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- Webinar Objectives

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. ldentify 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/Al 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
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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

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

* Endangers human health
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Healthy Waters

Dissolved Oxygen mg/L

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

USEPA. Excess nutrient loading contributes to formation of
USEPA. A satellite image of a cyanohab event harmful algal blooms (HABs) that are sometimes toxic. HABs
occurring Lake Erie in the fall of 2022, directly compromise recreational opportunities, drinking water
resources, and fisheries and indirectly impact tourism, property
values, and other sources of revenue.



* 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

=17y . Nutrient Inventories can help efficiently tackle
nutrient pollution
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Eutrophication is one of the major factors contributing to the increase in harmful algal blooms in the Chesapeake Bay.
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SEPA  Inventories provide actionable “SET” information about
nutrient pollution sources

Agency

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 Largest Anthropogenic
N Input

. . 2007 to 2017 -
Trajectory: lllustrate how pollution I Farm Fertilizer h
. . Livestock Wast : i
sources are evolving through time Crop N Fixation Figure from Brehob et al. (in prep)

Non-Farm Fertilizer
Point Source
Atmospheric Deposition
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i Agricultural phosphorus surplus has declined in many major

agricultural regions across the US
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Agricultural Phosphorus Surplus

Change from 1997 to 2017
(11-year rolling averages)

2017 Snapshot

2017 Change

P Ag Surplus P Ag Surplus

(kg/ha) (kg/ha)
0.5 -2.0
1.0 -1.5
15 -1.0
2.0 -0.5
25 0.0
3.0 0.5
6.0 1.0
12.0 1.5
18.0 2.0

Figure from Brehob et al. (in prep)
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How can | access over 20 current National

Agency

Nutrien

Contact Us about National Nutrient Inventories

Robert Sabo
o
\'IEPA1. nc EPA Project Lead
sabo.robert@epa.gov
Environmental Topics - Laws & Regulations Report a Violation About EPA - 202-564-8421

‘Water Research

Watersheds Research

National Nutrient Inventory Portfolio

Jana Compton
compton.jana@epa.gov
541-754-4620

A) AnthropogenicN
surplus

t Inventory papers and datasets?

B) Agricultural N
Surplus

10% Quantilos of Anthropogenic N Surplus, Agricultural N Surplus,

and Point Source N Loading Rate (kg N / ha yr)

O this page:
Nutrients and Harmiul Algal o
Blooms Research * Project Overview 3 3

Publicat
prem—— ublications
v « Eublications

Infrastructure Research

« Related Resources
Water Research Grants Journal Articles

Research Outputs

Training, Outreach, and Technical Support

Contact Us about Waler Research

The Natianal Nutsient Inventory Portioliois a multi-agency project that offers tools and d: help decision makers identily point

and non-point source nitragen and h to water quality conditions across the country. This

portlolio supports federal, state, tribal, and local partaers in their efforts to assess and fmprove water quality to benefit aquatic and
human health.

Development of the Nutrient Inventory

= Major Point and Nanpoint Sources of Nutrient Pollution to Surface Water Have Declined Throughout the Chesapeake Bay Watershed

