
Ocean color satellite data processing lab …

Data discovery & acquisition

Satellites 101
• Options
• Processing flow (levels)

Hands-on data processing
• GUI and command line
• Sensitivity studies (e.g., inversion model parameterization)

Medium res, high res
Anything you want to discuss



GEO (geostationary) vs. LEO (polar, low earth orbit)
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GEO (geostationary) vs. LEO (polar, low earth orbit)
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35,786 km altitude



GEO (geostationary) vs. LEO (polar, low earth orbit)
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35,786 km altitude 400-700 km altitude



pushbroom vs. whiskbroom (scanner)
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HICO
Landsat 8 OLI
MERIS
OLCI

SeaWiFS
MODIS

VIIRS
PACE OCI



different instruments & missions offer different capabilities
Landsat 8 OLI, 26 Oct 2016,  Queensland, Australia

different algal groups
(spectral bands)

dark ocean compared 
to bright targets

image artifacts

ground sample 
distances

temporal 
repeatability

contamination 
by Sun glint 

atmospheric correction 
(spectral bands + 

instrument performance)



current & future missions – it’s a consumer’s market

ioccg.org



Level 0
– raw digital counts
– native binary format

Level 1A 
– raw digital counts
– HDF formatted

Level 1B
– calibrated reflectances
– converted telemetry

Level 2
– geolocated geophysical 

products for each pixel

ancillary data
– wind speed
– surface pressure 
– total ozone
– Reynolds SST

GEO 
– geolocation
– radiant path geometry

ATT & EPH 
– spacecraft attitude
– spacecraft position

MODIS data levels & flow

jeremy.werdell@nasa.gov
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jeremy.werdell@nasa.gov
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SEA SURFACE

TOP-OF-THE-ATMOSPHERE

the satellite views the spectral light 
field at the top-of-the-atmosphere

SATELLITE

PHYTOPLANKTON

1. remove atmosphere from total 
signal to derive estimate of light 
field emanating from sea surface 
(remote sensing reflectance, Rrs)

2. relate spectral Rrs to Ca (or  
geophysical product of interest)

3. spatially / temporally bin and 
remap satellite Ca observations

satellite ocean color

everything up to Level-1B

Level-2

Level-3



common software for Level-2 processing of MODIS, SeaWiFS, MERIS, & 
other sensors in a consistent manner

supports a multitude of product algorithms and processing methodologies
– standard products
– evaluation products
– user defined products
– run-time selection

Level-2 processing (l2gen)

jeremy.werdell@nasa.gov
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as data is processed by l2gen from Level 1 to Level 2, 
checks are made for different defined conditions

when certain tests and conditions are met for a given 
pixel, a flag is set for that pixel for that condition

a total of 31 flags can be set for each pixel

these l2gen processing flags are stored in the Level 2 
data file as the "l2_flags" product

the storage method sets bits to 0 or 1 in 32-bit integers 
that correspond to each pixel

Level-2 processing (l2gen)

jeremy.werdell@nasa.gov
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(flags in red are masked during Level 3 processing)

Level-2 
processing 

flags

jeremy.werdell@nasa.gov
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nLw (443)RGB Image

glint

sediments

cloud
add masking for high glintadd masking for straylight

Level-2 flags & masks

jeremy.werdell@nasa.gov
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Level 3 binned
– geophysical products averaged 

spatially and/or temporally
– sinusoidally distributed, equal 

area bins

Level 3 mapped
– images created by mapping and 

scaling binned products
– user-friendly, cylindrical 

equiangular projection

Level 2
– geolocated geophysical 

products for each pixel
Bin resolution 4.6 x 4.6 km2 

Mapped resolution
– 0.042-deg
– 0.084-deg

Composite Periods
– Daily
– 8-day
– Monthly
– Seasonal
– Yearly
– Mission

MODIS Level-3 processing

14
jeremy.werdell@nasa.gov



projection - any process which transforms a spatially organized 
data set from one coordinate system to another

mapping - process of transforming a data set from an arbitrary 
spatial organization to a uniform (rectangular, row-by-column) 
organization, by processes of projection & resampling

binning - process of projecting & aggregating data from an 
arbitrary spatial & temporal organization to a uniform spatial 
scale over a defined time range

Level-3 terminology

jeremy.werdell@nasa.gov
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equal-area - sinusoidal with equally space rows & number of 
bins per row proportional to sine of latitude

equal-angle - rectangular (Platte Carre) with rows and 
columns equally spaced in latitude and longitude

equal-area & -angle projections are equivalent at the equator

ocean color projections

jeremy.werdell@nasa.gov
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sinusoidal equal area projection

jeremy.werdell@nasa.gov
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bin file grid

map file grid

bin files
– multiple products
– stored as float
– sampling statistics included

map files
– single product
– stored as scaled integer

Level-3 binned vs. mapped

jeremy.werdell@nasa.gov
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Increasing Pixel Size

MODIS “bow-tie” effect

jeremy.werdell@nasa.gov
19



one MODIS scan at ~45 degrees scan angle

jeremy.werdell@nasa.gov
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two MODIS scans showing overlap of pixels

jeremy.werdell@nasa.gov
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multiple MODIS scans showing pixel overlap

jeremy.werdell@nasa.gov
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bin boundaries overlaid on pixel locations

jeremy.werdell@nasa.gov
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ocean coverage over time for binned files

jeremy.werdell@nasa.gov
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