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Chesapeake Bay Partnership Models





Scenario Builder
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Image Credits
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Anthropogenic factors:
Land Use Acreage
Fertilizer
Manure
Crop types
Atmospheric deposition
Waste water
Septic

Hourly or daily 
values of 
Meteorological
factors:

Precipitation
Temperature
Evapotranspiration
Wind
Solar Radiation
Dew point
Cloud Cover

Management Effect 
on Loads

CBP Partnership Watershed Model

HSPF

Management:
Land Use Changes
Conservation Practices
Urban BMPs
Emission changes
Waste water treatment





6

6

1. Watershed
Implementation
Plans identify
nutrient and sediment 
targets that meet water 
quality standards. 

with programmatic and 
pollutant reduction 
commitments

Milestones
2. 2-Year
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Assess 
Progress 
implementing WIPs and 
milestones

3.Track and 

4. Federal Actions

if insufficient 
Watershed Implementation 
Plans or 2-year milestones

Land Change 
Model

Scenario
Builder

Watershed 
Model

BayTAS

Monitoring 
Data

NEIEN

TMDL Accountability Framework
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REVIEW
The Models

CREATE
The Models

USE
The Models

4 months of development to go Expect changes



Chesapeake Bay Program Partnership
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Agriculture Workgroup
BMP Verification Committee
Forestry Workgroup
Land Use Workgroup
Milestones Workgroup
Trading and Offsets Workgroup
Urban Stormwater Workgroup
Wastewater Treatment Workgroup
Watershed Technical Workgroup

Modeling Workgroup
255

Model related Membership as of 7/2013 – 365 individuals

39

29

42



Motivation

• Partnership needs to be able to engage local 
partners in order to get practices on the ground 

• Current suite of modeling tools is used as a 
wedge

• Evolution of models will allow us to work with 
key partners 

• Healthy step in adaptive management process 



PSC input

• Revisit model calibration methods and 
assumptions so modeling results better align 
with monitoring data

• Incorporate better model input data from 
local partners, particularly for current, historic 
and future land uses and their associated 
pollution loading rates 

• Make CBP models more transparent, easier to 
understand, and better decision-support tools 
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Precipitation
Fertilizer
Manure
Atmospheric deposition

Runoff

How the Phase 5 Model Works

Hydrology
submodel

Management filter

River
Sediment
submodel Phosphorus

submodel

Nitrogen
submodel

hourly

HSPF
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Precipitation

Fertilizer
Manure
Atmospheric

deposition
(…)

Phase 6

Hydrology
submodel River

Sediment
submodel

Nutrient
Submodels

Temporal
Nutrient
model

HSPF

BMPs,
Land to Stream,
Stream to River

HSPF
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Phase 6

Nutrient
Submodels

BMPs,
Land to Stream,
Stream to River

Simple relationships 
between input and output 
informed by multiple 
models

Spatial variability 
parameters
Informed by models, 
analyses, and 
calibration

Temporal
Nutrient
model

Estimate of lag time
Does not change the 
overall load

New Elements



Phase 6
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Estimated
Average

Load 
+ Sensitivity * Inputs

*
Watershed Delivery Variance

*
Stream Delivery

*

River Delivery

*
BMPs

Load for a land use in a segment =
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+ Sensitivity * Inputs

*
Watershed Delivery Variance

*
Stream Delivery

*

River Delivery

*
BMPs

Simulated in HSPF
Calibrated with data, WRTDS, and Sparrow

Estimated with Sparrow
Estimated by USGS / WVU / Land Data team

Estimated with Sparrow
Estimated by Land Data team

Scenario Builder

Estimated
Average

Load 

Multiple 
modelsMultiple Lines 

of Evidence
And multiple 
models



X
No overly complex models

http://www.craysupercomputers.com/crayC98.htm

No specialized platforms

www.fortunetellerbot.com

X
No revealed wisdom

X
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http://www.theatlantic.com/health/archive/2011/12/is-the-expansion-of-knowledge-endangering-genius/249735/

UMCES IAN graphic

Extensive partnership

involvement… 

…Leads to 

collaborative thinking…

…Which Leads to a 

robust model of the 

watershed
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Chesapeake Bay Nontidal 

Monitoring Network
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• 1990s – begin widespread 
monitoring

• 2000s – create nontidal network
• Early 2010s – develop method to 

determine trends
• Mid-2010s – explain trends

• BMPs
• land use change
• atmospheric deposition
• lag times
• natural factors



Better Input Data

• Many data sets

• Focus on a few

– Land Use

– BMP Effectiveness

– BMP Implementation
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Probability of Development
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Protocol for Adding/Modifying BMPs

Water Quality 
GIT

Source 
Workgroup

Expert Panel

Review by:
Source Workgroups

Watershed Technical Workgroup
Water Quality GIT

Watershed 
Model

“Approved BMP 
list”

New/Revised 
BMP
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Continues for 5 Pages



Historical BMPs

• Submission of all historical BMP data (1985 
through June 30, 2014) to NEIEN by 
September 30, 2015

• Needed to 

– Calibrate the Phase 6 Watershed Model

– Target future implementation

– Understand trends in monitoring data

• Resource-intensive process



Goal – Stakeholder understanding

• Understandable model

• Inclusive process

• Better and more local input data

• More monitoring data
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