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AMT Introduction to CAST

• Model Purpose

• Model Structure

• Responsibility of the AMT

• AMT considerations
• Importance of consistent data

• Scale

• CAST in the overall context of Phase 7 model development
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Types of Models

•Prediction
•Temporal
•Spatial

•Research

•Scenarios

3Nolte, C., 2020. High-resolution land value maps reveal underestimation of conservation costs in 
the United States. Proceedings of the National Academy of Sciences, 117(47), pp.29577-29583.



Types of Models

•Prediction
•Temporal
•Spatial

•Research

•Scenarios
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How do things fit together and influence each other?



Types of Models

•Prediction
•Temporal
•Spatial

•Research

•Scenarios

If we change what we 
do on the landscape…

…how will that change 
nitrogen, phosphorus, 
and sediment?

…and what will be 
the oxygen in the 
Bay?
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Research Model Management Model

• Statistical Research Model
• What can you learn from observations

• Process Research Model
• What can you learn from aggregating processes

• Management model
• Given everything that you’ve learned, what are the likely effects of potential 

anthropogenic changes.



CAST is a 
simple 
model
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Inputs (Fertilizer, Manure, 
Atmospheric Deposition, 

Fixation, Wastewater)

Land management

Watershed Delivery

*

*

CAST Structure

Load by land-river segment and land use



CAST is a 
simple 
model
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

CAST Structure

Load by land-river segment and land use

*

*

*

+
Inputs (Fertilizer, Manure, 
Atmospheric Deposition, 

Fixation, Wastewater)

Land management

Watershed Delivery

*

*

CAST Structure

Load by land-river segment and land use
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

CAST Structure

Average nitrogen load to stream for 
double cropped ag land watershed wide 
is 40 pounds per acre

Illustrative example
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

CAST Structure

Your area applies 115 pounds of 
fertilizer while the watershed-wide 
average is 140.

Each additional pound of fertilizer 
results in 0.2 lbs of runoff

Illustrative example

40 + (115-140) * 0.2 = 35 lbs/acre  
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

CAST Structure

BMPs are applied which give, in 
aggregate, a 20% reduction

Illustrative example

35 * (1-.20) = 28 lbs/acre
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

CAST Structure

There are 100 acres of double cropped 
land in this segment

Illustrative example

28 lbs/acre * 100 acres = 2800 lbs
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

CAST Structure

The land here is 50% leaker than 
average due to high groundwater 
recharge in the piedmont carbonate

Illustrative example

2800 lbs * 1.5 * (1-.30) = 2940 lbs
Delivered to the Bay from this land use and segment

The river system reduces loads by 30%
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Include Everything

Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

Keep It Simple



Modeling governance
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Average Load

Inputs * Sensitivity

BMPs

Acres

Land to Water

River Delivery

*

Load by land-river segment and land use

*

*

*

+

Phase 7 CAST

WQGIT

Modeling 
Workgroup

AMT



application
land BMPs To Bay

Nitrogen Conceptual Model
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The watershed is conceptualized as a series of filters

Rivers



Sensitivities – all else being equal…
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Double Cropped land



application

Soil storage

BMPs To Bay

Phosphorus Conceptual Model
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For phosphorus, the amount of storage in the 
soil is the most important thing