us v 1 82
[2022) A B c b E F G
Pro]ect Overview = Considerations When Using Nutrient Inventories to Prioritize Water Quality Improvement Efforts Across the US (2021) 1 |HUC_8  area_km2 STUSPS  NAME P_human_P_human_food_demand P_nf_fertilizer f
The mission of the nutrient inventories projectis to » Phasphaorus Inventory for the Conterminous United States (2002-2012) (2021) 2 | 1010002  3198.1 ME Maine 5.3E-05 6.81996E-05 0.027523
assistwith tracking major fluses of nutrients across 3 11010003 2304.01 ME Maine 0.01218 0.015589114  0.037437667
iculw u u wironn A -~ J§e]
:]r\g\frt(r\\‘;rw:jo:;::d'ilu::fsv:iil“df\:a;:;:\c::ﬂ:‘l??m » Decadal Shift in Nitrogen Inputs and Fluxes Across the Contiguous United States: 2002-2012 (2019} 3 4 1010004 6221.51 ME Maine 0.02584 0.033081308 0042830333
identify the potential types and sizes of nutrient = Reactive Nitrogen Inputs to US Lands and Waterways: How Certain are we About Sources and Fluxes? (2013} 5 1010005 1101.14 ME Maine 0.05106 0.065356398 0.037437667
pollution sources in their locality, and how these . - . . . 6 | 1010006 1724.33 ME Maine 0 0 0.045965667
u wtionsou . » Intentional Versus Unintentional Nitrogen Use in the United States: Trends, Efficiency and Implications (2013} B2
e T catane ’ 7 | 1010007 2394.88 ME Maine  0.00014 0.000182037 0.037573
Application of the Nutrient Inventory to Water Quality or Other Endpoints & | 1010008 955.865 ME 0.03204 0.041012188  0.037437667
Goals 9 | 1010009 464.458 ME 0.05278 0.067561925 0.037437667
« Develop nationwide, region-specific, and locally = Our National Nutrient Reduction Needs: Applying a Conservation Prioritization Framework to US Agricultural Lands (2024) 10 | 1010010 495.064 ME 0.04945 0.063295717 0.037437667
fﬁﬁfﬁfiiﬁ:ﬁlﬁfﬂ:ﬁﬁf:iﬁd“” » Effects of point and nonpoint source controls on total phosphorus load trends across the Chesapeake Bay watershed, USA (2023) () 111010011  47.086 ME 0.02006 0.025676205 0.037437666
= Determine metrics that best approximate point and non-peint source pellution and are effective components of watershed @ 12 | 1020001 5518.67 ME 0.0064 0.008185739  0.047198333
restoration plans. 13 | 1020002 2899.62 ME 0.00106 0.001352213  0.120733667
« Relate shiftsin nutrent sources a wotighlght ! p hallenges n * Mutrient explorer: An analytical framework to visualize and investigate drivers of surface water quality (2023) & 14 | 1020003 3907.82 ME 0.01036 0.013258322 0.083023667
educing tiogen and phesghorus pallution to waterieays. = The changing nitrogen landscape of US streams: Declining deposition and increasing organic nitrogen (2023) [
Outcomes « Comparing Drivers of Spatial Variability in US lake and Stream Phosphorus Concentrations (2023) (3 1 e, 0w |\ over poorty o educe
- o i us N Lri utic i volvil xplain nutri lions i qricutural nutrients
:,:::z;sz:c sedto tackhe ”m:::‘:p,o” o Kmmc::d ."j:;:;l::u‘:gfmu“mc sl tmimzzcmn::‘.:,zn « Shifts in the Composition of Nitrogen Deposition in the Conterminous United States are Discernable in Stream Chemistry (2023) L4 )
high |
arees = AnIndex of Nitrogen Sources and Processing Within Watersheds for National Aquatic Monitoring Programs (2022) (3 —
« Inventories can be incorporated into existing models and g schemes ¢ de current data on nutrient input 4 o :
management canditions » Regional Patterns and Drivers of Total Nitrogen Trends in the Chesapeake Bay Watershed: Insights from Machine Learning o ReUGeImanage nutrars nguts i £
« The National Nutrient plorer (NNIE} ool iation and is anticipated to be Approaches and Management Implications [2023) 2 use —§ et e g e, o e
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Context is Everything: Interacting Inputs and Landscape Characteristics Control Stream Nitrogen (2021)
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Via our website, access foundational HUCS8 scale National Nutrient Inventory data, [ e ) o

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.

Contructed wetlmds

- S
restorable h’ wetlands.
- wellands? o buffers.

+ Create non-wetiand buffers.

