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

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

2020 - 2029

1T .
005 1152253254 A5 5065 GES T TS
(*C)

2090 - 2099

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)

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)
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Indian Institute of Tropical Meteorology (lITM)
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,
i) 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 FAQ, climate change
over the long-term, in particular global warming,
can hit agriculture in many ways. Some of them
are listed as follows:

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

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

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

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

e Biological diversity would be reduced in
some of the world’'s most fragile
environments, such as mangroves and
tropical forests.
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e Climatic and agro-ecological zones would
shift, forcing farmers to adapt, as well as
threatening natural vegetation and fauna.

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

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

e 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 impactassessment.
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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
cropyields.

Table 1. A few examples of the studies carried out to understand the impact of climate

change on crop yield.

Authors Crops Area Climate Data Used | Impact Salient findings
Studied Assessment
Model
Hoden et al., Barley & Ireland Statistical downscaling | DSSAT Simulation Barley yield willincrease,
2003 potato of HADCM3 for BL, model potato yield will decrease
2055 & 2075
Lobell, Wheat, Different 11 climate model Regression model | Impacts of DTR changes on
2007 rice & nations projections with Temp. range yields were generally small;
maize (incl.India) (DTR) &avg. temp | Negative impact of projected
(Tavg) warming of Tavg
Semenoy, Wheat UK UKCIP02-based Crop simulation Relative impact on yield due
2007 scenarios downscaled | model (Sirius) to drought stress is smaller as
using LARS-WG including the effects | wheat matures early in a
weather generator of extreme weather | warmer climate avoiding
events. summer heat and drought
stress.
Wolf & Oijen, Potato Europe Hadley Centre's LPOTCO simulation | Rainfed potato tuber yields
2002 unified model model in the EU slightly decreased
(HADCM2) with temperature rise and
with increasing radiation;
considerably increased with
increasing rainfall and Co,,
and slightly decreased with
increasing O.
Lobell etal., Perennial California Six climate models Statistical models Projected losses range from
2006 Crops with temperature & | 0 to >40% depending on the
precipitation crop and the trajectory of
climate change
Zhang & Liu, Wheat & Loess 3 Emission scenarios | Water Erosion Increases of 15 to 44% for
2005 Maize Plateau of of HadCM3, Prediction Project wheat grain yield, 40 to 58%
China. downscaling by (WEPP) model for maize yield
weather generator
(CLIGEN)
Izaurralde etal. | Soybean, United HadCM2 GCM EPIC agro Yields of irrigated corn and
2003 Comn & Sates ecosystem model wheat increases in both 2030
Wheat and 2095

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
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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
23.3% of the world's farming population. It is 2™
in World's wheatand rice
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Production 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
ata Glance, 2006):

e Low cropyield: 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
Areabeingonly 38.8%)

e \Very low Average Operational Holding
Size of 1.32 ha, which inhibits
technological advancements in
agricultural practices.

e Low Cropping Intensity of around 135.3 %

o 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
the foodgrains rice occupies 1% position with
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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
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,
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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e Indian Agriculture is highly dependent on
monsoon (Net Irrigated Area/ Net Sown
Area beingonly 38.8%)

e Detailed regional projections (RCM) have
not been used.

e No work has considered precipitation
changes and other extreme climate
events.

e Loss of agricultural area due to sea-level
rise has notbeen considered.

e No study on understanding the impact on
agricultural system productivity under
different agro-ecological conditions in
India.

e 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

Soybean

CROPGRO

Combined effect of doubled CO, and
anticipated thermal stress (likely by middle of
the next century) is about 36% increase in yield

Lall et al., 1999

Rice

CERES-Rice

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

Aggarwal & Mall
2002

Wheat

WTGROWS

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

Kalra et al., 2003

Soybean

CROPGRO

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,
concentration was considered.

Mall et al, 2004

Wheat

CropSyst

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

Ray, 2008

scenario

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
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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).
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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
recentdecades (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 withessed 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 etal. 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
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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
ofthe 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
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landward due to erosion at a number of locations
over a combined length of 424 km accounting for
a loss of 93 km’ coastal area while the land
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. peryear.

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
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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
Raoetal. 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-levelrise.

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-
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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
Godavarideltas 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
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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) representthe grids.
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GEOMATICS GATEWAY TO SEA RISE DISASTERS
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Centre of Excellence in Remote sensing
Bharathidasan University, Tiruchirapalli-620021
Email:smrsamy@gmail.com

1. Introduction

The global warming has become a matter of
great concern, as itis 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
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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, Radarimages, SRTM Data etc., and it's
advanced credentials are yet to be capitalized
deservingly in visualizing the various
environmental impacts related to sealevelrise.

2. SLRVisualisation 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
preventive measures and protective
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
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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. TsunamilLessons & 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).

Fig.3 IRS P6 LISS Ill 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
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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).
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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).

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
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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 SLRis a slow process and hence these
measures will be very effective in controlling the
sea waterinundation.
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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
sealevelrise.
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HIMALAYAN GLACIERS
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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
freshis 30-50 kg/m’.Later it becomes firn and the
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
coveri.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 orice caps.
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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
higherin 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, glacierice
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 8°C. A Little ice age has
been recognized during 1650-1850 AD. During
peak of glaciations approximately 47 million km?
area was covered by glaciers, three times more
than the presentice cover of the earth.

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

ISG Newsletter

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



Figure 4: IRS LISS Ill 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.
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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 glacierin
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. Itis 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 sg. 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 Il 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
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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 10C, with high elevation
sites warming the most. This is twice as fast as
the 0.6°C average warming for the mid latitudinal
Northern Hemisphere (20° to 40°N) over the
same time period, and illustrates the high
sensitivity of mountain regions to climate
change. (Shresthaetal., 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
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
risen 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 glacierice 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 were tributary surges.
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 sensingin 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
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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 itis 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 Ill data of 2001
and SOl 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 Ill 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
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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 SOl 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

Full view of Gangotri Glacier

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.

