A Reflectance Probe to Measure Sea Ice Inherent Optical Properties
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What Volume Should the Probe Scan?

The size of the volume scanned by the probe is proportional to the spacing p between the emitting fiber and the detector. The spacing must be adapted to the
physical and optical properties of the scanned medium. For the study of sea ice, the scanned volume could be in the order of the cm? for two reasons:

Why Study Sea Ice Inherent Optical Properties?

In situ Inherent Optical Properties (IOPs) of sea ice allow directly calculating 1) the amount of light reflected, absorbed

and transmitted (Apparent Optical Properties) by sea ice and 2) inferring sea ice physical properties. 1) Brines, salts, bubbles, algae and ice crystals have size distributions ranging from less than a micron to centimeters. Therefore, the scanned volume must be in
Sea ice features and the centimeters to average the contribution of all inclusions.
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properties IOPs AOPs 2) As the source-detector distance p decreases, more terms N need to be included in the description of the radiance and the phase function to correctly simulate
_ how light is backscattered. At N=2, the modified Henyey-Greenstein relation can be used to describe angular dependence of light after a scattering event:
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- Etc. w Where p,,ug IS the probability that a photon will be deviated of an angle 0. « and g are 2 terms ranging from 0 to 1 that allow to describe the angular
Inverse Method dependence of the photon. For this phase function to be valid, the source-detector spacing p must be bigger than 0.5/b(1-g) according to Bevilacqua
‘ (1998) (see table 1). Therefore, the scanned volume should be in the order of the cm? to accurately infer the |IOPs of the 2 first layers.
A better understanding of how sea ice IOPs evolve both in time and in space would allow to:
 Derive more precise sea ice energy and mass budgets. Display | Table 1. Estimated inherent optical properties of sea ice and minimum spacing between source and
. Follow more closely light availability for photosynthesis within and under the \ Optical fibers detegtor to use the modified Hepyey—Greengtem approximation for the different optical layers of sea ice
. ( Bevilacqua 1998, Ehn 2008, Light, 2008, Light 2015).
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Reflectance spectroscopy is a technique where backscattering of light coming out from an optical fiber is \
measured at different distances p from the source. It is currently used to diagnose human tissues based on" Interior Layer 0.01-1 1-10 0.94 83

their optical properties. Using this method to infer IOPs in sea ice rather than using larger scale apparent
optical properties could help to improve our understanding of ice interaction with solar light.

Monte-Carlo Simulated look up table Field Reflectance Measurements

First Prototype

The tests with the first prototype are divided in two parts. First, tests conducted on optical phantoms allowed to calibrate the reflectance probe. Then,
experiments on sea ice allowed to evaluate the signal-to-noise ratio (SNR) and to evaluate the probe’s capacity to operate in Arctic environment. The
first field trials were achieved on July 22" 2018 during the Sentinel North International PhD School onboard the CCGS Amundsen in Baffin Bay.
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Advantages of Diffuse Reflectance for IOPs Inferring

1. Increased spatial resolution: The probe could sense a volume in the mm?3 to cm3 scale
depending on the fibers geometry (distance, numerical aperture). Such a resolution is
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enough to determine algae or soot concentrations inside the bottommost and topmost 1071 5
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2. In situ determination of the phase function: The phase function asymmetry ol | | ¥
parameter g is hard to infer in situ because of the highly scattering nature of ice. 197 1o 20 30 40 50
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Figure 3. a) Schematic representation of the first prototype. b) Calibration of the prototype with an optical phantom (a=6.61 m-!' b’=491 m-1).

Reflectance is normalized to source intensity. c) First test on sea ice in a refrigerated laboratory (-15°C). d) SNR vs distance from source for the 2
uppermost optical layers of sea ice measured on July 2242018 in Baffin Bay under a tent. The relatively low backscattering in the drained layer
leads to a very low reflectance signal. Thus, a fancier technique to retrieve signal from noise is required.

Reflectance geometry would allow to measure g at source-detector spacing under the
scattering mean free path, providing useful information on physical properties.

3. Non-destructive: Reflectance geometry allows to measure light propagation in situ
without digging, hence without altering ice structure.

4. More precise: Inferring IOPs to a small volume allows to have a more constrained

model resulting in more precise and accurate measurements.
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