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Two nutrient management gaps in the Chesapeake Bay watershed
1. Limited progress in nitrogen (N) and phosphorus (P) management 

2. Management performances varying by region and source

USGS 2021 Nutrient Trends and Drivers in the Chesapeake Bay Watershed

Total N (left)

• Reduction: 41% of stations.

• Increase: 40% of stations.

• No trend: 19% of stations.

Total P (right)

• Reduction: 44% of stations.

• Increase: 32% of stations.

• No trend: 24% of stations.

Trends in total nutrient (N and P) at nontidal 

monitoring stations (2009-2018)
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Two nutrient management gaps in the Chesapeake Bay watershed
1. Limited progress in N and P management 

2. Management performance varying by region and source

2025 Watershed Implementation Plans (WIPs) - Chesapeake Progress

2023 Simulated P Load to the Bay by jurisdiction

Agriculture

Pennsylvania 

MarylandVirginia
Developed  

Wastewater 

2023 Simulated P Load to the Bay by source
*Loads simulated using CAST19 version of Watershed Model and wastewater discharge data reported by Bay jurisdictions.

**The Natural sector contains the following load sources: CSS Forest, Harvested Forest, True Forest, CSS Mixed Open, Mixed Open, Shoreline, Stream Bed and Bank, Headwater or Isolated 
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https://www.chesapeakeprogress.com/clean-water/watershed-implementation-plans
https://www.chesapeakeprogress.com/clean-water/watershed-implementation-plans
https://www.chesapeakeprogress.com/clean-water/watershed-implementation-plans
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1. What are the historical and 

spatial patterns of N and P use 

on and beyond croplands?

2. How can nutrient management 

be connected and improved 

across systems?

3. How can nutrient management 

be enhanced through 

stakeholder engagement?

Research questionsWhat we did…

N, P
1. System approach

(Zou et al., 2024, Environ. Res. Lett.)

2. Transdisciplinary approach

How can the two management gaps be addressed?

Introduction System Transdisciplinary Conclusion  
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System approach: the CAFE framework 

Zou et al., 2024; Zhang et al., 2020; Li et al., 2022.  

• Quantified nutrient budget by county and year from 1985 to 2019 across 4 systems.

• Data sources: Chesapeake Assessment Scenario Tool (CAST), and literature
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𝑵 𝒖𝒔𝒆 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 𝑵𝑼𝑬

=
𝑠𝑦𝑠𝑡𝑒𝑚 𝑁 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑜𝑢𝑡𝑝𝑢𝑡𝑠

𝑠𝑦𝑠𝑡𝑒𝑚 𝑁 𝑖𝑛𝑝𝑢𝑡𝑠
× 100%

𝑷 𝒖𝒔𝒆 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 𝑷𝑼𝑬

=
𝑠𝑦𝑠𝑡𝑒𝑚 𝑃 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑜𝑢𝑡𝑝𝑢𝑡𝑠

𝑠𝑦𝑠𝑡𝑒𝑚 𝑃 𝑖𝑛𝑝𝑢𝑡𝑠
× 100%

𝑵 𝒔𝒖𝒓𝒑𝒍𝒖𝒔
= 𝑠𝑦𝑠𝑡𝑒𝑚 𝑁 𝑖𝑛𝑝𝑢𝑡𝑠
− 𝑠𝑦𝑠𝑡𝑒𝑚 𝑁 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑜𝑢𝑡𝑝𝑢𝑡𝑠

𝑷 𝒔𝒖𝒓𝒑𝒍𝒖𝒔
= 𝑠𝑦𝑠𝑡𝑒𝑚 𝑃 𝑖𝑛𝑝𝑢𝑡𝑠
− 𝑠𝑦𝑠𝑡𝑒𝑚 𝑃 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑜𝑢𝑡𝑝𝑢𝑡𝑠

P inputs P losses and accumulation P productive outputs

N fertilizer 

N manure

N yield 

N loss (leaching/runoff/erosion)

Soil NBiological N fixation

N deposition

N volatilization/emission 

N inputs N losses and accumulation N productive outputs

P fertilizer 

P manure
P yield 

P loss (leaching/runoff/erosion)

Soil P
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Nutrient management indicators
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Cropland nutrient use: 1. Improved nutrient management

Cropping system N budget (1985-2019) Cropping system P budget (1985-2019)
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Zou et al., 2024, Environ. Res. Lett.
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2019 N fertilizer dependency

Cropland nutrient use: 2. More from fertilizer, increased P manure use
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2019 P fertilizer dependency

Mineral fertilizer dependency

the percentage of total cropland inputs 

coming from mineral fertilizer 

• Watershed: 62% (1985) → 62% (2019)

• % of counties dependent more on N 

fertilizer: 82% (1985) → 86% (2019)

=
𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑖𝑛𝑝𝑢𝑡

𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑖𝑛𝑝𝑢𝑡 + 𝑚𝑎𝑛𝑢𝑟𝑒 𝑖𝑛𝑝𝑢𝑡
∗ 100%

• Watershed: 58% (1985) → 46% (2019)

• % of counties dependent more on P 

fertilizer: 76% (1985) → 68% (2019)

Zou et al., 2024, Environ. Res. Lett.
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+138

+62

+185

+9

+19+24

+92

+3

Nutrient surpluses across systems (106 kg N or P)
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Beyond-cropland nutrient use: 1. Larger potential nutrient loss (surplus)
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=
system N surplus

system P surplus
N:P ratio in surplus

Beyond-cropland nutrient use: 2. Increased N:P ratios in surpluses

Introduction System Transdisciplinary Conclusion  

1985

2019
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Socioeconomic and 

technical barriers exist! 

