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1. Introduction 
 
 In SGLI data analysis, cloud screening is carried out before retrieval of cloud and aerosol 
properties. Correct cloud screening is required for correct and efficient retrieval. SGLI includes 
several effective channels for cloud screening and an algorithm based on intensities of radiance 
from visible to infrared bands can be applied. This document describes the cloud screening 
algorithm for SGLI. 
 
2. Channels for cloud screening by SGLI 
 
 The channels of SGLI applicable to cloud screening are listed in Table 1: One ultra-violet, 
two visible, for near infrared, and two thermal infrared. Almost channels can detect radiance with 
the IFOV of 250 m, except to two infrared bands. The maximum gain of the several channels may 
be less than the expected radiance by reflection of very (optically) thick clouds and saturated. This 
implies that “saturation flags”, which indicate a radiance in a pixel is saturated or not, may be 
required for correct cloud screening. 
 
Table 1. Channels of SGLI for cloud screening 

CH Center of 
Wavelength [μm] 

IFOV [m] Max. of radiance 
[W/m2/µm/sr] 

VN1 0.38 250 or 1000 210 

VN5 0.53 250 or 1000 350 

VN8 0.6735 250 or 1000 210 

VN11 0.8685 250 or 1000 300 

SW1 1.05 1000 248 

SW2 1.38 1000 103 

SW3 1.63 250 or 1000 50 

T1 10.8 250 or 500 or 1000 180 

T2 12.0 250 or 500 or 1000 180 

 
 
3. Basic principles of the cloud screening algorithm 
 
 This section explains differences in radiative properties between clouds and earth surface, 
and how to apply it to the cloud screening algorithm. 
 
(a) Reflectance of solar radiance in the visible region 
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 In general, clouds with a certain optical thickness have higher reflectances in the solar 
radiance than the earth surfaces, therefore the application of reflectance is very efficient for cloud 
screening. In particular, absorption by atmospheric molecules in the visible region is very small, 
and the cause of a high reflectance is always clouds. In case of water areas, the reflectance in 
Channel VN11 (0.8685 μm), which is in near infrared region but molecular absorption is also very 
small, is applied because the impact of the Rayleigh scattering is minimal in infrared bands. On the 
other hand, the reflectance in Channel VN8 (0.6735 μm) is more adequate to the land areas than 
that in the infrared region, because the reflection by vegetation is large, which causes the reduction 
of the contrast between land and cloud.   
 
 The reflectance r is calculated based on the radiance detected by the sensor and the database 
of the solar insolation by the following equation,  
 
2) ,     (3.1) 
 
where L is the radiance measured in a channel, µ0 is the cosine of the solar zenith angle, F0 is the 
solar irradiance at the top of atmosphere (TOA), and d is the distance between the sun and the earth 
(in the astronomic unit). For calculation of adequate solar irradiance, the response function of each 
channel is required.   
 For correct cloud screening by the reflectance, it is efficient to apply the minimum surface 
albedo, which consists of data on the minimum value of surface reflectances of each channel for a 
certain period, considering these values as the albedo of surface. If such data are not available, the 
albedo data generated from data of other satellites will alternatively be used. 
 The discrimination between clouds and surfaces with higher reflectance, such as snow-
covered areas or desert, is difficult by reflectance only. 
 
(b) Dependency of reflectance on wavelength 
 The reflectance of clouds is hardly dependent on the wavelength in the visible region, 
resulting in white appearance of cloud. On the other hand, the reflectance of several types of land 
surfaces changes with the wavelength. Therefore, the difference or ratio of the reflectance between 
different wavelengths, referred to as the “spectral test”, provides a good indication of cloud. The 
ratio of the reflectance in VN11 (0.8685 μm) to that in VN8 (0.6735 μm)   
 
 r(0.8685 µm)/r(0.6735 µm)    (3.2) 
 
is useful for thick cloud detection over both land and water. If the reflectance ratio of equation (3.2) 
is not close to 1, this areas is like to be surface.  
 Cloud over vegetated surface can be discriminated by the difference of reflectance in 
between visible and infrared region. Normalized Difference Vegetation Index (NDVI), which is 
generally applied as an index for the level of vegetation growth,  
 