Full view of Gangotri Glacier

TES-LISS-IT SEP 2006
(FCC o Bad 4 3 and 2)

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

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
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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 atits 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.
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Figure 4: Approximatiopn of lowering of glacier surface based on altitude taken
from SOl 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 datais 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
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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 netimpact of global warming.

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



REFERENCES

Bahuguna .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, .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, .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

ISG Newsletter

43

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 Igbal 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)

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



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 reefis
amassive, 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 resultin
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
extinctand 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.
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Trend of Global Temperature Change (Source: Goddard Inst. For Space Studies NASA)
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Corals are stressed when water temperatures winds to mix surface waters and provide relief
are as low as one degree Celsius warmer for a from the strong sun and ultraviolet (UV) rays.
week or more, especially when there are no

)
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Totally Bleached Coral Colonies

At the ecosystem level, post-bleaching periods bleaching, macro-algae proliferate and
are marked by a Phase Shift from a Live Coral overgrow corals to the extent that significant
dominated habitat to Macro-algae dominated proportion of the reef flat area is lost to macro-
one. Within some month’s time in post algae.
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Fleshy macro-algae overgrowing the bleached and degraded corals

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 Mdller, 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.qg.
MODIS, SeaWiFS, Oceansat-1 OCM) have
coarser spatial resolutions. On the other hand
systems like IRS-LISS IV and LISS-IlI, 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
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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 1V),
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.
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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?

P.S.Dhinwa, S.K.Pathan and Ajai
Space Applications Centre (ISRO), Ahmedabad — 380015

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
prevalentin 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
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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
salinity,erosion and sand sheets
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 well 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.

-

F

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

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).

Frost
Shatte

Fig. 2 Frost shattering and frost heaving along Shyok River

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
on the surrounding rocks as at —22° C, ice can
exert a pressure of 3000 kg on an area half a
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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.

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



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.

Severe;

Moderate

Slight

Fig.3 Water erosion along the Nubra River

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
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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

Fig. 4

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
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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
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region in Himachal Pradesh. About 123.4 mha
(37.6%) of the country’s geographical area
consists of the semi-arid region
(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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ALPINE ECOSYSTEM IN RELATION TO CLIMATE CHANGE

C. P. Singh

EFD/AFEG/RESA,
Space Applications Centre, ISRO, Ahmedabad-380015
E-mail: cpsingh@sac.isro.gov.in

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 torise ata
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 4.00
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.
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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
3,735 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 sqg. km by the year
2035. In northwest China, 27% of glacier areas
equivalent 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
(575 ppm CO,) scenarios of Special Report on
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,
concentration and climate warming could also
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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 ONALPINE 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 %
areain 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. OBSERVATIONAL NEEDS AND
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
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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. Itis 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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FROM ISG SECRETARIAT

i) Change of Address of Members

Members are kindly requested to inform us your changed mailing address as well as current email
address to update our database.

ii) Active Chapter of Year Award (2007-08)
Best Chapter Award for the year 2007-2008 is conferred to “ISG — Bhopal Chapter”, Bhopal.
iii) Active Chapter of Year Award (2008-09)

Each chapter Chairman/Secretary is requested to send the applications for this award in the prescribed
format to the President/Secretary, ISG. The prescribed format for this award is available on ISG website.

a) Chapter Reports and Audit Statements

e The chapter Chairman/Secretary are requested to send the report on the activities of the chapter
during FY 2008-2009 for publication in the ISG newsletter.

e All the ISG Chapters are requested to get their accounts audited at the earliest and send them to ISG
HQ to include in the audited report of the Society.

GEOMATICS - 2009
National Conference on “Geomatics and Impact of Climate Change with specific reference to Mountain
Ecosystem”
and Annual Convention of Indian Society of Geomatics

4-6 February, 2009 at Dehradun
Hosted by

Uttarakhand Space Applications Centre, Govt. of Uttarakhand
Pre-Conference Tutorials on “Geomatics in Disaster Management” during February 2-3, 2009 at IIRS, Dehradun

Address for Correspondence:

Dr. M.M. Kimothi, Organising Secretary-Geomatics2009
Director, Uttarakhand Space Applications Centre
H.N.8, Phase-I, Vasant Vihar
Dehradun — 248 001, Uttarakhand
Phone : 0135-2763393/2761006/(0), 9410727461
Email: drmmkimothi @ gmail.com
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ISG FELLOWS

1) Shri Pramod P. Kale, Pune

2) Dr. George Joseph, Ahmedabad
3) Dr. AK.S. Gopalan, Secunderabad
4) Shri A.R. Dasgupta, Gandhinagar
5) Dr. Baldev Sahai, Ahmedabad

6) Dr. Prithvish Nag, Kolkata

ISG — PATRON MEMBERS

P-1 Director, SAC, Space Applications Centre (ISRO), Room No. 3344, Jodhpur
Tekra, Satellite Road, Ahmedabad-380015

P-2 Settlement Commissioner, O/o The Settlement Commissioner & Director of
Land Records-Gujarat, Block No. 13, Floor - 2, Old Sachivalay, Sector-10,
Gandhinagar-382010

P-3 Commissioner, Mumbai Metro. Region Development Authority (MMRDA),
Bandra-Kurla Complex, Bandra East, Mumbai-400051

P-4 Commissioner, Land Records & Settlements Office, MP, Gwalior-474007

P-5 Director General, Centre for Development of Adv.Comp. (C-DAC), Pune
Univercity Campus, Ganesh Khind, Pune-411007

P-6 Chairman, Indian Space Research Organization (ISRO), ISRO HQ., Dept. of
Space, Antariksh Bhavan,, New BEL Road, Bangalore-560231

P-7 Director General, Forest Survey of India, Kaulagarh Road, P.O. IPE, Dehradun-
248195

