Climate change is dictating the fate
of our planet. Record temperatures,
melting ice sheets and glaciers,
sea level rise, emergence of
new diseases and the increasing
frequency of extreme weather
events like cyclones, floods and
droughts have become the new
normal. Climate Change Reader
for Universities breaks down
the science, impacts, politics
and sustainable pathways from
innumerable scientific studies and
reports using infographics, case
studies and lectures. This book
has been specially written keeping
in mind the UGC syllabus and will
enable professors and students gain
a deeper understanding of the most
burning issue of our times.

Down To Earth
www.downtoearth.org.in

Published by: Centre for Science and Environment, 41, Tughlakabad
Institutional Area, New Delhi 110 062; Phone: 91-11-4061 6000;
Fax: 91-11-26085879; E-mail: cse@cseindia.org; Website: www.cseindia.org

01Covers with spine (8mm).indd 3

CLIMATE
CHANGE
READER
FOR UNIVERSITIES
Edited by Sunita Narain

Science n
Responsibility n
Impacts n
Global Negotiations n
Carbon Budget n
Market Mechanisms n
Low Carbon Economy n
Response n
27/02/19 1:26 PM

DownToEarth
BOOKS

w

w

NOT IN MY
BACKYARD

With rapid urbanisation and the rise of a

Solid waste management in Indian cities

consumer culture, Indian cities are being
swamped by a mammoth heap of waste.

overhaul in the legislative framework of the
sector is taking place with the notiﬁcation
of six new waste management rules (plastic,
electronic, biomedical, construction and
demolition, hazardous and other wastes, and
solid waste). But legislation is just one aspect

This book tries to ﬁnd out.

DownToEarth

of management. How can India reduce the
mountain of waste to a manageable molehill?

NOT IN MY BACKYARD

The nation produces 62 million tonnes of
municipal solid waste every year. A major

Centre for Science and Environment
41, Tughlakabad Institutional Area, New Delhi 110 062
Phones: 91-11-40616000 Fax: 91-11-29955879
E-mail: cse@cseinida.org Website: www.cseindia.org

00Cover.indd 2-3

20/04/16 10:06 AM

DownToEarth

STATE OF INDIA'S ENVIRONMENT 2019

A

ANNUAL

STATE OF

INDIA’S

ENVIRONMENT
2 0 1 8
Sunita Narain
YK Alagh
Sashshank Bhide
Devinder Sharma
Jean Dreze
Chandra Bhushan

Rakesh Kalshian
Richard Mahapatra
Sachin Jain
Avilash Roul
Srestha Banerjee
Swati Sambyal

Shreeshan Venketash
Akshit Sangomla
Kundan Pandey
Minaj Ranjita Singh
Shikha Sharma
Madhoolika

Joe Hill
Indira Khurana
Bharat Lal Seth
Venkatesh Dutta
Vivek Chattopadhya
Ishan Kukreti

of

FRAMES
CHANGE
A

DownToEarth

Heartening tales that define new India

ANNUAL

STATE
OF INDIA’S
ENVIRONMENT

DownToEarth

PUBLICATION

BODY
BURDEN

1947-2002

T

BUT WHY?
With a foreword by Sunita Narain

FOR UNIVERSITIES

Ecosystems
Population
Resources
Energy
Climate Change
Conservation
Pollution
Environmental
Movements

STATE OF INDIA’S HEALTH

crow, honeyhunter
The

India's most comprehensive and
contemporary book on environment, based
on UGC syllabus, for professors and students

SUNITA NARAIN

Why I Should be Tolerant is an
environmentalist’s reflections, reactions

and the kitchen garden
SUNITA NARAIN

and arguments on contemporary issues
related to the environment and development.

bioscope
of
Piu & Pom

The writings make the critical connection
between local and global developments
and between the developments of the 20th
century, and how they continue to impact us
in the 21st century. The writings stem from

by

the author’s own experience in forests, farms
and factories, besides the numerous debates
she has been part of during her 30 years in
public life. Every piece of writing featured
here represents various threads of public
discourse that have haunted the world on its
relationship with nature.

STATE OF

DownToEarth

INDIA’S

Down To Earth

Down To Earth

A
ANNUAL

On environment and
environmentalism in
the 21st century

FORTNIGHTLY ON POLITICS OF DEVELOPMENT,
ENVIRONMENT AND HEALTH, SINCE 1992

ENVIRONMENT
2 0 1 7

SN Reader Cover_final.indd 1

25/05/16 2:38 PM

STATE OF INDIA'S ENVIRONMENT 2016

he critical issue that we are dealing with here is not global warming, but how to
manage a global common property resource called the atmosphere. Behind all the
global environmental problems that we have been talking about, there are global
natural resources which are under threat. When we try to manage any resource,
it is important to understand how that resource is being managed, who are the parties
responsible for its destruction, and what are the stakes for humanity in that resource. Part
of the problem is that the perception of many of these global environmental problems are
driven by scientists who understand little about management or about property rights.
They focus on technical solutions and insist that those technical solutions be adopted by
everybody. Social scientists have paid very little attention, particularly in the developing
world, to the management of global environmental resources.
What is being negotiated (in climate forums), therefore, is not how much future
emissions should be cut but how we manage the atmosphere and who owns the atmosphere.
If the atmosphere is owned by every human being on Earth, then it is now very clear that
a few people are using this resource as a free access property and destroying it at the
expense of others. Clearly, therefore, a good entitlements regime is necessary to establish
everybody’s rights in this common heritage of humankind.
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FOREWORD

