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FROM THE CHAIR
Greetings!

  The Divecha Centre for Climate Change was established at the Indian Institute of 
Science in January 2009 with a generous financial contribution from Arjun and Diana Divecha 
and the Grantham Foundation for Protection of the Environment.

 The primary goal of this Centre is to understand climate variability and climate change, and 
their impacts on the environment. The Centre continues to pursue experimental and modelling 
studies in this direction. It has identified technologies to mitigate/ reduce the severity of 
climate change in collaboration with entrepreneurs and different engineering departments 
in the Indian Institute of Science. The Centre is also working with the Grantham Institute for 
Climate Change at the Imperial College London, on the impact of aerosols on climate and 
the impact of climate change on water. In addition, the Centre has also undertaken outreach 
activities to create awareness among students, general public and policy makers about 
climate change and its consequences. This has been done through workshops, lectures 
and quiz contests. An annual invited public lecture, called the ‘Jeremy Grantham Lecture 
on Climate Change’, has been held for the past seven years. We organize lectures and 
training courses aiming at capacity building to address issues related to climate variability 
and climate change. The Centre also provides advice to ministries and departments of the 
Government of India to develop national and international policies related to climate change.

 The Divecha Centre for Climate Change has recently introduced a “Water Solution Lab” in 
Bangalore, in partnership with the “Sustainable Water Future Programme”, a global research 
project of “Future Earth”. The objective of the Water Solutions Lab is to address water sector 
challenges in India, with a special focus on the city of Bangalore. The Water Solution Lab works 
with national and international partners in India to develop practical solutions to water-related 
problems by bridging the gap between science, policy and governance, and between theory 
and practice. The lab is developing a technical solutions repository, brokering and facilitating 
dissemination of solutions, and helping researchers learn from each other. Recent workshops 
discussed naturally occurring pollutants affecting water quality in India and neighbouring 
regions and increasing frequencies of urban floods across the world. The centre will host 
the Future Earth global conference titled “Towards a Sustainable Water Future” during 24-
27 September 2019 in Bangalore organised by the Sustainable Water Future Programme. 
The conference will focus on the current state of global water resource challenges, future 
pathways and scenarios, and different technological, institutional solutions to accelerate 
the implementation of water-related Sustainable Development Goals and the 2030 agenda 
targets without leaving anyone behind. The conference will address the unfolding global 
water crisis, as evidenced increased water scarcity, widespread water pollution, and rapid 
declines in freshwater biodiversity. Further, we will explore different innovative frameworks, 
approaches, methods to determine the potential of natural and human-made infrastructure 
investment, and their complementarities to achieve sustainable solutions enhancing water 
security and resilience of the socio-ecological system.
 

           

           S. K. Satheesh
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CLIMATE SCIENCE AWARENESS PROGRAM, 
TIRUVANANTHAPURAM, KERALA

Prof. J. Srinivasan interacting with school students.

Divecha centre for Climate change 
conducts climate science awareness 
program in different parts of India for the 
benefit of high school students every year. 
This year this program was conducted 
at the Kerala Science and Technology 
Museum in Thiruvananthapuram on 8th 
and 9th June 2018. This program was co-
sponsored by EduWorld and the Indian 
Space Research Organization (ISRO). 

 The program consisting of lectures on 
climate science and the environment 
by eminent scientists, demonstration 
of methods for the measurement of air 
pollution, and a quiz contest. The program 
was inaugurated by Mr. Somnath, 
Director of Vikram Sarabhai Space 
Centre (VSSC) who highlighted the role 
played by science and technology in 

tackling the consequences of climate 
change. Mr. Dathan, advisor to the Chief 
minister, Kerala; Mr.  Somnath, Director, 
VSSC; and Dr. Dadhwal, Director, IIST 
spoke about the role space technology 
in mitigating environmental problems  
About 400 academically gifted students 
participated in this program. The lectures 
on “The Science of Climate Change” 
and “Aerosols and health” elicited many 
questions and concerns. The talk on earth 
quakes and tsunami led to questions 
about disaster management. 

 Many students indicated that this program 
convinced them to pursue a career in 
environmental science and technology.
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WORKSHOP ON DATA TOOLS FOR CLIMATE RESILIENCE

Prof. Joshua Tewksbury, Director, Future Earth Colorado hub, chairing the session.

Future Earth South Asia Regional 
Office at the Divecha Centre for Climate 
Change hosted a two-day workshop on 
‘Data and Tools for Climate Resilience 
Planning in South Asia’ over 13th to 14th 
August 2018. The workshop aimed 
to provide a platform for dialogue on 
climate adaptation and resilience, among 
research communities, Policy makers, 
funding agencies, Government officials, 
NGOs, Sustainability enterprises, and 
other stakeholders, in South Asia. The 
workshop was attended by scientists, 
economists, NGO representatives and 
Govt. officials from Nepal, Bhutan, 
Myanmar, and Sri Lanka. From India 
the participants included Scientists, 
economists, Bankers, Govt officials, 
Physicians, NGO representatives, and 
representatives from the sustainability 
enterprises. 
 
