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FROM THE CHAIRMAN

Greetings!
The Divecha Centre for Climate Change was established at the Indian Institute of Science in
January 2009 with a generous nancial 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 identied 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.
One of the objectives of the Divecha Centre is connecting science to policy makers. In this
context, the Asian Summer monsoon has a vital role, as it has a signicant impact on the
country’s economy, agriculture and hence forms an important component in policy. Asian
monsoon region is a vast region covering South, Southeast and East Asia. Changes to the
regional climate caused due to human drivers such as increase in population, increased
energy demand, intensied land use, urbanization, industrialization, and economic
development, are known to have global as well as regional consequences. The high
variability of monsoon climate causes a high frequency of climate related disasters, such as
oods, droughts and heat waves which often bring about great damage to the economy,
infrastructure and habitat. At the same time, this region is a fast developing region and has
the highest population density in the world. Monsoon Asia Integrated Research for
Sustainability (MAIRS) is a regional consortium for the integrated study of the Earth system
processes in the Asian monsoon region. The vision of MAIRS is to signicantly advance
understanding of the interactions between the human-natural components of the overall
environment in the monsoon Asian region and implication for global earth system, in order
to support the strategies for sustainable development. The Scientic Steering Committee
(SSC) of MAIRS recently accepted our proposal to host the MAIRS Regional Project Ofce at
the Divecha Centre for Climate Change. It is anticipated that the Regional Project Ofce
will be operational by April-May 2017.

S.K. Satheesh
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THE BENEFITS OF CONNECTING SCIENCE
TO POLICY MAKERS
Translating scientic knowledge, generated
through scholarly research, to societal
benets and sustainability, calls for close
connection between scientists and policy
makers. Ms. Alyssa Gilbert, Head of Policy
and Translation at the Grantham Institute,
Imperial College, London, delivered a
lecture on "The Benets of Connecting
Science to Policy Makers" at the Divecha
Centre for Climate Change, on 12th
September 2016. In this talk, she
highlighted her mission in the Imperial
College to collate the knowledge from
research work on climate change and
environment and communicating these to
the real world effectively to tackle the
adverse effects. She elaborated on the
challenges on how different universities
and institutions need to interact with
different business; to understand the
community which is impacted by these
changes and on what basis (such as research

strength, ongoing activities, academic lead
and external drivers), policy changes should
be implemented. In realising this, networks
and relationships of different institutions
and businesses are important. Her group
provide internal support to academic
experts by training them in media, links to
external parties, inwards training etc. Ms.
Alyssa debated on some traditional and
modern approaches to show what works and
what does not. The talk ended with
discussion on challenges that include
setting denite goals and timelines, basic
skill sets and co-operation, competition and
fragmentation across academia. Ms. Alyssa
highlighted on how we can build success by
raising awareness and addressing
immediate environmental issues and to
protect and improve the health of the
global environment to lead to a sustainable
and prosperous future.

Prof. J. Srinivasan releasing the rst issue of the Divecha Centre newsletter to
Ms. Alyssa Gilbert.
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WHAT CAN WE DO TOGETHER WITH
THE GRANTHAM INSTITUTES?
Prof. S.K. Satheesh, Chairman, Divecha
Centre for Climate Change, visited the
Grantham Institutes at the Imperial College
London and London School of Economics
and Political Sciences and held a series of
meetings. Main objective of these visits was
to expand the existing links between the
Divecha Centre and the Grantham
Institutes, and to develop new
collaborative ventures in the areas of
c l i m a t e c h a n g e , e n e r g y, a n d t h e
environment. The visit provided the
opportunity to engage with various experts
on the campus, whose interest and
expertise are vital to the research
collaboration between the institutions and
the centre. During his visit, Prof. Satheesh
held a series of meetings with domain
experts and senior executives. A brief
summary follows:

domain of interests, there is a great scope
for collaboration in many areas such as:
Aerosols and Climate, Wind Energy, Water,
Glaciers and Sea Ice, Satellite Remote
S e n s i n g , S o l a r Ph o t o Vo l t a i c ( P V ) ,
Hydrology, Biodiversity and Policy.
During the meeting on “Water” with Dr. Ana
Mijic and team, Prof. Satheesh informed
that the South Asia regional hub of “Future
Earth” has been established at the Divecha
Centre recently. Central to achieving the
vision is a commitment to collaborate with
various partners, in order to develop
solutions-oriented research. “Sustainable
Water Future Programme” is a core activity
of “Future Earth” and will address the
water-related science, policy and societal
questions in the context of global
environmental change. In this connection,
DCCC intends to host a “Water Solutions
Laboratory”, aiming at inuencing
policymaking at a regional scale by
initiating active dialogue between
scientists, policy-makers and the general
public.

