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The Third National Research Conference on Climate
Change was held at Indian Institute of Science (IISc)
Bangalore on November 3-4, 2012. Over 250

researchers and scientists attended the conference
organized by IISc Bangalore, IIT Delhi, IIT Madras and
Centre for Science and Environment. Of the attendees,
over 90 scientists presented papers and posters on their
ongoing research.

The talks were broadly divided into four categories: climate
science/impacts, mitigation, adaptation and climate policy
and politics. The conference saw a range of different kinds
of poster presentations and talks under each category.
Under science/impacts, the dominant themes were
modeling, ongoing research, monsoon and glaciers. 

Those under mitigation covered forest and renewable
sectors, greenhouse gas measurements, heat stress in
metropolitan cities, emissions reduction measures in the
cement industry and future of electricity storage systems
in India.  

Adaptation saw an equally broad range of presentations.
Topics spanned agenda for research in adaptation,
marine system sustainability, vulnerability and
adaptation practices in Himalayas, impact in coastal
areas and vulnerability indicators for agriculture, water
and forest sectors. Participants from South Asia actively

participated and presented case studies from Bangladesh
and Sri Lanka — how information and communication
technology was helping people adapt in Bangladesh and
how traditional water management practices of Sri Lanka
offers insight into how water should be managed
sustainably. 

Presentations on climate politics and policy included
topics such as climate financing and climate policy, 
state action plans on adaptation, international
negotiations on climate change and an evaluation of
India’s climate policies.

The ICRN website (www.icrn.in) was launched at the
conference. The website, that boasts of over 200
members, generated a lot of engaging discussion on how
to take it forward so that researchers can stay connected
to each other.

The conference, third in the series of such conferences,
was successful and participants exchanged notes with
each other. A lot of the younger researchers got feedback
on their work from senior Indian scientists. 

Everyone also agreed that there is still a long way to 
go for Indian science to make a more powerful impact.
They also agreed that initiatives such as ICRN would
bring them closer to realizing that. 
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The Third National Research Conference, organized
by Divecha Centre for Climate Change, Indian
Institute of Science, Indian Institute of Technology

Delhi, Indian Institute of Technology Madras and Centre
for Science and Environment, was held at IISc Bangalore
on November 3-4, 2012. 

Over 90 researchers/scientists from all over South Asia
presented talks and posters on their ongoing research
areas. Of the 90, 25 were India’s top senior scientists
affiliated to reputed research institutions such as
Indian Institute of Tropical Meteorology, Pune, National
Aerospace Laboratories, Bangalore, National Remote
Sensing Centre, Hyderabad, Indian Institute of
Technology, Gandhinagar, Indian Institute of
Technology, Mumbai, Physical Research Laboratory,
Ahmedabad, Tata Institute of Social Sciences, Mumbai,
Indian Institute of Management, Bangalore, and
Central Research Institute for Dryland Agriculture,
Hyderabad, among several others. The others included
PhD students from different universities and
institutions such as Delhi University, Jawaharlal Nehru
University, Centre for Environmental Planning and
Technology, Benares Hindu University, Ashoka Trust for
Research in Ecology and Environment, Indian Institute
of Forest Management, Central University of Tamil
Nadu and Ravenshaw University, Cuttack, among many
others. (For detailed list of presenters with their
affiliations see Annexure I). 

The talks were broadly divided into four themes: 
climate science/impacts, mitigation, adaptation and
climate politics/policy, which ran simultaneously in
parallel sessions in the morning and the afternoon over
two days. 

There were 18 presentations on climate science/impacts,
nine presentations on climate change mitigation, 20
presentations in climate change adaptation and six
presentations in the climate politics/policy sessions. In
addition to these, 17 posters were presented in the
science/impacts category, 13 in mitigation category and
eight in the adaptation and policy/politics category. Three
awards were also given to junior scholars in the three
poster categories. (For detailed list of presentations see
‘Agenda’ in Annexure II). 

2.1 Goals of the conference

The conference was the third in the series of such
conferences. The first conference was organized in March
2010 and the second conference was held in November
2011. The aim of the series of conferences is to enhance
capacity for climate research and action in India by: 
a. Developing an arena for promoting interaction

among researchers, analysts and practitioners from
across the country

b. Enhancing understanding of the current state of
activities and research capabilities in the country and
thereby identifying key lacunae

c. Deepening and broadening engagement on the
climate issue with a particular focus on smaller
academic institutions, NGOs and younger scholars

d. Strengthening a sense of ‘community’ among
researchers

e. Exploring ways to more effectively link climate
research and action programmes
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3.1 Introductory Session

The opening session of the conference included
Sunita Narain and Chandra Bhushan of Centre for
Science and Environment, P Balaram and G Bala of

Indian Institute of Science and Ambuj Sagar of IIT Delhi.
In her opening remarks, Sunita Narain outlined the
purpose of the conference, which is to build a vibrant
scientific research community. She emphasized on the
importance of science, which determines the outcome of
policies and actions that countries take on climate
change. She iterated that the issue of climate change is
intensely political and therefore the role of the Indian
scientist is crucial in determining the paths for the future
and that we should not merely depend on global science.
It is imperative that Indian scientists do their own
research in this context.

P Balaram, director of IISc, in his welcome speech,
outlined that it is important to understand climate
skeptics in the field of climate science. In India, it is much
easier to discuss policy than science and climate science
is still nascent, he said. Data collection assumes
significance, and in India, very little data is collected. He
stressed the need for students and faculty to take up
measurements and analyses with caution.

G Bala then spoke of the current research trends in
climate change. He highlighted five major areas that
have been gaining attention in the scientific community
and journals. These include carbon budget, earth system
modeling, climate change projections, changes in
cryosphere, and geo-engineering. 

On carbon budget, he mentioned how much of carbon is
going to the ocean and land and the importance of
results from data collection by thousands of scientist who
synthesize huge data. He presented the Decadal Budget
study from Global Climate Programme observations
(CO2now.org) that update the climate budget yearly. 