 In the inaugural session Prof. S. K.  
Satheesh welcomed the workshop 

participants and the workshop overview 
was provided by Prof. J. Srinivasan. Prof. 
Joshua Tewksbury, Director, Future Earth 
Colorado hub, opened the workshop and 
outlined Future Earth’s perspective on 
climate resilience. 

 Session 1 focussed on ‘Satellite and 
Climate Data and Tools’ for Resilience 
Planning in South Asia. Representatives 
from IITM, Pune and NRSC, Hyderabad 
presented about the climate and satellite 
data and tools that these organisations 
have made available to the climate 
resilience community in this region. 
 
 Session 2 showcased case-studies 
on climate adaptation and resilience, 
that have developed or used data in 
an innovative way. In this session we 
had presentations of case-studies in 
resilience planning from IISc, ATREE, 
Anna University, BITS Pilani, NEERI and 
BHU. 
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Dr. Rajiv Chaturvedi delivering the talk.

 In Session 3, nodal officers from state 
governments from Manipur, Telangana 
and Madhya Pradesh presented about 
the ongoing climate resilience activities 
their respective states. In this session we 
also heard views and perspectives from 
representatives from intergovernmental 
bodies such as IUCN, IPBES. 
Representatives from sustainability 
corporations such as CTRAN, TARU, 
and IPE Global also presented their 
perspectives and experiences in 
resilience planning in South Asia. 

 On Day two, the workshop deliberated 
upon the ongoing adaptation projects in 
different parts of India and other regions 
of South Asia. 

 In the morning representative from 
NABARD presented an overview, 
achievements and limitations of the 
ongoing adaptation projects in India. 
Nodal officers from the Karnataka and 
Telangana states also provided an 
overview of the ongoing adaptation 
projects in these states. Saqib Huq, 

from the Independent University, Dhaka, 
presented an overview of ongoing 
adaptation projects in the water sector 
in Bangladesh. Jigme Choki and Sonam 
Choden talked about the ongoing 
adaptation projects in Bhutan. Aung Ko 
Ko and Win Win Nyunt, who respectively 
represented Govt. of Myanmar and the 
University of Mandalay, provided an 
overview of progress made in this area 
in Myanmar. Sudharma Yatigammana 
spoke about the Cascade irrigation 
system for climate resilience in Sri Lanka, 
and Gehendra Gurung spoke about his 
experiences in working with adaptation 
projects in Nepal. 

 In the second half of day two, WRI and 
Future Earth, Colorado hub presented 
their Public-Private Partnership for Data 
Visualization (PREP) tool. 
 
 The workshop had a wide range of 
participation from data providers, to 
practitioners to nodal officers from 
different Indian states as well as other 
countries from the South Asian region. 
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This workshop has improved capacity 
building around data and tools for climate 
adaptation and resilience planning in 
the region. We have at least achieved 
to showcase as to what data and tools 
exists for resilience planning, and how 
to improve feedback and communication 
among different stakeholders. As 
part of the stakeholder feedback 
and communication, the last session 
witnessed a discussion on opportunities 
to engage beyond this workshop. 

 The following key conclusions emerged 
from this discussion:

1. A proposal was discussed to initiate 
a Future Earth Fellowship programme, 
to take forward this momentum around 
the climate resilience theme in the South 
Asian region 

2. It was proposed that IUCN, IPBES 
and Future Earth programmes not only 
work more closely at the global level, but 
they also collaborate at the regional level 
(South Asia) to bridge the knowledge 

and research gaps for communities and 
policy makers in this region 

3. State nodal agencies on climate 
resilience and adaptation expressed 
desire to work closely with Future 
Earth regional office in South Asia and, 
especially look forward to benefiting from 
the full-scale development of the PREP 
tool for this region. 

4. NABARD representative expressed 
hope to engage many of the partners 
who were present in the meeting for their 
training, capacity building programmes 
and also, for the impact assessment, 
monitoring and evaluation related 
requirements for the ongoing adaptation 
projects 

5. Representatives from NGOs, and 
sustainability corporations expressed 
their desire to collaborate with the Future 
Earth Regional office at Divecha Centre 
on a host of climate adaptation related 
issues including on the PREP tool.

Participants of the climate resilience workshop.

5



WORKSHOP ON NATURALLY OCCURING POLLUTANTS 
AFFECTING WATER QUALITY IN INDIA 

The Water Solutions Lab at the Divecha 
Centre for Climate Change, Indian 
Institute of Science, Bengaluru, in 
partnership with Future Earth, South 
Asia Regional Office, organized a 
two-day workshop on 20th and 21st 
of June 2018 to highlight and discuss 
“Naturally occurring pollutants affecting 
water quality in India and neighbouring 
regions” and their health effects. Salinity, 
fluoride, arsenic, radioactive nuclide, 
heavy metals, nitrates, and some 
other geogenic chemicals contaminate 
our water resources with or without 
human intervention. With increased 
population growth, land use changes, 
rapid urbanization, excess groundwater 
extraction and warming climate, the 
impacts of these geogenic pollutants 
on water quality and health are getting 
worse. The purpose of the workshop was 
to (1) Develop an updated geographical 
map showing the areas affected by 
natural pollutants, (2) Identify the sources 
of contamination, (3) Understand the 
disease burden in these areas and its 
nature, (4) Take stock of existing practices 
for minimising the effects of pollutants, 
(5) Construct a roadmap for developing 
methods for overcoming the effects of 
pollutants.