P-8 Commissioner, Vadodara Municipal Corporation, Vadodara-390001

P-9 Director, Centre for Envir. Planning & Tech. (CEPT), Navarangpura, ,
Ahmedabad-380009

P-10 Managing Director, ESRI India Ltd, NIIT GIS Ltd., 8 Balagi Estate, Sudershan
Munjal Marg,Kalkaji, New Delhi-110019

P-11 Director, Gujarat Water Supply & Sewarage Board (GWSSB), Jalseva bhavan,
2nd floor, Opp. Air Force Station, Sector - 10 A,, Gandhinagar-382010

P-12 Director, National Atlas & Thematic Mapping Organization, NATMO, Salt Lake,
Kolkata-700064

P-13 Director of Operations & GIS Servises, Genesys International Corporation Ltd.,
73-A, SDF lll, SEEPZ, Andheri(E), Mumbai-400096

P-14 Managing Director, Speck Systems Ltd., B-49 Elecronic Complex, Kushaiguda,
ECIL Post, Hyderabad-500062

P-15 Director, Institute of Remote Sensing (IRS), Anna University, Sardar Patel
Road, Chennai-600025

P-16 Managing Director, Tri-Geo Image Systems Ltd., 813 Nagarjuna Hills,
PunjaGutta, , Hyderabad-500082

P-17 Managing Director, Scanpoint Graphics Ltd., B/h Town Hall, Ashram Road,
Ahmedabad-380006

P-18 Secretary General, Inst. for Sustainable Development Res. Studies (ISDRS), 7
Manav Ashram Colony, Gopalpura Mod,, Tonk Road, Jaipur-302018

P-19 Commandant, Defence Inst. for GeoSpatial Info. & Training (DIGIT), Near Army
HQs Camp, Rao Tula Ram Marg, Delhi Cantt, New Delhi-110010
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P-20 Vice President, Rolta (India) Ltd., Rolta Bhavan, 22nd Street, MIDC - Marol,
Andheri (E), Mumbai-400093

P-21 Director, National Remote Sensing Centre (NRSC), Govt. of India, Dept. of
Space, Balanagar, Hyderabad-500625

pP-22 Managing Director, ERDAS INDIA Pvt. Ltd., Plot No. 7, Type - |,, | E
Kukatpally,, Hyderabad-500072

P-23 Senior Manager, Library & Documentation Centre, Larsen & Toubro Ltd., ECC
Constr. Gp., PB No. 979, Mt. Poonamalee Rd,, Chennai-600089

P-24 Director, North Eastern-Space Appli. Centre (NE-SAC), Dept. of Space, Govt. of
India, Umiam, Shillong-793103

P-25 Programme Coordinator, Centre for Development of Adv.Comp. (C-DAC), Pune
University Campus, , Pune-411007

P-26 Chief Executive, Jishnu Ocean Technologies, PL-6A, Bldg. No. 6/15, Sector-1,
Khanda Colony, New Panvel (W), Navi Mumbai-410206

New ISG Members during September 2007 — December 2008

LIFE MEMBERS

Ms. G. Mary Divya Plot No. 52, Door No. :10, 2nd Street, Astalakshmi L-994

Suganya Nagar, Alapakam, Chennai-600116

Shri B. Veeranna G-2, Surabhi Heaven Apts., A-1, D.D Colony, O.U. L-995
Road, Hyderabad-500007

Shri Maneesh Tiwari B-04, Shivalik, Near Aurbindo College, New Delhi- L-996
110017

Dr. Swati Jain W/o. B.K. Babel, D-2, Kiosk M.P.S.E.B Coloney, L-997
B/h.Old Collector Bunglow, Ujjain-456010

Shri Ruchin Agrawal "SAlI ASHIRWAAD", Kapoorthala, Lakhimpur, Kheri- | L-998
262701

Ms. Akanksha Patil 35, Vaishali Nagar, Kotra Sultana Bad, Bhopal- L-999
462003

Shri Manoj K. Jain MIG B-10, Bima Kunj Parisar, Kolar Road, Bhopal- L-1000
462042

Shri Kuntala Bhusan Scientist, North Eastern-Space Appli. Centre (NE- L-1001
SAC), Govt. of India, Dept. of Space, Umiam,
Shillong-793103

Shri T.S. Badrinarayanan Consultant Geoscientist, B2 Geo Tech Services, 97, L-1002
Agraharah Street, Kollidah, Sirkali Taluk, Nagai-
609102

Shri Ashwini Garg Raghav-Niwas, Ajmer Road, Madanganj-Kishangarh, | L-1003
Ajmer-305801

Shri Ali Mohammed Qaid # 355, 1st Floor, 9th Cross, Siddiquenagar, L-1004
Bannimantap, Mysore-570015

Dr. Pravakar Mishra Scientist-D, ICMAN-PD, NIOT Campus, Pallikaranai, | L-1005
Chennai-600100

Shri Jagan Suram A-9, Sanchay Society, Remote Sensing Instruments, | L-1006

Near Inductotherm Factory, Bopal, Ahmedabad-
380058
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Development, Flat-4B, (MIG-46-A 900 4B), Heritage
Arcade, Opp. State TB Centre, Sanjeeva Reddy
Nagar Colony, Hyderabad-500030

Shri K.P.R. Menon Head, Academic & Private, National Remote Sensing | L-1007
Centre (NRSC), Govt. of India, Dept. of Space,
Balanagar, Hyderabad-500625

Shri K.S. Raghavendra No. 7, Anjana Towers, Balaji Hills, Visakhapatnam- L-1008
530013

Shri Peeyush Gupta C/o. Shri R.P. Gupta, Dr. S.C. Tiwari Road, Nr. Shiv L-1009
Temple, Sahadatpura, Nai Basti, Mau-275101