The rst meeting was with Professors Jo
Haigh and Martin Siegert, Co-Directors;
Alyssa Gilbert, Head of Policy and
Translation; Dr Laila Read, Project Manager;
and Dr Simon Bailey, Director of Operations.
General exchange of information took place
on the ongoing activities in the Divecha
Centre and the Grantham Institutes, and
progress and development at both the
organisations, followed by the Lunch-time
seminar on the activities in DCCC including
Glaciers, Renewable Energy, Aerosols and
their impacts on climate, Atmospheric
boundary layer, Cloud Physics, Geophysical
uid dynamics, Monsoon variability and
predictability, Numerical simulation of the
Atmosphere-Ocean-Climate system,
Paleoclimate studies, Physical-ChemicalB i o l o g i c a l o c e a n o g r a p h y, S a t e l l i t e
meteorology, Geo-engineering, Space-time
structure and scaling in geophysical data,
a n d Tr o p i c a l c o n v e c t i o n a n d t h e
possible/potential areas of collaboration.
In the following meetings, the participants
expressed that, considering the overlapping
objectives of the two institutions and the

Another meeting pertained to “Climate and
Aerosols” and was attended by Professor
Ralf Toumi, Dr Helen Brindley, Dill Shawki,
Professor Jo Haigh along with several
postdocs and students. In this meeting,
Prof. Satheesh informed that aerosol data
from around 40 sites in India are available
with the Divecha Centre for validating
retrieval algorithms for satellite remote
data and performance evaluation of climate
model simulations. Efforts by the centre to
study the presence of black carbon aerosols
in the stratospheric altitudes and
consequent/potential impacts on ozone
layer also attracted the attention of the
attendees. Prof. Satheesh briefed the group
about the Centre’s current collaboration
with the Imperial College and potential
future collaborations. Based on these
discussions, a proposal for joint hosting of
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one student has been submitted to the
Grantham Institute by Dr. Helen Brindley.
This student would visit Divecha Centre for
prolonged duration and also would involve
in satellite validation exercise in India to
test the remote sensing retrieval
techniques developed at the Imperial
College. Another proposal was submitted to
UKIERI for joint eld experiments by
bringing aerosol instruments from UK to
India jointly with University of Manchester.

the ongoing collaborative programme,
based on the recently developed
interactive tool (‘Climate Change
Calculator’). Next meeting attended by
Professors Jo Haigh and Martin Siegert,
Alyssa Gilbert, Simon Levey, Alex Cheung)
discussed various communications and
events, sharing the Grantham Institute’s
experiences on what has worked well, and
discussed ideas for future joint activities. It
has been decided to come up with a joint
brieng report/document on the
“Advantages of Reduced Dependence on
Coal”. Prof. Satheesh informed that
Divecha Centre will soon setup a
“Communication and Translation” team in
order to communicate the scientic
outcomes to the public and to the policy
makers.

Meeting on “Low carbon energy
technologies” was attended by Dr Ned
Ekins-Daukes, Phil Sandwell, Dr Adam
Hawkes, Dr Helen Brindley, Professor Tim
Green, Dr. Rafael Palacios. Dr. Ned
presented his ongoing activity with Divecha
Centre on solar PV. This meeting discussed
India’s COP-21 commitment to achieve 175
Gigawatts of renewable energy by 2022. Of
this huge amount renewable energy that
India plans to create, as much as 100
Gigawatts is just solar energy. India's
current capacity is less than 20 Gigawatts
(but rapidly growing). India has to create
around 60 gigawatts of wind power
(assuming 15 Gigawatts from other sources)
while the current capacity is about 25
Gigawatts. The total potential for wind
energy at a hub height of around 100 metres
is estimated at around 300 Gigawatts. This
implies that less than 10% of the total
available resource has been tapped. Prof.
Satheesh indicated that in order to exploit
wind energy at hub heights of 100 m or
more, Divecha Centre plans to engage
industry in addition to academia and
national institutions in wind energy related
studies.
I n t h i s m e e t i n g , “ Ru r a l
electrication using renewable energy
sources” has been proposed as one of the
potential areas for collaboration. Prof.
Satheesh informed that the Divecha Centre
plans to prepare an ATLAS on India’s Wind
Power Potential using high-resolution
models and observations.

Professor Satheesh interacted with
Professor Richard Templer, Director of
Innovation, at the Grantham Institute on
policy related issues. There were
discussions on Air Quality and related
issues. Prof. Satheesh visited London School
of Economics and Political Sciences during
the afternoon of 22nd September 2016. He
has interactions with Professor Nick Stern,
Director of the Grantham Institute at the
LSE and Dr. Ruth Kattumuri, Director of
India Observatory at the LSE.
Professor Nick Stern was quite interested in
Air Quality and related issues. As a rst
step, it has been decided to bring out a joint
brieng report for policy makers on the
advantages of reduced dependence on coal.
This report is expected to have an impact on
government policy related to coal usage.
This report/document will be a joint effort
between Divecha Centre and the Grantham
Institutes at the LSE and the Imperial
College. Based on these discussions, the
issue will be viewed from three angles.
First, air quality degradation (due to
emissions from coal) and health. The centre
will demonstrate the advantages of
reduced coal usage (and hence reduced
emissions) on air quality and health.
Second, air pollution and agriculture: in
which, the centre will demonstrate the

Meeting on “Land Use Change and
Bioenergy” was attended by Dr. Jeremy
Woods, Dr. Lorenzo Di Lucia and Dr. Miao
Guo and discussed the future directions of
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adverse impacts of high aerosol/trace gas
levels on crop yield. Third, emissions from
coal and monsoon. Dependence of Indian
economy on monsoon rainfall is very high
and also is most important right now due to
water sharing issues between various states
in India. The centre will demonstrate
impacts of emissions on monsoon rainfall.
Professor Nick Stern suggested to include
the 'value of human life' also while
estimating the cost of coal.