 The workshop began with a talk by Dr. 
Subhajyoti Das (Former Director, Central 
Ground Water Board) on the overview 
of groundwater quality in India. In this 
overview, Das highlighted several factors 
that control groundwater chemistry 
and also indicated immediate need for 
water management strategies such 
periodical monitoring, mapping pollutant 
susceptibility, attenuation processes, 
remedial treatment and generation of 

public awareness to ensure availability 
of ground water of requisite quality in 
sufficient quantity. The workshop was 
then divided into five sessions namely 
health impacts of geogenic pollutants, 
fluoride contamination, radioactive 
contamination, arsenic contamination 
and solutions. The health impacts session 
was represented by Tapas Chakma 
(ICMR), R Srinivasan (DCCC) and 
Sangita Patel (Medical College Baroda). 
The presentation and subsequent 
discussions revolved around medical 
ailments due to geogenic contamination- 
bone deformity, dental fluorosis and 
stomach infections, permissible limits 
of each pollutant in drinking water and 
also highlighted localized and natural 
treatments/mitigation steps to overcome 
these impacts.

 The second session on fluoride 
contamination was represented by D. 
Chandrasekharam (Indian Institute of 
Technology, Hyderabad) who gave an 
overview of fluorosis problem in India. 
It was followed by a presentation by 
K.C. Subhash (Department of Mines 
and Geology, Karnataka) on fluoride 
occurrence in groundwater of Karnataka, 
Hydrochemical Evaluation of fluoride 
in groundwater of Halia sub-basin, 
Nalgonda district, Telangana, India by 
PN. Rao (CGWB, Southern Region), 
Fluoride Contamination in Groundwater: 
Genesis, Assessment, monitoring and 
containment by Shakeel Ahmed (CSIR - 
National Geophysical Research Institute, 
Hyderabad), Scourge of fluoride in 
ground water in Rajasthan by D. D 
Ozha (Rajasthan Ground Water Board), 
and Fluoride hotspots in groundwaters 
from the Deccan traps and associated 
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basements in Maharashtra, India by 
Raymond Duraiswamy (Dept. of Geology, 
Savitribai Phule Pune University).

 The next session was on radioactive 
contaminants. The first talk in this session 
was by P. M. Ravi (Bhabha Atomic 
Research Centre, Mumbai) opened 
the session with a comprehensive 
background on radiogenic pollution 
of water sources especially in regions 
like Punjab and Telangana, where they 
leach out into groundwater degrading 
its quality. The next talk was by K. Md. 
Najeeb (Member, Central Ground Water 
Board, New Delhi) who highlighted 
the importance of mapping radon 
contamination. The talks revealed the 
gaps in our knowledge regarding the 
extent of radiogenic contamination.  

 The second day of the workshop 
started with an overview on groundwater 
quality in Karnataka by M. A. Farooqi, 
(CGWB). It was followed by a session 
on arsenic contamination in India and 
ways to mitigate it. S. P. Sinha Ray 
(former member Central Ground Water 
Board and emeritus president, Centre 
for Groundwater Studies, Kolkata) 
began the session by giving an overview 
of geogenic arsenic contamination in 
groundwaters in India. He explained how 
in West Bengal, the problem of Arsenic 
contamination affects more than 1 crore 
people and is of a geogenic origin. The 
talk was followed by S. Bhadury (Centre 
for Groundwater Studies) who highlighted 
the importance of fostering a behavioural 
change in people from afflicted areas 
and the need to make them understand 
the perils of consuming contaminated 
groundwater. The session concluded with 
a talk by Debashish Chatterjee (Dept. of 
Chemistry, Kalyani University) who spoke 
on groundwater arsenic in Bengal delta 

plain regarding geochemistry, mitigation 
and food chain 

 In the final session, emphasis was 
laid on the development of sustainable 
technologies that can be scaled to provide 
safe drinking water to a large population. 
Pawan Labhasetwar (Water technology 
and management, CSIR-NEERI) 
discussed the upcoming techniques 
for water remediation like electrolytic 
defluoridation, zero liquid discharge and 
the use of nanoparticle impregnated 
membranes to check microbial 
contamination. K Kesava Rao (Scientist, 
Department of Chemical Engineering, 
IISc Bangalore) discussed treatment of 
reject water from defluoridation units that 
are based on reverse osmosis. Chandra 
Shekhar  Sharma (Department of Chemical 
Engineering, IIT Hyderabad) gave a talk 
on Carbon and Polymer based Novel 
Adsorbents for the Removal of Fluoride 
from Aqueous Solution. Debabratha 
Datta (Radiological Physics & Advisory 
Division) spoke on development of a new 
approach using machine learning for 
quantification of integrated uncertainty of 
water quality due to a pollutant. In the last 
talk of the workshop, Lingaraju, (River 
Rejuvenation Project of the Art of Living 
foundation) presented his work on bio-
remedial measures to prevent pollution 
and maintaining the quality of Urban 
Lakes in and around Bengaluru city.  