Pt i Euffens
P st



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




SEPA  National Nutrient Inventory (NNI) Portfolio offers a strong

United States
Environmental Protection

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

] ] ) . . Map of predicted probability for groundwater
* Identify nutrient pollution hotspots based on multiple water quality sourced drinking water violations

endpoints 3
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* 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
-ngh:0.99

prep)
* Macroinvertebrate assemblages (Kopp et al., in review)

* Determine effective management strategies to mitigate nutrient o, o0

pollution

* 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)

* 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 p|acement (Kirk et a|_' 2024; Highlight=> The inventory and these models can supplement state efforts in
implementing plans to meet total maximum daily loads, evaluating water

Alford et al. in prep) quality risk, and setting nutrient criteria.

Pennino et al. (2020)



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

Markley et al., in prep | & T =
Alford et al., in prep ~

Adjusting spatial scales to meet management
and research needs




SEPA _  Downscaling nutrient inventory to NHD+ and
generating watershed accumulated statistics

Catchment and Cumulative Watershed Maps of Nitrogen Farm Fertilizer

2017 Distribution of Local Catchment N Farm Fertilizer Inputs

N Farm fertilizer kg (log10)

Network
watershed

N Farm fertilizer kg (log10)

Stream
Reach

1:100,000 scale

2.6 million stream
reaches with

catchments Integration of the NNI into StreamCat will allow users to generate
Markley et al., in prep custom watershed mass balances ranging in scale ~4 km? to the
scale of Mississippi River basin

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

catchment




SEPA  Targeted wetland conservation for ——
Agency o - ° n IVI Ua
localized water quality strategies

and Basins

o Map existing and potential bata from Kirk et al. (2024)
wetlands

 Examine change in wetland

area through time
* Apply NNI data to calculate

basin loads

Surface
Flow Paths

o Use surface flow paths to link

nutrient inputs to water

resources HUCS8s where wetland conservation could benefit
water quality

* Identify wetlands critical for
landscape nutrient
interception

Alford et al., in prep



Brehob et al., 2024 ' S ' -
Handler et al., in prep )

Predicting HABs and cyanoHABs risk to lakes
across the United States




“EPA  BIG DATA EXAMPLE: Link the NNI and other environmental
factors to a priority water quality endpoint

Trophic state from chlorophyll-a benchmarks

O Oligotrophic (0 -2 ug/Ll) © Eutrophic (7 - 30 ug/L)
O Mesotrophic (2-7 ug/L) @ Hypereutrophic (>30 ug/L)

Y ELREE
Characteristics

Weather
VN ELIES

National Nutrient Inventory, climatic, and soil
characteristic variables were matched to thousands of
lake TN, TP, and Chl-a concentrations

>
)

S 5
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https://www.epa.gov/national-aquatic-resource-surveys/nla

==:.... Calibrate machine learning models and
generate nutrient and chlorophyll-a predictions

Brehob et al., 2024 Earth's Future



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

SE?L... Chlorophyll-a predictions for ~112,000 lakes

Watershed-scale prediction maps - 2007

Trophic state from chlorophyll-a benchmarks

Cligotrophic (0 - 2 ugiL) Eutrophic (¥ - 20 ugiL)
Mesotraphic (2 - 7 ugiL)

Hypereutrophic (=30 ugilL)

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



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

= Leveraging the NNI to predict cyanoHABs

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

T )
National Nutrient Inventory r
NLDC Land Cover N
PRISM Climate iy il

Predicted
Cyanobacteria
Abundance
(cells/mL)

@® <25k

® 25k - 50k
50k - 100k
100k - 250k

@ 250k - 500K

® >500K

Lakemorpho Lake Morphology

PRISM Climate

NLA Cyanobacteria
\_ /

Spatial regression
model with spmodel

Handler et al. (in prep)




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

Predicting annual nitrogen and phosphorus
export with deep learning models




smeeeeae ik the NNI to USGS annual nutrient loads

Characteristics
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Variables (n=2)

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

Nutrient
Inventory (n=4)

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

21



https://nawqatrends.wim.usgs.gov/swtrends/

SEPA  What is a neural net (NN)?

