Environmental Protection

Advances in Nutrient Mass
Balance Analyses

1. The release of USEPA’s National Nutrient Inventory

2. Leveraging Al and the Chesapeake Bay Nutrient Inventory to identify
long-term drivers of nitrogen export in the Bay watershed

Robert D. Sabo, EPA/OW, STAC

The views expressed in this presentation are those of the author and do not necessarily represent the views or policies of the U.S. Environmental Protection Agency.
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1. Announce the release of the next ﬂ - g,

generation of the National

Nutrient Inventory (NNI). & : |

2. Provide a summary of the overall A Surplus
research portfolio and emphasize °
NN|'S blg data and AI/Machine Al Predicted Total Nitrogen Export Rates

using the National Nutrient Inventory

learning transition.

3. Dive into how Al and the
Chesapeake Bay Nutrient Inventory
are being leveraged to identify
long-term drivers of nitrogen
export.
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National Nutrient Inventory to inform
water quality management

How can NNI support state CWA program implementation?

* |Integrated mass balance with management relevant metrics to track
nutrient sources

* Empirical, interpretable, and predictive models of water quality

Web-based tools, prioritization schemes, and tailored products

* Robust stakeholder engagement
* Operational flexibility to meet evolving information needs
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wEPA . .
= USEPA’s National Nutrient Inventory Released
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Key Findings: USEPA National Nutrient Inventory

* Innovative technologies and management have stemmed or even
decreased major sources of nutrient pollution.

* Large increases in crop harvest and animal production with little change in
agricultural surplus.*
* Since 1950, an estimated 655 Tg of N and 127 Tg of P have been left on US lands due to
agricultural activities.
* Total N emissions down 22% and atmospheric deposition down 15% since the

late 1980s.

» Stable municipal wastewater loads despite population growth, likely due to
treatment upgrades and detergent phaseouts.

N and P left on the landscape due to agricultural activities, after the balance of inputs and
Agricultural e

* Surplus - g .
= Total Agricultural Inputs - Non-Hydrologic Agricultural Outputs |
Manure, Farm Fertilizer, Crop N Fixation Crop Removal
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United States
Environmental Protection
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Nationwide agricultural surplus has stabilized, while

production continues to increase.

Time Series

2017 Snapshot
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Large amounts of agricultural N and P have been
left on agricultural lands across many areas.
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Using the NNI to develop predictive models

NNI's big data and Al/Machine learning transition

SET

(Source, Extent,
Trends)

R
4An

Predictive Data-driven modeling projects
Models and

Technical Growing Season Drinking Water Harmful Algal Biotic Nutrient Export

Analyses Nutrient Conditions Blooms Assemblages and
Concentrations (NO, and HABs Risk) (Chl-a and Toxins) (Macroinvertebrates) Concentration
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Net declines in nonpoint source

pollution into one of the world’s
largest estuaries

Al and the CAST-based, Chesapeake Bay Nutrient Inventory are being leveraged to
identify long-term drivers of nitrogen export

NOTE: Results included on the following slides have not yet been peer-reviewed or published, so are considered preliminary; please do not cite.
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ﬂk CAST-BASED, Chesapeake Bay Nutrient Inventory

Farm Fertilizer + Manure Application + Crop/Pasture N Fixation — Crop ° Farmers are |eaving |ess

Removal = Agricultural N Surplus . . .
i P nitrogen on fields, reducing

2019 AgSurplus D AgSurplus 1985-2019 Trend E potential |OSS€S to waterways
TN Yield, kg/ha TN Trend, kg/ha . . . | :
e oy DRES | eyl o Not integrated into previous empirical
Rpofrt, [r —ang modeling work
''''' E b * Atmospheric deposition has
RS P

declined throughout the Bay
watershed.

Nitrogen-N

* Point source loads have declined in
major urban areas and smaller

e industrial towns/cities, primarily in

A tidally influenced areas.



https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6

Develop an empirical modeling/accounting framework to simultaneously
account for point and nonpoint nitrogen pollution sources

» 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 e

— Station time series vary but range from 1985
to 2020

» Develop simple and interpretative predictive
model that can account for predictors that may
partly covary across space and time

— Al - Neural Network

* Run Counterfactuals to explore impacts of Courtesy of James
shifting pollution source Weber and Jeff

Chanat, USGS

@ Buffalo
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https://iopscience.iop.org/article/10.1088/2515-7620/ac5db6
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

kWhat is a neural net?

* Function of a set of derived inputs,
called hidden nodes.