WHY THIS
READER

E

ven a few decades ago, I would not have imagined that climate change
would be a study subject for graduate and post-graduate students. But
today, we have no choice. We must understand the “nature” of the climate
change challenge and, most importantly, its politics and science. We have
to know, because we have to engage.
Climate change is our inheritance from the 20th century—when the world started
its post-industrial revolution and so began the journey with burning fossil fuels for
economic growth. But now it is the biggest threat that faces the 21st century—as
scientists predict that breaching of the 20C temperature rise guardrail will bring
unimaginable devastation. So, it is your challenge. You will inherit this world, which
is already climate-risked and is fast hurtling towards increased temperatures and its
predicted consequences.
Therefore, let me say, this Climate Change Reader for Universities is not "justanother" textbook—it is, instead, your preparation of how and what must be done
to change the present and the future. This learning will equip you—members of the
planet with the largest number of young people—on what you stand to inherit and
why you must be prepared to change. Many of you were not even born when our
atmosphere was filled with unmanageable levels of greenhouse gases by humans and
for human wellbeing. But, you are certainly are paying the price for it.
RECORDS ARE TUMBLING
Today, nobody contests that there is evidence of climate change. Nobody contests
the inevitability of this crisis. Every year in the 21st century has seen unusual and
extreme weather events. It is clear the world's geography is scarily looking similar.
Whether you are in the developed part of the world or in India, there is no difference
in our experience of extreme weather events. Is this, then, what the future holds for
us—a changing weather that knows no boundaries or preferences?
One may ask: how does the world measure the “increased” frequency of extreme
weather events? After all, weather is always variable. Meteorological departments
across the world keep records of changing weather events and patterns. Their records
can point out similar events in the past when there was a similar cloudburst or frost
or cyclone or freak snow. How does all this add to climate change? The fact is change
will happen in our present and our future. Since the world is only now beginning
to see the impacts of rising temperature, data over several years does not exist to
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establish a trend in extreme weather events. Science, at best, can use a model to
predict impacts of global temperature rise on climate. But today it is clear that the
events we are seeing is more than the natural variability of weather.
That's why we are being told by scientists that the difference between weather
and climate is a measure of time. Weather is what conditions of the atmosphere
are over a short period of time, and climate is how the atmosphere "behaves" over
relatively long periods of time. Today, we are seeing the impact of climate change
on our weather. It is coming in the form of extreme rain and extreme variations—
too cold, too hot or too many tropical storms. All this will only increase in the
years to come.
But the question also is that even if extreme events are now being seen and
recorded, how does one know this relates to human-made emissions? On this, also
science is now equivocal and unanimous—it can track the link between the growth
of greenhouse gases that get trapped in the atmosphere and were emitted because
of human activity, and the increase in temperature. So, there is no debate on this
count. Not anymore.
COMPLICATIONS DURING A CRISIS
But there are complications—we know that multiple factors affect weather and
another set of multiple factors affects its severity and impact. In other words, the
causes of devastation following extreme events—like droughts or floods—are often
complicated and involve mismanagement of resources and poor planning. For
instance, we know floods are caused by unusually high rainfall. But it is also clear
we have destroyed drainage in floodplains through utter mismanagement. We have
built embankments believing we can control the river only to find the protection
broken. Worse, we built habitations in floodplains. The devastating recent floods
in India—Kashmir, Chennai and Kerala—are stark reminders. This complication
hurts people but helps climate deniers. They have a field day saying there is no link
between variations in weather and climate change. This book takes you through this
politics of climate change; it exposes you to the science of climate change and how it
has been abused to deny responsibility for causing it.
We know today the threat of climate change is urgent. We also know combating
this threat will require deep and drastic cuts in greenhouse gas emissions. This is
when the poor of the world—who are more vulnerable and less able to cope—are
already feeling the pain of a changing and more variable climate. The question is why
the world continues to look for every excuse not to act, even as science has confirmed
and reconfirmed that climate change is real; it is human-made and can devastate the
world, as we know it.
The reason is simple: climate change is related to economic growth. In spite
of years of protracted negotiations, no country has been able to de-link economic
growth from the growth of emissions. No country has shown how to build a low
carbon economy, as yet.
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The inconvenient truth is not that climate change is real, but that climate change is
about sharing that growth between nations and people. There is a stock of greenhouse
gases in the atmosphere, built up over centuries in the process of creating nations
wealth. This has already made climate unstable. Poorer nations will now add to
this stock through their drive for economic growth. But that is not an excuse for
rich world not to take on tough and deep binding emission reduction targets. The
principle has to be that they must reduce so that we can grow. The challenge is to find
low-carbon growth strategies for emerging countries, without compromising on our
right to develop.
INTELLECTUAL POVERTY OF SCIENTISTS
As you read this, think how in many ways—climate change science, because of its
many variables and very many scenarios—is a game of chess which can only be
played by investigative and highly inquisitive minds. The scientist will get clues and
the answers will have to be tweaked from scientific evidence, from plain common
sense and from what can be observed in the real world.
It is not in the nature of our science to do this kind of imaginative, investigative
research. It is certainly not in the manner of our science to draw inferences when
there is uncertainty. In the easiest of times, our scientists find it against their nature to
cross over the threshold, from what is already established science to what is emerging
science. They prefer to play safe with what they know. In the case of climate science,
they prefer to be cautious in their words, very conservative in their assessment, and
take refuge in the inherent uncertainty of science.
For instance, it will be easy for “safe” science to say that even if glaciers are
receding at a rapid pace, it is nothing new or surprising. They are simply passing
through a phase of recession as a natural cyclic process. It will also be possible to
say (and I have heard this being said very often) that even if we know glaciers are
melting, there is no evidence to say that this melt will lead to any significant changes
in our hydrological systems. Why? Because our ongoing research does not show
anything deviant. It is another matter that the data or method used for the research
might be insufficient. Or that the scientist may not have investigated the slim leads
that nature was disclosing about herself.
But what is worse is that by the time we know that scientific modellers were right,
it just may be too late—glaciers would have indeed melted and we would have a water
crisis of huge proportions. So, we cannot wait. This is why we need to understand
what science is pointing towards and then start to take action.
In this way, climate science demands new approaches. It demands breaking away
from what is already known to discover what needs to be known and how. It requires
crossing the line so that inferences can be drawn, however tentative.
All this works when we begin to learn of the changes even before they happen.
This means listening to the people who are first engaged with the ground realities—
farmers who work the weather, tribals whose habitat is the forest, fisherfolk who best
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know the oceans or pastoralists who understand migration of the seasons. We need
to see the changing reality from their eyes. They are also the first victims of climate
change—the immorality is that these communities are not responsible for the stock
of emissions that are today in the atmosphere and are "forcing" climate change to
happen. But they are faced with the first onslaught. This should not be acceptable
to us.
What is also clear to me is that the politics and science needed to confront climate
change needs to get younger. Why? Because youth has courage. Because youth is not
encumbered with the baggage of the past. You can have a new imagination; you can
be bold in this view and you have no convention to follow. In fact, you know that the
conventions of the past have not worked. If they had, you would not be inheriting
a planet hurtling towards catastrophic consequences. So, we need your impatience
and your desperation. We need you to teach us now that enough in enough. Change
must happen. It can. 

(Sunita Narain)
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W H A T IS C L I M A T E C HA N G E ?

WHAT IS CLIMATE
CHANGE?

C

limate change has emerged as the biggest developmental challenge
today. Climate deniers have had to eat humble pie in the face of
mounting scientific evidence. In the last 100 years, the Earth has
become hotter by 10C. A warming world has played havoc with global
climate systems causing unprecedented extreme weather events —droughts,
floods, cyclones, dust storms, crop loss and triggering new diseases. Significantly,
people living in poor and developing countries are the worst affected as they do
not have the capacities to grapple or cope with the changes.
There are many definitions of climate change. According to the United
Nations Framework Convention on Climate Change (unfccc), an international
treaty adopted in 1992: “Climate change is a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over
comparable time periods.” The Intergovernmental Panel on Climate Change
(ipcc), a body of scientists set up by the World Meteorological Organization and
the United Nations Environment Programme (unep), defines climate change
as “a change in the state of the climate that can be identified (for example, by
using statistical tests) by changes in the mean and/or variability of its properties,
and that persists for an extended period, typically decades or longer”.

