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Editorial

During the year 2000, ISG Newsletter underwent a change - from a mere newsletter, it was transformed 
into a specialized 'magazine', publishing special issues on themes which were considered to be most 
relevant to the time of publication, apart from important news of interest to Geomatics community. 
During the same year, with December 2000 Issue i.e. volume 6, number 4, the Society started 
publishing ISG Newsletter in a printed form. The tradition of bringing out special thematic issues has 
been continued. The current special issue on 'Impact of Climate Change'  a burning topic to-day, has 
been painstakingly compiled by Shri R.P. Dubey, our Guest Editor, who is not only deeply involved but is 
also an authority on the subject. This topic was also considered to be most relevant as the next Annual 
convention of the Society, Geomatics 2009, going to be held at Dehradun in February 2009, has chosen 
this theme.

The undersigned has been shouldering the prime responsibility of bringing out the newsletter with the 
help of dedicated editorial teams since 1996. With this issue, the undersigned is bidding farewell to 
members of the Society, readers and other well wishers of the Society who have supported this effort all 
though these years.

         Baldev Sahai

Guest Editorial

The global warming and the ensuing climate change is now an accepted reality after years of debate 
and investigations. However, the acceptance is to be driven home by myriad of local proofs in all its 
dimensions. The well-known dimensions of climate change are indicators, agents and impacts. 
Satellite-based observations are proving to be a key means of gathering such proofs on local level. The 
present special issue of ISG Newsletter focuses on some of the latest findings by leading teams of India 
on various aspects of climate change. 

Dr Chandiprasad Bhatt points out the implications of climate for Himalayan ecosystems in societal 
perspectives. Topic of physical changes in vegetation growth pattern is the subject relevant for 
Himalayan and other high altitude regions and has been dealt by Shri C P Singh. The well known effects 
of warming on glaciers  again for Himalayas are given by Dr. I. M. Bahuguna. Possible impact on 
agriculture is a subject of research as it has wider implications in formulating the mitigation strategies. 
The issue carries an article on this by Dr S. S. Ray. Corals  the rain forest of oceans are very good 
indicators of climate change and the current frontiers of efforts are documented by Dr. Anjali 
Bahuguna... The consequences of sea-level rise are described by Dr. Nageswara Rao et al. impact of 
climate change on this is the subject of the article by Dr P S Dhinwa and coauthors.

In sum, the current issue of ISG Newsletter provides a comprehensive and up to date coverage of all 
relevant topics of research related to impact, indicators and adaptation aspects of climate change 
studies in Indian context. The issue being brought out on the occasion of national conference of ISG 
(Geomatics 2009) will add value to the knowledge and ideas exchanged during the conference.

On behalf of ISG, I would like to thank all the contributors for time-bound submission of articles of 
excellent quality. Shri C P Singh is acknowledged for design of the cover page.

R P Dubey

































IMPACT OF CLIMATE CHANGE ON AGRICULTURE

Shibendu S. Ray

Space Applications Centre, ISRO, Ahmedabad – 380 015, India
Email: ssray@sac.isro.gov.in

1. Climate Change

Climate change is one of the most important 
global environmental challenges, with 
implications for food production, water supply, 
health, energy, etc. (Sathaye et al., 2006). The 
Earth’s climate system has demonstrably 
changed on both global and regional scales 
since the pre-industrial era, with some of these 
changes attributable to human activities. Human 
activities have increased the atmospheric 
concentrations of greenhouse gases and 
aerosols since the pre-industrial era. 
Atmospheric concentration of CO  has 2

increased form 280 ppm for the period 
1000–1750 (pre-industrial era) to 379 ppm in 
year 2005. The increases in atmospheric 
concentration of Ch  are from 700 ppb during 4

pre-industrial era to 1,774 ppb in 2005 and that 

for N O is from 270 ppb to 319 ppb. The weather 2

indicators of global change include increased 
global mean surface temperature; decreased 
diurnal surface temperature range; increased 
continental precipitation (Northern hemisphere), 
increased heavy precipitation events and 
increased frequency and severity of drought.

The fourth assessment report of International 
Panel for Climate Change (IPCC, 2007a), 
predicts the surface air warming: 1.8°C to 4.0°C 
(under different scenarios, see Figure 1), Sea 
Level Rise of 0.18 – 0.59 m, high frequency in 
heat waves and heavy precipitation events and 
Increases in the amount of precipitation are very 
likely in high latitudes, while decreases are likely 
in most subtropical land regions (by as much as 
about 20% in the A1B scenario in 2100). 
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Figure 1.1 Projected surface temperature changes for the early and late 21st century relative to the period
1980–1999 based on the SRES A1B scenario. (Source: IPCC)

2020 - 2029 2090 - 2099

Figure 1.2 Relative changes in precipitation (in percent) for the period 2090–2099, relative to 1980–1999 based
on the SRES A1B scenario. (Source: IPCC)

19



Indian Institute of Tropical Meteorology (IITM) 
has used regional climate model PRECIS 
(Providing Regional Climates for Impacts 
Studies) to give detailed climate projections for 
Indian region (Rupa Kumar et al., 2006). The 
projections of PRECIS includes: i) An annual 
mean surface temperature rise by the end of 
century, ranging from 3 to 5°C under A2 scenario 
and 2.5 to 4°C under B2 scenario, with warming 
more pronounced in the northern parts of India, 
ii) A 20% rise in all India summer monsoon 
rainfall and further rise in rainfall is projected 
over all states except Punjab, Rajasthan and 
Tamil Nadu, which show a slight decrease, iii) 
Extremes in maximum and minimum 
temperatures are also expected to increase and 
similarly extreme precipitation also shows 
substantial increases, particularly over the west 
coast of India and west central India.

2. Impact of Climate Change on Agriculture

Agriculture is an economic activity that is highly 
dependent upon weather and climate in order to 
produce the food and fibre necessary to sustain 
human life. Hence it is obvious that, agriculture 
is deemed to be vulnerable to climate variability 
and change. According to FAO, climate change 
over the long-term, in particular global warming, 
can hit agriculture in many ways. Some of them 
are listed as follows: 

· The overall predictability of weather and 
climate would decrease, making planning of 
farm operations more difficult. 

· Climate variability might increase, putting 
additional stress on fragile farming systems. 

· Climate extremes - which are almost 
impossible to plan for - might become more 
frequent. 

· The sea level would rise, threatening 
valuable coastal agricultural land, 
particularly in low-lying small islands. 

· Biological diversity would be reduced in 
some of the world’s most fragi le 
environments, such as mangroves and 
tropical forests.

· Climatic and agro-ecological zones would 
shift, forcing farmers to adapt, as well as 
threatening natural vegetation and fauna. 

· The current imbalance of food production 
between cool and temperate regions and 
tropical and subtropical regions could 
worsen. 

· Distribution and quantities of fish and 
seafoods could change dramatically, 
wreaking havoc in established national 
fishery activities. 

· Pests and vector-borne diseases would 
spread into areas where they were 
previously unknown.

According to IPCC (IPCC, 2007b) crop 
productivity is projected to increase slightly at 
mid- to high latitudes for local mean temperature 
increases of up to 1-3°C depending on the crop, 
and then decrease beyond that in some regions.  
At lower latitudes, especially seasonally dry and 
tropical regions, crop productivity is projected to 
decrease for even small local temperature 
increases (1-2°C), which would increase risk of 
hunger. 

Various workers have utilized crop simulation 
models and different climate projection 
scenarios to understand impact of climate 
change on yields of specific crops and at 
different regions of the world.  Table 1 
summarizes some of these studies. In many 
cases the GCM model projections have been 
used along with various downscaling 
procedures such as statistical downscaling 
(Holden et al., 2003) or using weather 
generators (Semenov, 2007; Zhang & Liu, 
2005). Impact assessment models are either 
empirical models (Lobel, 2007) or crop 
simulation models, like DSSAT (Hoden et al., 
2003), WEPP (Zhang & Liu, 2005), EPIC 
(Izaurralde et al. 2003), or others. Among all the 
crops, wheat is the most studied crop for climate 
change impact assessment.
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In one detailed study Lobell (2007) working on 
yields of three crops (rice, wheat and maize) of 
different nations and eleven climate projection 
models found that, there is negative impact 

projected increase of average temperature. 
However impact due to the change in daily 
temperature range was comparatively small on 
crop yields.

Table 1. A few examples of the studies carried out to understand the impact of climate 
change on crop yield. 

Barley yield will increase, 
potato yield will decrease

Impacts of DTR changes on 
yields were generally small;
Negative impact of projected 
warming of Tavg

Relative impact on yield due
to drought stress is smaller as 
wheat matures early in a
warmer cl imate avoiding
summer heat and drought 
stress.

Rainfed potato tuber yields
in the EU slightly decreased
with temperature rise and
with increasing radiation; 
considerably increased with 
increasing rainfall and Co ,2

and slightly decreased with 
increasing O .3

Projected losses range from
0 to >40% depending on the 
crop and the trajectory of
climate change

Increases of 15 to 44% for
wheat grain yield, 40 to 58%
for maize yield 

Yields of irrigated corn and 
wheat increases in both 2030 
and 2095

DSSAT Simulation 
model

Regression model 
with Temp. range 
(DTR) & avg. temp 
(Tavg)

Crop simulation 
model (Sirius) 
including the effects 
of extreme weather 
events.

LPOTCO simulation 
model

Statistical models 
with temperature & 
precipitation

Water Erosion 
Prediction Project 
(WEPP) model

EPIC agro 
ecosystem model

Statistical downscaling 
of HADCM3 for BL, 
2055 & 2075

11 climate model 
projections

UKCIP02-based 
scenarios downscaled 
using LARS-WG 
weather generator

Hadley Centre's 
unified model 
(HADCM2)

Six climate models

3 Emission scenarios 
of HadCM3, 
downscaling by 
weather generator 
(CLIGEN)

HadCM2 GCM

Ireland

Different 
nations
(incl.India)

UK

Europe

California

Loess 
Plateau of 
China.

United 
Sates

Barley & 
potato

Wheat,
rice & 
maize

Wheat

Potato

Perennial 
Crops

Wheat & 
Maize

Soybean, 
Corn & 
Wheat

Hoden et al., 
2003

Lobell, 
2007

Semenov, 
2007

Wolf & Oijen, 
2002

Lobell et al., 
2006

Zhang & Liu, 
2005

Izaurralde et al. 
2003

Salient findingsImpact
Assessment
Model

Climate Data UsedAreaCrops
Studied

Authors

3. Climate Change & Indian Agriculture

3.1 Agricultural Situation in India

Agriculture is one of the major sectors of Indian 
economy. Along with its allied sectors, 
agriculture contributes around 18.3 % (2005-06) 
to the Gross Domestic Product.  Agriculture 
provides 57% of India's total employment and 

73% of India's total rural employment. With a net 
area sown of around 142 Mha, the total food 
grain production of the country is 201.56 Mt (avg. 
of 5 years). Indian agriculture has a remarkable 
position in the world scenario. India is home to 

nd
23.3% of the world's farming population. It is 2  
in World's wheat and rice
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stProduction and occupies 1  position in pulses 

production. It also occupies highest irrigated 

area (55 Mha) in the world

However, the average annual growth rate of 

Agricultural & Allied sector during 10th Five Year 

Plan was only 2.3 % compared to the growth in 

GDP being.7.6%. Indian agriculture is limited by 

many problems. These include (Data Source: 

Survey of Indian Economy, 2007, Agrl. Statistics 

at a Glance, 2006):

· Low crop yield: If we compare the statistics 

of the year 2004-05, India's average rice 

yield was 2.9 t/ha compared to Japan's 6.4 

t/ha. Similarly wheat yield was 2.71 t/ha 

(UK: 7.77); Maize  1.18 (US: 9.15); Cotton  

4.64 (China: 11.10); Oilseeds  0.86 

(China: 2.5) 

· Indian Agriculture is highly dependent on 

monsoon (Net Irrigated Area/ Net Sown 

Area being only 38.8%)

· Very low Average Operational Holding 

Size of 1.32 ha, which inhibi ts 

t echno log i ca l  advancemen ts  i n  

agricultural practices.

