
1



2

A Briefing on the Chesapeake 

Bay Program Modeling 

10/7/2010

Slides courtesy of EPA Chesapeake Bay Program 

Office and USGS OfficeïAnnapolis, MD

by William Keeling



3

Presentation Outline

Å50,000 ft view of CBP Modeling 

ÅSome Specifics

ïCalibration & Validation

ïSegmentation and Scale

ÅWatershed Model Limitations



4

Topics That Will Not Be Covered

ÅPolicy of the Commonwealth on the TMDL 

Development

ÅPolicy of the Commonwealth on the phase 

2 TMDL Development

ÅPolicy of the Commonwealth on the TMDL 

Milestones Development

ÅPolicy of the Commonwealth on Possible 

Expansion of the Nutrient Credit Exchange
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Why Modeling?

ÅFirst, it has provided the means to estimate nutrient and 
sediment loads from those areas of the watershed where 
there has been insufficient water quality data to estimate 
the loads more directly 

ÅSecond, the model provides program managers an 
estimate of the nutrient and sediment reductions that 
may occur when management practices are 
implemented within the watershed

ÅIt also was realized that developing a monitoring 
program to provide the necessary water quality data to 
quantify the distribution of nutrient and sediment loads 
directly throughout the watershed would be prohibitively 
expensive.  
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Meeting the Mandates 

of Chesapeake 2000

ÅThe bay is impaired largely because of low 
dissolved oxygen levels and other problems 

related to nutrient pollution.  

ÅBy 2010, correct the nutrient - and 
sediment-related problems in the Chesapeake 

Bay and its tidal tributaries sufficiently to 
remove the Bay and the tidal portions of its 
tributaries from the list of impaired waters 

under the Clean Water Act.

ÅIf the partners are not successful in meeting 
their 2010 commitment to remove the Bay 
from the impaired waters list, a regulatory 

clean-up plan for all impaired tidal waters be 
required.

ÅAttainment of water quality standards in 
the Chesapeake Bay will be determined 
by tidal water monitoring data, not the 

models.
Impaired WaterImpaired Water Unimpaired WaterUnimpaired Water
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Watershed 

Model
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Precipitation Model
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Scope
Å487 daily-data 

stations

Å192 hourly-data 

stations
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xyz Methodology

ÅMultiple linear regression (MLR) equations are 

developed for daily precipitation (p) using 

independent variables x, y, and z from climate 

stations.

ÅThe general form of the MLR equation is:

0 1 2 3p b b x b y b z
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xyz Methodology

Åregress

p = b0 + b1x + b2y + b3z

x = longitude

y = latitude

z = altitude
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xyz Methodology 

Åfor each area of interest find a unique b0 for 

each day using óan appropriate setô of nearby 

rain gages.

p = b0 + b1x + b2y + b3z
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Scope

Å5-km grid 

constructed to 

produce 

distributed 

data set
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Scope

ÅDaily precipitation data are simulated for 5-km 

square grid cells throughout the study area.

ÅDaily precipitation for each land segment area 

within the study area is computed based on 

time-series data from grid cells within each land 

segment area.
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Nitrate and ammonia deposition from 
improved Daily Nitrate and Ammonium 

Concentration Models

Adjustments to deposition from 
Models -3/Community Multi -scale Air Quality 

(CMAQ) Modeling System

Phase 5 Watershed Model
Better year - to -year simulation ïmass 

balance modeling ; Large aggregate land 
simulation with distributed rivers; Time 

series of management practices; 
Automated calibration

Chesapeake Bay Estuary Model 
New grid; Bank loads; Nutrient 

controls on TSS and chlorophyll -a 
sinking/suspension; Hydrodynamic 
and Wave Models for sediment re -

suspension in the Water Quality 
Model

Atmospheric Deposition Watershed Estuary

Chesapeake Bay Program 
Modeling Structure
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Management 
Actions

Watershed 
Model

Bay 
Model

Criteria
Assessment
Procedures

Effects

Allocations

Airshed
Model

Land Use
Change Model

Scenario 
Builder

Chesapeake Bay Program
Decision Support System


