whether those goals will be met.  

Bain et al. (1999) compiled and reviewed methods for aquatic habitat as-
sessment used by North American fishery agencies, and Somerville and 
Pruitt (2004) evaluated regulatory and nonregulatory physical stream as-
sessment methods used in the United States. Bain et al. (1999) found that 
methods more often focused on general aquatic environmental quality 
with less focus on assessing habitat in relation to fisheries. They empha-
sized the need for adequate sampling design when evaluating habitat re-
sources. Somerville and Pruitt (2004) in particular recommended that 
stream assessment methods for the CWA Section 404 Regulatory Program 
should include a classification system to reduce variability, be objective 
and quantitative, have a fluvial geomorphic emphasis, and include a plan 
for data management.  

There have been significant changes to the CWA Section 404 Regulatory 
Program in the two decades since the above referenced reviews were con-
ducted, not the least of which was adoption of the 2008 Mitigation Rule. 
There have also been significant advances in stream assessment on both a 
regional and national scale (e.g., Wadeable Stream Assessment [EPA 
2006]; National River and Streams Assessment 2008–2009 and 2013–
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2014 [EPA 2016, 2020]). Objective stream assessments with a firm plat-
form for data management are still critical for any programmatic use of 
stream assessment information. Similarly, stratifying streams based on 
factors that affect stream function or indicator metrics of those functions 
remains important, regardless of whether a formal stream classification 
protocol is utilized. However, numerous critical evaluations of stream res-
toration activities have also been published in the last twenty years, many 
of which have reported mixed results on the biological efficacy of common 
stream restoration practices (Roni et al. 2008; Miller et al. 2010; Palmer, 
Hondula, et al. 2014). To address this deficiency, biological functions and 
indicators should receive the same degree of attention in stream assess-
ment and stream restoration efforts for the Regulatory Program. While 
fluvial geomorphology is still important, it should perhaps no longer hold 
the same degree of critical prominence recommended by Somerville and 
Pruitt (2004) nearly two decades ago. 

Table 1.  Examples of stream assessment methods and stream mitigation guidance currently in use by 
USACE Regulatory Districts and the output scoring of the methods. The stream methodologies used to 

arrive at these final scores vary widely between districts from rapid visual assessments to time-intensive 
quantitative measurements. Follow the URLs, or go to the district websites, to find what methods are 

used and how the scores are then input into credit and debit tools.    

Stream 
Methodology 

USACE 
District URL 

Output of 
Assessment 

Method* Reference 

Charleston 
District Mitigation 
Guidelines 

Charleston 
District 

https://www.mvk.usace.army.mil/Portals/58
/docs/regulatory/Charleston%20 
Method%202010%20Guidelines.pdf 

Index score USACE (2011a) 

Colorado Stream 
Quantification 
Tool (CSQT) v1.0 

Omaha 
District 

https://www.nwo.usace.army.mil/Missions/R
egulatory-Program/Colorado 
/Mitigation/ 

Index score  CSQT Steering 
Committee 
(2019a, 2019b) 

Galveston District 
Level I Stream 
Assessment 
Method 

Galveston 
District 

https://www.swg.usace.army.mil/Business-
With-Us/Regulatory/Streams/ 

Categorical 
rating 

USACE (2013) 

Galveston District 
Level II Stream 
Assessment 
Method 

Galveston 
District 

https://www.swg.usace.army.mil/Business-
With-Us/Regulatory/Streams/ 

Index score USACE (2013) 

Georgia SQT Savannah 
District 

https://www.sas.usace.army.mil/Portals/61/
docs/Regulatory/Mitigation%20Documents 
/SOP.pdf?ver=2018-07-03-144058-600 

Index score USACE (2018a) 

* Categorical rating = score results from an assigned rating evaluation of categorical groups (i.e., Poor, Good, Excellent, Low, High). 
Index score are final scores in assessment methods that can be calculated from qualitative and/or quantitative assessments. Index 
scores = scores derived from an index (multicategory rating system, such as the Environmental Protection Agency [EPA] Rapid 
Bioassessment Protocol [RBP] habitat evaluation) and adding up the subcategories to produce a final score. Stream functional 
capacity score = a rating system that includes a combination of both categorical ratings and numerical values, which are combined 
to determine the overall stream function.  

 

https://www.mvk.usace.army.mil/Portals/58/docs/regulatory/Charleston%20Method%202010%20Guidelines.pdf
https://www.mvk.usace.army.mil/Portals/58/docs/regulatory/Charleston%20Method%202010%20Guidelines.pdf
https://www.mvk.usace.army.mil/Portals/58/docs/regulatory/Charleston%20Method%202010%20Guidelines.pdf
https://www.nwo.usace.army.mil/Missions/Regulatory-Program/Colorado/Mitigation/
https://www.nwo.usace.army.mil/Missions/Regulatory-Program/Colorado/Mitigation/
https://www.nwo.usace.army.mil/Missions/Regulatory-Program/Colorado/Mitigation/
https://www.swg.usace.army.mil/Business-With-Us/Regulatory/Streams/
https://www.swg.usace.army.mil/Business-With-Us/Regulatory/Streams/
https://www.swg.usace.army.mil/Business-With-Us/Regulatory/Streams/
https://www.swg.usace.army.mil/Business-With-Us/Regulatory/Streams/
https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
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Table 1 (cont.).  Examples of stream assessment methods and stream mitigation guidance currently in 
use by USACE Regulatory Districts and the output scoring of the methods. The stream methodologies 

used to arrive at these final scores vary widely between districts from rapid visual assessments to 
time-intensive quantitative measurements. Follow the URLs, or go to the district websites, to find what 

methods are used and how the scores are then input into credit and debit tools.    

Stream 
Methodology 

USACE 
District URL 

Output of 
Assessment 

Method* Reference 

Georgia Stream 
Qualitative 
Assessment 

Savannah 
District 

https://www.sas.usace.army.mil/Portals/61/
docs/Regulatory/Mitigation%20Documents 
/SOP.pdf?ver=2018-07-03-144058-600 

Stream 
functional 
capacity score 
(qualitative) 

USACE (2018b) 

Hydrogeomorphic 
(HGM) Approach  

Huntington 
District 

https://wetlands.el.erdc.dren.mil/pdfs 
/trel17-1.pdf 

Index score 
(functional 
capacity index) 

Summers et al. 
(2017) 

North Carolina 
Stream 
Assessment 
Method (NCSAM) 

Wilmington 
District 

https://ribits.usace.army.mil/ribits_apex/f?p
=107:150:10661163635161::NO::P150_DOC
UMENT_ID:36298 

Stream 
functional 
capacity score 
(stream function 
rating) 

North Carolina 
Stream Functional 
Assessment Team 
(2015) 

Oregon Stream 
Function 
Assessment 
Method (SFAM) 
for Oregon (v1.0) 

Portland 
District 

https://www.oregon.gov/dsl/WW/Pages 
/SFAM.aspx 

Stream 
functional 
capacity score; 
landscape 
context score 

Nadeau, Hicks,  
et al. (2020) 

Stream Visual 
Assessment 
Protocol (SVAP2) 

New 
England 
District 

https://www.nrcs.usda.gov/Internet/FSE_DO
CUMENTS/nrcs144p2_042678.pdf 

Index score 
(qualitative) 

Natural Resources 
Conservation 
Service (2009) 

Tennessee 
Stream Mitigation 
Guidelines 

Nashville 
and 
Memphis 
Districts 

https://www.tn.gov/environment/permit-
permits/water-permits1/aquatic-resource-
alteration-permit--arap-/permit-water-arap-
compensatory-mitigation.html 

Index score Tennessee 
Department of 
Environment and 
Conservation 
(2019) 

Texas Rapid 
Assessment 
Method (TXRAM) 
Stream Module 

Fort Worth 
District 

https://www.swf.usace.army.mil/Portals/47/
docs/regulatory/Permitting/Submittal%20 
Forms/TXRAM_Wetlands_and_Streams_Mod
ules_Version_2.0_Final.pdf 

Index score USACE (2015) 

Virginia Unified 
Stream 
Methodology 
(USM) 

Norfolk 
District 

https://www.nao.usace.army.mil/Portals/31
/docs/regulatory/commonreq/USM 
_Final_Draft.pdf 

Index score 
(reach condition 
index) 

USACE and Virginia 
Department of 
Environmental 
Quality (2007) 

West Virginia 
Stream and 
Wetland Valuation 
Metric (SWVM) 

Huntington 
District 

https://www.lrh.usace.army.mil/Portals/38/
docs/regulatory/WV%20Stream%20and%20
Wetland%20Valuration%20Metric.pdf 

Index score USACE (2011b) 

Wyoming SQT Omaha 
District 

https://www.nwo.usace.army.mil/Missions/R
egulatory-Program/Wyoming/Mitigation/ 

Index score USACE (2018c)  

* Categorical rating = score results from an assigned rating evaluation of categorical groups (i.e., Poor, Good, Excellent, Low, High). Index score are 
final scores in assessment methods that can be calculated from qualitative and/or quantitative assessments. Index scores = scores derived 
from an index (multicategory rating system, such as the Environmental Protection Agency [EPA] Rapid Bioassessment Protocol [RBP] habitat 
evaluation) and adding up the subcategories to produce a final score. Stream functional capacity score = a rating system that includes a 
combination of both categorical ratings and numerical values, which are combined to determine the overall stream function.  

https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
https://www.sas.usace.army.mil/Portals/61/docs/Regulatory/Mitigation%20Documents/SOP.pdf?ver=2018-07-03-144058-600
https://wetlands.el.erdc.dren.mil/pdfs/trel17-1.pdf
https://wetlands.el.erdc.dren.mil/pdfs/trel17-1.pdf
https://ribits.usace.army.mil/ribits_apex/f?p=107:150:10661163635161::NO::P150_DOCUMENT_ID:36298
https://ribits.usace.army.mil/ribits_apex/f?p=107:150:10661163635161::NO::P150_DOCUMENT_ID:36298
https://ribits.usace.army.mil/ribits_apex/f?p=107:150:10661163635161::NO::P150_DOCUMENT_ID:36298
https://www.oregon.gov/dsl/WW/Pages/SFAM.aspx
https://www.oregon.gov/dsl/WW/Pages/SFAM.aspx
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_042678.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_042678.pdf
https://www.swf.usace.army.mil/Portals/47/docs/regulatory/Permitting/Submittal%20Forms/TXRAM_Wetlands_and_Streams_Modules_Version_2.0_Final.pdf
https://www.swf.usace.army.mil/Portals/47/docs/regulatory/Permitting/Submittal%20Forms/TXRAM_Wetlands_and_Streams_Modules_Version_2.0_Final.pdf
https://www.swf.usace.army.mil/Portals/47/docs/regulatory/Permitting/Submittal%20Forms/TXRAM_Wetlands_and_Streams_Modules_Version_2.0_Final.pdf
https://www.swf.usace.army.mil/Portals/47/docs/regulatory/Permitting/Submittal%20Forms/TXRAM_Wetlands_and_Streams_Modules_Version_2.0_Final.pdf
https://www.nao.usace.army.mil/Portals/31/docs/regulatory/commonreq/USM_Final_Draft.pdf
https://www.nao.usace.army.mil/Portals/31/docs/regulatory/commonreq/USM_Final_Draft.pdf
https://www.nao.usace.army.mil/Portals/31/docs/regulatory/commonreq/USM_Final_Draft.pdf
https://www.lrh.usace.army.mil/Portals/38/docs/regulatory/WV%20Stream%20and%20Wetland%20Valuration%20Metric.pdf
https://www.lrh.usace.army.mil/Portals/38/docs/regulatory/WV%20Stream%20and%20Wetland%20Valuration%20Metric.pdf
https://www.lrh.usace.army.mil/Portals/38/docs/regulatory/WV%20Stream%20and%20Wetland%20Valuration%20Metric.pdf
https://www.nwo.usace.army.mil/Missions/Regulatory-Program/Wyoming/Mitigation/
https://www.nwo.usace.army.mil/Missions/Regulatory-Program/Wyoming/Mitigation/
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1.4 Objectives 

In making CWA Section 404 permitting and compensatory mitigation de-
cisions, the USACE Regulatory Program, along with its federal, state, and 
local partners, considers the loss (impacts) and attainment or accrual of 
aquatic resource functions (compensatory mitigation). Monitoring plans, 
crediting and debiting protocols, and ecological performance standards for 
mitigation are most robust and transparent when they rely on objective as-
sessment methods. To better inform regulatory decision-making, the 
USACE Regulatory Program needs transparent and objective stream as-
sessment approaches. There are currently no consistent guidelines for 
USACE Regulatory Districts to develop or modify stream assessment 
methods. Regional assessment methods are important, as they are better 
able to capture the variation among stream ecosystems within each region 
than nationally applied methods.  

The objective of this Technical Guide for the Development, Evaluation, 
and Modification of Stream Assessment Methods for the Corps Regula-
tory Program is to provide the USACE Regulatory Program, along with 
national, state, tribal, and local partners, a framework to guide either the 
development of new stream assessment methods or the evaluation; com-
parison; and if necessary, regionalization of existing stream assessment 
methods for use in the Regulatory Program (Figure 2). A multiagency na-
tional committee, the NCSA, was convened to inform this framework. This 
resulting process framework from the NCSA is intended to promote trans-
parency, technical defensibility, and consistency in the development of 
stream assessments across the Regulatory Program. 
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Figure 2.  Phases to guide development of a stream assessment methodology for use in a 
specific state or USACE district.   
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1.5 Approach 

A multiagency National Committee on Stream Assessment assembled to 
create this guide. Members came from federal agencies involved in stream 
management, including stream assessment, mitigation, monitoring, and 
restoration. The committee worked together to construct the framework 
(Figure 2) for developing stream assessment methods with the intent of 
promoting consistency, technical defensibility, peer review, and applica-
tion. The framework will guide both development of new stream assess-
ment methodologies and modifications to those currently in use.  

This technical guide describes each phase of the framework. Each subsec-
tion provides guidelines, resources, and questions to consider when devel-
oping or modifying a method. Before developing a method, first read 
through this technical guide carefully and consider the approach under 
each phase. Some phases may occur sequentially, but some may be itera-
tive, so it is useful to understand the entire scope of this document before 
beginning Phase 1 (development of a scope of work). The questions and 
ideas presented in each phase will guide formation and execution of a 
plan. The final chapter summarizes all the questions and phases, and the 
glossary provides the current code of federal regulation definitions for 
common terms used throughout this manual. Overall, this technical guide 
provides an outline for approaching development and modification of an 
assessment method (Figure 2) and includes the references and a summary 
of resources needed when working through each phase of the process.       
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2 Components of a Stream Assessment 
Method 

To minimize subjectivity and variability among regulators and practition-
ers, stream assessment methods for the CWA Section 404 Regulatory Pro-
gram need to be objective, measurable, and repeatable. In the process of 
developing an assessment method, it may be useful to consider a method 
that is scalable from a rapid assessment to more intensive approaches. For 
example, the same level of rigor required to verify that a stream mitigation 
project is meeting its ecological performance standards may not be neces-
sary to evaluate the impact of a proposed small project for which a CWA 
Section 404 permit application has been submitted. Stream assessments 
for the Regulatory Program should include indicators to characterize 
chemical, physical, and biological functions. These field indicators should 
be responsive to regionally relevant projects authorized under CWA Sec-
tion 404 (e.g., changes to flow regime, water quality, geomorphology, and 
secondary or cumulative effects) and be responsive within the timescales 
associated with typical postconstruction mitigation monitoring (e.g., 5–
15 years), responsive meaning that a change can be detected across the 
time and spatial scales over which the assessment method is being applied.   

