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ABSTRACT 
Many algorithms and products for snow cover have been 
developed. Then a unified set of “ground truth” data is 
important to validate snow cover products. In this study, 
Landsat-8/OLI data processed by linear unmixing 
algorithm was determined as “ground truth” to validate the 
moderate resolution snow products. In order to evaluate the 
cloud removing effect of the daily fractional snow cover 
(FSC) dataset of MODIS over High Asia, we use the 
MOD10A1 FSC product which is calculated by 
recommended equations as the before cloud removing data, 
then the Landsat-8/OLI FSC was used to validate both of 
the MODIS data. The results show that when the 
percentage of cloud pixels is less than 10%, the binary 
accuracy can reach 0.85 or more, the mean absolute error 
is less than 0.25, and the root mean square error is less than 
0.35. These results suggest that the product has high 
credibility, despite there is still a small amount of cloud in 
the product. 
Index Terms—Fractional snow cover, Landsat-8/OLI, 
MODIS, Validate 
 

1. INTRODUCTION 
 
Changes in snow cover have important implications for 
water and energy balance and the study of snow cover on 
the High Asia is very important for global climate change. 
At present, researchers have developed lots of algorithms 
to calculate snow cover[1-8], using the algorithms they 
have produced a lot of binary and fractional snow cover 
products[9-13]. Different snow products have different 
precision and we do not know whether the existing 
products can meet the demand of model. We need to  
 

 
validate them and find the most fit product to operate over 
the study area.  
There are many mixed pixels, in order to obtain more 
accurate retrieval results, the researchers have developed 
the linear spectral mixture analysis method[3, 4]. Landsat-
8/OLI is available for free and has high spatial resolution,  
therefore, we used linear unmixing algorithm to calculate 
Landsat-8/OLI FSC and then get the ‘ground truth’ data. 
Then we use the “ground truth” data validates the 
fractional snow cover products so that we can assess these 
products in the same way. In this paper, we choose the 
daily fractional snow cover dataset over High Asia [10] to 
evaluate the precision and cloud removing effect. 
 

2. STUDY REGION AND DATA 
 
2.1. Study region 
 
The study area is located in the High Mountain Asia, which 
is the high-altitude area centered on the Tibet Plateau, 
located in central Asia, with latitude and longitude of about 
26°N-46°N and 62°E-105°E. 

 

Figure.1. Study area over the High Mountain Asia  
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2.2. Data 
 

2.2.1. Daily fractional snow cover dataset over High Asia 
Daily fractional snow cover dataset over High Asia 
(HMA_MODIS FSC) is produced by Qiu and et al[10]. 
The data has the spatial resolution of 500 meters and is 
derived from the MODIS normalized snow index (NDSI) 
data. A variety of cloud elimination algorithms were used 
in data processing. The dataset has the cloud cover less 
than 10%, and it can meet the input requirements of 
hydrological and energy models. 
 
2.2.2. MOD10A1 
MOD10A1 (Terra) is obtained from the National Snow & 
Ice Data Center (NSIDC) and is in the MODIS snow cover 
product collection 6，as the fractional snow cover is no 
longer calculated in this version, we use the empirical 
relationship which is first developed by Salomonson and 
Appel[14] to get the MOD10A1 FSC. The relationship can 
be expressed as: 

𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆 = −0.01 + 1.45 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝐵𝐵4 − 𝐵𝐵6
𝐵𝐵4 + 𝐵𝐵6

 

Where the B4 is Band 4 (0.545-0.565 µm, red band) and B6 
is Band 6 (1.628-1.625 µm, shortwave infrared band) in 
MODIS data, respectively. 
 
2.2.3. Landsat-8/OLI FSC— ‘Ground truth’ 
The Landsat-8/OLI FSC data used in this study was 
derived from Landsat-8/OLI surface reflectance data with 
the linear unmixing algorithm. In order to know whether 
this Landsat-8/OLI FSC can meet the requirements as the 
“ground truth” data, we use the GF-2 data which has higher 
resolution to evaluate. The conclusion is that Landsat-
8/OLI FSC calculated with the linear unmixing algorithm 
can be used as “ground truth”[15]. 
 