 The workshop concluded with a brief 
session where all the participants 
proposed recommendations to address 
the problem of geogenic pollutants and 
set the tone for collaborative work in this 
area. As a follow up, a recommendation 
report was drafted and an advisory group 
was instituted to facilitate systematic 
research and capacity building. 
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DST’S NATIONAL NETWORK PROGRAM ON HIMALAYAN 
CRYOSPHERE

The glaciers and the seasonal snow melt 
feed numerous Indian rivers originating 
from Himalaya and support millions of 
people. However, snow and glaciers 
are sensitive to climate change and the 
ongoing climate change will potentially 
affect the water availability for millions of 
people living in North India. Therefore, 
comprehensive understanding of factors 
and processes affecting the Himalayan 
cryosphere in needed.  Hence, a need 
was felt for an integrated program to 
study various aspects of Himalayan 
cryosphere. These are glacier retreat, 
glacier mass budget, glacier volume, 
snow water equivalent, snow albedo, river 
run off, glacier lake, snow avalanches and 
climatic parameters. This will require multi-
disciplinary skills and such resources are 
distributed at various Indian institutions. 
Therefore, to bring scientists with various 
expertise on one platform a meeting 
was jointly organized by Department 
of Science and Technology (DST) and 
Divecha Centre for Climate Change at 
Indian Institute of Science, Bengaluru on 
24th April, 2018.  The purpose of meeting 
was to explore a possibility of launching a 
National Network Program on Himalayan 
cryosphere as part of National Mission 
for Sustaining the Himalayan Ecosystem 
(NMSHE) implemented by Climate 
Change Program of DST, Government of 
India. Twenty-five experts from twenty-
three institutions across India participated 
in the meeting. 

 The meeting started with introductory 
remarks by Dr. Akhilesh Gupta, DST, 
where he explained the need for a 
nationally coordinated program to study 
Himalayan cryosphere. He explained 
that most of the research carried out 

in India on Himalayan cryosphere is 
passion driven, and hence, information 
generated in such projects are glacier 
specific and local in nature. Therefore, 
such projects, due to lack of larger 
spatial domain and common theme, are 
not useful for policy makers. In addition, 
information generated from such projects 
are distributed in various spatial domain, 
making it difficult to use for societal benefit. 
Therefore, he suggested to identify key 
scientific questions, which can be used 
by policy makers and for providing smart 
solutions. This was followed by a talk 
by Dr. Nisha Mendiratta (DST) giving 
the details of Climate Change Program 
implemented by DST and a new program 
on “Human and Institutional Capacity 
Building (HICAB)” for Indian Himalayan 
region being initiated by DST. She 
elaborated on the approach to identify 
potential investigators and themes for 
the program and the expectations from 
the meeting. 

 Dr. Anil Kulkarni, Indian Institute of 
Science made a presentation on the 
key scientific questions, which can be 
addressed in National Program.  These 
are: 

1. How much is the snow and glacier 
stored water in the Himalaya? 
2. What is the current rate of glacier 
mass loss and how would this change in 
future?  
3. What is the contribution of snow and 
glacier melt to the total river discharge 
and how would it change in the future? 
4. What will be the new challenges faced 
by the society and how to mitigate?  

 During presentation, he discussed 

8



the latest development in the field of 
glaciology, where field observations, 
satellite remote sensing and models 
are used to address these questions. 
For example, he explained how to 
use the field observation from ground 
penetrating radar, satellite observations 
like slope and velocity and laminar flow 
model to estimate glacier stored water. It 
was suggested that the current scientific 
development in the field of glaciology 
along with the modern observational 
techniques provide us opportunities to 
address the scientific questions, if we 
work together. 

 Subsequently, 16 presentations 
were made by potential investigators 
on measurement of various glacier 
parameters like glacier retreat, glacier 
volume and glacial mass budget using 
field and model-based techniques. It 
also included topics such as quantifying 
contribution of glacier and snow-melt 
water to river discharge, modelling 
spatial distribution of snow water 
volume, mapping of glacier lakes, high 

resolution climate models, Societal 
impact of cryospheric changes and 
glacier lake disaster assessment. 
These presentations demonstrated the 
scientific capacity of Indian scientists 
and institutions. The participants realized 
that upscaling of existing research, 
sharing expertise, data and information 
are needed to meet scientific goals. 
Therefore, the meeting resolved to 
undertake a nationally integrated program 
on Himalayan cryosphere to address the 
following themes: 

1. State of Himalayan cryosphere 
2. Current and future glacier mass loss 
3. Water availability due to the changes 
in Snow/glaciers 
4. Societal impact of cryospheric changes. 

The meeting concluded with finalization 
of time-lines for steps forward to 
establish the National Network Program 
on Himalayan cryosphere.

Participants of the Himalayan cryosphere meeting.
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TRAINING ON GLACIER STUDIES AND REMOTE SENSING 

Divecha Centre for Climate Change  
organized a training program on glacier 
studies and remote sensing from 4th to 
14th June, 2018. 

