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Optical Remote Sensing:
The science of light propagation

Electromagnetic Spectrum
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Optical Remote Sensing:

Principles
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The Beauty of Remote Sensing




Simple Interpretation

Remote Sensing Reflectance
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Complex Interpretation

S
lllIlllIlllllllllllllllllllll N I el Al s s S bt | Z

TCT s 1

500 600 700




RADIANCE
(Wm2 um’’ 5r'1}

Satellite vs Surface Observation

100

10

=

CHLOROPHYLL
CONCENTRATION
IN mg/m?
Chl = 0.0 sea sic
w== Chl =10 sea sfc
m== Chl=0.01 at satellita
= Chl =10 at satellite

-
-

-lh‘-.
] Ty

iy

01

.001
400 450 500 550 600 650 700 750 800 850

WAVELENGTH (nm)

Gordon (1983)

MOREL CASE 1 WATER
NADIR VIEW

0. =0

A exponent = 0.5
T"uaruﬂnl &T0nm = 0.2

column HoO = 0.5cm
orons coneé = 0.35 em

MODIS NOISE
EQUIVALENT RADIANCE




Forward and Inversion Algorithms
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Mean Chl (9/1997 — 8/2000)
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A Little History
1950’s Today




Today’s Gears




Satellite Instruments

CZCS on NIMBUS-7
(1978-1986)

178 Remote sensing of the aquatic environment
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SeaWiIFS on Orbview-2
(1997 — present)




Satellite Instruments

MODIS on Terra
(1999-present)

MODIS on Agua
(2002 — present)
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Computing Power

» 1970s: First CZCS image in a month
» Today: 10-year SeaWIiFS archive in 2 days

Algorithms

» 1970s: Subtraction, ratio, etc.
» Today: Semi-analytical, optimization, etc.

Data/Image Availability

» 1970s: Barely anywhere
» Today: Free everywhere

Peer Recognition

» 1970s: One image deserves publishing in Science
» Today: Images without story published nowhere



What data products?

» Spectral reflectance

» Chlorophyll-a concentration
» Surface irradiance

» Attenuation coefficient

» Backscattering coefficient

» CDOM absorption coefficient
» Euphotic depth

» Total suspended sediments
» Fluorescence line height



Where?

» NASA (global archive)

» Regional (customized for GOM)



http://oceancolor.gsfc.nasa.gov
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http://reason.gsfc.nasa.gov/Giovanni/
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Eile Edit “jew Higtory Bookmarks Tools Help

L

@ v c B | & htip:/fgdatal.sci.gsfc.nasa gov/daac-bin/G3/qui.cgivinstance_id=ocean_mo .7 -~ '
-

. . Marth: |30 .
Area of Interest: West: | -180 South: |9 East: 1180 Upidlate Map

—Parameters

Display: Diata Product Info [ Climatolagy Info Clunits O Dnly Parameters with Climatalogy

Analysis Options: 'f;\ Parameter 'F Climatology 'C AnarmaEly

[] seawiFs{1997/09/01 - zo09:07/01) e

FParaneter Chta Product b .

D Aerosal optical thickness at 865 nm SWFMOTEES.005 SeawiF3 1997/09 - 2008507

|:| .ﬂ,ngstrnm coefficient 510 to 8BS nm SWFMOAST0.005 SeawiFs 1997/09 - 200807

D Chloraphyll & concentration SWFMOCHLO.005 SeawiF3 1997/09 - 2008507

] Diffuse attenuation coefiicient at 490 nm SWFMOK 440005 SeaWiFs 1997/08 - 200907

O Epsilon of aerosol correction at 765 and 865 nm SWEMOERSTE.005 SeatiFs 19497049 - Z008/07 o

Done



http://www7333.nrlssc.navy.mil/imagery/image
spyiiepu2.htmie

File Edit Aiew History  Bookmarks

c Br | I_‘; I'_I ttl':l 3 =1 . .. _-:- =

arch Laboratory - Co., M http:/ S weww73...yMenu2.html £

e

Imagery Products Search

Parameters = =

A A -

NRL-Code7333 Optical
Products-Imagery

Additional Filtering
Parameters

Cloud Coverage

Done



http://nabsos.noaa.gov/
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http://www.nodc.noaa.gov/SatelliteData/OceanColor/

) NODC Ocean Color Archive - Mozilla Firefox
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http://www.esl.Isu.edu/home/
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http://modis.marine.usf.edu/weekly/gcoos/
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How shall we trust these products?



Global Oceans
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Upwelling and River Plume
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SeaWiF$S (Chlorophyll a) AVHRR (55T)
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From Muller-Karger (2001, EOS)




Upwelling and River Plume

CARIACO upwelling: Orinoco plume:
RMSE =57% RMSE > 150%

CARIACO upwelling
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10-m Isobath, West Florida
10m isobath (Stations 51, 70-83. 1)
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Cross-shelf, West Florida
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Tampa Bay, Florida
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Percentage of Negative Lw (1998-2007)

Autumn




Probability of cloud-free SeaWiFS data
Spring (3/20 — 6/20), 1998-2004
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“Ocean color” 1n Research

Web of Science

1. Carbon Cycle 8/25/2007
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3. Ecology and Fishery
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Wastewater Management
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Oil Search
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Whale Locations
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Fronts and Fish

Wall et al., (2009)



Coral Reef Connectivity
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Sargassum Pollution




What’s Next

1. Increase usage
User-friendly products

Involvement of end-users

2. Improve quality

Accuracy
Resolution

3. Inter-disciplinary

4. Increase $
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