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REFINEMENT OF THE CALIOP CLOUD MASK ALGORITHM
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ABSTRACT
A modified cloud mask algorithm was applied to
the CALIOP data to have more ability to detect
the clouds in the lower atmosphere. In this
algorithm, we also adopt the fully attenuation
discrimination and the remain noise estimation
using the data obtained at an altitude of 40 km to
avoid contamination of stratospheric aerosols. The
new cloud mask shows an increase in the lower
cloud fraction. Comparison of the results to the
data observed with a PML ground observation
was also made.

1

𝛽𝛽 𝑧𝑧𝑧 𝑧𝑧 =

−

where

INTRODUCTION

In the Earth climate system, clouds play a major
role in the energy budget by means of atmospheric
radiation processes [1] [2] and water cycles
through distribution of rain on the ground [3], and
besides transport water into the higher atmosphere.
These important influences on the earth’s climate
are so complicated that a lot of observations
cannot draw a convergent result. As for the
atmospheric radiation, clouds have two competing
effects: they partly reflect the solar radiation and
therefore cool the atmosphere, while they partly
interrupt the infrared radiation from the earth and
thereby warm the atmosphere. The data sets of
vertical cloud distribution are accordingly needed
for the evaluation of the Earth climate system,
especially for general circulation models (GCMs).
Cesana et al. [4] evaluated cloud phase products
from the Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observations (CALIPSO) [5]
which include our product, and showed
inconsistency among the products. Consequently,
our algorithm using the CALIPSO data to make
the cloud mask is to be refined. This algorithm is
summarized in [6][7], and we improve it.
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cloudy pixels. When the pixels with larger b than
the threshold value bth then the ones are
recognized as the cloudy pixels. Mainly our
algorithm is based on the threshold value bth
derived from the results of shipborne observations
in the mid-latitudes [8] and in the tropical western
Pacific [9] which is described as

METHODOLOGY

We use the attenuated total backscattering
coefficient b at 0.532 µm observed by the Cloud
Aerosol Lidar with Orthogonal Polarization
(CALIOP) onboard CALIPSO to discriminate the

and
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(2)
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where z and R denote altitude of the target pixel
and the distance between CALIPSO and the
surface of the earth, respectively, Pn and sn are the
remain noises mean and standard deviation,
respectively, after the calibration which is
estimated with the data obtained from the high
altitude to reduce the effects of clouds, aerosols,
and polar stratospheric clouds (PSCs), and Pm is
described as

𝑃𝑃 𝑧𝑧𝑧 𝑧𝑧 = 𝛽𝛽 (𝑧𝑧𝑧𝑧𝑧𝑧 .

(4)

Here bmol(z) is the volume molecular
backscattering coefficient at an altitude of z
calculated with the reanalysis data according to
Hostetler et al. [10]. In this refinement of the
algorithm, we changed the altitude where bth,noise is
determined from 20 km to 40 km to avoid the
stratospheric aerosol contamination. And if the
pixels below the higher cloud layer have dominant
signals, then the ones also are masked to be
cloudy ones. In addition, we mask out the pixels
on which the lidar signals are fully attenuated to
discard undistinguishable pixels.
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Figure 1 Example of the relationship,
b (red line), bmol (green) and bth (blue).

Figure 1 illustrates the example of the raw data,
which is the attenuated total backscattering
coefficient b, received by CALIPSO (red lines),
the calculated volume molecular backscattering
coefficient bmol (green), and the threshold value
bth (blue).
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which deals with smaller signals than the original
cloud mask, and the right panel shows the cloud
mask using Micro pulse lidar observation from the
ground. At this moment, there exists very
optically thick low cloud below the higher cloud.
These figures indicate that refined mask is
extended around the top of the low optically thick
cloud (below the red area in the center panel)
compared to the original one, that is, the refined
algorithm can mask deeper into the optically thick
cloud than original one. The MPL laser beam
cannot be transmitted through this thick low cloud,
on the other hand, the laser beam from CALIPSO
also is fully attenuated at the top of the cloud.
Both lidar beam signals suggest the low cloud top
is optically very thick, and therefore we should
take into account the fully attenuated pixels in
case that there is so optically thick cloud that the
lidar cannot detect anything below the cloud.

RESULTS

Figure 2 shows the raw signal b received by
CALIOP (top panel) and the fully attenuated mask
(bottom, blue colored) which is decided by
referring to whether the surface return can be
detectable or not. This fully attenuated mask
roughly seems to be good, although sometimes
noises near the surface disturb masking.

Figure 3 Cloud mask over Ny-Ålesund, original (left),
refined (center), and Micro pulse lidar (MPL) (right)

Figure 4 shows the latitudinal cross section of the
ice cloud fraction in January, 2009.

Figure 2 Fully attenuated mask (bottom, blue colored)
and raw signal b (top)

The area colored blue is recognized as the fully
attenuated pixels, therefore when the cloud
fraction is estimated, they are not counted. Hence
this improves the statistical cloud fraction. Figure
3 shows the cloud mask over Ny-Ålesund,
Norway, where the left panel shows the original
cloud mask which omits the detailed signals from
clouds, the center panel shows the refined mask
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Figure 4 Cloud fraction (ice cloud)

Figure 5 shows the latitudinal cross section of the
water cloud fraction. These two averaged cloud
fractions have the vertical resolution of 240 m,
and the horizontal resolution of 1.1 km. We use
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the cloud phase discrimination algorithm made by
Yoshida [11], which uses the relation between the
depolarization ratio s at 0.532 µm and the
differential
of
attenuated
backscattering
coefficients x’ at 0.532 µm to distinguish ice and
water particles, where x’ is defined as
𝑥𝑥  = 𝑙𝑙𝑙𝑙𝑙𝑙




.

CALIPSO data were obtained from the
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Langley Research Center. MPL is conducted by
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study was supported by JSPS KAKENHI Grant
Numbers JP17H06139, JP15K17762, JP25247078
and JP15K17762, by Green Network of
Excellence (GRENE) Program Arctic Climate
Change Project and the Arctic Challenge for
Sustainability (ArCS), by the Japan Aerospace
Exploration Agency for EarthCARE Research
Announcement and by the Collaborative Research
Program of Research Institute for Applied
Mechanics, Kyushu University.

(5)

Water clouds generally have larger extinction
coefficients than ice clouds at 0.532 µm, therefore
the ratio of water clouds between x’ and s getting
larger more slowly than ice clouds. This property
is used in the cloud phase discrimination
algorithm.
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