· Low Cropping Intensity of around 135.3 %

· Low Fertilizer Consumption. The average 

annual fertilizer consumption of India is 

only 92.9 kg/ha, while that of Japan is 

around 249.3 kg/ha. 

Thus because of low technological inputs in 

agriculture and high dependency on monsoon 

rainfall, Indian agriculture is very much prone to 

impact of climate change.

India grows large number of crops, the important 

of them being, Rice, Wheat, Maize, Coarse 

cereals (Bajra, Jowar and others), pulses (Tur, 

Gram and others), Groundnut, Rapeseed & 

mustard, Soybean, Sunflower, Sugarcane, 

Cotton, Jute & mesta, Potato and Onion. Among 
st

the foodgrains rice occupies 1  position with 

around 42.5 per cent contribution to the 

production, while wheat contributes 34.6 per 

cent. Hence, rice and wheat are two important 

crops which need to be studied with respect to 

climate change. 

3.2 Studies on Impact of Climate Change

Agricultural productivity, in India, is sensitive to 

two broad classes of climate-induced effects(1) 

direct effects from changes in temperature, 

precipitation, or carbon dioxide concentrations, 

and (2) indirect effects through changes in soil 

moisture and the distribution and frequency of 

infestation by pests and diseases (Bhadwal et 

al., 2003).

There have been a few studies in India to 

understand the impact of climate change on 

individual crop yields, only considering the 

temperature and CO  rise effect (Table 2). Both 2

positive and negative impacts of climate change 

on crop yield have been shown. It seems the 

overall effect of climate change on agricultural 

production is dependent upon crop type, 

location, magnitude of the warming and 

direction and magnitude of precipitation change, 

and crop models used fro impact assessment. 

The CO  fertilisation is also an important factor, 2

which needs to be considered to study the 

impact.

The Energy and Resources Institute (TERI) has 

generated the global change vulnerability map 

for agriculture in India as a function of three 

componentsexposure, sensitivity, and adaptive 

capacity (TERI, 2003). 

3.3. Gap Areas

Though the above studies and few others 

provide some insight into the impact of climate 

change on crop production, these studies are 

limited by following gap areas.
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· Indian Agriculture is highly dependent on 

monsoon (Net Irrigated Area/ Net Sown 

Area being only 38.8%)

· Detailed regional projections (RCM) have 

not been used. 

· No work has considered precipitation 

changes and other extreme climate 

events.

· Loss of agricultural area due to sea-level 

rise has not been considered.

· No study on understanding the impact on 

agricultural system productivity under 

different agro-ecological conditions in 

India. 

· Very few information available for 

suggesting adaptation measures.

Table 2. Example of some Indian studies to understand the impact of Climate Change

on crop productivity

Crop Model Inference Authors

Combined effect of doubled CO  and 2

anticipated thermal stress (likely by middle of 
the next century) is about 36% increase in yield

Rice yields increased by 1.0 to 16.8 % in 
pessimistic scenario and by 3.5 33.8 % in 
optimistic scenario

The shift of iso-yield lines of wheat northward at 
425 ppm CO  and 20 rise in temperature2

There was a decrease (ranging between 10 
and 20 %) in yield in all three future scenarios 
when the effect of rise in surface air 
temperature at the time of doubling of Co  2

concentration was considered.

Wheat yield reduction (in 2070-2099 vis-à-vis 
1961-1990) by 12.1%, considering IPCC A2 
scenario

CROPGRO

CERES-Rice

WTGROWS

CROPGRO

CropSyst

Lall et al., 1999

Aggarwal & Mall
2002

Kalra et al., 2003

Mall et al, 2004

Ray, 2008

Soybean

Rice

Wheat

Soybean

Wheat

4. Conclusions

The impact of climate change on agriculture is 

imminent. However, there are uncertainties in 

quantifying the impact. The inaccuracies are 

associated with uncertainties in climate change 

projections and impact assessment model 

errors. According to Mall et al (2004), while 

agriculture may benefit from carbon dioxide 

fertilisation and an increased water use 

efficiency of some plants at higher atmospheric 

CO2 concentrations, these positive effects are 

likely to be negated due to thermal and water 

stress conditions associated with climate 

change. Considering the requirement of detailed 

study on climate change impact assessment, 

Space Applications Centre has initiated a 

programme called PRACRITI (PRogrAmme on 

Climate change Research In Terrestrial 

envIronment), to explore the role of earth 

observation data for climate change studies 

(SAC, 2008). 

ISG Newsletter Volume 14, No. 1-4, December, 200823



References

Aggarwal, P. K. and Mall, R. K. (2002). 

Climate Change. 52:331-343.

Bhadwal, S. Bhandari,  P., Javed A., Kelkar, 

U.,  O'Brien, Karen,  Barg,  S.  (2003) 

Copingwith global change: vulnerability and 

adaptation in Indian agriculture. The Energy and 

Resources Institute, New Delhi, 35p.

Holden, N.M., Brereton, A.J., Fealy, R., and  

Sweeney, J. (2003) Agric. Forest Meteorol. 116: 

181196.

IPCC (2007a) Summary for Policymakers. 

In: Climate Change 2007: The Physical Science

Basis. Contribution of Working Group I to the 

F o u r t h  A s s e s s m e n t  R e p o r t  o f  t h e  

Intergovernmental Panel on Climate Change 

[Solomon, S., D. et al. (eds.)]. Cambridge 

University Press, Cambridge, United Kingdom 

and New York, NY, USA.

IPCC (2007b) Summary for Policymakers. 

In: Climate Change 2007: Impacts, Adaptation 

and Vulnerability. Working Group II Contribution 

to the Intergovernmental Panel on Climate 

Change Fourth Assessment Report [Neil Adger, 

et al.] Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA.

Izaurralde, R. C., Rosenberg, N. J., Brown, 

R. A., Thomson, A. M. (2003).  Agric. Forest 

Meteorol. 117: 97122.

Kalra, N. et al. (2003) In: Climate Change 

and India: Vulnerability Assessment & 

Adaptation (Ed. P. R. Shukla et al.) Unveristies 

Press, pp. 193-226.

Lal, M., Singh, K.K., Srinivasan, G., Rathore, 

L.S., Naidu, D., Tripathi, C.N., (1999). Agric. 

Forest  Meteorol. 93, 5370.

Lobell,  D. B. (2007). Agric. Forest Meteorol. 

145: 229238

Lobell,  D. B., Field, C. B., Cahill, K. N., 

Bonfils, C. (2006)  Agric. Forest Meteorol. 141: 

208218

Mall R.K., Lal, M., Bhatia, V.S., Rathore, 

L.S., Singh, Ranjeet (2004) Agric. Forest 

Meteorol. 121 113125.

Ray, S. S. (2008). Unpublished study.

Rupa Kumar, K.  Sahai, A. K., Krishna 

Kumar, K., Patwardhan, S. K., Mishra, P. K., 

Revadekar, J. V., Kamala, K. and Pant, G. B. 

(2006) Current Science, 90(3):334-345.

SAC (2008). PRACRITI (PRogrAmme on 

Climate change Research in Terrestrial 

envIronment). Remote Sensing Applications 

Area, Space Applications Centre, ISRO, 

Ahmedabad. 76p.

Sathaye, J., Shukla, P. R. and Ravindranath, 

N. H (2006) Current Science, 90(3): 314-325.

Semenov, M. A. (2007) Agric. Forest 

Meteorol. 144: 127138.

TERI (2003). Coping with global change: 

vulnerability and adaptation in Indian agriculture. 

The Energy & Resources Institute, New Delhi, 

India. 26p.

Wolf, J. and Oijen, M. van (2002)  Agric. 

Forest Meteorol.  112: 217231.

Zhang, X.-C. and Liu, W.-Z.  (2005) Agric. 

Forest Meteorol. 131: 127142.

ISG Newsletter Volume 14, No. 1-4, December, 200824



CLIMATE CHANGE AND SEA-LEVEL RISE: IMPLICATIONS TO COASTAL ZONES
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Human activities in this modern era overwhelm 

the natural regulatory mechanism of the Earth’s 

environment leading to climate change. The 

global average temperature has increased by 

0.8°C over the past century, out of which the past 

three decades alone recorded a rise of 0.6°C, at 

the rate of 0.2°C per decade as greenhouse 

gases became the dominant climate forcing in 

recent decades (Hansen et al. 2006; IPCC 2007; 

Rosenzweig et al. 2008; Wood 2008). Arctic ice 

sheet is rapidly retreating and if this trend 

continues, scientists fear that the polar bear 

population would decrease by two-thirds by mid-

century (Courtland 2008). Recent studies 

indicated that the climate warming has resulted 

in a significant upward shift in the forest plant 

species optimum elevation averaging 29 m per 

decade (Lenoir et al. 2008). The warming is also 

worsening the public health problems such as 

the alarming spread of malaria in Africa and 

elsewhere, and the increasing risk of respiratory 

diseases and metabolic disorders owing to poor 

air quality and rising temperatures (Hoyle 2008). 

Even the steep increase in food prices that is 

currently witnessed all over the world is probably 

the first genuinely global effect of greenhouse 

gas warming, as the demand for supplies is 

aggravated by the drought in food-producing 

regions (Parry et al. 2008)..

Perhaps the most commonly recognized impact 

of global warming is the eustatic rise in sea level 

due to thermal expansion of seawater and 

addition of ice-melt water.  Already there are 

evidences of large-scale ice melt in the three 

major ice repositories of the world – the Arctic, 

the Greenland and the Antarctic regions. It is 

believed that even if the global temperatures are 

leveled off at this stage (which are most unlikely 

given the continued increase in greenhouse gas 

emissions into the atmosphere), the sea level 

will continue to rise over the 21 century  (Meehl 

et al. 2005). The intergovernmental Panel on 

Climate Change has predicted in 2007 that the 

global sea level will rise by about 18 to 59 cm by 

2100 (IPCC 2007).  However, many feel that 

there are inconsistencies in the IPCC estimates 

as the more recent studies based on a new 

model allowing accurate construction of sea 

levels over the past 2000 years suggest that the 

melting of glaciers, disappearing of ice sheets 

and warming water could lift the sea level by as 

much as 1.5 m by the end of this century 

(Strohecker 2008). The most direct impact of the 

sea-level rise is on the coastal zones around the 

world. The coastal zones, by and large, are 

highly resourceful and densely populated. 

These narrow transitional zones between the 

continents and oceans, though constitute just 

about 10% of the land area, sustain as much as 

60% of the world’s population. Since these 

narrow zones that fringe the world oceans are 

low-lying, the sea-level rise would lead to 

accelerated erosion and shoreline retreat, 

besides leading to saltwater intrusion into 

coastal groundwater aquifers, inundation of 

wetlands and estuaries, and threatening historic 

and cultural resources as well as infrastructure 

(Pendleton et al. 2004). The increased sea-

surface temperature would also result in 

frequent and intensified cyclonic activity and 

associated storm surges affecting the coastal 

zones. The fact that there were at least three 

major cyclones of unprecedented intensity 

(Orissa super cyclone - October 26-29, 1999; 

Gonu - June 3-7, 2007 Gonu; and Sidr - 
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November 9-16, 2007) during the past 10 years 

in the Indian Ocean is perhaps a glaring example 

of the climate change. 

