
The use of remote sensing and meteorological data for 
monitoring HABs through ecological associations

SeaWiFS data from OrbImage, Inc.
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•Operational since Sept. 1997
•1.1 km field-of-view
•1-2 day repeat
•6 visible bands
•Detection of chlorophyll, water 
clarity, turbidity, optical properties

Operational SeaWiFS is limited to govt activity;  14-day delay for research.  
MODIS, with similar characteristics, will be operational soon.

SeaWiFS data from OrbImage, Inc.

SeaWiFS Ocean Color Sensor
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•Operational for 
20 years

•1.1 km field-of-
view

•2 Satellites, 1 
primary and 1 
secondary

•2 passes per day 
per satellite

AVHRR SST

Geostationary, lower resolution SST is now real, may help with clouds
Processed by Woodruff & Evans



Results of Improved SeaWiFS Algorithms:Accurate coastal data sets for climate and other studies

• Produced with new NOAA algorithms 
• Available for all U.S. coastal regions
• Now available from 
Sep 1997 to Aug 2004

• Products include monthly means 
and analyses of variability in space and  

time within and between regions

NOS-processed
1-km SeaWiFS
ocean color (Rrs) and
chlorophyll       NEW



Daily SeaWiFS image products

Remote Sensing Reflectance (Rrs) 
(6 wavelengths)Chlorophyll 

Rrs670



SeaWiFS, monthly mean chlorophyll and Rrs; climatology from Sep 1997 to present

Oct 2001

Oct 2003
Oct 2002



Methods for detecting and monitoring HABs

•Ecological 
dominate biomass
event separation
seasonality

•Optical
Full optics, absorption and 

backscattering characteristics
•Physical Forcing

Wind events
Upwelling
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Laboratory chl/cell relationship needed for direct detection: convert satellite chlorophyll to cells or get % total biomass

Karenia brevis cells 106



Match of high chlorophyll 
to cell counts.

Red indicates chl a > 10 µg L-1

> 1 million cells L-1

SeaWiFS chl a & cell countsSW Florida: September 4, 2001

Low<105<1

Medium105-1061-10

High106>10

Bloom intensityCells 
(L-1)

Chl a
(µg/L)



September 22, 2001

=
September 22, 2001

Current Day 

Why does this work for K. 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 negatives 
rare).  

Anomaly 60-Day Mean

July 10 – Sept 8, 2001

Anomaly method for finding Karenia brevisblooms

New Blooms



18Jan00 Chl-
a & Cell 
counts

18Jan00 
anomaly

Fish kills in Keys 
early Jan. 2000 

Cause unknown

Known 
bloom

New bloom 
detected

First bloom detected from satellite



Anomaly with cell countsChlorophyll a

22 Sep 2001

After Tropical Storm Gabrielle

Red = HAB



Before Event After EventDuring Event

Red 
Tide

23 Nov Anomaly7 Sept Anomaly

7 Sept Chlorophyll 20 Sept Chlorophyll 23 Nov Chlorophyll

20 Sept Anomaly

2000 Texas Red Tide Event



Benthic chlorophyll calculate
from 670 Rrs

Original Chl
Anomaly

Chl Anomaly adjusted for 
resuspended (benthic) chlorophyll

Method to separate water column 
chlorophyll from resuspended algae

Suspect HAB Flag
No evidence of 
HAB
- probably due to

resuspended
sediments

Flag eliminated

SeaWiFS data
products for the 
Texas coast
21 Oct 1998



Direct detection of toxic blooms

Area of known 
Microcystis bloom

Lake Erie, Sep 17, 2002
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Methods for detecting and monitoring HABs

•Ecological 
dominate biomass
event separation
seasonality 

•Optical
Full optics, absorption and 

backscattering characteristics
•Physical Forcing

Wind events
Upwelling



Potential HAB Flagging Enhancements

Anomaly
Pro: Not dependent 
on water optics, 
shows transport

Con: Will flag all 
blooms; quits on 
long-lived blooms

Backscatter
Pro: Tends not to 
flag diatoms and 
Trichodesmium
Con:  fails (false 
negative) in high 
sediment.

Thresholds may 
require analyst 
interpretation  

Chl Anomaly Low backscatter, High Chl in 
blue!



