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HABs and Water Quality are Linked

September 2009—53
year old woman diving Iin
Monterey suffered from
bilateral mastoiditis (ear
Infections penetrating to
the brain).

Retrospective analysis
linked high pathogen
loads to red tides.

Figure 2. Computed tomography scan showing opacifica- Honner, Kudela & Handler
tion of the bilateral mastoid air cells. (2012), J. Emergency Medicine
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World Health Organization

Table 2.5. Advantages and shortcomings of biological and chemical water quality

monitoring

Biological monitoring Chemical monitoring
Advantages
|Gl‘.]ﬂ[:| spatial and temporal integration Possibility of very fine temporal vanations

Good response to chronic, minor pollution  |Possibility of precise pollutant determination
events

Signal amplification (bioaccumulation, Determination of pollutant fluxes
biomagnification)
|Heal time studies (in-line bioassays) Valid for all water bodies, including groundwaters

IMeasures the physical degradation of the Standardisation possible
aquatic habitat

Shortcomings

High detection limits for many routine analyses
(micropollutants)

|General lack of temporal sensitivity ‘

Many semi-gquantitative or quantitative No time-integration for water grab samples
responses possible
Standardisation difficult Possible sample contamination for some

micropollutants (e.g. metals)

|Nc-t valid for pollutant flux studies High costs involved in surveys |

|Nc-t yet adapted to groundwaters Limited use for continuous surveillance
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Fig. 2. Length- and timescales of coastal and inland processes in relation to heritage, cur-
rent and planned aquatic color sensors (SeaWiFS, MODIS, MERIS, VIIRS, HICO, GOCI,
OLCI) and missions (PACE/ACE, GEO-CAPE, HyspIRI). Planned sensors and missions are
italicized.

Adapted from Robinson (2010). MOUW et al (2015), RE‘

a FUTURE N\

GEO-CAPE OLCI/Sentinel-3
(410-2130nm, 10-40nm) (spectral res)
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4 Chlorophyll has been most reliable proxy for Harmful Algal Blooh

AR i“

(_jz 3
o — MODIS
= MERIS
] & &‘: ‘;.f‘
Operational HAB Forecasting in the
Gulf of Mexico relies on chlorophyli Maximum Chlorophyll Index (MCI) for
anomaly product from MODIS to MERIS

detect K. brevis _ ~ (e a_Gower et al. 2008)
Strait of Georgia, 2009-02-18 P % " % Lake Michigan, 2003-08-14
Eucaryote bloom (681.nm peak) ¥ &, "t &, Y : Adjacency effect (753 nm peak)

: e Yy f 8, Cyanobacteria bloom (709 nm peak)

-

Maximum Peak Height
(MPH)

for MERIS

(e.g. Matthews &
Odermatt, 2015)




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

Table 1. Center wavelengths of Hyperspectral Imager for the Coastal Ocean (HICO) bands

used 1n algorithm computations.

Chlorophyll QAAIOP MODISFLH MERISFLH MERIS MCI
Multispectral bands (nm) 443,490, 510, 555 411,443 490, 555, 667 665 677,746 665, 681,709 681,709, 754
HICO bands (nm) 444, 490, 507, 553 410,444,490, 553, 668 668,679,748 668,679,708 679,708,753

a) MODIS FLH bands b) MERIS FLH bands c) MERIS MCI bands
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/~ Application of the Hyperspectral Imager for the Coastal Oceanto
Phytoplankton Ecology Studies in the Monterey Bay, CA, USA
John Ryan, Curtiss Davis, Nicholas Tufillaro, Raphe Kudela, Bo-Cai Gao

2014 Remote Sensini

- .
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Characterizing
phytoplankton density
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Juan Torres-Perez

Application of Hyperspectral Remote Sensing to

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

\/'(A; (Peak Width / Dip Width)

0.005 |- : .

