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Plankton, Aerosol, Cloud, ocean Ecosystem
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Why NASA? Why satellites?

, \Q’_Che‘;ap_gake Bay Program
e s

=

http://www.chesapeakebay.net

routine data collection since 1984
12-16 cruises / year

Middle —»

49 stations
19 hydrographic measurements

algal biomass
water clarity

dissolved o
issolved oxygen | 1-day of MODIS-Aqua

satellites complement in situ sampling with routine, synoptic, & consistent views of our critical marine ecosystems
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This talk focuses on polar orbiting satellites
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What is ocean color?

Challenges!

Applied sciences examples
Demystifying the use of ocean color

“And as your tour guide, I'd now
like to point out that we're completely lost.”

National Water Quality Monitoring Council jeremy.werdell@nasa.gov



Chapter 1: What is “ocean color”?
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BN [ color
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the spectral distribution of reflected sunlight can be used to infer the contents of the water
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Measurements of ocean color are
based on electromagnetic energy
emitted by sunlight, transmitted
through atmosphere, and
reflected by Earth’s surface.

There are two
possible things that
can happen to a
photon in water

National Water Quality Monitoring Council
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light that isiabsorbed or scattered as r
a result of canstituentstin the water.

Phytoplankton and pigmenits
Dissolved organic matter:
Detritus (fecal pellets, dead cells)
Inorganic particles (sediment)
Water absorption

jeremy.werdell@nasa.gov




chlorophyll-a (algal biomass) Ocean color data products
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ratio of blue:green

radiances

and, many others, including:

phytoplankton community composition (including HABs)

particle size distributions (water composition)

particulate (in)organic carbon (productivity)

: 4 : euphotic depth (visibility, water clarity)

particle backscattering water temperature (MODIS, VIIRS) red light reflectance
(sediment load) (sediment load)
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Journal of Great Lakes Research

Monitoring Karenia brevis blooms in the Gulf of Mexico using

satellite ocean color imagery and other data

Karenia brevis, in the Gulf of Mexico from | €haracterizing a cyanobacterial
ocean color data
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Lake Erie using satellite imagen

Satellite Hyperspectral Remote Sensing
for Estimating Estuarine and
Coastal Water Quality

Vitorio E. Brando and Amold G. Dekker
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Remote Sensing of Environment

Assessment of estuarine water-quality indicators using

MODIS medium-resolution bands: Initial results from Tampa

Bay, FL




Applications for ocean health & fisheries

Reports and Monographs of the International
Ocean-Colour Coordinating Group

An Affiliated Program of the Scientific Committee on Oceanic Research (SCOR)
An Associated Member of the (CEOS)

IOCCG Report Number 15, 2014

Phytoplankton Functional Types
from Space

Edited by:
Shubha Sathyendranath (Plymouth Marine Laboratory)

Report of an IOCCG working group on Phytoplankton Functional Types, chaired by
Shubha Sathyendranath and based on contributions from (in alphabetical order):

Jim Aiken, Séverine Alvain, Ray Barlow, Heather Bouman, Astrid Bracher, Robert J. W.
Brewin, Annick Bricaud, Christopher W. Brown, Aurea M. Ciotti, Lesley Clementson,
Susanne E. Craig, Emmanuel Devred, Nick Hardman-Mountford, Takafumi Hirata,
Chuanmin Hu, Tihomir S. Kostadinov, Samantha Lavender, Hubert Loisel, Tim S.
Moore, Jesus Morales, Cyril Moulin, Colleen B. Mouw, Anitha Nair, Dionysios Raitsos,
Collin Roesler, Shubha Sathyendranath, Jamie D. Shutler, Heidi M. Sosik, Inia Soto,
Venetia Stuart, Ajit Subramaniam and Julia Uitz.

http://www.ioccg.org/groups/PFT.html

NASA-WRI Ocean Health Workshop

} fro

ntiers

NASA/TM-2015-217528

Report on IOCCG Workshop

Phytoplankton Composition from Space: Towards a
validation strategy for satellite algorithms

Astrid Bracher, Nick Hardman-Mountford, Takafumi Hirata, Stewart Bernard, Emmanuel Boss, Robert
Brewin, Annick Bricaud, Vanda Brotas, Alison Chase, Aurea Ciotti, Jong-Kuk Choi, Lesley Clementson,
Emmanuel Devred, Paul DiGiacomo, Cécile Dupouy, Toru Hirawake, Wonkook Kim, Tihomir Kostadinov,
Ewa Kwiatkowska, Samantha Lavender, Tiffany Moisan, Colleen Mouw, Seunghyun Son, Heidi Sosik,
Julia Uitz, Jeremy Werdell, and Guangming Zheng