The study showed 88 per cent of carbon emissions from
fossil fuels and cements; 12 per cent from deforestation
and land use change. Nature has its way of balancing the
CO2 increase with ~50 per cent in the atmosphere 
and the rest is stored in the oceans and land. The 
fraction of CO2 in the atmosphere remains the same as

carbon uptake from land and oceans stabilize the
concentration in the atmosphere. This uptake has been
increasing with time.

On earth system modeling, he emphasized its importance
to understand projections and asserted that science has
moved beyond Physical Climate System
(Carbon/Nitrogen Cycle etc) studies. He said modeling
and projections are important for a future outlook and
aids better policy actions and broader societal concerns.

On climate change projections he said that the CMIP5
model provides Global Scale Coarse resolution data and
uses 64 models from 32 modeling centres. It is a useful
dataset to understand robust responses in the climate
change system and equally important data for impact
studies as 260 publications so far have used the data in
one year for their studies. It was also pointed out that the
range of projections from these models is very large, and
the complexities lie in this uncertainty.

On Cryosphere changes, he mentioned that the area and
volume of Arctic sea ice has decreased by 49 and 76 per
cent since 1979 and in a few years it is likely to be ice-
free. The projection for glacier Himalayan melt from
CMIP5 showed that the worse scenario would be after
150-200 years where all the Hindu Kush Himalaya
glaciers would melt. At present half a metre of water
melts each year.

On the science of geo-engineering, he said that in order
to tackle changes in climate change in case of failure in
emission controls and negotiations, focus has been given
to “Block the amount of Sunlight (Solar Radiation
Management)”. This would mitigate warming conditions,
as 2 per cent of sunlight if reflected back to space would
reduce doubling of atmospheric CO2. Reduction of
sunlight and reflection is aided by using space
sunshades, stratospheric aerosols, marine cloud
whitening, whitening the roofs and lightning the colour
of crop leaves. 

He summed up by encouraging the gathering to look
forward to the IPCC AR5 WG1 Report, which would be
out in 2013 with updated assessments of atmosphere,
oceans, glaciers and sea ice changes, projections based
on ESMs, geo-engineering along with an Atlas of regional
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projections. He also laid emphasis on rigorous regional
level analyses to be undertaken to better understand
future projections.

Ambuj Sagar who spoke on capacity building for meeting
the climate challenges pointed out the need for a bigger
network on climate change, and to engage more people to
respond to the issues of climate change. There is a dearth of
capacity building in India and many meetings are held, but
they are driven by opinion, not evidence. The ICRN
conference according to him is about more people and more
institutions and more topics for a better coverage to
understand what is going on in the country and what gaps

exist. It is an opportunity for connecting young scholars to
present their research, get feedback to improve their work
and interact with each other. He also said that such national
conferences would have a greater impact, and these should
be coupled with regional workshops.

From the science aspect, Chandra Bhushan gave an
overview of the politics of climate change and the state
of climate change negotiations. He brought out the fact
that with seven different negotiating tracks and a large
number of regional groupings, the nature of negotiations
has become very complicated. He also outlined the
world’s expectations of the Doha climate conference. 
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3.2 Science/Impacts of
Climate Change

The sessions on science/impacts were spread over two
days. There were three presentation sessions, and one
poster session. Presented below are the highlights of the
presentations in each of the sessions:

3.2.1 SESSION I

SPEAKERS
Sabin TP: CORDEX-South Asia
TN Venkatesh: Glacier retreat in the Himalayas:
Observations and Numerical Simulations
Vimal Mishra: From Mean to Extremes: What do CMIP5
Projections tell us about climate change in India
K Rajendran: Simulated changes in Indian monsoon
Smriti Basnett: Monitoring seasonal snow cover in
Sikkim Himalaya
Gaddam Vinay Kumar: Monitoring of Glacial Mass
Balance in Baspa Basin, Himachal Pradesh

Sabin TP: Sabin spoke about CORDEX, South Asia,
which is an initiative towards producing dynamic
regional downscaling of models. It also includes
archival, management, retrieval of data products. Many
workshops are conducted for capacity building, he
added. Explaining the work on CORDEX at IITM, Pune,
he said that eight different GCM’s are run to produce
historical run (1950-2005) and future projections

(2005-2100). Most of the simulations are over and
some are ongoing. Data would be available on
webpage of IITM soon. Discussing a specific technical
aspect, he said an important scientific conclusion to a
comparative study between zoom v no zoom
experiments brought out that zooming improves the
simulated precipitation over land as well as improves
the simulation of some of the important features of
South Asian monsoon.

TN Venkatesh: Referring to glaciers as the markers of
climate change, Venkatesh said that some of the
Himalayan glaciers are retreating, while some in the
Karakoram range are advancing. The conclusion that
glacial advance indicates no global warming is incorrect
according to him, since the number of glaciers is still
small. In his study, Venkatesh proposed a one-
dimensional model of glaciers. In his study, the motion
(advance or retreat) of glacial ice under gravity was
modeled in terms of dynamical (length of the glacier,
slope of the terrain) and thermodynamical (equilibrium
line-net snowfall) parameters. The model was able to
explain the retreat of glaciers in terms of these
parameters. He added that the model could be used to
study the effects of climate change on glacial retreat if a
good estimate of climate impacts on net snowfall could
be estimated.

Vimal Mishra: According to Mishra, statistical
downscaling and bias correction are robust tools to
downscale simulated model data to study regional

Climate change is intensely political and Indian research must feed into the process: Sunita Narain, Director-General, 
Centre for Science and Environment
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effects. The conclusions emerging out of his ongoing
study include indications that the monsoon will be
shifted, and the maximum variability in precipitation will
be seen in September. June-July will show maximum
variability in temperature and in general, there will be
an increase in hot extreme events and extreme
precipitation events. He added that comparative studies
between statistical techniques and dynamical
downscaling are going on and that it is a topic of active
research, but Mishra clarified that globally, CMIP5
models are able to capture the rainy and dry regions
quite well.