Shri Siddharth P. Mehta 104/A, Rudraksh Appt., Pritamnagar Society, Ellis L-1010
Bridge, Ahmedabad-380006

Shri Peerzada Tanveer Baghwanpora, Lal Bazar, Srinagar-190011 L-1011

Ahmad Qadri

Shri Reyaz Ahmad Dar Hari Gam, Sopore, Baramulla-193201 L-1012

Shri G. Jagadeswara Rao Flat No. 54, Kirpal Apartments, Plot no. 44, L-1013
Patparganj, I.P. Extension, Delhi-110092

Ms. Asifa Rashid C-6, Govt. Flats, Silk Factory Road, Nr. Petrol Pump, | L-1014
Srinagar-190011

Ms. Ambrin Rahim C/o. Dr. Syed Abdul Rahim, House no. 11-A,, Brain L-1015
Nishat, Kralsargri, Srinagar-191121

Shri Irfan Rashid C/o. Post Box No. 757, G.P.O. Srinagar, , Srinagar- L-1016
190001

Shri Pradyumna S. Joshi 437, A/2, Anish Prasad Apartments, Flat No. 10, L-1017
Bhat Lane, Narayan Peth, Pune-411030

Shri Mudit D. Mankad Teaching Faculty, University of Pune, Department of | L-1018
Geography, Ganeshkhind, Pune-411007

Dr. Anand N. Akmanchi Lecturer in Geoinformatics, University of Pune, L-1019
Department of Geography, Ganeshkhind, Pune-
411007

Ms. Mousumi Gupta C/o. Dr. Amlan Gupta, Central Referral Hospital, L-1020
SMIMS, 5th Mile, Tadong, Gangtok-737102

Dr. Ramana K.V. Scientist "SF", National Remote Sensing Centre L-1021
(NRSC), Agri Div., LRG, RS&GIS-AA, Balanagar,
Hyderabad-500625

Dr. G. Jayasree Plot no. 10, H.No. 3-4-103/1/A, Radhakrishnanagar, L-1022
Attapur, Hyderabad-500048

Prof. A.R. Yousuf H.O.D., University of Kashmir, Department of L-1023
Environmental science, Hazaratbal, Srinagar-190006

Dr. Tasneem Ken Scientific Assistant, Directorate of Environment & L-1024
Remote Sensing, Bemina, , Srinagar-190010

Shri Gurcharan Singh MMO, Directorate of Environment & Ecology, L-1025
Bemina, , Srinagar-190018

Dr. S. Farooq Reader in Geology, Aligarh Muslim University, L-1026
Department of Geology, , Aligarh-202002

Shri Akhtar Alam Lab. Assistant, University of Kashmir, Dept. of L-1027
Geography & Regional Development, Hazaratbal,
Srinagar-190006

Dr. V. Madhava Rao Head (C-GARD), National Institute of Rural L-1028
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Dr. N.S.R. Prasad Q.No. C-37, NIRD Campus, Rajendranagar, L-1029
Hyderabad-500030

Shri T. Phanindra Kumar 1-9-639, Street no. 8, Vidyanagar, Hyderabad- L-1030
500044

Ms. Syed Binish Gillani C/o. Syed Showkat Hussain Gillani, Post Box no. L-1031
814, G.P.O., Srinagar-190001

Shri Dil Sukh Jain 3B, Jains Anand, 7-1-216/A/2, Ameerpet, L-1032
Hyderabad-500016

Dr. Alpana Shukla "ASHISH", 14, Shreenivas Society, New L-1033
Shardamandir Road, Paldi, Ahmedabad-380007

Shri Kishorkumar P. Scientist/Engineer, Space Applications Centre L-1034

Bharucha (ISRO), OSD/EOSG/SEDA (Room No. 4352),
Jodhpur Tekra, Satellite Road, Ahmedabad-380015

Shri Humaira Qadri C/o. G.M. Qadri, Nageen, Hazartbal, Srinagar- L-1035
190006

Shri Altaf Hussain C/o. A6, Samad Ahangar, Rangar Kocha, Safa - L-1036
kadal, Srinagar-190002

Dr. Sudip Dey Lecturer, Tripura University, Dept. of Geography & L-1037
Disaster Management, Suryamaninagar (via
Agartala), Tripura (W)-799130

Shri T. Gangadhar Rao Plot No : 7, Type - I, |.E. Kukatpally, Hyderabad- L-1038
500072

Shri Nishad Narayanan Nellipparambil, Nenmanikkara, Pudukkad P.O., L-1039
Thrissur-680301

Shri Sita Ram Bishnoi S/o. Shri Sher Singh Bishnoi, Village & PO. L-1040
Kalirawan, The. -Mandi Adampur, Hissar-125052

Shri Zahoor Ahmad Chat 110-C, Lane - 2, Bushah Colony, Sanat Nagar, L-1041
Srinagar-

Mrinal Deka GIS Executive, Dishnet Wireless Limited, Yogesh L-1042
Enterprise, 2nd Floor, DGC cross roads, Police
Bazar, Shillong-793001

Dr. H. Nagaraj Reader in Geography, University of Mysore, Dept. of | L-1043
Studies in Geography, Manasagangotri, Mysore-
570006

Dr. Asima Nasarath Reader, University of Mysore, Dept. of Studies in L-1044
Geography, Manasagangotri, Mysore-570006

Dr. Chandrashekara B. Reader, University of Mysore, Dept. of Studies in L-1045
Geography, Manasagangotri, Mysore-570006

Dr. Subash S. Reader, University of Mysore, Dept. of Studies in L-1046

Sannashiddannanavar Geography, Manasagangotri, Mysore-570006

Shri Adel Hamood Lutf Naji | No. 164, 2nd Cross, Bannimantap "B" Layout, L-1047
Mysore-

Shri K.B. Kariyappa Group Geologist (KPC Ltd, BTPS), Kudathini L-1048
Karnataka Power Corporation Limited, Bellar
Thermal Power Station, , -583152