 Himalayan cryosphere is the major 
reservoir of freshwater in the form of 
seasonal snow, ice and glaciers. A large 
volume of glacier stored water makes 
Himalayan rivers perennial and has 
helped to sustain and flourish the Indian 
civilization along their banks. Since 
glacier extent is changing under the 
influence of climate change, continuous 
monitoring of Himalayan glaciers are 
important to assess future availability of 
water. However, monitoring of Himalaya 
is difficult using conventional field-
based methods due to rugged terrain 
and extreme climate. Remote sensing 
has been extensively used to collect 
information on glaciers. However, due to 
limited number of well-trained manpower 
in India, reliable information is difficult to 
generate. 

 The training was inaugurated by Dr. 

Shailesh Nayak, formerly Secretary, 
Ministry of Earth Sciences and Director, 
National Institute for Advanced Studies. 
Faculties from Divecha Centre for 
Climate Change (DCCC) and Centre 
for Atmospheric and Oceanic Sciences 
(CAOS) delivered numerous lectures. 
In addition, experts working in the field 
of cryosphere and remote sensing such 
as Dr. Ashwaghosha Ganju, Ex-Director, 
Snow & Avalanche Study Establishment, 
Chandigarh, Dr. Ajai, ISRO, Dr. Krishnan, 
Indian Institute of Tropical Meteorology, 
Pune, Dr. R. R. Navalgund, ISRO were 
also invited as guest faculty. 

 The training was sponsored by Science 
and Engineering Board, Government of 
India, New Delhi and Divecha Centre for 
Climate Change, IISc Bangalore. The 
training received overwhelming response 
from the students and more than 100 
applications were received. We selected 
55 participants representing 30 institutes 
across India, depending on educational 
qualifications and research objectives.
 The curriculum included:

Dr. Anil V. Kulkarni of Divecha centre for Climate Change during Inaugural session.



Prof. S. K. Satheesh, Prof J. Srinivasan, Dr. Anil V. Kulkarni and Dr. R. Navalgund with 
the trainees and IISc students.
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(1) Distribution of glaciers.
(2) Aerosol and climate change.
(3) Morphology of glaciers.
(4) Transformation of snow to ice.
(5) Paleo glaciation.
(6) Distribution of temperature in glaciers.
(7) Flow and sliding of glaciers.
(8) Glacier Mass Balance.
(9) Ice and Snow ablation.
(10) General principles of remote sensing.
(11) Optical properties of snow and ice.

(12) Response of glaciers to climate 
change. 
(13) Geo-engineering

 In addition to lectures, practical sessions 
were also conducted on runoff estimates, 
depth estimate, climate change and 
mass balance, topographic corrections 
of reflectance and glacier flow modelling.   

Participant receiving certificate.
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WORKSHOP ON URBAN FLOODS 

An international workshop on Urban 
floods was organized during 27th to 29th 
June 2018 by the regional office of the 
Future Earth in Bengaluru. This workshop 
was a part of activities to promote work on 
Monsoon Area Integrated Research on 
Sustainability (MAIRS-FE). The program 
was formulated by Divecha Centre for 
Climate Change (DCCC) and Inter-
disciplinary Centre for Water Research 
(ICWaR). The main purpose of the 
workshop was to share the experience in 
dealing with urban floods in different parts 
of world.  This experience will increase 
our resilience to deal with extreme rainfall 
events that are expected in the future. 
The workshop attracted participants 
from different organizations in India and 
scientists from Paris, Canada, Malaysia, 
Sri Lanka and Nepal. The workshop 
consisted of lectures, group discussions 
and panel discussion. Prof. J. Srinivasan, 
Director, MAIRS-FE welcomed the 
participants on behalf of Future earth 
regional office and Divecha centre for 
Climate Change. Prof. P. Mujumdar, 
Chairman, ICWaR, discussed the goals 

of the workshop. A wide range of issues 
were discussed during the workshop. 
These included new methods to predict 
floods and new technologies to control 
urban floods. Many case studies of 
urban floods from different cities in world 
were highlighted. The delegate from 
Malaysia discussed the novel concept 
of multiple use of a tunnel for both traffic 
management and flood control in Kuala 
Lumpur. The participants broke up into 
smaller groups to discuss technology 
driven solutions, policy interventions, 
and societal responses. The four 
phases of flood management, namely 
preparedness, response, recovery and 
mitigation was discussed in a separate 
session. The role of accurate weather 
forecasting, proper land use practices, 
and flood insurance were highlighted.

 In the concluding session, Prof. 
Mujumdar underlined the need for a 
multi-disciplinary approach to deal with 
urban flooding.

Participants of the urban floods workshop.
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DANFOSS-MINT TRANSFORMATION AGENDA 2020

A group discussion on climate change 
was held during the “Danfoss-Mint 
transformation agenda 2020” held at Taj 
West end, Bengaluru on 26th July 2018

 Some excerpts from the discussion are 
given below:

 Kelkar: There is a lot of faith in specific 
technological solutions but that is only a 
piece of the puzzle. The story is much 
larger—these technological solutions 
are embedded in a larger governance 
landscape and that is part of a culture or 
a lifestyle in itself. There is much to be 
said about leaving it to the community, 
decentralisation for example, but that 
alone will not take care of the issue. The
important part is larger policy support, 
capital and know-how. Otherwise, that 
connection between what’s happening at 

the grass-roots scale and the larger scale 
won’t happen.
 