K Rajendran: According to Rajendran, past climate
projections are still a problem in CMIP5 models. While a
high-resolution model—of 180 to 200km—is able to
capture important features of tropical climate and it
performs well even over Indian region in contrast to most
models, the problem is getting good boundary
conditions. Models showed systematic reduction in
rainfall over the west coast, it is important to get rainfall
over projection both land and ocean correct in the
context of monsoon.

Smriti Basnett: Her study analysed snow cover over two
basins on inter-annual, seasonal and monthly time scales.
She found that Sikkim gets maximum snow in February.
There is a continuous snow precipitation even during
summer months in this region unlike western Himalayas.
The main contribution of snow rate comes from western
disturbances than from the Southwest monsoon.

Gaddam Vinay Kumar: In the satellite image analysis
0 degree isotherms are used to show the retreat of
glaciers. A detailed mass balance is important to obtain
these isotherms, according to Kumar. He also said 
that the mean annual loss of 0.87 km2 was seen during
1962-2009, and there is a possibility of scarcity of water
due to glacial mass loss. This may have severe social
impacts, he warned.

3.2.2 SESSION II

SPEAKERS
Sanjeev Kumar: Nitrogen cycling in Marine and
Freshwater Environments
Pradeep Majumdar: Understanding hydrological
impacts and uncertainties on river basin scale
N Devaraju: Equilibrium sensitivity of global terrestrial
ecosystem: Carbon to elevated nitrogen deposition in
community land model 4.0

Sanjeev Kumar: Kumar started with a brief introduction
of Nitrogen Cycle and its role in climate and environmental

change. Kumar talked about nitrogen cycle, removal and
deposition of nitrogen and carbon dioxide take-up process
and data analysis using mass spectrometer under fixed
temperature and salinity conditions. He also summarized
the chlorophyll concentration in the results. 

Experiments were first conducted using (different
isotopes) of nutrients to check for biological pump in
Arabian Sea, near Mangalore. It was checked if
phytoplankton can intake the inorganic carbon in the
same way even after the increase in seawater
temperature due to climate change. Experiments 
were also conducted by varying temperature and salinity
under experimental conductions and results 
were discussed. 

The result was the intake of inorganic carbon was reduced
when temperature got increased and salinity decreased.
The second part of presentation was to discuss
environmental change in the coastal areas of Kerala
(estuaries), the effect on backwaters due to
anthropogenic activities. Due to the anthropogenic
activities, the intake of ammonia and nitrogen increased
in those backwaters.

Pradeep Majumdar: He explained the change in
precipitation patterns, regional changes in water
resources, downscaling of statistical models, A1B
scenario and various issues on river water quality,
irrigation, water quality simulation and models
development at regional level and management of
water resources in future. Majumdar started with the
brief explanation of climate change and its impacts,
increase in temperature (warming), change in
precipitation and rise in sea levels and added that these
affect hydrology indirectly. 

To predict the precipitation, water availability and
irrigation requirements, GCMs were used earlier. But
there are problems related to scale and uncertainty
while dealing with GCMs. GCMs are not efficient in
fields of hydrology like evapotranspiration. He said the
models were made and checked. Three levels of
uncertainties were discussed and results obtained by
downscaling. 

N Devaraju: Devaraju explained that nitrogen
deposition is increasing overtime and their increase is
being modeled and added that the influence of nitrogen
on concentration-carbon feedback is of greater
importance. In his study, a different formula was
introduced to find TEC (Total Ecosystem Carbon)
sensitivity. N-deposition in future may not be able to
compensate warming, he concluded.
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3.2.3 SESSION III

SPEAKERS
Chandra Sekhar Jha: National Carbon Programme
Suchita Srinivasan: Impact of Rainfall and
Temperature on Yields of Rice and Millets at the 
District Level
Rajiv Kumar Chaturvedi:  How much Carbon does
Indian Forests Hold – A DGVM-based Analysis
Angshuman Modak: Sensitivity of the Global
Hydrological Cycle to the Meridional Distribution of
Stratospheric Aerosols

Chandra Sekhar Jha: Jha spoke about the Green India
Mission as envisaged under the National Action Plan on
Climate Change and the census on natural resources that
takes place every five years. He also said that there is
need for a country forest map. So far, 113 vegetation
types have been mapped and validated using more than
100 ground data points. 

Under the National Carbon Programme, forest fire
information is given out within 15 minutes, and the 12th
Five Year Plan would focus on ocean and atmosphere.

Currently, there are five sensor-based towers established in
the national ecosystem. The idea is to address the complete
phenology of deciduous forests for the first time in India.

Suchita Srinivasan: Asserting that governments
should rethink agricultural policy, Srinivasan said
increase in temperature affects agricultural yield. She
also pointed out that existing policies don’t focus on
decline in millet production. The emphasis of her study
was mainly on the differences between rice and millet on
a broader range and not on individual varieties.

Rajiv Chaturvedi: In his study, Chaturvedi showed that
land covered by the forests in India is decreasing contrary
to established results. He highlighted the effects of
climate change on forests, while outlining the mitigation
potential of forests. 

Angshuman Modak: Modak’s ongoing study was
done to investigate the effect of meridional distribution
of sulfate aerosols into the stratosphere on surface
temperature and precipitation change. The study found
an ideal distribution, which mitigated both temperature
and precipitation. 
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RCP Description Developed by 

RCP 2.6 

Its radiative forcing level first reaches a value around 
3.1 W/m2 mid-century, returning to 2.6 W/m2 by 2100. 
Under this scenario greenhouse gas emissions and 
emissions of air pollutants are reduced substantially 
over time 

IMAGE modeling team of the Netherlands 
Environmental Assessment Agency (Van Vuuren 
et al., 2007). 

RCP 4.5 

It is a stabilization scenario where total radiative 
forcing is stabilized before 2100 by employing a range 
of technologies and strategies for reducing greenhouse 
gas emissions. 

MiniCAM modeling team at the Pacific 
Northwest National Laboratory's Joint Global 
Change Research Institute (JGCRI) (Wise et al., 
2009) 

RCP 6.0 

It is a stabilization scenario where total radiative 
forcing is stabilized after 2100 without overshoot by 
employing a range of technologies and strategies for 
reducing greenhouse gas emissions. 

