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BRDF set-up

FOV 2.05° = the difference between the measurements
and BRDF values is negligible (Nicodemus et al., 1977)

Table 2. Geometry and spectral range of 51 optical measurements

Overview

This work presents measurements of snow bi-directional reflectance (BRDF) in cold room
along with micro-computed tomography (CT) of the snow. Measurements are compared
to simulations of reflectance obtained with the model of Malinka, 2014. We investigate
the effects of snow microstructure treatment and uncertainties on the value of the ice
refractive index on the simulations.
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Reflectance processing
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Figure 3 — Comparison of reflectance obtained for optically equivalent geometries for the 3 samples. Corrected
means corrected for not perfectly horizontal surface.

ACKNOWLEDGEMENTS

CEN and IPAG are part of Labex

. The authors are also grateful to Ghislain Picard, Quentin

Libois, Quirine Krol and Henning Lowe for useful discussions on this study.

Reflectance Reflectance

Reflectance

* Montana State University, Bozeman, USA ; °UGA - Grenoble INP - CNRS, 3SR UMR 5521, Grenoble, France

from the chord length distributions (CLD) using equation (5) in Malinka (2014).

Figure 4 shows that:

* The agreement between SSA estimated from CLD and from Flin et al. (2011) is good but there is a small positive

bias between the two for low SSA and negative bias for higher SSA (r?>=0.994).

* The SSA estimated from DUFISSS measurements are systematically higher than the one estimated from 3D images.
* The SSA of the samples evolves slightly during the BRDF measurements for S1 and S3. For S2, the evolution is

stronger.
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Figure 4 — Left panel: SSA obtained from chord length distributions versus obtained with the VP method (Flin et al , 2011) on
the 3D images. Right panel: SSA measured using DUFISSS at 1310 nm (Gallet et al., 2009) versus SSA calculated using the VP

BRDF modeling

Reflectance modeling was performed using Malinka’s (2014) model. This model is based on considering the snow as
a two-phase random mixture of ice and air. The model uses geometrical optics laws and the steorological approach
to compute inherent optical properties of snow based on the ice refractive index and on the CLD in ice and air.

The model was successfully evaluated in Malinka et al. (2016) and used in Krol and Léwe (2016) to relate optical

properties to snow microstructure metrics.
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3D images were first segmented and then analyzed. Several properties, including SSA and density were estimated
from the images using two methods : (i) the voxel projection method described in Flin et al. (2011) (VP) and (ii)
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method from Flin et al. (2011).

In this work, two configurations for simulations are used:

- simulations using exponential CLD and SSA values estimated from the 3D images (herafter labelled ‘exp’)

24

- simulations using directly the CLD computed from the 3D images (herafter labelled ‘CLD’)

For both simulations, the amount of light absorbing impurities was estimated using a fit between the model and the

measurements in the visible range.

Spectral reflectances
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Figure 5 - Measured and
simulated reflectances for the 3
samples. The incident zenith
angles is 30°.

The viewing zenith angle is 60°
and the measurements is taken in
the principal plane (forward
direction).
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/ Results and future work \

The simulated reflectances are in good agreement with the measured reflectances.
Discrepancies are found in the NIR regions and can be partly attributed to the values of
the ice refractive index as already noticed in previous work (Carmagnola et al., 2013).

Accounting for CLD estimations only impacts reflectances values for absorbing
wavelengths and in the forward scattering angles as theoretically shown in Krol and
Lowe, 2016. The effect of the refractive index uncertainty, especially of its imaginary part,
is much more pronounced that the impact of other factors, such as the exact shape of
the CLD, the anisotropy in the grain facet orientation, or the vertical heterogeneity of the
sample.
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Figure 6 — Measured and simulated BRDF
for the 3 samples. The incident zenith
angles is 30°. In the polar plot, the radius
is proportional to the viewing zenith angle
0.20 and the azimuth is the relative azimuth

between the viewing and incident
azimuth. The data are for 1320 nm.

0.10 Simulated data correspond to exponential
CLD. Differences between the measured
values and the two simulations are

reported on the two last lines.
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Figure 7 — Measured (crosses) and simulated
(dotted and plain lines) value of parameter n
obtained for the 3 samples. EXP simulations
correspond to plain lines and CLD to dotted lines.
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