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Earth Science and Applications from Space: 

National Imperatives for the Next Decade and 

Beyond, National Research Council 
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HABs and Water Quality are Linked 

Honner, Kudela & Handler 

(2012), J. Emergency Medicine 

September 2009—53 

year old woman diving in 

Monterey suffered from 

bilateral mastoiditis (ear 

infections penetrating to 

the brain). 

 

Retrospective analysis 

linked high pathogen 

loads to red tides. 



World Health Organization 



SeaWiFS 

MODIS 

MERIS 

VIIRS 

PARAMETERS: CDOM, Total Suspended 

Material, Turbidity, Harmful Algal Blooms, 

CyanoHABs  

GOCI 

HICO 

Hyperion 

Landsat* 

 

Remote Sensing of Coastal & Inland Water 

Bodies 

LIMITATIONS: 

• Difficult to separate out 

independently varying 

constituents given the low 

spectral/radiometric resolution 

• Low spatial & temporal 

resolution does not capture 

appropriate scales of variability in 

coastal and inland water bodies 

Mouw et al. (2015), RSE 

*30m res, not optimized for water 

MULTI- & HYPERSPECTRAL SENSORS APPLIED TO WATER QUALITY ASSESSMENT 

                              FUTURE 

GEO-CAPE 
(410-2130nm, 10-40nm) 

HyspIRI 
(380-2500nm, 10nm) 

PACE 
(340-1100nm, 10nm) 

 

OLCI/Sentinel-3 

(spectral res) 

Sentinel-2 

(spatial res) 
Powerful  

Constellation 



Chlorophyll has been most reliable proxy for Harmful Algal Blooms 

Multispectral 
 Sensors 

Operational HAB Forecasting in the 

Gulf of Mexico relies on chlorophyll 

anomaly product from MODIS to 

detect K. brevis 

(Stumpf et al. 2003; Tomlinson et al. 

2005) 

MODIS 

Maximum Chlorophyll Index (MCI) for 

MERIS 

(e.g. Gower et al. 2008) 

Maximum Peak Height 

(MPH) 

for MERIS 

(e.g. Matthews & 

Odermatt, 2015) 

MERIS 



Hyperspectral Sensors 

1) Algorithms that better discriminate HAB-derived 

chlorophyll  

                   (especially in optically complex waters) 

 

2) Application of PFT algorithms, detection of 

taxa/pigments/toxins 

via high-resolution spectral information and spectral shape 

analysis 

   (potential for reduced sensitivity to atmos correction 

issues) 



Application of the Hyperspectral Imager for the Coastal 

Ocean to  

Phytoplankton Ecology Studies in the Monterey Bay, CA, 

USA 
John Ryan, Curtiss Davis, Nicholas Tufillaro, Raphe Kudela, Bo-Cai Gao  

2014  Remote Sensing 
 

LINEAR BASELINE ALGORITHMS 



Application of the Hyperspectral Imager for the Coastal Ocean to  

Phytoplankton Ecology Studies in the Monterey Bay, CA, USA 

John Ryan, Curtiss Davis, Nicholas Tufillaro, Raphe Kudela, Bo-Cai Gao  

2014  Remote Sensing 
 ADAPTIVE REFLECTANCE PEAK HEIGHT ALGORITHM 

Characterizing  

phytoplankton density 

with HICO data 

 

MONTEREY BAY 

Adaptive Reflectance 

Peak Height (ARPH) 



Application of Hyperspectral Remote Sensing to 

 Cyanobacterial Blooms in Inland Waters 
 Raphe Kudela, Sherry Palacios, David Austerberry, Emma Accorsi, Liane Guild, 

Juan Torres-Perez 
(2015) Remote Sensing of Environment 

Scattering Line Height 

(SLH) 

Rrs714 – [Rrs654 + 
Rrs754 – Rrs654 

754nm - 654nm 
(714-654nm)] 

Aphanizomenon-Microcystis 

Index (AMI) 

peak width/dip width =     640 - 510 nm     

           652 - 625 nm 

Applied to: 

 1) HICO imagery 

 2) Airborne MASTER 

 3) GER and ASD 

Cyanobacteria Index (CI) – Wynne et al. 2010 
optimized for MERIS  

SS(681) = Rrs681 – Rrs665 – (Rrs709-Rrs665)* 
(681-665nm) 

(709-665nm) 

