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PRESENTATION OVERVIEW

• Introduction 
• Tiered framework workflow
• Model for stream assessment

• Goals
• Methods
• Findings
• Structure

• Future research needs, summary, next steps
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INTRODUCTION TO THE 
STREAM TIERED ASSESSMENT FRAMEWORK
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WHY ARE WE HERE: STREAM FUNCTIONS
• Streams support biodiversity and regulate water quality
• Provide essential ecosystem services: flood control, nutrient cycling, food provision, 

recreation
• Stream assessments are vital for effective management, guiding management actions
• Our framework assesses these essential stream functions with a structured, tiered approach
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• Anthropogenic disturbances (e.g., land use changes) affect ecosystem functions
• Assessments are needed for informed, sustainable management actions
• Existing assessments often focus on specific objectives and are limited in scope
• This creates a need for a more holistic framework

WHY ARE WE HERE: STREAM FUNCTIONS



UNCLASSIFIED

6UNCLASSIFIED

• Existing assessments and frameworks cumulatively cover diverse ranges of objectives, 
contexts, efforts

• Individual frameworks are limited and have loosely defined scope and objectives
• No framework offers a comprehensive or standardized approach to stream assessment
• Our goal: address this gap, allowing for more consistent evaluation

WHY ARE WE HERE: STREAM FUNCTIONS

Other 
assessments 
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Assessment Wishlist:
1. Clear assessment selection guidance.
2. Comprehensive function evaluation. 
3. Clarify any functional differences.
4. Address effort and confidence. 
5. Facilitate comparison across different assessments. 
6. Enhance flexibility and consistency.

NEED FOR A STANDARDIZED ASSESSMENT APPROACH
Utoy Creek, Atlanta, Georgia Assessment Options
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CHALLENGES IN STREAM ASSESSMENTS
• Hundreds of assessment tools have been developed at local, state, and federal levels within both 

public and private sectors (Stepchinski et al., 2024)
• Many assessments with many different focuses
• No comprehensive function-based assessment

• How do you…
• Find and select an assessment from the hundreds out there?
• Compare results from different assessments?
• Factor project considerations: details, effort, resources, and confidence into selection?
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Screening 
Assessments

Rapid 
Assessments

Detailed 
Assessments

Lower Higher

Level of effort

Amount of resource expenditure

Input + output data resolution

Level of specificity (to project or problem) 

Uncertainty LowerHigher

Visual,
Semi-quantitative

Custom stratification,
HSI dev., specific priorities, 

detailed modeling 

Site Screening,
Problem detection

Alternatives Evaluation,
Problem detection

Regionally tailored model,
Problem detection

Methods:
Field measurements for rapid 

empirical analysis, 
Rapid office analyses

Use 
Cases:

DIVIDE ASSESSMENTS BY LEVEL OF EFFORT
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Make Decisions
Use condition scores to meet project needs 

Compare across sites and scales

Aggregate Scores
Integrate scores into ecological indices 

Perform Assessment
Assess tier-specific metrics using 

methods and performance criteria

Prepare Assessment
Select model variables 

Identify proxy metrics, methods, and performance criteria

Select Tier of Assessment
 Consider project phase, goals, resources, 

desired effort and confidence

WORKFLOW
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MODEL
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• A comprehensive, functions-based set of model variables that 
are applicable to a wide range of stream types and objectives

• Model structure that provides (1) clear communication of 
functions and (2) scoring system condition and rolling up scores

• Model can be used for any tier (level of effort) assessment

.

GOALS FOR THE MODEL
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• Review of Conceptual Frameworks
• Common frameworks for assessing streams
• Over 190 quantitative tools for restoration (Stepchinski et al. 2024)

• Identification of Functional Outcomes
• Organize functions around:

• Stream functions pyramid (Harman et al. 2012)
• Goals of the Clean Water Act

• Two main model categories:
• Functions-based models: Evaluate ecological functions and processes 
• Physical habitat-based models: Focus on structural characteristics for habitats

• Selecting Model Functions
• Identify similarities and differences for assessing functions between resources
• Remove overlap and redundancies
• Exclude overly general or specific functions for broader applicability

MODEL DEVELOPMENT PROCESS
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• Lack of Consensus on Stream Functions
• No function is universally represented in 

assessments.
•  Geomorphic and biological assessment 

methods dominate
• Most assessments contain these, and 

many contain only these metrics.
• Comparatively, water quality 

(phys/chem) are the least well 
represented

• Limited Holistic Approaches
• Few assessments include more than 

four functional categories, indicating a 
lack of comprehensive views.

