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Abstract — Snow is an important factor that affects climatic change, so it has significant meaning to monitor and identify snow. 
According to landsat5TM data, this paper takes Huocheng County in Xinjiang as research area and regards the snow extracted by 
SNOMAP algorithm as the actual snow information, to make comparison with snow exacted by S3 snow index and random forest 
algorithm. The results show that: both snows exacted by S3 snow index and random forest algorithm were obtained with better 
accuracy. The best threshold of S3 in research region, overall accuracy, snow cover accuracy and kappa value are 0.22, 99.5976%, 
99.3978%, and 0.9890 separately. Moreover, reasonable parameters of the research region in random forest algorithm are T=2000 
and m=4 with overall accuracy, snow cover accuracy and kappa value being of 98.9608%, 96.2236% and 0.9712 respectively. Both 
methods can meet the needs of practical application. 
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I. INTRODUCTION 

Cryosphere is the spherical layer that water at the earth 
surface exists in solid form; it mainly consists of two polar 
ice sheet, sea ice, mountain glaciers, taele, snows, lake ice, 
and river ice and so on[1]. Moreover, cryosphere is the part 
of earth system and also a significant indicator of climatic 
variation. All in all it plays an important role in global 
material and energy cycle. Snow is the major part of 
cryophere and an active natural element at the earth surface 
as well; meanwhile, it is a considerable parameter in global 
climate, hydrology and ecological model[2]. Most of snow 
distribute in the area where transportation is difficult; 
whereas, there is less distribution in meteorological station 
which is not good for snow-related research. Now, the 
development of satellite remote sensing provides new 
technology for snow detection and recognition[3]. 

Since 1966 snow-cover graph was first extracted and 
made by using satellite data, remote sensing technology has 
been widely applied in the research of snow extraction. In 
addition, NOAA/AVHRR and MODIS are two optical 
sensors which are very popular in snow monitoring 
application[4,5]. Some other scholars monitored and 
extracted snow cover by utilizing Landsat, SPOT, HJ and 
microwave data [6-10]. 

There are some common snow extraction methods such 
as NDSI, intensity threshold method, imagery supervised 
classification [11-13]. Although these methods are 
comparatively mature, some parameters, experiential 
thresholds cannot suit all research zone and data. Besides, 
intensity thresholds of imagery snow in the same area are 
different due to the effect of certain factors like topography 
and atmosphere[14]. Making use of TM5 data and snow  

remote sensing principle and on the basis of SNOMAP 
algorithm adopted by NASA, this paper takes extracted snow 
information as snow-cover true value image in research area 
and introduce a machine learning algorithm, random forests 
algorithm and snow index model to make comparison and 
analysis for extracted result. Snow extraction method and 
parameter empirical threshold which are suitable for study 
area can be obtained in this way. 

II. OVERVIEW OF RESEARCH AREA AND DATA 

PREPROCESSING 

A. Overview of research area 

Snow resource is rich in mountainous area of west China; 
and Qinghai-Tibet Plateau, Inner Mongolian Plateau and 
North Xinjiang are three major distribution areas in 
China[15]. This paper selects Huocheng County in Xinjiang 
as research area. It locates in western of Tianshan Mountain, 
northwest of Yili Valley, west of Kazakhstan, east of Yining 
city, south of Qapqal Xibe Autonomous County and north of 
Bole County with 5466 Square Kilometers. Moreover, it 
belongs to sub-arid temperature climate withextreme low and 
high temperature being of -42.6℃ and 40.1℃ respectively; 
And the Annual average precipitation is 219mm. The 
northern mountain area of county has heavier snow that 
snow disaster and snow slide occur frequently, especially in 
Fruit Valley zone which snow avalanche may happen each 
year. Such disaster causes damage to facilities like traffic and 
communication. In addition, there is less surface 
meteorological station in this zone, thus it has practical 
meaning to extract and monitor snow by adopting satellite 
remote sensing technology. The research area is shown in 
Figure 1. 
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Figure 1.Composite image of study area(R:band5,G：band4,B:band3) 

