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Agency Problem
Watershed and coastal zone management are supported by 
mult iple Clean Water Act (CWA) programs and the Coastal 
Zone Act Reauthorization Amendments (e.g., NonPointSource 
program in Section 6217), and require the integration of 
regulatory and nonregulatory programs.  EPA’s Office of Water 
is evolving to a more pro-active approach to manage 
environmental problems than is typical of the Section 303(d) 
process (Watershed Protection Approach Framework, 1991).  
Watershed and ecosystem-based management approaches are 
more integrative and comprehensive than the stressor-by-
stressor approach supported by individual chemical water 
quality criteria and the tradit ional Total Maximum Daily Load 
process.  This new approach also typically involves engagement 
of mult iple stakeholder groups in planning and adaptive 
management at all scales (township, estuary, watershed, state, 
regional).  In response, our research and development approach  
will provide technical support for managers in their 
development and implementation of watershed and coastal 
management plans at mult iple scales.  

The research and development activit ies described above are providing 
support for mult iple programs in the Office of Water and related activit ies by 
EPA Regions, the states, tribes, and local coastal or watershed management 
groups.  Activit ies will provide the basis for:

1) the definit ion of estuarine list ing segments for combined 305(b)/303(d) 
reports the states are required to submit

2) a framework for refining aquatic life use designations in estuaries and 
exploring t iered aquatic life use concepts at an ecosystem scale

3) classification frameworks to support monitoring and assessment

4) priorit ization of subwatersheds for management activit ies, and water 
quality criteria development (particularly for nutrients)

5) diagnosis of causes of impairment in estuaries 

6) partit ioning effects of local point source or contaminated sediments from 
upstream nonpoint sources 

7) establishing restoration targets 

8) ult imately supporting cost-benefit analyses of alternative management 
strategies for estuaries

Stressor-response models 
by system class

(see related posters)

Whole- and subsystem-retention time

(see related posters)

US EPA Tiered Aquatic Life Use 
workgroup(s): National, Estuarine

US EPA 
Landscape Predictive Tools Workgroup

Potential Habitat-Use Zones –We are defining and mapping 
habitat constraints for biotopes to be used as the basis for refining 
aquatic life use(s) in estuaries, starting with seagrass.

US EPA 
National Estuarine Experts 

Workgroup(s)

Watershed Central

Which estuaries are like ly to respond to 
pollutant loadings or restoration actions similar ly to my  estuary?  
How can I identify an appropriate reference estuary or habitat  

for comparison with my system?

How can I segment estuaries into 
homogeneous units that  are appropriate for assigning            

designated use,  report ing condition, list ing impairments, and 
planning management act ions, and do so in a consistent fashion?

How can I predict  potentia l habitat use for 
different portions of an estuary and use this 

information to refine designated use for aquatic life?

How can I est imate pollutant loadings 

to estuaries in a consistent fashion?  
What data are required to parameterize s imple loading models?

How can I predict  or diagnosethe effects 

of mult iple stressors on estuarine systems?

What can I infer from benthic community 
composit ion data on the like ly nature of stressors 

influencing my  system of interest?

A common geospatial framework for organizing, 
sharing, interpreting, analyzing, and transferring 

information on coastal systems to clients for 
environmental decision-making

Both SAV 
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chlorophyll a, 
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not light limited

SAV 
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limited 
primarily 
by TSS

From Gallegos 
(2001)

An initial classification of estuaries has 
been performed to group systems by 
similarity in geomorphology and tidal 
regime.  Efforts are underway to test 
the assumption that systems within a 
class will respond similarly to a given 
level of nutrient loading and to refine 
the classification system to support 

development of nutrient criteria.

Output and tools: Map of 
estuarine classes and suite
of nutrient-response 
relationships by class
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Protection of water clarity in estuaries requires management of 
multiple water quality parameters, i.e., nutrients, turbidity, and 
water color.  Graphical tools have been developed and applied 
to a small set of estuaries.  With appropriate calibration, these 

approaches could be extended to a much larger suite of 
systems.

Estuaries can be segmented by local  
residence time, and segments coded in a 
hierarchical fashion to efficiently 
represent 
upstream-downstream relationships and 
connections with adjacent watersheds.

Point coverages of habitat features can be interpolated to create continuous 
coverages

which can be combined to predict zones of potential habitat use.

Look-up tables can be provided 
with loading coefficients by land-
use type for different coastal 
regions.
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Information on benthic invertebrate life history and tolerance values can be used to 
interpret assessment data and to develop meaningful benthic indices

Science Inputs

Stakeholder 
Groups

Tools

Watershed and Estuarine Classification

Risk Assessment: Impact to Outcome –Watershed 
classification provided the principles behind watershed-based 
survey designs, the subject of a special session in the EMAP 
2003 symposium.  Principles were applied through technical 
support to Office of Pesticide Programs in their development of 
a national atrazine monitoring program as part of the 2003 re-
registration process for atrazine.

Nutrient criteria guidance – Classification concepts have been 
incorporated into draft nutrient criteria guidance for wetlands and are 
being included in draft guidance on approaches to nutrient criteria for 
estuaries.  In collaboration with an interagency workgroup, we will be 
comparing three approaches to classification of estuaries: a conceptual 
hydrogeomorphic model, EPA/NOAA cluster analysis, and a new 
Bayesian Classification and Regression Tree approach.