This meeting was followed by a meeting
with Dr. Lenny Smith, Director, CATS,
Department of Statistics, LSE. Based on the
discussions regarding the performance
evaluation of model simulations over India
and also changes in the regional distribution
of monsoon rainfall, our colleagues at the
Divecha Centre expressed interest to
collaborate. Based on these discussions, a
senior PhD student or a postdoctoral fellow
will visit the Grantham Institute at the LSE
around February/March 2017.

THE TRANSFORMATION OF SCIENCE
TOWARDS A SUSTAINABLE WATER FUTURE
Sustainable Water Future Programme is a
core activity of ‘Future Earth’ and will
address the water-related science, policy
and societal questions regarding global
environmental change. Divecha Centre is
expected to become part of Water Solutions
Laboratory network. Water Solutions Lab
aims to inuence policymaking at a regional
scale by initiating active dialogue between
scientists, policy-makers and the general
public. Part of this will be to provide
advanced training to students and young
water professionals to build their capacities
for successful science-policy interactions.

hydrological cycle could lead to abrupt
change and surprises such as potential
shutdown of North Atlantic deep water
formation and ocean circulation arising
from changes in Eurasian river discharge.
Prof. Anik deliberated on research
questions like how humans are changing the
global water cycle and what are the socioeconomic and environmental feedbacks
arising from these changes. He talked about
the preparation of a major collaborative
project aiming to develop International
Water Quality Guidelines for Aquatic
Ecosystems to make water sustainable in
the near future. He proposed on setting up a
network of water solution labs both locally,
regionally and globally to cope with water
related issues. The talk ended by discussion
on future plans by the committee to
establish working groups in these solution
labs to identify the gaps or deciencies and
propose feasible innovative solutions to
address the water system security to
achieve global sustainability.

Despite that water occupies a major
fraction of Earth, the availability of clean
and usable water (for the living beings) is
becoming increasingly stressed. Prof. Anik
Bhaduri Executive Director, Australian River
Institute, Grifth University Brisbane,
Australia, visited the Divecha Centre and
delivered a talk on "Global Water, the
Anthropocene and the Transformation of a
Science towards a Sustainable Water Future
" on 14th September 2016. He talked
mainly on the Anthropocene inuence on
Global Water systems; especially on how
human interventions have been affecting
the global water system combined with the
eco-system and biogeochemical cycles; and
how it may further affect in the years to
come. He talked on how the water cycle
dynamics have changed due to construction
of dams. He stated that a modied

Prof. Anik Bhaduri delivering a seminar at
the Divecha Centre for Climate Change
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CLIMATE CHANGE QUIZ CONTEST 2016
As a part of inculcating climate change
awareness as well as public outreach,
Divecha Centre for Climate Change
regularly organizes annual Climate Science
Quiz competition among students from
different academic institutions. The eighth

edition of this was conducted on September
2016 at the J.N. Tata Auditorium of IISc.
About 900 students and faculty from 90
colleges across Karnataka participated in
this event.

Prof. J. Srinivasan conducting the climate change quiz contest along with
Prof. Bala Govindasamy.
Prior to the event, the participants were
introduced to the activities of DCCC
through posters and experiments, which
included how our atmosphere inuences a
light-based communication system; how an

Infrared Gas Analyzer can be used to
measure carbon dioxide and water vapour
concentrations as well as demonstrations
on ocean acidication and Greenhouse
effect. These interactions generated a lot
of excitement and interest in the students.

Prof. Ravi Nanjundiah delivering a seminar to the participants of climate change quiz contest.
In the afternoon, 330 students took a
written test on climate science and based
on their performance three colleges were
selected for the oral quiz. The oral quiz
consisted of 10 rounds with each round
having 5 questions. At the end of 10 rounds
two colleges were tied for the rst place.
Hence a tie-breaker around was initiated.
The students from Global Academy of

Technology won the rst place while Sri
Jagadguru Balagangadra Institute of
Technology and Bangalore University won
the second and third place respectively.
Prof. Anurag Kumar, Director, Indian
Institute of Science gave cash prizes and
trophies to the winners. All the participants
in the program received a certicate of
participation.
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Prof. Anurag Kumar presenting trophy and certicate to the winners of climate change quiz contest.

MEETING WITH THE EXECUTIVE DIRECTOR,
FUTURE EARTH GLOBAL SECRETARIAT
The South Asia regional ofce of the
international programme “Future Earth”
has been established at the Divecha Centre
for Climate Change, during in 2016. As a
follow-up of this and also to formalize the
regional ofce in the global context, two
m e e t i n g s w e r e h e l d w i t h D r. Pa u l
Shirvastava, Executive Director, Future
Earth Global Secretariat, during his visit to
India. The rst of these was held at the
Ministry of Earth Sciences (MoES at Prithvi
Bhavan), on November 8, 2016. This was
attended by the Secretary, MoES; Chairman
and members of the Future Earth National

Committee; Executive Director of the South
Asia regional ofce (Prof Satheesh) and the
senior executives of MoES. Dr. Paul
Shrivastava provided a concise account of
the Future Earth programme, its mandates,
its distributed structure and the current
status and the expectations from the
regional ofce in its capacity as a link
between science and policy for societal
applications and sustainability. In the
discussions that followed, Secretary MoES,
highlighted the activities of the ministry
relevant to Future Earth objectives and
assured strong support to the programme.

