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MOTIVATION

The increasing demands of ecosystem monitoring
require more advanced remote sensing tools.
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Polarimetric Satellite Measurements?
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Top of Atmosphere Radiance

Atmospheric
Scattering

Knowing the polarization state at
the top of atmosphere is required

Reflected Sun

and Sky Glint for both sensitivity analysis and
Water Leaving retrievals.
Radiance
No polarized atmospheric
hite Cap

correction method exists (yet!)
for surface level (ocean)
monitoring using polarization.

Radiance

Need ground-based proof of
concept!
(Ship & Shore applications)
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Advantages of Polarimetric Remote Sensng\

» Additional optical properties can be retrieved
from polarimetric observations in conjunction
with standard unpolarized retrieval methods.

» Polarized light is very sensitive to the
microphysics of scatterers in the atmosphere
and ocean.

2 4 6 8 10 12
c, . (440)a __(440)

A. Ibrahim Ph.D Thesis, 2015

» Radiative transfer calculations that ignore polarization can be in
error by several percent.
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Description of Polarized Lig

A Stokes vector is a mathematical
representation of the polarized light field 1

Mueller Matrices Describe a Change in Polarization State:
(Due to scatterers, surfaces, etc)

2 2 V2
Dop - YQ +U " +V"

AoLP = O.S*arctan(%)
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We need to know the full polarization state of
the light after interaction with the surface.

SN
L (8,4 !
5 ”Lwte.m !

wind-blown
sea surface
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C. Mobley,
L.(0.4") Appl. Optics, 1999

For scalar reflectance:
Rrs = (L, —p-Ly)/Eq

Hsr ¢S' Hv' ¢vr Tl(ﬂ,), -QFOV; ) e 2 | G0a1:
windspeed, sky illumination ~TBid

p=f(

p estimates how much Deter_mlne

incident light is reflected P

5 TM\ —— from the surface.
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FIELD MEASUREMENTS

Measurements of the polarized light field above and
below the ocean surface.
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Two Cruises in 2014 s ~
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Hyperspectral Polarimetric Measurements <

HyperSAS-POL In-water Hyperspectral Polarimeter

\ ’I ‘
For Above Surface Light Fields For Underwater Light Fields
Hyperspectral Polarization (350-800nm) Hyperspectral Polarization
Tracks the ship heading and GPS position, Stepper motor for vertical position
auxiliary ship data streams. Thrusters for azimuthal position

Motorized sensor platform maintain +90°
or +135° relative azimuth at all times.
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SUN AND SKY GLINT
CHARACTERIZATION

Combining Vector Radiative Transfer Codes with
Monte Carlo Simulations
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Monte Carlo: Surface Generatlon \

Cross-wind Direction
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Along-wind Direction
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35,
6 ==

BK =100 A/m
g Facet

Width:

1.0 cm

Surfaces are defined in relative units.

Surface Scaling Factor (K, [A m™!] ) relates
the surface to absolute distance in meters.
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Polarized Ray Tracing
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NOAAICREST

Compu ting D e \

Sky locations sampled by a water-looking
sensor at 40° from nadir.

Windspeed:
.- 7.0 [m/s]

A weighed mean approach ensures that
more intense rays have a greater
“o-us - Windspeed: influence on p.
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RESULTS & VALIDATION

Applying the effective surface reflection matrices to
real measurements.

N
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Effective Surface Reflection Matrix (p)

N+DHEET

vs. Solar Zenith, 440 nm, 40° Viewing Zenith, 90° Relative Solar Azimuth
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Testing Methodology

Aerosol Optical Thickness Polarized

Measurements m— 7 Sky Light
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NOAAICREST

Flat vs. Windy Surfaces TN

13:48 UTC, July 30t, 2014.
80 km South-East of Norfolk, VA.
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NOAAICREST

-

Comparison with Underwater Polarimeter

16:37 UTC, July 30t, 2014.
80 km South-East of Norfolk, VA.
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SUMMARY
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Summary

* Above surface retrieval of submarine

polarized light field through wind driven sea
surfaces is possible.

* The glint correction scheme will facilitate new
polarized above water retrieval algorithms ( -
Relationship between c/a and DoLP ) R P

leal(440}lamm(440)

Allows development of

new tools for marine

e Initial results indicate good agreement ecosystem monitoring
between HyperSAS and underwater

polarimeter.
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