Furthermore, a regionally relevant stream assessment method should be 
able to appropriately assess the condition and/or function of the range of 
stream resources located in the region. Different stream resources may 
have the same or very similar functions, but they can differ in condition 
and in the indicators that represent those conditions and/or functions. 
Stratification of regional stream types may therefore be a critical precursor 
for effective development of stream assessment methods for use in the 
Regulatory Program (Somerville and Pruitt 2010; Fritz et al. 2020). Strati-
fication is a method of sorting the stream resources into distinct groups or 
layers. For example, stream resources may include stream wetland com-
plexes, beaver-dominated systems, headwaters, tidal, or multithread (e.g., 
braided or anastomosing) systems. Once stream resources are stratified 
within a region, it may become apparent that different assessment meth-
ods are needed for the different resources.  

The NCSA recommends a phased approach to guide development of new 
stream assessment methods for the Regulatory Program. The same phased 
approach should also inform the evaluation and, if necessary, modification 
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of existing methods (Figure 2). Subsequent sections of this technical guide 
describe each phase in detail. These guidelines are not meant to be pre-
scriptive. They should instead guide the process of developing or evaluat-
ing stream assessment methods. If an existing method is already in use in 
another region or for a nonregulatory purpose in the same region and 
needs to be modified, the considerations and resources referenced in each 
phase of this guide may help identify what might be missing from the as-
sessment method. Additionally, if a method is being modified, each phase 
can assist with what needs to be updated or improved to best satisfy the 
programmatic needs of the Regulatory Program. Although laid out sequen-
tially, the actions and efforts in each phase of this guide will often occur 
concurrently or iteratively with other phases. It is important to periodi-
cally reconfirm decisions made in previous phases as new information is 
generated from work taking place in subsequent phases. 

2.1 Phase 1: Develop a scope of work 

2.1.1  Phase 1 description 

The process of developing or modifying a stream assessment method for 
programmatic regulatory purposes can be multifaceted and may require 
input from many different parties. A project scope of work is useful for 
outlining the specific tasks to accomplish, the interrelationships of those 
tasks, and timeframes within which to complete each task. The scope of 
work should identify all desired work products from each task and each 
phase of the development process and also the resources necessary to 
complete each of those elements (e.g., human resources, budget, expertise, 
etc.). In this way, the scope of work is a road map that guides the project 
and serves as a resource to consult periodically to ensure that no critical 
elements are overlooked. The development of the scope of work may begin 
before any other phase is initiated but will likely be augmented or revised 
based on input from the project’s multidisciplinary partners convened in 
Phase 2. 

2.1.1.1  Goals for the scope of work: updating an existing stream assessment 
method or developing a new method 

While there are many reasons why stream assessment methods are devel-
oped, the Regulatory Program specifically needs function-based stream as-
sessments (1) to characterize a stream’s condition or function, (2) to im-
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prove understanding of the impact of a proposed action on an aquatic re-
source, or (3) to inform the development of stream compensatory mitiga-
tion tools rooted in stream condition and/or function.  

Before developing a new stream assessment method, it is important to first 
consider methods currently in use in adjacent states or regions (e.g., Table 
1) or those used for nonregulatory purposes within the region. Developing 
a new method may require considerably more time and funding than 
adapting an existing method. Consultations with peers, colleagues, and 
stakeholders may provide feedback and insight about assessment methods 
currently being used in other states or USACE districts. Other state and 
federal agencies may also be sources of information regarding existing 
stream assessment methods. The following considerations may help focus 
evaluations of existing stream assessment methods: 

1. Is there concern with limitations of an existing method? For example, does 
the method assess all stream conditions and/or functions properly? How 
does the method stratify stream types, and is the method capable of appro-
priately measuring or differentiating conditions of stream resources found 
in the target region?  

2. Is there any redundancy in the metrics and data collection? Can the 
method be streamlined?  

3. Do some metrics need to be updated or regionalized with local data to bet-
ter address stream resources found in the target region?  

4. Does the assessment method have flexibility between rapid and intensive 
approaches for different assessment needs?  

5. Is the method sensitive to the changes in function and condition associated 
with the types of activities authorized under CWA Section 404 and within 
the timescales of typical postproject monitoring (e.g., 5–15 years)? 

6. To what degree do the results reflect stream function and/or condition? 
That is, what is the accuracy of assessment results; and is additional field 
testing or long-term data collection needed to further verify and validate 
the method?  

2.1.1.2  Flexibility in method 

The USACE Regulatory Program reviews projects that have a range of im-
pacts on streams in terms of both magnitude and spatial area. Direct im-
pacts may range from minor impacts affecting very short stream reaches to 
impacts affecting thousands of linear feet of stream. Secondary impacts 
may similarly affect short stream reaches or entire watersheds. Therefore, 
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it is useful for stream assessment methods to have flexibility, allowing for 
both rapid and intensive assessments depending on the type of infor-
mation needed to support decision-making and the geographic or time 
scale over which the project will be conducted.  

The time it takes to complete any stream assessment in the field is af-
fected by the expertise and experience of practitioners (i.e., training), 
availability of necessary information and equipment, and size of the pro-
ject area (Roper et al. 2002; Belletti et al. 2017). The higher the resolution 
of data needed or desired, the more time it takes to collect and process the 
data. A rapid approach can be useful for small projects with limited im-
pacts or as an initial screening of multiple potential project sites. Rapid 
approaches can include collection of both qualitative and quantitative 
data. However, most rapid approaches are limited in terms of resolution 
and quantitative data, and they often lack the ability to capture all stream 
and riparian variables that are relevant for more-substantial projects 
(Somerville and Pruitt 2004). 

Quantitative data are important for retaining the resolution of data nec-
essary to support impact assessment of major projects, to design mitiga-
tion projects, to develop mitigation performance standards, and to guide 
effectiveness monitoring. For example, detailed site-specific analysis 
should precede mitigation project design, and postmitigation monitoring 
should also be subject to more rigorous analysis to evaluate whether mit-
igation project goals are met and ecological performance standards satis-
fied. Major projects with significant potential for secondary impacts may 
also require robust postconstruction monitoring as a condition of regula-
tory authorization.  

Note that for small-scale projects that can use a rapid approach, the gen-
eral conclusions based on either rapid or intensive methods should be sim-
ilar. For example, a rapid, categorical assessment of stream condition 
based on subjective estimates of indicator metrics (e.g., good, fair, or poor) 
should reach similar conclusions about condition as more intensive objec-
tive measurement of targeted stream attributes.  

2.1.1.3  Data management plan for development of the stream assessment 
method 

A comprehensive data management plan outlined in the scope of work can 
assist in developing the overall plan, timeline, and budget for the project. 
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The project can be either development of a new method or refinement of a 
method currently in use. The following questions may be useful to con-
sider when developing a data management plan (EPA 2002; ELI [Environ-
mental Law Institute] 2020):  

1. What type of data will be collected to develop the stream assessment 
method? What data format and templates will be used?  

2. What metadata will be collected and stored with the data? Metadata docu-
mentation is essential for keeping track of the type, quality, and ownership 
of any data that is gathered.  

3. How will data quality be assessed? 
4. What type of database will be maintained? How will data be entered into 

the database, and who is responsible for doing so?  
5. What is the plan for data processing and management? How will the data 

be stored? Who will manage the data? 
6. Who will have access to the data, and how will it be accessed? Will open 

data platforms be used? What is the long-term data access plan?   

Another important consideration in data management is whether there 
will be accommodation or development of tools to report, analyze, display, 
and share data (ELI 2020). If so, the data management plan should ad-
dress how the database will be queried, the types of data analysis that will 
be accommodated, and how it will be displayed, including whether and 
how the data will be made available and accessible to the public.   

2.1.2  Phase 1 guidelines 

The NCSA recommends that development of a scope of work includes the 
following five steps:  

1. Explicitly define the overall programmatic goals and objectives for devel-
oping, or adapting, a stream assessment method. Soliciting the input of 
stakeholders during development of these goals may foster cooperation of 
all relevant parties and help to ensure broad endorsement of the final 
products. The development team should plan to regularly engage with 
stakeholders throughout the development process.  

2. Identify and describe each proposed task to develop a new stream assess-
ment method or to review and revise an existing method. Specifically, 
outline the plan for each phase listed in this framework and include both 
a timeline and the outcomes or products expected from each task and 
each phase. Recognize that these specific details may change. However, 
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recording them early in the development process will help keep the pro-
ject focused. 

3. Identify the project leaders, contributors, and potential special-use teams 
(e.g., technical teams from which to solicit specific input or expertise). 
Identify pertinent stakeholder groups (if not already identified) and fo-
rums to solicit their input. 

4. Construct a detailed budget and identify potential funding sources. Note, 
however, that specific budget expenditures may change as subsequent 
phases identify data needs. Identifying adequate funding resources is criti-
cal for stakeholder engagement, production of figures, and production of 
the documents that encompass the method (e.g., user manual, work-
book/calculator, scientific support document).  

5. Conceptualize the data management plan and identify parties capable of 
developing that plan in detail. Also identify parties capable of hosting the 
data repository. 

2.2 Phase 2: Gather a multidisciplinary project team 

2.2.1  Phase 2 description 

The development team will benefit by including members with expertise 
in all relevant physical, chemical, and biological processes that occur in 
streams, as well as those familiar with policy implications and applied 
permitting and restoration experience (Smith et al. 2013; Nadeau et al. 
2018; Fritz et al. 2020) (Figure 3). Many factors may affect the size and 
scope of the team, including the expertise of core team members, the level 
of effort needed to devise or adapt the stream assessment method, and 
the variety of unique stream resources within the region where the assess-
ment will be applied.  

Figure 3.  Scientific, regulatory, and management expertise to consider for 
the multidisciplinary assessment team.    
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2.2.2  Phase 2 guidelines 

The NCSA recommends that compilation of a multidisciplinary team to 
support development of a stream assessment method for the Regulatory 
Program includes the following steps: 

1. Identify skills and expertise needed on the assessment team, including 
subregional representation if the target region is large and inclusive of di-
verse stream resources.  

2. Contact local, state, federal, tribal, and academic experts to join the assess-
ment team.  

3. Once the multidisciplinary assessment team is assembled, clearly out-
line the goals, timelines, and expectations for engagement of the team 
and review and refine the project scope of work developed in Phase 1, 
if applicable. 

2.3 Phase 3: Determine the types of streams, associated stream 
functions, and necessary stratification for streams in the region 

2.3.1  Phase 3 description  

A watershed is the area of land “that drains to a common waterway, such as 
a stream, lake, estuary, wetland, or ultimately the ocean.”* The condition of 
the watershed thereby directly and indirectly affects the condition of the 
streams within that watershed. Thus, the watershed is the area within 
which physical, chemical, and biological processes determine the condition, 
function, and services of streams (Thorne et al. 1997; Alexander et al. 2007; 
Wipfli et al. 2007; Roni and Beechie 2013; ELI and The Nature Conserv-
ancy 2014; Wohl 2018). The functions that occur in streams, supported by 
their watershed, can change over time and space (Nadeau et al. 2018).  

Streams adjust their planform, longitudinal profile, and cross section 
based on the amount of water and sediment that moves through the chan-
nel over time. The diversity of climates and landscapes results in a variety 
of stream types that interact in complex ways with the land. These interac-
tions result in a range of habitats for aquatic and riparian organisms based 
on differences in the cycling of water, sediment, and nutrients through the 
system. Within any region, there can be significant heterogeneity in 
stream condition and function. Efforts to first recognize this heterogeneity 

 
* 33 C.F.R. § 332.2. 
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and then stratify, or classify, streams to reduce natural, expected variabil-
ity among streams will facilitate the identification of relevant functions. 
Metrics that are capable of representing the functional capacity of streams 
can then also be identified.  

The purpose of classifying streams is to organize otherwise complex natu-
ral systems into groups having similar characteristics. This allows the re-
sults of stream assessments to be compared with other members of the 
same group (e.g., at both reference and impact sites). Further, similarities 
and differences can be more easily communicated among practitioners, 
regulators, and other stakeholders (Tadaki et al. 2014; Rinaldi et al. 2016). 
For example, classification of streams based on channel form is an attempt 
to link streams shaped by similar geomorphic processes. Similarly, organ-
izing streams based on ecoregion or water temperature can aid identifica-
tion of patterns in aquatic biological communities. Stratifying or classify-
ing streams as part of a stream assessment method helps to reduce varia-
bility and improves signal-to-noise power of the assessment method. This 
phase in developing or adapting a stream assessment method for the Reg-
ulatory Program focuses on characterizing streams in a particular region, 
identifying the functions performed by those streams, and stratifying or 
classifying streams by intrinsic channel, valley, and/or watershed charac-
teristics that affect those functions and the expression of indicators of 
those functions in the field.  

Stratification of stream types may be relevant for identifying indicator 
metrics (Phase 4) and relevant sources of reference data (Phase 5). It is 
also possible that stratification of streams conceptualized in this phase 
may change during subsequent phases of method development. Do not 
classify simply for the sake of classifying. Instead, stratify or classify 
stream types only to the degree necessary to minimize natural variation 
and identify indicator metrics of stream function that are effective at dis-
criminating streams among differing levels of functional capacity. Any 
stratification or classification should relate to the main programmatic 
goals for the stream assessment method and the metrics selected to indi-
cate the degree to which a stream is functioning. It is also important to 
carefully consider and reevaluate this phase as reference data is collected. 
If, for example, there is no differentiation of metric data among stream 
classes, there may be no cause for classifying streams for that metric, or a 
different approach to stratification may be applicable.  
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2.3.2  Phase 3 guidelines 

2.3.2.1  Consider the range of stream resources within the region  

Development of a stream assessment method should be preceded by 
broader efforts to first identify and understand the range of natural varia-
bility among streams throughout the region. Variability may be the result 
of differing locations along the hydrographic continuum (e.g., headwater 
streams vs. large rivers), differing geologic or ecological settings, differing 
thermal regimes, variations in natural land cover (e.g., grasslands vs. for-
ests), etc. (Figure 4). The development team should consider the many fac-
tors that introduce heterogeneity into regional streams, and attempt to or-
ganize this information using conceptual models and/or classification 
frameworks. This will help identify factors that exert the most influence on 
stream functions performed or capable of being performed by each stream 
type in the region and will also aid in identifying the most applicable met-
rics indicative of each function.  

Conceptual models are often used to provide simplified versions of reality 
to help understand the complex structures and interlinked processes af-
fecting stream systems. Development of a simplified regional conceptual 
model can assist in understanding expected changes in stream functions 
(i.e., processes) across stream types or in response to stressors. Ultimately, 
changes in these stream processes result in different metrics being of in-
terest in different locations of the channel network or across differing eco-
logical or geologic settings (Fischenich 2006; Fritz et al. 2006; McKay et 
al. 2010; Somerville 2010; Nadeau et al. 2018).  
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Figure 4.  Metric selection depends on understanding landscape connections. Watershed 
characteristics control channel and floodplain characteristics, which determine stream 

condition and function. 

 

2.3.2.2  Identify the functions of streams in the region and how they may 
differ among stream types or landscape settings 

As noted in Fischenich (2006), the character of stream systems is the re-
sult of dynamic and interrelated processes. High quality streams support 
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and maintain a critical suite of functions. Fischenich (2006) presented 15 
critical stream and riparian corridor functions organized into 5 categories: 
system dynamics, hydrologic balance, sediment processes and character, 
biological support, and chemical processes and landscape (Figure 1). The 
development team should consider how to organize or frame stream func-
tions in the assessment method to best meet the regulatory programmatic 
goals of the region. Some assessment approaches consider functions and 
indicator metrics for a wide variety of specific functions (e.g., from hydrol-
ogy to biology) while other assessment approaches focus on a smaller sub-
set of functions, such as only hydrologic or geomorphic functions, or ag-
gregate specific functions into broader categorical groups (see Somerville 
and Pruitt 2004; Somerville 2010).  