—The hidden nodes are nonlinear
functions of the original inputs.

— Predicted Y variable is a 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

Diagram
TN EXPORT — PS LOADS

Q _units_m

|Perter1t Forest

10-year, Urban Inputs

10-year, Annual AG Fertilizer Inputs

[

10-year, Annual Total Atmospheric N Deposition
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Station Name |
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Neural network is generally predictive of the spatial and
temporal variation in nitrogen export.
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e Calibrated ensemble of 100 models :
had R2 >0.9 for both the training and
validation watersheds.
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* Individual watershed performance : _ : ,
WaS Si m i I a rly ro b ust_ | Pred Formula Monpoint Scurce:';elds Bagged Mean | Pred Formula Monpeint Sc:urc;‘."ields Bagged Mean
09 [ LS 0.95 [ 14 i
* No indication of large bias after %
evaluating the slope distributions for F Pl -
individual watersheds. [ {
R? Slope R? Slope
Histogram, Histogram, Histogram, Histogram,

training training validation  validation
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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

— ITUE

1995 Atmospheric Deposition Scenario

1995 Agricultural Scenario

e 1995 Wastewater Scenario

1995 Urban Inputs Scenario



Zoom into jurisdictions or watersheds

SUSQUEHANNA RIVER AT MARETTA = True |
1995 Atmﬂspheric DEDDS'ItiEJI'I Scenario

SUSQUEHANNA RIVER AT MARIETTA PA Annual Ag Su fplLIE- DA

Annual Urban Inputs
30 Annual Total Atmospheric N Depositicn 1995 Agricultural Scenario
Annual Wastewater Loads

e 1995 Wastewater Scenario

1995 Urban Inputs Scenario
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S = Network
= * Net nitrogen inputs . : :
g 20 "08 P o 6 * Nitrogen export has declined
= and point source loads % since mid-90s (blue line).
A have declined. o : : :
5 15 = > * Without improved farm nutrient
5 * Urban inputs have o management, N export would
% increased. & 4 have remained largely the same
) o :
8»10 = (green line).
= Z 3 The difference between the blue time * On net, cleaner air and
Z TO series (true scenario) and other colors .
- represents the isolated net effect of a wastewater upgradeS Improved
8 pollution source. Values above the blue .
5 2 line means the evolution of that water quallty.
pollution source had a positive impact . . ]
on net, below means it was negative * Urbanization offset water quality
ffect.
14+ ains
___.__________——-)_‘-: g .
0 ZO(X) 2010 2020 Please note that this is a distinct Chesapeake Bay application using
1990 2010 the Chesapeake Bay Nutrient Inventory as used in Weber et al.

(2024), CESER Report, Zhang et al (2022), and Zhang et al (2023).


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://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

Station Name

~ Cleaner air, improved agricultural nutrient management, and
‘V’EPA K declines in wastewater loads decreased N export in most
.. watersheds.

CHILLBGUAQUE CREEK AT WASHINGTONVILLE, F'A:

CHOPTANK RWER MEAR GREENSBORO. MD - H 11
Vo rEr s semzon. 2 - M Atmospheric Deposition, 1995
DIFFICULT RUN MEAR GREAT FALLS VA T

poLecaT creek AT rouTe 301 Near eenols va-| [AgGricultural, 1995
WHEEL CREEK NEAR ABINGDON, MD -

COHOCTON RIVER MEAR CAMPEELL NY i
ATTAPONI RIVER NEAR BEULAHVILLE. WA - POInt Sourcer 1 995

M
EAST MAHANTANGO CREEK NEAR DALMATIA PA
CrEsTERVILLE BRANCH NEAR cruveon vo - IUTDan Inputs, 1995
GUNPOWDER FALLS AT GLENCOE, MD —

LITTLE RIVER NEAR DOSWELL VA -

NORTH ANNA RIVER AT HART CORNER NEAR DOSWELL VA
TTOX RIER AT MATOACA, VA -
YELLOW SREECLES CREEK NEAR CAMD HILL P
N F SHENANDOAH RIVER NEAR STRASEURG, VA =
LITTLE PATUXENT RIVER AT GUILFORD, MD
MATTAWGMAN LREEK NEAR POMONKEY, MD —
CACAPON RIVER NEAR GREAT CACAPON, Wy =
RAPPALANNOCK RVER NEAR FREDERICKSBURG, VA —
JAMES RIVER NEAR RICHMOND, VA
RAPPAHANNOTK RIVER AT REMINGTON, VA —
GWYNNS FALLS AT VILLA NOVA, MD =
SHENANDOAH RIVER AT MILLVILLE, Wy -
BULLPASTURE RIVER AT WILLAMSVILLE, VA 7
MAURY FIVER NEAR BUENA VISTA, VA =
JAMES. RIVER AT BLUE RIDGE PKWY MR BKG ISLAND, VA -
ROEINSON RIVER NEAR LOCUST DALE. VA =

