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How can monitoring, modeling and implementation inform each other?

1. The CBP Modeling Framework and CAST

2. Monitoring Data for Model Evaluation

3. Translating to Management Action

Preliminary Information-Subject to Revision. Not for Citation or 
Distribution
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CBP TMDL Modeling Framework

Courtesy Chesapeake Bay Program
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CAST incorporates data from the time-

variable, Dynamic Watershed Model

Dynamic Watershed Model 
• Hydrology is time variable
• Calibration determines river delivery 

factors
• Feeds the Estuarine Model
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Data Analyses used in CAST
• Online, publicly accessible
• Hydrology is the 10-year average
• Uses the data from the calibration 
• Predict nitrogen, phosphorus, and 

sediment loads based on changes to 
inputs

• Includes the official management 
scenarios

CAST is used to assess impacts of BMPs on Load Reductions

Courtesy CBP/Olivia Devereux



Observed Data

Watershed 

Studies and 

Statistical 

Models

Technical Information

Management 

Community
CAST

The Chesapeake Bay watershed model (CAST) is a comprehensive 

synthesis of knowledge that can help direct management 

• Observed data, Watershed 

studies and statistical models 

provide technical information 

that is used to improve CAST.

• The management community 

uses CAST to develop 

management strategies.

• CAST predictions and 

performance are assessed 

against observed data.
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BMP 
assumptions



• CAST provides estimates of BMP 

costs and expected 

nutrient/sediment reductions, 

customized by geography.

• High loading areas can be targeted 

for BMPs

• Managers can prioritize BMPs that 

offer the largest nutrient and 

sediment reductions at the lowest 

cost.  Learn more about these data and developing management 

plans by viewing CAST training videos:

cast.chesapeakebay.net/Learning/FreeTrainingVideos

Courtesy CBP/Olivia Devereux

CAST is used to assess impacts of BMP implementation on Watershed Loads
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Using Monitoring Data for Model Evaluation

Preliminary Information-Subject to Revision. Not for Citation or 
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Monitoring Data for Model Evaluation

ST-NTN2018TN_TrendPct.pdf (usgs.gov)

Trends at monitoring stations produced every 1-2 years

tn_s_annual_longterm20.png (2250×3300) (chesapeakebay.net)
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https://cbrim.er.usgs.gov/pdf_maps/ST_Trend/ST-NTN2018TN_TrendPct.pdf
https://www.chesapeakebay.net/channel_files/42016/tn_s_annual_longterm20.png


Science synthesis and empirical modeling for CBP Model Evaluation

Figure 3 in Ator and colleagues J. Environ. Qual. 2020; 49:812-834

New insights into factors driving complex trends Linking monitored loads to tidal station trends using 
data-driven models (GAMs)

Figure S3 in Murphy and colleagues Environ. Sci. Technol 2022, 56, 260-270
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Adapted from Figure 3 in Ator and colleagues J. Environ. Qual. 2020; 49:812-834

Ph. 5 WSM said N loads from agriculture declined from mid-1980s to mid-2000s

Empirical model calibrated to nutrient fluxes in streams disagreed

Monitoring Data for Model Evaluation
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Courtesy Isabella Bertani (UMCES) – Very Draft!

Preliminary Information-Subject to Revision. Not for Citation or 
Distribution

“at stations with relatively lower point source 
loads and larger amounts of row crop land use, 
WRTDS tends to exhibit a positive trend while DM 
has a negative trend… even after lag times 
considered.”

Monitoring Data for Model Evaluation
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Translating to Management Action
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• MD Dept of Agriculture used CAST scenario results to rank BMPs in terms of the most TN reduction. 

Example: CAST can inform policy decisions

Courtesy CBP/Olivia Devereux

• They considered this information when setting policies to increase cost share funding for the most effective 

BMPs.

Preliminary Information-Subject to Revision. Not for Citation or 
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When CAST assumptions change, implementation scenario outcomes change

“if a state submits that 100 percent of acres within a county in the Appalachian Plateau Siliciclastic 

region are covered by High Residue Tillage Management, then nitrogen from all acres will be reduced 

by 14 percent, phosphorus by 27 percent and sediment by 79 percent as compared to the same land 

under conventional tillage.”

BMP-Guide_Full.pdf (chesapeakebay.net)
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https://www.chesapeakebay.net/documents/BMP-Guide_Full.pdf


How does this translate to implementation in the real world?

Courtesy James Martin, December 2017 STAC Workshop 15



Social/Political Challenges
• Fairness/Equity
• Property Rights
• Public Resources
• Communications
• Competition for Resources 

and Attention

Technical Challenges
• Knowledge
• Timing
• Scale
• BMP Selection & Performance 

information
• Co-Benefits
• Uncertainty

How does this translate to the real world?

Courtesy James Martin, December 2017 STAC Workshop 16



Technical Challenges

Knowledge: 
• May not know the science exists
• May not be able to translate the science into action

Timing: 
• Driven by the CBP’s accountability schedule 

• Midpoint Assessment deadlines 
• Ongoing 2-year milestones in Fall/Winter of odd years

• Is the information available when it is needed? 

Scale: 
• Science needs to be valid and meaningful at the planning scale
• We are being asked to plan and engage stakeholders at the local scale (city/county)
• What scale of decision making is supported by the models and science synthesis 

products?

Courtesy James Martin, December 2017 STAC Workshop 17



Technical Challenges

BMP Performance:

• “Using a statewide or even countywide approach is easier, but it is almost certainly 
wrong”

• Can pick the BMPs with highest reduction and cost efficiencies in the model

• Implementation decisions need to be made at the parcel/field scale.

• Harder to pick the right BMPs for a particular place in the real world

• Need evidence of which (where) actions have proven to be effective/ineffective in 
observed water quality response

Courtesy James Martin, December 2017 STAC Workshop 18



• Fairness/Equity

• Property Rights

• Public Resources

• Communications

• Competition for Resources 
and Attention

Social/Political Challenges

Courtesy James Martin, December 2017 STAC Workshop 19



The End
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