Stratification of stream resources in the region may be necessary to deter-
mine which stream functions and/or indicator metrics for those functions 
are most applicable for different resource types in the region. Although 
presented discretely in this technical guide, identification of functions, 
stratification of regional stream resources, identification of metrics, and 
development of conceptual models should be considered iteratively be-
cause each of these tasks affects the others. For example, surface water 
storage, as indicated by floodplain connectivity, may be important to as-
sess in alluvial and unconfined valley settings but less so in colluvial 
reaches or confined valley settings. Similarly, when considering geo-
morphic functions, the role of large wood may not be relevant in grassland 
stream systems that have minimal natural sources of wood recruitment 
but is important in higher-order, broad floodplain systems (Collins et al. 
2012; U.S. Bureau of Reclamation and U.S. Army Engineer Research and 
Development Center 2016; Wohl et al. 2019).  

2.3.2.3  Stratification of streams in the region  

There are several factors to consider when determining how to stratify 
streams in the region or whether to either develop a classification system 
or use an existing one. Consider the geographic scale over which stream 
characteristics will be identified or have been identified, how the classifica-
tion will be used in the assessment method, and how classification will af-
fect metric development.   

Table 2 summarizes a variety of stream classification systems that have 
been developed based on various factors, including flow regime, drainage 
network, channel morphology, and floodplain morphology. Many of the 
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examples in Table 2 focus on geomorphic and hydrologic classification 
schemes, but development of a stream assessment method should con-
sider ecological ones also. For instance, ecoregions are broad ecological 
classifications commonly underlying development of assessment methods 
(Omernik and Griffith 2014). Some classification systems integrate multi-
ple factors into a single scheme, such as the Northeast Aquatic Habitat 
Classification System developed for conservation planning in New Eng-
land (Olivero and Anderson 2008), which incorporates stream size, gradi-
ent, geologic buffering capacity, and temperature into a single classifica-
tion framework. Several review articles compare different stream classifi-
cation frameworks (see Goodwin 1999, Kasprak et al. 2016, Melles et al 
2014, and Tadaki et al. 2014).  

Ultimately, classification systems emphasize different physical stream and 
riparian characteristics, which can lead to differences in their output 
(Kasprak et al. 2016). Many classification systems will consider only one 
factor for classification and will not necessarily integrate river and flood-
plain morphology and hydrology (Rinaldi et al. 2016; Wohl 2016; Paster-
nack 2018a, 2018b). Therefore, when applying a stream classification 
framework for resource management or regulatory purposes, it is im-
portant to consider whether the framework may already predetermine the 
importance of particular stream characteristics (Tadaki et al. 2014).  

Most stream classification frameworks are hierarchical in nature, which 
means they have a graded organizational structure (Dollar et al. 2007). The 
hierarchy helps to partition stream systems into discrete levels, with upper 
levels usually exerting some constraint on what is likely at lower levels. Un-
fortunately, the scales of the hierarchical levels used to define a stream 
based on geomorphology may not match the scale for a hydrological or eco-
logical organization (Montgomery and MacDonald 2002; Thoms and Par-
sons 2002). Figure 5 provides examples of classification schemes applied at 
different landscape scales. There needs to be careful consideration of how 
to interlink scale-dependent frameworks, as a site may have multiple classi-
fications that apply depending on the function or metric evaluated. Biologi-
cal communities may or may not be correlated with geomorphic stream 
type, especially if streams of significantly different sizes or positions in the 
river network are classified as the same stream type. Thus, different classi-
fications may be applicable when considering different stream functions. 
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Table 2.  Descriptions of classification frameworks developed for a variety of purposes and applications, such 
as to describe flow regime, drainage networks, channel morphology, and floodplain morphology.  

Name Reference Purpose Benefits Limitations 

Classification by Flow Regime 
Natural flow regime Poff et al. 

(1997) 
Connects ecology 
and form to range 
of flows, not just a 
single flow 

Recognizes ecologic 
importance of flow 
variability 

Needs gage data to 
identify flow regimes 

REFORM (Restoring 
Rivers for Effective 
Catchment Management) 
and IDRAIM (sistema di 
valutazione 
idromorfologica, analisi e 
monitoraggio dei corsi 
d'acqua [Multiscale 
hierarchical framework]) 

Rinaldi et al. 
(2015, 2016) 

Classifies rivers 
based on channel 
morphology, 
floodplain 
morphology, flow 
regime, and 
groundwater–
surface water 
interactions 

Developed specifically 
for river managers in 
European Union for 
flood management 
and stream mitigation 
work 

Need gage data (at 
least 20 years of data) 

Classification by Drainage network 
Erosion, transport, and 
deposition zones 

Schumm 
(1977) 

Encompasses 
process-based view 
of river network 

Gives overall 
understanding of 
erosional and 
depositional zones 
within a watershed 

Watershed-scale 
analysis; lumps many 
channel types together 

Stream order Horton 
(1945) 
Strahler 
(1952) 

Provides 
descriptive 
classification of 
river network 

Organizational 
scheme that helps 
with communicating 
relative stream size 
and location within a 
basin 

Depends on resolution 
of the map used to 
identify the drainage 
network; provides little 
information about 
stream shape and 
processes  

River continuum Vannote et 
al. (1980) 

Identifies expected 
gradient of 
hydroecologic 
changes in 
longitudinal 
direction 

Identifies expected 
macroinvertebrate 
functional groups for 
each portion of the 
channel network 
based on energy 
inputs and outputs 

Assumes gradual 
change, ignores 
discontinuities created 
by tributaries, dams, 
and road-stream 
crossings  

Process domains Montgomery 
(1999) 

Describes division 
of river network 
based on 
disturbance 
processes, channel 
morphologies, and 
aquatic habitats 

Identifies geomorphic 
units within the 
landscape that help 
understand river 
behavior; useful as a 
land management 
tool 

Need knowledge of 
disturbance processes; 
lumps channel types 
together 

River styles framework Brierley and 
Fryirs (2005) 

Supplies basin-wide 
template for river 
management  

Includes process-
based watershed-
scale classification 
system 

Classification based on 
the order variables 
appear in framework (a 
priori determinations of 
importance) 

 



ERDC/CRREL SR-21-2 25 

 

Table 2 (cont.).  Descriptions of classification frameworks developed for a variety of purposes and applications, 
such as to describe flow regime, drainage networks, channel morphology, and floodplain morphology.  

Name Reference Purpose Benefits Limitations 

Classification by Geomorphology 
Planform pattern 
(straight, 
meandering, and 
braided) 

Leopold and 
Wolman 
(1957) 

Identifies channel form 
and connects to 
landscape processes  

Contains quantitative 
method of 
determining channel 
patterns 

Empirical and 
descriptive 

Mountain streams Montgomery 
and 
Buffington 
(1997) 

Describes 
geomorphological 
classification scheme 

Assesses physical 
channel condition and 
response potential; 
both descriptive and 
process based 

Developed for alluvial 
mountain streams in 
the Pacific Northwest 

Natural channel 
classification 

Beechie and 
Imaki (2014) 

Predicts historical, or 
predisturbance, 
planform of alluvial 
channels 

Based on process and 
form, can be used to 
estimate form under 
baseline conditions 

Limited by what data is 
available to input and 
build the model; 
determines 
predisturbance channel 
planform 

Channel reach 
classification 

Rosgen 
(1994, 1996) 

Uses geomorphic 
surveys for a 
standardized river 
classification scheme 

Allows easy 
identification of 
specific patterns 
during field visits  

Largely descriptive and 
does not connect to 
channel processes; 
misses a variety of 
channel types in 
headwaters  

Schumm’s 
conceptual 
framework for river 
classification 

Schumm 
(1963) 

Emphasizes the 
importance of 
sediment load and silt-
clay content of the 
floodplain 

Relates channel 
patterns to driving 
and resisting forces 

Largely qualitative and 
developed for large 
rivers with wide 
floodplains 

Channel evolution 
models (CEMs) 

Simon and 
Hupp (1986); 
Watson et al. 
(2002): 
Simon and 
Rinaldi 
(2006); Hupp 
and Rinaldi 
(2007) 

Describes the 
sequence of channel 
adjustments in 
response to 
disturbances, 
particularly base-level 
lowering 

Provides discussion 
on factors controlling 
the range of channel, 
bank, and riparian 
adjustments in 
incised channels  

Typically focused on 
predicting adjustments 
in incised alluvial 
streams 

Stream evolution 
model (SEM) 

Cluer and 
Thorne 
(2014) 

Update to CEMs; 
predicts cyclical 
changes in channel 
hydrology, hydraulics, 
substrate, habitat, 
biota, and water quality 
with a disturbance 

Relates channel form 
to other physical and 
biological attributes 
and summarizes 
stage of evolution and 
expected changes  

Focused on single-
thread, active 
meandering, 
anastomosing, and 
incised alluvial 
channels  
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Table 2 (cont.).  Descriptions of classification frameworks developed for a variety of purposes and applications, 
such as to describe flow regime, drainage networks, channel morphology, and floodplain morphology.  

Name Reference Purpose Benefits Limitations 

Genetic classification 
of floodplains 

Nanson and 
Croke 
(1992) 

Recognizes that 
characteristic floodplain 
morphologies are a 
reflection of fluvial 
processes 

Describes longer-term 
processes 

Limited to unconfined 
and partly confined 
alluvial rivers 

Classification by riparian vegetation or other ecological factors 
Ecoregion Omernik and 

Griffith 
(2014) 

Map areas based on 
ecosystem similarities at 
multiple spatial scales  

Provides a holistic 
flexible framework for 
comparison and 
analysis of aquatic 
resources 

Need to understand 
what resolution is 
effective when 
analyzing and 
comparing indicators 

Riparian vegetation 
flow response guilds 

Merritt et al. 
(2010) 

Relates plants with 
shared traits to a river 
flow regime 

Relates changes in 
the riparian response 
guild to predicted 
changes in flow 

Need to be able to 
identify vegetation and 
build regional response 
guilds  

Riparian vegetation 
structure 

Osterkamp 
and Hupp 
(1984); 
Hupp and 
Osterkamp 
(1996) 

Shows the expected 
stratification of 
vegetation in the 
riparian zone in 
temperate climates 

Assists in 
understanding 
changes in vegetation 
community structure 
and function in areas 
adjacent to a stream 

Vegetation 
communities will differ 
based on climate, 
geology, and land use 

Stream temperature Maheu et al. 
(2016) 

Classifies streams 
based on stream water 
temperature regimes 

Framework assists 
with cross-system 
comparisons and 
provides foundation 
for defining reference 
conditions 

Limited in resolution 
and ability to provide 
diel (daily) regimes 

Classification based on multiple factors 
Northeast Stream 
Classification 

Olivero and 
Anderson 
(2008) 

Classifies stream 
segments based on size, 
gradient, geologic 
buffering capacity, and 
temperature 

Describes regionally 
specific classification 
system for 
conservation planning 
and management 

Some limitations in 
resolution 

Oregon Stream 
Classification System 

Nadeau et 
al. (2012); 
Nadeau et 
al. (2018, 
Appendix B) 

Classifies stream 
segments based on 
hydrologic and geologic 
drivers of stream 
function by using local- 
and watershed-scale 
parameters (e.g., 
landscape position, 
water budget, seasonal 
hydrology, and gradient) 

Provides state-
specific classification 
developed, in part, to 
support application of 
the SFAM for Oregon 

Uses NHDPlus and 
other spatial datasets, 
which may result in 
smaller streams being 
classified per the local 
unit of assessment 

Stream Classification 
System 

McManamay 
and DeRolph 
(2019) 

Classifies stream 
segments based on size, 
gradient, hydrology, 
temperature, network 
bifurcation, and valley 
confinement 

Uses remote and 
other spatial datasets 
to model and classify 
streams on a 
continental scale 

Uses NHDPlus data to 
develop the  
classification system, 
which may result in 
smaller streams being 
excluded 
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Figure 5.  Example of spatial scales to consider when identifying stream functions 
and corresponding indicator metrics for those functions. Stream functions and 

categories from Fischenich (2006). (Map data © 2020 Google). 

 

Note also that current stream conditions may not necessarily represent the 
former, long-term, or future conditions (Kondolf 1995). Streams that ap-
pear similar may not be equivalent and interchangeable if the processes 
that formed that feature differ in a region (Tadaki et al. 2014). In any given 
region, different processes and initial conditions can result in the same 
channel form (Fuller et al. 2013; Tadaki et al. 2014). For example, a 
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braided river can occur because of rapid tectonic uplift in a region, from 
glacial outwash in another, or because of land use changes (e.g., rapid re-
moval of vegetation). The end result of a braided system is the same, but 
the processes responsible for that braided system are different. Conse-
quently, it is important to consider how unique site-specific or watershed-
scale processes may affect ecological processes, stream condition, or chan-
nel form (Kondolf 1995). Channel and stream evolution models, some of 
which are included in Table 3, attempt to account for and predict antici-
pated changes over time (Schumm 1985; Watson et al. 1986; Simon and 
Hupp 1986; Simon 1994; Fryirs and Brierley 2000; Booth and Fischenich 
2015; Cluer and Thorne 2014). 

When evaluating existing metrics (e.g., fish or macroinvertebrate indices 
of biotic integrity) developed by other parties, it is important to consider 
that such metrics may already be stratified by a specific classification 
scheme (e.g., multimetric indices for benthic macroinvertebrates are strat-
ified by bioregion in Wyoming, ecoregion in Tennessee, and biotype in 
Colorado). Therefore, it is important to consider whether metrics from 
other regions can be applied outside of the region or classification scheme 
they were developed for or whether there are region-specific metrics and 
classifications that could be incorporated into the method. Furthermore, 
the assessment method should make clear if a metric is developed to as-
sess functions in a specific stream type so that the metric is not misap-
plied. For instance, if a metric is developed for perennial channels, it 
should not be used in intermittent channels without additional testing. 
Section 2.4 will further discuss choosing regionally relevant metrics.  

Before moving on to Phase 4, it is useful to document the efforts within 
this phase. This could be done by assembling a table or list that includes 
the dominant stream processes, variations in landscape and watershed 
variables, the range of stream types based on selected stratification or clas-
sification systems, and the related functions of interest. Recognize that 
stratification and classification frameworks identified in this phase may 
need to be revised during subsequent analysis of reference data. Well-doc-
umented deliberations and decisions by the multidisciplinary team 
throughout all phases of the assessment method development will ease 
subsequent revisions and provide a transparent record of the process for 
end users and stakeholders (e.g., Nadeau et al. 2018). 
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2.3.2.4  Steps in Phase 3 

The NCSA recommends the following considerations when stratifying or 
classifying stream types for development of a stream assessment method 
for the Regulatory Program:  

1. Identify the landscape, watershed, and ecological factors that create a di-
versity of stream types in the target region and what factors create hetero-
geneity in streams within the region.  

2. Consider the processes that influence stream functions and how they may 
vary within the stream network. Identify the key functions to be included 
in the stream assessment method. 

3. Consider which approaches to use to stratify or classify streams in the tar-
get region.  

4. Connect stratification and classification frameworks to stream functions of 
interest and associated metrics. Is the approach used to stratify or classify 
streams meaningful in the context of stream functions targeted for the as-
sessment method?  

5. Consider whether different frameworks are needed to stratify and/or clas-
sify streams based on geomorphic, biologic, hydrologic, or physiochemi-
cal characteristics or whether a single, integrated framework can be used 
or developed.  

2.4 Phase 4: Select regionally relevant metrics 

2.4.1  Phase 4 description 

The ability for regulatory decision makers to assess the loss of function as-
sociated with impacts or the attainment of function associated with com-
pensatory mitigation depends on successfully characterizing the condition 
and ultimately the functional capacity of the stream. Applicable indicator 
metrics used to quantify functional capacity must be firmly and explicitly 
grounded in applicable stream functions. When a metric is too many steps 
away from the actual function it is indicative of, there is a greater risk that 
it will inaccurately represent that function across the continuum of re-
gional conditions. Additionally, a stream assessment method may suffer if 
indicator metrics are not sensitive or responsive to the situations encoun-
tered in regulatory decision-making.  