Shri Girish Karhardkar D\12, Kalindi Appt., Pashbhai Park, Race L-1049
cource(South), Vadodara-390007

Shri Bhagyam 101, Anand Plaza Appt., R.V.Desai Road,, L-1050

Anantharaman

Vadodara-390001
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Ms. Neelima 101, Anand Plaza Appt., R.V.Desai Road,, L-1051

Anantharaman Vadodara-390001

Ms. Kirti Chandarana E/4, Officer Colony, Alkapuri, Vadodara-390005 L-1052

Prof. D.L. Shah The M.S.University of Baroda, Faculty of Technology | L-1053
& Engineering, Applied Mechanics Dept.,
Kalabhavan, Vadodara-390009

Dr. Nagesh Chirumalli The M.S.University of Baroda, Faculty of Science, L-1054
Dept. of Botany, Vadodara-390002

Dr. Vinay Raole The M.S.University of Baroda, Faculty of Science, L-1055
Dept. of Botany, Vadodara-390002

Dr. Dharmendra Shah The M.S.University of Baroda, Faculty of Science, L-1056
Dept. of Botany, Vadodara-390002

Dr. Kishor Gandhi A/6, Govt. Colony,, Natubhai Center, Gotri Road, L-1057
Vadodara-

Shri Raghuvir Jadeja B-10, Forest Society, B/h. Yash Complex, GERI L-1058
Road, Gotri, Vadodara-390021

Shri Prashant Shrivastava N.V.Patel College of Pure and Applied Science, L-1059
Dept. of Bioscienceand Envi. Science, V.V.Nagar,
Anand-

Shri Rana Mukhopadhyay Infonet System, 203, Apte Appt., Raopura, L-1060
Vadodara-390001

Shri V.D Pathak Vitthal Mandir, Radhakrishna's Pole, Palace Road, L-1061
Vadodara-390001

Ms. V. Vidya Priya Junior Research Fellow, Anna University, Institute of | L-1062
Remote Sensing, , Chennai-600025

Shri Prashant Kumar Jha Directorate General of Hydrocarbons, , C-139, Sector | L-1063
- 63, Noida-201301

Dr. Tarun Pratap Singh Associate Professor, Symbiosis Institute of L-1064
Geoinformatics, 2nd Floor, SIMS Campus, Range
Hill Corner, Kirkee, Pune-411020

Shri I. Prabu Flat No. 27, Building No. 15, Shraddha Garden, L-1065
Chinchwad, Pune-411033

Shri C. Biju Member Technical Staff, C-DAC, GSDG, 6th Floor, L-1066
Above Tata Croma, NSG IT park, S.No. 127/2B/2A,
Sarjaa Hotel Lane, Pune-411007

Ms. Upasana Dutta Memebr Technical Staff (E-Il), C-DAC, GSDG, 6th L-1067
Floor, Above Tata Croma, NSG IT park, Sarjaa Hotel
Lane, Aundh, Pune-411007

Shri Yogesh Singh Project Leader, C-DAC, GSDG, 6th Floor, Above L-1068
Tata Croma, NSG IT park, Sarjaa Hotel Lane,
Aundh, Pune-411007

Shri Pinak Ranade A-20, Fifth Floor, Yash Classic, Nr. Lenyadri Society, | L-1069
SUS Road, Pashan, Pune-411021

Dr. Manish P. Kale Project Leader (R&D), C-DAC, GSDG, 6th Floor, L-1070
Above Tata Croma, NSG IT park, Sarjaa Hotel Lane,
Aundh, Pune-411021

Shri Bishwarup Banerjee MTS, C-DAC, GSDG, 6th Floor, Above Tata Croma, L-1071

NSG IT park, Sarjaa Hotel Lane, Aundh, Pune-
411021
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T2, Sai Venketeswara Enclave,, New
Gaddiannavaram, Patel Nagar, Hyderabad-500060

Shri Nirav Rajeshbhai 2, Jay Bhavani Society, Nr. Malav Talav, Jivraj Park L-1072
Gohil road, Jivarajpark, Ahmedabad-380051
Ms. Shruti Rashmikant 6, Neela Appts.,, Near Bhagyodaya Society, L-1073
Sheth Jivrajpark, Ahmedabad-380051
Shri M. Arul Raj Scientist/Engineer, National Remote Sensing Centre | L-1074
(NRSC), Geoinformatics Div., USGIG, RS&GIS,
Balanagar, Hyderabad-500625
Shri Dipen Atulkumar Shah | 13, Sona Sweet Home, New C.G. Road, L-1075
Chandkheda, Ahmedabad-380202
Shri Kamireddy Director General, A.P. State R.S. Applications Centre | L-1076
Mruthyunjaya Reddy (APSRAC), DES Campus, 2nd Floor, Khairatabad,
Hyderabad-500004
Dr. S.V.B. Director, A.P. State R.S. Applications Centre L-1077
Krishnabhagavan (APSRAC), DES Campus, 2nd Floor, Khairatabad,
Hyderabad-500004
Shri D.V.J. Sastry Joint Director, APSRAC, , H.No. : 7-87, Scientists L-1078
Colony, Habsiguda, Hyderabad-500004
Dr. A.V. Subba Rao Joint Director, APSRAC, A.P. State R.S. Applications | L-1079
Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Dr. V. Raghu Joint Director, APSRAC, A.P. State R.S. Applications | L-1080
Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Shri S.V. Raghava Reddy Joint Director, APSRAC, A.P. State R.S. Applications | L-1081
Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Dr. T. Narendra Babu Sr. Scientific Officer, APSRAC, A.P. State R.S. L-1082
Applications Centre (APSRAC), DES Campus, 2nd
Floor, Khairatabad, Hyderabad-500004
Shri Moida Venkata Joint Director, APSRAC, A.P. State R.S. Applications | L-1083
Ramana Murty Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Shri Akella Nageswara Rao | Joint Director, APSRAC, , Flat No. -106, BNR Apts., L-1084
B-Block, Upperpalli, Rajendranagar, Hydergnda
Post, Hyderabad-500048
Shri G. Prasada Rao Joint Director, APSRAC, , F-201, Siri's Sairam L-1085
Estate, H.No. 8-3-165/1/B/9/ 1, B/h. Gokul
Theatre, Erragadda, Hyderabad-500018
Shri V.V.R.M. Narayana Joint Director, APSRAC, A.P. State R.S. Applications | L-1086
Rao Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Shri D.V. Ramana Murthy Joint Director, APSRAC, A.P. State R.S. Applications | L-1087
Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004
Shri G. Mehar Baba Sr. Scientific Officer, APSRAC, A.P. State R.S. L-1088
Applications Centre (APSRAC), DES Campus, 2nd
Floor, Khairatabad, Hyderabad-500004
Shri K.V.V. Ramesh Joint Director, APSRAC, , H.No. 10-35/14, Flat No. L-1089
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Dr. Yenduru Ramesh Joint Director, APSRAC, A.P. State R.S. Applications | L-1090
Centre (APSRAC), DES Campus, 2nd Floor,
Khairatabad, Hyderabad-500004

