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Figure 1: Spatial configuration used for the 3D Monte Carlo numerical simulations. (A) Surface view
showing the percentage of the total area covered by the melt pond over the areas described
by the black lines. For each of these areas, light profiles were averaged (see Fig. 7). For visu-
alization purpose, lines of the horizontal sampling distances have been plotted only at 5 m
intervals. (B) 2D side view showing the 3D volume for which simulated data were extracted
and how photon detectors were placed in the water column. Orange arrows schematize
incident light sources.
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Figure 2: Comparison of the under-ice measured downward radiance distribution (the average cosine
is ≈ 0.61, Girard et al., 2018) and the emitting source angular distribution used in the paper.
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Figure 3: Examples of in situ downward irradiance (Ed(z)) and upward radiance (Lu(z)) profiles taken
under-ice on 2016-06-20. Note the subsurface maxima for the downward irradiance profiles
that are not present in the upward radiance profiles.
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Figure 4: Comparison of downward irradiance (Ed(z)) and upward radiance (Lu(z)) for one light pro-
file acquired under-ice. Profiles were normalized to the measured radiometric value at 10
m depth (under the subsurface light maximum) in order to emphasize the similar shape
between Ed(z) and Lu(z).
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Figure 5: Scatter plots showing the relationships between Kd and KLu between 400 and 580 nm at dif-
ferent depths (numbers in gray boxes). Red lines represent the regression lines of the fitted
linear models. Regression equations and determination coefficients (R2) are also provided
in each plot. Dashed lines are the 1:1 lines.
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Figure 6: Cross-sections of simulated downward irradiance and upward radiance light fields under a
melt pond with a 5 m radius. The logarithm of the normalized number of photons has been
used to create the scale for visualization. The normalization has been done using the values
modelled at 0.5 m depth and at a horizontal distance of 50 m from the center of the melt
pond.
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Figure 7: Simulated reference downward irradiance and upward radiance profiles (Ed(z), Lu(z)) for six
different areas with varying proportions of the surface occupied by the melt pond (see Fig.
1). Note that none of the averaged irradiance profiles show the same subsurface light max-
ima as observed with in situ data (see Fig. 3).
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Figure 8: Simulated local downward irradiance and upward radiance profiles at different horizontal
distances from the center of the melt pond (see Fig. 1) used to compute Kd and KLu. These
attenuation coefficients were used to propagate surface reference downward irradiance
(Ed(0−), the surface values of the lines in Fig. 7) through the water column.
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Figure 9: Diffuse attenuation coefficients calculated from local downward irradiance and upward ra-
diance light profiles simulated at different distances from the center of the melt pond (see
Fig. 8).
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Figure 10: Reference downward irradiance profiles (thick black lines) and propagated irradiance pro-
files (colored lines) using locals Kd and KLu (see Fig. 8). Light was propagated using the
surface reference downward irradiance.
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Figure 11: Relative errors of the predictions calculated as the relative differences between the depth
integral of the reference and predicted light profiles.
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