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Objectives:
• Develop and validate a hyperspectral UV-Visible
(350-700 nm) ocean color model for the derivation of
IOPs from PACE-like reflectance data
• Assess if and how the UV channels affect IOP
retrievals
• Assess sensitivity to noise (from AC and at the
surface radiometry)

Ocean Color model for PACE
General formulation:

Various parameterizations were tested based on current knowledge and historical
or recent high-quality in situ datasets, e.g.:
Phytoplankton absorption spectral shape
Spectral slope of CDM (=CDOM + non-algal particles)
Slope of backscattering
Pure seawater aw(λ) (Sogandares + Pope & Fry, 1997; Morel et al., 2007; Lee et
al., 2015; Mason et al., 2016)
• bbw(λ) (Buiteveld et al., 1994; Zhang et al., 2009)
• f/Q (aka G)
•
•
•
•

Correction of reflectance for Raman scattering (Westberry et al., 2013; Lee et al.,
2013)

Test Data Set: BIOSOPE
(South Tropical Pacific – 2004)
• Hyperspectral Rrs, ad, ap, acdom
• Reflectance data cover the UV (starts at 354 nm). Absorption: 300-800 nm
• Multispectral backscattering (7 wavelengths in the visible)
• Different water types sampled (super-oligo to mesotrophic)
67 Rrs spectra
68 casts with ap, ad
29 casts with CDOM
41 casts with bb
HPLC pigments
27 casts/stations with
full suite of
measurements: Rrs,
ad, ap, acdom, bb

Test Dataset: PACE Synthetic dataset
Rrs(λ), aph(λ), ad(λ), ag(λ), bb-ph(λ), bb-dm(λ)
720 spectra
350-800 nm (5 nm)
3 different sun-zenith angles
aph spectra are from SeaBASS in situ data archive. All other IOPs are
derived through a relationship to aph(440) and a typical spectral
shape function (with some randomness) for each component of
absorption and backscattering.
Rrs spectra from Hydrolight runs with the synthetic IOP dataset.

Results with the Synthetic Dataset
Example using basic parameterization from large well known datasets (SeaBASS, NOMAD)

Works well overall
Falls apart for spectra
corresponding to very high
absorption or
backscattering or extreme
cases

Results with the BIOSOPE dataset
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Looks reasonably good….
but required specific parameterization
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Results with and without the UV bands (only the common bands are plotted)
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Statistical figures for the IOP retrievals are generally better when UV bands are used
(whether the stats are for the 410-700 nm range only or the full spectrum, see
previous slide).

However there are some issues…

Difficult to reliably parameterize aph in the
UV where variability is large and hard to
predict

In general: parameterization of aph(λ) is highly dependent on the dataset used

more issues and lessons learned
Closure is not always there, the numbers don’t always add up.
This is particularly true in very clear waters. In situ measurements in
these waters are very challenging and often carry large uncertainties
Correction for Raman scattering in clear waters improves particulate
backscattering retrievals but it is not always enough to reconcile in situ
measurements of IOPs and reflectance
Lack of closure can come from any of the measurements involved: Rrs (at
short wavelengths in particular), any component of absorption or
backscattering, including pure seawater.
The Rrs = f(bb/a) relationship is an approximation and there are several
versions of it. There are also uncertainties in the term that links the
reflectance and the IOPs (the f/Q factor).

Lessons learned
A hyperspectral model to retrieve IOPs from PACE-like data is difficult to
develop and validate because:
- There are very few complete (=Rrs + key component IOPs from UV to
red) in situ oceanic datasets available
- Some of these measurements carry large uncertainties which can result
in lack of closure. UV and short wavelengths are particularly affected in clear
waters.
- Inversions using a limited in situ dataset and an adapted model suggest
that spectral IOP retrievals are improved when using UV bands.
- Some aspects of modeling (e.g. in the UV or f/Q) need more work and/or
more data to reduce uncertainties.

