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ABSTRACT: 
 
Surface albedo, defined as the ratio of the upward to downward solar irradiance, is an important climate parameter in the surface energy 
budget. Among them, glacier albedo is the link between glaciers and the hydration process of climate and cold zones, and it is also an 
important factor restricting the development of distributed glacier energy-material balance model. Changes in the albedo of ice and 
snow can alter the energy balance of the entire geo-gas system and can also cause local and even global climate change. Glaciers in 
High Mountain Asia have experienced heterogeneous rates of loss since the 1970s. The positive feedback effect of ice and snow makes 
its albedo an important indicator of ice and snow surface mass balance. This study used partly Sentinel-3 level-1b data of High 
Mountain Asia in 2017, RGI (Randolph Glacier Inventory)6.0 and SPP (Snow Properties Processor) developed by the ESA’s team to 
extract the region's mountain glacier albedo in SNAP (Sentinel Application Platform) environment. At present, the products of the 
whole year of 2017 have been produced, with a time resolution of one month and a spatial resolution of 300m. 
 

1. INTRODUCTION 

High Asia, with the Qinghai-Tibet Plateau as the center, is a high 
mountain plateau in central Asia, which is known as the third 
largest cryosphere on earth besides the South and North 
Poles(Donlon et al., 2012). Its high mountains, distributed a large 
number of modern glaciers, cover an area of 127,000km2, 
accounting for about 25% of the total area of the world's glaciers 
(excluding the Antarctic and Greenland ice sheets). Figure 1 
shows the distribution of mountain glaciers in this region(Box et 
al., 2012). In this area, glacier melted with the speed about 
150km3/y, about half of the melted water is fed to inland and arid 
rivers, and its glacier retreat contributes 20% to global sea level 
rise(Immerzeel et al., 2010). Therefore, High Asian glaciers have 
a significant impact on global climate change, regional water 
cycle and ecological environment(Dehecq et al., 2019). And it is 
an important mission for human to monitor some information 
which can reflect the changes of glacier.  
 
The development of satellite remote sensing technology 
overcomes the limitation that the surface stations can only 
observe the data at a single point on the earth surface. Thus, it 
can make it possible to observe the surface parameters in a large 
area with high spatial and temporal resolution. Ice and snow 
albedo is defined as the ratio of upward and downward radiation 
fluxes of the sun, and it is the important physical parameters 
influencing wide-spaced sampling system energy balance(Tian et 
al., 2019). Albedo overcomes the fact that reflectivity can only 
reflect the energy budget of the ground object in one 
direction(Brown and Robinson, 2011). And it reflects the 
absorption of energy from the solar radiation, reflecting energy 
to the whole hemispheric space, and the ratio of energy can more 
accurately and comprehensively reflect the energy budget of the 
surface features(He et al., 2018). When global temperature rises, 
glacier melted, the exposed earth's surface albedo is lower than 
those surfaces covered by ice and snow. This phenomenon will 
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not allow more of the solar radiation energy reflected back into 
the atmosphere, and it can make land surface temperature rise 
further and cause the glacier to melt deeper. This is the positive 
feedback effect of ice and snow(Deems et al., 2013). So, ice and 
snow albedo plays an important role in the mass balance of the 
glacier surface(Ding et al., 2019). Through remote sensing 
technology, the albedo information of large area and high time 
resolution of surface snow and ice can be obtained, and the 
diurnal, monthly and interannual variation information of albedo 
can be counted, so as to not only reflect the energy variation of 
snow and ice to solar radiation, but also explain the variation law 
of regional snow and ice albedo, and give a scientific explanation 
for the future snow and ice to indicate the mass loss(Jiao et al., 
2019). At present, many remote sensing products for surface 
albedo inversion based on satellite remote sensing technology 
have been published in the academic circle, such as 
MOD10A1(Klein and Stroeve, 2002),Globalalbedo(Calleja et al., 
2021), GLASS(Liang, 2001) and so on. 
 
