
1

December 7, 2022 

Nontidal and Tidal Nutrient Trends:
An exploration of monitoring data

A collaborative analysis team:
• Chris Mason, James Colgin, Alex Soroka, and Doug Moyer (USGS):

NTN load & trend computation and analysis
• Rebecca Murphy and Qian Zhang (UMCES/CBP), Mukhtar Ibrahim 

(MWCOG), Renee Karrh (MDDNR), and Mike Lane (ODU)
Tidal trend computation and analysis

• Kaylyn Gootman (EPA), Breck Sullivan (USGS), and Alex Gunnerson (CRC):
ITAT leadership

• Jimmy Webber, John Clune, and Alex Soroka (USGS):
SIMPLE team

All are welcome to join a follow up discussion about this 
topic on January 4th from 12:00 – 1:00 PM

Objective: to compare long-term monitored total nitrogen and total 
phosphorus changes in tidal and nontidal Chesapeake Bay stations.



SIMPLE is a collaborative effort by the USGS Chesapeake Bay research community to 
share scientific information with stakeholders that helps inform nutrient-reducing 
management activities. This objective is met by communicating existing research and 
investigating new science activities that address priority stakeholder questions.
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SIMPLE: Science to Inform Management 
Priorities, from Loads to Endpoints

Identify priority 
science questions 
from stakeholder 

feedback.

Address questions 
with insights from 
existing and new 
science activities. 

Share technical 
information with 

stakeholders and 
science partners.

Use feedback to 
guide ongoing 

science activities.

SIMPLE is co-led by Jimmy Webber (VA/WV), John Clune (PA), and Alex Soroka (MD/DE/DC)
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There are common themes across the watershed where 
scientific insights can inform management activities

Nontidal Influences 
on Estuarine 
Response and 
Standards Attainment

Water-Quality 
Benefits to Biological 
Conditions and 
Human Health

Nutrient and 
Sediment Responses 
in Nontidal Streams

Legacy 
Nutrients and 
Lag Times

Sediment Dynamics 
and Reservoir 
Infilling

Climatic 
Influences on 
Water Quality

Practices to Reduce 
Nutrients and Sediment: 
Placement, Changes, and 
Implications for Targeting

Strengthening Decision 
Making with Modeling 
and Monitoring 

Drivers of Nutrient 
Responses in 
Nontidal Streams
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Summarizing Scientific Findings for Common Stakeholder Questions 
to Inform Nutrient and Sediment Management Activities in the 
Chesapeake Bay Watershed
https://www.usgs.gov/centers/chesapeake-bay-activities/science/summarizing-scientific-findings-common-stakeholder



There are numerous factors physical, chemical, and biological 
factors that influence Bay water quality, including effects of river 
flows, extreme weather events, and watershed nutrient loads.
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A comparison of nontidal nutrient trends and tidal 
responses can help inform management activities 

Murphy, R.R., Keisman, J., Harcum, J., Karrh, R.R., Lane, M., Perry, E.S., 
and Zhang, Q., 2022, Nutrient Improvements in Chesapeake Bay: Direct 
Effect of Load Reductions and Implications for Coastal Management: 
Environmental Science & Technology, v. 56, no. 1, p. 260–270.

After accounting for variation in freshwater flow, nutrient improvements 
in the Bay were explained by reductions in watershed river load and 
point source nutrient discharges (Murphy and others, 2022).

A continued evaluation of nontidal nutrient trends and tidal responses can 
help inform watershed management activities and evaluate their effects. 

How do tidal and nontidal trends differ…
...by region/tributary?
...by constituent (N v P, total v dissolved)?
…over time (long-term vs short-term changes)?



• Nutrient and sediment concentrations, loads, and trends are computed biennially at 
the 123 station NTN.

• Computations are based on monthly and, for many stations, storm-targeted water-
quality samples. 

• Data are computed annually at 9 River Input Monitoring (RIM) stations, which have 
been monitored since 1985 and represent 78 percent of the Bay watershed.

• Concentrations, loads, and trends in flow-normalized data are computed using 
Weighted Regressions on Time, Discharge, and Season (WRTDS).

• NTN loads and trends are computed through water year 2020 and will be available 
online soon.