As the modern era is witnessing the loss of 

biodiversity with many endangered species of 

plants and animals, the rising sea level is 

creating what are called ‘endangered nations’. 

This is particularly true in the case of some island 

countries such as Tuvalu, Maldives, etc., which 

are barely 2 m above the sea level. Millions of 

people in low-lying regions of many other 

countries including Bangladesh, China, and 

Vietnam face the danger of being displaced. The 

situation in India is no different. Many parts of 

Andaman and Nicobar Islands and especially 

the Lakshadeep Islands are at peril. Even in  

mainland India, many of our major cities are in 

the coastal regions. Besides, densely populated 

river deltas, especially along our eastern 

seaboard are at risk of rising sea levels. Studies 

based on the analysis of long-term tide-gauge 

data from various stations along the Indian 

coastal regions have indicated that the sea level 

is rising (Unnikrishnan et al. 2006). 

The Space Applications Centre (SAC/ISRO), 

has taken up a major project funded by the 

Ministry of Environments and Forests, Govt. of 

India, on coastal zone studies aimed at 

analyzing among other things the impact of 

predicted sea-level rise. SAC has involved many 

universities and institutes in the country to 

collaborate in this endeavour. Andhra University, 

as one of such collaborating agencies, has taken 

up the study on Andhra Pradesh (AP) coast, 

which is a densely populated region with more 

than 6.5 million people (2001 census) living 

within 5-m-elevation above the sea level 

including the port cities of Visakhapatnam, 

Kakinada and Machilipatnam. These studies 

based on remote sensing techniques revealed 

large-scale erosion along AP coast even along 

the river deltas which are normally the major 

depositional zones. The shoreline shifted 

landward due to erosion at a number of locations 

over a combined length of 424 km accounting for 
2a loss of 93 km  coastal area while the land 

2 gained by deposition was only 57 km during a 

16-year period between 1990 and 2006 along 

the 1030-km-long AP coast. What is more 

significant is the pronounced erosion rather than 

deposition in the 300-km-long Krishna-Godavari 

delta front coast in the state, during the recent 

decades as evident from the photographs 

shown in Fig. 1. The land lost by erosion in these 

deltas between 1990 and 2006 was about 62 

km  as against 41 km  of land gained by 

deposition resulting in a net loss of 21 km  at an 

average rate of more than 131 ha. per year.

The impact of the rising sea level would be 

variable depending upon the characteristics of 

the coast such as geomorphology and slope and 

the variability of marine processes such as 

waves and tides along the coast. The 

significance of coastal geomorphology and 

coastal slope as the two most important factors 

in the response of a coastal zone to sea-level 

rise was amply demonstrated by the 2004-

tsunami that devastated the Indian coasts 

besides many other nations around Indian 

Ocean. Several studies made along the east 

coast of India indicated the role of 

geomorphology and coastal slope in tsunami 

impact. Ramanamurthy et al. (2005) observed 

that the worst affected Nagapattinam area in the 

southern state of Tamil Nadu along the east 

coast of India had longer penetration of tsunami 

inland due to gentle slope of the coastland.  

Chadda et al. (2005) noted that the coastal 

morphology made large difference in loss of life 

as the low swales behind shore-parallel dune 

ridges claimed several lives due to lateral flows 

from tidal inlets or breaches in dune ridges. 

Banerjee (2005) observed that the landforms of 

the coastal zone have relation with tsunami 

devastation. The overall inundation limit 

decreased along the shore from south to north in 

the state of Tamil Nadu, from a maximum of 

2 2

2 
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about 800 m in the southern part to about 160 m 

in the northern parts (Chadha et al. 2005). 

However, the tsunami inundation limit has 

significantly increased again to 700-800m much 

further northward in the Krishna-Godavari delta 

region in the central part of AP state, where 

number of deaths were also reported, owing to 

extremely gentle slope of the area (Nageswara 

Rao et al. 2007).

In this background, identification of vulnerable 

zones of the coast is needed for a proper coastal 

zone management. We made a coastal 

vulnerability assessment aimed at identifying 

the degree of vulnerability of different segments 

of AP coast. We considered five physical 

variables namely (1) coastal geomorphology, (2) 

coastal slope, (3) shoreline change history, (4) 

mean spring tide range, and (5) significant wave 

height for coastal vulnerability assessment of 

the AP coast. Depending upon the nature of 

each of these variables vulnerability ranks 

ranging from 1 to 5 were assigned to different 

segments of the coast, with rank 1 representing 

very low vulnerability and rank 5 indicating very 

high vulnerability as far as that particular 

variable is concerned. Once, the ranking is done 

for all the five variables, a coastal vulnerability 

index (CVI) was prepared by integrating  

differentially weighted rank values of the five 

variables through additive mode using the 

formula: CVI = 4g + 4s + 2c + t + w. The five 

letters in the formula represent the five variables 

in the order of 1 to 5 listed above, and the 

numbers 4 and 2 indicate the relative weightage 

given to different variables, keeping in view their 

relative significance in influencing the coastal 

response to sea-level rise.

The entire range of CVI values 15 to 57 thus 

obtained for the 307 geographic information 

system-generated segments of the 1030-km-

long AP coast were divided into four equal parts 

each representing a particular risk class, such as 

low-risk (CVI range: 15-26); moderate risk (27-

36); high risk (37-46); and very high risk (47-57) 

as shown in Fig. 2. The risk classification 

indicated that 43% of the AP coast over a length 

of 442 km is under very high-risk category 

mostly along the Krishna, Godavari and Penner 

delta front coastal sectors.  Similarly, about 364-

km-long coastal segments, which account for 

35% of the total length are under the high-risk 

category mostly in the southern part of the AP 

coast near Pulicat Lake; north of Penner delta; 

south of Krishna delta; and between Krishna and 

Godavari deltas in the central part of AP coast. In 

the remaining part, 194-km-long coast (19% of 

the total) mainly the non-deltaic dune-front 

sections, come under the moderate-risk 

category, while the rocky coast on both sides of 

Visakhapatnam and some embayed/indented 

sectors over a combined length of 30 km (3%) 

are in the low-risk category. 

If the sea level rises along the AP coast by 0.59 

m (the maximum possible rise predicted by 

IPCC 2007), an area of about 565 km  would be 

submerged under the new low-tide level along 

the entire AP coast of which 150 km  would be in 

the Krishna-Godavari delta region alone. The 

new high tide reaches further inland by another 

~0.6 m above the present level of 1.4m, i.e., up 

to 2.0 m. In such a case, an additional area of 

about 1233 km along the AP coast including 894 

km in the Krishna and Godavari delta region 

alone would go under the new intertidal zone 

thereby directly displacing about 1.29 million 

people (according to 2001 census) who live in 

282 villages spread over nine coastal districts of 

Andhra Pradesh state. Notably, the inhabitants 

of these villages are mainly hut-dwelling fishing 

communities who are highly vulnerable in socio-

economic terms as well. Further, there is every 

possibility of increased storm surges reaching 

much inland than at present with the rise in sea-

level.

The study, therefore, provides a future scenario 

for AP coast so that appropriate coastal zone 

2 

2 

2 

2 
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management may be considered in order to 

save life and property in the region from the 

imminent danger of sea-level rise. This type of 

coastal vulnerability assessment of the entire 

Indian coastal region would be a useful input for 

any management program aimed at protecting 

the highly resourceful but endangered national 

asset, i.e. our coastal regions. 
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Fig. 1 Coastal erosion and shoreline retreat along the Krishna-Godavari delta region in Andhra Pradesh 

during the 16-year period (1990-2006). (a) The shoreline at Uppada village in the northeastern end of 

the Godavari delta retreated by 200 m with the sea engulfing almost one half of the village; (b) ONGC 

test drill site in the central part of the Godavari delta, which was more than 200 m inland about 10 years 

ago is now in the intertidal zone; Beach ridges which were behind the beach and fore dune are being 

breached (c), and the casuarina plantations over them (d) are uprooted in the southern part of the 

Godavari delta; (e) the bottom-set prodelta clay beds are exposed due to heavy erosion in the central 

part of the Krishna delta where the shoreline retreated by 400m in 16 years; and (f) the shoreline 

retreated by 500 m and mangrove vegetation is destroyed by the advancing sea in the western part of 

the Krishna delta.
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Fig. 2 Coastal vulnerability index (CVI) and risk levels of different segments of AP coast.  Each colour of 

the coastline indicates a particular CVI value from 15 to 57 (Note that no coastal segments with CVI 

values of 17, 21 and 56). The thick coloured parallel line all along the coast shows the risk levels of the 

coast based on the categorization of CVI values into four risk classes as shown in the upper left legend.  

The black coloured squares along the coastline (from 1 to 34) represent the grids. 
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1.  Introduction

The global warming has become a matter of 

great concern, as it is expected to cause a series 

of adverse impacts over the geo, hydro and 

biological systems including biological 

productivity. That too, the impacts are expected 

to be more in the coastal zones in the form of 

anticipated sea level rise (SLR) due to snow melt 

and the thermal expansion of the sea water 

triggered by the global warming. Hence, the 

scientists were stimulated to critically study the 

anticipated impacts along many parts of the 

global coasts (French et al. 1995, Nicholls 2002, 

Singh 2002, Van Goor et al. 2003, Nakada and 

Inoue 2005, Unnikrishnan et al. 2006, IPCC 

2007, Criado-Aldeanueva et al. 2008 and many 

others). These studies seem to have focused 

more on the methods of estimating the probable 

Sea Level Rise (SLR) and the related 

environmental impacts. However few studies 

have also centered around the estimation of 

global population at risk for the different 

scenarios of sea level rise, feasibility of 

predicting the sea level rise in advance, time 

series analysis on the changing pattern of the 

sea level rise etc. The Intergovernmental Panel 

on Climate Change (IPCC) has predicted that 

the sea level may rise to the tune of 0.26 m to 

0.59 m in the next 100 years. Accordingly, 

scientific projections have also been made to 

visualize the probable pattern and areas of 

submergence along some coasts. Specific 

studies were again carried out in parts of Tamil 

Nadu coast, visualising the areas prone for 

submergence due to IPCC predicted Sea Level 

Rise (SLR) or the Predicted rise of Mean Sea 

Level (PMSL) and the areas prone to inter tidal 

activities due to the shift of Predicted High Tide 

Line (PHTL) in another 100 years (Ramasamy et 

al, 2008).

However, the Geomatics technology comprising 

Aerial Remote Sensing, Satellite Remote 

Sensing, Digital Image Processing, Global 

Position System, Geographical Information 

System, Digital Cartography, 3D visualisation of 

terrain systems using the stereo satellite 

images, Radar images, SRTM Data etc., and it’s 

advanced credentials are yet to be capitalized 

deservingly in visualizing the various 

environmental impacts related to sea level rise. 

2. SLR Visualisation along Static Coasts

For example, the digital elevation models 

generated from the SRTM (Shuttle Radar 

Topographic Mapper) data and the wrapping of 

the high resolution satellite data over them can 

give a perspective topographic view of the 

coastal geosystems (Fig.1).

