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Clean Water Act Water Quality Standards Monitoring and Assessment Issue: 
A segment must meet all criteria in all applicable designated uses for a 
decision on delisting in State water quality standards



USEPA Criteria assessment guidance –

USEPA (2003): 

• For dissolved oxygen and chlorophyll a  
criteria assessment, 
• Open Water habitat is shore to 

shore. 
• Shallow water is not a separate 

assessment zone.

• For SAV/Water clarity –
• Shallow water is the designated 

use for bay grass. 



USEPA Criteria assessment guidance -

USEPA (2017): Options for subsegmenting
Open Water habitat for criteria assessment

• For dissolved oxygen criteria assessment, 
shallow water is one of 3 zones that may 
be used to subsegment water quality 
assessments

• Zone 1: Open water
• Zone 2: Shallow water
• Zone 3: Tributaries of tributaries (aka 

“triblets”)

Zone 1

Zone 2

Zone 3
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The deep water seasonal hypoxia is important - loss of 
thermal refuge, forage, nutrient cycling feedbacks…

Eyes on the Bay, MD DNR 2023



… but fish die in shallow water

Fish kills attributed to hypoxia, 
MD Chesapeake Bay, 1987-2001 



… but fish die in shallow water with diel hypoxia.

Fish kills attributed to hypoxia, 
MD Chesapeake Bay, 1987-2001 

1 week example of diel dissolved oxygen  swings from 0 to 9+ mg/L
Severn River, Ben Oaks



… but fish die in shallow water with diel hypoxia.

Measurement and managing both habitats is important

Fish kills attributed to hypoxia, 
MD Chesapeake Bay, 1987-2001 

1 week example of diel dissolved oxygen  swings from 0 to 9+ mg/L
Severn River, Ben Oaks



For each habitat, all space is equally 
important for the assessment accounting

USEPA (2003): Criteria assessment accounting USEPA (2003): The CFD Attainment Test



Monitoring Chesapeake Bay:
Guidance and investments



Guidance on the future of CBP monitoring programs

Approximately decadal deep 
dive monitoring program 

reviews

CBP Science Needs Database  
Program-wide data base of science, 

research and monitoring needs

Topical Workshops
with recommendations

Targeted research
JGR: Oceans Vol 118

2009



Chesapeake Bay Dissolved oxygen monitoring



Targeted Research: Colleagues (Bever et al.) have published 
work examining monitoring designs towards improving 
estimates of hypoxic volume, efficiencies – program guidance

2013

2018



Open Water Habitat: New vertical sampling arrays
Science and decision-support needs: Address gaps in water quality criteria attainment assessments

Use in model calibration and verification

• Dissolved oxygen, 10 minute water column data. 
• 1 month in 2020, 20-meter water column depth

• Hypoxia Collaborative established in 2020 to build out network 
(NOAA, EPA, USGS led) 

D.O.
Temp
Salinity
sensors

D.O.
mg/l

Choptank R. MD. D. Wilson Caribbean Wind LLC

Research translated to investment…

K. Gootman



Sensor distribution and sampling design considerations: lateral?

E.g., Scully, M. 2016. Mixing of dissolved oxygen in Chesapeake Bay driven by the 
interaction between wind-driven circulation and estuarine bathymetry.

JGR Oceans



Targeted Research: Nearshore and offshore 
monitoring of hypoxia 

Segment dependent influence of nearshore/offshore monitoring 
combinations affect D.O. criteria assessment accuracy and bias

2016 2022



Addressing high temporal frequency data 
needs issues by expanding monitoring 
and assessment capacity (PSC Report)

• NOAA supports 3 vertical sensor 
arrays (2023)

• 7 more vertical array deployments 
planned by 2025

• Tidal/Nontidal boundary – river input 
water quality continuous monitors 

2

3

TBD  
mobile 

TBD

***Tidal Bay arrays located with input from monitoring, analysis, 
fisheries, and modeling workgroups 

TBD



Long term temporal patterns 
Smoothly varying change from observations aided by 
deterministic relationships with continuously available 
information (flow, wind, temperature, dynamic model 
output, etc)
Key data example: Long-term fixed network

Short term temporal variability
Daily & tidal cycling, temporal autocorrelation, etc
Key data example: Conmon

Spatial structure
Spatial autocorrelation; anisotropy in depth 
direction; deterministic relationships to other 
spatial data (bathymetry, satellite images, etc)
Key data example: Dataflow

d1, t1

d2, t1

d3, t1

d1, t2

d2, t2

d3, t2

…

…

“4d” Spatial & temporal estimates of DO

Source: R. Murphy

2022: New 4-D water quality interpolation is under development (Bay Oxygen Research Group): 
Space-time interpolation with GAMs



Where we are heading: Assessment of all Bay oxygen water 
quality criteria for 2025 

