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 Largest estuary in 

the United States

 High biodiversity

 Economically 

important

 History of pollution

Study Area: Chesapeake Bay
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 Mattaponi and Pamunkey 

Rivers

 NOAA Habitat Focus Area

 Chesapeake Bay

National Estuarine 

Research Reserve 

(CBNERR)

 Long-term water quality 

dataset

York River Basin
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Watershed in Virginia
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 Historic decline in water quality due to 

increased turbidity and sedimentation

 Agriculture

 Erosion

 Tourism industry

 Fishing and wildlife

 Keystone species: oysters

 Submerged Aquatic Vegetation (SAV)

Image Credit: Dr. Kenton Ross

Community Concerns



Identify changes in water quality 
from 2009-2019

Use SWAT and ORCAA models 
to assess sedimentation and 

turbidity

Analyze suspended sediment 
concentrations in the York 

River

Image Credit: Dr. Kenton Ross / NASA

Project Objectives
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Image Credit: Kenton Ross

 Chesapeake Bay National Estuarine 

Research Reserve (CBNERR)

 Group on Earth Observations 

(GEO) AquaWatch

 Committee on Earth Observation 

Satellites Coastal Observations 

Applications Services and Tools 

(CEOS COAST)

Collaborators



Landsat 8 OLI Sentinel-2 MSI

Image Credits: NASA, ESA, NASA/Retro Stockli

GPM IMERG
Landsat 5 TM

Landsat 7 ETM+

Satellites and Sensors



SWAT Calibration

NoYes Calibration criteria satisfied?

Identification of sensitive parameters Validation

Observed
Data

Discharge Water quality parameters

SWAT model

Climate
Data

Precipitation Temperature

GIS Data Land use Soil Slope

Methodology: SWAT



15 subbasins, 
239 HRUs

High

Low
Gleyic Acrisols
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Methodology: SWAT
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Results: Calibration & Validation, Discharge
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TSS (mt/ha)
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Monthly Precipitation (mm)

Monthly Sediment (mt/ha)
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GEE JavaScript API 
input code

Run ORCAA using 
study area and 

time frame 
parameters

Compare 2009 + 
2019 turbidity levels 
using Landsat 5, 7, 

and 8 imagery

Methodology: ORCAA



January 2009 January 2019

yellow = higher turbidity Normalized Difference Turbidity Index

-0.5 0

Results: ORCAA

Image Credit : Google Imagery



January 2009 January 2019

0.065 mm/hr

0.210 mm/hr

Mean Precipitation (GPM IMERG)



July 2019

July 2009

October 2019

October 2009January 2009

January 2019

yellow = higher turbidity Normalized Difference Turbidity Index

-0.5 0

April 2009

April 2019

Results: ORCAA

Image Credit : Google Imagery
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 Sediment yields from 2009–2019 generally 

increased and were highest in the headwaters

 Connection between precipitation and 

turbidity levels

 Other variables may affect turbidity

 Highlighted target areas for further 

improvement

Image Credit: Kenton Ross

Conclusions



 Reflectance

 Time

 Dataset availability throughout 

watershed

 What else is influencing turbidity? USGS Stations

York Watershed

Km
0 10 20 40

VIMS Stations

Limitations & Uncertainties



Future Work

• Expand to other parameters (e.g., 

chl-a, CDOM, algae)

• Increase time span

• Identify major water quality events

• Implement riparian buffers in 

areas with high sediment yields

Image Credit: Carl Friedrichs
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