Indicator metrics associated with stream functions may differ depending 
on the scale and landscape type. The stream and floodplain characteristics 
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may require different metrics to account for the natural range of variability 
within the stream type. For instance, the metrics needed to assess streams 
in an alluvial valley in one ecoregion may differ from those required in an 
alluvial valley setting in a different ecoregion. Depending on the landscape 
scale and functions being assessed, the same metric may need to be scaled 
differently. For instance, flow velocity may be measured at a microhabitat 
scale if the indicator metric is aimed at assessing habitat preferences for a 
particular indicator species, or it may be averaged over a channel bedform 
or stream reach to determine substrate mobility. The same indicator met-
ric may also have different applicable threshold values or ranges of values 
representative of high-quality conditions in differing geographic areas 
within the region or among different stream types in the region.  

The process of selecting indicator metrics, evaluating the quality of the 
metrics, and determining which metrics to ultimately include in the 
stream assessment method is iterative and predicated on the main pro-
grammatic objectives for the assessment method (Phase 1). It is influenced 
by the selected stratification and classification approach (Phase 3); devel-
opment of the reference framework (Phase 5); building, calibrating, and 
verifying assessment models (Phase 6); and field testing and validation 
(Phases 7 and 8). The multidisciplinary assessment team should regularly 
reevaluate, update, and improve indicator metrics as more information is 
learned about the local stream systems during application of the assess-
ment method (Phase 9). 

Metrics may be quantitative or qualitative, continuous or discrete, and 
measured in the field or office (Nadeau et al. 2018). In all cases, the selec-
tion of indicator metrics and rationale for their inclusion in the assessment 
method should be well documented and incorporated into the technical 
support documentation compiled and made available as part of the stream 
assessment method (Phases 8 and 9).  

2.4.2  Phase 4 guidelines  

2.4.2.1  Special considerations for qualitative metrics 

As noted previously, the Regulatory Program is required to make decisions 
in a timely manner that likely precludes the direct assessment of stream 
functions or processes over time. Evaluation of stream condition can assist 
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in understanding stream processes and the disturbances to these pro-
cesses (Beechie et al. 2010) and is therefore typically used as a proxy for 
stream function. 

The type of metric chosen as an indicator of stream function affects the re-
peatability (i.e., precision), accuracy, and utility of both the metric itself 
and the output of the assessment method in which it is included. Some 
metrics are quantitatively derived (i.e., measured using a standard proce-
dure) while others may be more qualitative (i.e., based on a subjective as-
sessment or ranking).  

Qualitative metrics may be included in an assessment method, but they 
should attempt not to introduce too much subjectivity into the assessment. 
For example, qualitative data should be organized by discrete categories 
with well-defined thresholds between categories. Scientific literature helps 
to develop the categories and thresholds. The assessment development 
team should carefully evaluate the descriptions for selecting appropriate 
field values for qualitative metrics and the number of categories from 
which to choose. They should be clear in applicable instructions to users of 
the method.  

Roper and Scarnecchia (1995) found that qualitative data can have high 
observer variability, influenced largely by the number of categories in the 
dataset and degree of observer training. If too few choices of categories are 
provided, the qualitative metric may lack resolution and thereby fail to ef-
fectively differentiate among streams in the region. If too many options of 
categories are given, users of the stream assessment method may have dif-
ficulty making fine distinctions based on rapid visual estimations. Adamus 
(2018) also observed that an odd number of available choices may lead us-
ers of the assessment method to be subconsciously biased towards the 
middle choice. Somerville and Pruitt (2004) summarized the precision 
and accuracy for many qualitative and quantitative measures of stream 
condition and/or function. 

When selecting indicator metrics for a stream assessment method, the de-
velopment team should consider the repeatability and defensibility of the 
metrics, as well as the efficiency (e.g., cost effectiveness) of including the 
metric in the assessment method. This is especially important when con-
sidering qualitative metrics, as their inclusion may affect the ability of the 
method to accurately and repeatedly characterize proposed impacts or 
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mitigation projects. Testing qualitative metrics for repeatability, documen-
tation and descriptions of categories, and focused training of end users of 
the assessment method are critically important.  

2.4.2.2  Considerations of scale 

When determining which metrics to include in the stream assessment 
method, the development team should also consider the scale at which 
data for specific metrics would be collected. Both time and spatial-scale 
controls on channel features vary based on the type of stream feature be-
ing assessed. Geomorphic channel features may adjust over long periods of 
time as a result of large-scale changes in climate (e.g., El Niño–Southern 
Oscillation) and tectonics, but they may also undergo rapid and sometimes 
dramatic changes in response to more localized extreme weather events 
(e.g., hurricanes and large flood events) or changes in watershed land use 
(e.g., dam construction or removal, urbanization, or localized changes in 
bank stability from activities like riparian vegetation removal). The spatial 
scale needed to measure geomorphic channel changes may consequently 
vary (Figure 6). It is important for stream assessment methods to identify 
the spatial scale over which all metrics must be measured.  

Figure 6.  Metrics describing stream morphology, which is measured at different scales (cross 
section, longitudinal profile, and planform).  

 

2.4.2.3  Considerations for metric selection and evaluation 

As presented in this technical guide, the NCSA recommends defining 
stream functions and identifying metrics capable of assessing (estimating) 
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a stream’s ability to perform those functions precede metric selection (Fig-
ure 7). Adamus (2018) described this as a top-down approach. Metrics in-
cluded in stream assessment methods for the Regulatory Program should 
be meaningful indicators of stream function and capable of quantifying 
changes in functional capacity within the time period typical of a proposed 
site impact or compensatory mitigation project.   

Figure 7.  Flow chart illustrating the iterative process of metric selection and evaluation 
(adapted from McKay et al. 2010).   

 

The development team should consider the following features to select re-
sponsive indicator metrics for the Regulatory Program: 

1. Type of measurement: Consider whether the metric relies on qualitative or 
quantitative data and whether it measures function directly or represents a 
structural or compositional attribute that serves as an indicator of func-
tion. Consider the benefits and limitations associated with selecting each 
type of measurement. 

2. Repeatable: Metrics need to be repeatable across independent assessment 
efforts conducted by different parties.  

3. Able to be calibrated: Metrics that have only a binary response (yes/no) 
may not be adequate to reflect subtle but important differences in condition 
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or assess changes in those conditions over time. Metrics should be flexible 
to allow them to be refined or updated as new data become available.   

4. Sensitive: A metric should possess sufficient discriminatory power to dis-
tinguish differences within and among assessment sites.  

5. Accurate: The metric should be reflective of the broader stream condition.  
6. Precise: The measurement of metrics in the field should lead to minimal 

variation among observers. Precision can sometimes be improved with de-
tailed descriptions of measurement methods and with training.  

7. Reduce redundancy: The metric should provide different information on 
stream condition than other metrics. Correlation among metrics should be 
below target thresholds (e.g., |r|< 0.71 [Stoddard et al. 2008]; |r|< 0.8 
[Sawyer et al. 2004]). 

8. Consider cost and difficulty: The data collection methods for some metrics 
may be more costly or take more time to collect than others. Consider the 
skills and knowledge of the typical user of the stream assessment method 
(Dorney and Adamus 2018). For example, equipment needed to collect 
measurements should not be cost prohibitive for end users nor should the 
skills or training necessary to effectively use the equipment be beyond the 
capacity of typical end users. Additionally, the assessment method should 
not require burdensome, highly specialized training or analyses. Necessary 
skills should be quick to learn with appropriate training. 

9. Translatable: It is important to ensure that metrics are understandable to 
the stakeholders and the general public and not just to the practitioners 
and regulators typically using the stream assessment method. 

Using the conceptual models, functions, and stratification and/or classifi-
cation frameworks identified in Phase 3, the development team should se-
lect metrics that accommodate regional differences in stream types and 
functions. Whenever possible, the team should identify and evaluate sev-
eral candidate metrics to assess each function. 

Not all metrics need to rely on field-based data collection; some metrics 
can be assessed by using remote sensing or other online data for geology, 
climate, land cover, soils, topography, and hydrography. For example, aer-
ial imagery and desk review of online mapping programs available through 
many federal and state agencies can be used for initial assessment of field 
conditions and for understanding the landscape context of a site. When us-
ing remote sensing and other mapping data, it is important to recognize 
the limitations of the datasets, which regional expertise or documentation 
associated with the data may provide.  
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2.4.2.4  Steps in Phase 4 

The NCSA recommends the following steps when selecting regionally rele-
vant metrics during development of a stream assessment method for the 
Regulatory Program:  

1. Outline and define which metrics could be assessed based on regional con-
siderations and goals.  

2. Consider whether to select qualitative or quantitative metrics or a combi-
nation thereof.  

3. Consider the scale of the assessment.  
4. Consider how to minimize redundancy between metrics, which can lead to 

implicit weighting.  
5. Reevaluate how stratification or classification of streams in the region may 

vary based on the functions and metrics selected; and allow flexibility in 
metric selection based on landscape, climatic, and anthropogenic factors 
and controls. 

6. Describe the rationale or criteria used to select which metrics to include in 
the assessment method. Describe how these metrics support the specific 
programmatic goals of the method (compiling documentation discussed in 
Phases 8 and 9). 

2.5 Phase 5: Develop the reference framework 

2.5.1  Phase 5 description 

Phase 5 focuses on identifying and defining reference information needed 
to build assessment models in Phase 6. Models (e.g., standard perfor-
mance indices and reference curves) for each metric are developed to pro-
vide practitioners meaningful output, such as scores that facilitate inter-
pretation of data. To understand the range of expected outputs obtained 
from metrics assessed in the field, sites need to be placed into context with 
other similar aquatic resources in the region. Placing the site in context re-
quires an understanding of the expected range of variability for specific 
metrics within the region where the assessment method will be applied. 
Previous phases of this technical guide discuss stratification of regional 
stream resources, identification of regionally relevant functions, and indi-
cator metrics of those functions. Thus, connections will have already been 
made during application of previous phases by the multidisciplinary as-
sessment team, or those identified to develop the assessment method, be-
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tween regional streams, stream functions, and indicators of those func-
tions. The next step requires an understanding of the direction and magni-
tude of change expected by those indicator metrics, the scale at which 
changes occur, and any critical indicator metric values that signify im-
portant thresholds or ranges of conditions for aquatic resources in the re-
gion. This requires development of a reference framework.  

The discussion of reference presented in this phase conforms to the defini-
tion of reference aquatic resources in the 2008 Mitigation Rule: “a set of 
aquatic resources that represent the full range of variability exhibited by a 
regional class of aquatic resources as a result of natural processes and an-
thropogenic disturbances.”* It has historically been common in some re-
gions of the country to identify site-specific high-quality reference sites 
with which to compare or evaluate individual project sites. However, site-
specific reference sites may be unnecessary if the stream assessment 
method itself directly incorporates regional reference information. Re-
gional reference information may consist of field data collected from sites 
spanning a region’s condition gradient; data extracted from applicable na-
tional or regional databases; virtual reference data compiled from region-
ally relevant literature; or transparent, well-justified expert opinion. In 
practice, stream assessment methods often use more than one or even all 
these sources of reference information to some degree. It is consequently 
important for developers of the stream assessment method to clearly iden-
tify and provide support for the applicable reference framework used by 
the method. 

2.5.2  Understanding the concept of reference 

The term reference condition traditionally refers to pristine or minimally 
disturbed conditions (Stoddard et al. 2006). This usage of the term per-
sists despite the difficulty in some regions of the country to identify 
aquatic resources of this caliber due to the degree of landscape disturbance 
(Palmer, Bernhardt, et al. 2014). Least-disturbed conditions and best-at-
tainable conditions are additional reference concepts often used in ecolog-
ical restoration practice (Figure 8). The specific manner in which the con-
cept of reference conditions is applied to ecosystem restoration in general, 
and stream restoration more specifically, has implications for the ability to 

 
* 33 C.F.R. § 332.2. 
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use those reference conditions to inform project management, mitigation, 
and regulatory permit decisions (Figure 8). 

Figure 8.  Example of various concepts of biological reference conditions (adapted from 
Stoddard et al. 2006). The dashed red line represents the differing levels of human 

disturbance on the landscape, whereas the solid black line is the natural range of variability. 
The range of conditions that currently exists can be evaluated based on different methods of 

grouping (i.e., stratifying) streams. Stream groups may be defined based on ecoregion, 
drainage area, or channel type. However, “minimally disturbed” reference streams may not 

exist among some groups (B and C) due to the degree of landscape disturbance. 

 

As previously noted, the 2008 Mitigation Rule uses the term reference to 
refer to the full range of variability caused by both anthropogenic and nat-
ural disturbances. This concept of reference conditions as a continuum 
from degraded to least disturbed is gaining greater attention in the field of 
stream restoration (e.g., McManamay et al. 2018). Once quantified, this 
continuum allows for the condition of any given stream to be placed into 
context with similar streams throughout a defined region. From a stream 
mitigation perspective, an assessment method that allows for streams to 
be placed into context along the continuum or gradient of conditions al-
lows for objective demonstration of improving stream conditions, or im-
provements in functional capacity, along that gradient over time even if 
minimally disturbed conditions are not achieved or are unattainable. 
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Understanding the continuum of conditions provides benefits for the regu-
latory evaluation of both proposed impacts and proposed compensatory 
mitigation. Comparison of existing stream conditions with those antici-
pated as a result of a proposed project allows regulatory decisions to be in-
formed objectively by the anticipated adverse functional losses if the pro-
ject is authorized. The 2008 Mitigation Rule states that both the amount 
and evaluation of compensatory mitigation required should be based on 
the aquatic resource functions lost as a result of the authorized activity.* 
Such an evaluation requires that postproject conditions be evaluated in 
context with preproject conditions. 

Similarly, by including a continuum of conditions in the reference frame-
work of a stream assessment method, the generation of credits by a com-
pensatory mitigation project can be based on the accrual or attainment of 
function associated with that that project rather than the actions under-
taken. For example, instead of allocating mitigation credits based on cate-
gorical types or levels of stream mitigation activity (e.g., restoration vs. en-
hancement), credits may instead be based on measurable improvements to 
stream functions demonstrated during the postmitigation monitoring pe-
riod (i.e., functional lift or improvements in functional capacity [ELI, 
Stream Mechanics, and The Nature Conservancy 2016]).  

2.5.3  Phase 5 guidelines 

2.5.3.1  Define the range of reference aquatic resource data 

Because reference aquatic resources represent a continuum of condition, it 
is useful to define and classify ranges of condition within which to organize 
data and develop consistent ecological scoring (Phase 7). Thresholds, or 
benchmarks, represent how much and in what direction the measured 
condition departs from an expected condition (Hawkins, Olson, et al. 
2010). Thresholds can be used to organize information into condition clas-
ses that relate to the capacity of a particular resource to provide a particu-
lar function (e.g., good, fair, poor; functioning, functioning-at-risk, not 
functioning; impaired, not impaired, etc.; reference an SQT; Nadeau et al. 
2018). The development team should create a definition for condition clas-
ses and the thresholds that can be applied consistently across metrics and 
reference datasets for the assessment method. For example, consider 

 
* 33 C.F.R. § 332.3(a); 33 C.F.R. § 332.3(f); Section 404(b)(1) Guidelines for Specification of Disposal 

Sites for Dredged or Fill Material, 40 C.F.R § 230.93(a) (2014); 40 C.F.R § 230.93(f). 
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whether the class with the greatest functional capacity (e.g., good, func-
tioning, or not impaired) will represent only the minimally or least dis-
turbed condition or whether there may be circumstances that would in-
clude the best attainable condition also. When evaluating available refer-
ence information, consider whether the reference data accounts for the full 
range of conditions, as outlined above (Figure 8). If an existing data source 
includes sites that are only minimally disturbed, additional sources of ref-
erence information may be necessary to develop assessment models that 
reflect the full condition gradient. 