Dr. Paul Shrivastava with members of the Future Earth national committee (FE-NC) of
India and ofcers of the Ministry of Earth Sciences, New Delhi. From left: Dr. K.
Krishnamoorthy, Chair of FE-NC, Dr. E.N. Rajagopal, Director, NCMRWF, Dr. K.J. Ramesh,
Director General, India Meteorological Department (IMD), Dr. M. Rajeeva, Secretary,
Ministry of Earth Sciences (and member FE-NC), Prof. Paul Shrivastava, Executive
Director, Future Earth, Prof. S.K. Satheesh, Chairman, Divecha Centre and Executive
Director, Future Earth South Asia regional ofce, Dr. P. Maini, Director, Ministry of Earth
Sciences and Dr. M. Dileepkumar, member, FE-NC.
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The second meeting was held at the Indian
National Science Academy, which was
a t t e n d e d b y t h e Vi c e Pr e s i d e n t
(International Affairs) Dr Chandrima Saha,
Deputy Director Dr Brotati Chattopadhyay,
and INSA ofcials, beside Prof Satheesh, and
Dr K Krishnamoorthy (Chair, FE National
Committee). Following his presentation, Dr
Shrivastava briefed on the role INSA can
play in informing the policy makers of the
knowledge generated through research in
developing societies to successfully adapt
to the regional challenges caused by

climate change. He also urged INSA to
support holding of a forthcoming meeting of
the Science and Engagement Committee
meetings of Future Erath in 2019 in India.
The vice president, assured INSA’s support
to Future Earth.
The details of Indian National Committee of
Future Earth (with its enlarged
constituents) have been communicated to
the global secretariat, which has now
accepted the Indian national committee
and formalized it as a part of its global
entities.

THE 10TH JEREMY GRANTHAM
LECTURE ON CLIMATE CHANGE
The 10th Jeremy Grantham Lecture on
climate change was delivered by Prof.
Stefan Rahmstorf, University of Potsdam,
Germany on 23rd November 2016 at the
Divecha auditorium in the Indian Institute
of Science. In this lecture, he discussed the
new insights from climate science and the
future of the Paris Agreement. Prof.
Rahmstorf argued that the impact of global
warming is evident in heat waves, extreme
rainfall events and sea level rise. He
highlighted that fact the decade of 20012011 was a decade of extremes. He linked
the rapid retreat of the Greenland ice
sheets and the Arctic sea ice to the spells of
extreme weather conditions in Europe, Asia
and North America. He showed that the
mid-latitude jet stream had slowed down
and tends to meander more. He indicated
that global warming may have played a role
in the occurrence of frequent droughts in
Syria. He discussed the impact of global
warming on slowing down of the ocean
meridional circulation.
He showed that
the anthropogenic carbon dioxide emissions
from various sources such as the fossil fuel

and cement was the major cause of global
warming. He pointed out that economic
growth can occur without increasing carbon
dioxide emissions. He stated that the gross
domestic product of Germany had doubled
since 1990 while the carbon dioxide
emissions declined by 27%. Prof. Rahmstorf
concluded by saying that some global
warming was inevitable but with continuous
efforts we could still limit the warming to
0
below 2 C. This would signicantly reduce
the risks and impacts of climate change.

Prof. Stefan Rahmstorf, University of Potsdam,
Germany delivering the 10th Jeremy
Grantham Lecture on climate change.
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Prof. Stefan Rahmstorf interacting with students and faculty members of the Divecha Centre.

DIVECHA CENTRE TO HOST MAIRS
REGIONAL PROJECT OFFICE (RPO)
Changes to the regional climate,
biogeochemical cycling, and functioning of
terrestrial and marine ecosystems brought
about by human driving forces such as
increase in population, intensied land use,
urbanization, industrialization, and
economic development may have global as
well as regional consequences. Similarly,
effects of global change will have a
signicant impact on sustainable
development at both regional and national
levels. Monsoon Asia Integrated Research
for Sustainability (MAIRS) is a regional
consortium for the integrated study of earth
system processes in the Asian Monsoon
Region; the vast region covering South,
Southeast and East Asia. It is a region where
the major features of landscape, such as
vegetation, soil and water system are
developed in a monsoon climate. Monsoon
rainfall is the main water resource of the
region. However, the high variability of
monsoon climate causes a high frequency of

climate related disasters, such as oods,
drought and heat waves which often bring
about great damage to the region. At the
same time, Monsoon Asia is a region with
very active development and the highest
population density in the world. The vision
of MAIRS is to signicantly advance
understanding of the interactions between
the human-natural components of the
overall environment in the monsoon Asian
region and implication of global earth
system, in order to support the strategies
for sustainable development. The Scientic
Steering Committee (SSC) of MAIRS, during
its recent meeting held at the Research
Institute for Humanity and Nature (RIHN),
Kyoto, Japan, accepted our proposal to host
the MAIRS Regional Project Ofce (RPO) at
the Divecha Centre and appointed Prof. S.K.
Satheesh as Interim Director of the RPO. It is
anticipated that the RPO will be operational
by April-May 2017.
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Prof. S.K. Satheesh attending the Scientic Steering Committee (SSC) of MAIRS at the
Research Institute for Humanity and Nature (RIHN), Kyoto, Japan.