3. METHODS 
 

Compared with MOD10A1 FSC, HMA_MODIS FSC has 
eliminated cloud. We use Landsat-8/OLI FSC to validate 
MOD10A1 FSC and HMA_MODIS FSC, respectively. 
Then we can know the post-processing effect of this 
product. We selected satellite images dates when they meet 

both of the following two conditions: 1) the MOD10A1 
images were cloudy; 2) the Landsat-8/OLI images have 
less cloud cover. In this paper, we mainly display the 
validation results of the 6 satellite images, because the 6 
images corresponding to the Landsat-8/OLI images are of 
good quality. We use the snow cover evaluation indicators 
and the binary evaluation indicators, such as R-squared, 
MAE, RMSE, Precision and Accuracy to evaluate the 
validation results. 
 

4. RESULTS 
 

More than thirty Landsat-8/OLI images of different 
landcover types were used to validate this dataset. The 
result shows that the dataset has a good post-processing 
effect. Figure.2. shows the scene 141034 on 12 December 
2016 of Landsat-8/OLI. The landcover type of this image 
is grassland, water and barren. Figure.3. shows the 
fractional snow cover of Landsat-8/OLI, MOD10A1, and 
HMA_MODIS. Compared to Landsat-8/OLI, both 
MOD10A1 and HMA_MODIS has underestimate snow 
cover, while Landsat-8/OLI with linear unmixing 
algorithm showed more details on the snow. Figure.4. 
shows the fractional snow cover comparison of Landsat-
8/OLI and HMA_MODIS at different spatial resolution. 
With the scale increasing, the correlation between the two 
becomes better. We list some validation results in Table 1. 
Including Landsat-8/OLI respectively validate the data 
before removing cloud and after removing cloud. To 
further explore the effects of post-processing, we counted 
the number of pixels participating in each validation and 
get the corresponding evaluation index value. 

 
Figure.2. Scene 141034 on 12 December 2016 
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Figure.3. Fractional snow cover comparison of 
Landsat-8/OLI, MOD10A1 and HMA_MODIS: (a) 
Landsat-8/OLI false-color, (b) fractional snow cover 
from Landsat-8/OLI, (c) fractional snow cover from 
MOD10A1 and (d) fractional snow cover from 
HMA_MODIS. 
 

  

(a) (b) 

  

(c) (d) 
 
Figure.4. Fractional snow cover scatter of Landsat-8/OLI 
and HMA_MODIS at different spatial resolution scales: 

(a) 500 m, (b) 1 km, (c) 2.5 km and (d) 5 km.  

Table 1. The validation results for Landsat-8/OLI and MODIS 

 
In Table 1, the data before cloud removal refers to MOD10A1, 

and the data after cloud removal refers to data from Daily 

fractional snow cover dataset over High Asia. The 1 * 1, 2 * 2, 3 

* 3, and 10 * 10 represent 500 m, 1 km, 2.5 km, and 5 km spatial 

resolutions, respectively. 

 
5. CONCLUSION AND DISCUSSION 

 
Using the "ground truth" data to validate the snow cover 
product over High Asia, the results show that when the 
percentage of cloud pixels is less than 10%, the binary 
accuracy can reach 0.85 or more, the mean absolute error 
is less than 0.25, and the root mean square error is less than 
0.35, the dataset have better precision. Comparing the 
results of the fractional snow cover product validation 
before and after removing the cloud, the value of the 
evaluation statistics after removing cloud and before 
removing cloud is basically the same, and the product has 
better cloud removing effect. Comparing the validation 
results of different scales, it can be found that with the 
increase of the scale, the binary precision, the mean 
absolute error and the root mean square error are basically 
improved in accuracy and reduced in error. These results 
suggest that the product has high credibility and can help 
researchers do research on hydrological and energy 
balance over High Asia. 
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