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Remote Sensing of Harmful 

Algal Blooms 

Raphael Kudela 

University of California Santa Cruz 

Harmful Algal Blooms 

 The definition of a HAB is not clear-cut, since it is a societal term,  

not a scientific term, that describes a diverse array of blooms 

(both macroscopic and macroscopic) that can cause detrimental 

effects to national economies. 
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Red Tides 

 Blooms of single-celled microorganisms 

(phytoplankton) that attain such densities that they 

discolor the seawater; the most common ‗red tides‘ are 

motile, dinoflagellates 

 

 

 

La Jolla red tide, Lillian Busse 
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Santa Barbara News-Press (non-intensified digital camera photo) 

Most Red Tides are harmless  

October 6, 2009 
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Harmful Algal Blooms 
It is useful to differentiate between ―high biomass‖ HAB 

blooms, such as red tides, and toxic HAB events, 

which can cause problems with no obvious change in 

the environment…. 
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The Problem: 

• We want to detect HAB events using optics (satellite, airborne, 

in-water sensors)… 

 • BUT we only have access to water-leaving radiance 

 • We can‘t easily distinguish HABs from other organisms 

 • We can‘t detect anything below one optical depth 

 • Not all HABs are high-biomass events 

 • Most satellites are limited spectrally and spatially 
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Key Point: 

To effectively detect or predict Harmful 

Algal Blooms using remote sensing, it is 

CRITICAL to treat remote sensing as 

one of many data sets, and to interpret 

the results in the ecological context of 

the region and organism. 

Detecting HABs 

1) High Biomass events—chlorophyll and anomalies 

2) Fluorescent Line Height (FLH) and Maximum Chlorophyll 

Index (MCI) 

3) Backscatter from dense blooms 

4) Inversion to identify specific organisms 

5) Multi-spectral versus Hyperspectral 

6) Integrating remote sensing with bloom ecology 

 

 

 



2011/11/30 

10 

Practical Applications--

Detecting High-Biomass Events 

• Chlorophyll is widely available from multiple satellite 

sensors 

• Changes in chlorophyll (anomaly detection) should be 

a reasonable indicator of HAB events, and can be used 

for feature tracking, etc. 

• Widely used in some areas 

• Simple processing--calculate a running mean of 

chlorophyll and look for deviations 

Practical Applications--

Detecting High-Biomass Events 
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Practical Applications--

Detecting High-Biomass Events 

DA DA [DA] 

PSP 

Cochlodinium 

The Problem with Satellites… 

MODIS and MERIS provide reasonably high resolution 

(between 250-1000 m pixels), but the bands are not well 

chosen to detect red tides.  

Standard chlorophyll algorithms ―fail‖ in red tides, making the 

imagery look like it was a cloudy day…. 
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Kahru et al. 2011, submitted 

 

The same MODIS Aqua image was obtained from NASA (left panels) and reprocessed using a 
modified atmospheric correction (right panels) for chlorophyll and fluorescence line height (FLH). 
The circled regions show discrepancies between the two sets of images. The reprocessed file 
reduces the total chlorophyll in the Gulf, and fills in “missing” imagery caused by atmospheric 
correction failures. The reprocessed FLH suggests there was a large bloom in the northern Gulf, 
with patches of dense biomass distributed along much of the coastline throughout the region. 

Arabian Gulf waters 
need to be processed 
with modifications 
from the standard 
global imagery—the 
occurrence of dust 
and aerosols 
significantly 
contaminates the 
ocean color imagery. 
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Fluorescence 

Line Height: 

Fixes the 

problems? 

• Sediments, etc. don‘t 

interfere 

• Fewer atmospheric 

correction problems 

• Available on MERIS, 

MODIS, etc. 

The Problem with Satellites… 

Source: Dierssen et al., L&O 2006 

Peak reflectances shift to the red with increasing 

chlorophyll--most satellites don‘t have appropriate bands 

FLH 
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Dense red tide 

MODIS does 

well at low 

chlorophyll 

(<15 mg/m3) 

MERIS does 

well at high 

chlorophyll 

(>25 mg/m3) 

Dinoflagellate bloom 

SeaWiFS has no 

FLH bands 

MERIS MCI 

For true ―red tides‖, the MERIS Maximum Chlorophyll Index 

works really well, and is reasonably insensitive to 

atmospheric correction problems.  

Ryan et al. 2009, Cont. Shelf Res. 



