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What management practices…

…. will reduce nitrogen, phosphorus, and 
sediment to levels …

   …. that will achieve levels of dissolved 
oxygen, clarity, and chlorophyll in the Bay…

… that are supportive of living resources?

Total Maximum Daily Load
(TMDL)

Bay TMDL Summary Photo credit: CBP



Nutrient Targets
• Nutrient loads in million lbs/year

• Watershed model (CAST) used to assess 
progress toward these goals

3
Bay TMDL Summary



WIP Indicator
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We have 
implemented much 
of the plan

1985 2009 2021
https://www.chesapeakeprogress.com/clean-water/watershed-implementation-plans 

https://www.chesapeakeprogress.com/clean-water/watershed-implementation-plans


Nontidal Load 
Indicator
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Extreme variability
No Clear Trend

1990 2021
https://www.chesapeakeprogress.com/clean-water/water-quality 

https://www.chesapeakeprogress.com/clean-water/water-quality


Tidal Water TMDL Indicator
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Very slow 
positive change

1985-1987 2019-2021



STAC Comprehensive Evaluation of System 
Response Report

• Nonpoint source not generating enough reductions.

• Are we getting the nitrogen and phosphorus reductions 
predicted by the modeling system?

7https://www.chesapeake.org/stac/cesr/ 

https://www.chesapeake.org/stac/cesr/


Chesapeake Governance Study
D.G. Webster, Dartmouth College

8https://digitalcommons.dartmouth.edu/cgi/viewcontent.cgi?article=5309&context=facoa 

What about the watershed model (CAST) should be improved?

https://digitalcommons.dartmouth.edu/cgi/viewcontent.cgi?article=5309&context=facoa


Why not use monitoring directly?

9https://digitalcommons.dartmouth.edu/cgi/viewcontent.cgi?article=5309&context=facoa 

https://digitalcommons.dartmouth.edu/cgi/viewcontent.cgi?article=5309&context=facoa


Reality
    But
Imprecise
Incomplete

Monitoring Modeling

Precise
Complete
    But
Not Reality

Natural
System

Photo credit: CBP
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Indicator Development

• Long-term monitoring data

• Statistical analysis methods

• Point source data below 
monitoring stations

• Models with lag estimates

• Planned reductions

• Necessary reductions

• Qian Zhang (UMCES)

• Gopal Bhatt (PSU)

• Isabella Bertani (UMCES)

Zhang, Q., Shenk, G.W., Bhatt, G. and Bertani, I., 2024. Integrating monitoring 

and modeling information to develop an indicator of watershed progress toward 
nutrient reduction goals. Ecological Indicators, 158, p.111357.
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Indicator Development

• Long-term monitoring data

• Statistical analysis methods

• Point source data below 
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• Models with lag estimates
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Indicator Development

• Long-term monitoring data

• Statistical analysis methods

• Point source data below 
monitoring stations

• Models with lag estimates

• Planned reductions

• Necessary reductions

} Verified reductions

Expected reductions

Lagged reductions

} Response gap
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Indicator Development

• Long-term monitoring data

• Statistical analysis methods

• Point source data below 
monitoring stations

• Models with lag estimates

• Planned reductions

• Necessary reductions

Verified reductions

Implementation gap

Lagged reductions

Response gap

} Planning gap
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Planning Gap
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Planning Gap

1995 2021
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Planning Gap

Response Gap

1995 2021
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Planning Gap

Response Gap

1995 2021
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Individual station interface

Purpose

User selection Results
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https://wqs.chesapeakebay.net/metric/ 

https://wqs.chesapeakebay.net/metric/


Example 1: 01646580 Potomac River 
Total Nitrogen

Interpretive Text
1. CAST estimates a 28 percent reduction in the long term from implementation of the WIP using 2025 land use and inputs.
2. CAST estimates a 19 percent reduction in the long term from 2020 land use, inputs, and management practices.
3. The Dynamic Watershed Model estimates that only a 11 percent reduction would have been seen by 2020, accounting for 

lags, sampling frequency, and other factors.
4. The river monitoring data show a 13 percent reduction with a 90% uncertainty range between 6 and 23 percent reduction.

Implication: The observed response is as expected over the period of 1995-2020.
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Results:
WIP Goal
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Watershed 
Model (CAST) 
Results



01491000 CHOPTANK RIVER NEAR GREENSBORO, MD Nitrogen
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Interpretive Text
1. CAST estimates a 25 percent reduction in the long term from implementation of the WIP using 2025 land use and inputs.
2. CAST estimates a 31 percent reduction in the long term from 2020 land use, inputs, and management practices.
3. The Dynamic Watershed Model estimates that a 31 percent decrease would have been seen by 2020, accounting for lags, 

sampling frequency, and other factors.
4. The river monitoring data show a 32 percent reduction with a 90% uncertainty range between 28 and 37 percent reduction.

Implication: The observed response is opposite of what was expected over the period of 1995-2020.



Results:
WIP Goal
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Watershed 
Model (CAST) 
Results



01576754 CONESTOGA RIVER AT CONESTOGA, PA - TN

Interpretive Text
1. CAST estimates a 43 percent reduction in the long term from implementation of the WIP using 2025 land use and inputs.
2. CAST estimates a 24 percent reduction in the long term from 2020 land use, inputs, and management practices.
3. The Dynamic Watershed Model estimates that only a 13 percent reduction would have been seen by 2020, accounting for 

lags, sampling frequency, and other factors.
4. The river monitoring data show a 26 percent reduction with a 90% uncertainty range between 20 and 31 percent reduction.

Implication: The observed response is greater than expected over the period of 1995-2020.
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Results:
WIP Goal
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Watershed 
Model (CAST) 
Results



All stations
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Model within the error range of the observed trend

Model showing greater reduction; doing worse than expected

Data showing greater reduction; doing better than expected



All stations
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Model within the error range of the observed trend

Model showing greater reduction; doing worse than expected

Data showing greater reduction; doing better than expected

About a third in each category

Potential Patterns:
  Coastal plain worse than expected?
  larger rivers better predicted?



All stations
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Model within the error range of the observed trend

Model showing greater reduction; doing worse than expected

Data showing greater reduction; doing better than expected

Next Step: Why?
        Machine Learning approaches
 Robert Sabo (EPA ORD)
 Qian Zhang (UMCES)
        Bayesian Approach as part of Phase 7
 Isabella Bertani (UMCES)



All stations
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Model within the error range of the observed trend

Model showing greater reduction; doing worse than expected

Data showing greater reduction; doing better than expected

More in the accurate category

Potential Patterns:
  Coastal plain worse than expected?
  all others better than expected?



All stations
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Model within the error range of the observed trend

Model showing greater reduction; doing worse than expected

Data showing greater reduction; doing better than expected

Most in the accurate category

Potential Patterns:
  southern piedmont worse than expected?
  eastern shore better than expected?



Reception and Uses
• Significant interest from across the CBP (15th presentation!)

• Facilitates conversations comparing modeled and monitored outcomes
• Have we implemented enough?
• Are we seeing the expected results?
• How does my watershed compare to similar watersheds?

• Invites research questions
• Why are we seeing lower response in phosphorus?
• Are there similar responses for similar watersheds?
• What is happening in specific watersheds?

32

https://metric.chesapeakebay.net/metric/
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