Reference data often include information from multiple sources. Refer-
ence data that have been collected for other purposes, or using other meth-
ods, may be useful to inform only one or several metrics being considered 
by the development team for inclusion in the assessment method. Creating 
defined condition classes allows the development team to begin consist-
ently compiling and organizing multiple sources of reference information 
and allows the team to identify whether additional reference sources or 
data collection may be needed to represent the full range of condition for 
reference aquatic resources in the region.  

2.5.3.2  Ecological thresholds in reference data 

For some metrics, there may already be virtual reference data compiled 
from regionally relevant literature; from data analyses for metrics used in 
other regional stream assessment methods; or from transparent, well-jus-
tified expert opinion. The regionally relevant literature may provide infor-
mation on known thresholds of ecological condition derived from previ-
ous studies. For example, many states have developed water quality 
standards for both water quality and biological conditions (e.g., macroin-
vertebrate metrics) and have defined thresholds for attainment of these 
standards. These thresholds are often underlain by extensive data collec-
tion and analysis and could be incorporated into stream assessment 
methods for the Regulatory Program without much further evaluation. 
Similarly, fisheries departments often have existing thresholds for 
productivity classes, underlain by their own data efforts, that could be 
used to inform assessment models. Where existing thresholds or bench-
marks are identified and are consistent with the definitions developed in 
section 2.5.2, the development team should include these sources of in-
formation as part of the reference information. 
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2.5.3.3  Compilation of reference data from available databases 

Reference data can be obtained from many different national, state, and re-
gional datasets. Hydraulic regional curves can be used to assess regional re-
lationships for hydraulic geometry, drainage area–discharge, and slope–
drainage area. Federal ambient monitoring programs, natural resources 
agencies, and land management agencies collect data documenting in-
stream biological assemblages (e.g., macroinvertebrates and fish), physical 
stream habitat, and in situ water quality conditions, often stratified by appli-
cable external factors (e.g., hydrologic permanence, watershed size, physiog-
raphy and bioregion, etc.). Applicable regional and national datasets may in-
clude those compiled by federal agencies, such as the EPA, the U.S. Geologic 
Survey (USGS), and the U.S. Forest Service (USFS) (Table 3). In some areas 
of the western U.S., there may also be U.S. Bureau of Land Management 
Multiple Indicator Monitoring or Assessing Inventory and Monitoring data. 
State resource agencies, heritage programs, or NatureServe programs 
(www.natureserve.org) may have geomorphic, water quality, biological, and ripar-
ian vegetation datasets available, including data collected from existing 
high-quality reference sites used for long-term biomonitoring. 

A number of online resources for spatial datasets of remote data are avail-
able, including aerial imagery, national hydrography data, soils, climate, 
topography, geology, and land use (Appendix A). These data can be im-
ported into various Geographic Information System (GIS) software pro-
grams. Oregon’s SFAM provides an example of developing publicly availa-
ble online mapping systems that are specifically used for collecting data 
needed for its functional assessment method (https://tools.oregonexplorer.info/ 
OE_HtmlViewer/Index.html?viewer=orwap_sfam).  

Table 3.  Examples of regional and national stream and riparian datasets. 

Reference Datasets Websites  
Multistate/regional monitoring program data 
USFS PACFISH/INFISH (Pacific Anadromous 
Fish / Inland Fish) 

https://www.fs.usda.gov/detail/r4/landmanagement 
/resourcemanagement/?cid=stelprd3845865 

Regional Environmental Monitoring Networks 
(RMNs) https://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=307973  

National Monitoring Data 
USGS Stream Gage Data https://waterwatch.usgs.gov/  
USGS StreamStats https://streamstats.usgs.gov/ss/  
EPA National Rivers and Streams Assessment https://www.epa.gov/national-aquatic-resource-surveys/nrsa 
USGS National Water Quality Assessment 
(NAWQA) https://water.usgs.gov/nawqa/ 

http://www.natureserve.org/
https://tools.oregonexplorer.info/OE_HtmlViewer/Index.html?viewer=orwap_sfam
https://tools.oregonexplorer.info/OE_HtmlViewer/Index.html?viewer=orwap_sfam
https://www.fs.usda.gov/detail/r4/landmanagement/resourcemanagement/?cid=stelprd3845865
https://www.fs.usda.gov/detail/r4/landmanagement/resourcemanagement/?cid=stelprd3845865
https://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=307973
https://waterwatch.usgs.gov/
https://streamstats.usgs.gov/ss/
https://www.epa.gov/national-aquatic-resource-surveys/nrsa
https://water.usgs.gov/nawqa/
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2.5.3.4  Collecting local reference data 

Collecting and evaluating local reference data can be a time-consuming 
process. Proper planning is essential to maximize efficiency. The NCSA 
recommends the following steps if collecting data from local reference 
sites (based on Smith et al. 2013): 

1. Outline a method for identifying local reference sites. Ensure that all appli-
cable stratified stream types identified in Phase 3 are represented. 

2. Adopt a field sampling protocol and field data form(s) (Phase 7).  
3. Develop a Quality Assurance Protection Plan (QAPP) to guide collection of 

appropriate data; see EPA (2002) for an example.  
4. The field sampling protocol, field data form(s), and QAPP should all be 

compatible with methods and forms used when applying the final assess-
ment method.    

Consider setting aside a subpopulation of reference sites for later testing of 
the assessment models. This subpopulation should not be sampled as part 
of efforts to collect reference data but should instead be sampled after the 
proposed stream assessment method has been developed to test its ability 
to discriminate among streams in varying levels of condition (Nadeau et 
al. 2015).  

2.5.3.5  Considerations for data quality 

Reference data collected from existing federal, state, or local agencies (or 
peer-reviewed literature) may obviate the need to collect new local field 
data to support development of a stream assessment method. However, 
data collected by different parties for different purposes are rarely col-
lected using the same sampling or reporting protocols. Therefore, data 
quality may vary; and in some cases, data may not be comparable. The 
main considerations before using data collected by multiple groups or 
agencies, or before collecting new reference data in the field, include the 
following: 

1. What QA/QC (quality assurance / quality control) procedures were in 
place for data collection? Is there an established QAPP governing collec-
tion and analysis of the data?   

2. How were outliers in the dataset identified and treated?  
3. Are data collection methods comparable across all sources of reference in-

formation? Do the different methods allow transferrable results?  
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4. Is the geographic area the data were collected in appropriate for the target 
region or area? 

5. Is the data applicable to all geographic areas, ecoregions, process domains, 
or stratified stream types of interest? 

6. Were there enough sites sampled to effectively capture the natural range of 
variability (both spatial and temporal) inherent to each metric? 

7. Over what period of time were the data collected; and have there been 
changes in land use, climatic, or other external variables since the data were 
collected that now render contemporary validity of the data uncertain? 

EPA (2003) outlines general guidelines for evaluating the quality of scien-
tific information, which include “(1) soundness, (2) applicability and utility, 
(3) clarity and completeness, (4) uncertainty and variability, and (5) evalua-
tion and review.” Soundness refers to “the extent to which the scientific and 
technical procedures, measures, methods or models employed to generate 
the information are reasonable for, and consistent with, the intended appli-
cation” (EPA 2003). Applicability and utility refer to whether the infor-
mation is relevant to the intended use of the information. Clarity and com-
pleteness concern the documentation supporting the data and its collection 
(i.e., are the data, assumptions, methods, quality assurance, sponsoring or-
ganizations, and analyses all documented?). The uncertainty and variabil-
ity need to be characterized in each step, including the initial information, 
procedures, measures, methods, and models. Evaluation and review re-
quire “independent verification, validation, and peer review of the infor-
mation or of the procedures, measures, methods, or models” (EPA 2003). 

2.5.3.6  Steps in Phase 5  

The NCSA recommends that the following steps guide the identification 
and collection of reference data:  

1. Understand and define the concept of reference. 
2. Set standards for data documentation, quality, and use.  
3. Define the range of reference aquatic resources, including relevant condi-

tion classes or thresholds, to characterize reference information and in-
form ecologically consistent scoring in the next phase. 

4. Compile reference data available to characterize each proposed indicator 
metric. Develop a process to evaluate available reference data and/or to 
identify local reference sites and collect new field data. 
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2.6 Phase 6: Build assessment models and develop scoring 
procedures  

2.6.1  Phase 6 description 

A stream assessment method is fundamentally “a model that defines the 
relationship between ecosystem- and landscape-scale variables and func-
tional capacity” of a stream system (Smith et al. 1995). As discussed in 
Phase 4, the model for each indicator metric is developed and calibrated 
using reference information from a defined geographic area. An effective 
stream assessment method for the Regulatory Program must support 
quantitative decisions, including how much compensatory mitigation may 
be required for authorized impacts and how much mitigation credit to 
award at mitigation sites. Thus, a scoring system associated with a stream 
assessment method, as opposed to only categorical or narrative conclu-
sions, may be an important consideration for stream assessment methods 
used in the Regulatory Program.  

2.6.2  Phase 6 guidelines 

2.6.2.1  Conceptualization of assessment models 

The development team will need to consider how the results from the 
stream assessment method will be organized and communicated. Meas-
ured values for each metric will need to be combined and summarized in a 
way that meaningfully captures condition and relates to regionally relevant 
stream functions. If only a single indicator metric is used to represent a 
function, the assessment output for that metric will similarly represent the 
function. By contrast, if multiple metrics are used as indicators of a stream 
function, outputs of each metric will need to be combined into a single 
value to represent the function. Considerations taken by the development 
team to decide the approach for combining multiple indicator metrics are 
equally pertinent to decisions whether to combine the functional capacity 
of more than one function into function categories or into a single overall 
stream function score. 

Note that while condensing the outputs of multiple metrics into a single 
value may facilitate communication with nontechnical stakeholders, it also 
results in a loss of information resolution and may impede the informative 
capacity of the assessment. Regardless of how metric scores are combined, 
the NCSA recommends that individual metric values (and scores) be com-
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municated as part of the output of a stream assessment to allow for identi-
fication of any specific metric or stream function that may be compro-
mised or deviate from expectations. 

2.6.2.2  Reference data standardization and assessment scoring protocols 

The development team will need to determine how to relate indicator met-
rics of stream condition to regionally relevant stream functions. A stream 
assessment method will typically include data collection for multiple dif-
ferent metrics being scaled differently and having different units. Scaling 
refers to the length or area over which a metric is assessed and can differ 
depending on the metric. For instance, large wood, sometimes known as 
large woody debris, can be measured over a 100 m* stream reach whereas 
riparian vegetation may be measured using 10 × 10 m plots. The units in 
this example for large wood would then be reported as number of pieces 
per 100 m whereas the vegetation may be reported as a percent cover. In-
dicator metrics in different units, or those with differing degrees of varia-
tion across the complete range of stream conditions relative to other met-
rics, require standardization so that they can be uniformly compared and 
aggregated (Barbour et al. 1999; Stoddard et al. 2008). Standardization 
renders the metric data unitless, allowing them to be combined in a scor-
ing procedure despite their original disparate units. 

Standardization of reference data may be accomplished by converting the 
raw metric data to a unitless index (e.g., 0 to 1.0). If the reference data 
span the full range of conditions in the region, simple percentiles of the 
data for each metric may be assigned to representative index values con-
sistent with stream condition thresholds defined in Phase 5. Alternatively, 
ecological thresholds for field metrics may also be used to assign index val-
ues to standardize metric data. For example, if an indicator metric below 
some threshold value is known to cause or contribute to degradation of the 
stream function for which that metric is an indicator, then that threshold 
may be assigned a specific index value indicative of degraded conditions. 
See also section 2.6.2.3 and Figures 10 and 11. Note that an indicator met-
ric must be capable of differentiating streams across the range of regional 
conditions. A metric that does not vary in a predictable manner with in-
creasing levels of disturbance or stream degradation is not a useful metric, 

 
* For a full list of the spelled-out forms of the units of measure used in this document, please refer to 

U.S. Government Publishing Office Style Manual, 31st ed. (Washington, DC: U.S Government Publishing 
Office, 2016), 248–252, https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-
STYLEMANUAL-2016.pdf. 
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nor is a metric that varies less in response to degradation than it does as a 
result of natural variation in space or time. 

Once raw metric data are standardized into unitless index values, there are 
several approaches to combine metric values or function values into a sin-
gle output for scoring if desired (e.g., Barbour et al. 1999; USACE 2011b; 
Wyoming Stream Technical Team 2018; Minnesota SQT Steering Commit-
tee 2019). The development team should carefully document scoring deci-
sions, including why a particular approach to scoring was selected; and, if 
different weighting was used for different metrics or functions, the devel-
opment team should ensure that there is an ecologically justified and well-
documented reason for doing so.  

The simplest approach to scoring is to combine metric index values (or 
function values) via averaging. However, this approach assigns equal 
weight to all metrics (or functions) and may not be consistent with concep-
tual models of ecosystem function derived by the development team or ac-
curately reflect how much a metric value contributes to the functions it in-
forms. Other methods of combining values may provide greater accuracy 
in characterizing condition. For example, a weighted average may be more 
appropriate if a particular stream function is driven largely by one indica-
tor metric but is also affected by other indicator metrics. The dominant 
metric can be weighted relatively higher to the nondominant metrics in the 
calculation of the representative function value to emphasize its influence 
on the overall function. Fischenich (2006) discusses the interconnected-
ness of various stream and riparian functions, which may help to inform 
these kinds of decisions by the development team. Additionally, metric 
weighting can be determined more empirically through statistical analysis 
of data resulting from the application of the stream assessment method at 
stratified study sites (Nadeau et al. 2018).  

The developers of the assessment method will also need to decide the type 
of output most capable of meeting the intended programmatic uses of the 
assessment method. These decisions should consider how the output of 
the method will inform regulatory decision-making in the region. For ex-
ample, the outputs of the stream assessment method may be used to di-
rectly represent credits and debits in related regulatory protocols (e.g., 
Tennessee Department of Environment and Conservation 2019), or the 
outputs may inform a separate calculation of credits and debits (e.g., 
Nadeau, Hicks et al. 2020). Similarly, depending on how the Regulatory 
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Program will use the assessment outputs, the development team should 
consider whether the condition scores will be multiplied by a unit of meas-
ure (e.g., linear feet, area, volume; Harman et al. 2021). 

The development team needs to also consider how the approach to scoring 
may affect the level of effort needed to update the stream assessment 
method in the future (e.g., following field testing, peer review, public com-
ment, or beta-testing). For example, changing reference curves or index 
values in response to additional reference data would change the resolu-
tion for that metric but would not change the weighting of that indicator. 
In contrast, removing or adding a metric may require revision of weighting 
or calculation of the scores for which that metric is a component. 

2.6.2.3  Developing reference curves 

Reference curves are one method for developing unitless index values, in-
corporating a range of conditions directly into a regional reference frame-
work, embedding threshold values, combining metric data having differing 
distributions, and scoring the output of stream assessments. Assessment 
approaches that use reference curves to evaluate proposed project impacts 
and compensatory mitigation projects in the Regulatory Program have re-
cently been developed in Colorado, Georgia, Minnesota, Tennessee, and 
Wyoming. Additionally, SFAM, developed in the Pacific Northwest, in-
cludes standard performance indices (range of expected performance) that 
are very similar to reference curves for each measure of function included 
in the SFAM model (Nadeau et al. 2018). 

