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Abstract - Glaciers are a main source of water during summer in Himalayan areas. Corresponding to the historical studies, glacier is
directly affected by climate change. It is important to identify change in snow cover area (Glacier area) to identify change in glacier.
Remote sensing and GIS technology are used to monitor Snow covered area. This paper focuses on Sentinel-2B data of trisul glacier which
is a part of Indian Himalayas to identify glacier. These multispectral images were extracted from USGS Earth Explorer. The sentinel-2B
data are processed using Semi automated Classification Plugin (SCP) of QGIS tool. Snow covered area is identified by using two
automated methods: Normalized Difference Snow Index (NDSI) and Band Ratio. For NDSI reflectance of visible, shortwave band is used.
For Band Ratio reflectance of near infrared, shortwave infrared band is used. It is challenging to detect snow covered area from the
satellite as snow covered area and cloud area have same white colure i.e. same reflectance. In this paper, represents experiments on two
methods for snow area extraction on satellite images.

Keywords: Glacier, Band Ratio, Geospatial, NDSI, QGIS.

L INTRODUCTION

A term geospatial achieve more popularity in a recent time and it defines collective data, related method, also. Geospatial data play
a key role in analysing and visualizing spatial data. The important challenge nowadays is to understand, to handle and to model the
data if there are too many or too few of them. Significant problems arise while dealing with large databases or a long period of
observation

[1]. Information retrieval methods and algorithms used
Remote sensing to analyse geospatial data which is a part of geospatial analysis [2].

Remote sensing is an important part of geospatial technology that is used for environmental impact assessment process. Geospatial
tool issued in many applications like air, water, land, etc., resource monitoring, and change detection.

A change in climate is a main reason of natural disasters which is observed by using geospatial data. Out of many phenomenon’s,
glaciers are directly affected by climate change. Glaciers are one amongst the foremost landforms

That represent the frozen sort of water on earth. Glacier out line are vital for various application inside glaciology. This contains
glacier area change analysis [3], [4], [5], determining glacier velocity [6], [7], [8], volume modification estimations [9] and input
and validation information in glacier modeling [10], [11].

II. RELATEDWORK

Till date, many methods are adopted for glacier detection such as NDSI and band Ratio. It is used to analyse visual content in snow
processes. The standard technique to estimate environmental snow is to physically observe the snow cover. It is monitor with in a
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network of ground based Meteorological stations. Snow literature delivers particular Information about seasonal snow cover.
Although, the spatial scale of this data is insufficient. In 19th and 20th centuries, Snow Water Equivalent (SWE) and Snow Covered
Area (SCA) were keen about field assessment [14]. In 20th century, the complete global scales measured effectively by SCA and
SWE. It uses images of active and passive satellites [15].

Hagq et.al [16] is proposed a study on glacier monitoring using satellite images. In this paper, multispectral Landsat images taken as
a source images and generate outputimages. The results of glacier mass balance were attained using Accumulation Area Ratio
(AAR) and Band ratio method. The research work has shown an overall reduction in glacier area during the study period. Overall,
this paper discusses in context of decrease in glaciers amount in a particular study period. Kulkarni et.al [13] has suggested their
research work related to

monitoring snow cover by spectral reflectance to develop Normalized Difference Snow Index (NDSI). This proposed idea is based
on the low reflectance in the SWIR region and high reflectance of a win specific visible region.

In development of NDSI and Band Ratio method reflectance value is used. The study is focused on snow covered area identification.

The Normalised Difference Snow Index (NDSI) is essential for detecting snow cover in various environments and is key for
managing water resources and assessing avalanche risks. It utilizes unique spectral characteristics of snow and ice to distinguish
them from other surface features.

METHODOLOGY

The classification and change detection approach used to determine snow cover changes with the aid of unsupervised classification
methods is presented in Fig. 3. Firstly, Landsat satellite images were subjected to image preprocessing (geometric, radiometric, and
atmospheric correction) processes according to the study flowchart. Then, atmospherically corrected Landsat satellite images were
used to obtain snow cover areas using three different unsupervised classification methods (R/SWIR, NIR/SWIR, and NDSI). Finally,
comparative analysis of the classification methods was performed and the snow cover area change was evaluated.

Landsat Satellite Imagery

l l

Landsat 5 TM Landsat 8 OLI
v v
Image preprocessing (Geometric, radiometric, and atmospheric correction)

i l l

R/SWIR NIR/SWIR NDSI

Snow cover extraction

A4

Comparative analysis of classification methods and snow cover evaluation

Fig: Flowchart of study
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Image Processing

Initially, a study area was created from the peak to the
mountain's slopes. The study area boundaries were used for
all satellite data. Geometric correction, one of the image pre-
processing stages, aims to align and rectify the image data to
represent the geographic features and spatial relationships
accurately. This process is carried out using ground control
points (GCPs), which are known coordinates located at the
same geographic position in both the reference image and the
image to be transformed. These GCPs are evenly distributed
across the image [29]. The geometric correction process
resulted in a root mean square error (RMSE) value of 0.1
pixels in this study.