The International Ocean-Colour Coordinating Group (IOCCG)
25-26 October 2014
Portland, Maine, USA

oups/PFT-TM_2015-217528_01-22-15.pdf

https://www.frontiersin.

jeremy.werdell@nasa.gov
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A Consumer’s Guide to Satellite
Remote Sensing of Multiple
Phytoplankton Groups in the Global
Ocean

Colloen B, Mouw ', Nick . Marciman-Mountford”, § wn’, Astrict Biracher
Robert J. W. Brewin

Amane Fupwara "', Takats

Shovenial Aoy * and Ade Uier*

Obtaining Phytoplankton Diversity
from Ocean Color: A Scientific
Roadmap for Future Development

Astrid Bracher ' **, Heather A. Bouman’, Robert J
Vands Brocas ', Aurea M. Clom*, Lesley Clementsor rearuer
Nk L Mardman- Mous
Tasafurm rorata Svetarna N Losa
Donywos £ Ratsos *, Ade Uitz




Heritage & future missions — It’s a consumer’s market

Number
2017 2018 2019 2020 2021 2022 2023 gi; %g m;al 8{3 asb g‘mnw

MODIS Terra 36 VIS-SWIR 1000 GLOBAL
MODIS Aqua 36 VIS-SWIR 1000 GLOBAL
OCM-2  OceanSat-2 8 VIS-NIR 1000 GLOBAL
cod COMS 8 VIS-NIR 500 GEO
VIIRS S-NPP 22 VIS-SWIR 750 GLOBAL
oLl Landsat-8 8 VIS-SWIR 30 LIMITED
MSI Sentinel-2A 13 VIS-SWIR 10/20/60 LIMITED
oLdl Sentinel-3A 21 VIS-NIR 300 GLOBAL
SGLI GCOM-C 19 UV-SWIR 250/1000 GLOBAL

SABIA-MAR 13 VIS-NIR 200/1000 GLOBAL
VIIRS JPSS-1 22 VIS-SWIR 750 GLOBAL
MSI Sentinel-2B 13 VIS-SWIR 10/20/60  LIMITED
oLdl Sentinel-3B 21 VIS-NIR 300 GLOBAL
GOdI-Il GeoKompsat-2B 13 VIS-NIR 300 GEO
HSI EnMap HYPER VIS-SWIR 30 LIMITED
OCM-3  OceanSat-3 12 VIS-NIR 360 GLOBAL
oLdl Sentinel-3C 21 VIS-NIR 300 GLOBAL
VIIRS JPSS-2 22 VIS-SWIR 750 GLOBAL
oLl Landsat-9 8 VIS-SWIR 30 LIMITED
odl PACE HYPER UV-SWIR 1000 GLOBAL

color legend:

National Water Quality Monitoring Council
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Different instruments & missions offer different capabilities
4
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different algal groups

‘/ (spectral bands)

image artifacts
dark ocean compared &
. m—-
to bright targets

atmospheric correction
(spectral bands +
instrument performance)

&

temporal T
: repeatability
grootl{nd sample contamination
Istances by Sun glint 7 f




Chapter 2: Challenges

Atmospheric correction
Sun glint

Image artifacts
Spectral resolution



Steps for deriving ocean color data products from space

SATELLITE

the satellite views the spectral light
field at the top-of-the-atmosphere

// 8 T
S open ocean
S Chesapeake Bay
/~ — 6 =
TOP-OF-THE-ATMOSPHERE ’ oL
|g I
“.'E 4 top—of-the—atmosphere
p 1. remove atmosphere from total ‘;; /
3. spatially / temporally .~ *— signal to derive estimate of light R
bin and remap the field emanating from sea surface ™
satellite observations (remote sensing reflectance, L,,) ><>\
/’ 0 s 1 N
400 500 600 700 800 900

W\/\/ Wavelength (nm)
SEA SURFACE the water signal is often less
than 10% of the total signal

:‘ > 2. relate spectral L, to a measured by the satellite

o ® chlorophyll-a concentration (or
PHYTOPLANKTON geophysical product of interest)

18
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~_:'_..MODIS image: Libya coast, October 26, 2007
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ucts from space
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open ocean
Chesapeake Bay
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/

Lo, “ i
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Wavelength (nm)

the water signal is often less
than 10% of the total signal
measured by the satellite
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We cannot see “ocean color” through Sun glint

1 ’ S 7K S T AR
Ay 7

Courtesy NASA Earth Observatory

Ground to Space: A Glittering Path of San Francisco Sunglint
https://earthobservatory.nasa.gov/blogs/earthmatters/2016/11/09/ground-to-space-a-glittering-path-of-san-francisco-sunglint/

What to do? Tilt the instrument fore/aft.