B. Data reprocessing 

The acquired landsat5 TM data in this study came from 
USGS website http://glovis.usgs.gov/ with the imaging time 
on 26th April, 2010 and orbiter No. being of 029/147. 
Moreover, its projected coordinate system is UTM/WGS-84 
and Level 1T standard topographic calibration products. 
Besides, it was subject to systematically radiometric 
calibration, ground control points (GCPs) geometric 
correction and topographic correction was also carried out 
via DEM.FLAASH atmospheric correction tool was used for 
the data atmospheric correction（the data should experience 
radiation calibration）and surface reflectance was obtained 
accordingly. After that the data in study area was cut out by 
adopting vector diagram of administrative region in 
Huocheng County. Radiometric calibration was assessed by 
formula [16]. 

BiasDNGainL 
                      (1) 

Where L is radiation  brightness(
112   msrmW  ), 

Gain  was gain, Bias was the polarization. Values of 
gainsand biases after 4th May, 2003 was shown in Table I. 

TABLE II VALUES OF GAINS AND BIASES 

waveband Gain Bias 
1 0.7628 -1.52 
2 1.4425 -2.84 
3 1.0399 -1.17 
4 0.8726 -1.51 
5 0.1199 -0.37 
6 0.0551 1.2378 
7 0.0653 -0.15 

C. Snow Spectrum analysis in study area  

On the basis of 1-5 wavebands and the 7th waveband in 
TM5 imaging of study area, spectral emissivity diagram of 
snow in data snow area was gotten by sampling statistical 
method (see figure 2). It could be observed from the figure 
that snow reflectivity is strong in visible bands and reaches 
the maximum in green waveband. Except that, the 
reflectance was comparatively strong in near-infrared band 

but it was low in shortwave infrared field. So, spectral 
characteristic of snow could be concluded as follows: Snow 
had very strong reflectivity in visible band and had strong 
reflectance in near-infrared band; while its reflectance 
decreased along with the increase of waveband and declined 
sharply in shortwave infrared field. 

 

 
Figure 2. The study area of snow reflectance 

III. METHODS OF SNOW RECOGNITION 

A.  Snow extraction theory of SNOMAP algorithm 

SNOMAP algorithm was first proposed by Hall et al[17] 
and was then regarded as snow extraction algorithm by 
NASA based on landsat5 TM image. As it had better snow 
extraction accuracy and was applied in snow-cover 
mapping[18,19]. NDSI (Normalized Differential Snow Index) 
was the core content of SNOMAP algorithm[20]. It was a 
useful method to extract snow by using NDSI and the 
specific formula was: 

)/()( 5252 bbbbNDSI
SWIRVIS

SWIRVIS 





                      (2) 

Where, b2, b5 was the reflectivity of second and 5th 
waveband in Landsat5 TM respectively. Combining with the 
researches at home and abroad, SNOMAP algorithm was 
adopted to detect snow and threshold of NDSI was set as 0.4. 
Pixel was snow when NDSI≥0.4, but the recognized snow 
might exist water. That was because water and snow have 
similar reflecting features in visible light and shortwave 
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infrared; while in near-infrareder waveband, the reflectivity 
of snow was higher than water body. Therefore, near-
infrareder waveband(TM the 4th waveband) needed to be 
added, meanwhile, the second waveband b2≥0.10 was also 
required. The snow was gained after removing cloud image. 
There was little TM imaging clouds in this research, so the 
judging criteria was : NDSI≥0.4 and b4≥0.11.     

B. S3 snow index model and S3 principle 

S3 snow index model was a snow recognition algorithm 
which was suggested by Japanese scholar-Atsushi SAITO. 
Snow index obtained in this model was on the basis of ratio 
of reflectivity in red band, near-infrared waveband and short 
infrared waveband separately. Its formula was: 
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Where NIR, SWIR and Red were reflectivity in red band, 

near-infrared waveband and short infrared waveband 
separately; b3, b4 and b5 corresponded to the reflectivity in 
3rd, 4th, and 5th waveband of Landsat5 TM respectively. As 
red waveband was introduced in this method, the impact of 
vegetation factors on snow extraction was considered, so that 
snow extraction and recognition accuracy was improved. 
Generally speaking, S3 value was more than 0.18 in snow-
cover area.  