AIM modeling team at the National Institute for 
Environmental Studies (NIES), Japan (Fujino et 
al., 2006) and (Hijioka et al., 2008) 

RCP 8.5 

The RCP 8.5 is characterized by increasing greenhouse 
gas emissions over time representative for scenarios in 
the literature leading to high greenhouse gas 
concentration levels. 

MESSAGE modeling team and the IIASA 
Integrated Assessment Framework at the 
International Institute for Applies Systems 
Analysis (IIASA), Austria; (Riahi et al., 2007) 

Ankit Dwivedi 

Project Assistant 

CST(ASTRA), Indian Institute of Science - Bangalore 

Forest Ecosystem in India : Carbon Source or Sink 

ABSTRACT INFORMATION 

INTRODUCTION 

METHODOLOGY 

CONCLUSION 

REFERENCES 

ACKNOWLEDGEMENT 

CONTACT 

It's a much debated question as to how much carbon does Indian 
forests hold and whether Indian forests are a net source or sink of 
carbon? Literature estimates suggest that total carbon stock in 
Indian forests vary from 6245 million tones of carbon (mtC) to 
10,054 mtC, of which an estimated 2026 mtC to 4381 mtC comes 
from the biomass component and 3552 mtC to 7181 mtC comes 
from Soil. Review of published studies suggests mean of 3386 ± 989 
mtC in biomass and a mean of 5,000 ± 1464 mtC in soils. Carbon 
stock projections from three carbon pools i.e. biomass, soil and litter 
are obtained from 11 CMIP5 general circulation models and are 
analyzed for the Indian forests for the RCP scenarios 4.5, and 8.5 
over the 20th century. A mean of 11 GCMs suggests Indian forests to 
be a source of 1.8 to 2.2 GtC under the RCP scenarios 4.5 to RCP 
scenario 8.5 respectively.  
 

Climate projections using Representative Concentration Pathways 
(RCPs) under the Coupled Model Inter-comparison Project 5 
(CMIP5).  
In contrast to the SRES scenarios, RCPs represent pathways of 
radiative forcing, not detailed socioeconomic narratives or 
scenarios.  
There are four RCP scenarios: RCP 2.6, RCP 4.5, RCP 6.0 and RCP 
8.5  these scenarios are formulated such that they represent the 
full range of stabilization, mitigation and baseline emission 
scenarios available in the literature.  
The naming convention reflects socio-economic pathways that 
reach a specific radiative forcing by the year 2100. 

Data downloaded for Soil Carbon, Biomass Carbon and Litter 
Carbon from the CMIP5 data portal. 
 
11 models listed in Table 2 are considered for this study, as the 
value of all the three carbon pools were available for these 
models only. 
 

      Total carbon = Soil carbon + Biomass carbon + Litter carbon. 
 
As data from all the models is at different resolution, data for 
each model is regrided to the resolution of 0.5 * 0.5 degrees 
using bilinear interpolation. 
 
Out of all the RCP scenarios (described in Table 1) only RCP 4.5 
and RCP 8.5 are considered, as all the listed 11 models do not 
provide data for RCP 2.6 and RCP 6.0. 
 
 Carbon flux is calculated with respect to the base line of 1961-
1990. 
 

OBJECTIVES 

1) To investigate how much carbon stock does Indian forests hold? 
- and whether Indian forests are currently a sink or source of 
carbon. 

2) To project carbon stock changes in Indian forests under the new 
RCP climate change scenarios based on CMIP5 climate change 
projections. 

 
` 

Modeling Center (or group) Model Latitude 
(in degrees) 

Longitude 
(in degrees) 

Beijing Climate Centre, China 
Meteorological Administration bcc-csm1-1-m 1.11 1.12 

Beijing Normal University, College of Global Change and Earth System 
Science  bnu-esm 2.76 2.81 

Institut Pierre-Simon Laplace, France IPSL-CM5A-LR 1.89 3.75 
Institut Pierre-Simon Laplace, France IPSL-CM5A-MR 1.89 3.75 
Institut Pierre-Simon Laplace, France ipsl-cm5b-lr 1.89 3.75 
Japan Agency for Marine-Earth Science and 
Technology, The University of Tokyo), and 
National Institute for Environmental Studies 

miroc-esm 2.76 2.81 

Japan Agency for Marine-Earth Science and 
Technology, The University of Tokyo), and 
National Institute for Environmental Studies 

MIROC-ESM-CHEM 2.76 2.81 

Max Planck Institute for Meteorology MPI-ESM-LR 1.84 1.87 
Max Planck Institute for Meteorology MPI-ESM-MR 1.84 1.87 
Norwegian Climate Centre NorESM1-M 1.89 2.50 
Norwegian Climate Centre NorESM1-ME 1.89 2.50 

Table 1 : Description of all the Representative Concentration Pathways. 

Table 2 : List of 11 models from which the data for Soil, Biomass and Litter carbon are obtained. 

There is not much variance in the historical projections (1850-
2005). Whereas, the variation increases in the future projections 
(2006-2099), i.e, RCP 4.5 and RCP 8.5. 
The projections of the models IPSL-CM5A-LR, IPSL-CM5A-MR, 
MIROC-ESM-CHEM, miroc-esm and bnu-esm are very close to the 
ensemble projection for both the scenarios RCP 4.5 and RCP 8.5. 
Pre historical data is available and plotted, but the analysis is 
done from 1961. 
The variation in the projections for RCP 4.5 and RCP 8.5 increases 
around the year 2050. 
 A mean of 11 GCMs suggests Indian forests to be a source of 1.8 
GtC under the RCP scenarios 4.5 with the range of  5.8 GtC to -3.2 
GtC.  
 A mean of 11 GCMs suggests Indian forests to be a source of 2.2 
GtC under the RCP scenarios 8.5 with the range of  8.8 GtC to -3.2 
GtC.  
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Ankit Dwivedi 
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Dr. Rajiv Kumar Chaturvedi 
Chaturvedi.rajiv@gmail.com 
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Figure 2 : FSI classification of forested grids in India. 4.3% of grid 
points (blue) were classified as very dense forests  54.9% (green) 
as moderately dense forest  and 40.7% (yellow) as open forests . 