In change detection studies, it is significant to prefer satellite
images with identical spatial and radiometric resolution to
reduce errors caused by factors such as variations in sun
angle, seasonal differences, or the satellite's position when
using images from different years. Therefore, radiometric
correction should be performed. This was achieved by
transforming pixel brightness values of satellite images to
spectral radiance values. Later, Spectral radiance values were
processed using the FLAASH atmospheric correction in
ENVI 5.3 software. This approach was implemented to
effectively eradicate influences from reflected energy.

In this study, three different unsupervised image
classification methods (R/SWIR, NIR/SWIR, and NDSI)
were used to investigate which method would determine the
snow cover most accurately.

Red/Shortwave Infrared Band Ratio

The Red / Shortwave infrared (R/SWIR) band ratio is an
effective unsupervised classification method wused to
determine snow cover. This ratio is calculated by comparing
the reflectance values of the red (R) and shortwave infrared
(SWIR) bands. The formula is as Equation 1 follows

R
WIR

Band Ratio|= 5 (1)

The reflectance values in Landsat 5 TM bands 3 and 4 are
denoted as R and SWIR. In Landsat 8 OLI, Band 4 and 5
correspond to R and SWIR because of the spectral bandwidth
match. Snow shows high reflectance in the R band and low
reflectance in the short-wave infrared. Therefore, this ratio is
an effective tool for determining snow cover

Near Infrared/Shortwave Infrared band ratio

The Near infrared / shortwave infrared (NIR/SWIR) band
ratio is another effective unsupervised classification method
for determining snow cover. This ratio is calculated by
comparing the reflectance values of the near-infrared (NIR)
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and short-wave infrared (SWIR) bands. The formula is as
Equation 2 follows

Band Ratio, = % ©)

NIR and SWIR denote the reflectance values in Landsat 5 TM
bands 4 and 5. Because of the spectral bandwidth match, the
values for bands 5 and 6 correspond to NIR and SWIR in
Landsat 8 OLI. Snow shows high reflectance in the NIR band
and low reflectance in the SWIR band. This feature helps to
distinguish snow cover from other surface types. Wang,
Wang [16] used this method for snow cover mapping in dense
coniferous forests. They emphasized that this method is one
of the most effective methods used in snow cover mapping
studies.

Normalized Difference Snow Index

Normalized Difference Snow Index (NDSI) is one of the
important unsupervised classification methods used to
determine snow cover areas thanks to the wide-area
observations provided by remote sensing data. NDSI is
calculated with the reflectance values of the green band (G)
and SWIR bands. The formula is as Equation 3 follows

I _(G-SWIR)

NDS
(G+SWIR)

3)

Normalized Difference Snow Index (NDSI) Purpose: To
identify and map snow-covered areas. Snow reflects visible
light strongly but absorbs shortwave infrared light, which
NDSI exploits to differentiate snow from clouds and other
surfaces. Formula:\(NDSI=\frac {(\text{Green}-
\text{Shortwave\

Infrared})} {(\text{Green}+\text{Shortwave\ Infrared})}\)It
uses the reflectance values from the green (visible) and
shortwave infrared (SWIR) bands of a satellite image.
Applications:  Hazard  mitigation, water  resource
management, weather forecasting, and climate change
research.

(Green — Shortwave Infrared)

o NDSI= -
(Green + Shortwave Infrared)

“4)
Other "NDSI" acronyms

Normalized Difference Salinity Index: Used in
remote sensing to estimate salinity levels in water
bodies by analysing red and near-infrared light reflectance.

Normalized Difference Soil Index: Used to map
soil properties.
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Fig. 1: study area shown as the coverage of sentinel-2B in
Uttarakhand, Trisul (Path Row: 145-039)
STUDYAREA

The area used for this study is located in Bageshwar,
Uttarakhand, India bounded between 30°18'46 N
and79°46'38E. Trisul is in a mountain area with a group of
glaciers. The prominence of Trisul glacier is 1616 m long, and
elevation of the Trisul is 7120m. The location of the research
area is shown in the above Fig.

METHODOLOGY

The main use is to detect the snow from the neighbouring land
with the help of band ratio and normalised difference.

Snow index. Then, for accurate glacier -classification
threshold

Value is chosen.
A. Software Used

To detect a snow accurately from the image Quantum
Geographic Systems (QGIS) is mostly used. It is a free and
open source tool that supports analysis and processing of
geospatial information, and visualization. This kind of GIS
gives user the flexibility of using different layers above each
other. The QGIS 3.22 version is used in this paper for
experimental simulations.

B. Data Required

In this paper, operations are evaluated on standard dataset
‘sentinel-2B’. The satellite images are available from
https://earthexplorer.usgs.gov website which is freely
available. The experiments are first listed and evaluated in
QGIS using NDSI and Band Ratio. During experiment
different bands of satellite image was used. The detail of
bands is mentioned in Table 1.
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Table I: Specification of images used in study
Swath
Sensor Spectral Spectral Width Date of
Bands Result (km) acquisition
Band 4
MSI _Red 10 31
. 23
Multis
¢ cctral E_”V'gf 10 106 | Novembe
P a r2017
Image) | Band1s 2 o
—SWIR -
EXPERIMENT

To find glaciers using NDSI and Band Ratio, following
satellite Sentinel band 4, band 8 and band 11images are used
to get output.