Glint for a 20.0 degree tilt

MODGLINT 5 439145
HIGLINT 2. 273341

-

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010

Glint for a 0 0 degree tilt

_______ MODGLINT . 441399
HIGLINT 15 267517

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010

SeaWiFS PAR - June 21, 2007 (with tilt)

I INTTTAL

Orbit High
gaps sun glint
MODIS-Aqua PAR - June 21, 2007 (without tilt)
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Image artifacts & instrument design

SeaWIFS (rotating telescope)
1 science detector

MERIS (pushbroom)

Hu et al. (2012)

multiple science detectors

often larger science pixels
(1 km)

National Water Quality Monitoring Council

often smaller science pixels
(30-300 m)

jeremy.werdell@nasa.gov

HICO TOA 444 nm

All multiple detector
instruments show
stripes in ocean color
imagery (more
detectors to calibrate)

22



Spectral resolution

normalized absorption spectra of seawater constituents
compared with SeaWiFS wavelengths (dashed)
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Challenges

ocean color signals are small
& differentiating between
constituents requires
~additional information relative
to what we have today

X
vy
®

Why is moving from multi-band
radiometry to spectroscopy important?

All living creatures are tied to their

A metaphor using land plants, which are 3 food source; if their food disappears

What VIIRS Sees

similar to phytoplankton: or moves, so do they & the ecosystem §;2 - Turte oo (Noctiuca)
in which they live changes accordingly g 0s *
Today we can count the leaves, but have 2 z: .
no idea if we’re looking at a forest, With heritage multi-spectral satellite | 5oo  ~ °
orchard, meadow or cropland radiometers we get hints that change Wevelength (om)

is happening, but are completely blind
With a hyperspectral instrument we will § to what is actually changing!

finally distinguish between pine needles,
apple trees, grasses, and corn stalks

What PACE OCI Will See

1.0 Fish food (ckatoms)
Turtle food (Noctiluca)
08

06 e

- -~ ~
04 & A
02’ & K

0.0
350 400 450 S00 S50 600 650 700
Wavelength (nm)

Normalized Light Absorption

MODIS image: Arabian Sea, Ma
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Spectral resolution

National Water Quality Monitoring Council

jeremy.werdell@nasa.gov

normalized absorption spectra of seawater constituents . ; . : . :
compared with SeaWiFS wavelengths (dashed) 0.03 —— Diatom )
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L ] S —— Mesodinium
© 08! 5 B —— Dinophysis
o0 | ~ S 0.02 —— Gymnodinium ||
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. — g [ -
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L J é /(
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400 500 600 700
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detritus water 400 500 600
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VIIRS wavelengths 400-700 nm @ 10 nm
0.06 . 0.06 : D
E os AR < 004 »: Particle backscattering retrievals
? o = . st : h : “h K
3 AREE e improve when using “hyperspectra
‘Q:j . .)"o.. N " ,;.." H 1
3 0.02 t';:_:f 0.02 ol retrievals compared to using only
[*] - .
= ’ﬁ’ VIIRS wavelengths
0.00 0.00
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Detection of harmful
cyanobacteria blooms

Chapter 3: Applied sciences examples

S . A satellite image from NOAA shows an aerial view of Lake Erie's massive 2011 algae bloom.
Toledo’s water crib in Lake Erie e ' ' 9
PHO sRAPH BY NA A/EAR H OBSERVATORY

National Water Quality Monitoring Council

~

>

jeremy.werdell@nasa.gov
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Chapter 3: Applied sciences examples

Lake Erie Harmful Algal Bloom Bulletin
Detection of harmful @ v

b t N b | The Microcystis cyanobacteria bloom continues in the western basin along- and offshore the Ohio and Michigan coast from Maumee Bay
Cya n O a C e rl a O O I I lS north past Stony Point and east towards Middle Sister Island. Observed winds this week (8/7-10) reduced mixing, increasing surface
concentrations from earlier. Scums have been reported. Measured toxin concentrations are below the recreational thresholds

throughout most of the bloom extent, but concentrations can exceed the threshold where the bloom is most dense (which would look
green from a boat)

10 August, 2017, Bulletin 09

Forecast winds (5-12kn) today through Saturday (8/10-12) may promote mixing, reducing surface concentrations of Microcystis. Winds
will promote easterly transport of Microcystis today through Sunday (8/10-13) towards the Ontario Coast.