Extending STAR Grant Results
Site-Specific Diagnostic Tools

(see related posters)
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Translate to 
common codes 
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Filter, aggregate 
by t ime

Watershed 
variables 
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response

Calculator for existing 
biological  metrics

Mult ivariate analysis 
to derive new 
diagnostic indicators

Historic data

Regional Methods Initiative Project with EPA Region 5
Nutrient Regional Technical Advisory Group (RTAG)
(states, tribes, interstate commissions, USGS, USDA)

node 2, r2=0.83, p<0.0001)
log10(sestonic chl a)

= 0.88 + 1.21log10(TN)

We have successfully used watershed 
classification by hydrologic regime as 
the basis for a statewide watershed 
monitoring and assessment 
design for WV. 

350 - 1000----1.8 -> 4725 -> 35T. testudinum

88m mol /m2----1.8 -> 28.820 -> 35H. wrightii

0-1--4.7 -> 900 -> 15R. maritima

400 (max)2.3 -> .4 14 -> 295 -> 35Z. marina

Sulfide 
Content (mM)

Wave tolerance 
(m)

Current 
Velocity (m/s)

Fine sediment 
range (%)

S Range
(ppt)

15.0634.2 ly/hr 46.7 ly/hr4025 -> 32T. testudinum

9.5746.2 ly/hr56.6 ly/hr22 -> 23520 -> 30H. wrightii

12370011 -> 8820 -> 30R. maritima

331403000 -> 355 -> 20Z. marina

Min. l t. 
requirement (%)

Half saturation 
constant (µµµµE/m2/s)

Lt. Sat. 
(µµµµE/m2/s)

Compensation
Point (µµµµmol/m2/s)

Temp.
Range (°C)

Table 2: Data for the four most commonly monitored North American estuarine seagrass species: 
Zostera marina, Ruppia maritima, Halodule wrightii, and Thalassia testudinum . 
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Impact and Outcomes:

The basic conceptual model includes three elements: Residence t ime, Type A modifying factors 
that determine bioavailability, and Type B modifying factors that alter the relationship between 
the stressor and the response. Four canonical forms of this model are shown above.

A. Unidirectional flow B. Bidirectional flow C . Unidirectional flow, stratified D. Bidirectional flow, stratified
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Conceptual Models

Past Ongoing

Research Goals
Our framework builds upon existing conceptual models to 
explain differences in response across systems using 
classification strategies and site-specific diagnostic tools.   
Our specific objectives are to:

• Develop a supporting information management framework 
for estuaries and coastal watersheds that is compatible with 
ongoing init iat ives within the Agency

• Develop and test classification frameworks for coastal  
watersheds, estuaries, and estuarine segments that facilitate 
extrapolation of results across systems

• Test segmentation schemes for improved list ing, 
assessment, and management of impaired waters in estuaries

• Provide scientific basis for refining aquatic life designated 
use(s) and developing the t iered aquaticlife use framework 
for estuaries 

• Partit ion effects of mult iple stressors to prioritize 
management actions for regulatory vs. nonregulatory
programs

• Support technical transfer of information and tools to coastal 
management groups, including collaborative development of 
tools with local or regional pilot projects.

Region 1: New England
Serving Connecticut, Maine, Massachusetts, New Hamp shire, 

Rhode Island, Vermont & 10 Tribal Nations

Web-based Interface

Analytical tools

Metadata

Bibliography

Link to experts

Extract

Interpolate

Extrapolate

Links to geospatial 
data

NWIS

Georeferenced
relational database

Future Directions
• Geodatabase

• Development of a geodatabase structure suitable for 4-D estuarine and associated watershed data
• Incorporation of historic estuarine data (NCA, NWIS, STORET, NERRS, NEPs, etc) and real-t ime data 

streams (COOS, NOAA)

• Classification

• Comparison of three classification approaches to support derivation of nutrient criteria for estuaries
• Addit ion of temporal component with atmospheric-ocean teleconnection indices + hydroclimatic zones

• Merger of watershed and estuarine classification approaches

• Site-specific diagnostic tools

• Completion of database of benthic community attributes for diagnostic analysis

• TOC-grain size relationships
• Quantile regression to partit ion effects of mutliple stressors

• Outreach

• ERF 2007 special session and panel discussion on decision-support tools for coastal management 
(NGOs, NEPs, NOAA, states, regions, academia)

• Coordination with other EPA init iat ives
• Watershed Central (watershed management support tools)

• Landscape Predictive Tools workgroup products
• Coordination with sister agency init iat ives

• NOAA NowCOAST

• NOAA NE Integrated Ecosystem Assessments
• NatureServe Ecosystem-based management tools

Compare 
nutrient-
response 
curves

Classify systems by response
- CART (average)
- Bayesian CART (model)

Classify systems (indep. vars)
- Cluster analysis

Filter using 
common data 
quality standards

Detenbeck_WatershedAssessPeer07.ppt  
9/17/07

Monitoring, information mgt.,
and visualization tools
(see related posters)
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Using data in USGS reports, we have 
described the wide range of flow 
responsiveness of all coastal 
watersheds in the conterminous U.S.

Watershed classification by Bayesian 
CART analysis significantly improved 
variance explained for sestonic
chlorophyll a, from 26% for all 
combined to up to a maximum of 83% 
for one watershed class. 


