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

Trends in total nutrient (N and P) at nontidal
monitoring stations (2009-2018)

EXPLANATION
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* No trend: 24% of stations.

USGS 2021 Nutrient Trends and Drivers in the Chesapeake Bay Watershed
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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

2023 Simulated P Load to the Bay by jurisdiction 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
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How can the two management gaps be addressed?

What we did... Research questions

1. System approach 1. What are the historical and
(Zou et al., 2024, Environ. Res. Lett.) spatial patterns of N and P use

on and beyond croplands?
2. Transdisciplinary approach
. How can nutrient management
be connected and improved
across systems?

. How can nutrient management
be enhanced through
stakeholder engagement?
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System approach: the CAFE framework

* Quantified nutrient budget by county and year from 1985 to 2019 across 4 systems.
» Data sources: Chesapeake Assessment Scenario Tool (CAST), and literature

CAFE Framework System Scales
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Zou et al., 2024; Zhang et al., 2020; Li et al., 2022.
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System approach: the CAFE framework

* Quantified nutrient budget by county and year from 1985 to 2019 across 4 systems.
» Data sources: Chesapeake Assessment Scenario Tool (CAST), and literature

CAFE Framework System Scales
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Zou et al., 2024; Zhang et al., 2020; Li et al., 2022.
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System approach: the CAFE framework

* Quantified nutrient budget by county and year from 1985 to 2019 across 4 systems.
» Data sources: Chesapeake Assessment Scenario Tool (CAST), and literature

CAFE Framework System Scales
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System approach: the CAFE framework

* Quantified nutrient budget by county and year from 1985 to 2019 across 4 systems.
» Data sources: Chesapeake Assessment Scenario Tool (CAST), and literature

CAFE Framework System Scales
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Zou et al., 2024; Zhang et al., 2020; Li et al., 2022.
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Nutrient management indicators

N inputs N losses and accumulation N productive outputs P inputs P losses and accumulation P productive outputs

» P yield

P loss (leaching/runoff/erosion)

N volatilization/emission

N yie|d

N loss (leaching/runoff/erosion)

N use ef ficiency (NUE) P use efficiency (PUE)

system N productive outputs system P productive outputs
= , X 100% = , X 100%
system N inputs system P inputs

N surplus P surplus
= system N inputs = system P inputs
— system N productive outputs — system P productive outputs
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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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Cropland nutrient use: 2. More from fertilizer, increased P manure use

2019 N fertilizer dependency 2019 P fertilizer dependency

- Watershed: 62% (1985) — 62% (2019) * Watershed: 58% (1985) — 46% (2019)
- % of counties dependentmoreon N~ * 7 of counties dependent more on P
fertilizer: 82% (1985) — 86% (2019) fertilizer: 76% (1985) — 68% (2019)

Mineral fertilizer dependency
the percentage of total cropland inputs
coming from mineral fertilizer

N_F212019
100

P_F212019
100

75

mineral fertilizer input

50

. —— , *100%
mineral fertilizer input + manure input

25
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Beyond-cropland nutrient use: 1. Larger potential nutrient loss (surplus)

Nutrient surpluses across systems (10 kg N or P)

CAFE Framework System Scales >

4. Landscape Ecosystem
Other human-related nutrient activities
(e.g., food consumption, wastewater treatment)

3. Food system

~
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2. Animal-crop system o
( C Crop & animal production l;q ?:J ﬁ
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Crops & soil "
RO

Cropping Animal-crop Ecosystem
——N 1985 —+-N 2019 ——P 1985 —-P 2019




P ntoduction_» __System _» > 3

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

system N surplus
system P surplus

N:P ratio in surplus =

in system surplus
N N (%)
o 4] o

=
(3]

Watershed-level N:P ratio

=
o

Cropping Animal-crop Food Ecosystem

= 1985 == 2019
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Connecting and improving nutrient management across systems and
spatial scales

Nutrient theoretical recycle potential = unrecycled N or P X 100%
yelep ~ Mineral N or P fertilizer input ’

2019 P theoretical recycle potential

2019 N theoretical recycle potential

Counties with N potential > 100%:
62% (1985)
66% (2019)

Counties with P potential > 100%:
55% (1985)
62% (2019)

Socioeconomic and
technical barriers exist!

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



Transdisciplinary approach: Engage and collaborate with different
stakeholders Consumers

Livestock farmers =, 4 Crop farmers

>

Governments, NGOs,
academia, businesses,
industries...