The greenhouse
effect
Solar
radiation powers
the climate
system
Some solar radiation
is reflected by
the Earth and the
atmosphere
Atmosphere

The blanket of
greenhouse gases
prevents some
of the heat
radiated by Earth
from escaping

Earth
More than half the solar
radiation is absorbed
by the Earth's surface
and warms it

Earth emits longwave
radiation to counter
the trapped
solar radiation

Source: Le Treut et al 2007, ‘Historical overview of climate change’, Climate Change 2007:
The Physical Science Basis, Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, p 115
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In its Fourth Assessment Report in 2007, ipcc says, “Climate change may
be due to internal processes and/or external forcings. Some external influences,
such as changes in solar radiation and volcanism, occur naturally and contribute
to the total natural variability of the climate system. Other external changes,
such as the change in composition of the atmosphere that began with the
industrial revolution, are the result of human activity.”
Though the Earth has been warming, or cooling through the ages, scientific
evidence suggests that the present heating is due to human activities—
the burning of fossil fuels and deforestation among others. Scientists have
documented three warming periods, the Holocene thermal maximum, which
occurred 5,000 to 9,000 years ago; the last interglacial, which occurred 116,000
to 129,000 years ago; and, the mid-Pliocene warm period, which occurred 3 to
3.3 million years ago (see ‘Lecture #1’, p16).
In the case of the first two periods, the climate changes were caused
by changes in the Earth’s orbit. The mid-Pliocene event was the result of
atmospheric carbon dioxide (CO2) concentrations that were at similar levels
to what they are today. But in each period, the planet had warmed at a much
slower rate than it is warming today, as a result of rising greenhouse gas (ghg)
emissions caused by humans.
Consider these tipping points: CO2 levels in the air are at their highest
in 650,000 years—409.33 parts per million (ppm) as of October 2018, says
the US National Oceanic and Atmospheric Administration (noaa) (see graph
‘Rise in CO2 level’, p12); 17 of the 18 warmest years in recorded history have
occurred since 2001; in 2012, Arctic summer sea ice shrunk to its lowest on
record; satellite data show that the Earth’s polar ice sheets are losing mass; and,
global average sea level has risen nearly 10-25 cm over the past 100 years, says
the Second Assessment Report of the ipcc.
CLIMATE SYSTEM
The Earth’s climate system is a complex, interactive system consisting of the
atmosphere, land surface, snow and ice, oceans and other bodies of water, and
living things (see ‘The Greenhouse Effect’ on p10). The atmospheric component
of the climate system most obviously characterises climate; hence climate is
generally defined as “average weather”.
As such, climate change and weather are intertwined. Observations can show
there have been changes in weather, and it is the statistics of changes in weather
over time that identify climate change. The climate system evolves in time under
the influence of its own internal dynamics. It can also evolve due to changes in
external factors that affect climate—these factors are called “forcings”. External
forcing includes natural phenomena, such as volcanic eruptions and solar
variations, as well as human-induced changes in the chemical composition of
the atmosphere.
So how does the Earth balance these energy fluctuations in the atmosphere?
Radiative energy from the Sun powers the climate system. About 30 per cent
of the sunlight that reaches the top of the atmosphere is reflected back to space.
Roughly two-thirds of this reflection are due to clouds and small particles in the
CLIMATE CHANGE READER FOR UNIVERSITIES
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W H A T IS C L I M A T E C HA N G E ?
atmosphere known as “aerosols”. Light-coloured areas of the Earth’s surface—
mainly snow, ice and deserts—reflect the remaining sunlight.
The energy not reflected back to space is absorbed by the Earth’s surface and
atmosphere, and amounts to approximately 240 Watts per square metre (W/sq
m). To balance the incoming energy, the Earth itself must radiate, on average,
the same amount of energy back to space. The Earth does this by emitting
outgoing long wave radiation. Everything on Earth emits long wave radiation
continuously. The warmer an object, the more heat energy it radiates.
To emit 240 W/sq m, a surface would have to have a temperature of –19°C.
This is much colder than actual conditions at the Earth’s surface. The requisite
–19°C is found about 5 km above the surface. This is where the greenhouse
effect comes into play.
The global mean surface temperature of Earth is about 14°C. This is due to
the presence of gases, known as greenhouse gases (ghg), which act as a partial
blanket for the long wave radiation coming from the surface. This blanketing is
known as the natural greenhouse effect.
The glass walls in a garden greenhouse reduce airflow and increase the
temperature of the air inside. Analogously, but through a different physical
process, the Earth’s greenhouse effect warms the surface of the planet. Without
the natural greenhouse effect, the average temperature at Earth’s surface would
be below the freezing point of water. Thus, Earth’s natural greenhouse effect
makes life as we know it possible.
The natural ghg effect exists only in theory. While many factors continue
to influence climate, scientists are now quite clear that human activities have
become the dominant force, and are responsible for most of the warming
observed over the past 50 years.
Human activities contribute to climate change by causing changes in Earth’s
atmosphere in the amounts of ghgs, aerosols (small particles), and cloudiness.
The largest known contribution to the enhanced ghg effect comes from the
burning of fossil fuels, which releases CO2 gas to the atmosphere.
There are about 61 gases, most of them human-invented, which can alter the
balance of the atmosphere. The concentration of 19 such gases is controlled by

CO2 emissions (in parts per million)
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2005

the Montreal Protocol, a global treaty to ban substances that deplete the ozone
layer that the world adopted in 1987. Many other gases have so far escaped
regulation because their abundance, or lifetime, in the atmosphere is too
miniscule, or little.
The 1997 Kyoto Protocol of unfccc focuses on ghg not regulated under
the Montreal Protocol. Among them are CO2, methane (CH4), nitrous oxide
(N2O), hydrofluorocarbons (hfcs), perfluorocarbons (pfcs) and sulphur
hexafluoride (SF6).
The most abundant and important ghg in the atmosphere is water vapour
(H2O). Theoretically, human activities have only a small direct influence on the
amount of atmospheric water vapour. But such activities—say, burning fossil
fuels—have huge potential to indirectly affect water vapour concentrations, by
changing the concentration and abundance of the principal ghgs.
A warmer atmosphere contains more water vapour, creating conditions for
further warming. ghgs accumulate in the atmosphere, causing concentrations
to increase with time (see ‘The greenhouse effect’, p10). Global Warming Potential
or gwp is a metric, or a standard of measurement, used to put a quantifiable
figure to the impact of a ghg on climate change. It is not a stand-alone measure
(say, parts per million or gigatonne). Implicit to this metric is a comparison
with other gases with respect to their (relative) impact on climate forcing (see
‘Lecture #1’, p16).
In fact, the 20 warmest years on record have occurred in the last 22 years. This
trend also sits in perfectly with the emission rates of greenhouse gases (ghgs)
which were at a record high in 2018, according to the World Meteorological
Organisation (wmo). Another major indicator of the warming trend due to
climate change is ocean heat content (ohc). The year 2018 recorded a new high
in terms of ohc since observations began in 1940. There is more heat stored in
the Earth’s oceans today than at any time in the last 78 years. When ghgs trap
heat in the atmosphere some of it gets converted into surface temperature but
90 per cent of it gets assimilated into the oceans. Therefore ohc is a much better
indicator of climate change than surface temperatures. 
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CASE STUDY #1

WD

Dust bowel
How changing global
weather patterns triggered
the dust storms in India
in May 2018,
considered to be
the worst one in
the last 40 years

Cyclonic circulations
In the build-up of the
massive storms in the
beginning of May, five
separate cyclonic
circulations were
observed across the
country

