
Net declines in nonpoint source 
pollution into one of the world’s 

largest estuaries
AI and the CAST-based Chesapeake Bay Nutrient Inventory are being 

leveraged to identify long-term drivers of nitrogen export
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Key Points

• Identify drivers of long-term total nitrogen loading trends

• Leveraged neural networks and Chesapeake Bay Nutrient 
Inventory data to holistically link nutrient source and riverine 
discharge information to watershed nitrogen loads for 121 
stations

• Farm-level nutrient management, as well as reductions in air 
pollution and wastewater loads, have likely improved water 
quality in most watersheds

• Urbanization partially offset gains

https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
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Chesapeake Bay Nutrient Inventory insights into major 
nutrient sources—Agriculture Surplus

• Farmers are leaving less 

nitrogen on fields, reducing 

potential losses to waterways.
o Not integrated into previous 

empirical modeling work

• Atmospheric deposition has 
declined throughout the Bay 
watershed.

• Point source loads have declined in 
major urban areas and smaller 
industrial towns/cities, primarily in 
tidally influenced areas.

Agricultural N Surplus = Farm Fertilizer + Manure Application + 
Crop/Pasture N Fixation – Crop Removal
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Chesapeake Bay Nutrient Inventory insights into major 
nutrient sources—Atmospheric Deposition 

• Farmers are leaving less 

nitrogen on fields, reducing 

potential losses to waterways.
o Not integrated into previous empirical 

modeling work

• Atmospheric deposition has 
declined throughout the Bay 
watershed.

• Point source loads have declined in 
major urban areas and smaller 
industrial towns/cities, primarily in 
tidally influenced areas.
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Chesapeake Bay Nutrient Inventory insights into major 
nutrient sources—Point Source Loads

• Farmers are leaving less 

nitrogen on fields, reducing 

potential losses to waterways.
o Not integrated into previous empirical 

modeling work

• Atmospheric deposition has 
declined throughout the Bay 
watershed.

• Point source loads have declined in 
major urban areas and smaller 
industrial towns/cities, primarily in 
tidally influenced areas.



To what extent can long-term trends in watershed nitrogen 
export be attributed to shifts in agricultural surplus, urban 
nutrient inputs, atmospheric deposition, and point-source 
loads?



Develop an empirical modeling/accounting framework to simultaneously 
account for  point and nonpoint nitrogen pollution sources
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• Leverage the Chesapeake Bay Nutrient Inventory and 
down-scaled USGS product*:
– Agricultural surplus 

– Urban inputs (septic + fertilizer)

– Point source loads

– Total atmospheric N deposition

• Pair the nutrient inventory mass balance terms with 
estimated total nitrogen loads across 121 monitoring 
stations in the Chesapeake Bay
– Station time series vary, but range from 1985 to 2020

• Develop a simple and interpretative predictive model 
that can account for predictors that may partly covary 
across space and time
– AI → Neural Network

• Run counterfactuals to explore impacts of shifting 
pollution source *Courtesy of James Weber 

and Jeff Chanat, USGS

https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography


CAST-Based, Chesapeake Bay Nutrient Inventory Insights*

*Chesapeake Bay Nutrient Inventory and down-scaled USGS product

https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography
https://www.usgs.gov/data/cast-data-input-disaggregation-county-and-land-river-segment-scale-national-hydrography
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These graphics are available for all monitoring sites.



10

Major AG watersheds.



Neural Network Model



What is a neural network?
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• Function of a set of derived inputs, 
called hidden nodes. 
– Hidden nodes are nonlinear functions of the 

original inputs

– Predicted Y variable is a function of the 
nodes 

• Efficiently models different response 
surfaces

• Results are sometimes not easily 
interpretable
– Layers obfuscate the direct relationship 

between X and Y variables

TN EXPORT – PS LOADS



Neural network is generally predictive of the spatial and 
temporal variation in nitrogen export.

• Calibrated  ensemble of 100 models  
had R2 >0.9 for both the training and 
validation watersheds.

• Individual watershed performance 
was similarly robust.

• No indication of large bias after 
evaluating the slope distributions for 
individual watersheds.
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“What if?” questions can be answered via 
counterfactual experiments.

Hold individual factors at 1995 levels at observed median 
discharge level to assess the impacts of:

– Point source loading reductions

– Shifts in agricultural nutrient management

– Reductions in atmospheric N deposition

– Increases in urban inputs
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Example: Susquehanna River at Marietta, PA

Key Observations from 
Nutrient Inventory

• Net nitrogen inputs 
and point source loads 
have declined. 

• Urban inputs have 
increased.

Key Observations from Neural 
Network

• Nitrogen export has declined since 
mid-90s (blue line).

• Without improved farm nutrient 
management, N export would 
have remained largely the same 
(green line).

• On net, cleaner air and 
wastewater upgrades improved 
water quality.

• Urbanization offset water quality 
gains.

Note that this is a distinct Chesapeake Bay application using the 
Chesapeake Bay Nutrient Inventory as used in Weber et al. (2024), 
CESER Report, Zhang et al. (2022), and Zhang et al. (2023).

Difference between the blue time 
series (true scenario) and other colors 
represents the isolated net effect of a 
pollution source. Values above the blue 
line mean changes in those pollution 
sources had a net positive impact; 
values below mean they had a net 
negative impact. 

https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
https://onlinelibrary.wiley.com/doi/10.1111/1752-1688.13197?utm_medium=article&utm_source=researchgate.net
https://www.chesapeake.org/stac/cesr/
https://www.sciencedirect.com/science/article/pii/S0043135422003979?via%3Dihub
https://iopscience.iop.org/article/10.1088/1748-9326/ad0d3c
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Cleaner air, improved agricultural nutrient management, and declines 
in wastewater loads decreased N export in most watersheds
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Conclusions

• Modeled declines in agricultural surplus and atmospheric deposition 
were the primary drivers of long-term reductions in nitrogen export.

• Increasing urban nutrient inputs offset gains from agricultural 
management, cleaner air, and wastewater upgrades in many 
watersheds.

• Wastewater load reductions improved water quality, but played a 
smaller role than nonpoint source changes in many monitored basins.

• Further reductions in agricultural surplus and mitigation of 
urbanization effects will likely help drive nutrient improvements.



Please reach out with 
questions/ideas!

Robert Sabo

EPA/OW/OWOW

Sabo.Robert@epa.gov

202-564-8421
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