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Presentation Outline

Å50,000 ft view of CBP Modeling 

ÅSome Specifics

ïCalibration & Validation

ïSegmentation and Scale

ÅWatershed Model Limitations
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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

Short History
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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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Purposes of the 

Watershed Model

1.  Accurately deliver loads to the Water     

Quality Model

2.  Equitably account for all load sources

3.  Assess changes due to management
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13K WQ Model Grid 50K WQST Model Grid
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Phase 5.x Watershed Model

ÅBased on Hydrologic Simulation Program 
Fortran (HSPF) version 11

ÅLumped parameter model ïsimulates 
average concept of land uses

ÅLand use represented as an array or table 
of numbers - segmentation is the only 
distribution of land uses 

ÅInputs and outputs are on an hourly time 
step 
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Snapshot:

Land Use Acreage

BMPs

Fertilizer

Manure

Atmospheric Deposition

Point Sources

Septic Loads

Hourly Values:

Rainfall

Snowfall

Temperature

Evapotranspiration

Wind

Solar Radiation

Dewpoint

Cloud Cover

ñAverage Annual

Flow-Adjusted Loadsò

Quick overview of watershed model Scenarios

Hourly output is summed over 

10 years of hydrology to 

compare against other 

management scenariosHSPF
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Each segment is simulated as a separate unit

Brief description of HSPF
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Each segment consists of 

separately-modeled land uses

ÅPervious Urban

Å Impervious Urban

ÅConstruction

ÅExtractive 

ÅCombined Sewer System

ÅForest

ÅHarvested Forest

ÅUnfertilized Grass

ÅComposite Crop with 
Manure (high till)

ÅComposite Crop with 
Manure (low till)

ÅComposite Crop 
without Manure

ÅAlfalfa

ÅNursery

ÅPasture

ÅDegraded Stream bank

ÅAnimal Feeding 
Operations

ÅHay with Nutrients
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Each Land Use type is 

divided into four soil Layers
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Each soil layer is divided into 

several submodels

Meteorology Precipitation

Runoff and

Groundwater

Land

Morphology

Nitrogen

Cycle

Sediment

Export

Phosphorus

Cycle

Nutrient Inputs
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Trees
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Particulate

Refractory

Organic N

Particulate
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Solution
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Solution

Labile
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Solution

Refractory
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Each submodel has a complex hydrologic or nutrient cycling structure
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River Simulation
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The connections quickly get complicated with multiple 

land segments feeding each river segment and land 

segments each feeding multiple river segments
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A software solution was devised that 

directs the appropriate water, nutrients, 

and sediment from each land use type 

within each land segment to each river 

segment

External

Transfer

Module

Each land use type simulation is completely independent.

Each river simulation is dependent on the local land use 

type simulations and the upstream river simulations.
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Land use 

change in the 

Patuxent Basin 
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Functionality Å Time Varying Land Use

Å Time Varying BMPs

Å BMP efficiency reacting to hydrologic condition 

Å Design life of BMPs

Å Overall Flexibility
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BMPs

Atmosphere
Fertilizer

Manure

Runoff
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BMPs

Atmosphere
Fertilizer

Manure

Runoff

Nutrient

Management
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BMPs

Atmosphere
Fertilizer

Manure

Runoff
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BMPs

Atmosphere
Fertilizer

Manure

Runoff

Land Use

Change
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BMPs

Atmosphere
Fertilizer

Manure

Runoff
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BMPs

Atmosphere
Fertilizer

Manure

Structural

BMPs

Runoff
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Calibration and Validation
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Phase 5 Rivers, 

Segments, and Flow 

Calibration Stations
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River WQ 

calibration

ÅObserved WQ Constituents
ïTN

ÅNO3

ÅNH3

ïTP

ÅDissolved PO4

ïTOC

ïSediment

ïTemperature

ïDO

ïChlorophyll a

(sediment)