May 9-10

May 9-10
May 2-3

May 2-3, 13-14, 16-17

April 11-12
May 2-3
May 9-10

May 9-10
May 2-3
May 13-14
Feb 11-12
May 13-14
April 6-10, 11-12
April 29-30
May 9-10
May 2-3 May 6
May 15-16

March 29-30
April 29
April 6-7
May 13-14
May 20

May 2-3
Feb 11-12

May 13-14
May 2
May 15-16

Feb 11-12
Feb 11-12

Unusually hot conditions
Temperatures over 400C observed
in northwest, central, east and
north peninsular India. Interaction
of hot air near the surface with
colder winds from the Western
Disturbances gives rise to intense
and widespread storms

Legends

May 2-3

Feb 11-12
April 15
May 9-10

April 3-5
May 2-3
May 13-14

March 26

May 13-14

Area under desertification
Storms (Hail, thunder, dust)
Wind direction
Prepared by Down To Earth-Centre for Science and Environment Data Centre
Infographics: Raj Kumar Singh; Analysis: Kiran Pandey and Rajit Sengupta
Data source: Desertification and Land Degradation, Atlas of India 2016 by Space
Applications Centre, ISRO, NDMA and UP State DMA and media reports. For more related
infographics refer to: www.downtoearth.org.in/infographics
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Western Disturbances
While Western Disturbances (WDs) normally
peak between December and February, a
greater number of active WDs have been
observed in spring and summer months. Instead
of the normal 2-3 active WDs seen during the
months of April and May, over the past month
and a half, at least 10 separate active WDs have
been observed. WDs carry high velocity winds
that agitate the atmosphere and aggravate
storm conditions

March 25
May 7

April 17

Trough
A trough is an extended
area of low pressure
developed along the EastWest axis. This where
moisture-laden winds from
the Bay of Bengal met hot
and dry air from central and
western India. These winds
also came in contact with
the cold front that develops
due to active WDs. The
confluence of these different
winds culminated in intense
and widespread storms
across the Indo-Gangetic
plain. Similarly a NorthSouth trough was formed
from Bihar to northern
Tamil Nadu, along which
stormy weather was
observed in Telangana,
Andhra Pradesh and some
parts of Karnataka
Easterly winds
Winds from the Bay of Bengal carry
moisture and are associated with
pre-monsoon thunder storms in the
eastern coast. Moving towards the
troughs, these winds provided the
moisture that further intensified the
convective storms

Between February and May in 2018, India witnessed
an unprecedented storm season—more than 44 storms
in 16 states. This brings out the linkages of
geographically distant events related to climate change.
“Climatologically, these storms were anything but
typical. Initial analyses have revealed several reasons
for the stormy weather, including the activity of the
Western Disturbances (WDs), the low pressure over the
Indo-Gangetic plains and the intense heating in west
and northwest India,” said M Mohapatra of the India
Meteorological Department (IMD), New Delhi.
As the Arctic warms, the difference in temperature
between the Arctic and the equator has reduced,
particularly during recent winters which have seen
highly anomalous heating around the North Pole. A
warmer Arctic has been correlated to the extended
winters punctuated with blasts of frigid weather in the
northern hemisphere. The weakening temperature
gradient is, in fact, causing the jet streams to meander
rather than take a straight course which, in turn,
affects the seasonality and movement of the WDs.
Additionally, steep increases in temperatures in the
Western Himalayan region and the Tibetan Plateau
have been linked to a further destabilisation of climatic
patterns in the region. Western Himalayas and the
Tibetan Plateau are considered to play a crucial role
in maintaining the hydrological and weather cycles
over the Indian subcontinent. Rapid warming, which
has caused temperatures to increase by up to 3.5°C
since 1951, have been linked with increased variability
in the distribution and direction of WDs and
associated precipitation.
There are clear indications of how the general trend
of warming is exacerbating stormy weather during the
pre-monsoon season. The general physics behind storms
unequivocally points at a higher incidence and intensity.
A review of the EM-DAT Disaster Database that
compiles information regarding disasters the world over
reveals a worrying trend. One has to go back 40 years
to see the last time convective storms during this
season caused comparative loss of life. In 1978, storms
in March and April across North and East India caused
the deaths of over 600 people. But large-scale
convective storms in the pre-monsoon season were few
and far between. Between 1980 and 2003, just nine
deadly convective storms were recorded in India in the
March-May period. However, a steep increase has been
observed in the last 15 years. Between 2003 and 2017,
22 such storms were observed over the Indian region
accounting for nearly 700 fatalities compared to 640
fatalities in the preceding 22-year period. In 2018, 423
people have died owing to extreme weather systems. 
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LECTURE #1

Andrew King, Ben Henley and Ed Hawkins

WHAT IS A PRE-INDUSTRIAL CLIMATE
AND WHY DOES IT MATTER?

The Paris Climate Agreement aims to keep restrict global warming to within 20C above
“pre-industrial levels”. But what does that mean, exactly?
THE PARIS Agreement aims to
limit global warming relative to a
pre-industrial baseline. Its precise
commitment is: “Holding the increase
in the global average temperature to
well below 20 C above pre-industrial
levels and to pursue efforts to limit the
temperature increase to 1.50 C above preindustrial levels, recognising that this
would significantly reduce the risks and
impacts of climate change.”
But this begs the question: what are
“pre-industrial levels”? Clearly, if we’re
aiming to limit global warming to 1.50C
or 20C above a certain point, we need a
common understanding of what we’re
working from. But the Paris Agreement
doesn’t provide a definition.
This becomes key as governments
expect climate scientists to coherently
compare different plans to reach their
Paris targets. It’s crucial to be clear on
what researchers mean when we say “preindustrial”, and what assumptions our
projections are based on.

Temperature anomaly (˚C)
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Of course, as the chart on this page
shows, no matter which baseline we use
it’s clear there’s been a drastic rise in global
temperature over the last century.
DEFINING A PRE-INDUSTRIAL
BASELINE
The Industrial Revolution began in
the late 1700s in Britain, and spread
around the world. But this only marked
the beginning of a gradual rise in our
greenhouse gas (ghg)emissions. Various
studies have found climate change signals
appearing on a global scale as early as the
1830s, or as recently as
the 1930s.
Besides the evolving and increasing
human influence on the climate, we also
know that plenty of other natural factors
can affect Earth’s temperature. This
natural variability in the climate makes it
harder to determine a single precise preindustrial baseline.
Scientists separate these natural
influences on the climate into two groups:
internal and external forcings.
Internal forcings transfer heat
between different parts of Earth’s
climate system. The El Niño-Southern
Oscillation, for example, moves heat
between the atmosphere and the ocean,
causing year-to-year variations in global
average surface temperatures of about
0.20C. Similar variations also happen on
decadal timescales, which are associated
with slower energy transfers and longer
variations in Earth’s temperature.
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CO2 emissions and global economy growth rates
6%
4%
2%
0%
-2%
2000