Reservoirs



P Sensitivities
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Input Input 

Unit

Average 

Slope

Median 

Slope

Median 

SR

Relative Sensitivity

Soil P ppm 0.017 0.015 0.696 Moderately sensitive

Sediment Washoff ton/ac 0.181 0.168 0.633 Moderately sensitive

Stormflow Inches 0.064 0.057 0.403 Moderately sensitive

Water Extractable P lbs/acre 0.021 0.018 0.187 Slightly sensitive

Manure lbs/acre 0.008 0.007 0.111 Slightly sensitive

Fertilizer lbs/acre 0.005 0.004 0.068 Slightly sensitive

Uptake lbs/acre 0.000 0.000 0.000 Insensitive



P Sensitivities
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Input Input 

Unit

Average 

Slope

Median 

Slope

Median 

SR

Relative Sensitivity

Soil P ppm 0.017 0.015 0.696 Moderately sensitive

Sediment Washoff ton/ac 0.181 0.168 0.633 Moderately sensitive

Stormflow Inches 0.064 0.057 0.403 Moderately sensitive

Water Extractable P lbs/acre 0.021 0.018 0.187 Slightly sensitive

Manure lbs/acre 0.008 0.007 0.111 Slightly sensitive

Fertilizer lbs/acre 0.005 0.004 0.068 Slightly sensitive

Uptake lbs/acre 0.000 0.000 0.000 Insensitive

Requires estimate of soil P 
dependent on inputs and uptake

Presentation tomorrow



Phase 7
CAST

Deterministic 
Scenario Tool:
1 set of loads for 1 
set of inputs
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Average Load +     Inputs * Sensitivity

Land Use Acres

BMPs

Land to Water

Delivery to Tidal Bay
*

*

*

*

Phase 7 Model Structure

Load by land-river segment and land use

Cast/CalCast/DM
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Average Load +     Inputs * Sensitivity

Land Use Acres

BMPs

Land to Water

Delivery to Tidal Bay
*

*

*

*

Load by land-river segment and land use

Specified by 
WQGIT

Calibrated with 
estimated priors

Phase 7
CalCAST

Tool for finding 
parameters that best 
match observations

Phase 7 Model StructureCast/CalCast/DM



CalCAST - Hypothesis-testing tool

Preliminary Information-Subject to Revision. Not for Citation or 
Distribution
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Annual Bayesian Sparrow-like Construction

Can be easily modified 
to determine how 
different data sets help 
predict water quality
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Phase 7
Dynamic Model

Tool for 
• loading estuarine 

models
• Comparing against 

observations
• Other potential 

collaborative projects
• Process understanding

Cast/CalCast/DM



Model Use-- TMDL question: 
How must nitrogen, phosphorus, and sediment load change from 1995
to meet water quality standards
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Important 
considerations for 
how to build the 
model



Consistency > Accuracy
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Accuracy of the trend is more 
important that the absolute value



Consistency example
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Current Phase 6



Consistency example
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Incorporate hi-res land use

Not likely that ag increased 
between 2012 and 2013 Not likely that ag increased 

relative to 1995

2013 is current development number
2017 and 2025 just for illustration



Consistency example
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Better management assessment 
of the change in load

Blend the data sets by using 
absolute value of best data set 
and trend from the other

2013 is current development number
2017 and 2025 just for illustration



Phase 6 river 
segments

NHD100k 
Catchments

979 Sub-
watersheds

> 80,000 
Catchments

Spatial Scale – available scales
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Scale in the Chesapeake Bay TMDL (Watershed)
National Regional   State Local Parcel Meter

Policy

Planning

WQ data

Human activities and management actions

Transport Processes

Data on Human activities

Data on Transport Processes

All graphics are conceptual only
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Scale

CalCAST7
Dynamic
Model7

*

*

*

**

CAST7

NHD scale to 
capture local 
monitoring

*

*

*

*
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NHD scale to load 
the estuarine 
models

Whatever scale is 
needed for 
management



CAST in 
context of CBP 
TMDL models

If we change what we 
do on the landscape…

…how will that change 
nitrogen, phosphorus, 
and sediment?

…and what will be 
the oxygen in the 
Bay?
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Ag Nutrient 
Inputs

Phase 7 Models Hi-Res Land Use and 
watershed data

Criteria Assessment

CAST
Watershed 
Modeling

Estuarine Modeling
Optimization

Phase 7 Development Tracks



Web page
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• Overview
• Seven Projects

• Descriptions
• Documents 

• Linked from
• Modeling Workgroup
• WQGIT
• Many WQGIT WGs



Watershed Model Plan – Big Picture
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AMT Introduction to CAST

• Model Purpose

• Model Structure

• Responsibility of the AMT

• AMT considerations
• Importance of consistent data

• Scale

• CAST in the overall context of Phase 7 model development
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