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Water-leaving Radiance, Lw

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

What is ocean color?
Measurements of ocean color are 
based on electromagnetic energy 
emitted by sunlight, transmitted 
through atmosphere, and reflected 
by 9ŀǊǘƘΩǎ surface.
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Phytoplankton
pigments

Detritus
(fecal pellets, dead cells)

Inorganic particles
(sediment)

Macroalgae
(e.g. Sargassum)

Oil and/or pollution
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Fisheries 

ÅAnnual fish yields (Conti and Scardi 2010); 

ÅTrophic energy potential (Fogarty et al. 2016);

ÅwŜŎǊǳƛǘƳŜƴǘ ό²ƻƻŘǿƻǊǘƘπJefcoats et al. 2020);

ÅZooplankton productivity (Stock and Dunne 2010);

ÅZooplankton biomass (Strömberg et al. 2009);

ÅEcosystem overfishing (Coll et al. 2008);

ÅFish distributions (Salois et al. 2023);

ÅSpecies richness (Turner et al. 2003);

ÅResearch track stock assessments (Sculley et al. 2018); 

ÅMarine mammal habitat (Palka et al. 2017);

ÅBy-catch avoidance (Hazen et al. 2018);

ÅAquaculture growth variability (Thomas et al. 2011); 

ÅIllegal fishing hotspots (Welch et al. 2022); 

ÅFisheries ecosystem modeling (Caracappa et al. 2022); 

Whale

Watch

Uses of satellite-based chlorophyll-a/productivity for fisheries





There is more to the story 
than just chlorophyll-aΧ 

Large            
copepods

Small copepods Gelatinous 
zooplankton



$20 million per year 
in U.S.

$131 million per year 
in U.S.

$1.16 billion per year 
in U.S.

$2 million per year in 
U.S.

Sanseverino et al. 2016



Two things can happen when light interacts with water:

Fo

Incident
Radiant 

Flux

Transmitted
Radiant 

Flux

Ft

Fa – Absorbed Radiant Flux
Fb – Scattered Radiant Flux

INTENSITY and DIRECTION of 
light at different wavelengths 
will change and can be 
measured to further define 
optical properties of water.

Rrs = Remote Sensing Reflectance

Rrs ≈ F [bb(λ) / a(λ) + bb(λ) )]



Reflectance
Apparent optical property

Absorption
Inherent optical property
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Physics & current (space-ready) technologies impede our 
ability to improve on all of these simultaneously with a 
single instrument concept

A shamefully short history of the evolution of ocean color satellites



GEO (geostationary) vs. LEO (polar, low earth orbit)



GEO (geostationary) vs. LEO (polar, low earth orbit)



Too much 
random noise

Ideal fingerprint
Got a partial print, 
degraded over time

Got the details, but 
the colors are 

lumped together

The battle for the photon

Captured the color 
gradient, but not 
the print details

Need longer 
dwell time

Need better 
spectral resolution

Need better spatial 
resolution

Need better 
temporal resolution
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ÅPlankton, Aerosol, Cloud, and 
ocean Ecosystem (PACE) mission

ÅCƛǊǎǘ Ǝƭƻōŀƭ άƘȅǇŜǊέ ǎǇŜŎǘǊŀƭ ƻŎŜŀƴ 
mission (the whole rainbow!). 

ÅProviding critical insights into the 
optical environment that we have 
been blind to for 25 years.

A step beyond 
chlorophyll-a

ÅLikelihood of toxicity 
and relevant size-class 
information for food 
web dynamics



Tetraselmis sp. Thalassiosira 
oceanica

Prochlorococcus 
marinus

Emiliania 
huxleyi
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Weather forecast 
analogues for the ocean

Sediment Exchange

Phytoplankton 
Physiology and

Bloom Evolution

Tidal Currents

Mixing

Seeps and Spills

Coastal
Currents

Upwelling

HABS
Shelf Exchange Export

Dissolved and 
Particulate Carbon 
Transformations

Carbonate
Whiting Events

Coastal Storm Damage

Episodic/Seasonal
River Discharge

ÅGeostationary Littoral Imaging and Monitoring 
Radiometer (GLIMR) launching in 2028

ÅNear-real time monitoring of the ocean 

ÅCloud mitigation = 2.5 ς 3X more imagery 

ÅCapture an order of magnitude more transient 
events (harmful algae, Sargassum, oil spills, 
marine debris, coastal currents).

ÅGOCI (Korea) and AHI (JAXA) also in orbit!



ÅPulsed laser (LIDAR) can see: 
Åthrough thin clouds/fog, 
Ålow-light conditions (high latitudes)
Åocean particle concentration
Åday/night cycle of particles
Åde-polarizing layers below surface
Åchlorophyll-a fluorescence (future)
Å3.75 meter vertical resolution (future)

ÅCloud Aerosol LIDAR for Global Scale 
Observations of the Ocean-Land 
Atmosphere System (CALIGOLA) 
launching in 2031-2032.

Vertical structure from 
space-borne sensors

Phytoplankton Biomass (mg C m-3)
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Thank you!
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