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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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Microcystis example, it rises when it needs to make food

• Aug 2010, Lake Erie
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Some stay mixed, Planktothrix example

• Sandusky Bay, Ohio, dispersed

2010
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Satellite imagery

Lake Erie, MERIS, 05 Oct 2011

Toledo

Detroit

Cleveland
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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 2015

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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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



NWMC May 2016 Tampa R. Stumpf NOAA #9

Detection Algorithm, curvature (shape)
Detects surface concentration

Bloom negative
“Positive Cyano Index”

No Bloom
“Negative
Cyano Index”

Wynne et al., IJRS, 2008
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The extra wavelengths give a cyanobacteria index, “CI”, which
equates to concentration

Cyano Index (CI)

13 Sep 2010

low high

True color

Surface concentration (up to 1 m). Not dependent on scum
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Validation of Lake Erie 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)

Direct match of radiometer
(simulate satellite) with water
sample

10% mean uncertainty

Est chl a = 4020*(CI) + 20 µg/L

Detection of chlorophyll

> 20 µg/L

(working on > 10 µg/L)

Tomlinson et al., 2015,
Remote Sensing Letters
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Biomass indicator, Florida Lakes
(data from LakeWatch and MERIS)

Tomlinson, Stumpf, et al.,
in prep
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Biomass
over 3
years

high

med-low

variable

Tracking biomass in Florida
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Klamath River (California) reservoirs.

MERIS composites

Aug 11-20, 2010 top

Feb 1-10, 2011 bottom

Iron Gate

Copco

20 µg/L 50 µg/L
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2015: 1500 subscribers + media reports
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Potomac River Microcystis bloom, 2011

7/17 8/12

8/21 8/23

Jul 27, 2011
Courtesy of Dr. Chris Jones
George Mason Univ.

Improved CI

New collaboration with
MD-DNR, George
Mason Univ. and NOAA
Phytoplankton
Monitoring Network
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Pinning down start of blooms

Grand Lake St Marys, Ohio in 2010
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Maximum total biomass in western Lake Erie
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Phosphorus as a driver of
cyano blooms in lakes

Downing et al., 2001

Laura Johnson, NCWQR

Lake Erie, spring load
from Maumee River
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Cyanobacterial biomass related to total bio-available
phosphorus (TBP) load from Maumee River, Lake Erie

Stumpf et al., in
review
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2015 Forecast

Bigger than 2013
and 2014.

The 2nd biggest
Lake Erie has
seen

Models emphasis
TP and discharge.

However, the
warning was out.

Advanced warning
reduces risks.
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Lake Erie,
2015 was

bad
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2015: Lake Erie’s most intense bloom

New TBP model
predicted this, as
did one test
version of the
LimnoTech
WLEEM models.

Models will be
examined more
closely, and used

10.5!
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Target bloom

Significant (bad)
bloom

Observed
With 40% reduction

Great Lakes Water Quality Agreement

Proposed target reductions in phosphorus
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With MERIS (2002-2012))
and OLCI (just launched, stayed tuned)

• Detection of cyanobacterial blooms.
• Algorithms targets cyano pigment characteristics

• 300 m product, medium to large lakes at 1 km width
• Potential for monthly assessment at < 900 m

• Estimation of bloom biomass, with consistent algorithm.
• Does not confuse algae with sediment
• Consistency in multiple regions

• Retrospective and routine monitoring
• Up to every 2 days (daily in two years with OLCI/3b)

• Reference for Landsat etc.

• Used in CyAN project, national plan

Partially funded by NASA Ocean Biology
and Biochemistry Program and NASA
Applied Science (Public Health)
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