Lecture 1

Why measure IOPS? Broader perspective from space & connections to
Biogeochemical parameters

Andrew Barnard, Oregon State University



An Ocean Color satellite “view” of the Earth.

Aqua/MODIS Ocean Color Satellite
image collected on September 2, 2017

Global vegetation and ocean i
chlorophyll, Sept. 97 - Nov. 97. >01 .02.03.056 .1 .23 S 1 2 3 5 10152030 S0

. .
NASA Gaddard Space Flight Center Ocean: Chlorophyll a Concentration (mg/m3) of Africa’s Benguela upwelllng

and ORBIMAGE . . ecosystem

Maximum

Minimum
Land: Normalized Difference Land Vegetation Index




Modeling Phytoplankton

Coupled with ship-based measurements and computer models,
satellite data allow scientists fo observe and study different
characteristics about the ocean and how they have changed
over time, as well as predict how they might change in the future.
This false-color image [right], generated using the NASA Ccean
Biogeochemical Moded, shows the primary production by diatoms,
a group that tends to be large and contributes heavilly o the global
carbon cycle. Primary production reflects the amount of carbon that
is converted using sunlight from carbon dioxide into organic carbon
through a process called photosynthesis. The organic carbon
represents the carbon that will be usable by higher trophic levels.
These data help to improve our understanding of the global ocean
carbon and biogeochemical cycles.
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Spectral Coverage

Ocean Color Heritage Sensors compared with PACE

This graph compares the portions of the electromagnetic spectrum
that the PACE Ocean Color Instrument will observe compared to
previous NASA ocean color sensors. Human eyes are adapted
to see a narrow band of this spectrum called visible ight. Using
satellite sensors to detect multiple spectral band combinations,
scientists can study various aspects of ocean color in ways that
they cannot from a photograph. Ocean color features, clouds,
and aerosols each leave their signatures in the electromagnetic
spectrum and scientists can observe and analyze these patierns
to detect changes.

Find more information at Attp://pace. gsfc.nasa.gov.
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Cover image:

This true color image of e North Atlantic Ocean was created using data
from the Visible Infrared Imaging Radiometer Sute (VIIRS) onboard the Suomi
National Folamorbiing Farnership satelite collected on Apdl 12, 2015
Nodce the swirling phytoplankion eddies and different color coastal waters
associated with runot! from the eastern United States.

Crest WAEA

The high spectral resolution of PACE will
enable scientists to distinguish phytoplankton
types, which will hopefully help to identify
harmful algal blooms from space one day.

www.nasa.goviearth :
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For mom infoemation, visit:

NASA Sets the PACE for Advanced Studies of Earth's Changing Climase
Mtp:/ipace.gsfe.nasa.gov




Ocean Color

Some sunlight passes through the atmosphere, enters the ocean,
gets scattered upwards, passes back up through the atmosphere and
is detected by ocean color satellites.
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By removing atmospheric effects and surface reflectance, you can
isolate the light that interacted with the water column. The color of ’D D
that light tells you about the constituents of within the water (e.g. = — | iy D
plankton concentration, dissolved organics, sediments). Mot Bock Praricles
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Transmission through the
water-air boundary

Absorption by water and its
constituents

Scattering by water and its
constituents




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

Water-leaving Radiance, L,

N4 K2 e/ Organic Matter
Detritus

Phytoplankton

jeremy.werdell@nasa.gov



The color of the ocean is a function of_

light that is absorbed or scattered as
a result of constituents in the water. /‘ :

?

*  Phytoplankton and pigments

* Dissolved organic matter

« Detritus (fecal pellets, dead cells)
Inorganic particles (sediment)
Water absorption




Ocean color remote sensing: the motivation & the challenge
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Adapted from M. J. Perry

Perspectives on hyperspectral optics and remote sensing

Ali Chase, Applied Physics Laboratory — University of Washington, USA
I0CCG Summer Lecture Series, 26 July 2022, Villefranche-sur-Mer, France
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Optically-based Biogeochemical (BGC) proxies

* Optical measurements (coefficients) that are related to (empirical or
mechanistic) biogeochemical parameters

* The inherent optical properties (IOPs): absorption, scattering, beam
attenuation provide a means to get at the BGC parameters

Some examples:

POC: beam attenuation, backscattering
CHL: chl fluorometers, absorption-based chl
CDOM: dissolved absorption spectral shape

Phytoplankton functional groups: deconvolution of particulate absorption
spectrum



Warning!!