Reference curves may be rooted in either mechanistic or empirical models. 
As used here, a mechanistic model is one that is based on a preexisting un-
derstanding of the ecosystem and how its various components affect its 
function level. By contrast, an empirical model is based on direct data col-
lection and analysis seeking to elucidate the relationships of various met-
rics to the condition of the ecosystem. In practice, development of most 
reference curves for regulatory purposes has used a combination of these 
approaches. There is no single “correct” way to develop a reference curve. 
The process relies considerably on the availability of applicable data and 
the knowledge, skills, and familiarity with the ecosystem of the parties de-
veloping the reference curve. 
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It is ideal for a reference curve to be based on metric data that sufficiently 
reflect the complete range of conditions for that metric in the target geo-
graphic area (Figure 9a). If sufficient data are available or can be col-
lected, the distribution of the data itself may be used to assign sites into 
condition classes based on percentiles of the distribution (see Nadeau et 
al. 2018). In some cases, more statistically robust methods must first be 
used to identify a disturbance gradient from which streams, stream 
reaches, or biological communities may then be assigned to various con-
dition classes (e.g., Davies and Jackson 2006; Blocksom and Johnson 
2009). Then, metric data can be explored for potential discriminatory ef-
ficiency between condition classes (Barbour et al. 1996). It is preferable 
that metrics discriminate throughout the range of conditions (Figure 9b), 
but they must at a minimum effectively discriminate most-degraded from 
least-disturbed conditions. Where reference data do not span the full 
range of conditions, additional sources of reference information, such as 
literature or transparent, well-justified expert opinion may be needed to 
supplement reference datasets. 

There are a number of methods available for developing reference curves 
(Smith et al. 2013; Fong et al. 2017; Dorney et al. 2018; Nadeau et al. 
2018). Figure 10 illustrates an example of using percentiles to define in-
dex values and build reference curves. Index values are assigned to the 
data based on percentiles of the complete data distribution, and then a re-
gression line is fitted to these points. This provides an equation that con-
verts any additional metric data value to a corresponding index value for 
each metric.  

It is important to consider the statistical assumptions used to develop ref-
erence curves, including data distribution, sample size, etc. The curves il-
lustrated in Figure 10 assume a linear relationship for the indicator met-
rics and a normal distribution of residuals. If a linear relationship does not 
appear to be the best fit, other methods for representing the relationship 
between variables will be necessary. 

Nadeau et al. (2018) provide an example of using ecological threshold val-
ues to develop reference curves and index values (Figure 11). Once the de-
velopment team identified metrics and reference data sources, the next 
step was to define connections between those metrics and stream func-
tions. Index values of 0.3 and 0.7 were deemed threshold index values sep-
arating low to moderate levels of functioning and moderate to high levels, 
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respectively. Reference data and regional literature were used to assign 
corresponding field values for each indicator metric to the above-refer-
enced function threshold index values, and linear relationships between 
index values then defined the reference curve. 

Figure 9.  Example of how to identify discriminatory assessment metrics: (a) A 
scatter plot of an indicator metric (function-based metric) versus an independent 
variable across the range of conditions in the region. (b) A box plot illustrating the 

discriminatory power of the metric (y) relative to stream condition classes.   
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Figure 10.  Examples illustrating standardized function-based 
metrics converted to index values (top) for development of a 

reference curves (bottom).  
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Figure 11.  Example from Nadeau et al. (2018) of how to convert indicator metric data into 
index values. (Image reproduced from Nadeau et al. 2018. Public domain.) 

 

2.6.2.4  Verification of assessment models and scoring procedures 

Once assessment models and a scoring procedure have been developed, 
verify the approach to ensure that the metrics included in the model are 
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responsive to changes in stream condition and function and that there is 
not excessive redundancy in the metrics. Verification is a check on the 
logic of assessment models and how sensitive they are to the types and 
magnitudes of impacts in stream systems. Wakeley and Smith (2001) de-
scribe two basic approaches for testing the logic of an assessment model: 
(1) performing a sensitivity analysis and (2) applying the model to sample 
datasets. Depending on the availability of datasets and statistical expertise 
available, the indicator metrics could be evaluated to determine response 
variability within regional classification frameworks, metrics that best ex-
plain the response variability, and relationships (correlation) between 
metrics and redundancies in the model. If datasets are not available to 
support this level of analysis, existing literature or other professional 
sources may inform applicability of metrics in the assessment method. 

The literature provides many examples for testing and supporting metric 
suitability (Karr and Chu 1997; Hughes et al. 1998; Klemm et al. 2003; 
Whittier et al. 2007; Hawkins, Cao, et al. 2010; Smith et al. 2013). Revi-
sions to assessment models should consider the following (adapted from 
Smith et al. 2013): 

1. Do the metric index values and scoring (models) perform as envi-
sioned by the development team? 

2. Are the metrics included sensitive to the types of project impacts 
and restoration approaches expected to occur within streams in 
the region? 

3. Do the metrics and their weighting reflect the important attributes 
and processes that influence the function?  

4. Are all metrics needed, or could the model be simplified without 
much loss of sensitivity? 

5. Is the mathematical equation used to combine metric scores 
appropriate? 

6. Are different metrics given appropriate weight in the outcome?   

Sensitivity was introduced in Phase 5 concerning metric selection but 
should be reconsidered during model development to verify the logic and 
sensitivity of assessment models (Wakeley and Smith 2001; Smith et al. 
2013). Sensitivity analyses evaluate how a model reacts when both mod-
erate and extreme values of a metric are input into a model and will help 
identify which combination of metrics has the most influence on the scor-
ing output. Usually this is evaluated by verifying that the model behaves 
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as intended with incremental changes in a metric. Figure 12 shows an ex-
ample of a sensitivity analysis presented by Smith et al. (2013) that shows 
a hypothetical three-variable model of carbon-export function of a river-
ine wetland. 

Figure 12.  Example of a sensitivity analysis adapted from Smith et al. (2013). The different 
color lines indicate that a variable is being held constant at 0, 0.1, 0.5, and 1.0. On the left, 

flood frequency is changing on the x-axis while holding constant for leaf litter and coarse 
woody debris. On the right ,leaf litter (or coarse woody debris) is being changed on the x-axis 
while holding constant for flood frequency. Leaf litter and coarse woody debris produced the 

same results; therefore, the same plot is shown. Flood frequency is found to be more 
influential on Functional Capacity Index (FCI) scores in this example.   

 

2.6.2.5  Iteration of steps to build rapid and intensive assessment models 

When developing assessment models and scoring procedures, consider 
whether a more intensive assessment method could be “scaled down” for 
use on small projects (or how a rapid assessment method could be “scaled 
up” for projects demanding more rigorous assessment). Each respective 
method should be subject to independent analysis by the development 
team to assess the method’s sensitivity and degree of concurrence with the 
other more intensive or more rapid method. 

In general, rapid stream assessment methods that include either a 
smaller subset of metrics or fewer quantitative metrics, will not provide 
the same level of resolution or quantification as more intensive assess-
ment methods, and therefore the methods and their associated metrics 
may not be interchangeable.  
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In light of the lower level of resolution, such a method should not be used 
to determine whether a compensatory mitigation project has successfully 
restored stream biological communities. Additionally, the specific metrics 
and scoring protocol to inform outputs of rapid versus detailed assessment 
approaches may also differ. 

2.6.2.6  Documentation of assessment models and scoring procedures 

During this phase, it is useful to begin compiling information on how the 
assessment method was developed, including references to any technical 
background information that went into the assessment. Documentation 
related to this phase should include the metrics selected for use and the 
developed scoring procedure. It should clearly explain why a metric is 
used; what channel, floodplain, or watershed condition it measures; what 
goals and objectives it addresses; and how successful it is at evaluating 
functions (McKay et al. 2010). Documentation should include (1) the name 
of the metric; (2) the metric description; (3) the metric index values, 
thresholds, and reference curves; (4) the scientific support for the assessed 
stream function; (5) metric development, including how thresholds and 
index values were derived (e.g., values selected to represent categorical di-
visions between condition classes) and what reference information was 
used; and (5) rationale for inclusion of the specific metric (Barbour et al. 
1999; Nadeau et al. 2018). The development team should also document 
the process and supporting logic for the scoring procedure. It is likely that 
following this phase, not all metrics identified in Phase 4 will be carried 
forward in the method. If particular metrics were evaluated but then ex-
cluded from the method by the team developing the assessment method, 
describe that also.  

Compile this documentation in a technical support document, which is 
separate from user manuals that provide detail on specific data collection 
methods. The technical support document must be legally defensible and 
should include a purpose, background, definitions, an outline of the pro-
cess for how metrics were selected and how scoring was developed, and a 
discussion of limitations (e.g., Nadeau et al. 2018; Wyoming Stream Tech-
nical Team 2018; CSQT Steering Committee 2019b). 

2.6.2.7  Steps in Phase 6  

The NCSA recommends the following steps for building assessment mod-
els and developing a scoring procedure:  
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1. Conceptualize assessment models. 
2. Determine the type of assessment outputs (e.g., scoring procedures) that 

best support intended programmatic uses of the stream assessment method. 
3. Develop scoring and scaling procedures for each metric. 
4. Develop protocols for incorporating threshold or benchmark values, 

if applicable. 
5. Develop reference curves, if applicable. 
6. Determine protocols for combining metrics and/or functions, including 

provisions for assigning various weights to different metrics and functions. 
7. Verify and refine the scoring procedure (e.g., sensitivity analysis). 
8. Iterate through these steps to help build both rapid and intensive proce-

dures when applying the stream assessment method for differing project 
scopes or applications. 

9. Develop documentation for assessment models and scoring procedures. 

2.7 Phase 7: Develop assessment method protocols, validation, 
and intercalibration 

2.7.1  Phase 7 description 

Phase 7 includes compilation of protocols for implementing the assess-
ment method and then testing it both for accuracy (validation) to deter-
mine if the outputs from the scoring procedure correspond to actual 
stream functions (Wakeley and Smith 2001; Nadeau et al. 2018) and for 
repeatability (intercalibration). Validation may include testing the method 
at new sites that were not part of the method’s development or comparing 
outputs with detailed long-term measurements of conditions, and ulti-
mately functions, from available datasets, peer-reviewed journals, and ex-
pert knowledge (Smith et al. 2013; Morandi et al. 2014; Dorney et al. 2018; 
Munoz et al. 2018).  

The results of validation exercises may illustrate the need to refine the 
stream assessment method, such as improving the stratification of stream 
types in the region, revising the scaling of indicator metrics, or selecting 
alternative metrics. Validation prior to widespread use of the assessment 
method is encouraged. However, time and resource constraints may re-
quire that validation consist of long-term continual testing and revision 
following implementation of the stream assessment method.  
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While repeatability of individual metrics was discussed in Phase 4, efforts 
to ensure repeatability of the assessment method in its entirety (i.e., inter-
calibration) should take place during this phase. Repeatability of the 
method among different users assures that users generate the same out-
puts and reach similar conclusions. For example, it is not uncommon for 
different practitioners to collect field data over the course of a multiyear 
monitoring period. Problems with repeatability of the stream assessment 
method may consequently lead to significant variability and perhaps dif-
fering conclusions. The development team should address poor repeatabil-
ity of the stream assessment method by adding additional description and 
clarity in applicable user manuals that provide step by step instructions on 
how to collect data for each included measure (see Phase 7) and ensure 
that adequate training for end users of the assessment method can be pro-
vided as part of the method’s implementation (see Phase 9).   

2.7.2  Phase 7 guidelines 

2.7.2.1  Develop data forms and protocols for data collection 

Prior to field testing the assessment method, the development team will 
need to develop a standardized approach for data collection. This ap-
proach should include (1) a user manual or standard operating procedure 
that outlines field protocols, data collection and analysis methods, and 
metric calculations and (2) a standardized format for recording and com-
piling data, such as field forms or other standardized data templates.  

When adapting an existing assessment method, users should consider 
what aspects of the existing user manual and data templates (if any) can be 
retained, and what aspects may need to be revised or adapted to use them 
in a new region or for a new purpose (e.g., adapting a nonregulatory as-
sessment method for use in the Regulatory Program). The development 
team should also consider whether improvements to the existing method 
can improve accuracy and usability. 

A user manual or standard operating procedure should include the following: 

• All data collection methods, including clear diagrams and figures that 
assist with understanding how and where to apply the data collection 
methods in the field.  

• Information on how field data should be processed and used to calcu-
late metrics, including any applicable mathematical operations (e.g., 
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equations, standardization of raw field data, calculation of multimetric 
indices, etc.).  

• A list of equipment required to collect data.  
• An explanation of data templates and data management expectations.  

The NCSA recommends that data forms be sequenced to align with work-
flow. Separate data forms should be developed for remote or desktop anal-
yses relative to those for collecting data in the field. If the assessment 
method includes optional metrics or metrics that are only applicable under 
certain conditions (e.g., for certain stream types), these should be clearly 
indicated on data forms to reduce data collection errors or collection of in-
applicable data. Smith et al. (2013) provide specific considerations for con-
structing field forms for data collection. 

Data collection protocols should be clearly described in a user manual and 
standardized to the extent practicable. Electronic data templates, if appli-
cable, should include metadata templates (e.g., who collected the data, 
where was it collected, why was it collected, etc.) and incorporate auto-
mated data checkers and/or drop-down menus from which applicable en-
tries may be selected to reduce input errors. 

At this point, the development team should consult the data management 
plan (section 2.1.1.3) and consider how to approach the following: 

• How will field data be transcribed into an electronic format (i.e., 
spreadsheets and databases)? Consider whether to develop electronic 
data forms (for use on handheld devices) or paper forms as it relates to 
QA/QC needs and costs. If paper forms are used, a standard method 
for scanning and digitally saving copies should be part of the recom-
mended data management plan.  

• How will data be used, compiled, and shared? Will data be compared 
across assessment sites? Will it be compared over time for the same 
site? Could the data be incorporated into existing databases for long-
term and publicly accessible storage of assessment results? 

• Is it feasible to use open data formats to make it easy for practitioners 
to create their own digital data collection tools?  For example, data can 
be structured in XML format to accommodate open data practices and 
web services.   
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2.7.2.2  Field-testing procedure 

Validity and repeatability of the stream assessment method should be 
evaluated using field testing. Field testing should allow the development 
team to determine how long it takes to execute a stream assessment in the 
field under different environments and conditions, identify incomplete or 
ambiguous instructions, ensure that the level of training and expertise re-
quired to apply the assessment method is appropriate, and ensure applica-
bility of the assessment method (Wakeley and Smith 2001). 

To test repeatability, multiple independent field crews unaffiliated with 
development of the stream assessment method itself should apply the as-
sessment method in the field. These crews should be provided equivalent 
training and guidance (e.g., user manuals) and assess the same sites span-
ning a range of conditions and representing different stream types 
throughout the region (Dorney et al. 2018; Nadeau et al. 2018). If possible, 
field testing should also include assessing the same stream in different 
seasons of the year to test for temporal effects. 

The number of sites targeted for field testing will be influenced by the ap-
proach used to stratify and/or classify streams in the assessment method. 
Selecting the number of sites necessary and how many data collection 
events should occur at each site can be based on a project-cost analysis or 
determined statistically. When adapting existing assessment methods to a 
new region, field validation should include sites in stream types or field 
conditions not applicable or anticipated by the original method. For exam-
ple, if the original method was developed for use in perennial streams but 
the aim of the development team is to also apply the method in intermit-
tent streams, field testing should be conducted in both these systems. 

Applicability of the assessment method refers to how well the results of the 
assessment accurately represent stream conditions across a range of dif-
ferent stream types. Two approaches for evaluating applicability include 
(1) experimental manipulation of the assessed streams and (2) comparing 
scores derived from the assessment to an independent, quantitative 
method (Smith et al. 2013). 
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2.7.2.3  Revisiting and revising products and decisions from earlier Phases 

The development team may need to revisit products or decisions from ear-
lier phases to address concerns that arise during or as a result of field test-
ing. Changes may be necessary to improve stratification and classification, 
modify metrics and scoring procedures, or add clarity or other updates to 
user manuals and data templates. For example, field testing may reveal re-
dundancy among metrics; and consequently, metrics may need to be re-
vised or removed. Field testing also often highlights pertinent sections of 
user manuals that require additional clarity. The development team 
should document the results of validation exercises, including detailed de-
scriptions of how any shortcomings of the method are or will be addressed. 