Shri C.V.S. Sandilya Joint Director, APSRAC, , 6-3-563/22/ 1, L-1091
Erramanzil, Samajiguda, Hyderabad-500082

Shri A. Satya Harish Scientific Assistant, APSRAC, A.P. State R.S. L-1092
Applications Centre (APSRAC), DES Campus, 2nd
Floor, Khairatabad, Hyderabad-500004

Shri P. Sreenivasa Satya Scientific Assistant, APSRAC, A.P. State R.S. L-1093

Murty Applications Centre (APSRAC), DES Campus, 2nd
Floor, Opp. GHMC Circle-IV, Khairatabad,
Hyderabad-500004

Shri S. Balakrishna Scientific Assistant, APSRAC, A.P. State R.S. L-1094
Applications Centre (APSRAC), DES Campus, 2nd
Floor, Opp. GHMC Circle-IV, Khairatabad,
Hyderabad-500004

Shri Adrijit Basu IT Engineer, CMC Ltd., , 20-A, Ram Ratan Bose L-1095
Lane, Shyambazar, Kolkata-700004

Shri Anil Kumar Sariar Partner, Shamuwi Consultant, , V-7, Vidayapuri, L-1096
Kankar Bag, Patna-800020

Dr. Atul Aditya Pandey Sr. Lecturer, Patna University, Department of L-1097
Geology, , Patna-800005

Mr. Prashant Kumar C/o. Bir Bahadur Sinha, , Amode Niketan, Khabra L-1098
Road, Muzaffarpur-

Mr. P. Srinibas Rao F.No. 303, Shivanil Appt., Kasturaba Path, Boring L-1099
Road, Patna-800013

Mr. Rahul Kumar S/o. Shri Ashwant Kumar, , Lalgi Tola, Post - G.P.O., | L-1100
Patna-800001

Mr. Chandra Shekhar S/o. Baijnath Singh, , Village - Buddhuchak, P.O. L-1101

Kumar Fatuha, Patna-803201

Mr. Md. Surabuddin Nazrulnagar (Unsani Dakshin Para), H.M.C. Ward L-1102

Mondal No. 46, P.O. Unsani, Howrah-711302

Mr. Kaushik Jayantilal "SWAYAM", 43, Trivenipark, 'AUDA' Staff Society, L-1103

Gajjar Nr. Surdhara Circle, Thaltej, Ahmedabad-380054

Mr. Vivek Dey C/o. Sadanand Dey, , Room - 532, P.G. Hostel, Nr. L-1104
S.S.K.M. Hospital, 242 A.J.C. Bose Rd., Kolkata-
700020

Mr. Rakesh Kaur B-601, Plot No. 21, Divya Cooperative Group L-1105
Housing Society, Sector-10, Dwarka, New Delhi-
110075

Mr. S.K. Parihar B/h. Radio Station, Paota C-ll Road, Jodhpur-342001 | L-1106

Mr. Neeraj Saini B-80, Malviya Nagar, , Alwar- L-1107

Mr. Amit Kumar Sharma Plot No. 52/58, Sector-5, Pratap Nagar, Sanganer, L-1108
Jaipur-30

Mr. Deepak Joshi S/o. Mr. Natwar Lal Joshi, , Kamdaron Ka Mohalla,, L-1109
Joshi Street, Kuchaman city, Nagour-341508

Ms. Deepika Acharya Plot No. 16, Bhooth Nath Bhawan, Alakh Nanda L-1110
Colony, B/h. M.P.S., Ajmer-305004

Mr. Madan Lal C/o. Mr. Natwarl Lal Joshi, , Kamdaron Ka Mohalla,, L-1111
Joshi Street, Kuchaman City, Nagour-341508
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Mr. Nitesh Kilania H.No. 524, HaribhauUpdhaya Nagar, Extension L-1112
Pushkar Road, Ajmer-305001

Mr. Rajeev S/o. Shri Mani Ram, , 128, New Anaj Mandi, , Sirsa- L-1113
125055

Ms. Vinita Bana H.No. 97/33,, Shiv Nagar Topdhara, Ajmer-305001 L-1114

Ms. Vineeta Sharma 490/K/5/D-22, New Kesri Colony, Balupura Road, L-1115
Adarshnagar, Ajmer-305008

Mr. Yunus Saleem S/o. Hasan Ali, Nr. Idgah, Vill.+Post Soorwal, Sawai L-1116
Madhopur-322027

Mr. Ghanshyam S/o. Shri Pancham Lal, , New Colony Nimaj, Teh. L-1117
Jaitaran, Pali-306303