No optical proxy for BGC parameter
is perfect, what uncertainty are you
willing to live with
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POC/Cp slope comparison (mg C m)
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How many independent constituents can be extracted from an absorption spectrum?

(Cael, Chase, and Boss, 2020. App! Opt)

Absorption spectra have pretty
similar shapes...
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Principal component analysis (PCA): Linearly
transform the data so that the greatest amount of
variance lies along the first axis (first component),
the next greatest amount along the second axis
(second component), and so forth.
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Figures: Cheng, C., 2022. https://towardsdatascience.com

rincipal-component-analysis-

“we are looking for small
differences in noisy measurements
to parse between covarying pieces

of information.”
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Figure: Cael et al. 2020, 10.1364/A0.389189
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How many independent constituents can be extracted from an absorption spectrum?

(Cael, Chase, and Boss, 2020. App/ Opt) et ©
Absorption spectra have pretty '

similar shapes...

1
b4

“we are looking for small
differences in noisy measurements

absorption [m

Principal component analysis (PCA): What are to parse between covarying pieces

the basis vectors that sequentially describe the of information.” " \

greatest amount of variance in the data? o
wavelength [nm]

Use a,, to remove chl first, then

PCA on a (1) from Tara Oceans... PCA... now mode 1 looks like NAP Take homes:

eigenvectors: raw spectra eigenvectors: residual spectra

: * There are 4-5 degrees of freedom
——mode 1 (91.20%) % 2
ol (570 (independently-covarying
mode 3 (1.90%
components) in hyperspectral a (1)
observed in situ
* Overall amplitude/chlorophyll and

—mode 1 (14.03%)] (Q)
—mode 2 (3.00%)
mode 3 (1.83%)

normalized absorption

normalized absorption

/ NAP explain most of the variance
* To get more, you need really low
/ uncertainty or other sources of
| : , , , , information
450 500 500 600 650 700 450 500 550 600 650 700
wavelength [nm] wavelength [nm]
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Why are biogeochemical proxies

Important

* Typically

* We can measure optical properties
on hlghlg resolved, yet long-term
time and broad space scales

* Desired biogeochemical properties
involve time consuming,
expensive, and/or sample-
dependent analyses which limit
the temporal and spatial resolution
and expanse

* Optically-based proxies provide
estimates of BGC properties on
time and space scales that are
relevant to their inherent
processes, not afforded by discrete
sampling

Credit: Meg Estapa, 2023, margaret.estapa@maine.edu
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Horizortal Spatial Scales



Trade-offs for spatial and temporal resolution - how can we scale
up to regional and global views?

Discrete Ship-board continuous Satellite remote
samples measurements sensing

0.3

North Atlantic
Ocean

0.1

Direct measurement of Spatial & temporal
cells & processes < resolution

Perspectives on hyperspectral optics and remote sensing

Ali Chase, Applied Physics Laboratory — University of Washington, USA
I0CCG Summer Lecture Series, 26 July 2022, Villefranche-sur-Mer, France
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The OOl array

Global Station Papa Array ———&

Regional Cabled Array j
Coastal Endurance Array

| GO

Global Irminger Sea Array

Coastal Pioneer Array

Global Southern Ocean Array

(Discontinued in 2020)

(&———— Global Argentine Basin Array

(Discontinued in 2018)

OCEAN
OBSERVATORIES
INITIATIVE




The OOl array — AC-S

Measurements of the spectral
Beam attenuation (c),

Absorption (a), and
Scattering (b)

c=a+b




Welcome to the coursel!!

Questions?