𝑟 0.8685 µm+𝑟(0.6735 µm),  (3.3) 
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has a large value over vegetation areas, whereas has a value close to 0 over clouds.  
 Over sand deserts or half-vegetation areas, the difference between the reflectances in 
infrared region and visible region is small, as well as the reflectance is large, appearing to be clouds. 
In the near infrared region, however, the reflectance of desert tends to monotonically increase with 
the increase of wavelength, whereas reflectance of cloud is hardly dependent on wavelength. 
Therefore, the ratio between the reflectances of VN11 (0.8685 μm) and SW3 (1.63 μm),  
 
 r(0.8685 µm)/r(1.63 µm)    (3.4) 
 
is applicable to cloud discrimination over deserts. Similarly, the ratio between the reflectances of 
SW1 (1.05 μm) and VN5 (0.53 μm) is useful, especially over half-vegetation areas. 
 Surfaces that has the similar appearance (i.e., white) to clouds, such as snow or ice areas, is 
difficult to discriminate clouds from the land surfaces from the spectral test.  
 
(c) Reflectance of solar radiance at the wavelength with absorption  
 The reflectance of solar radiance at the wavelength with absorption is efficient to detection 
of high clouds, such as cirrus. Channel SW2 (1.38 µm) is located near one of the water vapor 
absorption bands. For clear sky condition, the intensity of 1.38 µm reached to a satellite is small 
because radiance is absorbed during traveling through the atmosphere. In contrast, if something 
object exists at high altitude in the atmosphere, the radiance is reflected by the object and the 
absorption is small, resulting in detecting larger intensity by a satellite. Therefore, the reflectance of 
Channel SW2 is useful for detection of high clouds, even if these are optically thin.  
  The radiance of Channel SW2 sometimes has a large value over highlands, because of the 
same reason explained above. Though the reflectance of Channel SW2 is effective to both water 
and land areas, it is more adequate to apply it to only water areas.     
 
(d) Radiance in the thermal infrared region 
 Since clouds usually have less temperature than land, radiance in the thermal infrared region 
can be applied to cloud screening, especially for high clouds. However, the radiance of Channel T1 
(10.8 µm), which is located in the window region, largely changes with the temperature of the 
surface, which causes the difficulty in decision of the threshold value for cloud discrimination. 
Therefore, we apply the radiance of Channel T1 to only as the “restoral test”: for land areas, the 
brightness temperature of Channel T1 is sufficiently larger than that of the general surface 
temperature, this area is considered to as clear sky regardless of results obtained from other tests.       
 Absorption by water vapor at the wavelength of Channel T2 (12.0 µm) is slightly larger than 
that at Channel T1. When cirrus exists, the difference of brightness temperature of Channel T1 and 
Channel T2 (12.0 µm), which is called the “split window”, becomes larger value. Therefore, we use 
the split window detect thin cirrus.  
 
4. Clear confidence level 
 
 Based on the radiative properties of clouds and the earth surface described in the previous 
chapter, we can carry out cloud screening with comparing the radiance observed by the SGLI and 
the “threshold value”, which defines the boundary of cloud and clear sky. This method is called to 
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the “threshold test”. The cloud screening algorithm consists of many threshold tests in order to 
improve the accuracy, because a threshold test that is effective for a certain cloud or surface type 
may not be appropriate for other conditions. It is, however, difficult to define a definitive threshold 
value. Because in nature the optical thickness of clouds changes seamlessly and hence the boundary 
between cloud and clear sky is vague, it is unavoidable that ambiguous areas remain. Several cloud 
screening algorithms regard these ambiguous areas as clear (referred to as "cloud conservative”) or 
cloud ("clear conservative") under the fail-safe concept, according to the purposes of cloud 
screening. The cloud screening algorithm for SGLI, however, are required to be unbiased or 
“neutral”, because the cloud screening results are referred for analysis of both cloud and aerosol 
properties. Therefore, an algorithm developed in Ishida and Nakajima (2009), which aims at the 
neutral cloud screening, is applied to the SGLI cloud screening scheme in order to obtain neutral 
results.  
 

 
Figure 1. An example of determination of the clear confidence level in the cloud discrimination 
process. The horizontal axis represents a value for a threshold test, the vertical axis represents the 
clear confidence level. This is a case that an observed value is large when clouds exist. Two 
threshold values, lower limit and upper limit, are set forth. An ambiguous area results in between 
the two limits and is expressed in CCL from 0 to 1.  
 