Please check Ohio EPA's site on harmful algal blooms for safety information, hitp://epa.ohio.gov/habalgae. aspx. Keep your pets and
yourself out of the water in areas where scum is forming. The persistent cyanobacteria bloom of Planktothrix continues in Sandusky Bay
and extends into Lake Erie. NOAA’s GLERL provides additional HAB data: https://www.glerl.nosa.gov/res/HABs_and_Hypoxia

-Davis, Lalime
The images below are “"GeoPDF”. To see the longitude and latitude under your cursor, select "Tools > Analyze > Geospatial Location Tool",

Cyanobacterial Density

Cleveland l

. h|
&

Figure 1. Cyanobacterial Index from modified Copernicus Sentinel 3 data collected 08 August, 2017 at 11:26 EST. Grey indicates clouds or
missing data. The estimated threshold for cyanobacteria detection is 20,000 cells/mL

1

Toledo’s water crib in Lake Erie
-

National Water Quality Monitoring Council jeremy.werdell@nasa.gov 27



Support environmental management and public use of U.S. lakes by providing a capability of
detecting and quantifying algal blooms and related water quality using satellite data records.

CyAN Work Packages

Remote sensing e Uniform and systematic approach for identifying cyanobacteria bloom:s.
» Strategy for evaluation and refinement of algorithms across platforms.

Environment * |dentify landscape linkages causes of chlorophyll a and cyanobacteria

Health * Exposure and human health effects in drinking and recreational waters.

Economics * Behavioral responses and economic value of the early warning system.

Information distribution Bring the technology to EPA, states and tribal partners.

* Provide notifications and decision support

Full mission-long MERIS & OLCI (300-m) time-series of cyanobacteria abundance generated
for ~1,800 resolvable inland continental U.S. lakes

National Water Quality Monitoring Council jeremy.werdell@nasa.gov 28



Marnel Algee 67 (2007) W4 142

Contents lists avaiable st 5 cwnce et

Harmful Algae

journsl homepage: www salseviar com/locate/hal

A method for examining temporal changes in cyanobacterial harmful ®rn...u..'.
algal bloom spatial extent using satellite remote sensing

Erin A. Urquhart™*, Blake A. Schaeffer”, Richard P. Stumpf®, Keith A. Loftin®,

P. Jeremy Werdell
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Contents lists available at Scencelimect

Ecological Indicators

journal homepage: www elsevier.comiocate ecoling

Original Articles

Satellite monitoring of cyanobacterial harmful algal bloom frequency in
recreational waters and drinking water sources

John M. Clark®, Blake A. Schaeffer, John A. Darling”, Erin A. Urquhart’, John M. Johnston",
Amber R. Ignatius”, Mark H. Myer”, Keith A. Loftin“, P. Jeremy Werdell”, Richard P. Stumpf’

Frequency of observed cyanoHAB

occurrence above WHO high

threshold (100,000 cells mL?1) from

2008-2011 at the pixel level.

Monthly temporal assessment of total
bloom area (km?) for FL, OH, & CA.

jeremy.werdell@nasa.gov
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Chapter 4: Demystifying the use of satellite ocean color data

| @ oceancolor.gsfc.nasa.gov/cgi/browse.pl?sen=am (&) ] ( g' Google Q) @ @
g G H H
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Further demystifying the use of satellite ocean color data

SeaDAS File Edit View Layer Vector Raster OCSSW Tools Analysis Window Help

S B HPRe FEA#00® Y& »0/QA Bnow\ ax P Thlwld 4

= File Manage [1] LANDSAT RHOS LOG RGB_ X [1] Rrs_443 X [1] Rrs 482 X [1]Rrs 561 X [1]Rrs 655 X [1] Rrs_865 X
v B (1] Lc80950732017091 LG [1] LANDSAT RHOS LOG RGB [EEX]E! [11 Rrs_d43 Lox | @ [1] Rrs_482 [®[=[E3]
> (& Metadata
» (& Flag Bit Coding
v gt
(& Rasters B 3
v (@ Rrs