• RIM loads and trends are computed through water year 2021 and are available 
online:

• www.sciencebase.gov/catalog/item/633b14b5d34e900e86cf13d0
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Nontidal Monitoring Network
Chris Mason, James Colgin, Alex Soroka, and Doug Moyer, (USGS)

EXPLANATION
RIM monitoring station and boundary

NTN monitoring station
Tidal monitoring station



• Nutrient, total suspended solid, dissolved oxygen, water temperature, Secchi 
depth, and chlorophyll a, trends are computed at more than 130 stations located 
throughout the Chesapeake Bay mainstem and tidal portions of numerous 
tributaries.

• Computations are based on water-quality data sampled monthly or bi-monthly, 
with many stations monitored since the mid-1980s.

• Flow-adjusted trends are computed using a Generalized Additive Modeling 
(GAM).

• Data are computed through 2021 and are available online: 
• www.chesapeakebay.net/who/group/integrated-trends-analysis-team
• cast.chesapeakebay.net/TrendsOverTime
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Tidal Monitoring Network
Rebecca Murphy (UMCES/CBP), Mukhtar Ibrahim (MWCOG), 
Renee Karrh (MDDNR, and Mike Lane (ODU) 

EXPLANATION
RIM monitoring station and boundary

NTN monitoring station
Tidal monitoring station



Long-term trends improved for TN at 6 stations and for TP at 3 stations
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Susquehanna

RIM Station TN Trend Direction TP Trend Direction
Susquehanna Improved No Change
Choptank Degraded Degraded
Patuxent Improved Improved
Potomac Improved Improved
Rappahannock Improved Degraded
Mattaponi Improved No Change
Pamunkey No Change Degraded
James Improved Improved
Appomattox Degraded Degraded

Nontidal Network
Long-Term Flow-Normalized Nutrient Load Trends, RIM Stations, Through 2021



Flow-adjusted TN and TP concentrations 
improved over a long-term period at most stations.
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Tidal Network
Long-Term Flow-Adjusted Surface Nutrient Concentration Trends, Through 2021

Parameter Trend Direction Percent
Flow-Adjusted Surface 

TN Concentration,
n = 138

Improved 87
No Change 10
Degraded 3

Flow-Adjusted Surface 
TP Concentration,

n = 138

Improved 78
No Change 14
Degraded 8

WT4.1

ET5.1

LE3.3RET3.2

LE4.1

TF4.4
RET3.2
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Choptank TN: RIM Increasing, Tidal Increasing

CHOP: +0.3 mg/L*    (increasing)   +41,900 lb** (increasing)
ET5.1:  +0.2 mg/L*** (increasing)
ET 5.2: -0.5 mg/L***  (decreasing)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1985 – 2021)

**Flow-normalized load (1985 – 2021)
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Choptank TP: RIM Increasing, Tidal Decreasing

CHOP: +0.05 mg/L*  (increasing)   +25,400 lb** (increasing)
ET5.1:  -0.3 mg/L***  (decreasing)
ET 5.2: -0.5 mg/L***  (decreasing)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1985 – 2021)

**Flow-normalized load (1985 – 2021)
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Rappahannock TN: RIM Decreasing, Tidal Decreasing

RAPP:   -0.3 mg/L*   (decreasing)   -850,000 lb** (decreasing)
TF3.1:   -0.2 mg/L*** (decreasing)
TF3.1E: -0.4 mg/L*** (decreasing)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1994 – 2021)

**Flow-normalized load (1985 – 2021)
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Rappahannock TP: RIM Decreasing, Tidal Decreasing

RAPP:  -0.02 mg/L*   (decreasing)   +184,000 lb** (decreasing)
TF3.1:   -0.4  mg/L*** (decreasing)
TF3.1E: -0.5  mg/L*** (decreasing)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1988 – 2021)

**Flow-normalized load (1985 – 2021)
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Mattaponi TN: RIM Decreasing, Tidal Increasing

MATT:   -0.05 mg/L*    (decreasing)   -40,000 lb** (decreasing)
TF4.4:   +0.08 mg/L*** (increasing)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1994 – 2021)

**Flow-normalized load (1985 – 2021)
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Mattaponi TP: NTN No Change, Tidal No Change

MATT:  +0.00 mg/L*     (no change)   -2,700 lb** (no change)
TF4.4:   +0.08  mg/L*** (no change)

*Flow-normalized concentration (1985 – 2021)
***Surface flow-adjusted concentration (1985 – 2021)

**Flow-normalized load (1985 – 2021)
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