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Outline

• NOAA information products for Lake Erie HABs

• Experimental Lake Erie HAB Tracker

• Proposed Experimental Saginaw Bay HAB Tracker

2



NOAA National Ocean Service HAB Information 

Products
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Concept of the short term HAB forecast
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Initialize bloom location and intensity in a 

model based on satellite remote sensing 

imagery

Five-day forecast of bloom intensity and 

location based on 

1. Forecast meteorology 

2. Currents from a hydrodynamic model 

3. Lagrangian particle tracking model

Nowcast Five-day forecast



Potential users of short-term HAB forecasts

• Drinking water plants

• Anglers

• Beach users and recreational boaters
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Components of the Lake Erie HAB Tracker
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Lake Erie Operational 

Forecasting System 1

1. Anderson et al.

2. Chen, C. et al. 2003. J. Atmos. Ocean. Technol., 20, 159-186.

3. Wynne et al. 2010. Limnol. Oceanogr. 55(5), 2025-36

4. Gilbert, C.S. et al. 2010. Prog. Oceanogr., 87: 37-48.

Finite Volume Coastal 

Ocean Model (FVCOM) 
2

Meteorological Forcing

3-D currents

Turbulent diffusivity

Lagrangian

particle model 4

3-D advection

Random-walk 

vertical mixing

Satellite remote sensing

MERIS Cyanobacterial
Index 3

Initial HAB 

distribution

Hindcast skill 

assessment:

Compare to 

subsequent satellite 

images

Predicted HAB 

distribution and 

surface 

concentration

Measured 

Microcystis buoyancy 
and size distribution



Prediction of surface scums
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Vertical Mixing Analysis



Measurement of Microcystis colony buoyancy and 

size distribution
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Microcystis colony size distribution measured 

by FlowCam, 
Lake Erie, August 4, 2014

Source: David Fanslow, NOAA GLERL

Measured Microcystis colony 

buoyant velocity vs. diameter

Nakamura, N. et al. 1993. Water 

Res., 27(6): 979-983.

Mean colony diameter, μm
Buoyant velocity, μm s-1

Mean colony diameter, μm
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Vertical profiles of cyanobacterial chlorophyll 

concentration were collected with the fluoroprobe
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Model assessment of predicted Microcystis

vertical distribution
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Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

Both 2D and 3D simulated 

HAB movement into the 
central basin

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

3D simulated HAB 

coverage in western basin 
better than 2D

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

Both 2D and 3D simulated 

HAB movement to Port 
Clinton

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

Both 2D and 3D simulated 

HAB movement to Port 
Clinton

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



2D simulation 3D simulationSatellite observed

3D simulated HAB 

coverage in Maumee Bay 
better than 2D

Model assessment

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



Improved prediction statistics relative to 

previous model and “persistence forecast”

Rowe et al. 2016. J. Geophys. Res. Oceans, 121, doi:10.1002/2016JC011720.



Steffen et al. 2017. Environ. Sci. Technol. 51, 6745−6755

Modeled transport of algal toxins out of Maumee 

Bay during 2014 Toledo water crisis event
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Lake Erie HAB Tracker website

https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html
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Proposed Experimental Saginaw Bay 
HAB Tracker
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Components of the Saginaw Bay HAB Tracker
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Lake Michigan-Huron

Operational Forecast 
System

Finite Volume Coastal 

Ocean Model (FVCOM)

Meteorological Forcing

3-D currents

Turbulent diffusivity

Satellite remote sensing

Sentinal-3 OLCI 
Cyanobacterial Index

Initial HAB 

distribution

Lagrangian

particle model

3-D advection

Random-walk 

vertical mixing

Hindcast skill 

assessment:

Compare to 

subsequent satellite 

images

Predicted HAB 

distribution and 

surface 

concentration

Measured 

Microcystis buoyancy 
and size distribution
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2017-8-15

2017-8-25

2017-8-26

NASA Aqua

Moderate Resolution Imaging 
Spectroradiometer (MODIS)

ESA Sentinal-3
OLCI (Ocean and Land 

Color Instrument)
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2017-8-25

2017-8-30

2017-8-31

NASA Terra

Moderate Resolution Imaging 
Spectroradiometer (MODIS)

ESA Sentinal-3
OLCI (Ocean and Land 

Color Instrument)
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LSOFS

2020

LMHOFS

2019

LEOFS

2016

LOOFS

2020

HECOFS

>2021

Great Lakes Operational Forecast 

System (GLOFS)

• Upgrade to FVCOM & CICE

• 200m coastlines

• 30m tributary resolution



Mean summer circulation of 

Saginaw Bay Lake Huron 

• Anti-cyclonic (clockwise) lake-wide 

circulation

• Greater current speed nearshore than 

lake-wide mean (~20 cm/s vs 3 cm/s)

• Mean flushing time for inner bay ~10 days, 
also affected by river discharge and water 

level

31Nguyen et al. 2014. J. Geophys. Res. 10.1002/2014JC009828



Mean flushing time of Saginaw Bay Lake Huron 

• Mean flushing time for inner bay ~10 days, also affected by river 

discharge and water level
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Nguyen et al. 2014. J. Geophys. Res. 10.1002/2014JC009828



33



Water level varies due to seiche, causing flow in 

or out of Saginaw Bay
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https://tidesandcurrents.noaa.gov/waterlevels.html

0.5 ft
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ModelSatellite observed
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ModelSatellite observed
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Summary

A short-term forecast for HAB distribution and movement could be adapted to 

Saginaw Bay, making use of the new Lake Michigan-Huron Operational 

Forecast System, and Cyanobacterial Index from new Sentinal-3 satellite.
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