INTERNATIONAL CONCLAVE ON "FRONTIERS
IN EARTH AND CLIMATE SCIENCES
The Divecha Centre for Climate Change
organized an international conclave on
'Frontiers in Earth and Climate Sciences'
from 5-7 December 2016, supported by the
Ministry of Earth Sciences and jointly
organized by The World Academy of
Sciences Regional Ofce for Central and
South Asia (TWASROCASA) and the Divecha
Centre for Climate Change, Indian Institute
of Science. The conference was attended 80
participants (including those from Africa,

Central Asia and South Asia). The
participants had opportunity to discuss
outstanding grand challenges in Earth,
Climate and Ocean Sciences and also to
discuss some of their recent research
ndings. Overall, this conference provided
a platform for Young Scientists from South
and Central Asia to promote networking and
offer unique opportunity for collaborative
research by sharing their recent research
ndings, future plans and their research
interests.

Participants of the international conclave on 'Frontiers in Earth and Climate Sciences',
jointly organized by TWASROCASA and the Divecha Centre for Climate Change.
The Inaugural session was chaired by Prof.
R. Narasimha, Jawaharlal Nehru Centre for
Advanced Scientic Research, who
highlighted the common challenges related
to climate variability and climate change
and its impact on the environment. Pointing
out that climate change problems are a
global challenge he suggested that there is
a need to solve these issues through a
combination of science and technology. This
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was followed by thematic lectures by
eminent scientists and poster presentations
by young scientists. Prof. V Krishnan,
coordinator of the TWAS regional ofce at
JNCASR spoke on the TWAS regional ofce
and its efforts to promote scientic
capabilities for sustainable development in
Central and South Asian and African
countries. Prof. Satheesh, the course
coordinator, briefed the topics and the
overall structure of the enclave.

Inaugural session of the international enclave for
young scientists of the South and Central Asian region.

Prof. G.S. Bhat chairing the rst session of the
international enclave for young scientists of the
South and Central Asian region.
Dr. Satish Shenoi, director, INCOIS delivering
the seminar.

Prof. R. Narasimha inaugurating the international
enclave for young scientists of the South and
Central Asian region.
Prof. J. Srinivasan, Centre for Atmospheric
and Oceanic Sciences, Indian Institute of
Science, Bangalore, discussed the impact of
climate change on monsoons around the
world. He argued that the land-sea contrast
theory of monsoon was awed and proposed
an alternative theory based on energy and
moisture budget. Dr. Satish C Shenoi,
INCOIS, Hyderabad, spoke on the role
played by the oceans in modulating climate
change. He examined the impact of ocean
warming on monsoons and sea level rise.
Prof. R. Ramesh, Physical Research
Laboratory, Ahmedabad, talked about
Paleo-monsoon studies from various
monsoon proxies such as cave deposits in
India. He showed how cave deposits in India
and tree rings in the Himalayan region are
useful in the reconstruction of monsoon
over the past 1000 years. Prof. Ravi S
Nanjundiah, Centre for Atmospheric and
Oceanic Sciences, Indian Institute of
Science, Bangalore, spoke about the impact
of climate change on intra-seasonal
variability of the Indian summer monsoon.
He discussed the impact of intra-seasonal
variation on the extreme rainfall events.
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D r. S . S u r e s h B a b u , S p a c e Ph y s i c s
Laboratory, Vikram Sarabhai Space Centre,
ISRO, provided an overview of the impact of
aerosols on Indian climate. He deliberated
on some of the current challenges in
q u a n t i f y i n g t h e i m p a c t s . Pr o f . R .
Srinivasan, Centre for Atmospheric and
Oceanic Sciences, Indian Institute of
Science, Bangalore, talked about glacial
events that occurred in the early history of
the earth. He gave prominence to the
importance of glacial history as it
contributed the evidence for surface
temperature in the past and may have
relevance to theories of biological,
atmospheric and crustal evolution. Prof.
Anil Kulkarni, Divecha Centre for Climate
Change, highlighted the recent advances in
Himalayan Glaciology. He discussed the
impact of retreating glaciers on the
formation of glacier lakes. Furthermore, he
pointed that retreating glaciers can also
increase possibility of glacier lake outburst
ood and landslide, thereby creating new
hazards in the mountainous regions. Prof.
Rohana Chandrajith, Department of
Geology, University of Peradeniya, Sri
Lanka, spoke about Medical Geology, that is
the relationship between geo-environment
and health of living beings caused by either
severely depleted or accumulated toxic
levels in geological environment. He
presented some cases of diseases and
disorders in human beings caused due to
changes in geological environment.

exposure of the Indian Mars Orbiter Mission
(MOM). He discussed the mission and launch
vehicle, new technology requirements, and
mission constraints. He concluded his talk
with a perspective on future planetary
exploration missions proposed by India.