SIDELING HILL CREEK NEAR BELLEGROVE, MD -
SOUTH RIVER NEAR WATNESBORD, VA -
RIANNA RIMER AT PALMYRA VA -
SHERMAN CREEK AT SHERMANS DALE. PA
ROCK CREEK AT JOYCE ROAD, WASHINGTON, DC =
JUNIATA RIVER AT NEWPORT, PA
SOUTH BRANCH POTGMAC RIVER NEAR SPRINGFELD, Wy —
PINE CREEK, BL L PINE CREEK NEAR WATERVILLE, B -
NORTH ERANCH PATAPSCO RIVER AT CEDARHURST. MD —
MUDDY CREEK AT CASTLE FiN, PA

WILLS CREEK NEAR CUMBERLAND, MD |
WEST BRANCH SUSQUEHANNA RIVER AT LEWISELIRG, DA
GEQRGES CREEK AT FRANKLIN. MD =
LITTLE JUNIATA RIVER AT SPRUCE CREEK. PA
FRANKSTOVN BR JUNIATA RIVER AT WILLIAMSELIRG, PA =
SUSQUEHANNA RIVER AT MARETTA, BA -
DENNS CREEK AT PENNS CREEK. PA
CONEWAGD CREEK NEAR BELLAIRE, PA
SUSQUEHANNA RVER AT DANVILLE, PA -
DEER CREEK NEAR DARLINGTON, MD —
PATUXENT RIVER NEAR SOWEE. MD =
ANTEETAM CREEK NEAR WAYNESEORD, PA -
WEST CONEWAGO CREEK NEAR MANCHESTER, PA —
SUSQUEHANNA RNER AT CONKLI NY
SUSQUEHANNA RN WAVERLY NY
VT CREER AT MAUMT CUNTON VA =
MILL CREEK AT BUNKER HIL Wy
BIG ELK CREEK AT ELK MILLS, MD 2
CONOCOCHEAGUE CREEK AT FAIRVIEW, MD =
HICKEY RUN AT NEW YORK AVENUE AT WASHINGTON, DC =
FOSTER ERANCH NEAR JOPPATOWNE, MD —
CONESTOGA RIVER AT CONESTOGA 24—
PEQUEA, CREEK NEAR RONKS, PA =
BIG SPRING RUN NEAR MYLIN CORNERS, PA —

-10 -5 0 5
Difference in TN Export Between 2020 and 1995 (kg/ha)
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Stream catchment nutrient predictions

Value of nutrient inventories

EPA

 The USEPA National Nutrient Inventory and customized
regional Nutrient Inventories (e.g., CB Nutrient

Inventory) continue to be developed and updated. =E
1 Tra Ck p rog ress Regional Patterns and Drivers of Total Nitr;g;n &N) Load Trends
* Engage stakeholders thru a simple quantitative i Ao e 3.TN Clusters

fra m eWO r k g : ﬁl’[’ Response Variable
. . . i =t Cluster Assignment
* Inform nutrient reduction strategies

(ie, 1, 2, or 3) from
the Cluster Analysis

Explanatory Variables

* Nutrient Inventories and other environmental factors

: &% Land Use
are being paired with water quality endpoints of interest -/ ﬂ e
N Sources

(e.g., nutrient concentrations/loads, export trends,
HABs) to power predictive statistical and Al models.

Al Predicted Total Nitrogen Export Rates
using the National Nutrient Inventory
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* Novel decision support tools and datasets are being
developed to support state and regional partners.

Trophic state from chlorophyll-a benchmarks

Oligotrophic (0 - 2 ugl.) Eutrophic (7 - 30 ugh.)
222222222222 | ™ 0.0 400.500 1000. 1809 [ 20002000
Oisakm) 100200 [ 300- 460 2001000 [ 1203000 [ » 200 Mesotrophic (2 - 7 uglL) . eeeeeeeeeeee (>30ugl)

Map of lake chlorophyll-a predictions for July 2007




Environmental Protection

Please reach out with
questions/ideas

Robert Sabo
EPA/OW/OWOW

Sabo.Robert@epa.gov
202-564-8421
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