Global economy
CO 2 emissions
2002

2004

2006

2008

2010

2012

2014

2016

Source: International Energy Agency, 2017

External forcings come from outside
Earth’s climate system to influence global
temperature. One example of an external
forcing is volcanic eruptions, which send
particles into the upper atmosphere. This
prevents energy from the Sun reaching
Earth’s surface, and leads to a temporary
cooling.
Another external influence on Earth’s
climate is the variability in the amount
of energy the Sun emits. The Sun’s total
energy output varies on multiple cycles
and is related to the number of sunspots,
with slightly higher temperatures when
there are more sunspots, and vice versa.
Earth has experienced extended
periods of cooling due to more frequent
explosive volcanic eruptions and periods
of few sunspots—such as during the
“Little Ice Age” which lasted roughly from
1300 to the 1800s.
All of these factors mean that Earth’s
climate can vary quite substantially even
without human interference.
It also means that if we choose a preindustrial baseline when there was low
solar activity, like the late 1600s, or in a
period of high volcanic activity, like the
1810s or the 1880s, then we would have a
lower reference point and we would pass
through 1.50C or 20C sooner.
A CHALLENGE NOT ONLY
FOR SCIENTISTS
At the moment there is a drive among
the climate science community to

better understand the impacts of 1.50C
of global warming.
But scientists are defining “preindustrial” or “natural” climate in
different ways. Some work from the
beginning of global temperature
records in the late 19th century, while
others use climate model simulations
that exclude human influences over a
more recent period. One recent study
suggested that the best baseline might
be 1720-1800.
These different definitions make it
harder to synthesise the results from
individual studies, which is vital to
informing decision-making.
This will have to be a consideration
in the writing of the report by the
Intergovernmental Panel on Climate
Change (ipcc), as policymakers will
need to easily compare impacts at
different levels of global warming.
There is no definitive way to determine
the best “pre-industrial” reference
point. An alternative might be to avoid
the pre-industrial baseline altogether,
and instead set targets from more
recent periods, when we have a better
grasp of what the global climate
looked like. 
(King is Climate Extremes Research
Fellow, University of Melbourne, Henley
is Research Fellow in Climate and Water
Resources, University of Melbourne and
Hawkins is associate professor of climate
science, University of Reading, the UK)
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TERMS

Anthropogenic climate change
Human-induced climate change—
climate change caused by human
activities as opposed to natural
processes.
Tipping point
A tipping point is a threshold for
change, which, when reached, results
in a process that is difficult to reverse.
Scientists say it is urgent that policy
makers halve global carbon dioxide
emissions over the next 50 years or
risk triggering changes that could be
irreversible.
Atmospheric aerosols
Microscopic particles suspended in
the lower atmosphere that reflect
sunlight back to space. These
generally have a cooling effect on the
planet and can mask global warming.
They play a key role in the formation
of clouds, fog, precipitation and ozone
depletion in the atmosphere.
Carbon dioxide (CO2)
Carbon dioxide is a gas in the Earth’s
atmosphere. It occurs naturally and is
also a by-product of human activities
such as burning fossil fuels. It is
the principal greenhouse gas (ghg)
produced by human activities.
Methane
Methane is the second most
important human-made greenhouse
gas. Sources include both the natural
world (wetlands, termites, wildfires)
and human activity (agriculture, waste
dumps, leaks from coal mining).
Carbon footprint
The amount of carbon emitted by
18
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an individual or organisation in a
given period of time, or the amount
of carbon emitted during the
manufacture of a product.
Carbon sequestration
The process of storing CO2. This can
happen naturally, as growing trees
and plants turn CO2 into biomass
(wood, leaves, and so on). It can also
refer to the capture and storage of
CO2 produced by industry.
Carbon sinks
It is a natural or artificial reservoir
that accumulates and stores some
carbon-containing chemical
compound for an indefinite period.
The process by which carbon sinks
remove CO2 from the atmosphere is
known as carbon sequestration.
Ecosystem services
Outputs, conditions, or processes
of natural systems that directly or
indirectly benefit humans or enhance
social welfare. Ecosystem services
can benefit people in many ways,
either directly or as inputs into
the production of other goods and
services.
Fossil fuels
Natural resources, such as coal,
oil and natural gas, containing
hydrocarbons. These fuels are formed
in the Earth over millions of years
and produce CO2 when burnt.
Glacial and interglacial periods
Large, continental ice sheets in the
Northern Hemisphere have grown
and retreated many times in the
past. We call times with large ice
sheets “glacial periods” (or ice ages)
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and times without large ice sheets
“interglacial periods.” The most recent
glacial period occurred between
about 120,000 and 11,500 years ago.
Since then, Earth has been in an
interglacial period called
the Holocene.
Holocene thermal maximum
A period of relatively warm climate
between 11,000 and 5,000 years
ago is most clearly recorded in the
middle and high latitudes of the
Northern Hemisphere, where it is
generally associated with the local
orbitally forced summer insolation
maximum. However, proxy-based
reconstructions have shown that both
the timing and magnitude of the
warming vary substantially between
different regions, suggesting the
involvement of extra feedbacks
and forcings.
Last interglacial period
Around 125,000 years ago, the
Earth was 1° to 2°C warmer than
the present, and the sea level was
thought to be 4 to 6 meters higher.
However, scientists now suggest that
sea level was possibly as much as 10
metres above current levels. Such a
large excess of seawater would mean
that the Greenland and Antarctic
ice sheets melted much more than
previously assumed, which has
implications for how much sealevel rise we should expect with
anthropogenic climate warming.
Mid-Pliocene period
It is the most recent time in
Earth’s history when mean global
temperatures were substantially
warmer for a sustained period,

providing an accessible example of a
world that is similar in many respects
to what models estimate could be the
Earth of the late 21st century.
IPCC
Intergovernmental Panel on Climate
Change (ipcc) was established by
the United Nations Environment
Programme (unep) and the World
Meteorological Organization (wmo) in
1988 to provide the world with a clear
scientific view on the current state of
knowledge in climate change and its
potential environmental and socioeconomic impacts.
Kyoto Protocol
A protocol attached to the UN
Framework Convention on Climate
Change, which sets legally binding
commitments on greenhouse gas
emissions. Industrialised countries
agreed to reduce their combined
emissions to 5.2 per cent below
1990 levels during the five-year
period 2008-2012. It was agreed by
governments at a 1997 UN conference
in Kyoto, Japan, but did not legally
come into force until 2005. A different
set of countries agreed a second
commitment period in 2013 that will
run until 2020.
Montreal Protocol
Formally Montreal Protocol on
Substances That Deplete the Ozone
Layer is an international treaty,
adopted in Montreal on September
16, 1987, that aimed to regulate the
production and use of chemicals that
contribute to the depletion of Earth’s
ozone layer. Initially signed by 46
countries, the treaty now has nearly
200 signatories.
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UNFCCC
The United Nations Framework
Convention on Climate Change is one
of a series of international agreements
on global environmental issues
adopted at the 1992 Earth Summit in
Rio de Janeiro. unfccc aims to prevent
“dangerous” human interference with
the climate system. It entered into
force on 21 March 1994 and has been
ratified by 192 countries.

TASKS
Explain the fundamental principle of
global warming?
What is the difference between internal
“forcings” and external “forcings”?
Explain how an extreme weather event
can be linked to global warming?

