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Seagrass Habitat & Water 
Clarity
• Chesapeake Bay water clarity 

standards established to support 
healthy seagrass

• CBNERR-VA has monitored shallow 
waters to assess water clarity for > 
20 years

• In-situ observations are excellent, 
but spatial & temporal gaps remain

• Satellites can help fill the gaps

Erin Shields, VIMS, CBNERR-VA

NASA, 
2017



CBNERR-VA Monitoring Platforms

Fixed Stations 
Near Bottom 
Shallow water areas
15-min measurements

Dataflow
Surface
2-3 sec measurements
25 knots -> sample ever 
25m

CBIBS Buoy
Surface
Floating buoy
6-min measurements



• Light Attenuation (Kd)

• Secchi

• Chlorophyll-a

• TSS

• Nutrients

• Profile

Verification Measurements



Water Clarity Assessments
Interpolation: KrigingVerification and Light 

Attenuation (Kd) 
Estimates

Early 2000’s, York River

York River Polyhaline verification 
stations



Chlorophyll 
Fluorescence Turbidity Salinity





Telemetered

HRSD

2025 
YRKPH/MH

MOBPH

2024

Fixed (Sentinel)

DataflowOver 20 years of Monitoring

RPPMH/OH

2025

JMSPH/OH

Longterm “sentinel” locations 



Remote sensing data can help fill gaps and assess water clarity

• Anchor satellite imagery with Fixed Station and Dataflow monitoring 
programs

• Dataflow  - 1000’s of verification measurements in a single day 
• Fixed Stations - 100’s of verification measurements in a year



Source: Vanhellemont, 2023

Methods
• Acquire imagery from Planet 

• ~ 3 m resolution, 8 band
• Near daily coverage in 

Chesapeake Bay since 2022
• Atmospheric correction 

(ACOLITE) -> 8 surface 
reflectance bands

• Match surface reflectance to 
dataflow and fixed stations in-
situ datasets in space and time

• Fit models to matched datasets 
to estimate light conditions

8 bands -> Surface 
Reflectance



York

Using Fixed Stations and CBIBS Buoy 
to Estimate Turbidity From Satellite 
Images

York Spit 
(CBIBS 
Buoy)

Claybank
(Fixed 
Station)

Sweet Hall 
(Fixed 
Station)

= log transformed turbidity



Dataflow and Satellites

A

Mobjack 06-20-2024

Mobjack 05-21-2024

York 06-21-2024

York 05-22-2024

Upper York 03-09-2023



Stage 2: log(Kd) ~ band_1 + band_2 + … + band_8

Stage 1: log(Kd) ~ log(Turb) + log(Chl-F) +Salt





Turner, Friedrichs, Parrish & Fall (2025) Annual Review of 
Marine Science



Lower James Dataflow (HRSD)
• 2 Segments: James Polyhaline (JMSPH) and 

Mesohaline (JMSMH) sampled since 2005 
• Mar – Sep (no June) - In situ water quality

• Kd, Turbidity, Salinity, Chlorophyll
• 2 Satellite Sources: Planet and Sentinel
• ChesROMS-ECB model (Friedrichs et al., VIMS, 

2025) for surface salt
• 2017-2024 – overlap b/w in situ and satellite sources
• JMSPH: 41,211 observations across 25 unique days 
• JMSMH: 16,015 matched observations across 28 

unique days
• 128 Kd observations matched to in-situ/satellite
• 1179 Kd observations matched to in-situ only

JMSMH

JMSPH









In situ observations

Satellite observations• Dataflow (YSI, 1000s/day): Turb, Chl, Sal
• Kd (5-10/day)

Acolite Atmospheric Correction  

Band index for 
Turbidity 

Band index for
Chl

ECB Model Output

Salinity

Satellite Resolution Revisit 
Frequency

Archive 
Length

Typical in-
situ matchup 

rate

Planet 
SuperDove 3 m near daily 2 years ~25–45%

Sentinel 2a, 
2b 10–20 m 5 days 10 years ~8–12%



Stage 1 Stage 2

For satellite-matched observations, Stage-1 posterior 
means are treated as noisy observations of the latent 
parameters:



Preliminary Bayesian Model Fit:
JMSMH & JMSPH 











NASA, 
2017

Next Steps
• Model development to operationalize

• Bayesian and/or machine learning hierarchical models 
• Uncertainty estimates for Kd 

• Scale to additional tributaries and satellite platforms
• James River (HRSD partnership)
• Add Sentinel imagery

• Light conditions trends analysis of fixed station and dataflow data in 
lower  tributaries (Polyhaline and Mesohaline)

• Anchoring Planet imagery with dataflow platforms shows promise
• Fills in-situ spatial and temporal monitoring gaps
• Opportunity to incorporate satellite data into water clarity assessment



Virginia Estuarine & Coastal 
Observing System

vecos.vims.edu

David Parrish
parrishd@vims.edu









• Segments with low goals can easily pass the water clarity acres goal by having 

one cruise with good clarity. 

• Segments with high SAV goals and moderate/high SAV, may not pass water 

clarity acres due to insufficient remaining shallow water habitat due to the 2.5 

multiplication factor. 

• Spatial interpolation and modelling error is not accounted for in methodology

• Spatial and temporal monitoring constraints limit data coverage (1 cruise per 

month)

• Opportunity for development of Kd models by analyzing at a larger verification 

dataset (space and time) instead of focusing on current segment could improve 

models

• Sampling can be biased to good weather

• Opportunity to integrate other existing datasets (ex. fixed stations, satellite)

Methodology Challenges

Adapted From Trice & Parrish, 2022, STAC Advanced Monitoring Workshop 
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