


Landscape Characterization 
and Model-based Approaches 
for Estimating Conditions or 
Impairment of Waterbodies

Methods to Integrate 
Monitoring and Assessment 

for Clean Water Act Reporting 



“restore and maintain the physical, 
chemical, and biological integrity of the 
Nation’s waters”

“restore and maintain the physical, 
chemical, and biological integrity of the 
Nation’s waters”



303(d) Background303(d) Background
• Assessment of ALL waters – Report 2 Year 

Cycle
• Each State Creates: Listing Policy, 

Designated Uses, WQ Standards and 
Assessment Units (AU)

• Listing Criteria: When Status = Impairment
• Need to Identify Pollutant Caused Impairment
• Evidence to Support Delisting



Gather Data Gather Data 
to Confirm to Confirm 
ImpairmentImpairment





Assessing Overall ConditionAssessing Overall Condition



305(b) 305(b) GuidanceGuidance

• Probabilistic monitoring design - large areas
• Excellent approach to producing, with known 

confidence, statistical representation 
• Extent of waters that may or may not be 

impaired
• Assist a State or territory in determining 

monitoring priorities and in targeting 
monitoring activities



Metal Contaminants in Sediment

Good: No ERL exceedances

Intermediate: Any ERL exceedance

Poor: Any ERM exceedance
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“Models that can fill gaps in data “Models that can fill gaps in data 
have the potential to generate have the potential to generate 
information that will increase the information that will increase the 
efficiency of monitoring”efficiency of monitoring”

National Research Council 2001National Research Council 2001
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Probabilistic Survey

Watershed Characteristics

Landscape 
Indicator 
Models

Overall  Condition

Prediction of Impairment

Targeted Sampling

Confirmation of Impairment 
and Diagnosis
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(Smith et al. 2001)

Variables
-% Urban
-Ag > 3% Slopes
-% Nat Land Cover



303(d)
List

Management
Action

INTEGRATED MONITORING FRAMEWORKINTEGRATED MONITORING FRAMEWORK
Product Tools Assessment Process

TMDL 
development

(1) probability survey design 
(“EMAP” Design)

(2) empirically based 
landscape models, watershed 

characterization, clustering 
survey data (e.g., EMAP, 

ReVA)

(3) Hybrid designs combining 
intensified survey designs, 
gradient sampling and site-

specific grid designs as 
appropriate)

(4) Probability survey design to 
monitor effectiveness 

of management

Survey of condition
(gives status)

Waterbody has high 
probability of impairment

Waterbody has low probability of 
impairment; no additional monitoring 

needed AT THIS TIME (continue 
monitoring as part of 5-year cycle

How do I collect info to 
confirm impairment?

All others

There is an 
existing TMDL

305(b)
Report

NRC
Planning List

Where do 
I need to do the follow up 

monitoring?

Is the 
waterbody impaired?

no

yes
Impairment not 

caused by pollutant 

There is a 319 
watershed 

management plan



Anticipated ProductsAnticipated Products

• Tools that can assist states in the 303(d) 
listing process

• Provide a rationale for targeted sampling of 
aquatic resources

• Help consolidate 305(b) assessment and 
303(d) listing methodologies

• Provide evidence for diagnosing aquatic 
impairment

• Forecast the impacts of future watershed 
alterations



TopicsTopics

• Implementation Expectations & 
Experience

• Providing Information on All Waters
– Large Scale Probability Surveys
– Estimation Approaches for Condition, 

Stressors, Impairment
• Design
• Modeling
• Landscape