FURTHER READING
First Assessment Report,
Intergovernmental Panel on Climate
Change, 1990
“Evidence for a wavier jet stream in
response to rapid Arctic warming”,
Environmental Research Letters, 2015
Changes in western disturbances over
the Western Himalayas in a warming
environment, Indian Institute of
Tropical Meteorology, Pune, 2014
Climate Change: Politics and facts,
Centre for Science and Environment,
2009
The Top 7 Climate Findings of 2017,
Scientific American, 2017
2018 Global Heat So Far, Climate
Central, 2018
Climate change and health, World
Health Organization, 2018
In the line of fire, Nature
Geoscience, 2018

Explain global warming and climate
change using the below points:
• Carbon dioxide concentration
• Greenhouse gases
• Difference between climate
and weather
• The three warming periods of the
Earth through the ages
• Vulnerability of India to
climate change.
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WHAT IS CLIMATE
SCIENCE?

T

he Intergovernmental Panel on Climate Change’s (ipcc) Special
Report 1.50C, published on October 8, 2018, is unequivocal in its
assertion: unless net carbon dioxide (CO2) emissions are brought
down to zero by 2050, warming above 1.50C is inevitable. That
would be catastrophic—a 1.50C warmer world would breach critical thresholds
beyond which natural ecosystems would fundamentally change, and in some
cases, take millennia to recover.
Scientific evidence about climate change is mounting for decades.
There was not a cool month in the last 628 months, said scientists from
Climate Central, an international association of scientists, in April 2017.
Crunching enormous amount of data from the National Aeronautics and
Space Administration (nasa) and the National Oceanic and Atmospheric
Administration (noaa), Climate Central released a stunning chart depicting
a month by month temperature rise since 1880. The chart showed months
with higher temperatures than the baseline of average global temperatures
between 1881 (coinciding tentatively with the Industrial Revolution) and 1910
in red colour. In fact, eight of the hottest years on record occurred in the last
decade—2016, 2015, 2017, 2018, 2014, 2010, 2013 and 2009 (see graph ‘Ten
hottest years...’, p24). 2018 was the fourth warmest year on record. So over 80
per cent of the world’s population—born during the last 50 years—is today
living in an Earth afflicted with a fever that simply refuses to subside. On the
other hand, average Arctic temperatures have increased at almost twice the
global average rate in the past 100 years.

