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Photo by Bill Anders



CZCS composites (November 1978 - June 1986)
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Bloom
Song by Radiohead - 2011

Overview

Lyrics

Open your mouth wide
A universal sigh

And while the ocean blooms
It's what keeps me alive

So why does it still hurt?
Don't blow your mind with whys

I'm moving out of orbit
(Turning in somersaults)
Turning in somersaults
(A giant turtle's eyes)

A giant turtle's eyes

(As jellyfish float by)

As jellyfish float by

Source: Musixmatch
June

10 mg/m*3
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If | were to choose a single phrase to characterize the fM‘St century of modern
oceanography, it would be “a century of undersamplm — Walter Munk-

Photo by Deb Stegberg B N o —A




Ocean Chlorophyll (mg/m’) - Land Vegetation (NDVI)
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why satellites?




What is remote sensing?




Remote sensing:
“the acquiring of

iInformation from a
distance.”

NASA




Remote sensing: “the
scanning of the Earth
by a satellite or high-
flying aircraft in order to
obtain information

about It.”
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What is remote sensing?

...as simple as an iphone on a fishing pole

Ocean optics side project 2015, ‘Landsat 10’

~—



What is remote sensing?

as complex as a billion dollar mission with over a decade of planning




Reef Resilience Network
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Active Sensor
Provide their own source of light

Passive Sensor
Use external source of radiation

U

Reef Resilience Network
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The “color” of
the ocean or
atmosphere is
determined by
the interactions
of incident light
with substances
or particles
present in the
water or
atmosphere.

absorption

%

&_

The core satellite
data are accurate
measurements
of light intensity
from ultra-violet
to shortwave
infrared
wavelengths.
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water-leaving reflectance

Dissolved orgamc matter
» Detritus (fecal pellets, dead cells)
* Inorganic particles (sediment)

* Water absorption
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Ocean Color
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Remote sensing considerations

Spectral resolution
Spatial resolution
Time resolution (coverage)

Signal strength (relative to noise)



Spectral resolution

monochromatic
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Space/time resolution
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Temporal scale
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Signal strength relative to noise

signal M

signal —_—

VS noise /\/4/2;__/

noise

What studies are enabled from the left plot compared to right?



Ocean color remote sensing is an INVERSE PROBLEM

Radiometers observed the combined effects of optical constituents,

not the constitutes themselves

Rrs (A)

in practice, same Rrs can
be observed for different
water conditions




Ocean color remote sensing is an INVERSE PROBLEM

Radiometers observed the combined effects of optical constituents,
not the constitutes themselves

Ancillary data are needed when possible

to eliminate unphysical solutions that
may be mathematically sound! Rrs (A)

in practice, same Rrs can
be observed for different
water conditions




Ly(d) . —
TTS(A) — Ed(“’l) (Sr 1)

e =Y2 g, (D]

bp(A) enn—1
2oy’ JiTT)

e g, = 0.0794, generally ignored
2
~ 0.0794 X ( 1D, )

L u:

Rrs (A)

a(A)+bp(2)

in practice, same Rrs can
be observed for different
water conditions
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Food-web Empirical Inverse
models models models

)

nutrients, etc.)

Siegel et al 2022

Carbon

export Sequestration

How independent are RS products?

Many products are retrieved from remote
sensing that are used by modelers as
independent products

However, these products are highly correlated
with each other as they are derived from one
central product
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Scree plot of percent variance explained vs.
component for climatologies of

SeaWiFS Rrs(A) and of six SeaWiFS Rrs(A)-
derived products

Cael etal 2023

Way forward?

Derive a single product such as chlorophyll as
a function of all reflectance wavebands,
derive an anomaly from chlorophyll-based
expectations of a secondary product, then
specify all other products explicitly as a
function of these two
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Primary Production of the
Biosphere: Integrating
Terrestrial and Oceanic
Components

Christopher B. Field,” Michael J. Behrenfeld, James T. Randerson,
Paul Falkowski

Integrating conceptually similar models of the growth of marine and terrestrial
primary producers yielded an estimated global net primary production (MPP)
of 104.9 petagrams of carbon per year, with roughly equal contributions from
land and oceans. Approaches based on satellite indices of absorbed solar ra-
diation indicate marked heterogeneity in MPP for both land and oceans, re-
" ecting the in” uence of physical and ecological processes. The spatial and
temporal distributions of ocean NPP are consistent with primary limitation by
light, nutrients, and temperature. On land, water limitation imposes additional
constraints. On land and ocean, progressive changes in NPP can result in altered
carbon storage, although contrasts in mechanisms of carbon storage and rates
of arganic matter turnover result in a range of relations between carbon storage
and changes in NPP.

