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Course Structure 

• Four, 1-hour sessions: Tuesdays in September (5, 12, 19, 26) 
• Each session will be given twice: 

– Session A: 11:00 – 12:00 EDT (UTC-4) 
– Session B: 21:00 – 22:00 EDT (UTC-4) 

• Presentations: 
– Overview of Harmful Algal Blooms (HABs) 
– Platforms and sensors, data access, and data processing 
– Understanding HABs in the coastal environment 
– Large scale monitoring and citizen science 

• Two Homework Exercises: after weeks 2 and 4. 
• Q and A after each session, and by email to instructors 
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Course Material 

Webinar recordings, presentations, in class exercises, and homework are 
available at: https://arset.gsfc.nasa.gov/water/webinars/HABs17 
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Homework and Certificates 

• Homework 
– Answers must be submitted via Google 

Form 
• Certificate of Completion:  

– Attend all webinars 
– Complete homework assignments by the 

deadline (access from ARSET website) 
• HW Deadlines: October 1st and 15th  

– You will receive certificates approx. two 
months after the completion of the course 
from: marines.martins@ssaihq.com  

 

 

mailto:marines.martins@ssaihq.com
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Course Outline 

Week 1: Overview 
of Harmful Algal 

Blooms 

Week 2: Platforms & 
Sensors, Data Access, 

and Processing 

Week 3: HABs in 
the Coastal 
Environment 

Week 4: Large Scale 
Monitoring Credit: Paul  

Hillman/NOAA 



National Aeronautics and Space Administration 6 Applied Remote Sensing Training Program 

Outline – Session 4 

• HABs review from weeks 1, 2, & 3 
• Overview of cyanobacterial HABs 

(cyanoHABs) 
• Examples of freshwater cyanoHAB 

monitoring tools (e.g., HAB Tracker, 
Great Lakes HAB Bulletin) 

• Examples of how citizen science can 
be used for HAB monitoring 

• Cyanobacteria Assessment Network 
(CyAN)  
– Guest Speaker: Wilson Salls, EPA  

 

Photo Credit: Aerial Associates Photography (http://skypics.com) 



Review of Weeks 1, 2 & 3 
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What is a Harmful Algal Bloom? 

“Harmful algal blooms, or HABs, occur when colonies of algae — simple plants 
that live in the sea and freshwater — grow out of control and produce toxic or 
harmful effects on people, fish, shellfish, marine mammals and birds. The human 
illnesses caused by HABs, though rare, can be debilitating or even fatal.” 

Image credit: http://www.noaa.gov/what-is-harmful-algal-bloom 

http://www.noaa.gov/what-is-harmful-algal-bloom
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Satellites for HAB Monitoring 

• Current Satellite Missions:  
– Landsat 7 & Landsat 8 
– Terra 
– Aqua 
– Suomi National Polar Partnership 

(SNPP) 
– Sentinel-2 and Sentinel-3 
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Data Access & Processing Tools for HAB Monitoring 

• These tools enable data search, 
spatial and temporal subsetting, 
analysis, and/or visualization: 
– OceanColor Web: 

https://oceancolor.gsfc.nasa.gov/   
– Giovanni: 

http://giovanni.gsfc.nasa.gov/ 
giovanni/ 

– CoastWatch 
https://coastwatch.pfeg.noaa.gov/d
ata.html 

 

• Image Processing and Visualization 
Software: 
– SeaDAS: 

http://seadas.gsfc.nasa.gov/  

https://oceancolor.gsfc.nasa.gov/
http://giovanni.gsfc.nasa.gov/giovanni/
http://giovanni.gsfc.nasa.gov/giovanni/
https://coastwatch.pfeg.noaa.gov/data.html
https://coastwatch.pfeg.noaa.gov/data.html
http://seadas.gsfc.nasa.gov/
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Summary 

• Remote sensing provides continuous global coverage with consistent 
observations compared to limited point measurements from surface or ship-
based water sampling 

• Optical and NIR remote sensing observations from Landsat, Terra/Aqua 
MODIS, SNPP VIIRS, Sentinel-2 MSI and Sentinel-3 OLCI are used 
operationally for qualitative and quantitative HAB (Chl, and SST) monitoring 
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Forecasting HAB Events is Helpful for Predicting Impacts 

• https://tidesandcurrents.noaa.gov/ha
b/bulletins.html 

NOAA HAB Operational Forecast System (HAB-OFS) 

• Karenia brevis forms patchy blooms 
and the impact can vary by location 

• To build its forecast, the NOAA HAB 
Bulletin combines: 
– ocean satellite imagery 
– field observations 
– models 
– public health reports 
– ocean buoy data 

https://tidesandcurrents.noaa.gov/hab/bulletins.html; 
https://tidesandcurrents.noaa.gov/hab/hab_publication/habfs_bulletin_guide.pdf  

https://tidesandcurrents.noaa.gov/hab/bulletins.html
https://tidesandcurrents.noaa.gov/hab/hab_publication/habfs_bulletin_guide.pdf


Overview of CyanoHABs 
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Some Common CyanoHABs and Their Toxins 

 

photo credits: CCLA, C.F. Carter, UNH Center for Freshwater Biology, R. Barone 

Anabaena Aphanizomenon Cylindrospermopsis Lyngbya 

Microcystis Nostoc Planktothrix 

anatoxins 
microcystin 
saxitoxins 

saxitoxins 
cylindrospermopsins 

saxitoxins 
cylindrospermopsins 

aplysiatoxins 
lyngbyatoxin a 

microcystins microcystins anatoxins, aplysiatoxins 
microcystins, saxitoxins 

Neurotoxin 
Liver toxin 
Contact irritant 
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CyanoHABs - Up Close 