Different remote sensing products retrieve albedo information 
according to different algorithms. At present, there are four main 
inversion methods(Kokhanovsky et al., 1998). The first method 
is to estimate the wide band albedo from the narrow band albedo. 
In a simple way, we first assume that the earth's surface is a 
Lambertian body, and obtain the surface reflectance of each 
spectral segment (narrow band) of the sensor. Then, according to 
the proportion of each spectral segment in the total solar radiation, 
we estimate the albedo of the short wave band (wide band) by 
means of integration(Manninen et al., 2021). The second one is 
based on the estimation of radiative transfer model. By inputting 
the physical parameters such as the optical equivalent particle 
size, shape and absorption coefficient of snow into the radiative 
transfer equation, the reflection of light with a certain wavelength 
entering the snow surface can be simulated. By simulating the 
binomial reflectance distribution function of ice and snow, the 
albedo can be obtained. MOD10A1(Kokhanovsky, 2002) is 
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based on this algorithm. The third method is based on physical 
inversion estimation. This method can accurately describe the 
surface reflection in a certain period of time. By obtaining 
enough surface reflectance data in a certain time range, the 
unknown parameters in the binomial reflectance model are 
solved, and then the spectral albedo is obtained by numerical 
integration of the model in hemispherical space, The wide band 
albedo is obtained(Jafariserajehlou et al., 2021). The last one is 
the direct inversion estimation method, which uses a large 
number of existing high-quality binomial reflectance training 
data to establish the statistical relationship between the 
atmospheric top reflectance or surface reflectance and the surface 
wide band albedo to estimate the surface wide band albedo. 
 
Over the years, relevant scholars have compared and verified the 
existing remote sensing albedo products in different regions and 
directly compared them with the measured data on the ground. 
And the work of evaluating the inversion accuracy of products 
has been gradually carried out. 
 
He et al (2013) obtained the change of glacial albedo in 
Greenland from 1981 to 2012 with the GLASS data product, and 
the inversion results showed that the glacial surface albedo 
showed a downward trend in the 31 years, and the albedo 
accelerated to decrease since 2000, especially in the area with an 
altitude of 1000-1500m. Tedesco et al (2011) used MODIS data 
to invert the glacier albedo in summer (May to August) from 
2004 to 2010 in Greenland, and the results showed that the albedo 
in southwest Greenland decreased significantly. Wright et 
al(2014) used ASD spectrometer to measure the albedo of ice and 
snow in Greenland, compared and verified the MODIS products 
with the measured results. The results showed that the inversion 
of MODIS products was good and consistent with the measured 
results on the ground.  
 
In the High Asian mountain glacier region, some scholars have 
also conducted product quality assessment based on remote 
sensing products and ground measured data. The results of the 
study by Qu et al (2014)showed that the albedo of the Zadang 
Glacier showed an overall downward trend from 2001 to 2010, 
and the results were compared with the measured data of mass 
balance of the Zadang Glacier from 2006 to 2012. The results 
showed that the decreased albedo increased the melting of the 
glacier. Ming et al (2012) retrieved the albedo of 11 glaciers on 
the northern and southern slopes of the Himalayas from 2000 to 
2009, and the results showed that the albedo of most glaciers 
showed a downward trend during the 10-year period. 
 
However, it has always been one of the research hotspots to 
develop an albedo inversion algorithm adapted to snow and ice 
attributes and glacier albedo remote sensing products with higher 
spatial and temporal resolution. 
 
The ESA’s team has proposed a new technique to determine 
snow optical and microphysical properties using OLCI(Ocean 
and Land Colour Instrument) on board ESA Sentinel-3 
mission(Alexander A. Kokhanovsky and Zege, 2004). This 
algorithm recognizes the snow and ice on the land surface and 
extracts the physical characteristics of the snow and ice, 
including the snow and ice albedo(Essery et al., 2013). 
 
The Randolph Glacier Inventory (RGI) is a global inventory of 
glacier outlines(Fettweis et al., 2013). It is supplemental to the 
Global Land Ice Measurements from Space initiative (GLIMS). 
Production of the RGI was motivated by the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change (IPCC 
AR5)(Holland et al., 2012). In this study, the latest version of 

RGI called RGI6.0 released in July 2017 is used to extract the 
glacier catalogue data of High Asia region, which is used as the 
benchmark data for mountain glacier albedo extraction. 
 
This research mainly uses Sentinel-3 satellite data, based on the 
snow processor developed by ESA team, in the SNAP(Sentinel 
Application Platform) environment to perform the High Asian 
region mountain glacier 2017 annual short-wave broadband 
spherical albedo product, the spatial resolution of the product is 
300m, the time resolution is 1 month.  

 
Figure 1. High Asia Mountain ranges, river systems, and 

glaciers of High Asia.(USAID,2018) 
 

2. DATA 

Sentinel-3 is a constellation of Earth Observation Satellites 
developed by the European Space Agency as part of the 
Copernicus project(Hansen and Nazarenko, 2004). The first 
Sentinel-3A satellite was launched in 16 February 2016 and 
Sentinel-3B in 25 April 2018. The two stars share orbits and 
making the re-entry period less than 2 days. 
 