Fig.1 IRS P6 FCC Wrapped over SRTM DEM –
Pondicherry/Cuddalore coast, Tamil Nadu
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Fig.2 SRTM DEM showing the areas prone to submergence
due to predicted SLR-MSL South of Cuddalore

From the same, the areas prone to 

submergence due to IPCC predicted SLR in the 

next 100 years can be visualized by duly 

buffering those pixels having lesser elevations 

than the predicted SLR in such DEM or DEM 

wrapped FCC (Fig.2). Such Geomatics based 

interpolative analysis can lead to the precise 

estimation of resources at loss or the resources 

at risk, thus aiding the planners for taking 

prevent ive measures and protect ive 

developmental planning.

3. SLR Visualisation in Active Coasts

   Such Geomatics aided visualizations of SLR 

impacts  are also possible along the coasts  of 

active tectonic movements in the form of 

ongoing tectonic emergence or submergence. 

Geomatics technology, especially the Remote 

Sensing revealed geomorphic features like 

palaeochannels, beach ridges, withdrawal of 

creeks etc, their age and the present elevations, 

can provide information on the ongoing rate of 

land emergence or subsidence along the coasts. 

Such rate of tectonic movements can be 

calibrated with IPCC predicted SLR and the 

exact zones prone to submergence and other 

related environmental impacts can be mapped. 

For example, the C14 dating of the preferentially 

migrating river systems of Chennai coast has 

indicated a rise of roughly 8 mm/year or 0.8 

m/100 years (Ramasamy, 2006). Similarly, the 

C14 dating of beach ridges of the recently 

progradated Vedaranniyam coast, Tamil Nadu 

indicated a rise of 1.1 mm /year or 0.11 m/ 100 

years (Ramasamy et al, 1998). Such rate of 

tectonic movements can also be  thus estimated 

using geomatics and accordingly, the IPCC 

predicted SLR value can be calibrated and exact 

scenarios of submergence and the predicted 

inter tidal activities can be visualized.

4. Tsunami Lessons & SLR Impacts

While, Geomatics has its own credentials in 

visualizing and estimating such disasters, 

related to SLR, the lessons learnt from the 

recent tsunami (2004) offer value added 

information not only in visualizing the impacts of 

SLR but also in developing  suitable  protective 

strategies. 

For example, the studies carried out in different 

parts of the Indian coasts in general and in Tamil 

Nadu coast in particular have shown that the 

coastal geomorphology has played a very 

significant role in controlling the pattern of 

tsunami inundation (Nair et al.,2005; Ram 

Mohan, 2005). Especially, the studies by 

Ramasamy et al (2006) have classified the 

various coastal geomorphic landforms into 

Facilitators (mud flats, bay mouth bars, salt flats 

etc.), Carriers (rivers, creeks), Accommodators 

(palaeo and present backwaters), Absorbers 

(beaches) and Barriers (beach ridges) etc of the 

tsunami surge. Such knowledge based 

information can be amalgamated with IPCC  

predicted SLR value  in precisely visualizing the 

impacts of  predicted sea level rise and also 

predicted shift of high tide line by duly analyzing 

the pattern of interface dynamics of these 

geomorphic features. Ramasamy et al (2006) 

have also made suggestions for the suitable 

management of the coastal land forms so that 

tsunami inundation is less and the adverse 

impacts are minimal. For example, the study has 
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suggested that the facilitators like mud flats, bay 

mouth bars etc need to be kept untouched with 

out any obstruction or constructions so that 

these softly surrender to the tsunami surge and 

facilitate its smooth entry into the drainages and 

creeks. The unaffected settlements at either 

abutment of the Adayar mouth region of Chennai 

city and the washing off of the only bay mouth 

bars (Fig.3) indicate that, as the bay mouth bar 

was kept untouched, the tsunami surge safely 

glided into Adyar river by destroying such soft 

bay mouth bar and receded back. In contrast, at 

many segments of Tamil Nadu coast, wherever 

such bay mouth bars were abused, the tsunami 

surge shattered the towns and settlements 

located on either abutments of the river mouths 

(e.g. Tirumullaivasal) and the adjacent parts too 

(e.g. Nagapattinam).

 

A BMB B

Fig.3 IRS P6 LISS III image showing the bay mouth bar (BMB)
prior to tsunami (A) and its absence after the tsunami (B)

In the same way, studies have recommended for 

keeping the river paths undisturbed and the 

palaeo and present backwaters barren so that 

the former act as carriers and the latter as 

accommodators of tsunami surge. The 

maximum inundation of Tsunami surge to the 

tune of 2-2.5 km along the cleanly kept path of 

the Ponniyar river in Cuddalore (Fig.4) and the 

filling up of the tsunami water in the backwaters 

of Vedaranniyam region (Fig.5) stand as 

testimony for the same.  

Similarly the beaches have behaved as 

absorbers of tsunami waves as witnessed in 

Marina beach and because of it only the 

Triplicane part of Chennai city was saved. Again 

the long and elevated beach ridges have acted 

as barriers of tsunami waves and protected 

many settlements in Nagapatinam coast. Hence 

Ramasamy et al (2006) suggested for the 

development of beaches in warranting and 

suitable locations by trapping the sands brought 

by the littoral currents and for the protection of 

the beach ridges through afforestation. In the 

same way, the stony embankments have 

protected the land and the other resources  from 

the tsunami as witnessed from Kannaki temple, 

located in  Poompuhar, Nagapattinam district 

(Fig.6) .

Fig.4 IRS P6 image showing the controlled flow of 
Tsunami surge along the least aberated Ponnaiyar

river course in Cuddalore 
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Fig.5 IRS P6 FCC image showing the palaeo and present backwaters of
Vedaranniyam region acting as Tsunami accommodators and the

east –west and the north-south beach ridges (BR) as barriers 

Fig.6 Field photograph showing the stony Embankments (SE) which protected the
Kannaki temple (KT), Poompuhar during tsunami (2004).

KT

SE

So from such lessons learnt from the recent 

tsunami (2004), the fine resolution Geomatic 

visualizations can be made on the pattern of 

submergence due to SLR by  plotting the 

different SLR values in various landform 

segments like creek mouths, mud flats, river 

sand creeks, backwaters, beaches, beach 

ridges, etc. and geospatially modeling  their 

interface dynamics. Similarly the various  geo 

systems based management plans can also be 

evolved like nourishment of  bay mouth bars and 

mud flats, keeping the river paths clean, least 

disturbance to backwaters, development of  

beaches, aforestation of beach ridges  etc so 

that these  act as facilitators, carriers, 

accommodators, absorbers and barriers  etc for 

the  sea level rise and the related flooding also. 

These protective land management  strategies  

will be successful ,  because  the phenomenon 

of tsunami inundation  and the sub mergence 

submergence due to SLR  are same  and infact 

,the  SLR is a slow process  and hence  these 

measures will be very effective  in controlling the  

sea  water inundation.  
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5. Conclusion 

The Geomatics possesses advanced virtues in 

all types of developmental planning. In this, a 

brief account has been made as how the 

Geomatics technology can be effectively and 

deservingly used in visualizing the impacts of 

sea level rise.

References

Criado-Aldeanueva, F., Vera, J.D.R., 

Garcia-Lafuente, J. 2008. Steric and mass-

induced sea level trends from 14 years of 

altimetry data. Global and Planetary Change, 

60, 563-575.

French, G. T., Awosika L.F. and Ibe, C. E., 

1995. Sea level rise and Nigeria: potential 

impacts and consequences. Journal of Coastal 

Research, Special Issue, 14, 224–242

IPCC, 2007. The scientif ic Basis: 

Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental 

Panel on Climate Change, Cambridge 

University Press, Cambridge, United Kingdom.

Nair, M.M., Nagarajan, K., Srinivasan, R and 

Kanishkan, B. (2005). Indian Ocean Tsunami of 

2004 – An Indian Perspective. Tsunami: The 

Indian Context, SM.Ramasamy and C.J. 

Kumanan(Eds), Allied Publishers, Chennai, pp. 

99-109.

Nakada, M. and Inoue, H., 2005. Rates and 

causes of recent global sea level rise inferred 

from long tide gauge data records. Quaternary 

Science Reviews, 24, 1217-1222.

Nicholls, R.J., 2002. Analysis of global 

impacts of sea level rise: a case study of 

flooding. Physics and Chemistry of the Earth, 27, 

1455–1466.

Ram Mohan, V. (2005). December 26, 2004 

Tsunami: A field Assessment in Tamil Nadu. 

Tsunami: The Indian Context, SM.Ramasamy 

and C.J. Kumanan(Eds), Allied Publishers, 

Chennai, pp. 139-153.

Ramasamy SM. (2006). Report submitted 

on project “CRUSDE” to ISRO, Bangalore. 

(Unpublished).

R a m a s a m y  S M . ,  K u m a n a n  C . J . ,  

Saravanavel J., Rajawat A.S. and Tamilarasan, 

V. (2008). Geomatics Based Visualization of 

Predicted Sea Level Rise and its Impacts in 

Parts of Tamil Nadu Coast, India. International 

Journal of Geographical Information Sciences, 

Taylor & Francis, London, pp.(in press)

Ramasamy,  SM. ,  Kumanan C.J . ,  

Saravanavel J. and Selvakumar R. Geosystem 

Responses to December 26 (2004) Tsunami 

And Mitigation Strategies For Cuddalore – 

Nagapattinam Coast, Tamil Nadu, India. (2006)  

Journal of Geological Society of India, Vol.68(6), 

pp. 967-983.

Ramasmy,  SM.,  Ramesh,  D.,  Paul,   M.A.,  

Sheela   Kusumgar,   Yadav, M.G.,  Nair,  A.R.,   

Sinha   U.K.   and   Joseph,  T.B. (1998)  Rapid     

Land Building Activity along Vedaranniyam 

Coast and its Possible Implications. Current  

Science, Vol. 75, No. (9). pp 884 - 886.

Singh, O.P., 2002. Predictability of sea level 

in the Meghna estuary of Bangladesh. Global 

and Planetary Change, 32, 245-251.   

Unnikrishnan, A.S., Rupa Kumar, K., Sharon 

E., Fernandes, Michael, G.S. and Patwardhan, 

S.K., 2006. Sea level changes along the Indian 

coast: Observations and projections. Current 

Science, 90(3), 362–368.  

Van Goor, M. A., Zitman, T. J., Wang, Z. B. 

and Stive, M. J. F., 2003. Impact of sea-level rise 

on the morphological equilibrium state of tidal 

inlets. Marine Geology, 202, 211–227.

CHANGING DIMENSIONS OF 

ISG Newsletter Volume 14, No. 1-4, December, 200835



HIMALAYAN GLACIERS

I.M.Bahuguna

ESHD/MESG/RESA
Space Applications Centre, Ahmedabad-380 015.

E-Mail: imbahuguna@sac.isro.gov.in

Introduction

Glaciers are mass of snow, ice, water and rock 

debris slowly moving down a gradient. Out of 

these ice is an essential component. Glaciers 

are formed due to recrystallization and 

metamorphism of naturally fallen snow on land 

surface. Snow is a type of precipitation in the 

form of crystalline  ice, consisting of a multitude 

of snowflakes that fall from clouds. Snow is 

composed of small ice particles and a granular 

material. The process of this precipitation is 

called snowfall. The density of snow when it is 
3

fresh is 30-50 kg/m .Later it becomes firn and the 
3

density becomes about 400-830 kg/m .snow 

becomes glacier ice when density is 830-910 

kg/m . Snow becomes firn when it survives 

minimum one summer and becomes glacier ice 

in many years. Density increases due to 

remelting and recrystallization and reduction in 

air spaces within the ice crystals.