Prof. Rohana Chandrajith, Department of Geology,
University of Peradeniya, Sri Lanka delivering a talk.
Prof. Rajiv Sinha, Department of Earth
Science, IIT Kanpur, spoke on the Paleochannels in north western India. He
presented data on large buried river
systems and demonstrated some evidence
of large valleys near these Paleo-channels.
He also spoke about the decline in ground
water in this system. Prof. VM Tiwari, NGRI,
Hyderabad, deliberated pm inferring water
storage variability from GRACE Satellite
Measurements over India. He presented an
estimate of total water storage and other
uxes of hydrological cycle over a few river
basins of India along with comparisons with
estimates from in situ observations. He also
demonstrated the use of gravity data
changes from satellites to estimate water
storage.
Prof. Anil Bhardwaj, Director, Space Physics
Laboratory, Vikram Sarabhai Space Centre,
ISRO, Thiruvananthapuram, provided an

Prof. R. Srinivasan chairing the session.
Dr. Anil Bhardwaj, Director of SPL,
ISRO delivering a talk in India's mission to Mars.
Prof. Kusala Rajendran, Centre for Earth
Science, Indian Institute of Science,
Bangalore, talked about the role of plate
tectonics in the evolution of the Earth as a
habitable planet. She presented some of
the key factors contributing to evolution on
Earth from past to present with the
structure of the Earth's crust as the
underlying force. She further went on to
show how the plate tectonics affected
climate thereby affecting the evolution of
life on Earth.

Poster session during the international enclave for young scientists of the South and Central Asian region.
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Poster session during the international enclave for
young scientists of the South and Central Asian region.
Prof. JN Goswami, PRL Ahmedabad, dwelt
with the exploration of the solar system and
beyond. He brought out the challenges
faced from design to launch of the rst
satellite into space. He presented some
advanced technologies used in building
satellites from past till the present status.
He also presented the exploration of the
moon, its origin and evolution and India’s
future plans on planetary science and
exploration. Prof. Ram Yadav, Wadia
Institute of Himalayan Geology, Dehradun,
spoke about Climate and Conict during
Mughal Invasion of India. From historical
records, he presented some important
factors relating to scarcity of resources for
livelihood due to arid climate conditions.
He argued that these conditions forced
people to migrate to other regions. He
stressed for the need of long-term climate
data beyond observational records to
understand linkage between climate and
society.
The session to present TWAS regional ofce
prize was chaired by Prof. P. Balaram,
former director of the Indian Institute of
Science. Prof. Eric H Karunanayake, IBMBB,
University of Colombo, Sri Lanka, delivered
the TWAS regional ofce prize lecture. He
talked about some of the challenges and
hurdles faced during building of the
Institute of Biochemistry, Molecular Biology
and Bio-Technology (IBMBB) at Colombo.
Prof. Balaram presented the TWAS regional
ofce prize to Prof. Eric H Karunanayake,
IBMBB, University of Colombo, Sri Lanka.
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Prof. P. Balaram presenting the TWAS regional
ofce prize to Prof. Eric H Karunanayake, IBMBB,
University of Colombo, Sri Lanka.

This was followed by participant’s
presentations chaired by Prof. C.P.
Rajendran, JNCASR and the concluding
session. This workshop provided a platform
for young scientists to discuss some of their
recent research ndings and also to
promote networking and offered unique
opportunity for collaborative research by
sharing their recent research ndings,
future plans and their research interests.

Prof. C.P. Rajendran, chairing the session on
participants' presentation during the
international enclave for young scientists of
the South and Central Asian region.

RESEARCH HIGHLIGHTS

HIMALAYAN GLACIERS
The Himalayan Glaciers are believed to be
the largest natural storage of fresh water
outside the poles. These glaciers and
snowelds are the major source of fresh
water to the glacier-fed rivers of South Asia.
At the Divecha Centre for Climate Change,
systematic and multi-pronged studies of the
glaciers are being pursued using in-situ data
collection, satellite remote sensing and
modeling. These studies examine and
quantify the dynamics (retreat or advance)
of glaciers and also assess the trends in the
mass balance.

The Centre now has the retreat data of 83
Himalayan Glaciers; some of them
advancing, some static while several are
retreating (left panel of the gure) and on
an average, there is a cumulative reduction
of 13% in the glacier area between 1960 and
2000. To understand changes in rate of
retreat, and to assess the health of the
glaciers, eld mass balance data have been
collected from 14 glaciers on the Central
and Western Himalayas, which has revealed
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a cumulative loss of 20% mass from 1975 to
2014. However, eld data collection
pertains only to a very small fraction of the
total glacier area. For a more exhaustive
picture, differencing digital elevation data
from satellite remote-sensing is used,
which however has its own inherent errors.
To reduce these, ground control points are
introduced, by installing differential GPS
receivers. In the rst phase, 50 such
systems have been installed at Bapsa basin.
A new method to estimate glacier mass
balance (of individual glaciers as well as
that of basins) using temperature index,
precipitation gradient and Accumulation
Area Ratio (AAR) has been developed with
signicantly improved results. The model
was applied to 12 selected glaciers in
Chandra basin and cumulative mass balance
is estimated as -1.67 ± 0.72 Gt (-0.79 ± 0.34
m w.e. a-1) during 1999/2000 to 2008/09.
Such loss of glacier mass may lead to the
formation of moraine dammed glacier
lakes, which can cause glacier outburst
oods (GLOFs) upon failure of the dam,
endangering human life and infrastructure
downstream. Validation of this method for
glacier ice depth and bottom topography
for Chhota Shigri glacier suggests a model
uncertainty of 15%. The model is applied to
Samudra Tapu and Drang Drung glaciers in
the Western Himalaya, where eight
potential lake sites were identied with
mean depths varying between 33±5m and
93±14 m, out of which three sites have a
volume greater than 0.01 km3. The analysis
predicts an over-deepening near the snout
of Samudra Tapu, in close proximity to an
existing moraine dammed lake. A portion of
the predicted site has already evolved into
a lake, which upon further deglaciation
could lead to an expansion of the existing
lake by an area of 14±2 ha. This study
demonstrates the utility of the model to
predict maximum expansion of the existing
lakes and possible formation of new lakes
due to glacier retreat.

