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Two—dimensional simple multiscale algorithm for detecting cloud and
aerosol layers from spaceborne lidar data
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Abstract: Spaceborne lidar is a unique approach for the research and monitoring of clouds and aerosols due to its ability to observe their
vertical properties. The Cloud - Aerosol Lidar with Orthogonal Polarization (CALIOP) onboard the CALIPSO satellite has been operational
in orbit for many years and has provided a large amount of profiling measurements of clouds and aerosols. Detecting the spatial locations of
cloud and aerosol layers from lidar data is a prerequisite for accurately retrieving and extracting layer information. While the official
CALIOP algorithm detects layers using empirical thresholds, many layers are missed in its output, which may explain the systematic
underestimation of aerosol optical depth offered by CALIPSO compared with that by the Moderate Resolution Imaging Spectroradiometer.
Current hypothesis testing methods represented by the 1D-Simple Multiscale Algorithm (ID-SMA) determine whether a given signal
belongs to a layer by verifying whether it conforms to the distribution hypothesis of background air. These methods eliminate the traditional
empirical threshold array and improve the accuracy of layer detection. However, none of the methods above have considered the spatial
continuity of the layer signals in the 2D vertical profiling scene, and missed layers still occur in their cases.

This study further proposes a 2D-Simple Multiscale Algorithm based on Bernoulli probability distribution, which replaces the empirical
threshold with a statistical probability model. For a background atmosphere bin, the probabilities that its signal intensity is greater or less
than the ideal value are both 1/2. If the signals at each bin are independent, then the distribution of the number of signal bins within the
detection window that are greater or less than ideal value follows a multiple Bernoulli experiment. We design a probability of belonging to a
layer based on the signal intensity of all the bins in the detection window, which reflects their overall deviation from the ideal background
atmosphere bins. The new algorithm marks that the center bin of the detection window as layer bin when the probability is small to a certain
extent, which means it deviates far from background atmosphere. We use 2D layer detection windows, which cover multiple profiles at
different horizontal resolutions, to utilize the spatial correlation of signals on adjacent profiles.

Statistical comparing experiment based on the continuous global observations of CALIOP in December, 2017 shows that, at full
horizontal resolution (5—80 km), the new algorithm detects 50.45% and 32.45% more layer area than the official CALIOP algorithm and
1D-SMA, respectively. When the new algorithm is applied at a horizontal resolution of 5—20 km, it achieves a comparable or greater area
of detected layers than that of the official algorithm at 5 — 80 km horizontal resolutions. Moreover, this study demonstrates the reliability of
the layers identified by the new algorithm by evaluating the depolarization ratio of ice clouds.

In general, the new algorithm effectively reduces the missing of weak layers compared with the official CALIOP algorithm. The new
algorithm is also simple and easy to implement, with certain research potential and application prospects.

Key words: remote sensing, spaceborne lidar, CALIOP, cloud and aerosol, layer detection, multiscale
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