Required atmospheric conditions for snow fall 

are met at higher latitudes and altitudes of the 

earth. There are three major classes of snow 

cover i.e. temporary, seasonal and permanent. It 

is the permanent snow cover which gives rise to 

formation of glaciers. Glaciers are formed on the 

earth when rate of accumulation of snow is 

higher than rate of ablation and falling snow gets 

enough time and space to get metamorphosed 

to form ice.  Nonetheless the glacier ice must 

move down under the influence of gravity to be 

called as glacier. Presently, glaciers are 

distributed either in Polar Regions of earth or in 

high mountainous regions. The glaciers in Polar 

Regions of the earth cover the topography and 

appear on the surface as ice sheets or ice caps. 

3

The glaciers in the mountainous regions are 

constrained by topography and the shape of 

valley influences their flow and such glaciers are 

classified as valley glaciers, cirque glaciers and 

ice fields. There are two parts of glaciers 

accumulation zone and ablation zone separated 

by snow line. In the Accumulation Area, total 

accumulation from winter snowfall is more than 

summer ablation. Its spectral reflectance is 

higher in all three bands. Hence, it appears white 

on the FCC and can be easily demarcated. In 

ablation area, total summer melting is more than 

winter snow accumulation. Therefore, glacier ice 

along with debris gets exposed on the surface. 

Glacier ice has substantially lower reflectance 

than snow, but higher than rocks and soil of the 

surrounding area. Therefore, it gives green-

white tone on FCC and can easily be 

differentiated from the accumulation area and 

surrounding rock and soil. The part of ablation 

zone of the glacier from where river or stream 

appears on the surface is its terminus or snout. 

Though it has been defined in many ways but 

most appropriate definition could be that the part 

of the glacier at its lowest altitude is called the 

terminus or snout of glacier. Many Himalayan 

glaciers do not have clean surfaces (figure 1 and 

2) as these are covered with varying amounts of 

moraine cover, consisting of dust, silts sands, 

gravel, cobbles and boulders. Moraine covor is 

one of  the most important components of a 

glacier system in view of the control it exercises 

on rate of glacier melting. Its areal cover and 

thickness should be known in order to estimate 

effect of climate on retreat of glaciers.
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The distribution of glaciers as what we see today 

is the result of last glaciation. Glaciation and 

deglaciation are the alternate cycles of cold and 

warm climate of earth. During Pleistocene, the 

earth’s surface had experienced repeated 

glaciations over a large land mass. The most 

recent glaciations reached its maximum 

advance about 20,000 years ago due to fall of 

temperatures by 5 to 8ºC. A Little ice age has 

been recognized during 1650-1850 AD.  During 
2

peak of glaciations approximately 47 million km  

area was covered by glaciers, three times more 

than the present ice cover of the earth.

1

2

Figure 1:  A ground picture of accumulation (1) and ablation zones (2) of a glacier.
The ablation zone is covered with rock fragments

Figure 2. Ice exposed on the ablation zone (1) of a glacier

1
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Figure 3: IRS LISS III image showing glaciers with ice exposed on the surface

 

Figure 4: IRS LISS III image showing moraine-covered glaciers 

 

Himalayan Glaciers

Glaciers are very vital to human kind as these 

natural resources are (i) reservoirs of freshwater, 

(ii) control global climate as the albedo over 

snow and glaciers is very high, and (iii) sensitive 

indicators of climatic variations. Since glaciers of 

Himalaya constitute the largest concentration of 

freshwater reserves outside the polar region, a 

great significance is attached to the fact that 

these natural resources are the source of fresh 

water to almost all minor and major rivers of 

northern India and sustain the civilization for 

irrigation, hydroelectricity and drinking water. 

Concentration of glaciers in Himalaya varies 

from northwest to northeast according to the 

variation in altitude and latitude of the region. 

Siachin glacier in Kashmir, Gangotri glacier in 

Uttrakhand, Bara Shigri glacier in Himachal 

Baltoro glacier in Karakoram and Zemu glacier in 

Sikkim are a few famous glaciers of Himalaya. 

But does our nation have complete information 

on our glacier resources? Though an approx. 

number of glaciers in Himalaya could be as high 

as 10000 but in very near future we will have this 

number. Though number and location of glaciers 

is important to be known but more important is 

the size of the glaciers. It is the volume of glacier 
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which matters the most. Based on the work for a 

few basins carried out so far it appears that 

approx.  85 % of glaciers are less than 5 sq. km 

and 60 % of glaciers are less than 1 sq.km in 

area. There is already an inventory going on at 

SAC for finding location and size of glaciers 

besides other attributes. Earlier the glacier 

inventory was carried out for Satluj basin, 

Chenab basin and Tista basins etc. at 1:50000 

scale based on interpretation of LISS III images. 

Prior to this an inventory programme for entire 

Indian Himalayas was accomplished at 

1:250000 scale in early nineties.

Retreat of Himalayan glaciers

Retreat and advances of glacier snout in the 

mountain areas have been systematically 

observed in various parts of the world and their 

snout fluctuations are considered to be highly 

reliable indicators of worldwide climatic trends. 

Change in snout position is a result of glacier 

mass balance and provides quantitative 

information about acceleration, relative climatic 

changes etc. Climatic fluctuations cause 

variation in amount of accumulation of snow and 

ice of glaciers and its melting. Such changes in 

the mass initiate a complex series of change in 

the flow of glacier that ultimately results in a 

change of the position of terminus and area of 

glaciers. Thus advancement and retreat of a 

glacier closely depends on the conditions of 

replenishment of an accumulation area and the 

intensity of ablation i.e. faster melting due to 

climatic changes. Hence glaciers are 

considered as excellent indicators of global 

climatic changes.

Though, there have been limited number of 

studies in Himalayas by field methods, yet the 

results indicate the loss in area of glaciers over a 

period of time. For instance, glaciers in the 

Western Himalaya are retreating at an average 

rate of 15m per year, consistent with the rapid 

warming recorded at Himalayan climate stations 

since the 1970s. Winter stream flow for the 

Baspa glacier basin has increased 75% since 

1966 and local winter temperatures have 

warmed, suggesting increased glacier melting in 

winter (Kaul, 1999).
  
In Central Himalaya, India, since the mid 1970s 

the average air temperature measured at 49 

stations has risen by 1oC, with high elevation 

sites warming the most. This is twice as fast as 
othe 0.6 C average warming for the mid latitudinal 

o oNorthern Hemisphere (20  to 40 N) over the 

same time period, and illustrates the high 

sensitivity of mountain regions to climate 

change. (Shrestha et al., 1999).

In Eastern Himalaya, Mt. Everest, the Khumbu 

glacier, popular climbing route to the summit Mt. 

Everest, has retreated over 5 km since 1953.The 

Himalayan region overall has warmed by about 
o

1 C since the 1970s (Shrestha et al., 1999). In 

Eastern Himalaya, Bhutan, as Himalayan 

glaciers are melting the glacial lakes are swelling 

up which may lead to a catastrophic flooding. 

Average glacial retreat in Bhutan is 30-40m per 

year. Temperature in the high Himalaya has 
orisen by 1 C since the mid 1970s (ICIMOD, 

2002).

One of the medium size glacier known as 

Dokriani in the Garhwal Himalaya shows rapid 

frontal recession, substantial thinning at the 

lower elevation and reduction of glacier area and 

volume and the glacier has vacated an area of 

3957 sq m during 1991 – 1995 (Dobhal, 2004). 

The Dokriani glacier was mapped in 1962-1963 

which was remapped in 1995 by survey of India. 

The snout, surface area and elevation 

determined by the comparison of the 

topographical maps an field data. The surface 

elevation was calculated by profiling the 

distance between the pair of contours along the 

centerline. Volume change during the period 
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was calculated by preparing area average 

thickness map of both the survey years. Ground 

Penetrating Radar has been used to estimate 

the volume of glacier ice in 1995.

Also there are evidences of glacial surges in 

Himalyas. Hewitt (2007) found that four 

tributaries of Panmah Glacier in Karakoram 

ranges have surged (advanced very fast) in less 

than a decade, three in quick succession 

between 2001 and 2005. Since 1985, 13 surges 

have been recorded in the Karakoram Himalaya, 

more than in any comparable period since the 

1850s .  Ten  we re  t r i bu ta r y  su rges .  

Interpretations must consider the response of 

thermally complex glaciers, at exceptionally high 

altitudes and of high relief, to changes in a 

distinctive regional climate. It is suggested that 

high-altitude warming affecting snow and glacier 

thermal regimes, or bringing intense, short-term 

melting episodes, may be more significant than 

mass-balance change. 

Wagon et al.,  (2007) have estimated  four years 

of mass balance on Chhota Shigri Glacier, 

Himachal Pradesh, India,  in the western 

Himalaya from 2002. Overall specific mass 

balances are mostly negative during the study 

period. 

Remote sensing in glacier retreat studies

Due to limitations of field methods in assessing a 

large number of glaciers, methods based on 

remote sensing have occupied a pivotal role in 

generating quick and reliable information on 

glaciers. Because of emphasis on the rate of 

retreat of glaciers in the last 2-3 decades due to 

impact of global warming on snow accumulation 

and melting rates of glaciers, the use of images 

has been much more demanding. Though there 

are limitations of data selection for glaciological 

studies since glaciers are exposed only for about 

two months in August-September time frame 

and these two months also coincide with cloud 

cover, it has been possible to get a few good 

images to carry out either glacier inventory or 

monitoring of retreat. Two major zones i.e. 

accumulation and ablation zone of glaciers can 

be identified on the glaciers in addition to peri-

glacial features. The two zones are separated by 

equilibrium line. The EL is the snow line at which 

mass balance for a hydrological year is zero or 

the line above which mass balance is positive 

and below which it is negative. 

Use of remote sensing for estimation of glacial 

retreat in Himalayas began with the work carried 

out by Kulkarni and Bahuguna, (2002) for a few 

glaciers of Baspa Basin. The authors used 

satellite stereo data from IRS 1C/1D 

panchromatic sensor to generate DEM and 

orthoimages to estimate the glacial retreat and 

altitude of snout and other dimensions of 

glaciers. The studies wore further extended 

when Kulkarni and Alex (2003) while estimating 

glacial variation in Basapa basin found the loss 

of 19% area during the period of 1962 to 2001. 

The authors had used IRS LISS III data of 2001 

and SOI topographical maps of 1962 to carry out 

monitoring of 19 glaciers of the basin. It was also 

found that the percentage of loss in area varies 

at different altitude ranges. Interpretation of 

satellite images has been highly useful to 

determine the retreat of Parbati glacier in Parbati 

valley of Himachal Pradesh. Ground validation 

of its snout was also carried out (Kulkarni et al., 

2005). Similarly retreat of Samudra Tapu glacier 

in Chandra valley was estimated by using IRS 

LISS III data (Kulkarni et al., 2006). Significant 

amount of work has been reported on retreat of 

466 glaciers of Chandra, Bhaga, Parbati and 

Basapa basins of Himalaya by using satellite 

images of years 2001/2004 and Survey of India 

topographical maps of 1962. The total loss in 

glacial area for glaciers estimated in these 

basins is 21%. (Kulkarni, et. al. 2007). Glacier 

retreat studies are now extended to 14 sub-

basins of Himalayas namely Alaknanda, 

Bhagirathi, Dhauliganga , Goriganga and 

ISG Newsletter Volume 14, No. 1-4, December, 200840



Mandakini basins contributing to Ganges in 

Uttrakhand , Chandra, Bhaga, Miyar, Warwan 

and Bhut contributing to Chenab basin in 

Himachal Pradesh and J & K, Ravi and Spiti 

basins in Himachal Pradesh , Suru and Zanskar 

basins in J & K and Tista basin in Sikkim. The 

loss in area of glaciers is being estimated viz., 

with respect to SOI maps of  40 years ago  and 

changes observed on satellite images with an 

approx interval of 5-10 years (Figure 3). This is 

being done under a joint programme on snow 

and glaciers of the Department of Space and 

Ministry of Forests and Environment. Earlier the 

retreat by conventional methods was being 

monitored based on movement of snout of 

glacier. There was ambiguity in rate of retreat 

since various workers were not able to follow 

standard location or due to difference in 

methods of observation. More over finding a 

shift in snout in V- shape valley is not a correct 

procedure as followed by earlier studies. It is 

because the rate of shift will depend on the size 

and shape of the valley. Two glaciers losing 

same amount of ice but having different size of 

valley will show different rates of retreat. 