 Revi: We are talking a lot about 
temperature but for India the critical issue 
is water, and Bengaluru is struggling 
and will continue to struggle on water. 
We must be able to bring down water 
consumption to 70 litres per capita and 
reduce inequality across the city because 
half the city is currently being fed by 
tankers. The Metro is a beginning for that 
because one very clear thing we know 
for cities across the world is you need to 
shrink footprints. The centre of the city is 
very low in density and outside the city is 
growing very rapidly, and it doesn’t work 
for us. We must move to a more liveable, 
walkable city.
 
 Srinivasan: Increasing air-conditioning 

(From left) Utpal Bhaskar, Live mint; J. Srinivasan, Divecha Centre for Climate 
Change; Jagdish Krishnaswamy, Ashoka Trust for Research in Ecology and the 
Environment; Aromar Revi, Indian Institute for Human Settlements; and Ulka Kelkar, 
World Resources Institute India, taking part in a group discussion at the Danfoss-mint 

Transformation Agenda 2020 in Bengaluru.
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load will generate more heat—that 
statement is true but what people don’t 
realize is the amount of waste the 
industry (generates) today is 1/100th of 
the amount of heat trapped by carbon 
dioxide. Carbon dioxide trapping heat 
cannot be seen so none of us is aware of 
it. One must focus on controlling carbon 
dioxide because that’s much bigger than 
the waste heat problem. I think coal is a 
curse for India for two reasons—it is of 
low quality and it is under the forest floor, 
and we are removing forests to get coal. 
We should have not gone towards coal 
but towards solar after independence.
 
 Revi: The fact is even at one point of 
time, 50% of our species, plant or others, 
are going to see a 50% reduction in their 
range. We have never seen this since the 
beginning of our agricultural revolution, 
around 10,000 years ago. Growing 
things in areas that are completely 
unviable ecologically and increasing 
now economically, and simultaneously, 
now we have a health crisis, the public 
distribution system has given us a lot 
of nice things and food security, but it 
is creating a huge epidemic as far as 
lifestyle diseases are concerned. We 
must radically re-examine this.

 Krishnaswamy: 150 years ago, people 
did not eat potatoes. It is possible for 
changes in diet but it’s not going to 
happen overnight. In the Indo-Gangetic 
plains, even a 10% reduction in water 
use in agriculture, can put back enough 
water in some of our rivers to allow the 
aquatic biodiversity to thrive and to help 
downstream artisanal fisheries to survive. 
These are opportunities for creation of 
new jobs and skills which are linked to a 
transformation that we need for adapting 
to the future.

 Kelkar: We must look at food and diet 
in perspective of a farmer. Because a 
farmer only grows what he/she can sell, 
not just the question of price but also of 
convenience. If the demand or market 
does not exist, then you must create the 
market and the entire support system. 
We must also look at some of these 
larger policy issues from the perspective 
of an individual.

 Krishnaswamy: We have a shared 
security regime, what happens to 
Tibetan plateau and the catchment of 
the Brahmaputra is something that India 
and China need to work together. There 
are planned transformations of the river 
systems that pose, in some sense, 
national security concerns. We have 
been planning many projects thinking 
that these are stationary systems. The 
monsoon itself is a big variable. National, 
water, biodiversity and ecological security 
is as important as the security emanating 
from guns and bombs.

 Revi: This is not the question of just 
India, China or the US but all humanity. 
Irrespective of what the other country 
does, the impacts are going to be felt 
across the world, especially in countries 
that have large populations. Food 
security is a very critical question we 
share as far as that is concerned. We 
can’t underestimate the Chinese ability 
to turn this to their advantage. We must 
be pragmatic like China is on mutual 
interest.

 Srinivasan: No one seems to be 
addressing the elephant in the room; 
it’s population. We are going to add 500 
million people. I don’t see how we can 
avoid ecological stress. So, we must learn 
from China how to control our population.
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NEW INTER-DISCIPLINARY RESEARCH PROGRAM ON 
CLIMATE CHANGE

Prof. S. K. Satheesh, Chairman, Divecha Centre for Climate change initiated a new 
inter-disciplinary program on climate change at the Indian Institute of Science. In this 
program faculty from different departments/centres guide a doctoral student in the 
area of climate change. In this first year, the following six students have joined this 
program. 

Mr. Shravanth, has worked in Divecha Centre for Climate 
Change for the past 5 years. He will pursue his doctoral thesis in 
mobility through electric vehicles in India under the supervision 
of Prof. Balachandra, Department of Management Studies and 
Prof. Dasappa, Centre for Sustainable Technology.