Ms. Richa Kaushal 1-A-34, New Housing Board, Nr. S.T.C. (Panchwati), | L-1118
Bharatpur-321001

Mr. Mahadev S/o. Hansraj, , V.P.O. 54, L.N.P., , Padampur- L-1119
335061

Ms. Babita D-121 - llI-A, Khelri Nagar, Copper Complex, L-1120
Jhunjhunu-333504

Mr. Ajay Singh 4/29, Saket Nagar, Housing Board, Beawar-305901 L-1121

Mr. Balveer Singh Rathore | C/o. Gambhir Singh Rathore, , Village-Nokha L-1122
Chandawata,, Via - Gotan, Nagour-

Mr. Richpal Singh M.D.S. University, , , Ajmer-305009 L-1123

Ms. Shikha Jhanwar 82, Rastogi House, Street No. 2, Nagina Bagh, L-1124
Ajmer-305001

Mr. Saurabh Sharma C/o. Shri Antaram Sharma, , Ayodhya Kunj Colony, L-1125
Saipau Road, Dholpur-382001

Ms. Khushboo Chouhan D/o. Shri Mohan lal Chouhan, , H.No. : 969/29, L-1126
Chouhano Ka Kua, Dhola Bhata, Ajmer-305001

Ms. Khushbu Rawat D/o. Shri Suresh Singh, , H. No. : 427, Adarsh Nagar | L-1127
Railway Station, Vigyan Nagar, Street No. 5, Ajmer-
305006

Mr. Suresh Chandra H. No. : 827A/24, Opp. Vaishnav Hostal, Subhash L-1128
Nagar, Khanpura Road, Ajmer-305003

Mr. Shyo Ratan Pareek S/o. Shri Tulchha Ram Pareek, , V.P.O. Manderpura, | L-1129
Teh.-Nohar, Hanumangarh-335523

Mr. Aakash Saini S/o. Shri Nalin Kant Saini, , Opp. Param Hans L-1130
Aashram, Hospital Road, Sawai Madhopur-322021

Mr. Ram Kishor Kumawat S/o. Shri Jagdish Kumawat, , J.P. Builders & Suppl., L-1131
Bass Ka Teeba, Post-Niwana, Via-Etawa Bhopji,
Teh.-Chom, Jaipur-303804

Mr. Amit Yadav S/o. Shri Shivdutt Yadav, , Kaliya Para, Bari, L-1132
Dholpur-328021

Mr. Sunil Hotchandani Plot No. 576, Haribhau Upadhayay Nagar L-1133
(Extension), Pushkar Road, Ajmer-305004

Mr. Kripal Singh S/o. Shri Mahavir Singh, , Q.No. F-48 - |.D., Khetri L-1134
Nagar, Jhunjhunu-333504

Mr. Rajesh Kumar Dhinwa C/o. Shri Satyendra Singh, , Village - Sautholi L-1135
(Dhinwa ki Dhani), Post - Titanwer, Jhunjhunu-
333012

Ms. Megha Sharma D/o. Shri Rakesh Sharma, , 24, Gyan Vihar, B.K. L-1136

kaul Nagar, Pushkar Road, Ajmer-305004
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Mr. Manoj Kumar Pachar S/o. Shri Norang Singh Pachar, , C/o. Hemkirana L-1137
and General Store, Nr. Subalpura Power House,
Fathepur Rd., Sikar-332001

Mr. Dinesh Chand Saini S/o. Shri Kishori Lal Saini, , VIP. Rashidpur (Rawat L-1138
Mohalla), Teh.-Mahwa, Dausa-321613

Ms. Sulochana Pareek D/o. Shri Gheesa Lal Pareek, , V.P.O. Hastera, VIA - | L-1139
Govindgarh, Teh.-Chomu, Jaipur-303712

Ms. Sunita D-121-1lIl A, Khetri Copper Complex, Khetri Nagar, L-1140
Jhunjhunu-333504

Ms. Kirti Yadav C/o. Shri Jagdish Prasad Yadav, , H.No. : 221/A, Nr. | L-1141
Raja Koti, Gulab Bari, Ajmer-305001

Dr. Varun Joshi G.B. Pant Institute of Himalayan Environment & L-1142
Development, Sikkim Unit, P.B. No. 24, Gangtok-
737101

Mr. Anand N. Khobragade | 66, Empress Mill Qtrs., Bezon Baug, Nagpur-440004 | L-1143

Dr. Markand P. Oza Scientist/Engineer, Space Applications Centre L-1144

(ISRO), CMD/AFEG/RESA (Room No. 4331),
Jodhpur Tekra, Satellite Road, Ahmedabad-380015
Dr.(Ms.) Abha Chhabra Scientist/Engineer, Space Applications Centre L-1145
(ISRO), AMD/AFEG/RESA (Room No. 4007),
Jodhpur Tekra, Satellite Road, Ahmedabad-380015

Dr. K. Nageswara Rao D.No. 4-51-6, Lawsons's Bay Colony, L-1146
Visakhapatnam-530017
Mr. Vijay Singh GIS Executive, Action for Food Production (AFPRO), | L-1147

25/1A, Institutional Area, D-Block, Pankha Road,
Janakpuri, New Delhi-110058

New ISG Members during September 2007 — December 2008

ANNUAL MEMBERS

Shri Rupanjan Saha C/o. Rabindra KR. Saha, Narkelbagan, Nr. Durga A-87
Puja Bedi, P.O. Chinsurah, Hooghly-712101

Shri N. Muniappan # 509/5, Muthu Govndar Kottai, Erranahallii (PO), A-88
Palacode (TK), Dharmapuri-636808

Shri Nissar Ahmad Cartographer, University of Kashmir, Dept. of A-89

Kuchay Geography & Regional Development, Hazartbal,
Srinagar-190006

Shri Jaydev J Dodiya Ram Nagar Colony, Sugar Factory, Kodinar, A-90
Junagadh-362725