N




Transdisciplinary approach: Meetings, surveys, interviews

Meetings Surveys Interviews

a] 223 ] G

Share research understand stakeholders' perspectives on N
findings and gather pollution and management
feedback




Transdisciplinary approach: Meetings, surveys, interviews

Survey Video Survey Interviews

0 - G

87 responses N management 32 responses 11 responses
across CAFE

To understand stakeholders' perspectives on
N pollution and management
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Survey and interview findings — Perceived changes in water quality

Susquehanna
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Survey and interview findings — Perceived changes in water quality

Susquehanna

M a great deal more

slightly more . Perception changes:
_ about th t of .
fotal Wsiightly less T - 53% N pollution decreased

M a great deal less

A" 39% N pollution increased

Total Susquehanna
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Seore
e
o
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o
o
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a
o
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Western |

Report cards show smalli
Shore

improvement

-> Improvements to water
quality over the last 10
years not enough to
change stakeholder

"= _..- perception of N pollution

44

. Eastern Shore

N hsapeake
°-Bay



N loss from agriculture
(fertilizer and manure)

N loss from consumers

Nitrogen loss from fertilizer use

Nitrogen loss from animal waste
Stormwater/developed land
Sewage treatment facilities

Emission from industrial production power plants and cars

Legacy nitrogen from fertilizer and manure

Nitrogen deposition

Nitrogen loss during transportation of agricultural products
Others

Nitrogen loss from agricultural product processing and retail

Survey and interview findings — Main causes of N pollution

Main causes of N pollution in the watershed

\_/

Food loss from consumers

|

I

— B Survey 1
|

— " Survey?2
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) —

o 2 4 6 & 10 12 14 16 18 20

Percent
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Survey and interview findings — Perceived capacity of stakeholders

Ag Coop 10 High capacity

Transportation

Energy

Waste
Treatment

Restaurants

Livestock
farmers

FedGov
NGOs

Ag business
StateGov

LocalGov

0 Low capacity

Crop farmers

consumers
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Survey and interview findings — Perceived capacity of stakeholders

Ag Coop 10 High capacity

Transportation

Energy

Waste
Treatment

Restaurants

Livestock
farmers

FedGov
NGOs

Ag business
StateGov

LocalGov

0 Low capacity

Crop farmers

consumers

Academia

Total

Groups that
were rated

22
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Survey and interview findings — Perceived capacity of stakeholders

6.67

7.6

4.4

6.53

6.41

6.08

Ag Coop
Transportation

Energy

Waste
Treatment

Restaurants

Livestock
farmers

FedGov
NGOs

Ag business
StateGov

LocalGov

Crop farmers

consumers

Academia

Total
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Survey and interview findings — Perceived capacity of stakeholders

10

State government and
agricultural producers

perceived to have o
highest capacity to Individual consumers

reduce N pollution and restaurants
perceived to have

lowest capacity to
reduce N pollution
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Survey and interview findings — Perceived capacity of stak

eholders

10

Transportation and
energy perceived to

have high capacity Academia perceived
- Renewable energy? to have low capacity
- Perception on
research?



Survey and interview findings - Adopting beneficial N practices

Perceived effectiveness

Reduce household food loss/waste{ 47% 24%

Other| 46% 16%

Apply N management in work{| 46% 14%

Learn more about N management| 43% 17%

Environmental fees and taxes to create incentives{ 43% 11%

Participate in public education| 39%

Donate money to research{ 39%

Subsidies - BMPs and low N footprint products{ 38%
Shift to healthy low N footprint diets{ 38%

Share N management knowledge | 38%

Mandate sustainable supply chain codes{ 38%

Increase use of renewable energy|{ 34%

-70 -35 0 35 70
Percentage (%)

I Extremely ineffective = Somewhat ineffective Neutral =~ Somewhat effective Il Extremely effective




> _introduction ) System ) Transdisciplnay » 2
Survey and interview findings - Adopting beneficial N practices
Willingness

Learn more about N management| 43%

Apply N management in work{ 43%

Subsidies - BMPs and low N footprint products{ 39%
Share N management knowledge| 38%

Donate money to research{ 38%

Shift to healthy low N footprint diets{ 37%
Participate in public education{ 37%

Environmental fees and taxes to create incentives| 36% 22%

Other{ 34% 26%

Increase use of renewable energy{ 30% 23%

Mandate sustainable supply chain codes{ 28% 31%

Reduce household food loss/waste{ 28% 30%

-70 -35 35 70

0
Percentage (%)

I Extremely unwiling - Somewhat unwilling Neutral = Somewhat willing Il Extremely willing