Contributed by: Anil V. Kulkarni

REGIONAL CHEMICAL TRANSPORT MODELS
The role of anthropogenic emissions (of
trace gases and aerosols – particles
suspended in the air) in climate forcing is
getting increasingly accepted by the global
climate science community. Of this, the
forcing by aerosols remains largely
uncertain and persistent efforts are
underway to reduce this uncertainty,
caused by the large spatio-temporal
heterogeneity in aerosol properties.
Despite of extensive measurements,
Chemical Transport models are essential to
simulate regional aerosol elds with enough
spatio-temporal resolution and accuracy for
inputting in regional and global climate
models. However, it is increasingly getting
recognized that all the current models
largely underestimate aerosols (near the
surface as well as in the column), the extent
of the uncertainty varies from model to
model as well as with region and season.
Thus, there is a dire need to constantly
evaluate the performance of these models
against measurements over as may regions
as possible to identify the causes to make
improvements. This is all the more
important for Indian region with its large
diversity and tropical nature.

In view of the above, the performance
evaluation two such regional models – the
WRF-Chem and the SPRINTARS – has been
carried out over the Indian region, with the
regional and seasonal simulations being
evaluated against concurrent
measurements from a network of aerosol
observatories having long-term data and
also with data obtained from satellites. The
results, which were published in
Atmospheric Environment, show that while
the models captured the spatial distribution
and seasonality to a moderate level of
accuracy, the simulated values were largely
under-estimates compared to concurrent
measurements; the extent of uncertainty
being location specic and season-specic.
An in-depth analysis showed that this arises
due to three main reasons; (i) the models
not reproducing the meteorology with
a d e q u a t e a c c u r a c y, e s p e c i a l l y t h e
precipitation and winds, (ii) inaccurate
parameterization of tropical atmospheric
boundary layer characteristics in the
models and (iii) inaccurate emission
inventories. It is important to improve
these three aspects in models so that they
could be used for future climate impact
studies.

Contributed by: Ravi S. Nanjundiah

MONSOON BIFURCATIONS AND GLOBAL WARMING
An active area of ongoing research is in
understanding nonlinear dynamics in the
area of bifurcations ("tipping points") in
idealized monsoon models. This has been
motivated by distinct features of the
monsoon system that suggest the presence
of important nonlinearities: apparent
a b ru p tn e s s of m on s oon on s e t, th e
importance of nonlinear advection of
temperature and moisture, and rapid
changes in monsoon strength in the
paleoclimate record. None of these are
conclusive of a bifurcation in the monsoon
system, but idealized box-models of
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monsoon dynamics have postulated that a
destabilizing feedback associated with
moisture advection, which is inherently
nonlinear, creates a bifurcation.
Recent work in Divecha Centre suggests
that this is not the case; despite the
nonlinearity of advection, a bifurcation is
not inherent in such models (Figure 1).
Moreover, our work shows that it is more
likely that a bifurcation is not present in
idealized monsoon models, because
instabilities are not sufciently strong. If
this conclusion is correct, it implies that,

while the monsoon responds to changes in
forcing, a large discontinuous response

involving monsoon shutdown in response to
small changes in forcing cannot occur.

Figure 1: Illustration of the difference
between the present model and previous
model (Levermann et al. (2009)) where a
monsoon bifurcation is always present. The
two colours indicate the sensitivities with
respect to the state variable of the
dominant contributions to the dry static
energy balance. Where these curves meet a
bifurcation point occurs. Levermann et al.
(2009) only considered effects of horizontal
temperature gradients on the dry static
energy ux, and therefore the ux has only
a quadratic term, and the red curve
(related to its derivative) takes the form
shown. In such a model the curves always
meet and a bifurcation is present. When

effects of the vertical gradient in
temperature are also included, there is a
linear term present in the expression for dry
static energy ux, and the red curve is
offset from the origin as in the present
model. Then a bifurcation (“tipping point”)
does not have to be present in the model.
See Seshadri (2016a) for details. [Figure
reprinted from Climate Dynamics,
copyright by Springer, reprinted with
permission].
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Related to global warming, an important
problem is how to compare emission
pathways of different climate forcers.
Seshadri 2016b makes approximations to

the integrals of an energy balance model to
suggest metrics for comparing
contributions to global warming from a
wide range of forcers. Figure 2 below shows
the results for four climate forcers,
including CO2. If mitigation is slower, i.e.
the rate of decrease of emissions intensity
is smaller, the contribution is larger. Peak
warming is directly proportional to the
contribution shown, i.e. one would multiply

the graphs by a constant factor (depending
on the climate model but not emissions
scenarios) to estimate contribution to peak
warming. The contributions of short-lived
pollutants are much smaller than CO2. For
example, even if very slow mitigation of
black carbon were to occur, its contribution
to peak warming would be much smaller
than that of CO2 even if the latter were
mitigated relatively rapidly.

