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Chesapeake Bay Long-term Water Quality 
Monitoring Program sampling design

• 156 stations

• Monthly cruise schedule

• 14-20 cruises per year

• Physical, chemical, biological 
sampling



1x per month

2x per month

1x per month



Successes and 
Challenges

▪ Unassessed criteria remain a hurdle for        
delisting decisions of State-adopted water 
quality standards with our existing framework

▪ Financial stresses on Bay cruises, SAV aerial survey, 
NTN

▪ Contraction of traditional long-term monitoring
programming

▪ Slow pace for expanded assessment of water-
quality standards 

▪ Limited non-traditional data use in assessments
▪ Limited use of new interpretation and interpolation   

options

= Inability to report
on standard attainment

From our Strategic Review System 
July 2020 Management Board Meeting 
presentation



We want reliable point estimates in space, 
through time, at high frequency.

• Improve our understanding of bay
dynamics at new resolutions and 
update relationships with 
environmental forcing

• Improve our understanding of 
living resource relationships with  
bay conditions

• Address regulatory assessment of 
criteria across the full range of 
durations address in Chesapeake 
Bay water quality standards



September 28, 2005 
Estimated 30,000-50,000 fish dead; 15 species affected

Corsica River, MD
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We have done very well with monitoring nearshore habitats in high frequency 
at single depths



Open Water: 
Monitoring needs at high frequency – how much? 



Sensor distribution and sampling design considerations: 
Scully, M. 2016. Mixing of dissolved oxygen in Chesapeake Bay driven by the 
interaction between wind‐driven circulation and estuarine bathymetry.
JGR Oceans



Vertical Profilers: Mainstem Bay. Precursor work to today.

M. Scully 2016. Mixing of dissolved oxygen in Chesapeake Bay driven by 

the interaction between wind‐driven circulation and estuarine bathymetry

JGR: Oceans, Volume: 121, Issue: 8, Pages: 5639-5654, 

First published: 13 July 2016, DOI: 

(10.1002/2016JC011924) 



Vertical Profilers: Mainstem Bay. Precursor work to today.

M. Scully 2016. Mixing of dissolved oxygen in Chesapeake Bay driven by 

the interaction between wind‐driven circulation and estuarine bathymetry

Hurricane Irene 
mixing effects



Water Quality Profiler data
(Tuckey and Fabrizio 2016)

MD DNR Water Quality Profiler - hourly 
About 1 week, 4.5meter depth, Tred Avon River

July 26- July 30, 2019

York River, VA. 1 week Summer 2011

Rappahannock R., VA.  1 week Summer 2011

M. Trice
MD DNR

Dissolved oxygen: We have had some success with profilers in shallow river habitats

D.O. (mg/L)

D.O. (mg/L)



2020 GIT Project Goal: 
Proof of concept in testing a 
portable, easily deployable, 
modest price sensor array for 
open bay, realtime water 
quality data collection. 



2020.  GIT-funded Pilot study on high frequency hypoxia
monitoring. Vertical array of open water dissolved oxygen 
dynamics with vertical profiler data collection at 10-minute 

intervals.

Summer biweekly monitoring: 
*Traditional monitoring program, summer, 1 D.O. profile per 14 days
*Vertical profiler @ 10 minute intervals = 2,016 views of water column D.O. per 14 days



• Dissolved oxygen – water 
at this station becomes 
oxygenated

• Temperature 
stratification is lost and 
becomes isothermal

• Salinity stratification 
declines before oxygen 
rich high salinity water 
moves into the bottom 
waters

September 2020 D. Wilson 2020. CBT GIT-funded pilot project data

Dissolved oxygen: We have had success with profilers in the open bay habitats

~ $50K
Instrument
with high
data return 
on investment

4-5K per sensor



Pushing into real world  4-D Hypoxia tracking –
Continuous water quality accounting for 3-D space 

plus time.

VIMS: Realtime Hypoxia Tracking
https://www.vims.edu/research/topics/dead_zones/forecasts/cbay/hypoxic-volume/index.php

Chesapeake Bay

Gulf of Mexico 
Matli et al. 2018



We want to integrate high frequency deep water 
data profiles with nearshore continuous 
monitoring for 4-dimensional habitat assessment

Severn River time series. Muller and Muller, Heliyon, 2016.

Time



We need more than total hypoxia. We need reliable point 
estimates in 3D-space, through time, at high frequency.

• Improved estimate of hypoxic volume

• Improved understanding of location of 
hypoxia in space, through time that living 
resources are navigating

Shape of habitat volume



We need 2 things:
1. Integrated monitoring to address time and space resolution
2. 4-D interpolator for continuity in habitat characterization

Improved capacity 
Fill Habitat Assessment Gaps

Update integrated monitoring approach Update analytical and assessment
approaches



Targeting Dissolved Oxygen Assessment 
needs, questions for the group: 
• Build out network of vertical measures: minimum 2 suggested, more? 

(DO, Temp and Salinity are necessary sensors here)

•

• Does “more” mean addressing lateral conditions of the mainstem? 
Can we get what we need with a network of bottom sensors if we 
have 2+ vertical realtime monitors in the mainstem?

• Vertical sensor array – minimum number, distribution? Do we mimic
long term monitoring depth profile distributions (place a lot of 
sensors in the water) needed for defining AP, P, BP habitats? 





CB3D-ICM 1994

First look model comparisions…



Deep water hypoxia is important… …but fish kills tend to be shallow water phenomenon

MD Fish Kill map
2004

Shallow water is important too: 
Over 24% of Chesapeake Bay is <2m deep





http://www.chesapeake.org/pubs/cfd_stac_final.pdf



Technique directions: 
Combining observations and model results 