> _introduction ) System ) Transdisciplnay » 2
Survey and interview findings - Adopting beneficial N practices

Perceived effectiveness Willingness

< Reduce household food loss/waste ]

Other
Apply N management in work
Learn more about N management

Environmental fees and taxes to create incentives

Di79

46%

Learn more about N management

Apply N management in work

Subsidies - BMPs and low N footprint products
Share N management knowledge {

Donate money to research

]
=

Participate in public education Shift to healthy low N footprint diets

Donate money to research | Participate in public education

Subsidies - BMPs and low N footprint products Environmental fees and taxes to create incentives

Shift to healthy low N footprint diets Other{ 34%

Share N management knowledge 1 Increase use of renewable energy|{ 30%

Mandate sustainable supply chain codes Mandate sustainable supply chain codes{ 28% 31%
Increase use of renewable energy

Reduce household food loss/waste. >8% 30%

&
w I

-70 - 0 35 70
Percentage (%)

[ | Extremely ineffective Somewhat ineffective Neutral Somewhat effective [l Extremely effective

-70 0 35

Percentage (%)
¥ Extremely unwiling ~ Somewhat unwiling ~ Neutral - Somewhat willing [l Extremely willing

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

Reduce household food loss/waste |

Learn more about N management 22%

Other{ 46% Apply N management in work

Apply N management in work{ 46% Subsidies - BMPs and low N footprint products

Learn more about N management 43%

Share N management knowledge {
Environmental fees and taxes to create incentives{ 43% < Donate money to researc;

Participate in public education{ 39% Shift to healthy low N footprint diets

Donate money to research*}Q% Participate in public education

Subsidies - BMPs and low N footprint products{ 38% Environmental fees and taxes to create incentives

Shift to healthy low N footprint diets{ 38% Other

Share N management knowledge{ 38% ( Increase use of renewable energ;

Mandate sustainable supply chain codes|{ 38% Mandate sustainable supply chain codes

Increase use of renewable energ )34% Reduce household food loss/waste

&
w I

-70 - 0 35 70 -70
Percentage (%)

[ | Extremely ineffective Somewhat ineffective Neutral Somewhat effective [l Extremely effective

0 35
Percentage (%)

O Extremely unwilling = Somewhat unwilling Neutral Somewhat willing O Extremely willing

Renewable energy and donating money to research — high perceived
effectiveness and willingness

- Opportunities to discuss energy transition and funding for research




What did we learn?

Nutrient management over the last 35 years

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

Cropland
1985 N 2019
NUE 68% 76%

PUE  68% 95%

Cropping Animal-crop Ecosystem
——N1985 —-N2019 -=-P 1985 —--P 2019
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What did we learn?

Nutrient management over the last 35 years

- Improvement in cropland but greater potential nutrient loss beyond cropland than in cropland
Cropland
1985 N 2019
NUE  68% 76%

PUE  68% 95%

Cropping Animal-crop Ecosystem
——N 1985 —+-N2019 —=—P 1985 —+-P2019

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

A )

66% of counties . 62% of counties
with N recycling with P recycling
potential over 100% potential over 100%
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What did we learn?

Gap between water quality improvements and perceived changes in water quality

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

] algrﬁgt deal more

slightly more .

about the same amount Perceived vs Actual
M slightly less
M a great deal less

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

32



What did we learn?
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
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Future research
How can we better connect and improve nutrient management across

systems? |

15000

CAFE Framework System Scales

S L

4. Landscape Ecosystem
Other human-related nutrient activities
(e.g., food consumption, wastewater treatment)
3. Food system

/ Food processing and retail N\ {i}

2. Animal-crop system
Crop & animal production

1. Cropping system

Crops & soil

5000

NS - animal-crop, food, eco (kg N/icropland km2)

I \
Of

30 44 86 100

58 72
Manure recovery rate (%)
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kg N/cropland km2
reduction

-20000 ~ -10000
-10000 ~ 0
0 ~ 10000
NA

Recovering manure to replace
synthetic fertilizer input
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Future research

How would improvements in nutrient management affect water
quality?

