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ARTICLE

OPEN

Eutrophication will increase methane emissions
from lakes and impoundments during the

21st century

Jake ) Beaul

Our literature review indicates that global TP loading of inland
waters will increase over the 21st century, stimulating aquatic
wo productivity and CH, emissions. We find that these changes
could result in total lake CH, emissions having an atmospheric
impact equivalent to 18-33% of that from current fossil fuel CO,
emissions (Table 2). In fact, the net increase in CH, emissions
due to projected nutrient loading alone would have an atmo-

spheric effect more than increased CO, emissions from land use
* change (i.e., conversion of forests to agriculture) or up to half
. of the global oceanic and land carbon sinks (Table 2 33%),
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Acritical eutrophication-climate change link

“...abatement of lake eutrophication, then,
should be addressed as a key climate change
mitigation target.”
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Carbon Removal and Methane Reduction
from Eutrophic Systems
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When #2 is our #1

On the need and barriers to circular
economies for manure

L/ ARKANSAS Credit: The Office L) ARKANGAS




Total Animal Units
No Data

Value
High: 238,441

Low: 0

Largest P Input - 2002 Largest P Input - 2012

Largest P Input Human Waste
I Atmospheric Dep. [l Livestock Waste
[ Farm Fertiizer [l Non-farm Fertilizer

Figure 2. Largest source of P inputs for all subbasins of the CONUS in 2002 and 2012.

Sabo, R.; Clark, C.; Gibbs, D.; Metson, G.; Todd, J.; LeDuc, S.; Greiner, D.; Fry, M.;
Polinsky, R.; Yang, Q. Phosphorus Inventory for the Conterminous United States
(2002-2012). Journal of Geophysical Research-Biogeosciences 2021.
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Manure and inorganic
fertilizer applied
Over allowance
=57 (15%)
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=54 (7%)

Among
counties

Under Under
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n=686 (93%) =327 (85%)
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Spiegal, S., Kleinman, PJ.A,, Endale, D.M., Bryant, R.B., Dell, C., Goslee, S., Meinen, R.J., Flynn, K.C., Baker, J.M., Browning, D.M., McCarty,
G., Bittman, S., Carter, J., Cavigelli, M., Duncan, E., Gowda, P, Li, X., Ponce-Campos, G.E., Cibin, R., Silveira, M.L., Smith, D.R., Arthur, D.K.,
,; A . Yang, Q., 2020. Manuresheds: Advancing nutrient recycling in US agriculture. Agricultural Systems 182, 102813.
A https://doi.org/10.1016/j.agsy.2020.102813
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Animal Sector
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I 3,000 - 9,999 less than 3,000
IR ey

30,000 or more 9,000 999 less than 9,000
chickens other than laying hens
(other than a liquid manure handlingl 125,000 or more
systems)
laying hens (other than a liquid 82,000 or more
manure handling systems)
ducks (other than a liquid manure

0,

handling systems) \
ducks (liquid manure handling
systems)

"Must also meet one of two “method of discharge ‘defined as a CAFO or may be designated
* Never a CAFO by regulatory definition, but may be designated as a CAFO on a case-by-case basis.
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NPDES CAFO Permitting Status Report:
National Summary, Endyear 2024, completed July 18, 2025
(as reported by EPA Regions)
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NPDES CAFO Permitting Status Report:
National Summary, Endyear 2024, completed July 18, 2025
(as reported by PA Regions) oo
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‘When was this last updated?
Georgia o

‘Agencytes) involved n regulation enforcement:
Arkansss Dopariment of Environmental Qualty (ADEQ)

ndian Country [R7) Links o regulations:

ndian Country (R8)
Regulation No.&-Regulatio tions of NPDES
hitpa:/mwadeastate.arus/downloadregy/oldrega/reg6.

Regulation No. 5 -Liquid Animal Waste Management Systems
hutps://woew.adeq stat s/fles/reg0s_final 150918 pdf
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Collection

Gls-P -
A Tool for Sustainabl¢ HOW does thIS lmpaCt

Management r e C o \Y/ e ry ?

Sustainable Phosphorus
Center

GIS-P provides a national landscape anal
manure and biosolids land application
regulations across the United States.

Manure Dashboard
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) Structural Predictors: Permitted Facilities Detcted . Not Detected
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Saha, A., Rashid, B., Liu, T., Miralha, L., Muenich, R.L., 2025. Machine learning-based
identification of animal feeding operations in the United States on a parcel-scale. Science of
The Total Environment 960, 178312. https://doi.org/10.1016/j.scitotenv.2024.178312 . T Science and Technologies for Phosphorus Sustainabilty




Stephanie Kulesza:
Associate Professor of
Nutrient Management
& Animal Waste, NCSU

Josh McGrath: National
Program Leader, USDA
Agricultural Research
Service

Phosphorus Sources

Economics

Stephan Levitsky:
Chief Administrative &
Sustainability Officer,
Phospholutions

Holly Porter: Executive
Director, Delmarva
Chicken Association

Agricultural N and P surplus declined nationally, while crop
production increased >50%
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Year

in the mid-1980s to ~3.5 Tg N post-2010.

Figure from Sabo et al. (in review)

2000 2005 2010 2015
Year

Agricultural P surplus declined throughout the
period of record, becoming negative after 2006.

M Vanure Recovered
Crop N Fixation

["] Farm Fertilizer

M Crop Removal

« Agricultural
Surplus



Farmers are largely improving NUE for P—how long will
drawdown be maintained?
B) Phosphorus NUE

Agricultural P surplus declined in most states, and is largely
negative or near zero in 2016—drawdown becoming the norm?
B) Phosphorus Surplus
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Decadal Surplus Averages
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Figure from Sabo et al. (in review) - Figure from Sabo et al. (in review)

The last stops today:

«  Now: Coffee Break: 11-11:15am

«  Next: Breakout Session: Who, What How - 11:15am-12:15pm
- Pick a room based on your interest or expertise

Multipurpose Room Conference Room 3

(where you are now): (by the coffee):

P Use & Circularity (Farm Bill) P Supply & Critical Minerals
Facilitators: Shwetha & Clayr Facilitator: Justin

«  Then: Closing Remarks at 12:15pm

e (Optional) Working Lunch: 12:30-1:30pm
«  Network, socialize, or refine next steps for policy outputs

@ Sustainable Phosphorus Alliance