Methods for detecting and monitoring HABs

•Ecological 
dominate biomass
event separation
seasonality 

•Optical
Full optics, absorption and 

backscattering characteristics
•Physical Forcing

Wind events
Upwelling



K. brevis blooms at the coast correlate with winds 
blowing offshore.  Blooms typically start in Sept-Oct.  

(Stumpf et al., 1998)

Physical Forcing: Upwelling and Bloom InitiationSW Florida Coast



, 2001

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

Offshore winds intensify blooms; monitored from satellite

Integrated data for forecasting

Sep 17Aug 30Aug 20



Aug 20 Aug 30 Sep 17

HAB initiation from upwelling transport

Sep 27Sep 10Aug 27Aug 14

2001 ECOHAB Cruises
(Kirkpatrick & Pederson)



Adapt oil-spill response 
models for use with 
Karenia brevis

Implementation planned 
for next bloom season.

Culver, Watabayash, and 
Stumpf

Forecasting Transport



Contours
NH8 cruise sampling,
August 11-13, 1998
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Physical Forcing: Potential for Pseudo-nitzschia sp
•Chl anomalies do not 
detect Pseudo-nitzschia
Does not dominate 
biomass!
•May help in feature 
tracking
•SST useful for front and 
eddy detection, feature 
tracking



Juan de Fuca Eddy

AVHRR
SST



Eddy Detection

• Satellite tracking of oceanic features

10 12 14 16 18

08/04/98 08/13/98 10/17/9809/03/98

SST oC
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Front detection and feature tracking for Pseudo-nitzschia

10 12 14 16 18

Kalaloch Beach 2002

Analysis by D. Woodruff
Cell counts from ORHAB: Trainer et al. 

Relaxation 
of coastal front

SST oC



Imagery for defining frontal boundries, river plumes
Sept 2, 2003

Columbia 
River
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Examples of Remote Sensing from Elsewhere

Biomass
-Japan, Ariake Sound (Ishazaka, 2003)
-China, Pearl River (Yin et al., 1999; Tang et al., 2003) +SST
-China, Bohai Sea (Lin et al., 2003) + “true color”
-Norway (Petterson et al., 2000)

“True Color”
-British Columbia (Gower, 1994; 1997)
-Baltic (Kahru et al., 2000)

SST associations (circulation, fronts, upwelling changes)
- Ireland (Raine et al., 2001) + biomass
- Korea (Suh et al., 2000)
- Portugal (Moita et al., 2003)



Remote Sensing for HAB Detection and Transport

•Bloom Ecology
Not just chl a, must consider bloom ecology
does it dominate/correlate biomass
Seasonality of blooms

•Optical techniques
Can distinguish some bloom types in case 1 water

Difficult in coastal areas due to sediment and CDOM
Not just absorption, backscatter is important
Complements ecological detection techniques

•Physical Forcing
Association between bloom and physical features 

(e.g., fronts, upwelling, wind events, river plumes)
Not direct bloom detection, difficult to view extent of bloom



How Can Remote Sensing Address Management Needs?

• Remote Sensing

• Observing movement of identified bloom onshore…
• Detecting new blooms as HAB or non-HAB………….
• Predicting movement of identified HABs……………..
• Predicting favorable conditions or features likely to initiate blooms at the coast

• A combination of tools will be required for the management of these blooms, in 
addition to imagery 

• Overall success is dependent on extensive knowledge of oceanographic processes 
and ecology of the individual HAB organism and its environment, need for 
migration of research to operations



• Provides information - analyzed data with 
interpretation

• Contains visual and text components

• Timely and routinely updated

• Reliable and easily accessible on the Internet

• Accurate

• Regional perspective for local interpretation

From HABSOS, 2000 workshop

Characteristics of the Ideal Decision Support System – Migration of Research to Operations



Primary users of 
information
• Fisheries managers 
• Public health officials
• Research community
• Local government

Warning Time Management Options
seasonal re-allocate resources

alter monitoring schedules
change harvesting policy

week – 3 days alter monitoring schedules
change harvesting policy
alert businesses
prepare for clean-up

24 hours alter monitoring schedules
alert businesses
prepare for clean-up

none extensive testing of harvested
products
initiate public health warnings
divert resources to monitoring
and clean-up

Need for Timely Information



Harmful Algal Bloom Bulletin

National Center for Coastal Ocean Science; CoastWatch; 
Coastal Services Center; Center for Operational 
Oceanographic Products & Services

• Demonstration from 
1999-2004
• Operational Oct 2004

A – SeaWiFS (or MODIS) 
chlorophyll image

B – Last known position
C – HAB Flag in areas 
affected
D – Local winds
E – Data interpretation



Operational HAB Forecast System for Gulf of MexicoOctober 1, 2004
Page 1 Page 2

2 components:
-Distributed to State/local/Fed Government to target sampling and
management
-Public HAB condition report


