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Webinar Objectives
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After this webinar, participants will be able to:
1. Understand the basic premise of a nutrient inventory and its 

integration into predictive water quality models and tools

2. Identify what products from the National Nutrient Inventory Research 
portfolio (NNI) can be used to enhance states’ and tribes’ nutrient 
reduction strategies to efficiently achieve safe drinking water and 
surface water quality goals

3. Anticipate and provide critical feedback on reports, databases, and 
web-based visualization tools that highlight NNI’s big data and deep 
learning/AI transition 

https://www.epa.gov/water-research/national-nutrient-inventory-portfolio
https://www.epa.gov/water-research/national-nutrient-inventory-portfolio
https://www.epa.gov/sdwa
https://www.epa.gov/laws-regulations/history-clean-water-act


Excess nutrients lead to challenges
• We need nutrients to feed, power, 

and clothe our nation and the 
world, BUT… 

• Excess nitrogen and phosphorus 
pollution to waterways drives:
• Dead zones (oxygen deprived 

waters)
• Harmful algal blooms
• Drinking water contamination
• Ecological impacts

• Is costly due to annual direct cost 
for mitigation and indirect cost (e.g., 
lost revenues)—billions of dollars

• Endangers human health 
4

VIMS. Recurrent hypoxia in Chesapeake Bay 
and Gulf of America compromises fisheries.

USEPA. Excess nutrient loading contributes to formation of 
harmful algal blooms (HABs) that are sometimes toxic. HABs 
directly compromise recreational opportunities, drinking water 
resources, and fisheries and indirectly impact tourism, property 
values, and other sources of revenue.

USEPA. A satellite image of a cyanohab event 
occurring Lake Erie in the fall of 2022.
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• EPA’s National Nutrient 
Inventory (NNI) tracks 
inputs and outputs at 
multiple watershed and 
jurisdictional scales

• Allows users to look 
upstream

• Compares the magnitude 
of agricultural, urban, 
atmospheric, and natural 
background sources of 
nutrients

Nutrient Inventories can help efficiently tackle 
nutrient pollution

5
SAV = Submerged Aquatic 

Vegetation 
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Conceptual figure of 
National Nutrient 
Inventory from 
Brehob et al. (in 
prep)

Highlight→ Inventory Data 
are largely empirical and 
often tied to localized data 
collection efforts like US 
Census and USDA Census of 
Agriculture 



Inventories provide actionable “SET” information about 
nutrient pollution sources

Source: Identify largest source of 

nutrient inputs into a watershed or 

other spatially defined unit

Extent/Magnitude: Communicate 

1) the magnitude of pollution 

sources using management 

relevant metrics and 2) the 

feasibility of improving those 

metrics

Trajectory: Illustrate how pollution 

sources are evolving through time Figure from Brehob et al. (in prep)
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Agricultural phosphorus surplus has declined in many major 
agricultural regions across the US

8Figure from Brehob et al. (in prep)8



How can I access over 20 current National 
Nutrient Inventory papers and datasets?
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Via our website, access foundational HUC8 scale National Nutrient Inventory data, 
as well as management relevant metrics and prioritization schemes that make the 
inventories actionable for your nutrient reduction strategies. A custom regional 
nutrient inventory for the Chesapeake Bay watershed is also available. 

https://www.epa.gov/water-research/national-nutrient-inventory-portfolio


The NNI’s Predictive Water 
Quality Models and Big Data 
Initiatives
Nutrient inventories communicate the magnitude and trajectories of sector-specific 
pollution sources, but other environmental factors influence the loss of nutrients to 
groundwater and surface water.
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National Nutrient Inventory (NNI) Portfolio offers a strong 
suite of predictive water quality models & management tools 

• Using the EPA’s National Nutrient Inventory and StreamCat, NNI scientists 
continue to develop powerful statistical, machine, and deep learning 
models

• Identify nutrient pollution hotspots based on multiple water quality 
endpoints 

• Nutrient concentrations (e.g., Sabo et al., 2023; Lin et al., 2021)

• HABs and cyanoHABs risk (e.g., Brehob et al., 2024; Handler et al., in 
prep)

• Macroinvertebrate assemblages (Kopp et al., in review) 