Therefore, finding loss or gain in area of glaciers 

using remote sensely data is more logical 

procedure.

Figure 3: retreat of gangotri glacier as observed on satellite images of 1999 and 2006.

Full view of Gangotri Glacier Full view of Gangotri Glacier

Fragmentation of glaciers

Sometimes due to retreat the large sized 

glaciers fragment into smaller glaciers. This 

results in the rise of number of small glaciers. For 

instance, fragmentation has been observed in 

42 glaciers of the Warwan basin. Glaciers less 

then 1 sq km in 1962 were 159 but due to the 

retreat this number rose to 187. The glaciers 

which had more then 40 sq km area were 4 in 

1962 but during 2001 this number became 2. 

Similarly nos. of glaciers with area 20-40 sq km 

were 5 in 1962 which became 3 in 2001. 

Conceptually the fragmentation takes place at 

the snout of terminus of the tributary glacier 

because the retreat of the tributary glacier is 

governed by reduction in accumulation of snow 

of the tributary glacier. The overall reduction in 

the mass of a glacier has implications in the 

movement of terminus of the tributary glaciers 

and therefore the tributary glacier gets detached 

from the main glacier at its snout. 
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Photogrammetric techniques

Besides estimation of loss in area of glaciers,  

the  photogrammeric methods  of estimating 

long-term changes in volume of glaciers are 

being developed to deermine a change in 

surface elevations of glaciers of Himalaya . In 

this technique  satellite stereo data is used to 

generate DEM and identification of snout in a 3-

D perception in a Digital Photogrammetric Work 

Stations (Bahuguna et al., 2004 , 2007 & 2008). 

A volume change can be estimated by 

subtracting the surface elevation of a glacier and 

the glacier extent at two different times (figure 4). 

This method can be applied using topographic 

maps, Digital Elevation Models are obtained by 

aircraft, satellite imagery, SAR Interferometry 

and by airborne laser scanning. Satellite 

imageries must be analysed for average mass 

balance of a glacier over a period of 5 - 10 years. 

This is a convenient and time-saving method is 

only applicable for determining the average 

mass balance of the entire glacier. 

Figure 4: Approximatiopn of lowering of glacier surface based on altitude taken
from SOI maps and DEM generrated from cartosat-1 stereo data

Conclusions

Retreat and advancement of glaciers are slow 

proceses and happen in  geological time scales  

but the climate scientists are concerned not  

about the reatreat of a glacier but its rapid rate of  

retreat. In order to use remote sensing for 

assessing rate of retreat ( approx. 15 m or so for 

movement of snout annually) multispectral with 

high spatial resolution data is required on annual 

basis. For monitoring changes in volume of 

glacier DEM with high vertical accuracy ( in tens 

of cms) is required from orbital platforms. For 

moraine covered glaciers techniques based on 

textural classification are required to identify 

glacier boundaries, high albedo over snow and 

glaciers which regulate the atmospheric 

tempereture. So if global warming reduces  the 

snow and ice on earth it will also reduce the 

albedo thus lowering of tempereture. On one 

side there would be warming and on other 

cooling due to reduction in albedo. So it is a 

complex phenomenon which requires deeper 

understanding of atmospheric system before 

concluding the net impact of global warming.

ISG Newsletter Volume 14, No. 1-4, December, 200842



REFERENCES

Bahuguna I.M and Kulkarni, A.V., 2004, 

Satellite photogrammetry for Himalayan 

glaciated region, Proc. Intr. Symp. on  snow 

monitoring and avalanches (ISSMA), 12-16 

April, 2004 H.Q.SASE, Manali (H.P.), India, pp. 

475-480

Bahuguna, I.M., Kulkarni, A.V., Nayak, S., 

Rathore, B.P., Negi, H.S., and Mathur, P., 2007, 

Himalayan glacier retreat using IRS 1C PAN 

stereo data. International Journal of Remote 

Sensing, Vol. 28(2), pp. 437-442.

Dobhal, D.P., Gergon J.T. and Thayyen, 

R.J., 2004, Recession and morphogeometrical 

changes of Dokriani glacier (1962-1995), 

Garhwal Himalaya, India.

Hewitt, Kenneth,  Tributary glacier surges: 

an exceptional concentration at Panmah 

Glacier, Karakoram Himalaya, Journal of 

Glaciology, Volume 53, Number 181, March 

2007, pp. 181-188(8).

ICIMOD, 2002, Inventory of Glaciers, 

Glacial Lakes, and Glacial Lake Outburst 

Floods, Monitoring and Early Warning Systems 

in the Hindu Kush-Himalayan Region-Bhutan, 

International Centre for Integrated Mountain 

Development (ICIMOD) and United Nations 

Environment Programme. 

Kaul, M. K., 1999, Inventory of the 

Himalayan Glaciers: A Contribution to the 

International Hydrological Programme, Geol. 

Surv. of Ind., Special Publication, 34. 

Kulkarni, A.V. and Bahuguna, I.M., 2002, 

Glacial retreat in the Basapa basin, Himalaya, 

monitored with satellite stereo data, Journal of 

Glaciology, Vol. 48 (160), pp. 171-172.

Kulkarni, A.V. and Suja Alex, 2003, 

Estimation of Recent Glacial Variations in Baspa 

Basin Using Remote Sensing Technique, 

Journal of Indian Society of Remote Sensing 

31(2), 81-90.

Kulkarni A.V., Rathore, B.P.,  Mahajan, 

Suresh and Mathur, P., 2005, Alarming retreat of 

Samudra Tapu glacier, Beas basin, Himachal 

Pradesh, Current Science, 88(11),pp.1844-

1850.

Kulkarni A.V.,  Dhar, S., Rathore, B.P., 

Babugovindraj K. and Kalia, R., 2006, 

Recession of Samudra Tapu glacier, Chandra 

river sub-basin, Himachal Pradesh, Journal of 

Indian Society of Remote Sensing, 34(1), 39-46

Kulkarni, A.V., Bahuguna, I.M., Rathore, 

B.P., Singh, S.K., Randhawa, S.S., Sood, R.K. 

and Dhar, S., 2007, Glacial retreat in Himalaya 

using Indian Remote Sensing Satellite data, 

Current Science, Col. 92(1), pp. 69-74.

Shrestha, A. B., Wake C. P., Mayewski, P. A., 

and Dibb, J. E., 1999, Maximum temperature 

trends in the Himalaya and its vicinity: An 

analysis based on temperature records from 

Nepal for the period 1971-94, Journal of Climate, 

12: 2775-2787

Wagnon, Patrick; Linda, Anurag; Arnaud, 

Yves; Kumar, Rajesh; Sharma, Parmanand; 

Vincent, Christian; Pottakkal, Jose George; 

Berthier, Etienne; Ramanathan, Alagappan; 

Hasnain, Syed Iqbal and Chevallier, Pierre, 

2007,  Four years of mass balance on Chhota 

Shigri Glacier, Himachal Pradesh, India, a new 

benchmark glacier in the western Himalaya, 

Journal of Glaciology, Volume 53, Number 183, 

December 2007 , pp. 603-611(9)

ISG Newsletter Volume 14, No. 1-4, December, 200843



IMPACT OF CLIMATE CHANGE ON CORAL REEFS
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The coastal zone represents a comparatively 

small but highly productive and extremely 

diverse system, with a variety of ecosystems 

extending from coastal terrestrial habitats to 

deep-water regions approaching 200 m in 

depth. The critical habitats of the Indian coast 

include coral reefs and mangroves. Coral reef is 

a massive, wave-resistant structure, built largely 

by coral, calcareous algae and other organisms 

and consisting of skeletal and chemically 

precipitated material, being best developed 

where mean annual temperature is 23 to 25 

degrees C. The reef builds slowly towards the 

surface of the water, at the rate of a few 

millimeters per year. Once the reef reaches sea 

level, the corals cannot survive, and the reef 

grows horizontally. Coral reef is a multi-faceted 

ecosystem with a plethora of species having 

genetic, ecosystem as well as medicinal 

importance. Exploitation together with the 

growing threat from climate change may result in 

permanent degradation of the coral reef 

ecosystem at a planetary scale. Coral reefs may 

be the first major biological system to respond to 

human and global change impacts at this scale 

and in such a short time. About 1200 marine 

species (mostly coral inhabitants) are already 

extinct and up to 1.2 million reef species could be 

extinct within 40 years

A Typical Healthy Coral Reef
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Coral reefs are critically important because they 

contain the world’s largest reservoir of marine 

biodiversity, they provide food security, cultural 

support and physical protection from storms for 

approximately 500 million people, they are the 

major natural resource for many countries in the 

world such as small island developing states. 

They are the basis for one of the world’s fastest 

growing industries like coral reef tourism, but 

they are declining rapidly from a range of human 

pressures.

Coral reefs are sensitive indicators to changing 

environmental conditions like pollution, release 

of effluents, global warming, sea level changes, 

etc. They are one of the “keystone ecosystems” 

in reference to the issue of global climate 

change. As an ecosystem, they are sensitive 

enough to display any kind of changes occurring 

within the very narrow range of biophysical 

parameters of their common marine habitats i.e. 

the shallow tropical seas of the world. Human 

activities linked to climate change and changes 

in the global nitrogen cycle are having profound 

impacts on coral reefs. Bleaching, increased 

outbreaks of disease (both in frequency and 

type), and greater storm frequency and intensity 

are acting as major system drivers along with 

more direct human assaults on reefs. The future 

of coral reefs will be determined both by the rate 

and severity of climate change and by the 

effectiveness of management action to address 

local and regional stressors to reefs, with land-

based sources of pollution, over-fishing & 

destructive fishing, and recreational misuse or 

overuse typically being the most significant 

local/regional stressors.

A common stress-response phenomenon 

observed worldwide in the events of any kind of 

stress to, the coral reef ecosystem is Coral 

Bleaching. Coral bleaching, or the separation of 

coral algal symbionts (zooxanthellae) from a 

host coral, is a process that was first described 

over 75 years ago (Boschma 1924; Yonge and 

Nicholls 1931a; Yonge and Nicholls 1931b). The 

interruption of vital functional relationships 

between corals and their zooxanthellae that 

occurs with bleaching is considered 

symptomatic of various stresses. When stresses 

are prolonged or extreme, bleaching leads to 

mortality of the coral host. The widespread 

bleaching events that have repeatedly occurred 

since the early 1980s have resulted in dramatic 

changes in reef environments, some apparent 

coral extinctions, and concern that corals and 

coral reefs are in danger of serious decline over 

the next century as a major tropical marine 

biotope. Under conditions expected in the 21st 

century, global warming and ocean acidification 

will compromise carbonate accretion, with 

corals becoming increasingly rare on reef 

systems. The result will be less diverse reef 

communities and carbonate reef structures that 

fail to be maintained. Climate change also 

exacerbates local stresses from declining water 

quality and overexploitation of key species, 

driving reefs increasingly toward the tipping 

point for functional collapse.

