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ABSTRACT 
  

The present study focuses on the analysis of surface air temperature variations 
and glacier area changes in the Western Himalayas, using meteorological data, 
Satellite Imagery and published glacial inventory data. The monthly average surface 
air temperature data from 1901-2003 has been analyzed to evaluate the climatic 
trends. The satellite imagery of parts of the Jehlum basin, Kashmir region, has been 
studied in the GIS environment and the results were compared with the old glacier 
inventory data prepared and published by Geological Society of India, to analyze 
temporal and spatial variations in the glacier areas. 

The results show a marked rise in the surface air temperature during last few 
decades, resulting in melting of glaciers in the region at a higher rate. The glaciers in 
the region have shrunk in area by about 19% since 1962-2001. Beside these, the 
glaciers show the fragmentation which is resulting in increase in the number of 
small glaciers. This further indicates the changing climatic scenario in Western 
Himalayas.  

Key Words : Temperature variability, Glaciers, Western Himalayas, Satellite 
imageries, GIS  

INTRODUCTION 
The temperature is the primary 

descriptor of climate1.Investigations carried 
out by Intergovernmental Panel on Climate 
Change have shown that the earth’s average 
surface temperature has increased by 0.6 ± 
0.2 0C in the 20th century and is projected  
rise further by 1.4 0C to 5.8 0C by the end of 

21st century2. The projected trends will have 
more impact on the hydro-meteorological 
processes in 21st century than in 20th 
century3. Increasing temperatures have been 
observed more in higher latitudes than in the 
lower latitudes4. This has caused increasing 
glacier retreat in many parts of the world5. 

Himalayan glaciers, the reservoir of fresh 
water recourses, are responsible for the 
continual flow of the of the major river * Author for correspondence 
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systems of Indian subcontinent (e.g. Indus 
and Ganges). The melt water from these 
glaciers is the backbone for agriculture 
activities and the overall economic 
development of Indian subcontinent. Several 
studies in the Himalayas have shown that 
glaciers in the region have retreated 
considerably in the last two decades6.The 
impact of increased temperature and 
decreased snow precipitation is resulting in 
the rapid melting of glaciers and snowfields 
in the Himalayas7.Snowfield and glacier 
recession will impact on long-term, seasonal 
pattern and annual availability of fresh water 
and hydropower generating capacity8. Melt 
water draining from these ice and snowfields 
is important in regulating the hydrology of 
Indian continent9.Though it contributes only 
to 5% of total runoff in the Indian continent, 
it releases water at the time of need when dry 
season prevails in the continental India10. 
Therefore, it is necessary to determine the 
rate of change in glacier area for future 
planning of these water resources.  

Objective of the study 
The present study has been taken to 

evaluate the temperature variations in 
Western Himalayas during last century and 
the response of glacier area melting to the 
changing climatic scenario in the region. 

Study area 
The study area is located in the South 

Eastern part of Kashmir valley in Western 
Himalayas, roughly between the latitudes of 
33o56´N - 34o60'N and the longitudes of 74 

o53´E -75 o 35´E  and  occupies the two 
largest glacierised sub-basins, Liddar and 
Sind of the Jehlum basin.  

These two basins experience temperate 
type of climate. Temperature range varies 
from 0.980C in January and a maximum 210C 
in July with the average temperature of 11 
0C. Average precipitation in area is about 
1000mm in the form of snowfall in winter 

and 100mm in the form of rainfall in 
monsoon period. 

METHODOLOGY 
The glaciers in Himalayas are located in 

the areas, which are treacherous, and at times 
inaccessible. Besides the study area falls in 
the region where logistics problems prevail. 
This further makes difficulty in carrying out 
the study using conventional methods. 
Therefore, satellite data in particular is used 
more and more often for area-wide detection 
and analysis of glaciers and glacier 
changes11.GIS allows the combination of 
different kinds of spatial data and attributes 
data and facilitates data useful in information 
generation, which is invaluable at various 
stages of glacier related studies. 

Identification and mapping of glacier 
boundary and terminus is one of the 
important aspects of estimation of 
retreat12.The geo-referenced satellite imagery 
of LANDSAT ETM+ of 30th September 
2001 has been used for mapping the glaciers 
in the region. This LANDSAT data is made 
available under NASA sponsored Global 
Land Cover Facility (GLFC), and acquirable 
from the Multi Resolution Seamless Image 
Database (MrSID) maintained by NASA at 
their website http://zulu.ssc.nasa.gov/mrsid. 
The Imagery is with almost cloudless. The 
spatial resolution is 28meters.The two FCC’s 
(False Colour Composites)  were generated 
using band 4,3,2 and band 5,4,3 to map the 
individual glaciers under GIS Environment 
using Geomatica 9.1.0.  