Counties with N potential > 100%: 

62% (1985)

66% (2019)

Counties with P potential > 100%: 

55% (1985)

62% (2019)

Connecting and improving nutrient management across systems and 
spatial scales

2019 N theoretical recycle potential 2019 P theoretical recycle potential

Introduction System Transdisciplinary Conclusion  

=
unrecycled N 𝑜𝑟 𝑃

Mineral N or P fertilizer input
× 100%Nutrient theoretical recycle potential 

Zou et al., 2024, Environ. Res. Lett.
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Animal

s 

Crops 

Environment

Crop farmersLivestock farmers

Consumers

Governments, NGOs, 

academia, businesses, 

industries…

Transdisciplinary approach: Engage and collaborate with different 
stakeholders

Introduction System Transdisciplinary Conclusion  
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Transdisciplinary approach: Meetings, surveys, interviews 

Meetings Surveys Interviews 

Introduction System Transdisciplinary Conclusion  

share research 

findings and gather 

feedback

understand stakeholders' perspectives on N 

pollution and management
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Transdisciplinary approach: Meetings, surveys, interviews 

Survey Interviews 

Introduction System Transdisciplinary Conclusion  

1

Survey 

2

Video 

87 responses 32 responses 11 responsesN management 

across CAFE

To understand stakeholders' perspectives on 

N pollution and management
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Survey and interview findings – Perceived changes in water quality

Total

Potomac

James

Susquehanna

Western Shore

Eastern Shore

Perception changes:

53% N pollution decreased

39% N pollution increased
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Survey and interview findings – Perceived changes in water quality

Total

Potomac

James

Susquehanna

Western Shore

Eastern Shore

Perception changes:

53% N pollution decreased

39% N pollution increased

Report cards show small 

improvement

→ Improvements to water 

quality over the last 10 

years not enough to 

change stakeholder 

perception of N pollution
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Survey and interview findings – Main causes of N pollution

N loss from agriculture

(fertilizer and manure) 

N loss from consumers

Survey 1

Survey 2
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Survey and interview findings – Perceived capacity of stakeholders

High capacity

Low capacity

Groups that rated
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Survey and interview findings – Perceived capacity of stakeholders

High capacity

Low capacity

Groups that 

were rated
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Survey and interview findings – Perceived capacity of stakeholders
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Survey and interview findings – Perceived capacity of stakeholders

State government and 

agricultural producers 

perceived to have 

highest capacity to 

reduce N pollution

Individual consumers 

and restaurants 

perceived to have 

lowest capacity to 

reduce N pollution
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Survey and interview findings – Perceived capacity of stakeholders

Transportation and 

energy perceived to 

have high capacity

→ Renewable energy?
Academia perceived 

to have low capacity

→ Perception on 

research?
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Survey and interview findings - Adopting beneficial N practices

Perceived effectiveness
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Survey and interview findings - Adopting beneficial N practices
Willingness
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Survey and interview findings - Adopting beneficial N practices

Perceived effectiveness Willingness

Individual practices – Low perceived effectiveness but high willingness

→ Opportunities for improving N management beyond agricultural production
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Survey and interview findings - Adopting beneficial N practices

Perceived effectiveness Willingness

Renewable energy and donating money to research – high perceived 

effectiveness and willingness

→ Opportunities to discuss energy transition and funding for research
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Nutrient management over the last 35 years

- Improvement in cropland but greater nutrient loss beyond cropland than in cropland

What did we learn?

Introduction System Transdisciplinary Conclusion  

Cropland

1985 2019

NUE

PUE

But68%

68%

76%

95%
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Nutrient management over the last 35 years

- Improvement in cropland but greater potential nutrient loss beyond cropland than in cropland

What did we learn?

Introduction System Transdisciplinary Conclusion  

To better connect and improve nutrient management across systems

- Further increase the recycling of waste across systems and spatial boundaries

- Better understand and address potential socioeconomic and technical barriers

66% of counties 

with N recycling 

potential over 100%

62% of counties 

with P recycling 

potential over 100%

Cropland

1985 2019

NUE

PUE

But68%

68%

76%

95%
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Gap between water quality improvements and perceived changes in water quality

- Better communication of efforts and improvements towards water quality to the public required

What did we learn?

Introduction System Transdisciplinary Conclusion  

Opportunities for improving nutrient management beyond croplands

- High willingness to participate in individual N management practices

- Need to provide stakeholders with better N management practices they can adopt and help 

them understand their capacity to make a change

- Need to address different stakeholders' concerns and challenges regarding nutrient management

Perceived vs Actual
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The need for using system and transdisciplinary approaches

- CAFE framework: identify management gaps and opportunities across systems and spatial scales

- Transdisciplinary research: improve stakeholder engagement and science communication

→ Explore how we can better translate science into actionable insights for management and 

policymaking

What did we learn?

Introduction System Transdisciplinary Conclusion  
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Future research

Introduction System Transdisciplinary Conclusion  

Recovering manure to replace 

synthetic fertilizer input

How can we better connect and improve nutrient management across 

systems?
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Future research

Introduction System Transdisciplinary Conclusion  

How would improvements in nutrient management affect water 

quality?
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