 In order to realize neutral cloud screening, Ishida and Nakajima (2009) introduces the 
concept of Clear Confidence Level (CCL) and categorization of threshold tests. As illustrated in 
Figure 1, two preset threshold values, “upper limit” and “lower limit”, are defined for a threshold 
test, rather than only one threshold value as is typical. The clear confidence level is determined by 
comparing the observed radiance against the two thresholds. The confidence level of 0 means that 
the area is cloudy and that of 1 means that the area is clear-sky. On the other hand, an ambiguous 
area results in between the two limits and is expressed in CCL from 0 to 1. If it makes sense to set a 
range around a certain value as a criterion for determining cloud (or clear sky), a boundary greater 
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than the range and another boundary lower than the range must be identified by setting two 
thresholds each, i.e., a total of four thresholds, as illustrated in Figure 2. 
 
 

 
Figure 2. Same as Figure 1, except that there are two clear-sky ranges on both sides of a value for a 
threshold test. 
 
 Comprehensively, the overall clear confidence level must be determined, integrating the 
CCL of all the threshold tests. For neutral cloud screening, the threshold tests are categorized into 
two groups. The threshold tests that tend to incorrectly identify clear sky areas as cloudy is included 
into The first group (group 1), whereas the threshold tests that tend to incorrectly identify cloudy 
areas as clear is included into the second group (group 2). The representative CCL for group 1, G1, 
is determined to be cloud conservative, 
 

 ,    (3.5) 

 
where Fk is the CCL of the k-th threshold test in group 1. Equation (3.5) means that if any of the 
threshold tests results in the CCL of 1, G1 = 1 (clear) regardless of the other threshold tests in group 
1, whereas G1 = 0 (cloudy) only when all the Fk are 0. On the other hand, the representative CCL 
for group 2, G2, is determined to be clear conservative,  
 

 ,     (3.6) 

which implies that if any of the threshold tests results in the CCL of 0, G1 = 0 (cloudy) regardless of 
the other threshold tests in group 2, whereas G1 = 1 (clear) only when all the Fk are 1. Finally, the 
overall CCL, Q, is determined from the representative values for the two groups as follows; 
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 .       (3.7) 

 
Q is the output product of the cloud screening algorithm, that is, Q=1 (0) indicates clear (cloudy) 
sky, and 0 < Q < 1 indicates ambiguity.  
 The cloud screening algorithm are designed to be in parallel, not in cascade, that is, all 
applicable threshold tests are performed independently, without regard for the results from the other 
tests (except to one rostral test with T1 mentioned above). 
 
5. Data flow in the cloud screening algorithm 
 
 This chapter explains the data flow in the cloud screening algorithm. Figure 3 shows a flow 
chart of the entire sequence of the cloud screening algorithm. 
 

 

Figure 3. Flow chart of the cloud screening algorithm 
 
(a) Input information 
 The input information for cloud screening are categorized into five types: (Ia) the 
measurement data, (Ib) scan geometry information, (Ic) algorithm-specific information, (Id) 
geophysical and meteorological information, and (Ie) other ancillary information (Table 3.) 
 
Table 3. List of types of input information to the cloud discrimination algorithm 
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Input information  Description 

(Ia) measurement data  Radiance  

(Ib) Scan geometry information  Solar zenith angle, satellite zenith angle, relative azimuth angle 
(or solar azimuth angle and satellite azimuth angle), latitude and 
longitude, date and time of observation 

(Ic) Algorithm-specific 
information  

Threshold values, etc. 

(Id) geophysical and 
meteorological information 

Solar irradiance data, etc. 

(Ie) Ancillary information  Surface minimum albedo in Channel VN8 and VN11, 
Land/Water flag 

 
 The (Ia) data includes the calibrated radiance data at each pixel. The (Ib) information 
includes the solar zenith angle, satellite zenith angle, relative azimuth angle (or solar azimuth angle 
and satellite azimuth angle), latitude and longitude, and date and time of observation. Threshold 
values for threshold tests are categorized into (Ic) type information. The (Id) information is required 
for calculation of reflectances, such as the solar irradiance data with consideration given to the 
SGLI instrument function. The (Ie) consists of ancillary information, such as the database of surface 
minimum albedo in Channel VN8 and VN1, and Land/Water flag. The 1-km land-sea mask 
provided by the U.S. Geological Survey (USGS) is applied. 
 