RESULT 

Figure 1 : Total carbon change with 
respect to the baseline 1961-1990. 
Thin lines represent the carbon change 
of individual 11 models and the broad 
line represents the mean of the 11 
models listed in Table 2. Black color 
represents Historical (1850-2005), 
Green color represents RCP 4.5 (2006-
2099) and Red color represents RCP 
8.5 (2006-2099). 
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Introduction: 

The total 
area of  
Parbati basin 
is about 
1754.12 sq. 
km. 
Altitudinal 
range of  the 
basin is 1118 
to 6196 
m.a.s.l. 

In the present study, loss in glaciated area of  67 glaciers of  Parbati 
basin has estimated. Major power plants are proposed on Parbati 
and Beas rivers. It would be useful to continuously monitor these 
glaciers to understand changes due to climate. 

The total areal extent for 1998 was 154.32 ± 9 sq. km. 
The total glaciated area for 2009 was 148.90 ± 9 sq. 
km. Total loss in glaciated area was estimated 5.41 ± 
0.2 sq. km or ~3.5 % from 1998 to 2009. Glaciers have 
been receding at the rate of  ~0.49 sq. km a-1 or ~0.31 
% a-1. This rate is less than the previously estimated 
rate ~0.5% a-1 for 1962 to 2004 for 90 glaciers with the 
help of  topographic maps (Bolch et al, Science, 2012).  
Estimated loss in area for Parbati glacier is shown in 
figure 3. 
 

1. Glaciers of  Parbati basin have retreated at the rate of  ~0.31 % a-1  from 1998 to 2009. 
2. Smaller glaciers are retreating faster than the larger glaciers. 
3. Area loss is high at lower altitudes. 
4. Debris cover  has increased by ~6 sq km between 1998 and 2009. 
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The total debris cover for 
1998 was ~13.82 sq km (8.9 
%). For 2009, total debris 
cover area was ~17.37 sq km 
(11.65 %). About ~6 sq km of  
new area got debris covered 
between 1998 and 2009.  
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Methodology 

1. Glaciers were delineated by visual interpretation and 
boundaries digitized in ArcGIS 9.2.  

2. Digitized boundaries were used to estimate the loss in area of  
glaciers. 

3. "SWIR / Blue",  / Green" and "SWIR / Red" ratios 
were analysed to extract debris cover of  glaciers.  

4. Further investigations were also carried out to understand 
effect of  size and area altitude distribution on the rate of  
retreat. 

Data used 

Landsat 5 TM - 31 Aug 1998 and 13 Aug 2009 imageries were 
used . Imageries were downloaded from the USGS archive  
(http://glovis.usgs.org). ASTER GDEM used as source of  
elevation. 

Study area 

Results and Discussion 

Conclusions 

Monitoring Glacier Changes in Parbati Basin, Himachal Pradesh, India  
Yogesh Karyakarte and Anil V. Kulkarni  (Email  yogeshkaryakarte@gmail.com) 

Divecha Center for Climate Change ,Indian Institute of  Science, Bangalore 560 012, INDIA  
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3.3 Mitigation
The sessions on mitigation were spread over two days.
There were two presentation sessions, and one poster
session. Presented below are the highlights of the
presentations in each of the sessions:

3.3.1 SESSION I

SPEAKERS
Surender Kumar: Substitute or Complement?
Assessing Renewable and Non-renewable Energy in
OECD Countries
Yogesh Tiwari: Greenhouse Gas Measurements 
in India
N H Ravindranath: Climate Change and Forests
Shiv Someshwar: Adaptation/Mitigation: Local/Global:
Sustainability Challenges for REDD+ in Central
Kalimantan
Chetan Krishna: Evaluation of India’s Wind Energy
Potential

Surendar Kumar: Kumar highlighted that large cuts in
carbon emissions are required for mitigation, and that it
is necessary for a carbon free economy. In recent times,
the share of renewable energy has increased by 4-8 per
cent. After calculating the productive inefficiency for
each sector it was found that the mineral and mining
sectors are most energy inefficient.

Yogesh Tiwari: According to Tiwari, there are very little
measurements of greenhouse gases (GHGs) in India.

Referring to electricity production in India, using coal-
burning process, he said that such processes increase
GHGs in the atmosphere and hence it is important to set
up GHG monitoring stations in India. Currently, they can
be found in Pune, Singhabad, Delhi and Nainital. These
stations have collected data, which is in the processing
state at present.

N H Ravindranath: According to Ravindranath,
deforestation and land use change constitute 50 per cent
of carbon dioxide in atmosphere. While forests have a
large potential to mitigate climate change, the fact is
forests are very vulnerable and will be impacted by
climate change. 

He highlighted that the aims of the Green India Mission are
to mitigate climate change by enhancing environ mental
services (such as carbon sink) and assess it, and adaptation
of vulnerable species and improvement of hydrological
cycle. Referring to research and knowledge gaps, he said
that carbon dynamics in different land use sectors should
be estimated, carbon dioxide sequestration modeled and
that stock, changes and flux need more attention. 

Shiv Someshwar: Kalimantan refers to the Indonesian
portion of the island of Borneo. It has 85 per cent land
and 3.5 per cent of the population compared to
Karnataka. It is a low level economy and much social
divergence is seen there. People there feel fire is the best
way to clear land. And fire plays a critical role in carbon
emissions. Up to 40 per cent reduction is possible there,
Someshwar said.
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Chetan Krishna: One of the goals of the National
Action Plan on Climate Change is 15 per cent of energy
should be from renewable sources. India has 4250 GW
wind energy potential. He said that Northern India needs
to explore the option of wind energy more than south
India. Pointing out the limitations, Krishna said that the
initial cost for wind turbines is greater than that of
conventional fossil fuel generators per MW installed. 

