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Abstract The directional polarimetric camera (DPC) aboard the GF-5 satellite is the first domestic space-born
instrument with operational multi-spectral, multi-directional, and polarimetric observations. A series of algorithms
used for DPC measurements were formulated to acquire cloud detection results, cloud thermodynamic phase
distribution, and cloud optical thickness of the observed zones. The cloud detection results were derived from the
reflectance at 670 and 865 nm, the geometric normalized polarized radiance was obtained at 490 nm, and the linear
degree of polarization was obtained at 865 nm. The cloud thermodynamic phase was derived from the normalized
polarized radiance at 865 nm; the cloud optical thickness was obtained from the reflectance at 670 and 865 nm and
results of cloud thermodynamic phase. Because of the lack of L1 data of DPC, the algorithms were applied to
POLDER data to validate their feasibility. Results indicated that the consistency of “cloudy judgment” and “clear
judgment” was 93.3% and 92.9%, respectively. Further, the consistency of “water clouds,” “ice clouds,” and
“mixed-phase clouds” was 87.4%, 76.6% and 22. 8%, respectively. The correlation coefficient of the optical
thickness was 0.89, which demonstrates the feasibility of the proposed algorithms. The proposed algorithms can
develop the operational cloud production of DPC.
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Fig. 1 Sensitivity of reflectance versus cloud optical thickness at 865 nm under different conditions. (a) Different surface

albedos, the droplet effective radius of 10 pm; (b) different phases and effective radii, the surface albedo of 0.1
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Fig. 2 Simulated geometric normalized polarized radiance

above ice clouds with different heights
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Fig. 3 Flowchart of the cloud detection algorithm
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Table 1

Statistics on the consistency between the cloud detection results gained from this paper and

POLDER's cloud mask products

Number of total pixel

Consistency of cloudy pixels

Consistency of clear pixels
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both of the results
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Table 2 Statistics of the consistency between the cloud phase judgement results obtained by

our method and POLDER's products

Number of total pixel

Consistency of “WC” pixels Consistency of “IC” pixels

Consistency of “mixed phase” pixels
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Table 3 Look up table for deriving cloud optical thickness

Parameter

Value

Wavelength A /nm
Cloud thermodynamic phase for water cloud

Cloud thermodynamic phase of ice cloud

670 (for land); 865 (for the ocean)

Mie model and modified Gamma distribution with r.=10 pm

Yangl3 model with r.4=20 pm

0,1,2,3,4,5,6,7,8,9,10,12,14,16,18,20,25,30,40,50
0,5,10,15,20,25,30,35,40,45,50,55,60,65,70,75,80,85,90
0,5,10,15,20,25,30,35,40,45,50,55,60,65,70,75,80,85,90

Optical thickness
Solar zenith @, /(%)
Viewing zenith 0y /()

Relative azimuth ¢/ (%)
Albedo of land
BRDF of the ocean

0, 45,90,135,180
0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0
Cos and Munk's model (1956)
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Fig. 9 Comparison of the inversion results of cloud optical thickness. (a) Cloud optical thickness obtained by our method;

(b) POLDER's cloud optical thickness products; (c¢) relative deviation; (d) distributions of cloud optical thickness

along longitudes in different latitudes; (e) correlation of inversion results
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