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Abstract 

Snow cover plays an important role in hydrological processes, surface radiation and global climate change research, 

especially in Tibetan Plateau. Most of current fractional snow cover products are mainly determined from polar-orbit 

satellites sensors, such as Advanced Very High Resolution Radiometer (AVHRR) and (Moderate Resolution Imaging 

Spectroradiometer (MODIS). MODIS snow cover is generated using 8-day composition data in order to reduce the 

problem caused by cloud obscuration. However, snow cover mapping is often required to obtain at the temporal 

scale of less than one day, especially in the case of disasters. Geostationary satellites show potential to retrieve 

fractional snow cover with lower cloud obscuration in daily scale. In this paper, we propose a technique to estimate 

fractional snow cover over the Tibetan Plateau by Chinese geostationary satellite Fengyun-2E (FY-2E) in two winters of 

2011 and 2012. Normalized Difference Snow Index (NDSI), Ratio Snow Index (RSI) and Difference Snow Index (DSI) 

based on 0.6μm and 3.9μm channel of Visible and Infrared Spin Scan Radiometer (VISSR) onboard FY-2E are used to 

estimate fractional snow cover. Landsat ETM+ data is treated as true value of fractional snow cover to develop the 

models based on VISSR snow indexes. When validated by ETM+ fractional snow cover, the model based on VISSR DSI 

with exponential curve fitting show the best performance in estimating fractional snow cover, with R-square of 0.62 and 

RMSE of 0.17.  

1. Introduction 

Snow is a crucial component of the Earth’s hydrological cycle. Spatially well-distributed and temporally frequent 

information on snow cover extent is highly valuable for regional and global climate change research, flood forecasting 

and weather prediction [1]. Snow cover over the Tibetan Plateau is also the main water resources in western China. 

MODIS data is widely used for snow cover mapping and fractional snow cover retrieval over the Tibetan Plateau by 

several studies [2-5]. MOD10A1 and MYD10A1 provide daily 500- meter snow cover extent and fractional snow cover. 

Average cloud coverage percentage of the combined MODIS snow cover maps (Combination of MOD10A1 and 

MYD10A1 snow cover products) is approximately 35.42% over the Tibetan Plateau, while approximately 14.18% for 

Fengyun-2E Visible and Infrared Spin Scan Radiometer (FY-2E/VISSR, Chinese geostationary satellite) snow cover 

maps [6]. Cloud obscuration is still the main limitation of MODIS snow cover products. High temporal resolution of 

geostationary satellite data can provide more observations in one day, which show potential in obtaining more 

information of land surface with less cloud obscuration. 

There are studies indicated that geostationary satellites have the ability to estimate fractional snow cover. Romanov 

et al. (2003) [7] employed a linear mixture technique on Geostationary Operational Environmental Satellite (GOES) 

Imager visible spectral band to retrieve fractional snow cover over North America. The incoming Geostationary 

Environmental Operational Satellite R series (GOES-R) will provide fractional snow cover product, which utilize the 

spectral mixing method of Multiple Endmember Spectral Mixture Analysis (MESMA). There is only one visible channel 

for most of current operational geostationary satellites, except for MSG, and this may be the main limitation for the 

fractional snow cover mapping of these satellites. The principal purpose of this paper is to describe a method which 

utilizes snow index of FY-2E/VISSR data for fractional snow cover mapping over the Tibetan Plateau. Landsat-5 

978-1-4673-5225-3/14/$31.00 ©2014 IEEE



Thematic Mapper (TM) and Landsat-7 Enhanced Thematic Mapper (ETM+) data are used for development of algorithms 

and validation of the FY-2E/VISSR FSC. 

