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Physical explanation
Hexagonal ice plates in clouds

Aerodynamical torque leads to horizontal
orientation

Horizontal plates act as a mirror

Analysis with POLDER
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• Makes use of multidirectional + polarized
capabilities of the instrument
• Selection of pixels observed close to the
specular direction
• Is there a larger (polarized) reflectance in
the specular direction ?
==> 50% of high clouds shows such
feature indicating the presence of
horizontally oriented plates (Chepfer et
al., 1999).

Further analysis using the spatial
variation of the reflectance, that is
interpreted as a directional signature

Many such signatures

Quantitative Analysis
Gaussian distribution of plate orientation:
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Tilt angle
Related to viewing geometry

Characteristic angle

Predicted Reflectance:
Effective fraction of nearly
horizontal plates in the cloud

Fresnel Reflectance
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Viewing geometry

Statistical analysis
• Selection of scenes viewed in the glint direction (eight months of
POLDER data on my Mac HD)
• Selection of thick cloud fields
• Fit of the two parameter model both at 670 and 865 nm
• Makes us of polarized reflectance rather than total reflectance
(insensitive to cloud optical thickness variations)
• Pressure level estimated using oxygen A band channels
• Signal to Noise (amplitude to RMS error)

Effective fraction of plates
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Cumulative histogram for ≠ pressure levels
• Roughly half cloud fields show a glint
signature
• Larger fraction at 500-700 hPa

Fraction α [%]

• Typical α ≈ 0.1-1 %
• No significant spatial distribution
• Two estimates agree within a factor of 2

Characteristic tilt angle
• Typical Θ ≈ 0.5-2°
• Two estimates agree within a factor of 2
• Larger values observed for low
atmospheric layers

Characteristic angle Θ [deg]

Aerodynamic fall model
Fall speed u, Reynolds Number Re:
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Stabilization torque
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Stochastic destabilization:
M (t)M (t + ∆t) = Dδ (∆t)
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Model predictions
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• Plate diameters : 0.1 to a few millimeters
• Tilt angles : 0.5 to a few degrees
• Brownian motion negligible
• Very good agreement with POLDER observations

Prediction of signal return for lidar at nadir
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• Significant contribution of the
horizontal plates only for clouds below
500 hPa
• Specular contribution smaller than
“normal” for roughly half of the cases
• Ten times larger than “normal” for
≈10% of the cloud fields

Conclusions
Horizontal plates in clouds generate a sharp, narrow, glint signature
Roughly half of the clouds show such feature
Estimated fraction of horizontal plates in clouds between 0.1 and 1%
Tilt angles between 0.5 and a few degrees
May be a significant contribution to the lidar return. Ten times larger
than “normal” backscatter in 10% of the cases
Specular signal could be avoided by tilting the lidar by one degree