Global greenhouse gas
emissions by gas
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That the Earth is warming rapidly is proven, and yet, it took many decades
for the world to accept this reality. One of the earliest warnings came from
in 1899, when Thomas Chrowder Chamberlin, an American geologist and
founder editor of The Journal of Geology, concluded that changes in Earth’s
climate were due to changes in the concentration of atmospheric CO2. His
studies primarily identified the role of CO2 and water vapour in absorbing
more heat than any other components in the atmosphere. This was critical to
establish, decades later, that human-emitted CO2 was the primary reason for
global warming.
In the 1950s, scientists continued their argument on the culpability of CO2
in raising global temperature. By this time, it was clear that this was the most
heat absorbing element in the atmosphere that had high potential to impact
climate. But at the same time, the scientific searches were getting focused on
human-induced or unnatural emission of CO2 as the agent of global warming.
The world was also getting a sense of what absorbed what amount of carbon
to maintain the carbon cycle. This was important to look for such sinks to
understand whether the Earth had accumulated more carbon that naturally
emitted and also to look at sinks—reservoirs that accumulate and store carbon
for an indefinite period—to know whether they were already stressed in their
natural function to conclude that there was an overload of carbon.
But scientific research over the years has been definitive on the role of
human-emitted CO2 in atmospheric warming. The part that remains in the
atmosphere may have a significant effect on climate; CO2 is nearly transparent
to visible light, but it is a strong absorber and back radiator of infrared
radiation, particularly in the wave lengths from 12 to 18 microns; consequently,
an increase of atmospheric CO2 could act, much like the glass in a greenhouse,
to raise the temperature of the lower air.
FORCING AGENT
CO2 far outweighs all the other greenhouse gases as a forcing agent. It is
Global carbon emissions from fossil fuels, 1900-2014
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responsible for 62 per cent of the total radiative forcing of Earth by long-lived
greenhouse gases and over 90 per cent of the increase in radiative forcing
happened between 1998 and 2008.
But not all of the CO2 released into the atmosphere through human
activities remains there. Over half of the CO2 is removed by land and ocean
CO2 sinks. Without CO2 sinks, which remove and store CO2 from the
atmosphere, the total human CO2 emissions since 1800 would have already
caused atmospheric CO2 to increase from its pre-industrial value of 280 parts
per million by volume (ppm) to nearly 500 ppm.
Disturbance in the natural carbon cycle (what’s emitted, what’s taken up
by sinks, what remains) is the primary driver of climate change. This is due to
the long lifetime of CO2. About 50 per cent of an increase in atmospheric CO2
will be removed within 30 years. A further 30 per cent will be removed within
a few centuries. The remaining 20 per cent will remain in the atmosphere
for thousands of years. For instance, the carbon dioxide emitted by an iron
factory in the Industrial Revolution time is still in the atmosphere; a part of it
contributing to the temperature rise that has caused climate anomalies.
Atmospheric concentration of CO2 has increased globally by about 103
ppm since pre-industrial times. The first 50 ppm increase above the preindustrial value was reached in the 1970s after more than 200 years, whereas
the second 50 ppm was achieved in about 30 years, pointing to an increase
in emission intensity. In 2017, global carbon emissions, including land use
changes, rose to a historic high of 41 billion metric tonnes (see graph ‘Global
carbon emissions... p22).
Increase in the growth rate of CO2 concentration in the atmosphere
is directly related to decrease in the efficiency of land and ocean
sinks to absorb emitted CO2. Increase in the carbon intensity of
the global economy furthers this process, as does increase in the
global economy.
Since 2000, a growing global economy, an increase in the carbon emissions
required to produce each unit of economic activity, and a decreasing efficiency
of carbon sinks on land and in oceans have combined to produce the most rapid
increase in atmospheric CO2 since the beginning of continuous atmospheric
monitoring in 1959. This is also the most rapid increase since the beginning of
the Industrial Revolution.
Since pre-industrial times, about two-thirds of human-emitted CO2
emissions have come from fossil fuel burning, and about one-third from landuse changes. From 1850 to 2006, fossil fuel and cement emissions released a
cumulative total of 330 billion tonnes of carbon to the atmosphere (1 billion
tonnes of carbon =3.67 billion tonnes of CO2). An additional 158 billion
tonnes of carbon came from land-use-change emissions, largely deforestation
and wood harvest.
Increase in emission rate due to fossil fuel burning and cement production:
1990-1999: 6.1 to 6.5 giga tonnes of carbon (GtC) per year, or about 0.7 per
cent per year 1999-2005: 6.5 to 7 GtC per year, or 3 per cent per year. From
1995 to 2005, the growth rate of CO2 in the atmosphere led to a 20 per cent
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increase in its radiative forcing. Global mean surface temperatures have risen
by 0.74°C ± 0.18°C when estimated by a linear trend over the last 100 years
(1906–2005).
The rate of warming over the last 50 years is almost double that over the last
100 years (0.13°C ± 0.03°C vs. 0.07°C ± 0.02°C per decade). The warming
from the first 50 years of instrumental record (1850–1899) to the last 5 years
(2001–2005) is 0.76°C ± 0.19°C. The temperature increase is widespread over
the globe and is greater at higher northern latitudes.
Land regions have warmed at a faster rate than the oceans. Warming has
occurred in both land and ocean domains, and in both sea surface temperature
and night time marine air temperature over the oceans. However, for the globe
as a whole, surface air temperatures over land have risen at about double the
ocean rate after 1979 (more than 0.27°C per decade vs 0.13°C per decade).
Observations since 1961 show that the average temperature of the global
ocean has increased to depths of at least 3,000 m and that the ocean has been
taking up over 80 per cent of the heat being added to the climate system. New
analyses of balloon borne and satellite measurements of lower- and midtropospheric temperature show warming rates similar to those observed in
surface temperature.
Globally, estimates of the potential destructiveness of hurricanes show a
significant upward trend since the mid-1970s, with a trend towards longer
lifetimes and greater storm intensity, and such trends are strongly correlated
with tropical sea surface temperature.
These relationships have been reinforced by findings of a large increase in
numbers and proportion of hurricanes reaching categories 4 and 5 globally
10 hottest years globally on record
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since 1970 even as total number of cyclones and cyclone days decreased slightly
in most basins.
The largest increase was in the North Pacific, Indian and southwest
Pacific oceans. However, numbers of hurricanes in the North Atlantic have
also been above normal (based on 1981–2000 averages) in nine of the last 11
years, culminating in the record-breaking 2005 season. Moreover, the first
recorded tropical cyclone in the South Atlantic occurred in March 2004 off
the coast of Brazil.
Global average sea level rose at an average rate of 1.8 [1.3 to 2.3] mm per
year over 1961 to 2003 and at an average rate of about 3.1 [2.4 to 3.8] mm
per year from 1993 to 2003. Whether this faster rate for 1993 to 2003 reflects
decadal variation or an increase in the longer term trend is unclear.
Since 1993 thermal expansion of the oceans has contributed about
57 per cent of the sum of the estimated individual contributions to
the sea level rise, with decreases in glaciers and ice caps contributing
about 28 per cent and losses from the polar ice sheets contributing
the remainder. From 1993 to 2003 the sum of these climate contributions
is consistent within uncertainties with the total sea level rise that is
directly observed.
Tipping points are regional-scale features of the climate that could exhibit
threshold type behaviour in response to human-driven climate change—that
is, a small amount of climate change at a critical point could trigger an abrupt
and/or irreversible shift in the tipping point. The consequences of such shifts
in the tipping point for societies and ecosystems are likely to be severe.
Ocean acidification is a direct and certain consequence of CO2 emissions to
the atmosphere; its consequences on the global ocean are only now emerging.
The oceans have already taken up around 27-34 per cent of the CO2 produced
by humankind since the industrial revolution. Whilst this has limited the
amount of CO2 in the atmosphere, it has come at the price of a dramatic
change to ocean chemistry. In particular, and of great concern, are the observed
changes in ocean pH and carbonate and bicarbonate ion concentrations.
Decreasing pH could also make oceans noisier in the audible range with
potential implications for marine life, as well as for scientific, commercial, and
naval applications using ocean acoustics.
OTHER GASES
Measurements of methane (CH4) over 25 years (1980-2005) show that
although its concentration increased by about 30 per cent over this period, its
growth rate was close to zero towards the end of the 1990s. A key feature of the
global growth rate of CH4 is its current interannual variability, with growth
rates ranging from a high of 14 ppb per year in 1998 to less than zero in 2001,
2004 and 2005.
Although levels of nitrous oxide (N2O) have risen since 1998, the rate
of increase over the past few decades has been quite constant. Among the
halocarbons of industrial importance, most hydroflourocarbons show a trend
of increasing concentration in the atmosphere. The source of emission of this
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group of gases is predominantly the Northern Hemisphere. Air-conditioning
refrigerant, hfc-134a, is increasing at a rapid rate.
ipcc’s Assessment Report 5 says that even if anthropogenic emissions of
greenhouse gases are stopped, many aspects of climate change and its associated
impacts will continue for centuries. The risks of abrupt or irreversible changes
will increase as the magnitude of the warming increases, it adds.
According to an international team of researchers from 17 countries,
temperatures could double eventually, if urgent action is not taken. The report,
published in Nature Geoscience in July 2018, says sea levels could rise by six
metres or more in the near future.
A paper published in the journal pnas in August 2018 looked at historical
glacial-interglacial cycles the Earth has undergone, and compared it with
a theoretical estimation of future climatological cycles through a systems
approach if global warming is not contained. Considering natural and
human-induced feedback mechanisms to changes in Earth’s attributes due
to anthropogenic interference since industrialisation, researchers estimate
that the Earth could be headed towards a novel climatic cycle unlike what
has been witnessed anytime in the past.
The research suggests that “the Earth System may be approaching a
planetary threshold that could lock in a continuing rapid pathway toward
much hotter conditions—Hothouse Earth. This pathway would be propelled
by strong, intrinsic, biogeophysical feedbacks difficult to influence by human
actions, a pathway that could not be reversed, steered, or substantially slowed”.
On June 20, 2017, the world observed a landmark in its fight against
climate change: the 25th year of the signing of the UN Framework Convention
on Climate Change (unfccc). This was the response of governments from
across the world to the reality of climate change. Some 1,700 scientists,
in late 1992, wrote a letter to the world that gave that first “warning
to humanity”.
This letter, for the first time, informed the world about the human-induced
changes in climate. “If not checked,” wrote the scientists, led by particle physicist
and Union of Concerned Scientists Co-founder Henry Kendall, “many of our
current practices put at serious risk the future that we wish for human society
and the plant and animal kingdoms, and may so alter the living world that it
will be unable to sustain life in the manner that we know.”
ATTRIBUTING TO CLIMATE CHANGE
Now the quintessential question is whether climate change is responsible for
extreme weather events? And if climate change is indeed responsible in some
way, how can one quantify this responsibility? Is there any way one can identify
if a particular extreme weather event occurred only because of climate change?
The developing science of attribution might have some answers.
Scientists say attribution works with probabilities and there are certain
extreme weather events that can be attributed to climate change with good
confidence. “The heat waves of 2015 and 2016 in India have been attributed to
global warming with some confidence, particularly considering a combination
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of temperature and humidity,” said Arpita Mondal, assistant professor at
Indian Institute of Technology, Bombay.
In fact, many countries have taken significant steps in the direction of
attributing extreme weather events occurring in their countries to climate
change. For example, the Oxford University and the United Kingdom
Meteorological Office have several studies on attribution of extreme weather
events (such as heat waves, floods, droughts) in the UK. They have also
collaborated and worked on droughts in Africa, or heat waves and heavy
rainfall in India. The University of Melbourne too has carried out some
detection and attribution studies on heat waves and droughts in Australia.
The National Academy of Sciences in the US has brought out a special report
on attribution. Germany is also going to use “operational attribution” studies
to deal with climate change (see Lecture #2 ‘The wake-up call’ on p30).
Through its 25 years of journey, the global agreement on climate change
and the ways and means to fight it has witnessed highly polarised debates.
Countries, mostly developed, denied climate change while developing countries
always accepted its reality as the victims. Now there is univocal acceptance
among developed countries with the noted exception of the US. Climate
change is secular; extreme weather events now occur everywhere, irrespective
of geography and economic status. Science, like before, is definitive on climate
change. The only thing that now pushes countries to accept climate change is
the frequency and ferocity of extreme weather events, invariably a fallout of the
warming globe and the resultant disruption in climate patterns.
After 25 years, in a communiqué published in BioScience, more than
15,000 scientists from 184 countries assessed the world’s latest responses to
various environmental threats. Once again, they found us sorely wanting.
“Humanity has failed to make sufficient progress in generally solving these
foreseen environmental challenges, and alarmingly, most of them are
getting far worse,” they wrote. This letter was termed as the “second notice”
to humanity. 
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CASE STUDY #2