C. Brief introduction of random forest algorithm 

Random forest is an ensemble learning algorithm on the 
basis of classification tree and it is proposed by Breiman. 
This algorithm involves in Breiman’s bagging theory[21] 
and Ho’s stochastic subspace identification[22]. Moreover, 
there are some merits for this algorithm such as caculation in 
fast speed, higher classified accuracy and difficult to over-
fitting.  

Random forest could be realized through three steps: (1) 
K training subsets were selected from original data set D 
through bootstrap random with replacement. About 36.8% of 
samples in original data sets did not appear in selected 
subsets samples (namely, each training subset was 2/3 of 
original data). About 1/3 of data which were not selected 
were called as OOB（out of bag）data. According to OOB 
data, OOB error could be obtained to evaluate internal error 
of random forest. (2)When the tree subsets were acquired, a 
CART tree was generated by using each training subset and 
K decision trees would be gotten in the end, which “forest” 
was formed. During the tree generation, attribute subset m 
was randomly selected from the whole attribute 
characteristic M when splitting each node in CART trees; 

and then one optimal attribute was selected out to make node 
splitting[23]. The value M was usually 1][log2 M 。 

(3) Lastly, K of trained decision trees were combined 
together to make vote. After that, results of most trees were 
selected to make prediction for new sample. Operation of 
this algorithm was based on MATLAB 2012b and was done 
through RF_MexStandalone-v0.02 software package. 

IV.  RESULT AND ANALYSIS 

A. SNOMAP algorithm, S3 snow extraction and analysis 

According to Landsat5 TM data after preprocessing in 
study area, snow cover image was obtained by combining 
ENVI decision tree classification method with SNOMAP 
algorithm snow judging conditions: NDSI≥0.4 and b4≥0.11. 
Snow pixel was assigned as 1 and non-snow pixel was 
assigned as 2 with the color were given meanwhile. 
SNOMAP algorithm snow cover image could thus be gotten 
(see figure 3). The snow area was 1303.11KM2. In addition, 
this snow distribution image was taken as “true value” 
imaging of snow cover and then snow cover image and “true 
value” imaging were compared with various S3 threshold 
conditions; snow cover accuracy under different thresholds 
could be obtained accordingly. So that S3 thresholds in study 
area which were much close to the truth can thus be 
acquired. 

Evaluation method of snow cover accuracy used in this 
research was affected by5indexes: multiple measuring errors 
D, Missing measurement error L, snow cover accuracy, total 
accuracy and Kappa coefficient. The main estimation 
formula was as follows: 
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Where, SN indicated that there is snow in “true value” 
imaging. While, Classification imaging presented on pixel 
number of non-snow; Ss indicated that both “true value” 
imaging and classification imaging have pixel number of 
snow. Ns showed that there is no snow in “true value” 
imaging, but pixel number of snow was displayed in 
classification imaging; NN showed that neither “true value” 
imaging nor classification imaging have pixel number of 
snow. 
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TABLE III THE ACCURACIES OF SNOW COVER MAP WITH DIFFERENT S3 THRESHOLDS 

S3 Snow index 
Values 

missing 
measurement 

error (%) 

multiple 
measuring 
error(%) 

total classification 
accuracy(%) 

snow cover 
accuracy(%) 

Kappa 

0.10 0.0003 3.8326 97.0917 99.9997 0.9237 

0.11 0.0004 3.5226 97.3269 99.9996 0.9296 

0.12 0.0004 3.2196 97.5568 99.9996 0.9355 

0.13 0.0005 2.9208 97.7835 99.9995 0.9413 

0.14 0.0008 2.6251 98.0079 99.9992 0.9471 

0.15 0.0014 2.3295 98.2320 99.9986 0.9529 

0.16 0.0029 2.0362 98.4542 99.9971 0.9587 

0.17 0.0075 1.7388 98.6788 99.9925 0.9646 

0.18 0.0184 1.4409 98.9022 99.9816 0.9705 

0.19 0.045 1.1378 99.1256 99.9541 0.9764 

0.20 0.1149 0.8417 99.3336 99.8851 0.9819 

0.21 0.2712 0.5685 99.5032 99.7288 0.9865 

0.22 0.6022 0.3389 99.5976 99.3978 0.9890 

0.23 1.1812 0.1901 99.5684 98.8088 0.9882 

0.24 2.0213 0.1068 99.4314 97.9787 0.9844 

0.25 3.0225 0.0668 99.2203 96.9775 0.9785 

 
 