Fig. 2: band 3 sentinelimage

Fig.3:band8 sentinel image
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Fig. 4: band 11 sentinelimage

These three images of band 4, band 8 and band 11 are added
into raster layer of QGIS. After that using raster calculator
NDSI and Band Ratio is calculated.

Normalized Differential Snow Index (NDSI)

In a mountain area, snow mapping is difficult because of
cloud cover and shadows

This problem can be solved not fully but partially using the
Normalised Differential Snow Index (NDSI). Snow of NDSI
is reflective in the visible part more and absorptive in the
short-wave infrared. IN normalisation, all values are between
-1 and 1. NDSI was calculated using the following formula:

Reflactance of GREEN — Reflactance of SWIR

NDsI = Reflactance of GREEN + Reflactance of SWIR

Area of snow/ice cover area is highlighted using GREEN and
SWIR band which is applied in NDSI. In the below image
indicates area of snow/ ice cover as positive value.

White area indicates snow/ice cover area. QGIS is used for
applying above formula with threshold value to classify snow
area.
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Fig. 5: NDSloutput image Fig. 6: NDSI output after

applied threshold value

Fig. 7: NDSI modified colour image

In image bright area represent area office covered because a
bright pixel indicates ice covered region. A dark pixel does
not represent glaciers. By selecting a threshold value, dark
pixels can be removed.Kulkarnietal. Explain threshold value
for detecting snow is above 0.4 [13]. Band 4 image pixels
value range is between 1 and 0.0158. Band 11 image pixels
value between 1 and 0.0001. The output image pixel value
range is between 0.736286 and 0.998055. From the
observation, an estimation of NDSI between -1 and 1 [17]
represents glacier ice. A better understanding is accomplished
by exploring the histogram of NDSI method is given beneath:
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Fig. 8. : Histogram of NDSI method output image

From this raster histogram analysis, it can be considered that
the calculation is done correctly due to the pixel values lying
between -1 and 1. In this histogram, strong negative pixel
values of NDSI indicate cloud-free pixels. The range of cloud
value pixels is between -0.1 and +0.2. Under 0.20 pixel values
are considered ‘non-snow’ pixels as considered and high
pixel values are considered as snow pixels.

Band Ratio

Using remote sensing methods mapping area of snow covered
is a challenging task. The reason for that is a glacier surface
has a same reflectance as cloudy area into visible to

near infrared area. Subsequently, at some point, NDSI is not
utilised effectively for snow mapping. Thus, for glacier
mapping, another method was produced that is band ratio. It
is a semi-automated technique used in glacier study. The two
groups of bands are used Near Infrared (NIR) and Short Wave
Infrared (SWIR). These two bands discriminate snow/ice
surface accurately in a shadow area [18].The interpretation of
image is done effortlessly by using near infrared and visible
band data that is main advantage of these two bands [19].
Following formula is used to estimate band ratio for snow/ice
cover area highlighting

NIR
Band Ratio = ——— %)
a1 atio SWIR
6
Band 8 ©

Band Ratio =
ane fane Bandi11
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Fig. 10. NDSI output image after applied threshold value

Fig. 11. Band Ratio modified colour image

Spectral response is high for snow in band 8 while band 11
has low. Dark brown represent Vegetation while bright white
represent snow area in above Figure 11 see clearly. Output of
image before applying threshold and after threshold is also
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clearly show in Figure 9 and Figure 10. Mapping clean snow/
ice threshold of band ratio is a best

Approach and it performs better than NDSI. QGIS tool is
used to calculate band ratio image. Band 8 image pixels value
range is between 0.22 and 0.837.Bandllimage pixels value
between 0.015 and 0.410. Output image pixel value range is
between 0.167 and0.975.

As Discussed for NDSI histogram, for Band Ratio histogram
is explored in Fig.12. In raster histogram pixel value range is
between 0.167 and 0.975. The range of cloud value pixels are
between -0.1 and +0.2 range. Under 0.20 pixels value are ‘non
snow’ pixels as considered and high pixels are considered as
snow pixels.

Capitalize only the first word in a paper title, except for
proper nouns and element symbols. For papers published in
translation journals, please give the English citation first,
followed by the original foreign-language citation[8].

CONCLUSION

The research work demonstrates that sentinel data are useful
in extracting snow cover area because of its resolution and
spatial quality. In comparison with visible band and near
infrared band, snow is more reflected in infrared band. Thus,
in this paper two methods are computed that includes NDSI
and Band ratio. This is used to compute snow mask from
image. This threshold of both methods is helpful to get
accurate snow cover area with less shadow effect in image.
Finally we summarize that both methods NDSI and Band
ratio provides as an aid to the analysis of snow from image.
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