Biological processes on land and in the
oceans strongly affect the global carbon eycele
on all time scales (/—4). In both components
of the biosphere, oxygenic photosynthesis is
responsible for virtually all of the biochemi-
cal production of organic matter. Mecha-

sefmmen wlflacd ccsstlocioie ax b eatosecsdbacic o

NPP, originally defined as the amount of
photosynthetically fixed carbon available to
the first heterotrophic level in an ecosystem
(), 15 also the difference between autotrophic
photosynthesis and respiration (4). NPP is a
major determinant of carbon sinks on land

woed Siz abhia cscsan FTF OO acd 2 lesee cacelodes <8

strongly connected to global-scale observa-
tions. For the oceans, APAR can be related to
satellite-derived measurements of surface chlo-
rophyll (C_ ) (14), and for terrestrial systems, it
can be determined from satellite-based esti-
mates of vegetation greenness, often the nor-
malized difference vegetation index (NDWI)
(15). APAR depends on the amount and distri-
bution of photosynthetic biomass (the primary
source of variability in C_, and NDVT), as well
as the amount of downwelling solar radiation
and the fraction that is in the visible (photosyn-
thetically active) wavelengths. £ s an effective
photon yield for growth that converts the bio-
mass-dependent variable (APAR) into a flux of
organic compounds (NPP). For both terrestrial
and oceanic models, £ cannot be directly mea-
sured from space and must be parameterized
with field measurements.

For marine systems, £ can be parameter-
ized from thousands of '*C-based field mea-
surements of NPP (16—18). Terrestrial values
are less abundant, largely because & depends
on time-consuming determinations of NPP
and APAR (79, 20). Uncertainty In £ 15 a
primary source of error in land and ocean
NPP estimates. With few exceptions, ocean
NPP models estimate £ solely as a function of
sea-surface temperature (£, 16, 21-23). In
terrestrial ecosystems, £ varies with ecosys-
tem type and with stresses from unfavorable
levels of temperature, nutrients, and water
(20, 24, 25).
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triggered by 2019-2020 Australian wildfires
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M Check for updates

Droughtsand climate-change-driven warming are leading to more frequent and
intense wildfires' >, arguably contributing to the severe 2019-2020 Australian
wildfires*. The environmental and ecological impacts of the fires include loss of
habitats and the emission of substantial amounts of atmospheric aerosols’”. Aerosol
emissions from wildfires can lead to the atmospheric transport of macronutrients and
bio-essential trace metals such as nitrogen and iron, respectively® . It has been
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Aim Coastal marine environments experience a wide range of biotic and abi- A l' 'ldr
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of species through time. Determining the relative strengths and nonlinear

effects of these processes is vital to understanding the biogeographical struc-
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intense wildfires' >, arguably contributing to the severe 2019-2020 Australian
wildfires*. The environmental and ecological impacts of the fires include loss of
habitatsand the emission of substantial amounts of atmospheric aerosols’”. Aerosol
emissions from wildfires can lead to the atmospheric transport of macronutrients and
bio-essential trace metals such as nitrogen and iron, respectively® . It has been
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Ocean color anomaly detection
to estimate surface Calanus
finmarchicus concentration in
the Gulf of Maine
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and Catherine Mitchell™
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The planktonic copepod, Calanus finmarchicus, plays a pivotal role in the Gulf of
Maine (GoM) pelagic food web as a primary food source for many species,
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wildfires*. The environmental and ecological impacts of the fires include loss of
habitatsand the emission of substantial amounts of atmospheric aerosols’”. Aerosol
emissions from wildfires can lead to the atmospheric transport of macronutrients and
bio-essential trace metals such as nitrogen and iron, respectively® . It has been
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