Then there is noise that is produced by the rotor blades.
He also added that the power generated by wind is very
much variable because it depends on many climatic
factors. Therefore, proper forecast ranging from one to
two days are needed so that thermal power plants are
used according to the windmills’ power.

3.3.2 SESSION II

SPEAKERS
Harini Nagendra Greening Cities: Urbanization and
Climate Change in India
Tejal Kanitkar: Low Carbon Pathways Under Climate
Constraints
Divya Pandey: Carbon Footprints of Rice Cultivation
Under Different Tillage Practices in Rice-Wheat System
Hippu Salk Kristle Nathan: Can India go Nuclear
Energy Free—the Pathways and Aftermaths

Harini Nagendra: Nagendra pointed out the increasing
urbanisation trend that is emerging in Indian cities. She
gave the example of how Bangalore had transitioned
from a garden city to concrete city. She said the trees in
Bangalore were rich in species but in low density. It has

resulted in more suspended particulate matter (SPM),
and the SPM is within in limits in areas where the 
tree-density is high. There is even a temperature
difference of 3-5° between stretches of roads with trees
and without trees. 

Tejal Kanitkar: Kanitkar pointed out that carbon 
budget does not prescribe trajectories of growth; 
it just puts a limit on the total emissions. Of 638 GtC,
India’s entitlement is 103 GtC—and only 68GtC is
available. She compared the emission trajectories for
China and India for the years 2010 to 2100 and the total
energy generation for US and India and found that 
lower the carbon space, the higher the costs. She
concluded that the financial burden is higher for India as
compared to the US. 

Divya Pandey: Pandey’s study found that conventional
agricultural practices leave the smallest carbon footprint.
She studied rich-wheat cultivation under conventional
tillage and no tillage conditions.

Hippu Salk Kristle Nathan: Referring to nuclear
energy as clean energy, Nathan said that erroneous
projections had been made about nuclear energy in the
past. Projections made in 1970 were by 2010 the share
of nuclear would be 80-90 per cent in the total energy
generation, but actually it was only 14 per cent. Claiming
nuclear installed capacity has gone down, he added that
nuclear energy is an option, not a requirement. He also
said that the cost has not declined for nuclear but has
increased and that renewable energy is the answer to
nuclear uncertainty. 
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An Assessment of 
Nathan, H.S.K., SenGupta, D.P., Ahuja, D.R.  

National Institute of Advanced Studies, Bangalore 
Contact emails:  hsknathan@nias.iisc.ernet.in, drahuja@gmail.com, sengupta.dp@gmail.com 

Background Questions 
A fifth  to a fourth of more than one lakh remote 

villages, where grid-extension is infeasible,  are covered 
under Remote Village Electrification (RVE) program of 

Ministry of New and Renewable Energy. This study aims 
to  understand RVE and assess its effectiveness 

  
 Who are the stakeholders in RVE? What are their roles? 

  
What RVE projects have been implemented & how? 

 What is the effectiveness of the RVE program? 

M
e
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Review  Government 
Policy Documents 

M
e
t
h
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Collect Data on budget 
and progress so far 

Verify through primary 
level assessment 

RVE, and stakeholders 
Types , sizes of projects 

& claimed progress 
Understand ground 
realities and gaps 

DESIRED 
Objectives 

Distinguish b/w 

ACTUAL 
affairs 

Indicators based Approach  

Decentralized 
generation 

Distinguish b/w 
Solar 
HLSs 

Macro and Micro level: Technical, Economic   

Expected Outcomes 
Get relative positions of States in implementation progress 

Get exact financial and implementation mechanisms 
Know the temporariness  

Find factors of success & failure for different types of projects 
Policy implications for non-remote, un-electrified villages   
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3.4 Climate Policy/Politics

One session on climate policy/politics was held on the
first day of the conference. The posters on the subject
were clubbed with the adaptation session. Highlights of
the policy/politics session are presented below:

3.4.1 SESSION I

Speakers
A Damodaran: Climate Financing and Challenges of
Climate Action Plan: Implementation at the Panchayat 
Level
T Jayaraman: Equity, Carbon budgets and Durban
Platform
Saju T S: Depressions and Droughts: Rethinking ‘Scale’
in the Climate Change Discourses

A Damodaran: According to Damodaran, state action
plans mostly focus on variability, vulnerability 
scenarios, adaptation, mitigation scenarios and policy
tools. On adaptation he said that credit flows are not
happening. It’s basically the same old problem but
climate asks for quicker responses. Devolution of finances
is a grey area. “Even if you get money, are you
empowered in the real sense?” he asked. He added that

real empowerment would happen when control over
natural resources are completely in the hands of the
locals. Giving an example of the Karnataka state action
plan, he said that while the plan looks good, the method
of implementation is not innovative—it follows the same
old model.

T Jayaraman: Giving an overview of the status of
climate change negotiations, Jayaraman said there is no
mention of differentiation or equity in the Durban
Platform text and it has a one-sided emphasis on
mitigation. He also said that the intent of Durban
Platform will be read differently by different countries
and suggested that in the context of adaptation that
eventually India will have to do, it make sense to sign up
earlier to a climate agreement, but any global agreement
must retain the elements of the Bali Action Plan,
including technology transfer, finance and adaptation. 