The basic data selected in this study is the sentinel-3 satellites 
equipped with OLCI level-1B full resolution product. The 
resolution of the image is 300m. The swath of OLCI is 1270km. 
The data include 21 OLCI spectral bands in the spectral range 
400nm to 1020nm from the Global Observation (EO) model, and 
these bands are corrected, geolocation, and spatial resampling of 
the upper atmospheric radiance values(Knap et al., 1999). The 
spatial resolution of the image data is 300m and we choose the 
NTC(Non-Time Critical)product because this time mode means 
they are delivered not later than 1 month after acquisition or from 
long-term archives. This can ensure that the data used has been 
fully processed by the ground data center, which greatly 
improves the data accuracy. One data file includes 21 band files, 
one quality_flags file and other information. The format of band 
files is NetCDF. 
 
This study used 65 sentienl-3 scenes that were downloaded from 
the sentinel official website. The download time window is 
limited in January 1, 2017 to December 31, 2017. Due to the 
complex climate change on the Qinghai-Tibet Plateau, during 
May to September 2017, the image quality in the southeastern 
region of Tibet is generally common, with more cloud cover over 
the glacier in the image. In the rest period, through visual 
screening, the Sentinel-3 images with better quality covering the 
whole region of High Asia can be selected basically. 
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3. METHOD 

3.1 Algorithm 

The algorithm mainly includes two parts, the first is ice and snow 
recognition, the second is inversion of snow albedo(Rittger et al., 
2013). 
 
The algorithm needs to meet the following three conditions for 
snow and ice recognition. The first condition is the snow pixel 
identified in the algorithm must be 100% snow cover. The second 
is based on the following formula 
 

NDSI =
𝑅𝑅(865𝑛𝑛𝑛𝑛) − 𝑅𝑅(1020𝑛𝑛𝑛𝑛)
𝑅𝑅(865𝑛𝑛𝑛𝑛) + 𝑅𝑅(1020𝑛𝑛𝑛𝑛) > 0.03 (1) 

 
Where NDSI is the normalized snow and ice coefficient, 
R(865nm) is the reflectance of the band and the center 
wavelength is 865nm. The last condition is R(410nm)>0.5.  
 
The algorithm for the inversion of snow and ice albedo by 
Sentinel-3 is mainly based on the asymptotic radiation transfer 
model(A. A. Kokhanovsky and Zege, 2004). The formula is as 
follows 
 

𝑅𝑅 = 𝑅𝑅0𝑒𝑒𝑒𝑒 p �−𝑥𝑥�(𝛼𝛼 + 𝑓𝑓𝜆𝜆−𝑚𝑚)𝑙𝑙� (2) 
 

𝑟𝑟𝑝𝑝 = 𝑒𝑒𝑒𝑒 p �−𝑢𝑢(𝜇𝜇0)�(𝛼𝛼 + 𝑓𝑓𝜆𝜆−𝑚𝑚)𝑙𝑙� (3) 
 

𝑟𝑟𝑠𝑠 = 𝑒𝑒𝑒𝑒 p �—�(𝛼𝛼 + 𝑓𝑓𝜆𝜆−𝑚𝑚)𝑙𝑙� (4) 
 

𝑟𝑟(𝜆𝜆1,𝜆𝜆2) =
∫ 𝑟𝑟(𝜆𝜆)𝐹𝐹(𝜆𝜆)𝑑𝑑𝑑𝑑𝜆𝜆2
𝜆𝜆1

∫ 𝐹𝐹(𝜆𝜆)𝑑𝑑𝑑𝑑𝜆𝜆2
𝜆𝜆1

(5) 

 
Where 𝑅𝑅  is reflectance, 𝑅𝑅0  is the reflectance of non-absorbing 
snow layer, 𝑟𝑟𝑝𝑝 is the plane albedo,  𝑟𝑟𝑠𝑠 is the sphere albedo, 𝑥𝑥 is a 
parameter related to solar azimuth and observed azimuth, 𝛼𝛼 is a 
parameter related to wavelength, 𝑙𝑙 is a parameter related to snow 
particle size, 𝑓𝑓  and 𝑚𝑚  are parameters related to pollutant 
concentration(Duguay and Ledrew, 1992),  𝑟𝑟(𝜆𝜆1, 𝜆𝜆2)  is the 
broadband albedo(According to the wavelength range in the 
brackets, it can be divided into visible light, near-infrared, short-
wave albedo and so on), 𝑟𝑟(𝜆𝜆) is the spectral albedo of a certain 
band , 𝐹𝐹(𝜆𝜆) is the solar flux function transmitted through the 
snow surface with a given solar zenith angle cosine and 𝑢𝑢(𝜇𝜇0) is 
the function about solar zenith angle(SAUNDERS, 1990). 
 
