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Theme for the next 25 min:

A brief history of the 
genesis and evolution of 
satellite “ocean color”





Part 1 (of 3)

Why phytoplankton?
Why satellites?



Sallie W. Chisholm, Nature 407, 685-687 (2000)

one coccolithophore
0.01 mm
1,000 cells/mL













RV Falkor

From microscopes to 
telescopes …

chlorophyll a





Part 2

How’d we get here?
How does it work?



“ocean color”





Coastal Zone Color Scanner
1978-1986 metric CZCS SeaWiFS

primary ocean 
bands (nm)

443, 520, 550, 
670

412, 443, 490, 
510, 555, 670, 
765, 865

nadir res. 825 m 1100 m

nadir swath 1636 km

discontinuous 
operation

1500 km GAC 
(2-day global)

2875 km LAC

tilt ±20o in 2o

increments
±20

det. per band 1 4 (TDI)

digitization 8 bits 10 bits GAC
12 bits LAC

o chl-a + phaeopigments
o diffuse attenuation at 490 nm



credit: Curt Mobley



credit: Curt Mobley

Gordon 2021 recounts the 
development & validation 
of the methodologies 





SeaWiFS
1997-2010 metric CZCS SeaWiFS MODIS

primary ocean 
bands (nm)

443, 520, 550, 
670

412, 443, 490, 
510, 555, 670, 
765, 865

412, 443, 488, 
531, 547, 667, 
678, 748, 869, 
plus SWIR 

nadir res. 825 m 1100 m 1000 m

nadir swath 1636 km

discontinuous 
operation

1500 km GAC 
(2-day global)

2875 km LAC

2230 km
(2-day global)

tilt ±20o in 2o

increments
±20o none

det. per band 1 4 (TDI) = 1 10

digitization 8 bits 10 bits GAC
12 bits LAC

12 bits

o lunar calibration
o system vicarious calibration

+ aquatic inherent optical properties
+ carbon: POC, PIC
+ photosynthetically available radiation

o black pixel assumption revisited
o spectral inversion modeling
o coupled atmosphere-ocean retrievals
o wind speed dependent Sun glint mask
o ocean bidirectional reflectance



N. Pacific

S. Pacific

S. Atlantic

Polivina et al. 2008, Geophy. Res. Letters



MODIS
1999-present metric CZCS SeaWiFS MODIS SGLI

primary ocean 
bands (nm)

443, 520, 550, 
670

412, 443, 490, 
510, 555, 670, 
765, 865

412, 443, 488, 
531, 547, 667, 
678, 748, 869, 
plus SWIR 

380, 412, 443, 
490, 529, 566, 
672(P), 763, 
867(P), 1055, 
SWIR (IRS)

nadir res. 825 m 1100 m 1000 m 250 m full
1000 m red.

nadir swath 1636 km

discontinuous 
operation

1500 km GAC 
(2-day global)

2875 km LAC

2230 km
(2-day global)

1150 km
(3+day global)

tilt ±20o in 2o

increments
±20o none none

det. per band 1 4 (TDI) = 1 10 pushbroom

digitization 8 bits 10 bits GAC
12 bits LAC

12 bits

o Fluorescence band
o SWIR for turbid water
o 250 & 500 m atmosphere & land bands

+ fluorescence line height
+ photosynthetic quantum yield
+ turbidity index
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SGLI
2017-
present

OLCI
2016-
present

+ GOCI, HICO, 
MERIS, MOS, OCM, 
OSMI, SeaHaWK, 
VIIRS, others …  

metric CZCS SeaWiFS MODIS SGLI OLCI

primary ocean 
bands (nm)

443, 520, 550, 
670

412, 443, 490, 
510, 555, 670, 
765, 865

412, 443, 488, 
531, 547, 667, 
678, 748, 869, 
plus SWIR 

380, 412, 443, 
490, 529, 566, 
672(P), 763, 
867(P), 1055, 
SWIR (IRS)

400, 412, 443, 
490, 510, 560, 
620, 665, 674, 
682, 709, …, 
765, …, 866, 
1013

nadir res. 825 m 1100 m 1000 m 250 m full
1000 m red.

300 m full
1200 m red.

nadir swath 1636 km

discontinuous 
operation

1500 km GAC 
(2-day global)

2875 km LAC

2230 km
(2-day global)

1150 km
(3+day global)

1270 km
(3+day global)

tilt ±20o in 2o

increments
±20o none none none

det. per band 1 4 (TDI) = 1 10 pushbroom pushbroom

digitization 8 bits 10 bits GAC
12 bits LAC

12 bits



Part 3

Where are we going?





global hyperspectral

geostationary
polarimetry

cubesats

high spatial resolution 

LIDAR L8 tomorrow:

“PACE in a 
consumer’s 
market”

ioccg.org



https://pace.gsfc.nasa.gov
@NASAOcean

2 contributed multi-angle polarimeters:
• HARP-2 (UMBC)

4 visible-NIR bands
Wide swath and hyper-angular
2.5-km at nadir

• SPEXone (SRON/Airbus)
Hyperspectral UV-NIR and narrow swath
5 angles
3 km at nadir

The PACE Ocean Color Instrument (OCI):
• (320) 340 – 890 nm, 5 nm resolution, 2.5 nm steps
• plus, 940, 1038, 1250, 1378, 1615, 2130, and 2250 nm
• single science pixel to mitigate image striping
• 1 – 2 day global coverage
• ground pixel size of 1 km2 at nadir
• ± 20o fore/aft tilt to avoid Sun glint
• twice monthly lunar calibration
• January 2024 launch
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Looking 
forward



Back to Noctiluca (PBS)

see also: McClain et al. 2022, Frontiers in Remote Sensing