Mr. S. Pradeep has worked for two years at Divecha Centre 
for Climate Change. He will pursue his doctoral thesis in 
climate change impact on glaciers and water availability in the 
Himalayas under the guidance of Prof. S. K. Satheesh, DCCC, 
Prof. A. Kulkarni, DCCC and Prof. V. V. Srinivas, Department of 
Civil Engineering.

Ms. R. Girija will pursue her doctoral thesis in area of risk 
assessment of waste water under the guidance of Prof. 
Balachandra, Department of Management Studies and Prof. 
Chanakya Hoysala, Centre for Ecological Sciences.

Mr. Siddarth Arora will pursue his doctoral thesis on the changes 
in cryosphere using isotope techniques under the guidance of 
Prof. Anil Kulkarni, DCCC, Prof. S. K. Satheesh, DCCC and 
Prof. Prosenjit Ghosh, Centre for Earth Sciences.

Ms. Anasuya Gangopadhyay has worked in Divecha Centre 
for Climate Change for two years. She will pursue her doctoral 
work on the challenges in integrating variable renewable 
power into the India power grid under the supervision of Prof. 
Ashwin Seshadri, CAOS and Prof. Balachandra, Department of 
Management Studies.

Mr. G. T. Dilip Naidu will pursue his doctoral thesis in the area 
of dynamics of the interaction between vegetation and climate 
under the guidance of Prof. Ashwin Seshadri, CAOS and Prof. 
Sumanta Bagchi, Centre for Ecological Sciences.



RESEARCH HIGHLIGHTS
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ABSORBING AEROSOLS: BOON OR BANE IN FREE-SPACE 
OPTICAL COMMUNICATION SYSTEMS?

The impact of enhanced local heating 
due to absorption of solar radiation by 
high-altitude aerosol Black Carbon (BC) 
layers in the performance of Free-Space 
Optical (FSO) communication links is 
investigated. It is seen that a strong 
elevated BC layer at an altitude around 
4.5 km enhances the local atmospheric 
stability and leads to large reduction 
in the atmospheric refractive index 
structure parameter (Cn

2, a parameter 
denoting the fluctuations in the refractive 
index), leading to improved performance 
of the FSO communication links. For 
layers in the tropical atmosphere with 
sufficiently high BC concentration, the 
signal attenuation due to BC absorption is 
alleviated by the large reduction in Cn

2 due 
to BC-induced warming and brings down 
the probability of the communication link 
being down. Synergy between reduction 
in Cn

2 and long wavelength transmission 
improves the link budget significantly by 
reducing the beam wander and number 
of adaptive optics units required. Our 
results highlight the possible role of BC, 
which is generally looked upon as a 
bane in FSO communication systems, 
as a boon in aerial FSO communication 
systems. 

 The main inferences are the following: 

1. Aerial nodes can be used as sub-ad-
hoc networks between ground stations 
after estimating the least-Cn2 altitude 
using BC profiling, and by utilizing 
multiple-hopping. The up-time and link 
length will be higher if BC layers span 
more horizontally.

2. During daytime, EBC layers can be 
used as a proxy to estimate altitudes to 

implement aerial FSO communication 
systems. A mere real-time vertical 
profiling of BC using a lidar will increase 
the performance and reduce the cost of 
implementation.

3. Usage of 1.55 μm transmitting 
wavelength will reduce BC absorption, 
Rayleigh scattering losses and the 
probability of solar radiation to act as 
background noise. Moreover, absorption 
by BC layers is easily mitigated by the 
large reduction in Cn

2 by BC warming.

4. Coupling of numerical weather 
prediction models with observational 
data will enable us in estimating a global 
map of possible least-Cn

2 altitudes for 
aerial FSO communication links.

5. Presence of multiple BC layers may 
open the path for improved spatial-
multiplexing in FSO communication 
systems and the reduced atmospheric 
turbulence observed at EBC layers can 
be exploited as the comfortable flying 
altitudes for aircrafts.

 This study indicates the necessity 
for investigations spanning different 
seasons and geographic locations to 
understand the combined effects of BC-
induced transient attenuation changes 
and suppression of convection by BC 
warming, on the performance of aerial 
FSO communication systems.

 Reference: N. Anand, K. Sunilkumar, 
S. K. Satheesh, and K. K. Moorthy, 
“Distinctive roles of elevated absorbing 
aerosol layers on free-space optical 
communication systems,” Applied Optics, 
57, 7152-7158 (2018).
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Figure 1: Signal attenuation at elevated black carbon (EBC) and below elevated black 
carbon (BEBC) layers. αabs and αsci represent the attenuation due to BC absorption 

and refractive index fluctuations, and αnet is the total attenuation.

Figure 2: Signal attenuation for varying BC concentrations and link lengths at EBC 
layer, done as part of a sensitivity study.
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DISCOVERING THE EARTH’S SEASONAL RHYTHM
In order to reconstruct the monsoonal 
precipitation pattern through time it 
is critical to identify and characterize 
high fidelity archives (both marine and 
continental) of rainfall patterns. Dr. 
Prosenjit Ghosh of Divecha Centre 
for Climate Change has attempted to 
unravel the variability of Indian monsoon 
through geological time by applying 
the tool of Stable and Clumped Isotope 
Geochemistry on archives which forms 
or grows incrementally at seasonal 
timescales. 