(b) Preprocessing 
 Before performing cloud screening, the algorithm discriminates night and day, water and 
land, and sunglint areas referring to the input data. The sequence of applied threshold tests is 
arranged according to the condition. The discrimination between night and day is based on the solar 
zenith angle; when the angle is 85 degrees or more, the data is considered to nighttime. Water 
(which includes lake and river, as well as ocean) and land areas are discriminated by comparing the 
latitude and longitude of the position of the pixel against the 1-kilometer land-water flag data. 
When the latitude is 66.6 degrees or more north or south, the area is regarded as in the polar region. 
If the cone angle between the solar incident and satellite direction is lower than 35 degrees over 
water surface, this area is considered to sunglint.  
 In addition, the possibility of snow cover is evaluated based on the NDSI. 
 
(c) Determining the clear confidence level in each threshold test 
 Table 4 summarizes the threshold values for each threshold test applied in the cloud 
screening. 
 
 
 
 
Table 4. Thresholds by cloud screening with SGLI 
a. Water areas 
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Gr. Threshold test Lower limit Upper limit 
1 r(0.8685 μm) (*1) Minimum albedo 

+0.195 
Minimum albedo 
+0.045 

1 r(0.8685 μm)/r(0.6735 μm) Smaller End 0.9 0.66 

Larger End 1.15 1.35 

1 NDVI Smaller End -0.1 -0.22 

Larger End 0.22 0.46 

2 Tb(10.8 µm)-Tb(12.0 µm) 3.0 [K] 2.6 [K] 

2 r(1.38 µm) 0.05 0.03 

- Tb(10.8 µm) (*2) 297.5 [K] - 

 (*1) For sunglint areas, the threshold is further increased. 
 (*2) Restoral test 

 
b. Land areas 

Gr. Threshold test Lower limit Upper limit 
1 r(0.6735 μm) Minimum albedo 

+0.195 
Minimum albedo 
+0.045 

1 r(0.8685 μm)/r(0.6735 μm) Smaller End 0.9 0.66 

Larger End 1.1 1.7 

1 NDVI Smaller End -0.1 -0.22 

Larger End 0.22 0.46 

1 r(0.8685 μm)/r(1.63 μm) 1.06 0.86 

1 r(0.53 μm)/r(1.05 μm) 1.74 1.98 

2 Tb(10.8 µm)-Tb(12.0 µm) 3.0 [K] 2.6 [K] 

- Tb(10.8 µm) (*2) 297.5 [K] - 

 
c. Polar regions 

Gr. Threshold test Lower limit Upper limit 
1 r(0.6735 μm) Minimum albedo 

+0.14 
Minimum albedo 
+0.06 

1 NDVI Smaller End -0.1 -0.22 

Larger End 0.22 0.46 

- Tb(10.8 µm) (*2) 297.5 [K] - 

 
 The thresholds of reflectance r(0.6735 μm) and r(0.8685 μm) differ depending on the 
surface minimum albedo of the pixel position (Table 4). If a pixel over water is judged in a sunglint 
area, the threshold for the reflectance is increased according to the cone angle. The relationship 
between the cone angle and the degree of increase of the threshold is given in Table 5. For the cone 
angles in between the angles presented in the table, the degree of increase is determined by linear 
interpolation. 
 
Table 5. Increase of the threshold values for reflectance tests on sunglint areas 
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Cone angle [deg] Degree of increase of the threshold 
35 0 
30 0.01 
25 0.02 
20 0.1 
15 0.15 
10 or lower 0.2 

 
(d) Determining the overall clear confidence level 
 As mentioned above, the overall clear confidence level (Q) is determined integrating the 
clear confidence levels of the threshold tests. The overall clear confidence level is an output value, 
which stored in a bit field with four bits. 
 
(e) Outputting the cloud screening results 
 Output from the cloud screening algorithm is expressed in a 16 bits, which includes the 
overall clear confidence level and other miscellaneous data or bits. Table 6 shows the bit fields of 
an output file. The overall clear confidence level is expressed as shown in Table 7, and the cone 
angle is expressed in three bits as shown in Table 8. 
 
