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Cloud detection is a critically important first step required to derive many satellite data products. 

Chen et al. (2014) presented a novel reflectance-based cloud detection algorithm (SCM) designed 

for snow/ice-covered areas. Validations using collocated CALIOP and MODIS Aqua observations 

over Greenland showed superior performance of the SCM compared to the MODIS Cloud Mask. 

Now we are extending our work to mid-latitude areas, where snow is frequently mixed with forest 

and soil, by using advanced machine learning techniques in conjunction with detailed radiative 

transfer modeling. Statistical results obtained by using collocated CALIOP and MODIS data show 

consistent and superior performance of our SCM algorithm compared to the MODIS Cloud Mask 

during the winter seasons over mid-latitude snow-covered areas.  

A cloud mask is always the first priority task for satellite remote sensing over land, ocean, or 

cryosphere. Due to the high impact of clouds on shortwave and long wave radiation, mis-

identification of cloud pixels as surface or vice versa can significantly affect the quality of any 

satellite remote sensing product. Traditionally, cloud detection over snow or partially snow- 

covered areas is a difficult undertaking. For example, the performance of the MOD35 algorithm 

(Ackerman et al., 2010) declines drastically in the winter seasons over mid-latitude areas when 

validated by collocated Aqua MODIS/CALIOP data. Complicated land surface conditions, 

especially when the surface consists of mixed snow and vegetation/soil areas, still pose serious 

challenges to current threshold-based cloud detection schemes. 

We propose a novel machine-learning-based cloud detection scheme to improve the cloud 

detection over mixed-snow-vegetation areas. Unlike other machine learning based cloud detection 

methods, which use human-classified satellite data as training data, the cloud/clear-sky identifier 

in our method is trained by simulated data from extensive radiative transfer calculations for a 

variety of surface and cloud conditions. By establishing a large training dataset which, 

incorporates as many different snow, vegetation, soil and mixed cases as possible, we were able to 

train a neural network classifier and apply it to real satellite images. Figure 1 shows comparisons 

of cloud mask results obtained by our SCM algorithm and the MODIS cloud mask (MOD35) for 

Aqua MODIS data over East Asia. It can be seen that our SCM algorithm shows great 

improvement over MOD35 by correctly identifying clear-sky snow and snow-mixed-

vegetation/soil pixels in the circled areas. We tested the performance of our algorithm using long-
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term collocated CALIOP/Aqua MODIS measurements, which provide the most reliable 

assessment of cloud mask algorithms to date, in a way similar to that reported by Chen et al. 

(2014). The CALIOP 1 km cloud detection results are used as the benchmark and the whole year 

data of 2008 over areas including East Asia and Europe are used. It can be seen in Figure 2 that 

our SCM algorithm outperforms MOD35 (employing ten reflectance bands and nine thermal 

infrared bands) during the winter season with high Hanssen Kuiper Skill scores throughput, using 

only six satellite channels in the visible and near infrared wavelength range. 

More validations of our SCM algorithm are in progress using collocated Aqua MODIS and 

CALIOP data over more locations such as North America, Greenland and Antarctica. 

  

Figure 1. Cloud mask result for a MODIS Aqua image over East Asia, on January 24, 2003. Upper 

panels: Left: True color RGB; Right: False color RGB (0.65 um, 2.13 um,  and 10.8 um brightness 

temperature); Lower panels: Left: SCM cloud mask; Right: MYD35 C6 cloud mask. 

 



 

 

 

Figure 2. Hanssen Kuiper Skill Score of our cloud mask algorithm (SCM) and MYD35 in 2008 

over East Asia (left) and Europe (right). Note the superior performance of the SCM in the winter 

season. 
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