2.7.2.4  Steps in Phase 7 

The NCSA recommends the following steps for field testing stream assess-
ment methods developed for the Regulatory Program:  

1. Construct (or revise) data forms and develop data collection protocols. 
2. Compile a user manual, Standard Operating Procedure, or both for appli-

cation of the assessment method. 
3. Compile a plan for field testing, including who will conduct it, where 

will it be conducted, at how many sites, and over what time frame will 
it be conducted.   

4. Evaluate limitations of the assessment method based on field testing, and 
determine changes needed as necessary. 

5. Clearly document the results of the field-testing exercise. 

2.8 Phase 8: Carry out peer review, public comment, and beta-
testing 

2.8.1  Phase 8 description 

Phase 8 emphasizes the need for the stream assessment method to un-
dergo review by those who were not involved in its development. There are 
several approaches to obtain this feedback, including through peer review 
and public comment. The goals of the peer review include determining the 
usability, applicability, credibility, and relevance of measures (Nadeau et 
al. 2018).  
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2.8.2  Phase 8 guidelines 

2.8.2.1  Peer review 

In this phase, it is important that individuals outside of the development 
team review the stream assessment method. Peer review could include 
staff from within the development team’s agencies, experts from outside 
the development team’s agencies, practitioners, and other stakeholders. 
Including both internal and external peer review allows more opportunity 
for individuals and groups outside the development team to participate in 
the development of the method, bringing in additional expertise and possi-
bly facilitating the transition from old practices to new. 

Ideally, there should be both an internal and external review process of the 
assessment method, including the technical documents, user manuals, 
field forms, and other tools. Barbour et al. (1999) provide details on how to 
set up a peer review process. Peer review is an essential component of the 
stream assessment method development process and should be planned 
and budgeted for in the scope of work (Phase 1). The development team 
should consider specific feedback sought from peer reviewers and provide 
a short list of questions to guide responses. This will assist in focusing and 
targeting the feedback from peer review.  

2.8.2.2  Public comment and beta-testing 

A public comment period allows the broadest cross section of practitioners 
and stakeholders to provide feedback on the stream assessment method to 
the development team prior to implementation. The public comment pe-
riod should be long enough to allow the public time to test the assessment 
method, analyze data, and provide feedback. Early during the public com-
ment period, the development team should schedule training workshops 
in sufficiently distributed locations throughout the region. These technical 
workshops can be a good way to introduce the assessment method to prac-
titioners and answer any immediate questions to maximize the complete-
ness and efficiency of public comments.  

The development team should consider whether there is specific infor-
mation or types of feedback they want to receive during public comment 
(e.g., related to the usability of the methods or the availability of any addi-
tional datasets) and include this in the public notice. Consider how to craft 
the questions so that commenters provide feedback in a way that can be 
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most readily addressed in the method revisions or in development of the 
training materials.  

Concurrent with the public comment period, a beta-testing period (e.g., 90 
days, 6 months, 1 year, etc.) is also useful to allow practitioners time to ac-
tually use the assessment method themselves to help formulate their feed-
back (Fritz et al 2020). The beta-testing period should coincide with the 
typical field season and be within any recommended biological index peri-
ods for sampling. During the beta-testing period, the NCSA also recom-
mends that permit applicants and mitigation project sponsors complete 
the beta version of the assessment tool in addition to whatever assessment 
method is currently being used (Smith et al. 2013). This will provide the 
development team with real-world data from throughout the region to 
evaluate how well the new stream assessment method is working. In addi-
tion, the beta testing period will allow both agency personnel and practi-
tioners to become more familiar with collection and review of field data, 
analysis of those data, and identifying unforeseen implementation issues.  

2.8.2.3  Revisions following peer review and public comment 

The peer review process and public comment period may occur sequen-
tially or concurrently. When peer review precedes public comment, it will 
be useful to address peer review comments prior to releasing a version to 
the public. Once the peer review and public comment processes are com-
plete, revise the stream assessment method, field forms, and training 
methods as needed. Changes may be necessary to improve stratification 
and/or classification of stream resources in the region, modify metrics and 
scoring procedures, or add clarity or other updates to user manuals and 
data templates.   

The development team should review all comments received as a result of 
peer review, the public comment, and beta-testing period and evaluate po-
tential edits and revisions to the stream assessment method necessary to 
be responsive to those comments. Cataloguing comments received by the 
development team and the responses to those comments is an important 
component of Phase 8. 
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2.8.2.4  Steps in Phase 8 

Phase 8 is iterative with previous phases. It is likely that previous phases 
of the process will need to be revisited following peer review, public com-
ment, and beta-testing. The NCSA recommends the following steps to 
guide this phase of assessment method development: 

1. Carry out peer review of assessment method. 
2. Administer public comment and beta testing. 
3. Revise assessment method, documentation, and training methods based 

on user feedback.  

2.9 Phase 9: Implement the stream assessment method 

2.9.1  Phase 9 description 

Implementing the stream assessment method will include formalizing and 
distributing the final products and all documentation to end users, includ-
ing the regulated community. Training, field audits and testing, certifica-
tion (in some cases), data management, periodic method updates, and 
end-user assistance should all be considered as part of the broader imple-
mentation phase.  

User manuals and supporting documents should be finalized, and training 
modules implemented and periodically updated. A long-term plan should 
be in place to guide continual evaluation of the stream assessment method 
to ensure that it keeps pace with current science. A scientific support docu-
ment should clearly describe the rationale for selecting the metrics, the 
origin of the data used to generate assessment models, and any assump-
tions and limitations of those data. Supporting documents may also in-
clude scientific support for the metrics and the assessment method as 
whole. Fritz et al. (2020) describe a process for assessment method imple-
mentation, including documentation and training considerations.  

2.9.2  Phase 9 guidelines 

2.9.2.1  Documentation and updates  

Documentation is a continuous process throughout the development of the 
stream assessment method, and much of the necessary documentation 
should have been initiated during all previous phases of this process. Doc-
umentation includes user manuals, standard operating procedures, data 
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forms, tools (spreadsheets, etc.), decision matrices, training materials, and 
any other technical support documents or documents that memorialize 
considerations and decisions of the development team.   

All documentation should include a version table at the beginning of the 
document or within the metadata section of data templates. If new ver-
sions of the stream assessment method are released, this table should be 
updated in all documentation to provide the new version number; date of 
update; and a description of the updates, errata, or edits that were made. 
Consider how to document updates prior to releasing the initial method. 
For example, beta versions are often numbered as 0.9, with an initial re-
lease of a final stream assessment method identified as version 1.0. Future 
updates that are relatively minor or that address errors in formulas or sim-
ple clarifications may be indicated by smaller version updates, such as 1.1, 
1.2, etc., whereas more substantial revisions to the tool may involve release 
of version 2.0, 3.0, etc.  

The science of evaluating the ecosystem functions of streams is continually 
evolving. Therefore, it is important to reevaluate stream assessment meth-
ods periodically to help ensure they adhere to current and sound scientific 
principles. Assessment methods may need to be updated or adjusted as 
additional data or new methodologies for assessing streams or assessing 
different metrics become available. The NCSA recommends that the devel-
opment team consider how to approach updates to the stream assessment 
method prior to its original release for implementation. For example, the 
process for accommodating minor updates or changes (e.g., formula errors 
or clarification of methods) may be different from a more formal process 
to address major updates (e.g., changes to metrics or underlying datasets). 
The development team leader should outline a plan for addressing up-
dates, including who may be involved and how it will be resourced, what 
may trigger updates, and whether updates would necessitate additional 
public comment or peer review.  

2.9.2.2  Training 

The NCSA recommends development of a plan to provide training for ap-
plicable federal, state, and local regulators, as well as end users, stakehold-
ers, and interested members of the regulated public. This training plan 
should also identify who will prepare the training content and conduct the 
training, the format for the training, and the frequency of any live training 
events. Consider both cost and logistics when developing training modules.  
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Target audiences for training may include the following: 

• USACE district regulatory personnel 
• Cooperating state and federal regulatory agencies 
• Environmental consultants 
• Planners and engineers 
• Personnel from departments of transportations and other 

nonresource agencies 
• Representatives of the academic community  
• Nonprofit conservation groups 

Logistics and cost constraints may affect the schedule or opportunities to 
provide training. Training for USACE regulators and other federal and 
state regulatory agencies should be prioritized, but efforts should be made 
to offer training to all end users as soon as feasible to help ensure that ap-
plication of the stream assessment method is as consistent as possible. It 
can be beneficial to train any federal, state, and local regulatory staff that 
will be using the method in their program decision-making in advance of 
the stream assessment method’s release. When training is planned in this 
way, it prepares agencies to answer questions and review incoming results 
from the application of the method. On-demand or prerecorded training 
modules or train-the-trainer exercises (Fritz et al. 2020) can be useful to 
reach the broadest possible audience. Training for practitioners should 
also include a field component.   

A training plan should also consider ways to assess comprehension of the 
stream assessment method by those receiving training and could include 
checkpoints for comprehension in each portion of the assessment method 
or other certification approaches. Pre- and posttests may be used to evalu-
ate the effectiveness of the training modules. These would allow the in-
structors to determine whether trainees are retaining and appropriately 
applying the information provided during training and could guide adjust-
ments to future training if warranted. 

When developing the content of training modules, offer training at all lev-
els. Training should be commensurate with the technical level of detail of 
the stream assessment method and end-user expertise. Expertise, how-
ever, is not a substitute for additional training when implementing a new 
assessment method (Herlihy et al. 2009).  
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In addition to outlining a training approach prior to and following the in-
itial release of the stream assessment method, a training plan should also 
consider how to provide continuous training once the method has been 
implemented and new training following release of significant updates or 
new versions of the assessment method. For example, training modules 
may include abbreviated “refresher” training, especially if updates to the 
assessment method are made following the initial training sessions. 
These abbreviated modules should reintroduce the basic concepts of the 
assessment method and focus on updates or areas where additional 
training is necessary.  

2.9.2.3  Distribution to end users 

Distribution of the stream assessment method, manuals, documentation, 
and training opportunities should be as wide as possible. All applicable 
documentation should also be easily accessible online. Upfront, the multi-
disciplinary assessment team should identify the agency retaining respon-
sibility of this information. This ensures the agency has the capacity to 
provide updated materials for the foreseeable future. It may be important 
to designate a single point of contact responsible for ensuring information 
is disseminated to the appropriate end users. Communication and distri-
bution channels may include the following: 

• Public notice 
• Email distribution list of end users 
• USACE district website 
• Other agency websites 
• Regulatory In-Lieu Fee and Bank Information Tracking 

System (RIBITS)  

Distribution to end users should not be considered a discrete event. Once 
the assessment method is distributed and in use, the agency should plan to 
provide continuing support and technical assistance. It is difficult to fore-
see all possible problems that may affect implementation of a stream as-
sessment method, even with a robust peer review, public comment, and 
beta-testing periods. Continuing support and technical assistance can be 
in the form of continuous training, webinars, or technical review of more 
difficult stream reaches. One or more designated points of contact should 
be available to answer questions and direct end users to the appropriate 
contact for additional technical assistance.  
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2.9.2.4  Steps in Phase 9 

The NCSA recommends the following steps to guide finalization and im-
plementation of the stream assessment method:  

1. Finalize documentation of the assessment method. 
2. Develop a plan for reviewing and updating the assessment method and 

data management approaches as the need arises. 
3. Develop a training plan. 
4. Distribute documentation for the stream assessment method to end users, 

stakeholders, and the public. 
5. Provide continuing support, training, and technical assistance.  
6. Update the assessment method, training, and data management as the 

need arises. 
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3 Summary 

The framework presented in this technical guide provides national-level 
guidelines to assist multidisciplinary teams develop new stream assess-
ment methodologies for the Regulatory Program or to evaluate methods 
currently in use in other regions or for nonregulatory purposes. Table 4 
provides a short description and summary of the factors that need to be 
considered under each phase. To facilitate work efforts, the table combines 
the rationale and recommendations of the NCSA under each phase. Alt-
hough the phases are presented individually and sequentially, completing 
the work outlined in each phase is often iterative, with decisions of one 
phase having significant feedback loops with other phases.   

Stream assessment methods are a critical part of the USACE Regulatory 
Program. In making CWA Section 404 permitting and compensatory miti-
gation decisions, the USACE Regulatory Program, along with its federal, 
state, and local partners, must consider the loss (impacts) or accrual of 
aquatic resource functions (compensatory mitigation).  

The ability for regulatory decision makers to assess the impact of a pro-
posed action on an aquatic resource or the amount of mitigation needed to 
compensate for unavoidable losses of aquatic resources is dependent on 
successfully characterizing the condition and ultimately the function of 
that resource. The NCSA hopes that this technical guide facilitates the de-
velopment or adaptation of stream assessment methods to fulfill that ob-
jective for the USACE Regulatory Program. 
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Table 4.  Summary of the phases and the factors to consider in each phase of developing stream assessment approaches 
(adapted from Dorney and Adamus 2018). 

Phases for Developing 
Stream Protocols Description Factors to Consider 

Phase 1: Develop a 
scope of work (iterative 
with Phase 2) 

Emphasizes the need to 
consider the plan of action by 
writing a scope of work that 
identifies assessment 
objectives and includes a 
budget and timeline 

• What are the main programmatic objectives for developing a stream assessment 
method? What type of method is needed? Will a new method be developed, or will an 
existing method be adapted for a new use or for a new region? What kind of 
stratification may be needed to address all stream types in a region? 

• Who will use this, and what skill level do they have? 
• What tasks and products will be needed? Who will be the project leader to keep the 

project moving forward?  
• What are the funding sources and the budgets? Expenses for travel? Materials? 

Consultants and peer reviewers? 
• Is there a target date for implementation, and how much time (e.g., per week, per 

month, etc.) can the project team members devote to the project? What is the 
schedule? 

• What plan will be made to solicit stakeholder input?  
• What data formats and templates will be used? How will data be made accessible? Will 

open data platforms be used? How will data be stored? What is the long-term data 
access plan? What metadata will be collected, and how will the metadata be stored and 
accessed? 

Phase 2: Gather a 
multidisciplinary project 
team (iterative with 
Phase 1) 

Describes the need for and 
compilation of a 
multidisciplinary team to 
develop the stream 
assessment method 

• Will the team be agency staff or multiagency? Does the team have representatives from  
all relevant disciplines? Are there possible conflicts of interest for potential team 
members? If so, are those resolvable, or does the team need to be changed? 

• Are there initial trainings, presentations, or workshops necessary to familiarize all team 
members with the conceptual approach identified in Phase 1 that will guide 
development or adaptation of a stream assessment method (may require that parts of 
phase 1 be revisited)? 

Phase 3: Determine the 
types of streams, 
associated stream 
functions, and 
necessary stratification 
for streams in the region 

Discusses how to 
conceptualize the types of 
streams found in a region and 
their functions and how to 
approach stratification and 
classification to reduce the 
heterogeneity of stream 
characteristics in the 
assessment region 

• What is the range (heterogeneity) of stream types in the region? 
• Is there a need to stratify stream types as part of the stream assessment?  
• What existing classification systems are available, and do they inform stratification? 
• How do classification systems relate to stream function and condition?  
• Will multiple different methods of stratification or classification be necessary? 
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Table 4 (cont.).  Summary of the phases and the factors to consider in each phase of developing stream assessment approaches 
(adapted from Dorney and Adamus 2018). 

Phases for Developing 
Stream Protocols Description Factors to Consider 

Phase 4: Select 
regionally relevant 
metrics 

Describes how to define and 
select regionally relevant 
metrics as indicators of 
stream functions 

• Does variation of stream types in the region lead to different stream functions or 
necessary metrics to represent those functions? 

