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Abstract: 

The role of glaciers as sensitive indicator of climate change 
has been recognized way back. Any variation manifested in 
the spatial parameter or mass balance characteristics can 
be used as a proxy indicator for climatic variations. The 
Indian Himalayas consist of about 9575 glaciers (Raina & 
Srivastava 2008, Sangewar & Shukla 2009) covering an area 
of approximately 37,466 Km2. These are significant as they 
contribute to the south Asian rivers. However, field studies 
are scarce and difficult to carry because of the harsh 
environmental limitations. Therefore, a consistent 
monitoring of the glaciers through the satellite images and 
Remote sensing techniques becomes a very important tool 
to understand the dynamics and characteristics at a 
regional level. Not much detailed study has been reported 
for the glaciers of Ravi and Bhaga basin of the Western 
Himalayas. In this investigation, glaciers of two basins of 
Western Himalayas viz. Ravi and Bhaga (Chenab basin), 
have been mapped using the remote sensing and GIS 
softwares like Arc GIS 10.2 and ENVI. The mapping has been 
carried out using the Landsat images of 1972, 1989, 2001 
and IRS LISS III images of 2001 & 2006. The identification of 
various geomorphological features serves as an important 
tool in the delineation of the glacier boundary. The mapping 
of 145 glaciers in the Bhaga basin shows a loss of 12.5% of 
the glaciated cover during 1972-2006. However, the Ravi 
basin (60 glaciers mapped) shows a loss of about 16.37% of 
the glacier cover which is a higher as compared to Bhaga. 
Both these basins are situated in different climatic zones. A 
careful observation reveals that majority of glaciers in the 
Bhaga basin are oriented in Eastward direction and have 
gentle slope; whereas the glaciers in the Ravi basin are 
south facing with steep slope. The south facing glaciers 
would witness longer hours of sun and hence show a higher 
rate of melting. The Ravi basin also witnesses continuous 
ablation and accumulation even in winters whereas there is 
no such melting in Bhaga during winters. Therefore, we 
suggest that factors like slope, orientation, equilibrium line 
altitude, topography, debris cover also play a crucial role in 
the advance or retreat of glaciers.  
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Introduction   
 

The Indian Himalaya comprises of approximately 9575 glaciers (Raina & Srivastava 2008; Sangewar & Shukla 

2009) covering an area of approximately 37,466 Km2. Glaciers represent a water resource forming a unique 

freshwater reservoir that influences runoff downstream. Numerous perennial rivers such as Indus, 

Brahmaputra and to a modest level, the river Ganga, depend on the melt water, subsequently making these 

glaciers act as lifelines for millions of people (Immerzeel et al. 2010).  Glaciers are now well recognized as the 

most reliable indicators of climate change (IPCC 2007). They maintain a balance with the local climate and thus 

undoubtedly have a decisive role in the hydrological cycle. The variation in microclimate of a region has a 

perfect reflection through glaciers and therefore, the glaciers have been considered as the most reliable 

indicators of climate change.  

  
However, field studies are scarce and difficult to carry because of the harsh environmental limitations. The 

remoteness and logistic constraints of the Himalayan glaciers pose hindrance in regular monitoring and 

collection of data through field methods. Therefore, a consistent monitoring of the glaciers through the 

satellite images and Remote sensing techniques becomes a very important tool to understand the dynamics 

and characteristics at a regional level. Remote sensing techniques involving multi-temporal and multi-spectral 

satellite images are potentially valuable tools for the mapping, regular monitoring and systematic assessment 

of glacial extent. In this investigation, glaciers of two basins of Western Himalayas viz. Ravi and Bhaga (Chenab 

basin), have been mapped using the remote sensing and GIS to have an insight about the trend and extent of 

deglaciation in the past three decades. 

  

Area of Study: 

The Ravi basin has been identified as IN 5Q221 according to the UNESCO/TTS number bounded between 

Latitude 32010’40”N to 33001’20”N and Longitude 75055’20”E to 77004’40”E (Fig. 1). The Ravi River has its 

origin in the eastern slopes of Beas Kunder Dhar and flows towards west/north west. The basin is delineated 

by Pangi Dhar (water divide between Chenab and Ravi) in the north and Beas Kunder Dhar (water divide 

between Beas and Ravi) in the east.  

 
The Bhaga basin, a sub basin of Chenab basin is identified as IN 5Q212 11 trending N-S. Bhaga river originates 

from the Suraj Tal. The eastern tributary of Bhaga river flows in a westerly direction, which in turn is fed by a 

number of tributaries of north and south oriented glaciers near Patsio and Zingzingbar. Bhaga River joins the 

Chandra River at Tandi (2950m).      