[ Rrs_443 (443 nm)
[ Rrs_482 (482 nm) ||

Remote Sensing of Esvisonmens 190 (2017) 289-301

Contents ksts avaiable at ScenceDirect

Remote Sensing of Environment

Ocean color measurements with the Operational
Land Imager on Landsat-8: implementation
and evaluation in SeaDAS

journal homepage: www.elsevier.com/locate/rse

Landsat 8 remote sensing reflectance (R.) products: Evaluations, ®‘

. . 3% Sean 8 ab 2 a
intercomparisons, and enhancements Brysa A. Freas, W. Balley,™ Norman Kuring," snd

P. Jeremy Werdell
“NASA Goddard Space Flight Center, Code 616.2, Greenbelt, Maryland 20771, United States

Futuretech Corporation, 7307 Hanover Parkway, Greenbelt, Maryland 20770, United States

Nima Pahlevan “**, John R. Schott ¢, Bryan A. Franz *, Giuseppe Zibordi ¢, Brian Markham *, Sean Bailey *,
Crystal B. Schaaf ¢, Michael Ondrusek !, Steven Greb £, Christopher M. Strait "

* NASA Goddard Space Fiight Center, 8800 Greesbelt Rood Greenbek, MD 20771, USA

" Science Systems and Applicetions, Inc. 10210 Greenbek Rood Lonhom, MD 20706, USA
Rochester Mstitute of Techaology. 54 Lomb Memorial Dr, Rochesser, NY 14623 (SA

! Buropean Commission, Joint Research Center, 20027 kspra, inly

“ University of Massachusetes Boston, 100 Morrissey B, Sostor, MA 2125, USA

Joumal of Applied Remote Sensing 096070-1 Vol. 9, 2015

" NOAA, NESDIS, STAR, SOCD, Collegr Mark, MD 20740, USA
¥ Wisconsin Department of Natural Resowrces, 2801 Progress Rd, Madisor, Wi 53776 USA
" Upstate Freshweter Jastitute, 224 Midler Park Dr, Syvacuse, NY 13206, USA
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From toes to top-of-atmosphere: Fowler’s
Sneaker Depth index of water clarity for the
Chesapeake Bay
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Citizen science!
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App Store Preview

iPhone Screenshots

Description

HydroColor: A Water Quality App

MEX®] THE UNIVERSITY OF

. MAINE

32



Ocean Chlorophyll (mg/m > Land Vegetation (NDVI)
- T low TN

Sep 1997




Thank you! Questions?

' PACE Mission Features
Cost Directed, DTC, $805M
Life 3-yr, Class C, 10-yr fuel
Launch Fall 2022
B Orbit 676.5 km, Sun sync, 1-pm MLT AN
. Coverage (OCl) 2-day global
RF Communication Ka direct to ground, 600Mbps

: e e —
PACE Key Mission Science Requirements
Ground sample distance of 1 + 0.1 km? at nadir
Sun glint mitigation (OCI tilt + 20°)
OCl spectral range from (320) 350-865 nm @ 5 nm resolution
OCl with 940, 1038, 1250, 1378, 1615, 2130, 2260 nm bands
Twice-monthly lunar calibration
Onboard solar calibration (daily, monthly, dim)
A vicarious calibration system
Core data products, uncertainties, & a validation program
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Learn more about PACE

P AC Plankton, Aerosol, Cloud,
ocean Ecosystem
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PACE mission characteristics

Key Mission Elements

Mission management NASA Goddard SFC
Ocean Color Instrument NASA Goddard SFC

HARP2 polarimeter
SPEXone polarimeter

U. Maryland Baltimore County
SRON (Netherlands)

Spacecraft/Mission Ops NASA Goddard SFC
Science data processing Ocean Biology Processing Group

Competed science teams  NASA Earth Sciences Division

"8

Observatory I&T

e | o=

Instrument(s)
CDR(s S -
el Spacecraft Launch f =
COR Fall 2022 Decommission¢
cvis | covio | cvao | cvan cv22 cv23 Y24 cv25
Phase B | Phase C Phase F

Key Mission Features

Cost Directed, DTC, S805M

Life 3-yr, Class C, 10-yr fuel

Orbit 676.5 km, Sun sync, 1-pom MLT AN
Coverage (OCl) 2-day global

RF Communication Ka direct to ground, 600Mbps

Key Mission Science Requirements

Ground sample distance of 1 + 0.1 km? at nadir

Sun glint mitigation (OCI tilt £ 20°)

OCl spectral range from (320) 350-865 nm @ 5 nm resolution
OCl with 940, 1038, 1250, 1378, 1615, 2130, 2260 nm bands
Twice-monthly lunar calibration

Onboard solar calibration (daily, monthly, dim)

A vicarious calibration system

Core data products, uncertainties, & a validation program
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