Source: G. Shenk

Research translated to investment supporting assessment



Where we are heading: Assessment of all Bay oxygen water 
quality criteria for 2025 

Source: G. Shenk

Research translated to investment supporting assessment

Output: Probability of 
Attainment – decision 
making with uncertainty 



Where we are heading: Assessment of all Bay oxygen water 
quality criteria for 2025 

Research translated to investment supporting assessment

Output: Probability of 
Attainment – decision 
making with uncertainty 

See also “Conditional Attainment” 
USEPA (2017)



Chesapeake Bay SAV

CBP 2021

Goal 185,000 acres





Barriers? Survey says…
• Cost
• Programmatic support
• Product accuracy
• Data continuity



Satellite-based estuarine SAV assessment has 
arrived! 

M. Coffer et al. 2023
Proof of concept across diverse systems



Satellite-based SAV estuarine assessment has 
arrived! 
Historical aerial SAV Monitoring 
model

• 1 snapshot per year per transect

• During the peak growing season

• Sub 1m-sq

Dove Planetscope data collection 
model

• Daily to subdaily imaging over 
the bay 

• Yearround

• Sub 4m-sq



Coming soon! Chesapeake Bay regional scale 
test of satellite-based SAV assessment

• Monitoring program review recommendations 

• Included SAV pilot of satellite-based monitoring 
over the mesohaline reaches of the bay

• Included requirement for comparison and 
calibration with aerial based monitoring results

• Receiving EPA support in 2023 for a 2-year study.



Chesapeake Bay Water Clarity

General and Component-based metrics of water clarity. 



Chesapeake Bay Water Clarity

General and Component-based metrics of water clarity. 

Kd



Baywide kd characterization with satellite imaging 
has been achieved. 

However, not yet ready for primetime monitoring program adoption.  

Water clarity – Preview snippets of DRAFT STAC report 
Recommendations 
● Research and Monitoring – Establishing a network of 

calibration and verification sites for kd measures

● Research – Evaluation of newer satellites for improving 
assessment accuracy and spatial resolution is needed

● Research – Research is needed to tune existing algorithms for 
interpreting satellite-based data, or creating new algorithms 
that improve on accuracy over existing algorithm 
characterizations of satellite-based data 

2022 Advanced Monitoring Workshop

(DRAFT - Do not cite recommendations at this time) 



Chesapeake Bay Chlorophyll a

General and Component-based metrics of water clarity. 

CHLA



We are swimming in a sea of chlorophyll 
(data and products)

He et al. 2021  11 yr CHLA time series 

NCCOS: R. Stumpf, M. Tomlinson and colleagues: 
5 algorithms evaluated on chla for Chesapeake Bay



38 year satellite-based time series for CHLA for 
Chesapeake Bay (publication work underway)



A machine-learning model trained to estimate surface chlorophyll-a concentrations from 
Landsat data was applied to tidal Chesapeake Bay tidal waters from 1985-2021

Creating a time-series of chlorophyll-a at a 30-meter scale.



Ongoing developments of new chlorophyll related 
products from NCCOS and others. 

Examples: Daily 300m vs 5-day 20 m 



Next steps
• Build out the Next Generation Tidal Bay Monitoring Strategy 

• Build upon the new strategy work developed from the 2021-22 PSC Monitoring Review 
• Scenario assessments of inshore-offshore linked sampling programs 

• that consider the pairing of our new infrastructure investments with existing data collection programs for the 
least biased, most accurate habitat assessments.

• GIT-funded study on detailed designs for 10%/10 yrs of bay segment assessments? 
• Grad student? Post doc? 
• RFP?

• Scenarios that adapt to the constraints of less than optimal sampling locations
• Avoid shipping channels
• Limits on numbers of sensors deployed and maintained
• Nearshore infrastructure to attach sensor units 

• New science to support adoption, integration of new data streams -
• Create new science on living resource-habitat relationships using new spatial coverage, spatial and temporal 

density data available
• Evaluate alignment of rich new data products with regulatory assessment needs 

• Ongoing research on AI/ML algorithm development, testing and tuning for efficient, effective 
data retrieval, data characterizing from advanced monitoring resources





Sensor distribution and sampling design considerations: lateral?

E.g., Scully, M. 2016. Mixing of dissolved oxygen in Chesapeake Bay driven by the 
interaction between wind-driven circulation and estuarine bathymetry.
JGR Oceans







• Dissolved oxygen 

• Temperature

• Salinity

Sept-Oct 2020 mid-Bay CB4.3

D. Wilson 2020. 2019-2020 Chesapeake Bay Trust GIT-funded pilot project results

High temporal density water quality data collection for habitat conditions is needed to 
define habitat boundaries as well as the oxygen resource

~ $50K
instrument
with high
data return 
on investment

Autumn turnover 
in the  mid-bay