 
 
 

 
17th Esri India User Conference 2017                               

Page 3 of 10 

 
Methodology: 

The mapping of the glaciers in the Ravi and Bhaga basin was done using Landsat (Multi Spectral Scanner MSS, 

Thematic Mapper TM & Enhanced Thematic Mapper ETM+) images of 1972, 1989, 2001 and Indian Remote 

Sensing Satellite (IRS) images of 2001 and 2006 (Table 1). As is evident, these images have variable spectral 

resolution and therefore, the study has limitations. The 2000 SRTM image was used to generate contours in 

the entire basin. These are the most readily available source of remote sensing-derived elevation data over 

the Himalaya.  

 
The IRS images were rectified using ground control points of known geographical identifiers through the DGPS 

survey (Spectra Precision EPOCH 10). Field surveys were conducted at Chhota Shigri glacier (Chandra basin), 

Panchnala glacier (Bhaga basin) and Patsio glacier (Bhaga basin) to collect the ground control points. The data 

was then validated with the satellite image. The datasets, since having different resolutions, were subjected to 

a careful image co-registration and resampling to 24 pixel size.  

 
A manual digitization of the glaciers in these two basins was preferred to automated classification because of 

the reason that the Himalayan glaciers are debris covered showing similar spectral reflectance to the 

surrounding bedrock. The glacial boundaries were identified through various glacio-morphological features 

such as stream, lateral/medial/terminal moraines, cliffs. Image enhancement technique was used to enhance 

the difference between glaciated and non-glaciated areas. False colour composites and standard combinations 

of Near Infra Red, Green & Red bands were used on the image to enhance glacial features. Also, algorithms 

like addition, subtraction and band ratioing were applied. Necessary precautions and utmost care were taken 

for an error free visual interpretation.  

 
The glacier boundaries on the satellite images were mapped using ENVI software on 1:50,000 scale. Data 

sheets showing parameters (area, length, perimeter, elevation) for each glacier in the basin for the period 

1972, 1989, 2001 and 2006 were generated in the GIS environment using Arc GIS 10.2. The areal change for 

the entire basin was then estimated by a comparative study of glaciated cover during the period 1972 and 

2006.  

 
Results: 

This study aims towards the investigation of the change in the glaciated extent of glaciers in the Ravi and 

Bhaga basin during the period 1972-2006. With the aid of remote sensing and GIS technique, an investigation 

was carried out for 60 glaciers in the Ravi basin and 145 glaciers in the Bhaga basin (Fig 2 & 3).  The glaciated 
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area in the Ravi was observed to be 101.71 km2 in 1972 which reduced to 85.06 km2 in 2006. Thus, it showed a 

loss of 16.65 km2 during the period 1972-2006 which is about 16.37% of the glacier cover in the basin. The 

area loss has been 9.77 km2 in the period of 1972-89, whereas it shows a loss of 6.88 km2 during 1989-2006 

respectively (Table 2). Subsequently, the data reveals that the deglaciation during 1972-1989 (9.77%) is higher 

as compared to the area vacated during 1989-2006 (6.88%).  

 
The mapping of 145 glaciers in the Bhaga basin during the period 1972-2006 reveals that the glaciated extent 

witnessed a loss from 611.42 km2 to 535.43 km2. The areal loss is thus 76 km2 during the period 1972-2006 

which is about 12.5% of the glacier cover in the basin (Table 3). Moreover, the glaciers show an accelerated 

rate of growth during 1972-1989 (8.18%) as compared to 1989-2006 (4.83%).  

 
Using the SRTM datasets, contours were generated for the basin on the temporal images and the average 

value for the basin using the mean elevation for the ablation area and accumulation area was thus computed 

(Table 4 & 5).   

 

Discussion  

There has been a deglaciation trend during the period 1972-2006 in the terrain of the Ravi (16.67%) and Bhaga 

basin (12.5%) covering a period approximately more than three decades. A recent study (Shekhar et al., 2010) 

concludes an increase in the seasonal mean temperature for the period 1984–1985 to 2007–2008 in the 

western Himalaya by ∼ 20C. Another finding (Dash et al., 2007) suggest that there has been a rise of 0.90C of 

annual maximum temperature over the western Himalaya. Therefore, it can be conveniently inferred that the 

western Himalayas have undergone a warming trend. The results in this investigation also display the same.  

