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Issues with cyano blooms 

Ohio Sea Grant

Tom Feran, The Plain Dealer, 29 July 2015

Toledo, safe water, July 2015
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The problems

Where, when, how much?

Are cyano blooms more frequent? 

What’s the impact of environment change?

Put-in Bay, July 24, 2015
By Dr Justin Chaffin, 
Stone Laboratory, OSU
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Goal of CyAN: 

Create a national assessment and monitoring capability 

for cyanobacterial blooms in lakes

using satellite observations

Stakeholders and participants:

• EPA Office of Water

Office of Wetlands, Oceans, and Watersheds

Office of Wastewater Management

Office of Science and Technology

Office of Ground Water and Drinking Water

• EPA Regions

• U.S. Army Corps of Engineers

• States

Ohio EPA

St. Johns River WMD

S. Florida WMD

California Water Board

Inter-agency effort:  PIs:  Blake Schaeffer, EPA; Rick Stumpf, NOAA, 
Keith Loftin, USGS, Jeremy Werdell, NASA
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Cyanobacterial bloom problems that 

satellite monitoring might help

• Where are blooms now?  
– How bad are they (concentration)? 

• Will it be worse tomorrow 
– For swimming or for water suppliers?

• Which lakes are typically bad

• Have lakes changed over the last decade?

• Can we explain what causes blooms?
– Predict how bad the bloom will be this summer

– Inform management to reduce blooms by reducing nutrients
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Technical Approach

Medium to large lakes, national 

satellite data base.  

Small lakes, establish capability. 

1. Use pilot states to organize 

satellite data with water 

measurements. 

2. Evaluate with existing satellite 

data (MERIS 300 m) 2002-2012 

3. Establish routine monitoring with 

new sensor (OLCI, MERIS 

replacement)

4. Bring in high resolution (30 m) 

Landsat and Sentinel-2. 
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Satellite Comparison for cyano applications

Clouds take out 1/2 to 2/3 of imagery

Some sunglint is not a problem for our algorithms

Minimum resolution, 3 pixels across (2 mixed land/water)

Satellite Spatial Temporal Key Spectral

MERIS (2002-12)

OLCI Sentinel-3 2016

300 m 2 day  10 (5 on red edge)

MODIS high res 
Terra 1999;  Aqua 2002

250/500 m 1-2 day 4 (1 red, 1 NIR)

MODIS low res

& SeaWiFS

1 km 1-2 day 7-8  (2 in red edge)

Landsat 30 m 8 or 16 day 4 (1 red, 1 NIR)

Sentinel-2

(2015)

20 m 10 day (5 day with 2nd

satellite in 2017)

5 (1 red; 2 NIR, 1 in 

red edge)
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Resolution and water bodies

Note: false color sharpens distinction 

between land and water. 

Reddish pixels at right include land.

Land Land Land Land Land

Land Water Water Mixed Land

Land Mixed Water Water Mixed

Land Land Land Land Land

Mixed pixels limit our ability to 
monitor small water bodies. 

No

Yes

Some
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Areas potentially monitored by MERIS and MODIS

Red is water only
White is probable mixed land/water
NW
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MERIS bands
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Also have to correct for atmosphere;  
Landsat runs out of information content to discriminate everything

blue green red near infrared

Landsat-8 bands

Chlorophyll,
sediment, 
tannins, iron

MERIS (and Landsat) Bands on water 

spectra from Microcystis
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The extra wavelengths give a cyanobacteria chlorophyll index, 

“CI”, which equates to concentration

True color Cyano Index (CI)

13 Sep 2010

low high
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Validation of Lake Erie concentration algorithm for other areas 

• Remote Sensing

– Uniform and systematic approach for identifying & quantifying cyanobacteria blooms. 

• Second derivative spectral shape algorithms (SS; Wynne et al. 2008)
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Lunetta, Schaeffer, Stumpf et al. Remote Sensing of Environment
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And Between CI and chl-a from  Florida 

(St Johns River WMD) 

• 10% mean uncertainty

• Est chl a = 

• 4020*(CI) + 20

• Detection of 

chlorophyll > 20 µg/L

– (working on > 10 µg/L)
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Example data
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Temporal Patterns, when does bloom start?

Grand Lake St Marys, Ohio

• Cyano index for 2010
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Technical Approach, Environment

• Examine Environment

– Identify landscape linkages causes of chlorophyll-a and cyanobacteria.

– Evaluate chlorophyll-a concentrations and cyanobacteria cell count trends. 

– Identify changes related to land-cover modifications (2001–2016).

– 13+ years of data observations across Great Lakes Basin, including all inland lakes 

(≥100 ha), focus on sources of potable water. 
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Technical Approach, Socio-economic questions

• Health

– Exposure and human health effects in drinking and recreational waters.

– Remote sensing provides opportunity to estimate human exposure to 

cyanotoxins over specific geographic areas 

– Retrospective evaluation of existing health records among communities with a 

past history of cyanobacteria blooms detected via satellite. 

• Economics

– Behavioral responses and economic value of the early warning system.

– Database of public resources spent on monitoring or responding to HABs. 

Assessment of the potential value of more comprehensive monitoring by 

satellite.

– Economic impact of avoiding toxic and nuisance bloom events in freshwater 

lakes.  
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Technical Approach, multiple data distribution 

• Notifications

– Bring the technology to EPA, states and 

tribal partners.

– Process and deliver satellite data in ways 

that are useful and practical to 

stakeholders and daily life. 

– Data pushed from NOAA, NASA and USGS

• GIS formats

• EPA Mobile Android Platform on weekly time-

steps. 
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Lake Erie 

13 years of 

satellite data 

provide 

intensity, 

extent, and 

timing

MERIS 2002-2011 
MODIS 1 km 2012-2015
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Biomass 
over 3 
years

high 

med-low

variable 

Tracking biomass in Florida
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4/7/2016 U.S. Environmental 

Protection Agency
21

Frequency 

map 

(warm is 

more 

frequent)
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Example preceding CyAN:  1500 subscribers + media
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Example: State application (Florida, DOH)
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Technical Approach
• FY16

– Florida, Ohio, California, New England 
(retrospective)

• FY17

– Continental US

– Lakes, reservoirs, and estuaries
• Satellite derived products

– Cyanobacteria concentration/ chl-a concentration

– Turbidity

– Temperature
• Satellite updates

– Sentinel – 2A/3A
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Web links

Additional support by NASA Ocean Biology and Biochemistry Program.  

Previous support by NASA Applied Science, Public Health

CyAN web site:
www.epa.gov/water-research/cyanobacteria-assessment-network-cyan-project

NOAA Lake Erie Bulletin:
coastalscience.noaa.gov/research/habs/forecasting

Lake Erie Sep 2015