 Trend of Global Temperature Change (Source: Goddard Inst. For Space Studies NASA)
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Corals are stressed when water temperatures 

are as low as one degree Celsius warmer for a 

week or more, especially when there are no 

winds to mix surface waters and provide relief 

from the strong sun and ultraviolet (UV) rays. 

Partially Bleached Coral Colonies

Totally Bleached Coral Colonies
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At the ecosystem level, post-bleaching periods 

are marked by a Phase Shift from a Live Coral 

dominated habitat to Macro-algae dominated 

one. Within some month’s time in post 

bleaching, macro-algae proliferate and 

overgrow corals to the extent that significant 

proportion of the reef flat area is lost to macro-

algae.
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Space-borne remote sensing, with its repetitive, 

broad scale coverage providing quantitative 

data in a spatial context, is often seen as the 

potential alternative tool for monitoring these 

ephemeral and often remote bleaching events. 

Remote sensing of coral reefs has so far proved 

its potential as a cost-effective approach for 

determining reef-community structures and 

reef-substrates (Bahuguna and Nayak 1998, 

Nayak et al. 2003, Miller and Mûller, 1999). 

While currently available satellite sensors have 

global mapping and monitoring capabilities, the 

accuracy and precision attainable is relatively 

low due to the coarse spatial resolution, fewer 

bands and broad spectral bandwidths of these 

sensors. Thus, challenges still exist in individual 

substrate discrimination because of spatial 

heterogeneity on reef-scales. In the current 

scenario, the operational imaging systems, 

which provide more spectral information (e.g. 

MODIS, SeaWiFS, Oceansat-1 OCM) have 

coarser spatial resolutions. On the other hand 

systems like IRS-LISS IV and LISS-III, Ikonos, 

Landsat-ETM, and Quickbird, spatially resolve 

reef bottom types but have the broad, discrete 

wavebands not optimized for spectral 

discrimination of reef-substrate types.

Space Applications Centre has initiated studies 

on changes in the coral reefs related to 

environment as well as global climate. Two 

habitat-diverse reefs have been taken up as 

study areas, viz., i) coral reefs of the Gulf of 

Kachchh that exist in extreme conditions both by 

way of location (they are distributed in the 

northern most latitudinal limit of the reef 

distribution), extreme environmental conditions 

and intense anthropogenic pressure), ii) coral 

reefs of Lakshadweep (do not have significant 

anthropogenic pressure).

The study is underway using SATLANTIC 

underwater hyperspectral  radiometer-

HyperOCR along with Indian Remote Sensing 

satellite data (RESOURCESAT LISS IV), 

Hyperion satellite data and NOAA SST data. 

Preliminary studies have found that already 

environmentally vulnerable reefs of the Gulf of 

Kachchh are not able to withstand further stress 

due to increased SST and their degradation is 

irreversible. Lakshadweep reefs on the other 

hand are rich in diversity and health and have 

shown instance of recovery from the bleaching 

of 1998 and 2005.

                  Fleshy macro-algae overgrowing the bleached and degraded corals 
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The elimination of coral reefs would have dire 

consequences. Coral reefs represent crucial 

sources of income and resources through their 

role in tourism, fishing, building materials, 

coastal protection and the discovery of new 

drugs and biochemicals. Globally, many people 

depend in part or wholly on coral reefs for their 

livelihood. About 15% (0.5 billion people) of the 

world’s population live within 100 km of coral 

reef ecosystems. Tourism alone generates 

billions of dollars for countries associated with 

coral reefs. The fisheries associated with coral 

reefs also generate significant wealth for 

countries with coral reef coastlines. Coral reefs 

also protect coastlines from storm damage, 

erosion and flooding by reducing wave action 

across tropical coastlines. The protection 

offered by coral reefs also enables the formation 

of associated ecosystems (e.g. seagrass beds 

and mangroves) which allow the formation of 

essential habitats, fisheries and livelihoods. The 

cost of totally losing coral reefs would run into 

hundreds of billions of dollars each year. The 

survival of coral reefs in all times is not only thus 

important for the human generation but for the 

oceans as well. 
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IS CLIMATE CHANGE RESPONSIBLE FOR DESERTIFICATION?
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Desertification has been recognized as one of 

the major environmental problem having global 

concern and affecting 250 m people directly and 

with over one billion at risk. One of the impacts 

which global warming may have on the surface 

of the Earth is to exacerbate the world - wide 

problem of desertification. A decrease in total 

amount of precipitation in arid and semi-arid 

areas could increase the total area of drylands 

world-wide and thus also the total amount of  

land potentially at risk from desertification. In 

addition, desertification may enhance global 

warming, through a variety of climate feedbacks. 

Desertification has been defined by United 

Nations Conference on Environment and 

Development  (Rio de Janeiro, 1992) as “land 

degradation in arid, semiarid and dry sub-humid 

areas resulting from various factors including 

climatic variations and human activities”. 

Desertification involves the depletion of 

vegetation and soils.

Drylands cover 40 per cent of the total land area 

of the world (6,150 million ha). They are most 

prevalent in Africa, Asia and Latin America. They 

are defined as those areas where precipitation is 

low and where rainfall typically consists of short, 

erratic and high intensity storms. Traditional 

farming and grazing techniques, suitable for 

wetter regions, are becoming increasingly less 

sustainable owing to inadequate precipitation in 

these areas. Although climatic extremes may 

exert considerable pressure upon those who 

farm the land, weather conditions are not usually 

cited as direct causes of desertification. Rather, 

it is the factors such as overcultivation, 

overgrazing, deforestation, poor irrigation 

practices and poverty which arise due to a 

variety of socio-economic reasons that are the 

immediate cause. Land degradation occurs all 

over the world, but it is only referred to as 

desertification when it takes place in 

drylands.This is because these areas are 

especially prone to more permanent damage as 

different areas of degraded land spread and 

merge together to form desert like conditions. 70 

per cent of these drylands  are affected by 

degradation, which support  over 1 billion people  

in more than 110 countries.  

Arable land per person has declined from 0.32 

ha.  per person in 1961-63 to 0.21 ha in 1997-

1999 and is expected to drop further to 0.16 ha 

by 2030 (Kofi Annan,2003). Because the poor 

often farm degraded land that is increasingly 

unable to meet their needs. Desertification is 

both a cause and consequence of poverty. 

Fighting desertification must, therefore, be an 

integral part of our wider efforts to eradicate 

poverty and ensure long term food security. 

Remote sensing data, along with GIS has been 

useful for desertification, monitoring and 

assessment. The indicators of  desertification 

amenable to remote sensing include 

s a l i n i t y , e r o s i o n  a n d  s a n d  s h e e t s  

etc.(Navalgund,2006)   
 
The effects of Desertification

Direct  physical consequences of desertification 

may include an increased frequency of sand, 

dust and snow storms and increased flooding 

due to inadequate drainage or poor irrigation 

practices. This can contribute to removal of vital 

soil nutrients and bring about a loss of 

vegetation cover. This  undermines local food 

production and can act as  a contributing factor 

towards famine as wel l  as reduced 

biodiversity.Desertification can also initiate 

regional shifts in climate which may enhance 

climate changes due to green house gas 
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emissions. Furthermore, desertification reduces 

the availability of removal sinks for carbon 

dioxide, the main greenhouse gases. In the 

Indian cold desert region lying in states of 

Jammu and Kashmir, Himachal Pradesh, 

Uttarakhand, Arunachal Pradesh, various 

processes of desertification which have been 

observed are – Frost Heaving, Frost Shattering, 

Mass Movement, Wind Erosion, Water Erosion 

and Vegetal Degradation.

Mass movement is defined as a process of 

desertification which leads to down-slope 

movement of rock, regolith and debris through 

the action of gravity for example, scree cones. 

Figure 1 shows satellite images and ground 

pictures for mass movement, along the Shyok 

river.

 

 
Slight

Moderate

Severe

Severe

Moderate

Slight

Fig.1 Mass movement along the Shyok river
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Frost heaving occurs when soil expands upward 

or outward and contracts due to freezing and 

thawing. It generally occurs after a thaw when 

soil is filled with water droplets and when a 

sudden drop of temperature below freezing 

Heaving

Frost Frost Frost 

Frost 

Shattering

Fig. 2 Frost shattering and frost heaving  along Shyok River

changes the water to ice crystals with 

consequent expansion  and upward movement 

of soil. It is observed in glacial and periglacial 

environment and results in typical irregular 

pattern grounds (Figure 2).

ISG Newsletter Volume 14, No. 1-4, December, 2008

Frost shattering is defined as a freeze and thaw 

action operating mostly in periglacial 

environment. When water that filters through the 

crevices and pores in rock freezes, it expands  

almost ten times. This puts enormous pressure 
0on the surrounding rocks as at –22  C, ice can 

exert a pressure of 3000 kg on an area half a 

square inch. The process is most active where 

the periglacial environment exists, usually in 

areas adjoining glacial margins; with long cold 

winters and short mild. Frost shattering as 

observed on satellite image is shown in Figure-2 

along with ground  photo.
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Water erosion is observed in both hot and cold 

desert areas, across various land covers and 

with varying severity levels. The sheet erosion 

(mostly within agricultural lands) and rills are 

categorized in slight category, the narrow and 

shallow gullies are categorized as moderate 

erosion, while the deep / wide gullies and ravines 

are classified as severe erosion. Figure-3 shows 

the image and field characteristics of water 

erosion in cold desert along the Nubra river.

Slight

Moderate

Severe

Nubra River

Slight

Moderate

Severe

Nubra River

Slight

Moderate

Severe

Slight

Moderate

Severe

Fig.3 Water erosion along the Nubra River
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Wind Erosion pertains to the aeolian activities.   

It denotes the spread of sand by virtue of lift and 

drift effect of wind, even up to lofty altitudes of 

Himalayas.  Various categories of sand cover 

and their severity are classified based on the 

depth and spread of sand sheet/ dunes and 

barchans.
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Figure-4 shows the satellite image and field 

disposition of wind erosion in the Shyok river 

bed.

Basically, desertification is mainly  a process of 

land degradation which is accelerated by 

climate change. India occupies only 2.4 percent 

of world’s geographical area, yet supports about 

16.2 percent of the world’s human population. 