 
However, the trend and pace of deglaciation has been variable for these two basins as evident from the 

illustration. The decrease of pace might not necessarily mean a decrease in the air temperature. The variation 

in the loss of areal cover is interplay of various geological and climatic factors. The bottom topography can 

influence the ice thickness. The debris cover and the topography also play an important role. When examined, 

it has been observed that a majority of glaciers in the Ravi basin basin are south facing with steep slope as 

compared to the eastward facing glaciers of the Bhaga Basin. Therefore, the south facing glaciers would 

witness longer hours of sun and hence show a higher rate of melting. The Ravi basin also witnesses continuous 

ablation and accumulation even in winters whereas there is no such melting in Bhaga basin during winters.  

 
As observed, the contours have been showing an upward shift consistently. Since the altitude is responsible 

for control of glaciological activities, thus, the changes, whatsoever, may be an indication of a change in glacier 
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dynamics. The gradual shift has been observed for a period of more than three decades indicative of a 

negative mass and a shift in the Equilibrium Line Altitude (ELA). 

 
However, a number of gaps still exist in the remote sensing based approach broadly related to human induced 

errors. A comprehensive monitoring at the regional level to fill in the gaps wherein accurate glacier inventory 

information can be generated is highly needed. This would lead a way towards the glacier climate intricacies 

for future water resource management,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig 1: An illustration of the various River basins in Himachal Pradesh through satellite image incorporated in 

the present study  
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Fig 2: Glacier boundaries, Ravi Basin as mapped on satellite image Landsat ETM+ 2001 

 
Fig 3: Glacier boundaries, Bhaga Basin as mapped on satellite image Landsat ETM+ 2001 
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Table 1: Details of satellite data used in the analysis 
 

 

Table 2: Extent and pattern of Deglaciation in the Ravi Basin during 1972-2006 

Ravi Basin  
       Area 
vacated(Km2 ) 

Area vacated 
(%) 

  

  

AREA OF GLACIERS ( Km2)  

  

Period of Study 
  

(0.5-2)  (2-5) (5-10) >10 

1972-1989 9.77 9.6 -11.05 16.70 -6.05 9.77 

1989-2006 6.88 7.4 -0.76 6.90 -5.31 6.88 

1972-2006 16.65 16.37 -11.82 23.60 -5.31 16.65 

 

Table 3: Extent and pattern of Deglaciation in the Bhaga Basin during 1972-2006 

Bhagai Basin  
       Area 
vacated(Km2 ) 

Area vacated 
(%) 

  

  

AREA OF GLACIERS ( Km2)  

  

Period of Study 
  

(0.5-2)  (2-5) (5-10) >10 

1972-1989 28.32 4.83 3.84 3.25 4.32 10.79 

1989-2006 47.67 8.18 20.53 1.75 7.65 17.72 

1972-2006 76 12.5 24.37 5 11.97 28.53 

 

 

 

Year  Sensor 
Spatial 

Resolution(m) Date of acquisition 
Ground 

Swath(Km) 

2006 IRS 1-C LISS III 23.5  15 August 2006 141 

2001 IRS 1-C LISS III 23.5  15 Sept 2001  141 

2001 Landsat ETM+Panchromatic 15  15 Oct 2001   

  Landsat ETM+ Multispectral 30   185 

1989 Landsat TM 30  09 Oct 1989 185 

1972 Landsat MSS 80  11 Nov 1972 185 
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Table 4: An account of variation in average elevation range (Ravi basin) in the period 1972-2006 

Year  Mean elevation of the 
accumulation area of 
the basin (m) 

Mean elevation of the 
ablation area of the 
basin (m) 

Average 
Elevation(m) of the 
basin 

1972 
4325 4737 4537 

1989 
4419 4886 4660 

2001 
4482 4932 4714 

2006 
4491 4940 4724 

 

Table 5: An account of variation in average elevation range (Bhaga basin) in the period 1972-2006 

 
 
 

  

Year  Mean elevation of the 
accumulation area of 
the basin (m) 

Mean elevation of the 
ablation area of the 
basin (m) 

Average 
Elevation(m) of the 
basin 

1972 
4772 5413 5112 

1989 
4840 5577 5236 

2001 
4869 5575 5249 

2006 
4871 5578 5251 
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Conclusion 
 

The rate and pattern of deglaciation is also dependent on the climatic conditions, slope, orientation, debris 

cover. However, in concurrence with the previous studies conducted which emphasize the impact of 

temperature as a major controlling factor in the Himalayan region (Berthier et al. 200, Kulkarni et al. 2007, 

2011; Wagnon et al 2007), it is also suggested that other topographical and climatic factors also play an 

influential role in the advancement or retreat of glaciers. Therefore, we suggest that factors like slope, 

orientation, equilibrium line altitude, topography, debris cover also play a crucial role in the advance or retreat 

of glaciers. A thorough monitoring at the field level integrated with the satellite data can be helpful in 

analyzing the variability trend of water resources, thus facilitating proper planning of water budget related 

strategies. 
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