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Abstract - Himalayas is the origin of many glaciers and 
important rivers of Asia. Glaciers are the fresh water source of 
India which are showing a continuous change in their area 
and volume. As per the past studies few of the Indian 
Himalayas are in retreating phase while some are in 
advancing phase due to climate change. Mountain glaciers 
comprise of small and widely distributed fraction of the 
world’s terrestrial ice, yet their rapid losses presently drive a 
large percentage of the glacier’s contribution to sea level rise.  
Hence, it is necessary to monitor the status or health of 
glaciers. The most viable and important parameter which 
show glacier health is the Mass balance. Mass balance refers to 
the total gain or loss of ice at the end of ablation season. 
Change in the mass balance easily tells that whether glacier 
are advancing or retreating depending the value of mass 
balance. AAR is the ratio of accumulated area to the total 
area. 

Area accumulation ratio of the Bhagirathi basin was 
determined based on the extraction of snow line at the end of 
ablation season. A correlation equation for finding the mass 
balance of Hamtah glacier has been found out by using data of 
year 2004, 2005, 2007 and 2011. A series of satellite images of 
AWiFS sensor were analysed for extraction of snowline on the 
glaciers of Bhagirathi basin for the period of 2014 and 2015. 
The snow line at the end of ablation season is used to compute 
accumulation area ratio (AAR = Accumulation area/Glacier 
area) for each glacier of basins. The AAR for the year 2014 and 
2015 for Bhagirathi was found to be 0.3514 and 0.344.This 
indicates that the glacier is in retreating phase and the snow is 
melting continuously. The equation for calculating the mass 
balance of Hamtah glacier was derived by correlation between 
field mass balance and AAR which comes out to be y = 4.866x-
3.4678 where the value of  R²=0.95. 
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1. INTRODUCTION  

Mass balance is considered as one of the important 
parameter which assesses the health of glacier. Mass balance 
in general term is the difference between amounts of 
accumulation and ablation of the glacier. It gives net change 
in volume of glacier over a specific period of time. Mass 
balance is considered to be quantitative entity. Annual mass 
balance is a hydrological budget which measure difference 
between accumulation and ablation of glacier during 
hydrologic year (Knight, 1999). 

 

1.1 Study area 

 Hamtah glacier is a north-west flowing glacier in the 
Chandra valley in the Chenab basin covering part of the 
Lahaul and Spiti district of Himachal Pradesh. 
 

 Originating at an elevation of 5000 m asl,6.0 km long 
glacier having an average width of 0.50 km and covering 
an area of about 3.3 sq km, descends with a gentle 
gradient with its terminus at about 4000 m asl. 
 

 The Hamtah glacier is located between 32˚13’N and 
77˚24’E. 
 

 It has a length of 6km and a mean width of 0.50 km 
covering the area of 3.24 sq km. 
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1.2 Data used in the study 

2004 

 

2005 

 

2007 

 

2011 

 

1.3 Methodology 

Data from AWiFS sensor onboard Resourcesat-1 and 2 
satellites is main source of delineate the snow line at the end 
of ablation season. AAR is estimated for the year 2004, 2005, 
2007 and 2011 for the Hamtah glacier. Correlation equation 
is established between field mass balance and AAR.  

 

1) AWF files are converted into IMG format. 

2) AWiFS images of period from July to October 
(ablation season) were geo-referenced with master 
images.  

3) Basin boundaries were overlaid on the images. 
Image to map registration was carried out to match 
basin boundary.  

4) All the glaciers boundaries were digitized on screen 
using AWiFS image to get area of glaciers.  

5) The AWiFS scenes are used in order to ascertain the 
boundary of glaciers using higher resolution of the 
data. These boundaries are further confirmed using 
SOI maps.  

6) To match the boundary of glaciers from maps and 
satellite data, part of accumulation zone is matched 
on the ridges based on the shadows observed.  

7) Glacier boundaries are overlaid on all AWiFS scenes 
sequentially. Snowline of the respective date is 
created for individual glacier.  

8)  The accumulation area is the area of glacier above 
equilibrium line or snow line at end of ablation 
season. Thus AAR is derived for each glacier based 
on location of snow line at the end of ablation 
season.  

9) A table is generated for AAR of each glacier 
corresponding to each scene. The least AAR is 
considered for estimation of mass balance.  

10) The correlation is established between field mass 
balance and AAR in Excel. 

11) An equation is generated by this correlation 
between Field Mass Balance and AAR. 

1.3 Observations 

For the year 2004  
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For the year 2005 

 

For the year 2007 

 

For the year 2011 

    

1.4 Generating the Equation for finding Mass balance of 
Hamtah glacier  

 

From the above graph a regression relationship between 
AAR and Field Mass Balanced has been established. This 
analysis suggests a R²=0.95 and yields an equation of 
calculating the mass balance of Hamtah glacier as  

                          Y = 4.8666X – 3.4678 

   X = Area Accumulation Ratio 

   Y = Specific mass balance 

2. RESULTS 

 

 A correlation is established in between Field Mass 
Balance and AAR, a equation is generated by this 
correlation y=4.8666x-3.4678 and value of R²=0.95. 
 

 This equation can be used to find the Mass balance 
of following years. 
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