• Annual nutrient export (Sabo et al., in prep)

• Drinking water nitrate contamination (e.g., Pennino et al., 2020)

• Wetland processing (Brooks et al. 2022, Nowakowski et al., in prep)

• Determine effective management strategies to mitigate nutrient 
pollution

• Techno-economic efforts to optimize nutrient removal and 
treatment at POTWs and CAFOs (e.g., Martin-Hernandez et al., 
2024)

• Optimization of wetland protection and placement (Kirk et al., 2024; 
Alford et al. in prep)
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Highlight→ The inventory and these models can supplement state efforts in 
implementing plans to meet total maximum daily loads, evaluating water 
quality risk, and setting nutrient criteria.

Pennino et al. (2020)

Map of predicted probability for groundwater 
sourced drinking water violations
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https://www.epa.gov/water-research/national-nutrient-inventory-portfolio
https://www.epa.gov/national-aquatic-resource-surveys/streamcat-dataset
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022JG007227
https://pubs.acs.org/doi/10.1021/acs.est.0c07102
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024EF004493
https://www.sciencedirect.com/science/article/pii/S0048969720311724?casa_token=tfkB4SOq85oAAAAA:QoyuhLCcYRY2U0tvESMedSBIPZCfI-HFHOzVP5NzQ8SJ5ChLq_AtMOSdYqkMghbgPwMp7jG4
https://www.sciencedirect.com/science/article/pii/S0048969721069436
https://pubs.acs.org/doi/10.1021/acsestwater.4c00569
https://pubs.acs.org/doi/10.1021/acsestwater.4c00569
https://www.sciencedirect.com/science/article/pii/S030147972302546X
https://www.sciencedirect.com/science/article/pii/S0048969720311724?casa_token=tfkB4SOq85oAAAAA:QoyuhLCcYRY2U0tvESMedSBIPZCfI-HFHOzVP5NzQ8SJ5ChLq_AtMOSdYqkMghbgPwMp7jG4


Adjusting spatial scales to meet management 
and research needs

Markley et al., in prep
Alford et al., in prep
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Downscaling nutrient inventory to NHD+ and 
generating watershed accumulated statistics

Network 
watershed

Local 
catchment

Stream 
Reach

• 1:100,000 scale

• 2.6 million stream 
reaches with 
catchments

https://github.com/NelsonMinar/vector-river-map

Catchment and Cumulative Watershed Maps of Nitrogen Farm Fertilizer

Integration of the NNI into StreamCat will allow users to generate 
custom watershed mass balances ranging in scale ~4 km2 to the 

scale of Mississippi River basin
Markley et al., in prep



Targeted wetland conservation for 
localized water quality strategies 

HUC8s where wetland conservation could benefit 
water quality

o Map existing and potential 
wetlands

• Examine change in wetland 
area through time

• Apply NNI data to calculate 
basin loads

o Use surface flow paths to link 
nutrient inputs to water 
resources

• Identify wetlands critical for 
landscape nutrient 
interception

Data from Kirk et al. (2024)
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Surface 
Flow Paths

Individual 
Wetlands 

and Basins

Alford et al., in prep



Predicting HABs and cyanoHABs risk to lakes 
across the United States

Brehob et al., 2024 
Handler et al., in prep
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BIG DATA EXAMPLE: Link the NNI and other environmental 
factors to a priority water quality endpoint
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EPA NATIONAL LAKE ASSESSMENT

National Nutrient Inventory, climatic, and soil 
characteristic variables were matched to thousands of 

lake TN, TP, and Chl-a concentrations

https://www.epa.gov/national-aquatic-resource-surveys/nla


Calibrate machine learning models and 
generate nutrient and chlorophyll-a predictions

U.S. Environmental Protection Agency 1717 Brehob et al., 2024 Earth's Future18

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024EF004493


May July October

Chlorophyll-a predictions for ~112,000 lakes
Watershed-scale prediction maps - 2007

Specific lake and headwater prediction data accessible at Brehob et al., 2024
18

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024EF004493
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Leveraging the NNI to predict cyanoHABs 

Predicted 
Cyanobacteria 

Abundance
(cells/mL)