Table 6. Bit fields of output files of the cloud discrimination algorithm 

Bit field Description Bit Data for discrimination 

0 Cloud discrimination  
performed/not performed 

0 not executed 
1 executed 

 

1-4 Overall clear confidence level Table 7  

5 Night/day 0 night 
1 day 

Solar zenith angle 

6-8 Cone angle Table 8 Solar/satellite zenith angle, azimuth 
angle 

9 Possibility of snow cover 0 Yes 
1 No 

0.6735 μm, 0.8685 μm, 1.63 μm 

10-11 Sea/land 00 sea area 
01 not used 
10 not used 
11 land area 

USGS land mask 

12 Heavy aerosol (TBD) (TBD) 

13 Spatial coherence  0 inhomogeneous 
1 homogeneous 

0.6735 μm (land), 0.8685 μm (water) 

14-15 Not used   

 
Table 7. Expressions of overall clear confidence levels in bits 

Overall clear confidence level Bit 
0.94 - 1 1111 
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0.88 - 0.94 1110 
0.82 - 0.88 1101 
0.76 - 0.82 1100 
0.7 - 0.76 1011 
0.64 - 0.7 1010 
0.58 - 0.64 1001 
0.52 - 0.58 1000 
0.46 - 0.52 0111 
0.4 - 0.46 0110 
0.34 - 0.4 0101 
0.28 - 0.34 0100 
0.22 - 0.28 0011 
0.16 - 0.22 0010 
0.1 - 0.16 0001 
0 - 0.1 0000 

 
Table 8. Expressions of cone angles in bits 

Cone angle [deg] Bit 
40 - 111 
35 - 40 110 
30 - 35 101 
25 - 30 100 
20 - 25 011 
15 - 20 010 
10 - 15 001 
0 - 10 000 

 
6. Miscellaneous flags 
 
 The cloud screening algorithm produces not only the clear confidence level but also some 
flags, which is expected to be applied to confirm the adequacy of cloud screening results. This 
section explains flags other than the clear confidence level. 
 
(a) Snow cover possibility 
 A high reflectance in the visible region occurs in snow or ice surface, as well as clouds. A 
snow or ice surface also has the similar appearance of a spectral feature in visible region to clouds. 
Therefore, it is difficult to discriminate clouds from snow/ice surfaces, and detect thin clouds over 
such surfaces. Normalized Snow Difference Index (NSDI), which is derived from reflectances in 
visible and near infrared region:  
 

𝑟 0.6735 µm+𝑟(1.63 µm),     (3.8) 
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is a good indicator for discrimination of snow. The larger the NDSI value is, the more likely it is 
snow-covered surface. We discriminate a pixel as snow, if the reflectance of 0.8685 is larger than 
0.11 and NDSI is larger than a threshold. However, the snow cover discrimination based on the 
NDSI sometimes results in false, because cirrus clouds have the similar appearance. For a correct 
snow cover discrimination, it is essential to refer a thermal infrared channel, especially in a 
absorption region, in order to exclude high altitude clouds. Therefore, the snow possibility flag does 
not guarantee a definitive snow surface, and hence it requires certain caution to refer it.  
 
(b) Heavy aerosol possibility 
 A large eruption of volcanic ash and smoke from heavy forest fire causes dense aerosol 
layers, which is sometimes incorrectly identified as clouds, resulting in underestimate of aerosol 
amounts in the atmosphere. Radiance in the ultra-violet region, such as VN1 (0.38 µm) of SGLI, 
may be effective to discriminate heavy aerosols from clouds, or detect a cloud contaminated by fire 
smoke. However. The scheme for production of heavy aerosol possibility flag is under construction.  
  
7. Use of the clear confidence level 
 
 The (overall) clear confidence level is expressed in a value between 0 and 1, where 0 
corresponds to cloud and 1 means clear-sky. Users of cloud screening results can define an arbitrary 
value between 0 and 1 as a boundary between cloud and clear-sky areas, or consider CCL between 
0 and 1 as “ambiguous”, neither cloudy nor clear sky. The closer to 0 the bounding value is, the 
greater the area to be discriminated as clear sky. The closer to 1 the bounding value is, the smaller 
the area to be discriminated as clear sky. It should be noted that the product itself does not have a 
definitive flag for cloud and clear-sky areas. 
 
8. Limitations of cloud screening by SGLI 
 
 Since thermal infrared channels of SGLI are only in the window region, the cloud 
discrimination by radiance at the absorption region, such as 13.9 µm (CO2 absorption region), is 
not applicable. This may result in a false of detection of thin cirrus. Fewness of thermal infrared 
channels also causes difficulty of cloud screening not only at nighttime but also over snow areas.  
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