2. Study area and data  

The Tibetan Plateau is the largest non-polar cold desert in the world, with an average elevation more than 4000 m 

above the sea level. The main land cover types in the Tibetan Plateau are grassland and barren. Figure 1 shows the study 

area (the Tibetan Plateau) and TM, ETM+ scenes used in this study. MODIS land cover product (MCD12Q1) in 2009 is 

overlaid on the map. In this study, both Landsat-5 TM and Landsat-7 ETM+ data from 2010 to 2013 are used as ground 

truth of the fractional snow cover. There are 21 TM/ETM+ scenes used for the development of FY-2E/VISSR FSC 

algorithms, and the other ETM+ 10 scenes are used for the validation. Most of TM images are distributed over the barren 

and grassland. FY-2E is one of the Chinese geostationary satellites, which was launched on June 15, 2008. The central 

longitude of FY-2E is 104.5. VISSR on board FY-2E is a five channel sensor, including one visible channel and four 

infrared channels (seen in Table 1). Temporal resolution of VISSR is one hour in normal operation mode and half an hour 

in special operation mode. 

 

Figure 1. Study area and TM/ETM+ scenes used 

 

Table 1. FY-2E/VISSR information 
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c 

resolution 

(bit) 

VIS 0.55 - 0.90 1.25 6 

IR1 10.3-11.3 5 10 

IR2 11.5-12.5 5 10 

IR3 6.3-7.6 5 10 

IR4 3.5-4.0 5 10 

 

3. Methodology 

When developed FY-2E/VISSR FSC algorithms, VIS channel and IR4 channel data were utilized to calculate the 

snow indices. FSC derived from Landsat TM/ETM+ snow cover maps were treated as true value and utilized to develop 

FSC algorithms of FY-2E/VISSR. s. Cloud coverage percentage of selected TM or ETM+ scenes is less than 10%. The 

TM and ETM+ data are processed using the Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS) 

tool [8 to obtain the reflectance of each band. The band2 (0.525-0.605μm) and band5 (1.55-1.75μm) reflectance are used 

to calculate NDSI. When NDSI greater than 0.4, the pixel is considered as snow-covered surface.  

Snow shows high spectral reflectance of visible bands and low spectral reflectance of shortwave infrared bands. 

Because most of current operational geostationary satellites (GOES series, MTSAT-2 and FY2 series) lack of 1.6μm 

channel, NDSI based on 1.6μm is replaced with 3.9μm channel. Therefore, VIS channel and IR4 channel of VISSR are 

used to build the snow indices for estimating fractional snow cover over the Tibetan Plateau. The equations of DSI, RSI 

and NDSI are as 
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Linear fitting is utilized to describe the relationship between MODIS NDSI and fractional snow cover [11]. In this 

study, linear fitting, logarithmic and exponential curve fitting are employed to find out which fitting model is more 

reasonable and robust in describing fractional snow cover with VISSR snow indices. 



4. Results and discussion 

4.1 Development of fractional snow cover algorithm 

Three fitting models including linear, logarithmic and exponential functions based on DSI, RSI and NDSI of 

FY-2E/VISSR data are evaluated with ETM+ derived fractional snow cover. Figure 2 shows 6 fitting models between 

FSC derived by ETM+ versus DSI, RSI and NDSI based on FY-2E VISSR data. The coefficient of determination 

(R-square) and root-mean-square-error (RMSE) of 6 fitting models are used to evaluate the robustness of the 

relationships between snow indices and FSC (Table 2). From Table 2 and Figure 2, we can find that the fitting models 

based on DSI (Model 1, 2, 3) present higher R-square and lower RMSE when compared with RSI and NDSI. RMSE of 

three DSI-based models are lower than 0.2. Among these three DSI-based models, the exponential and logarithmic curve 

fitting show better performance than the linear curve. Lin et al. (2012) [9] indicated that RSI and DSI based on MODIS 

data were both good substitutes for NDSI in FSC estimation in a mountainous area in Northwestern China. And they also 

found that the exponential model presented the highest robustness in the fitting relationships, which is similar in this 

study.  