• What regionally relevant metrics can be used? How will relevant metrics be selected? 
• Are there existing data available for any of these metrics?  
• If new data must be collected, how will measurements be made (i.e., field sampling 

protocols)?  
• What would be the plan for collecting these new data? Who? When? Where? 

Phase 5: Develop the 
reference framework 

Describes how to incorporate 
reference information 

• What is reference? How will reference information inform development of the 
assessment method? 

• What reference information is available, and will new reference data need to be 
collected? 

• Review or develop a QAPP for any reference or baseline data that are gathered or used.  
• How much data do you need (timeline of work)? What data should be included?  
• How will the quality of new and existing data be determined? Is data collected by 

different parties using different protocols comparable? 
• How will reference sites be selected? Subjectively? Randomly? Based on some 

statistical algorithm? Will site selection be based on stratification or classification from 
Phase 4 (i.e., geography, ecoregion, channel geomorphic type, channel gradient, degree 
of prior disturbance, other, all, etc.)?  

Phase 6: Build 
assessment models and 
develop scoring 
procedures 

Discusses how to build and 
verify assessment models 
and how to use those models 
to develop scoring procedures 
and outputs for the stream 
assessment method 

• How do metrics interact to represent functions and determine assessment outputs? 
• Will metric data need to be standardized before combining to represent functions? 
• Will functions be combined to result in a total assessment score? 

Phase 7: Develop 
assessment method 
protocols, validation, 
and intercalibration 

Describes method validation 
and field testing 

• How will a stream assessment be executed in the field? 
• Will validation occur at additional sites that were not used for calibration? How many 

sites? Over what geographic area? 
• How will results of validation exercises be evaluated and accommodated in the 

assessment method?   
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Table 4 (cont.).  Summary of the phases and the factors to consider in each phase of developing stream assessment approaches 
(adapted from Dorney and Adamus 2018). 

Phases for Developing 
Stream Protocols Description Factors to Consider 

Phase 8: Carry out peer 
review, public comment, 
and beta-testing 

Describes the need for 
independent peer review of 
the assessment method and 
opportunity for public 
comment 

• Will there be both internal and external peer review? 
• How will the initial roll-out for public comment, including all supporting documentation 

(e.g., user manuals, support documents, etc.), be implemented?  
• Will there be a period allotted for beta testing by all stakeholders prior to full 

implementation?  
Phase 9: Implement the 
stream assessment 
method 

Describes implementation of 
the stream assessment 
method, which includes 
distribution to end users, 
training, and continued 
support and technical 
assistance 

• How much training will be required? Conducted by public sector? By private sector? 
Both? How will quality be maintained? 

• What will be included in the final compilation of necessary user manuals, scientific 
support documents, etc.? 

• Is the data management plan in place and accessible to the public? 
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Glossary 

Assessment method or model: “A simple model that defines the rela-
tionship between ecosystem and landscape scale variables and functional 
capacity of a [stream system]. The model is developed and calibrated using 
reference [streams] from a reference domain” (Smith et al. 1995). 

Buffer: “An upland, wetland, and/or riparian area that protects and/or 
enhances aquatic resource functions associated with wetlands, rivers, 
streams, lakes, marine, and estuarine systems from disturbances associ-
ated with adjacent land uses.”* 

Categorical rating: This score is developed from the result of an as-
signed rating evaluation of categorical groups (i.e., “Poor,” “Good,” “Excel-
lent,” “Low,” “High”). 

Compensatory mitigation: “The restoration (reestablishment or reha-
bilitation), establishment, enhancement, and/or in certain circumstances 
preservation of aquatic resources for the purposes of offsetting unavoida-
ble adverse impacts that remain after all appropriate and practicable 
avoidance and minimization has been achieved.”† 

Credit: “A unit of measure (e.g., a functional or areal measure or other 
suitable metric) representing the accrual or attainment of aquatic func-
tions at a compensatory mitigation site. The measure of aquatic functions 
is based on the resources restored, established, enhanced, or preserved.”‡ 

Cumulative effects: “Determination of cumulative effects on the aquatic 
ecosystem. [1] Cumulative impacts are the changes in an aquatic ecosys-
tem that are attributable to the collective effect of a number of individual 
discharges of dredged or fill material. Although the impact of a particular 
discharge may constitute a minor change in itself, the cumulative effect of 
numerous piecemeal changes can result in a major impairment of the wa-
ter resources and interfere with the productivity and water quality of exist-

 
* 40 C.F.R § 230.92. 
† 33 C.F.R. § 332.2. 
‡ 33 C.F.R. § 332.2. 
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ing aquatic ecosystems. [2] Cumulative effects attributable to the dis-
charge of dredged or fill material in WOTUS should be predicted to the ex-
tent reasonable and practical. The permitting authority shall collect infor-
mation and solicit information from other sources about the cumulative 
impacts on the aquatic ecosystem. This information shall be documented 
and considered during the decision-making process concerning the evalu-
ation of individual permit applications, the issuance of a general permit, 
and monitoring and enforcement of existing permits.”* 

Debit: “A unit of measure (e.g., a functional or areal measure or other 
suitable metric) representing the loss of aquatic functions at an impact or 
project site. The measure of aquatic functions is based on the resources 
impacted by the authorized activity.”† 

Ecological performance standards: “(a) The approved mitigation 
plan must contain performance standards that will be used to assess 
whether the project is achieving its objectives. Performance standards 
should relate to the objectives of the compensatory mitigation project, so 
that the project can be objectively evaluated to determine if it is developing 
into the desired resource type, providing the expected functions, and at-
taining any other applicable metrics (e.g., acres). (b) Performance stand-
ards must be based on attributes that are objective and verifiable. Ecologi-
cal performance standards must be based on the best available science that 
can be measured or assessed in a practicable manner. Performance stand-
ards may be based on variables or measures of functional capacity de-
scribed in functional assessment methodologies, measurements of hydrol-
ogy or other aquatic resource characteristics, and/or comparisons to refer-
ence aquatic resources of similar type and landscape position. The use of 
reference aquatic resources to establish performance standards will help 
ensure that those performance standards are reasonably achievable, by re-
flecting the range of variability exhibited by the regional class of aquatic 
resources as a result of natural processes and anthropogenic disturbances. 
Performance standards based on measurements of hydrology should take 
into consideration the hydrologic variability exhibited by reference aquatic 
resources, especially wetlands. Where practicable, performance standards 

 
* 40 C.F.R. § 230.11(g). 
† 33 C.F.R. § 332.2. 
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should take into account the expected stages of the aquatic resource devel-
opment process, in order to allow early identification of potential prob-
lems and appropriate adaptive management.”* 

Enhancement: “The manipulation of the physical, chemical, or biologi-
cal characteristics of an aquatic resource to heighten, intensify, or improve 
a specific aquatic resource function. Enhancement results in the gain of se-
lected aquatic resource functions but may also lead to a decline in other 
aquatic resource functions. Enhancement does not result in a gain in 
aquatic resource area.”† 

Functional capacity: “The degree to which an area of aquatic resource 
performs a specific function.”‡ 

Functions: “Physical, chemical, and biological processes that occur in 
ecosystems.”§ Functions are the combination of processes that create and 
support a stream system (changes over time and space) (Nadeau et al. 
2018).  

Index score: This is a score derived from an index (e.g., a multicategory 
rating system, such as an EPA RBP habitat evaluation) and adding up the 
subcategories to produce a final score. 

Impact: “Adverse effect.”** 

Metric: A specific tool, equation, measured values, or assessment method 
used to assess the condition of a structural measure or function-based pa-
rameter (McKay et al. 2010; Wyoming Stream Technical Team 2018).  

Performance standards: “Observable or measurable physical (includ-
ing hydrological), chemical and/or biological attributes that are used to 
determine if a compensatory mitigation project meets its objectives.”†† 

 
* 33 C.F.R. § 332.5. 
† 33 C.F.R. § 332.2. 
‡ 33 C.F.R. § 332.2. 
§ 33 C.F.R. § 332.2. 
** 33 C.F.R. § 332.2. 
†† 33 C.F.R. § 332.2. 
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Reestablishment: “The manipulation of the physical, chemical, or bio-
logical characteristics of a site with the goal of returning natural/historic 
functions to a former aquatic resource. Reestablishment results in rebuild-
ing a former aquatic resource and results in a gain in aquatic resource area 
and functions.”* 

Reference or reference condition: The full range of variability exhib-
ited by a regional class of aquatic resources as a result of natural processes 
and anthropogenic disturbances.  

Reference aquatic resources: “A set of aquatic resources that repre-
sent the full range of variability exhibited by a regional class of aquatic re-
sources as a result of natural processes and anthropogenic disturbances.”† 

Rehabilitation: “The manipulation of the physical, chemical, or biologi-
cal characteristics of a site with the goal of repairing natural/historic func-
tions to a degraded aquatic resource. Rehabilitation results in a gain in 
aquatic resource function but does not result in a gain in aquatic resource 
area.”‡ 

Restoration: “The manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of returning natural/historic func-
tions to a former or degraded aquatic resource. For the purpose of tracking 
net gains in aquatic resource area, restoration is divided into two catego-
ries: reestablishment and rehabilitation.”§ 

Riparian areas: Lands adjacent to streams, rivers, lakes, and estuarine-
marine shorelines. Riparian areas provide a variety of ecological functions 
and services and help improve or maintain local water quality. 

Secondary effects: “Effects on an aquatic ecosystem that are associated 
with a discharge of dredged or fill materials but do not result from the ac-
tual placement of the dredged or fill material. Information about second-
ary (indirect) effects on aquatic ecosystems shall be considered prior to the 
time final Section 404 action is taken by permitting authorities. Some ex-
amples of secondary effects on an aquatic ecosystem are fluctuating water 

 
* 33 C.F.R. § 332.2. 
† 33 C.F.R. § 332.2. 
‡ 33 C.F.R. § 332.2. 
§ 33 C.F.R. § 332.2. 
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levels in an impoundment and downstream associated with the operation 
of a dam, septic tank leaching and surface runoff from residential or com-
mercial developments on fill, and leachate and runoff from a sanitary 
landfill located in WOTUS.”* 

Service: How a society perceives the ecological and societal benefits 
(value) of one or more ecosystem functions (Nadeau et al. 2018). 

Stream functional capacity score: A rating system that includes a 
combination of both categorical ratings and numerical values, which are 
combined to determine the overall stream function. 

Stream condition: “The relative ability of an aquatic resource to support 
and maintain a community of organisms having a species composition, di-
versity and functional organization comparable to reference aquatic re-
sources in the region.” † A single or multivariate snapshot of a stream sys-
tem (at a moment in time but can vary in space) (see Nadeau et al. 2018). 

Stream Function Assessment Method (SFAM):  A tool that assesses 
stream ecological processes at the site scale in the context of the larger wa-
tershed, using a range of expected performance for 11 defined functions, 
the opportunity to provide each function and the local significance of each 
function. SFAMs are a quantitative method that result in unitless outputs 
that, in combination with a stream mitigation accounting protocol, calcu-
late credits generated from stream mitigation activities or debits associ-
ated with adverse stream impacts. SFAMs are based on the stream func-
tions described by Fischenich (2006).  

Stream Quantification Tool (SQT): A stream functional assessment 
tool used to assign scalings to metric values within functional categories to 
determine ecological lift. SQTs are a semi- to fully quantitative method to 
calculate credits generated from stream mitigation activities or debits as-
sociated with adverse stream impacts. SQTs are based on the stream func-
tions pyramid concept presented by Harman et al. (2012). 

Watershed: The land area that drains to a common waterway, such as a 
stream, lake, estuary, wetland, or ultimately the ocean. 

 
* 40 C.F.R. § 230.3(h). 
† 33 C.F.R. § 332.2. 
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Appendix A: State GIS Data 
Table A-1.  Source of GIS data for U.S. states. This is list is not exhaustive but is meant to 

provide users with primary locations for GIS data for U.S. states.    

State GIS Data Source Host 

Alabama Geological Survey of Alabama  
U.S. Forest Service 

Alaska Alaska Department of Natural Resources 
Arizona AZGEO Clearinghouse, an Arizona Geographic Information Council initiative, 

hosted by Arizona State Land Department 
Arkansas Arkansas Department of Transportation 
California California Spatial Information Library 
Colorado Colorado Department of Local Affairs 
Connecticut University of Connecticut Library—Map and Geographic Information Center 
Delaware Delaware Office of State Planning Coordination 
Florida State of Florida Geodata 
Georgia Georgia GIS Clearinghouse 
Hawaii Hawaii State Office of Planning 
Idaho Idaho Geospatial Office 
Illinois University of Illinois Springfield—Geographic Information Systems 

Laboratory  
USGS Upper Midwest Environmental Services Center—Illinois GIS data  
University of Illinois at Urbana-Champaign—Illinois Geospatial Information 
Clearinghouse 

Indiana State of Indiana—IndianaMap  
University of Indiana—Indiana Spatial Data Portal 

Iowa State of Iowa—Iowa Geodata 
Kansas State of Kansas—Kansas Data Access and Support Center 
Kentucky Commonwealth of Kentucky—Kentucky Geonet  

Kentucky Geological Survey—Geospatial Data Library 
Louisiana Louisiana Department of Transportation and Development—GIS Data  

LSU Atlas GIS 
Maine Maine Office of GIS—Data Catalog 
Maryland State of Maryland—GIS Data Catalog  

Maryland Department of Transportation—GIS Open Data Portal 
Massachusetts Massachusetts Bureau of Geographic Information—MassGIS 
Michigan State of Michigan—GIS Open Data 
Minnesota Minnesota IT Services—Geospatial Information Office  

Minnesota Geospatial Commons 
Mississippi State of Mississippi—Mississippi Geospatial Clearinghouse 
Missouri University of Missouri—Spatial Data Information Service Open Data Site 
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Table A-1 (cont.).  Source of GIS data for U.S. states. This is list is not exhaustive but is meant 
to provide users with primary locations for GIS data for U.S. states.    

State GIS Data Source Host 

Montana State of Montana—Geographic Information Clearinghouse 
Nebraska State of Nebraska Geographic Information Office—NebraskaMap 
Nevada University of Nevada at Reno Virtual Clearinghouse for Nevada Geographic 

Information  
Nevada Division of State Lands—GIS Mapping Data 

New Hampshire New Hampshire GRANIT GIS Clearinghouse 
New Jersey New Jersey Department of GIS  

New Jersey Geographic Information Network 
New Mexico New Mexico State Land Office—GIS Data Download  

University of New Mexico Resource Geographic Information System 
New York State of New York GIS Data 
North Carolina NC OneMap 
North Dakota North Dakota GIS HUB Data Portal  

North Dakota Department of Geographic Information Systems 
Ohio Ohio Geographically Referenced Information Program 
Oklahoma Oklahoma Geographic Information Systems Council  

University of Oklahoma Center for Spatial Analysis 
Oregon State of Oregon Geospatial Data Clearinghouse 

 Oregon Spatial Data Library 

Pennsylvania Pennsylvania State University—Pennsylvania Geospatial Data Clearinghouse 
Rhode Island Rhode Island Geographic Information System 
South Carolina South Carolina Department of Health and Environment Control—GIS Data 

Clearinghouse 
South Dakota South Dakota Department of Natural Resources—Digital Base Data 
Tennessee Tennessee GIS Clearinghouse 
Texas Texas General Land Office—GIS Maps and Data 
Utah Utah Automated Geographic Reference Center 
Vermont Vermont Center for Geographic Information 
Virginia Virginia Information Technologies Agency—GIS Clearinghouse 
Washington Washington Office of the Chief Information Officer—Washington Geospatial 

Open Data Portal 
West Virginia West Virginia GIS Technical Center—GIS Data/Services 
Wisconsin Geodata@Wisconsin  
Wyoming Wyoming State Geological Survey—GIS Data 
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