Figure 2: Simplied metric for contribution to peak warming for different climate
forcers as a function of corresponding rate of decrease of emissions intensity and time
of peak warming. Peak warming (in degree C) for the multi-model mean parameter
values is estimated by multiplying the above metric by 0.5.
This work also considers simplications to
the model used to generate the metric for
contribution to peak warming. Weighted
integrals are present in this model, arising
from solving a Green’s function model for
the climate response. It is shown that these
weighted integrals can be approximated by
simple integrals that are adequate for
policy analysis. This reduces the problem of
accounting, as well as reducing the number
of parameters involved in comparison
between different forcers. Specically, the
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slow time-constant of the climate response
drops out of the calculation. Figure 2 plots
the simplied metric.
Seshadri 2016c examines what controls the
timing of the CO2 concentration peak in the
atmosphere, and it is shown that this
depends mainly on the rate at which the
global economy becomes decarbonized.
Therefore this “decarbonisation-rate” is an
important parameter for the global
warming problem. This is derived in the
paper and illustrated in Figure 3 below.

Figure 3: The time-delay between peak CO2 emissions and concentrations depends
mainly on the decarbonisation rate for CO2, i.e. the rate of decrease of emissions
intensity of gross world product.
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Contributed by: Ashwin K. Seshadri
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(A) PARIS AGREEMENT: REQUIREMENTS FOR INDIA
The Paris Agreement entered into force on
05th October, 2016, with 118 parties
(including India) out of 197, ratifying it. In
our latest climate policy research, we
analyze each of the 21 legally binding
articles of the Paris Agreement as to what
each of these articles mean for India in
terms of operationalization of the
Agreement. We nd that operationalization
of the Paris Agreement for India would
necessitate large scale estimation,
monitoring, modelling, reporting, and
verication of GHG inventories, mitigation
actions, and their implications and cobenets, along with reporting on climate
change impacts and adaptation. India
being the fourth largest economy and the
third largest emitter of GHGs will be
required periodically to report on the
progress made on mitigation and
adaptation, GHG emissions reduced and
tonnes of carbon sequestered compared to

an established baseline scenario. Similarly
reporting of robust climate change
projections, impacts and vulnerability
assessments, development and
implementation of adaptation actions,
monitoring and assessment of impacts,
costs and benets, will be required.
Our analysis suggests that, despite the size,
spread and scale of higher educational and
research institutions, India is not yet ready
to effectively implement, monitor and
report on various aspects of GHG inventory,
mitigation and adaptation to meet the
requirements of the Paris Agreement. We
identify research and capacity building
requirements for enabling India to meet the
reporting requirements of the Paris
Agreement. We identify requirements for
modelling, measurement, monitoring, eld
studies, data collection and data quality
assurances at the national, state, industry
and municipal levels.

(B) LOST BENEFITS AND CARBON UPTAKE BY
PROTECTION OF INDIAN PLANTATIONS
A study has been made by integrating
Macro-Economic Modelling Framework
(GRACE, Rive and Asbjorn, 2005) and
Biophysical modeling of ecosystems (IBIS,
Chaturvedi et al 2011), to address
alternative approaches to measure carbon
uptake and lost benets when forest
management is under reasonable control.
We study potential REDD+ projects in
different regions of India, where there is a
long tradition for forest management with
strong institutions, and ask what a

reasonable carbon price needed to
compensate protection of a forest is? The
relative impacts on immediate carbon
uptake, the development over time and lost
benets of protection differ considerably
depending on region and to which level the
costs refer. Slow growing forests imply a
exibility in forest management, which
Karnataka takes advantage of and end up
with low costs and with a long period with
carbon uptake, while the opposite is the
case in Rajasthan.

Contributed by: Rajiv Kumar Chaturvedi

20

Climate Observatory at Challakere
Climate Observatory at Challakere IISc second campus is to carry out international level
research on climate and to provide training to undergraduate and graduate level
students. Continuous and long term monitoring of various atmospheric parameters
relevant to climate (aerosols, trace gases and clouds) will be carried out using a number
of sophisticated measurement techniques. This facility also can provide a platform for
collaborative research between Indian climate science community and their
counterparts from other countries. In addition to monitoring and research, training
programs will be organized at regular intervals to undergraduate and graduate students.
The entire climate science community in India will be beneted from this facility through
data, training and joint research activities. While this facility will be very useful to the
students at the undergraduate and graduate level, this effort would enhance the
measurement capability of Indian climate science community at least by 15-20 years
ahead.
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