 The group harnesses sedimentary fossil 
records found over the Indian landmass 
as archives of seasonal climatic signature 
through geological time, as the Indian 
plate moved from its original geographic 
position in the southern hemisphere 
during the Cretaceous time to its present 
coordinate in the northern hemisphere. 
These archives range from mollusc 
shells from estuaries to rice grains from 
archaeological sites. 
Stable isotope research group at IISc 
designs proxies for determination of 
precipitation, temperature and relative 
humidity by conducting field and 
laboratory experiments at controlled 
condition. 

 Recent research activities of the group 
have shown that Global warming during 
Cretaceous modulated the intensity and 
frequency of extreme climate events. 
This was demonstrated by analysing 
well-preserved shell growth bands in 
fossil mollusc of Cretaceous age (145 
million years) for their stable isotope and 
clumped isotopic signature. The study 
highlighted the intense precipitation 
events coinciding with the high pCO2 

(~1000 ppmV) level during Cretaceous. 
The isotopic pattern in the shell growth 
bands revealed that the majority of rainfall 
during the period when India was located 
at 30°S latitude was confined to the winter 
season (Ghosh et al., 2018), consistent 
with the pattern that we witness in the 
modern settings of western Australia. 
The record of seasonal temperature 
and rainfall during the Cretaceous 
might provide important clue to project 
the future state of climate if the global 
warming trend continues unattended. 

 One of the other investigations dealt with 
the Mawmluh cave deposits of Meghalaya 
in form of carbonates (stalagmites) 
and provided evidence about paleo-
monsoonal variability during the last 
glacial age. High resolution geochemical 
and stable isotope data  combined with 
palaeo-thermometry based on glycerol 
dialkyl glycerol tetraethers (GDGT) 
content showed a unique climatic 
transformation from limited rainfall during 
Last Glacial Maximum (LGM) to intense 
rainfall during the warm early Holocene 
time i.e., 22 to 6 thousand years ago 
(Huguet et al., 2018) The records also 
documented a time lag of 6 thousand 
years between warming at the termination 
of the glaciation and strengthening of the 
summer monsoonal rainfall; shown in the 
Figure below.

 While the paleoclimate data are of 
immense importance to model the 
future climate system and its variability, 
it is equally pertinent to understand 
present day precipitation pattern in 
terms of global moisture and heat 
transport that is largely controlled by the 
ocean. The group undertook multiple 
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expeditions to the Southern Ocean 
to characterize the precipitation and 
atmospheric-vapour isotopic signatures. 
The isotopic signatures recorded in the 
precipitation strongly correlated with 
the trend of latitudinal temperature and 
wind strength; the governing process 
of moisture generation and transport. 
Isotopic mass balance approach using 
the field measurements carried out on 
precipitation and atmosphere water-
vapour revealed inclusion of ~33% 
recycled moisture in the cloud generated 
near the Inter Tropical Convergence 
Zone (ITCZ), while the contribution of 
recycled moisture diminishes to ~13% 
on approaching the latitudes north and 
south of the convergence zone (Rahul 
et al., 2018). The Group has recently 
proposed a new tool of stable isotope in 
rice grain as recorder of relative humidity 
condition (Kaushal and Ghosh, 2018a 
and b), which has potential utility in 
deriving the atmospheric moisture level 
from archaeobotanical remains

 Reference:
Ghosh, P., Prasanna, K., Banerjee, Y., 
Williams, I. S., Gagan, M.K., Chaudhuri, 

A. & Suwas, S. Rainfall seasonality 
on the Indian subcontinent during the 
Cretaceous greenhouse. Scientific 
Reports 8, 8482 (2018).
Huguet, C., Routh, J., Fietz, S., Lone, 
M.A., Kalpana, M.S., Ghosh, P., 
Mangini, A., Kumar, V. & Rangarajan, 
R. Temperature and monsoon tango 
in a tropical stalagmite: Last glacial-
interglacial climate dynamics. Scientific 
Reports 8, 5386 (2018).
Rahul, P., Prasanna, K., Ghosh, P., 
Anilkumar, N., & Yoshimura, K. Stable 
isotopes in water vapor and rainwater 
over Indian sector of Southern Ocean 
and estimation of fraction of recycled 
moisture. Scientific Reports 8, 7552 
(2018).
Kaushal, R. & Ghosh, P. Stable oxygen 
and carbon isotopic composition of rice 
(Oryza sativa L.) grains as recorder of 
relative humidity. Journal of Geophysical 
Research Biogeosciences 123 (2), 423-
439 (2018a).
Kaushal, R. & Ghosh, P. Oxygen isotope 
enrichment in rice (Oryza sativa L.) 
grain organic matter captures signature 
of relative humidity. Plant Science 274, 
503-513 (2018b).

Photo from the KM-1 stalagmite inside the Mawmluh cave system.  location of 
Mawmluh cave Light blue line indicates the position of the Intertropical Convergence 
Zone (ITCZ) during the summer monsoon period. The δ18O in speleothems registered 

monsoon strength during glacial -interglaciation transformation.
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