Identification of snow, ice and rock on 
satellite images is possible due to substantial 
difference in spectral reflectance12.The 
glacier boundaries have been digitized as 
individual polygons. The area of these 
polygons was calculated using attribute 
manager of GIS component of Geomatica 
9.1. The data obtained was compared with 
the glacier inventory prepared by Geological 
society of India from the1: 50,000 toposheets 
based on Ariel survey conducted in 1962 and 
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published by survey of India in 1970.The 
temperature data of Western Himalayas for 
last one hundred years has been obtained 
from the archives of IMD,Pune on monthly 

basis from their Website 
www.imdpune.gov.in.The data was analyzed 
for evaluating the trend of climate related 
phenomena in the region. 

 

 
Fig.1: Location map of the study area 
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RESULTS AND DISCUSSION 
The rapid recession, mass wasting of 

glaciers and dwindling of snowfields are 
linked to the increase of Regional Thermal 
Anomaly13. Because, glacier formation is 
directly linked to climate, change in climate 
affects the increase or decrease in their total 
mass. Monitoring the glaciers can provide 
ongoing evidence of the rate of climate 
change. These changes are perhaps more 
significant in Himalayas than elsewhere and 
are expected to continue this century14. 
Therefore in context to this, the temperature 
variations and the glacier area changes in 
Western Himalayas have been evaluated in 
the present study. 

Trends in surface air Temperature in 
Western Himalayas during last century. 

The surface air temperature variations 
over a period of 1901-2003 have been 
studied for Western Himalayas. The analysis 
was carried out with respect to the change in 
rate of increase in temperature. The results 
are in good agreement with the findings of 
other studies on the climate change in the 
Himalaya15. Analysis shows that the mean 
monthly temperature has remained varying 
between 11ºC - 12.5ºC, with a rate of 
increase of 0.0068ºC / month (Fig. 2a). 
However, the rate of increase in mean 
monthly temperature is 0.0778ºC / month for 
from 1985 – 2003 (Fig. 2b). It is also evident 
from the (Fig. 2b) that the monthly mean 
temperature has increased up to 13.5ºC since 
1998. The results concluded above suggest 
that the monthly mean temperature is 
increasing at a higher rate in the region. 

The analysis of mean monthly maximum 
temperature shows a rate of increase by 
about 0.0009ºC / month between 1901 and 
2003 (Fig. 3a). However the rate of increase 

is about 0.1308ºC / month (Fig. 3b) for the 
period of 1985 -2003. It shows that since last 
two decades the maximum temperature is 
increasing at an alarming rate in the western 
Himalayas.  

The temporal variations in mean monthly 
minimum temperature shows the rate of 
increase of about 0.047ºC /month for the 
period of 1901 – 2003 (Fig. 4a), where as for 
the period of 1985 – 2003 the rate of increase 
is about 0.0563ºC /month (Fig. 4b). This also 
shows a significant increase in minimum 
temperature sine 1985 onwards. 

The comparative analysis of rate of 
increase in temperature indicates that rate is 
higher for mean monthly minimum 
temperature than the mean monthly 
maximum temperature for the 1901 -2003. 
However, for the period of 1986 -2003, the 
mean monthly maximum temperature 
increased with a rate higher than minimum 
temperature. The comparison of monthly 
mean temperature for different seasons 
between 1901- 2003 and 1985-2003 was also 
carried out. The results indicate that the rate 
of increase for the winter/spring/ autumn is 
higher than in other seasons (Fig. 5a). 
However, 1985 onwards the rate of increase 
is significant for all seasons except in the 
monsoon season (Fig. 5b). However for the 
winter the rate of increase in temperature is 
alarmingly high along with the summer. The 
increasing winter temperature may hinder the 
snow accumulation and its further conversion 
to ice in winter, whereas the increase in 
summer temperature will result in rapid snow 
/ ice melting. The similar study carried out in 
the Baspa glacier basin also indicated that the 
winter stream flow increased 75% since 1966 
and local winter temperatures have warmed, 
which suggests that glaciers will continue to 
melt in future winters16. 
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(a) 
 
 
 

 
 

(b) 
 

