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Aquatic Validation

Assumptions

Validation of Level 2 normalized water-leaving radiance (nLw)
• Methods - an overview of basics

• Typical Challenges

• Coastal and In-Land Water Issues

Issues of tidal wetlands
• Complex spatial mixing

• Bi-directionality and sun glint

Summary
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Assumptions
• Instrument characterization and calibration done first:

– Space instrument characterization
– Vicarious and lunar calibration (remove bias and detrend)
– Ground instruments characterized
– Intercalibration of surface instruments
– NIST traceable calibration

• Standard Cal/Val protocols
– NASA CVO protocols (2002-2004) as a starting point
– Further development for coastal waters underway

• Centralized data archive and quality control (e.g., SeaBASS)

• Shiptime, Buoy accessibility & maintenance budgeted (open ocean)

• Data format, distribution, and use agreements
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nLw VALIDATION
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Measuring At Surface nLw
• Difficult measurement; cannot be measured directly.

• Platforms: Ships, buoys, towers

• Sun and sky photometry to get irradiance.

• Above water:
– Measure sea surface radiance.
– Measure sky radiance at angle of incidence.

• Below water:
– Measure downwelling and upwelling irradiance with depth
– Extrapolate to surface to get upwelling radiance at z = 0-.
or
– Measure IOPs of water samples and use radiative transfer to 
obtain upwelling radiance at z = 0-.

• Ideally, all three are done to obtain closure.
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Aquatic Validation Challenges
• Glint (above water)

– Waves, surface conditions
– Geometry
– Sky conditions

• Floating platforms move with waves

• Instrument and platform shadowing (below water)

• Sea spray

• Sea foam, bubbles

• Bi-directionality

• Raman scatter (2nd order)
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Examples of below water Instruments

Standard instruments
used for AMT.
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Example above surface instruments

Hooker (2009)
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Comparison of In Situ nLw to Satellite
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Validation Issues for Coastal and In-land Water
Close to land, waters can be highly variable in time and space and an 
improved sampling strategy may be needed:

• May need to select sites for stability (e.g.):
– Open ocean sites
– Lake Tahoe
– Clear, shallow water (Bermuda, Bahamas)

• For other sites, may need tighter time constraints for match-ups 
requiring more planning for overpasses.

• Might use airborne instruments in combination with in situ to scale up 
variation to satellite.
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TIDAL WETLANDS
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Dense vegetation marsh;
Presence of water 
reduces NIR reflectance 
of canopy

ASTER Imagery over 
Chesapeake Bay 
Wetlands

Dense highland vegetation

Bishops Head

Blackwater NWR

Bloodworth Island 13
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In remote sensing 
imagery wetlands can 
appear as a highly 
complex mix of terrestrial 
and aquatic components.

Validation of spectal 
mixing models may be 
necessary.

Complex Spatial Mixing



15

Wind Driven Features

Glint in ponds, channels, and 
streams

Bishops Head

Bloodworth Island

Bishops Head

OFF NADIR NADIR

THE RAVAGES OF SUN GLINT

CHRIS/Proba Imagery
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Spectral Data Quality
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Spectral Data Quality

Data source: Ramsey, E.W., III, Rangoonwala, A., (2005). Leaf optical property changes associate with the occurrence of Spartina alterniflora dieback in coastal Louisiana 
related to remote sensing mapping. Photogrammetric Engineering & Remote Sensing, 71(3), pp 299-311.
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Aquatic Validation Summary
• Characterization, calibration and detrending must be done first.
• Surface instruments should be intercalibrated.
• Standard protocol established.
• Programmatic infrastructure should be in place.

• Normalized water-leaving radiance cannot be measured directly.
• Different methods are employed successfully.

• Methods should follow common protocols.
• NASA CVO is working to improve existing protocols for coastal waters.
• More work needed for in-land waters?

• Tidal regions are subject to glint contamination and represent highly 
mixed terrestrial and aquatic signals.
• Validation of bi-directional spectral mixing may be useful.
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DISCUSSION
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AUXILLARY SLIDES



21Hooker et al. 2004 OCRT Meeting
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Being intercalibrated by CVO (2009)

Example Surface Data Sites*:
• Aeronet/SeaPRISM
• Plumes and Blooms (PnB)
• BOUSSOLE
• BATS
• HOT
• CARIACO
• Venice Tower
• MVCO
• MOBY

* All represent fixed assets (i.e., buoys, towers) except PnB
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Intersensor Validation:
• Covers greater area.
• Can identify large scale systematic trends.
• Differences can help identify instrument behavior.
• May helps scale up surface measurements.
• Does not help when both instruments are wrong.
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Example Airborne Sensors:
• AVIRIS (NASA)
• Ocean PHILLS (NRL)
• SAMSON (FERI)
• HYDICE
• Commerical? (HyMap, CASI, AISA, etc.)

Example Spaceborne Sensors:
• ACE/ORCA (DS Tier 2)
• VIIRS (NPP/NPOESS 2011/2014)
• HICO (APL/NRL)
• OLCI (ESA, launch planned for end of 2012)
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Future
• Future capabilities will have a much larger dynamic 
range in many variables (sensor response, water depth, 
etc.), so instrument development is needed to 
accommodate the new sampling requirements (AOP 
sensors have been miniaturized while expanding their 
performance, but IOP sensors have not).
• The future emphasizes shallow water, so improved 
sampling and data processing protocols are needed.
• The future is synergistic (ACE), so field 
oceanographers are going to have to be prepared to 
collect good atmospheric data (OSPREy).
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