Saju T S: Saju traced the history of climate change
discourse and focused on the scale issue. Typically,
climate change is projected to be a global issue, but one
that does not inform or informed by the everyday
processes of adaptation. He suggested the concept of
place instead of scale be used where place is not a thing
but a way of seeing and focusing, more like an ‘entry’
point to the climate change discourse. 
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3.5 Adaptation Sessions: 

The sessions on adaptation were spread over two days.
There were three presentation sessions, and one poster
session. Presented below are the highlights of the
presentations in each of the sessions:

3.5.1 SESSION I

Speakers
B Venkateswarlu: Current Research Initiatives on
Climate Change and Agriculture by ICAR
Shamima Aktar: ICT and Community Climate Care
Centres for Knowledge Management and Adaptation in
Rural Bangladesh
Ranjana UK Piyadasa: Climate Change Adaptation
Strategies through Rural Water Management Practices
for Agriculture Practices: Case Study in Sri Lanka
Tenzing Ingty: Response of Agro-Pastoral Indigenous
Communities in the Alpine Eastern Himalayas to the
Cascading Effects of Climate Change

B Venkateswarlu: Before talking about current
research initiatives, Venkateswarlu took his audience
through the impacts of climate change that have been
observed through modelling. For instance, he said that
wheat is likely to be negatively impacted in rabi due to
terminal heat stress, which will also impact commercial
poultry. Then, he moved on to NICRA, the project
components of which include strategic research,
technology demonstration, sponsored research and
capacity building. He gave out the details of each of the
components in his presentation. Updating on the
research outputs so far, he gave examples such as there
has been significant increase in semi arid areas in
Madhya Pradesh and Bihar, and that dryness is overall
increasing in the country. He also presented a snapshot of
the key interventions and outcomes related to agriculture
in the country—initiatives such as convergence through
NREGA for drought proofing, community seed banks etc.  

Shamima Aktar: The main idea behind Aktar’s study
was to assess the credibility of information and
communication technology to reduce climate change
vulnerability. She narrated how the cyclone Sidr in 2007
killed people and inundated agricultural land and added
that while information is aplenty, there needs to be ways
and means for the information to reach people. And it is
here that ICT can help, along with strengthening the
disaster management programme in Bangladesh.

Ranjana UK Piyadasa: Piyadasa took his audience
through the history of water management practices in Sri

Lanka and said that irrigation technology existed even in
500 BC. Sri Lanka is covered with a network of thousands
of manmade ancient lakes and ponds, called tanks, and
almost all of them show a high degree of sophistication
in their construction and design. Piyadasa’s study was
conducted to identify current water availability for
irrigation and agricultural sustainability by the ancient
traditional cascade water management system in the dry
zone of Sri Lanka. He concluded that the traditional
system has helped rural communities adapt to the
impacts of climate change and transformed their lives
and farming patterns.

Tenzing Ingty: Talking about the impacts of climate
change on the Himalayas, Ingty explained how agro-
pastoral communities adapt in the eastern Himalayas. His
study focused on the Dzumsa community and confirmed
certain climate change indicators. He brought out that
traditional knowledge forms important sources of
information. In fact, traditional people have much to
offer to the discourse of climate change and how counter
the impacts, he said. 

3.5.2 SESSION II

Speakers
P K Viswanathan: Developing Vulnerability Indices for
Detecting Climate Change Impacts on Agriculture and
Rural Livelihoods in India: An Exploratory Analysis of
Maharashtra
Jagmohan Sharma: Indicator-based Methodology for
Characterizing Vulnerability of Forest Ecosystems for
Adaptation to Climate Change
Mamata Swain: Weather Based Crop Insurance
Scheme: For Adaptation to Climate Change in Odisha
Rakesh Dalal: Feasibility Assessment of Solar Pumping
for Draw-Down Agriculture in Dimbhe Region
Prasun Das: Vulnerability and Adaptation to Natural
Disasters: Evidences from Rural Odisha, India

P K Vishwanathan: Viswanathan opened his presentation
talking about agriculture, which is a source of 15 per cent
greenhouse gases. It would be more if indirect emissions
are also included. Going over on the impacts of climate
change on agriculture, he said demographic vulnerability
and agricultural variability of crop pattern are important
indicators. 

Jagmohan Sharma: Sharma introduced the scope of
his study and followed it up by explaining the
methodology, criteria and indicators. Referring to the
forest sector, he said the steps entailed identifying the
criteria that show the vulnerability of forest ecosystem;
ranking them to their capacity to determine the
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vulnerability; documenting the hypothesis; aggregating
common sectors; weighing indicators; and making the
final decision. Key considerations include that tropical
forest in densely populated southeast Asia is in danger of
climate change. 

Mamata Swain: Weather based crop insurance scheme
should be in favour of marginal farmers so that they can
use them in drought condition or other similar
circumstances where crop loss occurs. Her presentation
touched upon why Odisha is vulnerable to climate
change, how climate change affects agriculture and the
problems related to micro-insurance. She said that while
people are not aware of crop insurance schemes, there
are other deterrents such as high risk from purchase and
high transaction fee.

Rakesh Dalal: Dalal’s study looked at checking the
efficiency of existing diesel pumps in the Dimbhe region,
the emissions arising thereof, and exploring the option of
using solar pumps, which he said was feasible to explore
as an alternative to the existing irrigation pumps.

Prasun Das: In order to explore the vulnerability that
farmers face, Das chose Kalahandi area in Odisha for his
study. He found that if farmers apprehend food insecurity,
they try and increase their income through livestock,
which has helped reduce the burden to an extent. The
source of livelihood according to him has been changing
over the years, and some villagers are more affected by
drought compared to others.

3.5.3 SESSION III

Speakers
Anand Patwardhan: Agenda for Research in Climate
Change Adaptation
E Vivekanandan: Climate Change and Marine
Ecosystem Sustainability
Avantika Singh: Gendering Climate Change – An
Insight from Gorakhpur and Jalaun District of Uttar
Pradesh
S.Janakarajan: Challenges and Prospects for
Adaptation: Climate Change and Disaster Risk Reduction
in Coastal Tamil Nadu
Anubhab Pattanayak: Characterizing Sensitivity of
Farming Communities to a Changing Climate

Anand Patwardhan: Patwardhan deliberated on the
need and direction of adaptation research. He began
with the treatment of the subject in IPCC reports and said
that adaptation may not be just considered as an
offshoot of climate change research but also without it.
Adaptation research has significance because enough

mitigation is not possible and the risk distribution is
different among the people and systems impacted.
Adaptation research also addresses development
agenda. Initially adaptation was viewed by IPCC as
mechanistic response, which is there is impact and you
adjust to it. However, in the third and fourth assessment
reports, adaptation was dealt in more detail and adaptive
capacity found focus. Now there is a more process view
of adaptation, integrating it with society and its capacity
to deal with impacts. On vulnerability, he said its origins
need to be understood—whether it is originating from
climate change or from our policies and sources within
systems. On adaptation, he said that the area needs a lot
of interdisciplinary knowledge and should therefore be
projected as an interdisciplinary research area.