SPECTRAL SHAPE ALGORITHMS 



Application of Hyperspectral Remote Sensing to 

 Cyanobacterial Blooms in Inland Waters 
Kudela et al. (2015) RSE 

SPECTRAL SHAPE ALGORITHMS 



Domoic 

Acid 

Microscopy& LC-MS  MODIS Chlorophyll  Empirical HAB Models Spectral Shape 

HARMFUL ALGAL BLOOMS ON THE U.S. WEST COAST 

DOMOIC 

ACID 

•       Annual recreational fishery closures associated with Pseudo-nitzschia blooms 

• Risk to public health from Amnesic Shellfish Poisoning 

•       Widespread ecosystem impacts from domoic acid poisoning 

Is there a characteristic spectral shape associated with  

toxic Pseudo-nitzschia events?  
 

Collaboration with Raphe Kudela - ECOHAB & HyspIRI teams  

NASA Applied Sciences Program, Operational Forecasting of HABs 

PIs: C. Anderson, R. Kudela, CeNCOOS, D. Robinson, R. Stumpf 



GIOVANI 4KM  

MODIS AQUA 

at 

“Santa Cruz Wharf” 

Mean shape  

DA detectable 

DA max 

wavelength (nm) wavelength 

(nm) 

R
rs

 (
s
r-

1
) 

R
rs

 (
s
r-

1
) 



Estimate functional data from 

discrete, noisy observations  

Basis Expansion to transform 

discrete data to a continuous 

function 
 

Functional Principal Components Analysis (fPCA)  
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RAW SPECTRA B-Spline Expansion 

2003-2014 (MARCH-OCTOBER) 

GIOVANNI 4KM BINNED MODIS AQUA 
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“DA” Shape 
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5 clusters selected with Calinski criterion 

Cluster 3 most resembles “DA” shape 

 

 

K MEANS CLUSTERING on fPCA SCORES 



TIME SERIES OF DOMOIC ACID, 2ND PC FUNCTION, AND 3RD K MEANS CLUSTER 

2010-2014 : SANTA CRUZ WHARF 

PC2 (4km Giovanni) 

PC2 (1km MODIS, L2) 

DA observations at the SC Wharf 

 

Cluster 3 (4km Giovanni) 

Cluster 3 (1km MODIS, L2) 
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Would natural UV be enough to induce fluorescent emission in the 

blue if enough Pseudo-nitzschia are concentrated in surface 

waters?  



2015: MASSIVE  TOXIC DA EVENT on the WEST 

COAST 
 



Stn 15 - High Domoic Acid Stn 14 – “Low” Domoic Acid 

tDA =  

1700 ng L-1 

tDA= 

5800 ng L-1 

ASD SPECTRA FROM TWO STATIONS in MONTEREY 

BAY 

NOAA ECOHAB & NASA HyspIRI PROJECTS 

2015: MASSIVE  TOXIC DA EVENT on the WEST 

COAST 
 



 

Chlorophyll (mg L-1): 

Blue = 11.07 

Orange  = 1.43 

Red = 1.88 

MODIS Aqua Spectra 

 versus Measured Toxin 

28 ng L-1 

2,083 ng L-1 

2,978 ng L-1 



Hyperspectral Science & Next Decadal Survey 

Can we improve public health?  

  1) Major science questions pertaining to HABs and other water-borne 

pathogens: 

•  Can we discriminate between taxa and estimate physiological condition?  

  -includes toxin production 

ANSWER: Need increased spectral resolution (overlap in bands/# bands) 

•  Can we assimilate EO data into end-to-end modeling frameworks to 

improve  

 water quality/public health predictions? 

ANSWER: Biological data assimilation possible, but we need adequate 

mechanistic models to reflect the biological processes driving the production 

of key by-products. 

 

2) How will hyperspectral data help to address those questions? 

ANSWER:  “It is our only hope.”   -Dave Siegel, 16 June 2015    

 3) What is the smallest measurement ‘scale’ needed to address your science? 

REPHRASE:  What is the largest scale that is still useful? ANSWER: 1 km, 1 day 

But nearshore HAB dynamics and lake processes really require scales ~ 100-500 m, 2-3x/day 
 
4) What other space-based measurements or modeled data would you 

like to have to obtain more out of ocean color? 

ANSWERS:  LIDAR – physiological status?   Physical-biogeochemical models 

at sub-                                mesoscales, coupled w/empirical 

detection algorithms 
 