 

credit (L to R): H. Paerl, UNC-Chapel Hill, R.Kelty 

Lake Taihu, China Pinto Lake, California 
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Management Impact 
Case Study: Toledo, Ohio (USA) 

credits: AP, New York Times, Cleveland’s The Plain Dealer 
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Remote Sensing of CyanoHABs 

 

Credits: Lake Taihu (Wang & Shi 2008), Lake Erie (NASA/NOAA-NCCOS) 
Credit: Hartbeespoort Dam (Matthews & Bernard 2015),  
Baltic Sea (http://www.wimsoft.com/Various_HABs/Satellite_detection_of_HABs.htm) 

Hartbeespoort Dam 
South Africa 

Lake Taihu,  
China 

Nodularia bloom, 
Baltic Sea 

Lake Erie,  
USA 
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Remote Sensing of Cyanobacterial Blooms 

• Chlorophyll-a concentration 
• Chlorophyll-a anomaly 
• Algorithms targeting phycocyanin 
• Cyanobacteria Index (CI) 
 

Cyanobacteria Index (CI): 
Wynne, TT, Stumpf, RP, Tomlinson, MC, Warner RA, Tester, PA, Dyble, J, and Fahnenstiel, GL (2008) ‘Relating spectral shape to cyanobacterial blooms in the Laurentian Great Lakes’, 
International Journal of Remote Sensing, 29:12, 3665 – 3672. 
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Cyanobacteria Index (CI)* 

CI =  - SS(681) 
  
where SS is the spectral shape at 681 nm: 
  

 

* example using L2 data for MERIS bands 



CyanoHAB Tools – Case Studies 
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Forecasting the Location of CyanoHABs in Lake Erie 

• Microcystis aeruginosa forms distinctive 
surface scums 

• Bulletin helps forecast landfall of blooms 
• To build its forecast, this Bulletin 

combines: 
– satellite imagery 
– field observations 
– fluid dynamics observations & models 
– predictive models 
– buoy data 

NOAA HAB Operational Forecast System  

https://tidesandcurrents.noaa.gov/hab/lakeerie.html 
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf Bulletin Credit: https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/bulletin.html 

 

https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
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Forecasting the Location of CyanoHABs in Lake Erie 

 

CI from Sentinel-3 

https://tidesandcurrents.noaa.gov/hab/lakeerie.html 
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf 

https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
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Forecasting the Location of CyanoHABs in Lake Erie 

 

‘Nowcast’ from Sentinel-3 Image 

https://tidesandcurrents.noaa.gov/hab/lakeerie.html 
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf 

https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
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Forecasting the Location of CyanoHABs in Lake Erie 

 

72 Hour Forecast of Surface Currents  

https://tidesandcurrents.noaa.gov/hab/lakeerie.html 
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf 

https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
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Forecasting the Location of CyanoHABs in Lake Erie 

 

CI Forecast 72 Hours into the Future 

https://tidesandcurrents.noaa.gov/hab/lakeerie.html 
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf 

https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
https://tidesandcurrents.noaa.gov/hab/hab_publication/Lake_Erie_HAB_Bulletin_Guide.pdf
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Coupled Remote Sensing Data and Geophysical Models 
Case Study – HAB Tracker  

https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html; https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker_about.html 

https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker.html
https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/habTracker_about.html


Citizen Science in HAB Monitoring 
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Citizen Science Programs 

• Phytoplankton Monitoring Network 
• Cyanobacteria Monitoring Collaborative 
• General aviation pilots collecting imagery 
• CyAN (Guest Speaker Wilson Salls) 

Case Studies 
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Phytoplankton Monitoring Network 

 

https://products.coastalscience.noaa.gov/pmn/  

https://products.coastalscience.noaa.gov/pmn/
https://products.coastalscience.noaa.gov/pmn/
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Phytoplankton Monitoring Network 

 

https://www.ncddc.noaa.gov/website/PMN/viewer.htm  

https://www.ncddc.noaa.gov/website/PMN/viewer.htm
https://www.ncddc.noaa.gov/website/PMN/viewer.htm
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Cyanobacteria Monitoring Collaborative 

 

https://cyanos.org/  

https://cyanos.org/
https://cyanos.org/
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General Aviation Pilots as Citizen Scientists 

 

https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/  

https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
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General Aviation Pilots as Citizen Scientists 

 

https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/  

https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
https://re.grc.nasa.gov/citizen-scientists-track-algal-blooms/
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Citizen Science Tools 
Case Studies – Apps! 

 



National Aeronautics and Space Administration 35 Applied Remote Sensing Training Program 

Measuring Reflectance from a Smart Phone 

• Estimates remote sensing reflectance 
(Rrs) using phone’s spectral 
response curves 

• Computes Turbidity, Suspended 
Particulate Matter (SPM), and 
backscatter coefficient from Rrs 

• “Point-and-shoot” capability 
• Available on iPhone and iPod Touch 

HydroColor 

 

http://misclab.umeoce.maine.edu/research/HydroColor.php 



Cyanobacteria Assessment Network 
(CyAN)  
 
Wilson Salls, EPA 
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Outline – Session 4 

• Overview of cyanobacterial 
cyanoHABs 

• Examples of freshwater cyanoHAB 
monitoring tools 

• Examples of how citizen science can 
be used for HAB monitoring 

• Cyanobacteria Assessment Network 
(CyAN)  

 

Photo Credit: Aerial Associates Photography (http://skypics.com) 
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Course Summary 

Week 1: Overview 
of Harmful Algal 

Blooms 

Week 2: Platforms & 
Sensors, Data Access, 

and Processing 

Week 3: HABs in 
the Coastal 
Environment 

Week 4: Large Scale 
Monitoring Credit: Paul  

Hillman/NOAA 
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