E Vivekanandan: Marine ecosystems are important as
productive systems and biodiversity rich areas. Oceans
influence climate. Human interventions in coastal areas
include overfishing, habitat degradation, pollution and
now climate change. Carbon dioxide dissolving in oceans
results in acidification and hypo-oxygenation of oceans
(reduction in availability of dissolved oxygen). Warming,
observed in Indian Ocean zone, is moving north toward
India. In this regard, ecosystem would need management
assistance through governance and policy changes.
Biological changes like elevated rates of growth and
decay of phytoplankton is already altering the base of
food web. Oil sardines, absent in eastern coast until
1976, have now spread through the coast of India.
Changes in species composition is happening and as
climatic thresholds are exceeded more number of species
will find it difficult to cope, Vivekanandan warned. 

Avantika Singh: In the definition of adaptation there is
impact approach and there is vulnerability approach.
Gender is a concept that is not defined by your being
male or female but it is defined by society. The West sees
females as a typical south Asian woman capable of
nothing and seeking help. In the study area of Gorakhpur
and Jalaon, Singh found that climate change is impacting
women more than men. However, social kin ties have
improved. Low status of women is due to several reasons
like lack of decision-making power. 

S Janakarajan: Janakarajan discussed the
vulnerabilities in coastal Tamil Nadu and what
adaptation actions are possible. Adaptation is a justice
issue. Coasts are high in population due to industry and
because of which they under more threatened
(pollution). Vulnerability of delta ecosystem and
adaptation thereat pose huge challenge. Vulnerability in
the Nagapattinam district has increased due to damming
of the Cauvery river and fresh water not reaching delta
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region, thus hampering the livelihood of people
depending on such brackish water. Adaptation challenges
here are also due to inadequate/improper governance
and poor advocacy. Present vulnerability will exacerbate
under climate change, he warned. Also, there are limits to
adaptation since there are constraints. Costs of
adaptation are high. Constraint analysis is necessary by
studying inhibiting factors before adaptation is
attempted, said Janakarajan. 

Anubhav Pattanayak: Indian climate is highly sensitive
to climate change and it is likely to be significantly
impacted by 2020. Socioeconomic impact would be huge.
Pattanayak’s study probed whether farmers, big and small,
are likely to be impacted equally. Linking climate with
income was the approach of the study. The measure that
connects the two is net revenue per hectare. The study
found with temperature increase the income falls. With
passage of time with climate change this differential of fall
in income is going to be higher. Income decrease is seen in
all farmer categories, however, marginal and large farmers
lose out most while small and medium farmers show more
resilience. Implication for marginal farmers for such fall in
income is poverty trap.

3.6. Concluding Session

Prominent scientists and the organizing committee of the
Indian Climate Research Network shared the dais at the
concluding session of the Third National Research
Conference on Climate Change.

CBS Dutt of Indian Space Research Organisation spoke of
ISRO’s climate change research programme and of the

increased observations through satellites and marine
campaigns. For now, the focus is on basic research and
impacts, for example, rainfall over India is non-acidic, and
black carbon is decreasing. Trends in all these are going to
be explored in more detail. He also added that twenty-six
agro-met stations had been established thus far, and he
invited everyone to add to the environmental data records.

GS Bhat, chairperson of the Centre for Atmospheric and
Oceanic Sciences, then asked the audience whether we
under variations in monsoon at present. He said a
roadmap for monsoon research is required. It is crucial
because it involves major linkages between
hydrometeorology, aerosol and clouds and
oceanography-atmosphere and ocean come together.
Sunita Narain then addressed the gathering and
reiterated the importance of science backing policy. She
stressed that climate change is real and that it is
happening, but negotiations had failed the people and
the planet. She then explained why equity must be a pre-
requisite for any global agreement on climate change
and clarified that India has never asked for the right to
pollute—it has always demanded its right to
development. She pointed out that science and research
assume even more importance given the current state of
affairs—the world will be a more risky and vulnerable
place, there are tough negotiations ahead since the
world will not give up on already occupied place, and
there are tough economics ahead since the world has to
find out energy and growth options that are both
sustainable and affordable.

The concluding session also saw the launch of the Indian
Climate Research Network website (www.icrn.in). 
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In India, there is very little country-specific research
available to guide climate policy. And yet India is in
the thick of things as far as climate change is

concerned. In 2010 therefore, researchers and policy
advocates on climate change came together and formed
the Indian Climate Research Network (ICRN).

The aim of the network is to ensure that climate change
debate reaches a wider audience in the country, bridge
the communication gap between the scientific
community and those outside it and provide the fledgling
research community a platform to come together for
discussions and debates on climate change. The third
National Research Conference at the Indian Institute of
Bangalore showcased the best climate research being
carried out in the country—while expanding its scope for
the first time to include researchers from South Asia.

According to one of the founding members, the quality of
presentations at the conference has definitely improved
but there is still a long way to go before reaching
international standards. Climate change research
obviously is a challenging proposition given the wide set

of domains such research encompasses. There are certain
issues unique to the Indian context, such as monsoons,
Himalayan glaciers and energy poverty. Such issues now
constitute the bulk of Indian research. One of the gaps
that still exists is the fact that researchers don’t work
systematically to cover broad domains and it is here that
ICRN can make an effective intervention in encouraging
such work.

So far, most debates on climate change in India are
opinion-based. Therefore, there is a need to generate
more research-based data to support the opinion. In
international negotiations too, India has been
constrained due to the lack of quality research in the
country. And it is mostly a political issue in the
international platform. It is imperative that science
shapes the discourse. And, therefore what must follow is
Indian scientists do their own research in this context.

ICRN will continue to implement innovative ways to 
keep the scientists connected to one another and will
possibly introduce theme-based workshops in its
successive conferences.
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