 
Figure 2. Fitting models of FY-2E/VISSR snow indices 

(DSI, RSI and NDSI) versus FSC derived from TM  

Table 2. Fitting models between Snow indices and FSC 

Fitting Model Function R-square RMSE

1 FSC = -1.371*exp(-2.794*DSI)+1.262 0.6398  0.1839 

2 FSC = 0.4399*log(15.63*DSI) 0.6235  0.1880 

3 FSC = 1.486*DSI+0.1715 0.6028  0.1931 

4 FSC = -0.9876*exp(-0.1895*RSI)+0.9857 0.4503  0.2271 

5 FSC = 0.2946*log(1.519*RSI) 0.4641  0.2243 

6 FSC = 1.165*NDSI-0.1345 0.4530  0.2266

4.2 Validation of fractional snow cover algorithm 

The remained 10 ETM+ fractional snow cover is used to validate fractional snow cover algorithm developed in this 

work. Table 3 indicated that the models based on DSI show better performance than others based on RSI and NDSI. This 

is consistent with the developed fitting models in Table 2. Average R-square of the DSI-based models is approximately 

0.61, with RMSE approximately 0.17. R-square of two RSI-based models is approximately 0.39 and 0.36 for 

NDSI-based model. RMSE of RSI-based model and NDSI-based models is approximately 0.21. In the 6 fitting models, 

Model 1 seems to be the most suitable model for estimating fractional snow cover based on VISSR DSI, which shows the 

highest R-square and lowest RMSE. 

Figure 3 presents VISSR fractional snow cover estimated by 6 snow indices models and ETM+ fractional snow 

cover (on April 26th, 2011), ETM+ RGB composite image with band 7, 4 and 2. This comparison of VISSR FSC of 6 

models with ETM+ FSC also demonstrated that models based on DSI present better performance in estimating fractional 

snow cover. When compared with ETM+ FSC, the three DSI-based models show little under-estimation of FSC in some 

regions. However, FSC images of the models based on RSI and NDSI show over-estimation of FSC overall. In general, 

the VISSR fractional snow cover estimation results validated by 10 ETM+ scenes indicate that the models based on the 

DSI perform better than the other models.  

The accuracy of FY-2E/VISSR snow cover image is 88.67% when compared with the meteorological station snow 

depth observations in 2010 and 2011 winter seasons. The FY-2E/VISSR snow cover image presented slight 

over-estimation of snow cover over the Tibetan Plateau. And the accuracy was similar to IMS snow cover products, 

which is 85.76% [6]. The overall accuracy of FY-2E/VISSR snow cover image is lower than MODIS snow cover image, 

due to its coarse spatial resolution and spectral bands. In addition, mixed pixel problem should be considered in FY2 



snow cover mapping

 

Figure 3. Fractional snow cover image estimated by 

VISSR of 6 models and ETM+ fractional snow cover 

image, ETM+ RGB image using band 7, 4 and 2 

(Landsat-7 scene on April 26th, 2011) 

 

Table 3. Comparisons of VISSR FSC with ETM+ FSC of 

6 models 

Model
Snow Index 

used 
R-square RMSE 

Regression of VISSR FSC (x) with ETM+ 

FSC (y) 

1 DSI 0.6196 0.1705 y=1.0511*x-0.0298 

2 DSI 0.6101 0.1725 y=1.1155*x-0.0778 

3 DSI 0.6083 0.1763 y=1.0642*x-0.0184 

4 RSI 0.3959 0.2168 y=0.8968*x+0.0812 

5 RSI 0.3941 0.2173 y=0.9202*x+0.0738 

6 NDSI 0.3586 0.2184 y=0.9482*x+0.0485 

5. Conclusion 

In this paper, we developed an empirical algorithm based on snow indices to estimate fractional snow cover from 

FY-2E/VISSR. Because VISSR lacks of 1.6μm channel, snow indices including NDSI, RSI and DSI are estimated based 

on 0.6μm and 3.9μm channels. The results show that the fitting models based on DSI with exponential and logarithmic 

curves can be utilized to estimate FSC with high R-squares and low RMSE. When validated by ETM+ FSC, the fitting 

model based on VISSR DSI with exponential curve fitting show the best performance, which R-square is about 0.62 and 

RMSE is about 0.17. This work demonstrated the potential of snow fraction estimation from FY-2E/VISSR.  
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