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Chesapeake Bay Partnership Models 

The CBP WSM 
Forest  Simulation 
Phase 6 
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Annual, monthly, or  
daily values of  
anthropogenic factors: 
 
Land Use Acreage 
BMPs 
Fertilizer 
Manure 
Tillage 
Crop types 
Atmospheric deposition 
Waste water treatment 
Septic loads 

Hourly or daily  
values of  
Meteorological 
factors: 
 
Precipitation 
Temperature 
Evapotranspiration 
Wind 
Solar Radiation 
Dew point 
Cloud Cover 

Daily flow, nitrogen,  
phosphorus, and  
sediment compared 
to observations 
over 21 years 

How the Watershed Model Works 

HSPF 

Calibration Mode 
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Each segment consists of 30  
separately-modeled land uses: 

• Regulated Pervious Urban 

• Regulated Impervious Urban 

• Unregulated Pervious Urban 

• Unregulated Impervious Urban 

• Construction 

• Extractive  

• Combined Sewer System 

• Wooded / Open 

• Disturbed Forest 

• Corn/Soy/Wheat rotation (high 
till) 

• Corn/Soy/Wheat rotation (low 
till) 

• Other Row Crops 

• Alfalfa 

• Nursery 

• Pasture 

• Degraded Riparian Pasture 

• Afo / Cafo 

• Fertilized Hay  

• Unfertilized Hay 
– Nutrient management versions 

of the above 

Plus: Point Source and 
Septic Loads, and  

Atmospheric  
Deposition Loads Each calibrated to nutrient and  

Sediment targets 

How the Watershed Model Works 
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Precipitation 
Fertilizer 
Manure 
Atmospheric deposition 

Runoff 

How the Watershed Model Works 

Hydrology 
submodel 

Management filter 

River 
Sediment 
submodel Phosphorus 

submodel 

Nitrogen 
submodel 

hourly 
Buffers 
wetlands 
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‘Wooded and other’ land use 
- an over-simplification 

Peter says this 
is Urban 

The Ag Census 
Says this is Ag 

This must be 
(mostly) forest  
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Land use Loads (another simplification) 

• Literature Surveys 

• Additional Literature 

• Other calibrated models 

– USGS Statistical Model 

– Earlier CBP WSMs 

• Dependence on inputs 

• More land use types 

 N P 

• Forest 2 0.1 

• Urban 10 1 

• Ag  20 2 
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Log of WSM and Estimator TN Loads
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'Unbiased' USGS samples vs WSM Population TN p5.3
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Nitrogen Loading Rates 

https://archive.chesapeakebay.net/Modeling/P5Documentation/SECTION_10.pdf 
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Phosphorus Loading Rates 

https://archive.chesapeakebay.net/Modeling/P5Documentation/SECTION_10.pdf 
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Land use Loads - Nitrogen 
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Source: Phase 5.3.2 Watershed model 
 
Originally based on: 
 Literature Surveys 
 Additional Primary Literature 
 USGS Statistical Model (Sparrow) 
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Land use Loads - Phosphorus 

Source: Phase 5.3.2 Watershed model 
 
Originally based on: 
 Literature Surveys 
 Additional Primary Literature 
 USGS Statistical Model (Sparrow) 
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Precipitation 
Fertilizer 
Manure 
Atmospheric deposition 

Runoff 

Changes in Phase 6 

Hydrology 
submodel 

Management filter 

River 
Sediment 
submodel Phosphorus 

submodel 

Nitrogen 
submodel 

hourly 
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Trees 

Roots Leaves 

Particulate 

Refractory 

Organic N 

Particulate 

Labile 

Organic N 

Solution 

Ammonia 

Nitrate 

Solution 

Labile 

Organic N 

Adsorbed 

Ammonia 

Solution 

Refractory 

Organic N 

AGCHEM Loading Model  -  simulated separately in each soil layer 
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PQUAL loading model 

SURFACE 

INTERFLOW 

Groundwater 

flow * conc  
sed * factor 

flow * conc 

flow * conc 



Complex        vs         Simple 

• Calibration is complex 
and time consuming 

• Calibration is imprecise 

• Longer run time 

• Simulated sensitivity to 
inputs 

• Calibration is relatively 
simple and fast 

• Calibration is precise 

• Shorter run time 

• Sensitivity to inputs 
must be specified 
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Atmospheric Deposition Reduction 

Reduction in forest loads from 1985 to CAIR 
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Aber, et al, 2003 
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Atmospheric Deposition Reduction 

Reduction in forest loads 1985 to CAIR 
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Regression of monthly nitrate yield – Preliminary Results  

Deposition is  
Important in 

the spring and 
fall 

Disturbance is  
Important in 
the summer 



What’s on the table for Phase 6? 
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What do we need to know about a 
land use? 

• Where it is and how much is there 

– History to 1985 

– Method to estimate current 

– Projection to 2050? 

• Loading rates 

– Vary by physical setting 

– Vary by anthropogenic effect 

• Input Loads 

• BMPs 
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Who Decides? 
• WQGIT – Ultimate responsibility 

• Forestry Workgroup – Can make 
recommendations on land use types, loading 
rates, BMPs, or any other aspect of modeling. 

• Land Use Workgroup – primary responsibility 
to determine land uses and methods to map 
them.  Can make recommendations on 
loading rates. 

• Modeling Workgroup – primary responsibility 
to determine loading rates.  Can make 
recommendations on land uses. 
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