Agency

* A type of deep learning model

* Driven by data, not model
assumptions/parameterizations

e 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 P, s Ty Calibration Procedure
. . 1. 75% of watershed
* Results are sometimes not easily Y used to train NN,
nterpretable ST B
* Layers obfuscate the direct relationship of 100 NNs,

generate mean
annual prediction

. Calibration takes 5
hours

between X and Y variables




“EPA  Mean annual discharge drives interannual variation, agricultural
surplus drives spatial gradient in nitrogen loads, BUT...

Agency

Pred Formula Log10[Annual True
Condition Load_adjusted] Bagged Mean 2

Predictor Contribution  Portion Rank ~
Discharge_m 67760.5 04776 | 1
10-year Mean Agricultural N Surplus 27250.3 01921 | 2
Mean Annual Precipitation 263115 01855 | 3
Total Atmospheric N Deposition 7887.9 0.0556 :| 4
Total Atmospheric 5 Deposition 5753.6 0.0406 || 5
Point Source N Load 3058.8 0.0216 || b
Subsurface Tile Drainage Area_adjusted 1785.2 0.0126 || 7
Mean Annual Temperature 492.8 0.0035 | 8
Percent Organic Matter Content 487.2 0.0034 | 9
Percent Sand Content 384.7 0.0027 | 10
Mean Soil pH 204.2 0.0014 11
Percent Clay Content 202.2 0.0014 12
Soil Erodibility 195.5 0.0014 13
Urban N Fertilizer 95.8 0.0007 14

Portion of variance explained by predictors for monitoring stations across the contiguous US. Note this plot does not highlight the influence of
23 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.




“EPA Counterfactual 1: Major urban and agricultural nitrogen
pollution hotspots identified by NN and NNI

United States
Environmental Protection
Agency

. . <100 . 200 -200 400 - 500 1000 - 1500 . 2000 - 2500
2007 M Loading 199710 2007 Change in (NN

(kg/sgqkm) . 100 - 200 300 - 400 500 - 1000 . 1500 - 2000 . > 2500 N Loading (kag/sgkm)

<250 -100 -25 25 100 >250

Note that these predictions rely on water yield maps that essentially describe “natural water yields” at HUC12 scale; thus, highly irrigated
agricultural areas like the Central Valley of California and Southern Idaho will have low TN loading rates due to low precipitation rates. We
plan to generate additional prediction maps of nitrogen loading that account for water yields greatly enhanced by irrigation.




“EPA Counterfactual 2: Many parts of the eastern US have
benefitted from NO, emission reductions since 1997

. . =100 - 400 - 500 1000 - 1500 . 2000 - 2800
. 100 - 200 200 - 400

500 - 1000 . 1500 - 2000 . = 2500 N Loading (ka/sgkm) <250 -100 25 25 100 +250




SEPA  Counterfactual 3: 50% reduction in agricultural surplus
- results in 19% reduction in N loads to waterways, nationwide

400 - 500 1000 - 1500 . 2000 - 2800
Agricultural Scenario Change in - -

500 - 1000 . 1500 - 2000 . = 2500 N Loading (kg/sqkm) e o o St = e .

2007 N Loading . =100

(kg/sgkm) .
100 - 200




Moving beyond accessing individual databases and publications—
EPA National Nutrient Inventory Explorer (LATE FY26)
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Access and download all NNI and water quallty prediction data at state, county, HUC2,
and HUC12 subbasin scales

2. Generate compelling visuals, mcIudln% ma,o , time series, and histograms, to aid in
your planning efforts to protect local and downstream water resources

is a web tool to visual

3. Helpful links to other EPA NNI related products and tools including StreamCat"N'and
Drinking Water Risk Tool

XPLORER NUTRIENT PREDICTION SCENARIO TOOL
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User test volunteers needed please reach out if you are interested. 27
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* 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.
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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)

We appreciate your feedback, tips, and guidance to make this research
more useful for you and your communities - THANK YOU!

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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