India has only 0.5 percent of the world’s grazing 

area but supports 18 percent of the world’s cattle 

 

 

Shyok River

Sand 
Dunes

Shyok River

Sand 
Dunes

Sand 
Dunes

Shyok River

Karakoram
Range

Glacier

Sand 
Dunes

Shyok River

Karakoram
Range

Glacier

population. India is endowed with a variety of 

soils, climate, biodiversity and ecological 

regions. About 228 mha (69%) of its 

geographical area (about328 mha) fall within the 

dryland (arid, semi-arid, dry sub-humid) as per 

Thornthwaite classification.According to 

NBSSLUP, about 50.8 mha (15.8%) of the 

country’s geographical area is arid. In addition, 

an area of about 15.2 mha of cold desert are 

located in Jammu and Kashmir and Lahul –Spiti 

region in Himachal Pradesh. About 123.4 mha 

(37.6%) of the country’s geographical area 

c o n s i s t s  o f  t h e  s e m i - a r i d  r e g i o n  

(NBSSLUP,2001). About 54.1 mha (16.5%) of 

the country’s geographical area falls within the 

dry sub-humid region.  As per the inventory of 

Desertification and Land Degradation Atlas of 

India, 105.48 mha. i.e., 32 per cent of the 

geographical area of the country is undergoing 

the process of land degradation.
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ABSTRACT :

Global climate change is a reality, a continuous 
process that needs to be taken seriously, even 
though there are large uncertainties in its spatial 
and temporal distribution. Many evidences have 
been gathered to depict that climate change is 
taking place. Over the past 100 years, the global 
average temperature has increased by 
approximately 0.6° C and is projected to rise at a 
rapid rate (Root, 2003). The Fourth Assessment 
Report of the Intergovernmental Panel on 
Climate Change shows that the warming of the 
global climate system is undeniable and is very 
likely due to increased greenhouse gas 
concentrations in the atmosphere resulting from 
various human activities (IPCC, 2007). 
Predictions of surface air warming of 1.8 to 4.0o 
C (under different scenarios) may significantly 
alter existing biosphere patterns. All 
ecosystems are projected to experience climate 
change, but ecosystems of the alpine life zone 
(i.e. the high mountain environments above the 
tree-line) are considered to be particularly 
sensitive to warming because they are 
determined by low temperature conditions. The 
alpine ecosystem is among the most sensitive to 
climatic changes occurring on a global scale, 
and comprises glaciers, snow, permafrost, 
frozen ground, liquid water, and the uppermost 
limits of vegetation and other complex life forms. 
The assessment of impacts of projected climate 
changes on natural ecosystems is largely based 
on current vulnerability and global level 
projections of impacts from the literature. Both 
climate models and observational studies 
sometimes give conflicting and foggy pictures of 
the impact of climate change on vegetation. 
There is a strong need to have a predictive 
system to study the impacts of climate change 
over alpine ecosystem using Geomatics tools 
and long term field based as well as space 
observations assimilated  with regional climate 
model.

1. INTRODUCTION

In the international literature the term alpine is 
commonly used to describe the uppermost 
vegetation zone of high mountain system, from 
the treeline upwards to the limits of plant life. 
Himalayan Mountain ecosystems consist of cold 
desert biomes and alpine biomes found in the 
upper tree-line zone, and tundra ecosystems 
occurring above treeline. The alpine forests at 
high elevations in Himalayas exist where they 
do, because the plants that comprise these are 
adapted to the cold conditions that would be too 
harsh for other species (Mc Murtrie, 1992). The 
species in these ecosystems are so strongly 
adapted to the long-prevailing climatic 
conditions that these are vulnerable even to 
modest changes. It is noted that, alpine 
ecosystems in many parts of the world including 
the Himalayan region are susceptible to the 
impacts of a rapidly changing climate. It has 
already been proved by various authors that the 
mountain flora is moving upwards, with 
competitors reaching the habitats of less 
competitive species (Grabherr et al., 1994).

Himalayan glaciers cover about three million ha, 
or 17% of the global mountain area. They are the 
largest bodies of ice outside the polar caps. The 
total area of the Himalayan glaciers is 35,110 sq 
km. The total ice reserve of these glaciers is 

3 33,735 km , which is equivalent to 3,250 km  of 
fresh water. The Himalayas, the water tower of 
the world, is the source of nine giant river 
systems of Asia: the Indus, Ganges, 
Brahmaputra, Irrawaddy, Salween, Mekong, 
Yangtze, Yellow, and Tarim. They are the water 
lifeline for 500 million inhabitants of the region, or 
about 10% of the total regional human 
population (IPCC, 2007).

Although regional differences exist, growing 
evidence shows that the glaciers of the 
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Himalayas are receding faster than in any other 
part of the world. For example, the rate of retreat 
of the Gangotri glacier over the last three 
decades has been more than three times the 
rates of retreat during the preceding 200 years. 
A retreat of 1510m from 1962 to 2000 was 
estimated in Gangotri glacier using remote 
sensing data by Bahuguna et al., 2007. Rapid 
deglaciation is taking place in most of the 
glaciers studied in Nepal: the reported rates of 
glacial retreat range from several metres to 20 
m/year. On the Tibetan Plateau, the glacial area 
decreased by 4.5% over the past 20 years and 
by 7% over the past 40 years (CNCCC 2007). If 
present retreat trends continue, the total glacier 
area in the Himalayas will likely shrink from the 
present 500,000 to 100,000 sq. km by the year 
2035. In northwest China, 27% of glacier areas 

3equivalent to an ice volume of 16,184 km  will 
disappear; so will 10-15% of frozen soil area by 
2050 (Qin, 2002). Glacial retreat was estimated 
in Indian Himalaya for 466 glaciers in Chenab, 
Parbati and Baspa basins from 1962 by Kulkarni 
et al, 2007 using remotely sensed data (IRS-
LISS-III, LISS-IV). This investigation has shown 
an overall reduction in glacier area of 21%. 
However, the numbers of glaciers are found 
increased due to fragmentation. This indicates 
that a combination of glacial fragmentation, 
higher retreat of small glaciers and climate 
change induced conditions are paving the way 
for vegetations to grow in higher reaches.

An assessment of the impact of projected 
climate change on forest ecosystems in India 
has been done by Ravindranath et al., 2006 
which is based on climate projections of 
Regional Climate Model of the Hadley Centre 
(HadRM3) using the A2 (740 ppm CO ) and B2 2

(575 ppm CO ) scenarios of Special Report on 2

Emissions Scenarios and the BIOME4 
vegetation response model. According to this 
study, under the climate projection for the year 
2085, 77% and 68% of the forested grids in India 
are likely to experience shift in forest types under 
A2 and B2 scenario, respectively. Indications 
are a shift towards wetter forest types in the 
northeastern region and drier forest types in the 
northwestern region in the absence of human 
influence. Increasing atmospheric CO  2

concentration and climate warming could also 

result in a doubling of net primary productivity 
under the A2 scenario and nearly 70% increase 
under the B2 scenario. Given the projected 
trends (with due considerations of the 
uncertainty in climate projections) of likely 
impacts of climate change on forest 
ecosystems, it is important to incorporate 
climate change consideration in long-term 
planning process.

2. IMPACTS ON ALPINE ECOSYSTEMS

Direct and indirect impacts of climate change 
may affect biodiversity and may lead to the 
extinction of a variety of species. How severe 
such “extinction scenarios” will be can only be 
documented by long-term in situ monitoring. 
However, almost no systematic long-term 
observations exist for detecting the impacts of 
climate change on alpine ecosystems of 
Himalayas. However, since 1970s, satellite 
measurements have been made to monitor 
changes in the environment. Myneni et al. 
(1997) have analyzed this data to detect if there 
were indications of widespread global warming 
over land in the northern hemisphere. From their 
NDVI (Normalized Difference Vegetation Index) 
data for 1981 to 1991 they found a surprisingly 
large increase over large regions. They found an 
earlier greening of vegetation in spring of up to 
ten days and a later decline of a few days in 
autumn over large parts of the northern 
hemisphere. Change in plant phenology may be 
one of the earliest observed responses or 
evidences to rapid global climate change. For 
plants, the phenological events (appearance of 
leaf primordia, leaf fall, opening of flowers, 
maximum bloom period etc.) can be critical to 
survival and reproduction (Bawa, 2003). These 
parameters generate authentic data to study the 
effect of climate change on phenology. An 
understanding of how vegetation responded to 
past climate is needed for predictions of 
response of plants to future climate change. We 
urgently need to develop a scientific database 
on chronology of major phenological events for 
Indian flora. Remote sensing can play a crucial 
role in observing the phenological changes. 
Eddy covariance flux towers and field 
experiments can provide detailed insight to 
forest-atmosphere interactions. Advances in 
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remote sensing science can aid extrapolation of 
this knowledge to larger spatial scales.

In addition to phenological changes, it is also 
known that an upward migration of plants in 
alpine ecosystem, induced by recent climate 
warming, is already an ongoing process. Recent 
literature based on remotely sensed data 
analysis provided ample evidence of ecological 
impacts on alpine ecosystem. According to a 
study over Nanda Devi Biosphere Reserve 
(NDBR), significant reduction in snow/ice cover 
and increase in scree cover was observed in 
year 1999 and 2004 satellite data. Vegetation 
regeneration was found in areas that belonged 
to snow/ice area in year 1986.  Thus, the 
vegetation cover changed from less than 1 % 
area in year 1986 to more than 22 % in year 2004 
(span of 18 years). This is so far highest reported 
vegetation ingression in mountainous regions.  It 
was also reported that, the snow/glaciers 
reduced to 35.0 % area in 2004 compared to 90 
% area cover in year 1986, while scree area 
increased from 9.0 to 42 %. The timberline is 
reported at 4300 m AMSL, the scrub line at 4900 
m AMSL and the tundra vegetation line at 5300 
m AMSL (Panigrahy et al., 2007).  This indicates 
that, the high altitude areas beyond 4000 m are 
now conducive for tree growth in such regions. 
The vegetation ingression and timberline shift 
can be used as indicators of climate change to 
simulate the future scenario.

3 .  O B S E RVAT I O N A L  N E E D S  A N D  
GEOMATICS

Long-term records provide evidence for an 
ongoing climate warming in high mountain 
environments (Haeberli et al., 1996). Ground-
based observations are rather poor in many 
parts of the region. Meteorological stations are 
also clustered around low altitude belts and 
settlements, whereas hydrometric stations are 
located far away from the glaciated regions 
needs to be observed. Glacier monitoring work is 
largely limited to a terminus survey. Systematic 
observation and monitoring of glacier ice 
volumes through mass balance studies are 
scanty, isolated, and not standardized. 
Ecosystem monitoring stations are at best 
patchy and limited. Remote sensing can 

augment the existing ground based monitoring 
to get regional level observations on time. The 
glacier monitoring through remote sensing is 
already being done, and there is also a thrust in 
alpine vegetation monitoring.

The ability to examine spatial relationships 
between environmental observations and other 
mapped and historical information, and to 
communicate these relationships to others, 
makes Geomatics tools valuable in such 
environmental forensics. Digital remote sensing 
and the use of GIS, GPS make it possible to 
rapidly collect and analyse spatial data, yielding 
a powerful set of tools for the analysis of the 
source, and extent of phenomenon like Alpine 
hiking.

5. CONCLUSION

Research initiates on climate change is now 
focused on the alpine ecology. Since, most plant 
species have upper altitudinal limits that are set 
by various climatic parameters and by limitation 
of resources, alpine ecosystems are considered 
to react sensitively to climate warming. 
Simulation studies show that climate change 
impact will result in invasion of alpine vegetation 
to higher altitudes.  This has been already 
witnessed in the Alps that show significant 
increase in the alpine pioneer species cover but 
loss of many nival species (Grabherr et al., 
1994).  Thus, detailed observations on 
vegetation ingression are being carried out 
under the GLORIA project (Pauli et al., 2006). 
Some observations have been made on 
vegetation ingression and timberline changes 
over the last four decades in high altitude 
Himalayan ranges using satellite remote 
sensing data. More such studies are required to 
take total stock of the situation. It is also required 
to create an updated database of timberline, 
snow line and simulate the future scenario. 
Geomatics based approach is of particular 
significance for mapping and monitoring this 
vast and difficult terrain and design a proper 
sampling plan for detailed field/laboratory based 
study. GLORIA (Global Observation Research 
Initiative in Alpine) project’s Multi-Summit 
approach (web1) is required in Indian Himalayas 
also so that the data from different mountain 
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regions can be compared. In many countries, 
high mountain vegetation experiences less 
pronounced or no direct human impacts 
compared with lower altitudes. For these 
reasons, the alpine life zone provides a unique 
opportunity for comparative climate impact 
monitoring.
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