When wavelength, solar Angle and observation Angle are known, 
unknown parameters remain in Equation (2), (3), (4) are 
𝑅𝑅0 , 𝑙𝑙 , 𝑓𝑓 , 𝑚𝑚. Therefore, the algorithm can solve the remaining 
unknowns by inputting the reflectivity data of the four 
bands(Warren, 2019). The four bands suggested by the algorithm 
are 400 nm, 560 nm, 865 nm and 1020 nm, respectively(Picard 
et al., 2016). After the spectral albedo is obtained, the 
corresponding broadband albedo can be solved by Equation (5). 
 
At present, ESA has developed a toolkit based on this algorithm. 
As a plug-in, the toolkit is available for users to download for 
free on ESA official website. Users can load it into SNAP and 
retrieve ice snow albedo based on sentinel-3 image through 
running software. 
 

3.2 Inversing albedo 

In the data download process of this study, according to the 
month time window to retrieve the image data, through visual 
screening, we selected 5-7 scenes images a month whose quality 
is good with no clouds or less cloud covering the glacier in them, 
and images monthly High mountain glaciers in Asia can be 
covered the whole domain, in figure 3 (a) (b) (c) for each month 
namely images coverage. In this way, the temporal resolution of 
the High Asian mountain glacier albedo product is 1 month and 
the spatial resolution is 300m. After the images are downloaded, 
They are inputted into SPP, which is a plugin in SNAP, as input 
data. (d) in Fig. 2 is the visual interface of setting parameters in 
SNAP in the process of inversion of albedo. Setting parameters 
as default values, then the inversion of albedo can be carried out. 
Then, the product coordinate system is set as WGS1984 by using 
the projection transformation tool in SNAP. Then 5-7 products 
per-month are raster synthesized in ArcGIS. During the synthesis 
process, the average pixel value of the overlapping pixels is taken 
as the final output pixel value. Finally, glacier albedo information 
is extracted through RGI6.0 mask to generate monthly High 
Asian mountain glacier albedo products in TIFF file format. 
Chart (e) is the inversion flow chart given by the government. We 
only carried out the preliminary production of the product in the 
designated part of the red arrow, which viewed as the standard 
flow in this product production. The remaining steps of the 
process display are subject to further study. 

 
Figure 2. (a)(b)(c) Sentinel-3 images cover the High Asian 

region. 
(d) SPP software interface(ESA,2021.). 

(e) Inverse flow chart.( SEOM S3 for Snow Soft User Manual, 
2021) 

  
4. RESULTS 

Based on the above methods and data, we have completed the 
production of High Asian mountain glacier albedo products for 
the whole year of 2017. The time resolution is one month, the 
spatial resolution is 300m, and the product data format is TIFF. 
Figure 3 shows the High Asian mountain glacier albedo product 
in April 2017 based on Sentinel-3 inversion. Figure 4 shows the 
extracted Palong 4 Glacier (29.252°N; 96.932°E; 4800m) albedo 
results on June 2017. Figure 5 shows that the extracted albedo 
results of 24K Glacier(29.766°N;95.712°E) on March 2017.  
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Figure 3. Sentinel-3 inversion of albedo of High mountain 

glaciers in Asia on April 2017. 

 
Figure 4. Sentinel-3 inversion of the albedo of Palong Glacier 4 

on June 2017. 

 
Figure 5. Sentinel-3 inversion of the albedo of 24K Glacier on 

March 2017. 
 

5. CONCLUSION 

In this research, we used the SPP embedded in SNAP developed 
by ESA based on the Sentinel-3 image, and extracted inversing 
results by RGI6.0 data masking. It was produced that the albedo 
product of mountain glaciers in the High Asian region in 2017. 
The temporal resolution of the product is 1 month, and the spatial 
resolution is 300m.  
 
Through the inversion results of existing tools, it can be known 
that the algorithm has a good effect on snow and ice recognition, 
but it depends on the quality of the images. If a large number of 
clouds appear in the image, the algorithm has a poor effect on 
cloud and snow recognition. Through tool inversion, the albedo 
results of High Asian mountain glaciers can be well extracted. 
For some glaciers, we can extract the albedo easily. It 
demonstrated that the SPP can provide a good tool reference for 
remote sensing inversion of albedo of large area mountain 
glaciers. 
 
In the next step, direct verification of inversion results should be 
carried out by combining with more land surface meteorological 

station data and cross-validation with similar products, so as to 
further evaluate the inversion accuracy of the product and further 
study its applicability in the inversion of glacier albedo in High 
Asian mountain regions. 
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