Figure 3. SNOMAP algorithm snow cover map 
 
It could be observed from table 2 that missing 

measurement error of snow was always in the low level with 
range of S3 threshold values from 0.1 to 0.3; multiple 
measuring errors were reduced with range of S3 threshold 
values from 0.1 to 0.25. But the total classification accuracy 
increased continuously and reached the maximum when 
threshold was 0.22 and then decreased afterwards; snow 
accuracy was kept in high level and stable state. Moreover, 
kappa coefficient was enlarged along with the increase of 
threshold. It reached the maximum when threshold was 0.22 
and then decreased afterwards. When the S3 threshold range 
was from 0.1 to 0.48, missing measurement error was 
smaller but multiple measuring errors were comparatively 
bigger, which means that other objects were misjudged as 
snow and classification area of snow was bigger relative to 

earth true value image. The total classification accuracy was 
thus declined. Therefore, 5 indexes should be considered 
comprehensively when selecting optimal S3 threshold, 
namely, missing measurement error, multiple measurement 
error should be as small as possible; while total classification 
accuracy, snow cover accuracy and kappa coefficient should 
be as big as possible. From above analysis, the reasonable S3 
threshold value should be 0.21 or 0.22 and snow areas were 
1322.8821KM2 and 1309.1562 KM2 respectively. Figure 4 
stated the snow cover map when S3 was 0.22. 

 

 
Figure 4. S3 index snow cover map（S3=0.22） 

B.  Snow extraction by random forest algorithm and its 
analysis 

Principle components of imaging were analyzed 
according to Landsat5 TM data in study area after 
preprocessing. After that the first principle component was 
selected to calculate 8 pieces of texture information: Mean, 



CHEN LIANJUN et al: RESEARCH ON SNOW EXTRACTING METHODS ON THE BASIS OF RANDOM FORESTS . .  

DOI 10.5013/IJSSST.a.17.19.03 3.5 ISSN: 1473-804x online, 1473-8031 print 

Homogeneity, Variance, Contrast, Second Moment, 
Dissimilarity, Entropy and Correlation. In the next step, 
texture information was selected on the basis of information 
content and relevance of waveband. Lastly, 3 pieces of 
texture information were confirmed: Mean, Variance and 
Contrast. Except that, waveband selection was done from 6 
wavebands of TM and data redundancy was removed. 
Wavebands 2, 3, 4 and 5 were surely engaged in modeling. 
In the end, there were 8 factors (including NDSI waveband) 
involved in random forest snow extraction.     

When modeling factors were confirmed, 5400 train 
samples were selected by combining treated TM image with 
“true value” snow map. Among them, there were 2600 snow 
samples and the rest were non-snow samples. 3000 samples 

were randomly selected to be engaged in modeling and 2400 
samples were testing samples. The modeling was started 
after extracting 8 factor values corresponding to samples. 
The modeling was based on MATLAB platform and used 
RF_MexStandalone-v0.02 program package. As precision of 
random forest was determined by tree numbers N and 
number of randomly selected attribute characteristics m, in 
this research N was set as 1000, 2000 and 3000 and m was 
set as 3, 4 and 5 respectively; and then snow cover map with 
different parameters was obtained. After that snow cover 
accuracy with various parameters was evaluated according to 
evaluation method of snow cover accuracy (see table 3); in 
the end, the optimal value of N and m were gotten. 