Shri Rapaka Haresha 27, Nalini Park,, B/h. Shreyas School, Manjalpur, A-91
Vadodara-390014

Ms. Rashmi Rekha B/7, Vaibhav Bunglows,, Tel Party Plot, Vasna Road, | A-92

Mahapatra Vadodara-390007

Shri Chirag Jethi D/3, Nikunj Appt., Opp. Krishan Cinema, Siddhnath A-93
Road, Khanderao Market, Vadodara-390001

Ms. Jignasha Bhatt 58-A,Akshardham Society, Nr. Avishkar Society, A-94
Harni road, Vadodara-390022
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Ms. Aparna Maharoul 503, Dharmendra Appt., ,Lakdi Pul,Dandia Bazar, A-95
Vadodara-390001

Ms. Amee Shukla 34-C,Swati Society, New Sama Road, Vadodara- A-96
390002

Ms. Kembhavi A-402,Akhilesh Appt., B\h Rameshwara Temple, A-97

Akanksha Shubhan pura, Vadodara-390023

Ms. Nalini Shankar B-705, Indraprashth Appt., Ellors Park, Opp. INOX, A-98
Race Cource Road, Vadodara-390007

Ms. Susan Aranha 16\2-11, Bhawani Nagar, Andheri-East, Mard A-99

Renita Maroshi Road, Mumbai-400059

Shri Hiren C Soni Wadi, Opp. Sanidev Temple, Above Hemal Provision | A-100
Store, Vadodara-390017

Ms. Bhamini Nayak 8, Manish Society, Opp. Jaydeep Society, B\H A-101

Sharad Kanya Vidhyalaya, Vishwamitri Road,
Vadodara-390011

Ms. Hiral Buch 2, Bhogilal Park Society, R.V. Desai Road, A-102
Vadodara-390001

Ms. Neha Singh 46, Radha Nagar, B/h. Swati Society, New Sama A-103
Road, Vadodara-390008

Ms. Ankita Nalinbhai B\81, Amit Nagar Society, VIP Road, Kareli baug, A-104

Parikh Vadodara-

Ms. Bhumika Shinde 88, Maheshwar Nagar Society, Subhan pura, A-105
Vadodara-390023

Ms. Nipa A. Desai C-60, Bhavanapark Society, Nr. Bright Day School, A-106
V.I.P Road, Vadodara-390018

Shri Mumukshu Trivedi | A-62, Bhaktinagar society, Nr. New Era School, A-107
Makarpura Road, Vadodara-

Ms. Hiral Goel 25, Rajnagar, Near Shilpi Society,, B/h. Arunachal A-108
Society, Subhanpura, Vadodara-390023

Ms. Fora Shrotriya 22, Jay Gayatri Nagar, V.I.P. Road, Nr. Amit Nagar A-109

Circle, Vadodara-
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INDIAN SOCIETY OF GEOMATICS (ISG) oy e
(www.isgindia.org) 1:? 2
E -

MEMBERSHIP APPLICATION FORM

To:  The Secretary Indian Society of Geomatics
Building No. 40, Room No. 34,
Space Applications Centre (SAC) Campus
Jodhpur Tekra, Ambawadi PO, AHMEDABAD - 380 015

Sir,
I want to become a Life Member/ Sustaining Member/ Patron Member/Annual Member of
the Indian Society of Geomatics, Ahmedabad from ------------ Month of --------- year.

Membership fee of Rs./US$ /- 1s being sent to you by Cash/ DD/ Cheque (In case of
DD/ Cheque: No. , drawn on Bank
payable at Ahmedabad. For outstation cheques add clearing charges Rs 65.00/US$ 10.00). 1
agree to abide by the constitution of the Society.

Date:
Place: Signature
1. Name: (Dr/ Mr/ Mrs/ Ms)
2. Address:
PIN:

Phone: Fax: Email:
3. Date of Birth:
4, Sex (Male/Female):
5. Qualification:
6. Specialisation:
7. Designation:
8. Membership in other Societies:
9. Mailing Address:

PIN:
Proposed by:
(Member’s Name and No) Signature of Proposer
For Office Use
ISG Membership No: ISG- -
Receipt No.: Date:

ISG Newsletter 69 Volume 14, No. 1-4, December, 2008



MEMBERSHIP SUBSCRIPTION
Sr. Membership Admission Fee Annual
No. Category Subscription
Rs. (Indian) | US $ (Foreign) Rs. (Indian)
1. Annual Member 10.00 200.00
Life Member
Admitted before 45
years of age 1000.00 250.00
b) Admitted after 45
years of age 750.00 200.00
3. Sustaining Member --- — 2000.00
4, Patron Member 15000.00 2500.00 —
5. Student Member 10.00 - 50.00
MEMBERSHIP GUIDELINES

1. Subscription for Life Membership is also accepted in two equal instalments payable within duration of
three months, if so desired by the applicant. In such a case, please specify that payment will be in
instalments and also the probable date for the second instalment (within three months of the first
instalment).

2. A Member of the Society should countersign application of membership.

3. Subscription in DD or Cheques should be made out in the name of ‘INDIAN SOCIETY OF
GEOMATICS’ and payable at Ahmedabad.

4. Outstation cheques must include bank-clearing charges of Rs. 65.00/US$ 10.00.

5. For further details, contact Secretary, Indian Society of Geomatics at the address given above.

6. Financil year of the society is from April 1 to March 31.

7. 1ISG has chapters already established at the following places: Ahmedabad, Ajmer, Chennai, Hyderabad,
Indore, Mangalore, Mumbai, New Delhi, Pune, Tiruchirappalli and Vadodara. Applicants for

membership have the option to contact Secretary/Chairman of the local chapter for enrolment. Details can
be found at the website of the society: www.isgindia.org

8. Journal of the society will be sent only to Patron Members, Sustaining Members and Life Members.
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