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If I were to choose a single phrase to characterize the first century of modern 
oceanography, it would be “a century of undersampling” – Walter Munk
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Informing Applications with PACE Data: Monitoring and Managing Terrestrial Ecosystems



why satellites?

RV Falkor



NASA

What is remote sensing?



Remote sensing: 
“the acquiring of 
information from a 
distance.”

NASA



NASA

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



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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Community Science



AIR

SEA

water-leaving reflectance

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.

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

absorption

scattering



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

What causes 
variation in 
the color of 
the ocean?
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Remote sensing considerations

Spectral resolution

Spatial resolution 

Time resolution (coverage)

Signal strength (relative to noise)



Spectral resolution

hyperspectral

multispectral

monochromatic





Space/time resolution





Geostationary 
orbit

NASA



Polar orbit

Ole Miss
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Space/time resolution



Space/time resolution

geostationary
satellites





Signal strength relative to noise

signal

noise

signal
noisevs

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

sensor

Rrs (λ)

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

sensor

Rrs (λ)

Ancillary data are needed when possible 
to eliminate unphysical solutions that 
may be mathematically sound! 

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



sensor

Rrs (λ)

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



Siegel et al 2022

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 

How independent are RS products?



Scree plot of percent variance explained vs. 
component for climatologies of 
SeaWiFS Rrs(λ) and of six SeaWiFS Rrs(λ)-
derived products

Cael et al 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





















[your paper here]



(from Dave Schimel, With appreciation to Lovenduski and Bonan)

Significance for future PIs 

Missions and analyses we design 
now will be measuring peak periods 
of CO2 and unprecedented 
temperature changes

We may be close to tipping points
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