Fig. 2a and 2b : Mean monthly temperature trends in Western Himalays for the period 1901-2003 
and 1985-2003 respectively. 
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Fig. 3a and 3b : Monthly mean maximum temperature (ºC) trends in Western Himalaya for the 

period 1901-2003 and 1985-2003 respectively. 
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(a) 
 
 
 

 
(b) 

 
Fig. 4a and 4b : Monthly mean maximum temperature (ºC) trends in Western Himalaya for the 

period 1901-2003 and 1985-2003 respectively. 
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(a)                                                                              (b) 

Fig. 5a and 5b : The trends of monthly  mean temperature (ºC) for various seasons for the period 
1901-2003 and 1985-2003 respectively. 
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Fig. 6 : De-glaciation  pattern in Liddar and Sind valleys, Kashmir, since 1962-2000. 
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De-glaciation pattern in Sind and Liddar 
valleys  

The glaciological studies were carried 
out for Liddar and Sind basins in Kashmir 
region. The 80% glaciers are having 
Northerly aspect in these two basins17.The 
inventory data published by Geological 
Society of India shows that the total area of 
glacier cover in Liddar and Sind basin was 
78.8 km2 in 1962, where as the total area of 
glacier cover was 66.81 km2 in the same area 
as calculated from the Satellite imagery of 
2001.. The loss of glacier area was calculated 
to be 11.99km2; it suggests a loss of glacier 
area in the area by about 19% between 1962 
and 2001. The studies conducted by and 
Kulkarni, A.V et al., (2007) 16 and Ahmad, S. 
et. al., (2008) 18 in Himachal Pradesh also 
indicated 21-27% of de-glaciation. The lesser 
percentage of shrinkage in our area may be 
due to the Northerly aspect for most of the 
glaciers in the region along with a little 
higher latitudinal position of the study area 
than the glaciers in Himachal Pradesh  

The inventory data shows that in 1962 
there were 105 glaciers in the area; where as 
124 glaciers are seen in 2001 imagery. This 
shows that the number of glaciers has 
increased in the region. The increase in 
number of glaciers in the increasing scenario  

of temperature occurs due to the 
fragmentation of composite glaciers. This 
happens as the tributary and main glaciers 
become more independent and result in 
fragmentation of big glacier into smaller 
independent glacier in response to warming 
of the climate. Small glaciers generally 
display a higher percentage area reduction 
than large glaciers, and thus greater 
sensitivity to climate change19. (Fig. 6) 
shows the relationship between glacier area 
classes and number of both old and new 
glaciers.  The glaciers were divided into four 
classes. The glaciers with the total surface 
area below 0.5km2 were given class-1, 
glaciers with surface area between 0.5-1km2 
were given class-2, glaciers with area 
between 1-2km2 were given class-3 and 
glaciers with area more than 2km2 were 
given class-4 (Table-1). Only four classes 
were chosen because there are only two 
glaciers area more than 3km2 (Kolahoi 
10.95km2 and Shishram 5.9km2). Table. 1 
shows that the number of glaciers in class-
one has increased since 1962 from 66 to 98 
in 2001 or 62.86% to 79.03% of total 
glaciers. Rest of the classes show decrease in 
both the number and percentage as can be 
seen from (Fig. 6). 

Table.1: Comparison of class, number and cumulative percentage of  
the old and new glaciers. 

Glacier class 
Old glaciers (1962) New glaciers (2001) 

Number of 
glaciers 

Cumulative 
Percentage 

Number of 
glaciers 

Cumulative 
Percentage 

>0.5km2 66 62.86 98 79.03 
0.5-1km2 20 81.9 12 88.71 
1-2km2 8 89.52 7 94.35 
>2 km2 11 100 7 100 
Total no. of glaciers 105  124  
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CONCLUSION 
Climatic data analysis suggests that the 

temperature warming is occurring in the 
Western Himalayas. The winter low 
temperatures are necessary for the 
accumulation of snow and subsequent 
development of the glaciers, where as the 
low summer temperatures are necessary for 
preventing the rapid melting of the glaciers. 
The results indicate that the monthly mean 
temperatures for summer and winter are 
showing higher rate of increase and resulting 
retreating processes of the glacier in the 
region. The increasing winter temperatures 
may hinder the snow accumulation processes 
in winter, while as the increase in summer 
temperature will result in rapid snow/ice 
melting processes. The lesser accumulation 
of snow in winter and its quick melting will 
lead to the lesser glacier development and the 
rapid melting in summer will cause their 
further shrinkage. The results of de-
glaciation pattern also conform this, as the 
glaciers in the region have already shrunk by 
about 19% between give 1962-2001. 
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