TABLE IV 3THE ACCURACIES OF SNOW COVER MAP WITH DIFFERENT RANDOMFOREST PARAMETERS 

number of 
treesT 

number of 
attribute m 

missing 
measurement 
error （%） 

multiple 
measuring 

error（%） 

total 
classification 

accuracy（%） 

snowcover   
accuracy（%） 

Kappa 

error ratio 
of testing 
sample
（%） 

T=1000;  m=3 4.5730 0.0836 98.8388 95.4270 0.9677 0.2083 

T=1000;  m=4 5.2755 0.2290 98.5596 94.7245 0.9599 0.2083 

T=1000;  m=5 6.4514 0 98.4514 93.5486 0.9566 0.2917 

T=2000;  m=3 5.2299 0.0003 98.7444 94.7701 0.9650 0.0417 

T=2000;  m=4 3.7764 0.1747 98.9608 96.2236 0.9712 0.0417 

T=2000;  m=5 4.3923 0.0655 98.8960 95.6077 0.9693 0.0833 

T=3000;  m=3 5.4915 0.0189 98.6675 94.5085 0.9628 0.2500 

T=3000;  m=4 4.4814 0.0050 98.9206 95.5186 0.9700 0.1667 

T=3000;  m=5 4.3905 0.0648 98.8969 95.6095 0.9693 0.0833 

 

It could be observed from table 3 that the maximum 
missing measurement error was 6.4514% and max error of 
testing sample was 0.2917%, when T=1000 and m=5; when 
T=1000 and m=4, the multiple measuring error reached the 
maximum; while the minimum missing measurement error, 
the best total classification accuracy, optimal snow cover 
accuracy, the best Kappa value and the least error ratio of 
testing sample were gotten when T=2000 and m=4. By 
comparing 6 evaluating criterias in table, we could see that in 
random forest of study area, the optimal snow cover effect 
can be gotten when T=2000 and m=4; and the snow area was 
1268.1036KM2 at this time. Figure 5 presented the snow 
cover map.   

It could be concluded from table 2 and table 3 that both 
snow cover maps extracted by S3 snow index method and 
random forest algorithm had good accuracy. In contrast, 
snow cover accuracy obtained by S3 was superior to random 
forest algorithm. When the threshold of S3 was 0.22, the 
extracted snow area was 1309.1562 KM2, 1303.11KM2 by 
SNOMAP algorithm(true value image) and 1268.1036 KM2 
by random forest. 

 
Figure 5.RandomForest algorithm snow cover map（T=2000,m=4） 

V. CONCLUSION AND DISCUSSION 

This paper takes mature landsat5TM as data and makes 
use of NDSI in SNOMAP algorithm to judge and extract 
snow. Snow “true value” image in Huocheng County is 
obtained in this way. In addition, this paper tries to extract 
and detect snow by S3 snow cover index and random forest 



CHEN LIANJUN et al: RESEARCH ON SNOW EXTRACTING METHODS ON THE BASIS OF RANDOM FORESTS . .  

DOI 10.5013/IJSSST.a.17.19.03 3.6 ISSN: 1473-804x online, 1473-8031 print 

algorithm in order to determine suitable threshold parameter 
of different methods. Now we conclude as follows: 

(1) The optimal S3 threshold is acquired through 
comparison, when taking result of SNOMAP algorithm as 
snow “true value” image and regarding some 
conditions(missing measurement error and multiple 
measuring error should be as small as possible, total 
classification accuracy, snow cover accuracy and Kappa 
coefficient) as evaluation criteria. By comparing S3 
threshold, we can see that missing measurement error is 
small, multiple measuring errors is relatively bigger and total 
classification accuracy decrease accordingly when the range 
of S3 threshold is from 0.1 to 0.18; the reasonable value of 
S3 threshold is 0.22 with the extracting area being of 
1309.1562 KM2. 

(2) It is feasible to extract snow by random forest 
algorithm. Better snow cover accuracy can be obtained 
through this method. Besides, the best parameter set in 
random forest of study area is T=2000 and m=4 and the 
extracted snow area is 1268.1036 KM2. However, the 
acquired snow cover accuracy by S3 is superior to that by 
random forest. 

(3) Universality of threshold parameters which are used 
for snow extraction by S3 and RF method still need to be 
further researched. Moreover, vegetation and snow mixture 
zone is not considered in random forest algorithm. As cloud 
is less in selected data, the effect of cloud is not considered. 
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