]
]
20000 '
. 8 A n
'
1 {
' e
15000 . W\
3 10000 : <Di egate 20%2024)
i isaggre
' Gridded crop and pasture distributions Gridded livestock distributions
., 4% cropland P

County-scale N budget CAFE framework (Li, 2022)

Crop System \manure Animal-Crop System

Atmospheric
deposition
Biological fixation

eco (kg N/cropland km2)

E
a
g ‘ n - FAO 7 N consumption
5 : Synthetic fertilizer input kg N excretion
g 5000 " Atmospheric deposition ) } Nyield
E Biological fixation ; Cattie
£ . Manure input b < Chicken
- ' Yield N Y Pig
zZ | Pasture | & \ Horse

o ' Synthetic fertilizer input { B Sheep

) Atmospheric deposition f Goat
30 44 58 72 8 100 Biologial ixation ¥
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£ 10kmx10km
~NS C—NSA—NSF-NSE
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Non-tidal network station Agricultural N indicators
N budgetm Nitrogen use efficiency
¢ f Nitrogen surplus

kg N/cropland km2
reduction

E»ZOOOO ~-10000

_______ | 3 Direct relationship

-10000 ~ 0

0~ 10000 Water quality indicators

Flow normalized N load
Flow nermalized N concentration



Thank you!
Questions?

Tan Zou'!, Meghna Mathews", Eric A.
Davidson’, Matthew Houser?, William C.
Dennison?, Jun Suk Byun'’, Xin Zhang""
jun.suk.byun@umces.edu
xin.zhang@umces.edu

1. Appalachian Laboratory, University of
Maryland Center for Environmental Science,
MD, USA

2. Horn Point Laboratory, University of Maryland
Center for Environmental Science, MD, USA
3. University of Maryland Center for
Environmental Science, MD, USA

———
~—~— ~—— T .
=~~~ University of Maryland

CENTER FOR ENVIRONMENTAL SCIENCE
APPALACHIAN LABORATORY

References

T. Zou, E. A. Davidson, R. Sabo, G. MacDonald, X. Zhang (2024). “Disparities in
nitrogen and phosphorus management across time and space: a case study of
the Chesapeake Bay using the CAFE framework.” Environmental Research
Letters. 19:114016, doi: 10.1088/1748-9326/ad786¢

Zhang, X., E. A. Davidson, T. Zou, L. Lassaletta, Z. Quan, T. Li, and W. Zhang.
2020. Quantifying Nutrient Budgets for Sustainable Nutrient Management.
Global Biogeochemical Cycles 34.https://doi.org/10.1029/2018gb006060

Li, T., X. Zhang, Y. Zhong, E. A. Davidson, Z. Dou, W. Zhang, P. S. Pavinato, L.
A. Martinelli, D. R. Kanter, J. Liu, and F. Zhang. 2022. A Hierarchical Framework
for Unpacking the Nitrogen Challenge. Earth's Future
10:€2022EF002870.https://doi.org/10.1029/2022EF002870




Thank you!
Questions?

Tan Zou'!, Meghna Mathews", Eric A.
Davidson’, Matthew Houser?, William C.
Dennison?, Jun Suk Byun'’, Xin Zhang""
jun.suk.byun@umces.edu
xin.zhang@umces.edu

1. Appalachian Laboratory, University of
Maryland Center for Environmental Science,
MD, USA

2. Horn Point Laboratory, University of Maryland
Center for Environmental Science, MD, USA
3. University of Maryland Center for
Environmental Science, MD, USA

e —— ~—] . .
=~~~ University of Maryland

CENTER FOR ENVIRONMENTAL SCIENCE
APPALACHIAN LABORATORY

CAFE related work

ENVIRONMENTAL RESEARCH
LETTERS

LETTER

Disparities in nitrogen and phosphorus management across time
and space: a case study of the Chesapeake Bay using the CAFE
framework

Tan Zou'" (), Eric A Davidson"' (), Robert D Sabo’ @, Graham K MacDonald’© and Xin Zhang""" ©
Zou et al., 2024, Environ. Res. Lett.

A Hierarchical Framework for Unpacking the Nitrogen
Challenge

Tingyu Li'2 ©, Xin Zhang® ©, Yuxiu Zhong?, Eric A. Davidson® (), Zhengxia Dou*, Weifeng Zhang!?2,
Paulo S. Pavinato®, Luiz A. Martinelli®, David R. Kanter”, Jianguo Liu®, and
Fusuo Zhang! ©

Li et al., 2019, Earth’s Future




	Slide 1
	Slide 2: Two nutrient management gaps in the Chesapeake Bay watershed
	Slide 3: Two nutrient management gaps in the Chesapeake Bay watershed
	Slide 4: How can the two management gaps be addressed?
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36: Thank you! Questions?
	Slide 37: Thank you! Questions?