KEY FINDINGS
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MODEL VARIABLES AND STRUCTURE
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STREAM FUNCTIONS 
AND PROCESSES

• Qualitatively Comprehensive
• Methodologically Non-Prescriptive
• Flexible Metric Selection
• Non-Prescriptive Aggregation
• These are evaluated in our model
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MODEL STRUCTURE

Model Layer Purpose Associated Documentation
Ecosystem Condition Analytical layer for scoring 

indices and decision-
making

Ecosystem Ecology (Odum), 
Clean Water Act (CWA 1971), 
Stream Functions (Fischenich 
2006)

Categories Organization of functions, 
Communication Tool

Stream Functions Pyramid 
(Harman et al., 2012)

Variables Variables representing key 
stream functions and 
processes

Stream Functions (Fischenich 
2006)
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VARIABLES 
LAYER

ECOSYSTEM 
CONDITION 
LAYER

CATEGORIES 
LAYER
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MODEL CATEGORIES

Categories

Hydrology Hydraulics

GeomorphologyBiology

Physicochemistry

• Track and organize 
stream functions and 
processes

• Communication Tool
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MODEL VARIABLES

Hydrology

Catchment 
Hydrology

Reach Inflow

Surface Water 
Storage

Flow-Duration

Flow Alteration
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MODEL VARIABLES

Hydraulics

Low flow 
dynamics

Baseflow 
dynamics

High flow 
dynamics

Floodplain 
connectivity

Hyporheic 
connectivity
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MODEL VARIABLES

Geomorphology

Channel 
evolution

Lateral stability

Planform 
change

Sediment 
continuity

Large woodBed 
composition
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MODEL VARIABLES

Physicochemistry

Light and 
thermal regime

Carbon 
processing

Nutrient 
cycling

Water and soil 
quality
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MODEL VARIABLES

Biology

Habitat 
provision

Population 
support

Community 
dynamics

Watershed 
connectivity
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DOWN-SELECTING VARIABLES

•Variable Selection
•Use project objectives and site conditions

•Recommendation
•Minimum of 10 variables (2 per category)

•Benefits
•Ensures balanced representation across categories
•Prevents single variable from skewing model outcomes
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Utoy Creek, Atlanta, Georgia

DOWN-SELECTING 
VARIABLES
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•Metrics, Methods, and Performance Criteria
•Metrics = Proxies for stream functions (i.e., variables)
•Methods = Ways to measure metrics
•Performance criteria = How to score the metric
•Selected based on the Tier (level of effort)

•Tier-Specific Toolboxes
•Helps identify suitable metrics, methods, and performance criteria from list of > 190 
assessments 
•Tailored to level of effort and resources

HOW DO YOU EVALUATE THE VARIABLES?
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PERFORM THE ASSESSMENT!
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ECOSYSTEM 
CONDITIONS 
LAYER

Aggregate scores
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Utoy Creek, Atlanta, Georgia

SCORE
AGGREGATION 0.40 x 1.0 = 0.400.40 x 0.25 = 0.10

(4 x 1.0) + (3 x 0.25) = 4.75
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DECISION MAKING
32

What do you use?
• Overall Ecosystem Condition Index
• Sub-indices: Physical, Chemical, 

Biological condition

Decisions will depend on project phase, 
objectives, and constraints

Possible use cases
• Restoration Planning Level Studies
• Refinement of existing regulatory tools
• As a design tool to support NBS
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SUMMARY, TAKEAWAYS, NEXT STEPS
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How does this model meet assessment wishlist items?

• This standardized model can simplify assessment workflow
• Comprehensive function evaluation for a wide range of streams
• Flexibility in assessment methods used (Tiered Approach)
• This model structure is flexible yet consistent, so it can be 

applied and compared across different scales and projects (e.g. 
across a watershed or at a specific stream site)

• Potential use cases for refining existing regulatory tools and 
design support for NBS

SUMMARY
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NEXT STEPS…

• Develop a framework for sensitivity analysis on this 
adaptable model structure

• Applying, testing, and refining framework and model 

• Manuscript preparation for peer-reviewed journal 
publication

• Presentation at American Geophysical Union 
conference & River Restoration Northwest 
conference
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1) Do the 24 proposed variables 
(functions) seem consistent 
across streams you have 
worked on?

DISCUSSION 
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2. Is there a minimum number of variables 
that should be included in each sub-index 
(physical, chemical, biological)? 

-E.g., 3 or more D or i per column?

3. Does a Clean Water Act framing 
resonate as an approach to aggregating 
indices? 

-CWA aims to restore and maintain the 
chemical, physical, and biological integrity 
of the Nation's waters

DISCUSSION 
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4. Does a system, weighting direct and 
indirect outcomes, align or conflict with 
USACE modeling policy or practice? (vs. 
fixed values?)

DISCUSSION 
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