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Satellite optics and HABs,  the image
Coastal Zone Color Scanner, launched in Sept;  image Nov 14, 1978 

άwŜŘ ¢ƛŘŜέI!.of Kareniabrevis

(then Gymnodiniumbreve) 

Demonstrated the potential 
value of ocean color (Used by 
Steidingerand Haddad, 1981) 

(a year earlier Jim Mueller flew 
/½/{ ǎƛƳǳƭŀǘƻǊ ƻǾŜǊ CƭƻǊƛŘŀ άǊŜŘ 
ǘƛŘŜέύ 
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Marine Algal Blooms, and freshwater cyanobacteria
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Photos MD DNR
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Cyanos in many areas

Baltic (Nodulariaspumigena)

Freshwater in estuaries 
(Microcystis aeruginosa)

Lakes (e.g. Lake Erie)

100 km
100 km

MERIS 08-Oct-

2011



Satellite Comparison for bloom applications

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

Some sunglintis not a problem for our algorithms

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

Satellite Spatial Temporal KeySpectral

MERIS 2002-12

OLCISentinel-3
2016-present

300 m 2 day  10 (5on red edge)

MODIS highres Terra 

1999;  Aqua 2002

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

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

Landsat 30 m 8 or16 day 4 (1red, 1 NIR)

Sentinel-2a(2015)
2b (2017)  MSI

20 m 10 day each
5 day with 2satellites

5 (1 red;2 NIR, 1 in red edge)
good

OK good good

OK

OK

good

good

good

poor

Potential with 2

poor

marginal

potential
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Spectra: various pigments in algae

S. Berg Winona State
http://course1.winona.edu/sberg/Fac_sb.htm



Radiometry for various bloom types, 
άǊŜŘέ ƭƛƎƘǘ ƛǎ Ƴƻǎǘ ǳǎŜŦǳƭΦ 

CI Non -Cyano: No reflectance peak at 665 nm as there is no phycocyanin absorption at 620 nm 

Negative shape at 681 nm, plus <0 at 665 nm (a modification of Wynne et al., 2008) 

Red Edge: R
rs

(708)/ R
rs

(665) as a chl estimate ( Gilerson , et al., 2010)

RBD: Shift in minimum from phytoplankton absorption at 678 to shorter wavelengths (667 nm) with 

significant chl fluorescence in the red (Amin et al., 2009)

Margelefidinium polykrikoides

665 681

620

709



{ǘŀƴŘŀǊŘ άōƭǳŜ ƎǊŜŜƴέ Ǌŀǘƛƻ ŀƭƎƻǊƛǘƘƳ ŦƻǊ ŎƘƭƻǊƻǇƘȅƭƭ Ƙŀǎ ŎƘŀƭƭŜƴƎŜǎ
Other means of finding chlorophyll 

Chlorophyll 

fluorescence

Chlorophyll (global 

blue green algorithm)

shallow 

water
CDOM

seagrassshallow 

water



High chlorophyll detection
Sep 09 Florida  high chlaalgorithm

using red/red edge NIR

std ocean chla, blue and green: good offshore, 

severe over-estimation and false positives nearshore 



Relative chlorophyll

RBD 

fluorescence

Non-Cyano Index (chl-a 

with negligible 

fluorescence)

Rrs665 

ñsedimentò

A variety of satellite products
Chesapeake Bay

Kd490

True Color

*Note: Imagery derived from Copernicus Sentinel data from EUMETSAT



Low                                high

OLCI satellite algorithms for high biomass blooms

P. minimum

K. 
veneficum

K. veneficum,
Cryptomonad
spp.

Diatoms,
cyanobacteria

Bush R.
Gunpowder R.

Back R.

Patapsco R.

True color Chl fluorescenceRelative Chl a Non-fluorescing

Nov 18, 2016

(1) Red Band Difference (RBD) (Amin et al., 2009)

(2) Red-edge (Gilerson, 2010)

(3) Cyanobacteria Index (Wynne et al., 2008) modified by a negative shape at 665 nm

1) 2) 3)



Bloom of Gymnodinium instriatum in the Chester River on 

October 2-4, 2018

Photo courtesy of

Tim Trumbauer, Chester River Keeper

Oct 4, 2018

G. instriatum

Prorocentrum and 

Heterocapsa in Eastern Bay



Radiometry collected 

in collaboration with 

DNR, MDE

Validation provided by 

J. Wolny, Maryland 

DNR

Margelefidinium polykrikoides

Heterocapsa lanceolata

Possible 

distinguishing 

feature?



VIMS Beach- York River 

Photo Credit: MD DNR

Eastern Bay

Heterocapsa lanceolata

Photo Credit: W. Vogelbein

While magnitude 

of peaks may 

change with 

concentration, 

overall shape is 

the same 

High biomass surface 

dinoflagellate blooms

Margelefidinium polykrikoides



Satellite (or optical) spectra alone cannot separate blooms



Anomaly finds New Blooms

Demonstrated as effective for Karenia brevis

K. brevis dominates biomass in late summer 

Better in case 2 water (with turbidity) than optical algorithms

Accuracy > 80% during summer and fall  

False positives common,  False negatives rare.  

Ecological approaches, temporal anomaly method

New Blooms

September 22, 2001

=
September 22, 2001

Current Day Anomaly 60-Day Mean

July 10 ïSept 8, 2001

Current Day 

September 22, 2001



18Jan00

SeaWiFS 

Chl-a &

field cell

counts

- Bloom extent not identified by field 

sampling, but satellite provides full size

HAB Detection from SeaWiFS

First HAB 

detected 

from 

satellite 

prior to field

18Jan00

Chl-a anomaly

Small blocks

indicate

field sample

locations



Dinoflagellates swim and so collect at fronts.  
Hydrography meets biology

ÅExample with Dinophysisacumenata

Gentien et al., 2005



Nov 7, 2018 AWRA Annual Conference 

Combining satellite data sets help.  
K. mikimotoi starts at pycnocline, appears at the coast  in upwelled cold water (Raineet al., 

2001)

K. mikimotoi



Kareniabrevis bloom 
accumulates at 
temperature front

SST 

30 km

Chlorophyll

Karenia brevis 

accumulation 



2001

HAB-flags (Red is HAB, green is weaker HAB)

Aug 20 Aug 30 Sep 17

Offshore winds intensify blooms; monitored from satellite

New Bloom after late fall upwelling more likely to be K. brevis

Accumulation 

involves 

two-layer flow 

(physical)

And swimming 

(biology)



Korea HAB linkage to 25-26 oC line

(a) redtide 

attention

redtide 
alert

redtide 
attention

Turbidity

Redtide

(b)

Chlorophyll SST

Suh et al., 2004

25.5 isotherm



Mar 2, 2017

Heterocapsa triquetra associated along salinity fronts

March 6, MD DNR monitoring confirmed salinity change 

Surface Salinity 2017

RET2.4

Surface Salinity 2017

LE2.2



Patapsco

Back

Gunpowder

Bush

Chesapeake Bay Blooms.  Fish kills in tributaries, 
Dec 20, 2016. Karlodiniumpresent (fish killing).

No kills in Patapsco, Bush (Prorocentrum, Heterocapsa)

OLCI ñtrue 

colorò

Relative chlorophyll

Non-fluorescing

(CI, non-cyano) 

Chlorophyll 

fluorescence 

(RBD)

Balti-

more

low                     

high

Low                              

high

J. Wolny

Maryland 

DNR

R. Stumpf

M. Tomlinson

KarlodiniumProrocentrum

Heterocapsa