0 ! L I L L | |
400 450 500 550 600 650 700 750

Wavelength (nm)

800

Fig. 2. Example spectra for blooms of Microgystis (solid) and Aphanizomenon (dashed)
from Pinto Lake, CA collected on 13 September and 10 july 2012, respectively. Vertical

lengths used for SLH. The AMI is based on the ratio of the peak width at ~565 nm and
peak trough at~620 nm.
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Cyanobacteria Index (Cl) — Wynne et al.|2(

optimized for MERIS

681-665nm

solid lines indicate the wavelengths used for the Cl, vertical dashed lines indicate wave-

~ Scattering Line Height ™\
(SLH)
RrS75, — RrSgs
714-654
RIS714 - [Rrsﬁ5‘754nm 654nn§ os4nm)
\_ /
- Aphanizomenon-Microcystis )
Index (AMI)
peak width/dip width = 640 - 510 nm
Applied to:

1) HICO imagery
2) Airborne MASTER
3) GER and ASD
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Application of Hyperspectral Remote Sensing to
Cyanobacterial Blooms in Inland Waters

Kudela et al. (2015) RSE

SPECTRAL SHAPE ALGORITHMS

Pinto Lake, July 22, 2000

Y
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I 0.004
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0
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. HARMFUL ALGAL BLOOMS ON THE U.S. WEST 8(

. Annual recreational fishery closures associated with Pseudo-nitzschis
* Risk to public health from Amnesic Shellfish Poisoning
. Widespread ecosystem impacts from domoic acid poisoning

Mlcroscopy& LC-MS MODIS Chlorophyll _ Empirical HAB Models Spectral Shape

os 2 June 2015 MODIS Aqua

(7 > - = =)

< -— -~ ™ S

0
- 0o 400 450 500 550 600 650 700
1260 W 124 W 122°W 120W 118w 126w LIWJWLW lbw

n’NﬂSAApphed Sciences Program, Operational Forecasting of HABs
_ Pls: C. Anderson, R. Kudela, CeNCOOQOS, D. Robinson, R. Stumpf
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- Functional Principal Components Analysis (fP<

Estimate functional data from B_asis Expansion to tra_nsform
discrete, noisy observations discrete data to a continuous
. | function -
8 -
g

] © ; o 15 2 2 0 5 0 15 20 25
RS e = 02 time
Element In PCA in FPCA
Data X cRP X eLl’(T)
Dimension p < o0 oo
Mean p=E(X u(t) = E(X(t))
Covariance Cov(X) = Zpp Cov(X(s),X(t)) = G(s,1)
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2003-2014 (MARCH-OCTOBER)
GIOVANNI 4KM BINNED MODIS AQUA

Mean Santa Cruz Wharf Pixel

B-Spline Expansion
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PCA function 3 (Percentage of variability 4 )
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4 2010-2014 : SANTA CRUZ WHARE N
TIME SERIES OF DOMOIC ACID, 2NP PC FUNCTION, AND 3RP K MEANS ¢
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J. Phycol. 40, 705-710 (2004)
© 2004 Phycological Society of America
DOL: 10.1111/5.1529-8817.2004.03226.x

NOTE

UV-EXCITED BLUE AUTOFLUORESCENCE OF PSEUDO-NITZSCHIA MULTISERIES
(BACILLARIOPHYCEAE)'

9 -

Monica V. Orellana,= Timothy W. Pelersen, and Ger van den Engh

Institute for Systems Biology, 1441 North 34th Street, Seattle, Washington 98103, USA
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Would natural UV be enough to induce fluorescent emission in the
blue if enough Pseudo-nitzschia are concentrated in surface
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Huge bloom of toxic algae hits
West Coast

Robert Ferris | @RobertoFerris
22 Hours Ago

An extraordinarily large mass of toxic algae off the West Coast of the
United States has prompted state agencies to shut down crab and clam
fisheries in at least two states, and is posing risks to recreational fishing
and marine life.




4 “ N

ASD SPECTRA FROM TWO STATIONS in MONTEREY
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MODIS Agua Spectra
versus Measured Toxin
2 June 2015 MODIS Aqua
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4 Hyperspectral Science & Next Decadal Survey N
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

MEFHRNHICHYBAHiecipHPabRERIPOY G PressSRSe yinsstsrreduction
AN BRPrFOCEESHr only hope.” -Dave Siegel, 16 June 2015

3) What is the smallest measurement ‘scale’ needed to address your sciel
REPHRASE: What is the largest scale that is still useful? ANSWER: 1 km, 1 d:
But nearshore HAB dynamics and lake processes really require scales ~ 100-5

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

[
)
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\at sub- mesoscales, coupled w/empirical /