2011/11/30 

15 

Absorption plus Scattering 

Eddies off the coast of Chile 
Red tide 
 

Gymnodinium sanguineum bloom in 

Paracas, Peru showing the potential 

advantage of increased spatial 

resolution (MODIS 250/500 m) for 

HAB event detection (source: 

Kahru, EOS 2004) 

High-biomass blooms also 

result in elevated 

backscatter… 
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Source: Dierssen et al., L&O 2006 

The problem… most HAB organisms are at low abundance 
or not distinguishable based on ocean color alone 
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Combining Ecology 

With Ocean Optics 

To Identify 

―Phytoplankton 

Functional Types‖ 

Scattering in the ocean 

Coccolithophore 

Emiliania huxleyi 

http://earthguide.ucsd.edu/earthguide/imagelibrary/emilianiahuxleyi.html 
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Coccolithophores—high 

backscatter 

Westberry et al., JGR 2006 

Photo: S. Kranz 

Nitrogen-Fixers Identified from Space 
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Spectral Signature: 680nm Line Height 

• Wynne et al. used 680nm line height as a 

cyanobacteria index in MODIS data 

– Negative values indicated Microcystis 

 

Above left: LandSat image Lake Erie, 8/19/2009 

Above right: 681nm line height from MODIS, 8/20/2009 

MERIS spectra of western Lake Erie: 

8/21/2003 bloom conditions 

8/17/2004 non-bloom conditions Wynne et al. 2009 
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Spectral reflectance 

and modeled 

absorption for major 

functional groups 

from a red tide in the 

Benguela (source: 

Babin et al., 

Oceanography 2005) 

Solid black line: pre-HAB 

reflectance 

Most existing satellite 

sensors have too few 

bands to solve for 

multiple PFTs… but 

airborne sensors can 

also be used 
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Monterey Bay, CA 2006 

Relative proportion…. 

Diatoms Dinoflagellates 

Cyanos Haptophytes 
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Mapped to CHL 

Diatoms Dinoflagellates 

Cyanos Haptophytes 

4 October 2007, Central California 

Monterey Bay 

Avila Beach 

Santa Barbara 

MODIS AQUA Satellite Imagery 
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Avila Beach 

October 3, 2007 (C. fulvescens bloom) 

4 October 2007, Central California 

Monterey Bay 

Avila Beach 

Santa Barbara 

Matrix Inversion Algorithm Optimized for Dinoflagellates 

Black indicates 
dinoflagellate 
bloom 

Avila Beach 
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Ahn et al., 2006 (Harmful 

Algae 5:213-231) 

Application to 

Cochlodinium in coastal 

waters using SeaWiFS 

and LandSAT 7 ETM 

Key Point: 

To effectively detect or predict Harmful 

Algal Blooms using remote sensing, it is 

CRITICAL to treat remote sensing as 

one of many data sets, and to interpret 

the results in the ecological context of 

the region and organism. 
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You can‘t ignore everything else! 

Sequential images of SeaWiFS chlorophyll showing the 

replacement of a diatom community by a red tide. 

Ryan et al., 2005 (Oceanography) 

Internal Wave 
Modification of a 

Red Tide 
 

Source: Ryan et al. 2005 
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http://www.mbari.org/news/homepage/2005/ryan-blooms.html 

Towed and powered 
vehicles (not stuck in one 
place, but can’t carry all 
the instruments) 

Vertical Migration 

http://www.mbari.org/news/homepage/2005/ryan-blooms.html
http://www.mbari.org/news/homepage/2005/ryan-blooms.html
http://www.mbari.org/news/homepage/2005/ryan-blooms.html
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0938 

1124 

Physical: Vertical  

Migration 

 AUV sections 7 hours apart, each >180 profiles in < 4 hours 

A sub-thermocline nutrient pump 
Shea and Broenkow (1982) showed how the large 

amplitude internal tide over the canyon can pump deep, 

cold water onto the shelf.  We saw this process pumping 

nutrients into the hypothesized red tide incubator. 

Source: John Ryan, MBARI 
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Remote Sensing is only one 

data set… 

Merging ROMS physical models with RS to produce 

statistical probabilities of HAB events. 

 

Anderson et al. GRL 2011 

Anderson et al., GRL 2011, L04603 
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The Future of HAB RS 

HICO sensor 

Concepcion, 

Chile 
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Summary 
• Remote Sensing of HABs is subject to all of the issues 

associated with RS (clouds, algorithm failure, etc) 

 

• Although it would seem that true red tides would be easy to 

detect, most standard ocean color products are not designed 

for high biomass and complex coastal waters 

 

• There are many (increasing) examples of HAB products, but 

they generally require specialized processing and are specific 

to the region/organism 

 

• Given high quality data, it is possible to identify 

Phytoplankton Functional Types or even genera of algae 

 

• RS is only ONE tool—the best results are obtained by 

putting the results in an ecological context! 