National Nutrient Inventory

PRISM Climate

Lakemorpho Lake Morphology

NLA Cyanobacteria

NLDC Land Cover

PRISM Climate

Spatial regression 
model with spmodel

Model Inputs Lake Cyanobacteria Predictions
~3,000 observations ~125,000 lakes

Handler et al. (in prep)



Predicting annual nitrogen and phosphorus 
export with deep learning models

Sabo et al., in prep
Zhang et al., in prep



21

Link the NNI to USGS annual nutrient loads
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USGS “Water-Quality Changes” Stations 
(for Total Nitrogen)

National Nutrient Inventory, climatic, and soil 
characteristic variables were matched to hundreds of 

watersheds with annual nitrogen and phosphorus 
loading estimates across the United States.

https://nawqatrends.wim.usgs.gov/swtrends/
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What is a neural net (NN)?

• A type of deep learning model
• Driven by data, not model 

assumptions/parameterizations

• Function of a set of derived inputs, called 
hidden nodes (green circles) 

• Hidden nodes are nonlinear functions of the 
predictors

• Predicted Y variable is a linear function of 
the nodes 

• Efficiently model different response surfaces

• Results are sometimes not easily 
interpretable

• Layers obfuscate the direct relationship 
between X and Y variables

22

Calibration Procedure

1. 75% of watershed 
used to train NN, 
25% to validate

2. Bagged ensemble 
of 100 NNs, 
generate mean 
annual prediction

3. Calibration takes 5 
hours
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Mean annual discharge drives interannual variation, agricultural 
surplus drives spatial gradient in nitrogen loads, BUT…

Portion of variance explained by predictors for monitoring stations across the contiguous US. Note this plot does not highlight the influence of 
variables in terms of interactions or the sensitivity of nitrogen loading response to shifts in a particular factor; it communicates the loss of predictive 
performance if a variable is dropped from the model.
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Counterfactual 1: Major urban and agricultural nitrogen 
pollution hotspots identified by NN and NNI

Note that these predictions rely on water yield maps that essentially describe “natural water yields” at HUC12 scale; thus, h ighly irrigated 
agricultural areas like the Central Valley of California and Southern Idaho will have low TN loading rates due to low precipi tation rates. We 
plan to generate additional prediction maps of nitrogen loading that account for water yields greatly enhanced by irrigation.
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Counterfactual 2: Many parts of the eastern US have 
benefitted from NOx emission reductions since 1997
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Counterfactual 3: 50% reduction in agricultural surplus 
results in 19% reduction in N loads to waterways, nationwide



Moving beyond accessing individual databases and publications—
EPA National Nutrient Inventory Explorer (LATE FY26)

1. Access and download all NNI and water quality prediction data at state, county, HUC2, 
and HUC12 subbasin scales

2. Generate compelling visuals, including maps, time series, and histograms, to aid in 
your planning efforts to protect local and downstream water resources

3. Helpful links to other EPA NNI related products and tools including StreamCatNNI and 
Drinking Water Risk Tool

27User test volunteers needed, please reach out if you are interested.



Conclusions

1

• The NNI portfolio provides accessible, actionable research products that:

• Offer quantitative insight into likely nutrient pollution hotspots

• Track sector-specific nutrient pollution sources with intuitive metrics

• Link spatial and temporal trends in sources to water quality 
endpoints using powerful statistical and deep learning models

• Provide helpful prioritization schemes

• Empower states, tribes and others to develop innovative, cost-
effective solutions and prioritize resources for specific subbasins 
and management practices

• The NNI Team is committed to developing research products that help 
states reach their goals for safe and clean water resources for all.

28



Contact

1

Robert D. Sabo, PhD 
Research Scientist, Integrated Environmental Assessment Branch
Center for Public Health and Environmental Assessment
US EPA Office of Research and Development
sabo.robert@epa.gov
202-564-8421

ORD’s National Nutrient Inventory Website (NNI) 
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We appreciate your feedback, tips, and guidance to make this research 
more useful for you and your communities – THANK YOU!
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The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies of the US EPA. Any mention of trade names, 
products, or services does not imply an endorsement by the US Government or EPA. EPA does not endorse any commercial products, services, or enterprises.

mailto:sabo.robert@epa.gov
https://www.epa.gov/water-research/national-nutrient-inventory-portfolio
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