Why I mourn Dussehra
People of Odisha have given a clear verdict: from number of
seasons to mating habits of birds, they say everything has
changed as a result of climate change
Richard Mahapatra
Every time I jog my memory I
come up with a distorted picture of
my home state Odisha. When I try
to compare my childhood memories
with the present climate patterns in
the state, I realise that things have
changed completely. And most
Odias will agree with me.
Till about 25 years ago, the
winters here would make a precise
entry on Dussehra day, which
usually falls within last week of
September and second week of
October. Around a week before
Dussehra, my mother would take
the warm clothes out of an old
trunk. “Now it is late-November
that we get a bit of the cold. Only a
few days in December are cold
enough to wear warm clothes,” says
my mother.
My mother is 91 years old. Her
memories of Odisha’s climate are
alien to the generation I belong to.
For her, that Odisha has already
died; for me, my childhood Odisha is
dying. The state now has a new and
strange climate that nobody can
understand or predict.
People like my mother
remember six distinct seasons—
grishma (summer), barsa
(monsoon), sarata (autumn),
hemanta (pre-winter), shishira
(winter) and basanta (spring). She
has precise dates for the arrival of
the six seasons in our hometown
Sonepur. And she taught me how to
look for signs of each of the six
seasons. If our peepal tree started
flowering, summer had already set
in; when the bats began coming to
the peepal tree at night, winter was
at its peak; when damselflies flew
around our house it was time for
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the monsoon. As for me, I recall
only four seasons: summer, autumn,
winter and spring.
Nowhere today will you find
mention of six seasons in Odisha,
except maybe in school textbooks.
“While teaching children about the
seasons, the textbook description of
six seasons reads like something
from the long-forgotten past,” says
Ramesh Mishra, a secondary school
teacher in Dhama, a small town in
Sambalpur district.
Today, there are no such signs.
Odisha has only two seasons: the
rains and summer, with winter
being a mild transition between
the two.
In February, the state
government goes into “emergency
mode” to fight the heat conditions.
All schools and colleges switch to
early morning shifts. Public wage
programmes run during early
mornings and late afternoon.
Hospitals across the state stock
huge sheets of ice. Public
transport operates during early
mornings and late nights. People
avoid the auspicious March-May
period for getting married—it’s
simply too hot.
During the hot summer months,
people’s desperation for monsoon
begins to build. But the monsoon
plays hide and seek with the state.
It doesn’t rain much when required.
It rains during September and
October causing crop losses and
floods. Over the last few decades,
most of the big floods occurred
during September and October.
Scanty rainfall during the crucial
months of June and July has
triggered massive conflicts. During

2000-2005, various police stations
across the state recorded close to
34,000 cases pertaining to conflicts
over water, out of which, 50 per
cent occurred between June and
August. A public perception study
done by the Sambalpur-based
Manav Adhikar Sewa Sanstha
(mass), a non-profit working with
local communities to mitigate
drought, shows how much has
Odisha’s climate changed. The study
found that three seasons out of the
traditional six have already
vanished. While the monsoon and
summer are still distinct seasons,
the average number of hot days is
unprecedented. People say summerlike conditions now prevail for close
to eight months in a year.
For farmers who use traditional
weather forecasting (panjika)
methods, the change in climate is
perceptible. Haldar Nag, a nature
poet who has written extensively on
the various seasons and was
awarded the Padma Shri, says: “The
peacock dances in anticipation of
rain, but soon, to its surprise, the
clouds fade away. And the beautiful
creature feels ashamed.” For ages,
farmers have monitored the
peacock’s rain dance to begin
ploughing. “I think nature is finally
paying us for our sins,” says Nag.
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Tikeswar Tripathy of Satibhata
village in Sambalpur district is
worried. According to him, the Odia
Panjika (a traditional weather
book) used to be more accurate
than the government’s weather
predictions. “The Panjika never
failed us. But God knows what has
happened, for more than a decade
the Panjika has been unable to
predict the weather perfectly.”
The people of Odisha have
always relied on ancient knowledge
systems to predict weather and
plan agricultural and other
activities. Traditional weather
forecasting methods have been
preserved in strong oral proverbs,
which, for generations, farmers
considered essential knowledge for
their farming. Below is an example
of a proverb from western Odisha:
Shrabana masara adya chouthi.
Chari digu jebe megha na uthi.
Dakhina digaru bahile baa.
Chasi bhai hala nangala dhari
bidesh ja.
(At the dawn of the rainy
season, if clouds do not form from
each of the four directions, and if
the wind blows from the south then
the farmers must pack up and
migrate in search of bread and
butter.)
Likewise, there are several

indicators to predict the rains:
Dahuk gagale barsa hesi.
Dhamna gachke chadhle
barsa hesi.
Chanti anda buhile barsa hesi.
(When the bronze-winged
jacana bird calls (a short harsh
grunt), when the hybrid cobra or
local snake climbs a tree and when
red ants start transporting eggs,
rain comes.)
People used the behaviour of
animals and birds to get a sense of
what the weather would be like for
three to five months. “But most of
these birds have changed character.
This has made weather forecasting
difficult,” says Nag.
In many villages of western
Odisha, birds like the cattle egret,
little egret, openbill stork and
others are referred to as “wisdom
birds” or “knowledge birds”. These
birds helped people forecast the
weather. Now, says Nag, these
“symbols of knowledge” are
themselves confused. Many
popular and common birds and
animals like the parrot (roseringed parakeet), black drongo,
Indian mynah, Indian house crow,
red-wattled lapwing, ring dove
and bats have changed their
mating and seasonal behaviour.
People believe these changes are
due to changes in seasons; the
birds have begun to adapt to new
climate conditions.
Damselflies used to be the
most dependable indicators of
monsoon. Just before the rains
lashed the countryside, the sky
would be covered with damselflies.
When the farmers saw them
arrive, they would get their
agricultural implements ready for
ploughing. Now there are no such
swarms to indicate rain. Instead,
sometimes, you see swarms of
damselflies in the sky during lateOctober, early-November.
“Bio-indicators are the first signs
of climate change. There are
scientific reasons for these changes.
Increases in temperature will

definitely change a creature’s
behaviour,” says G K Pujari, a
scientist with Odisha’s environment
department.
“Everything was fine until 198586,” says Krushna Chandra Pati of
Ghanapali, a village on the outskirts
of Sambalpur. “What has happened
since then I cannot say exactly, but
the temperature is increasing year
after year.”
An Odia farmer believes there
should be at least 120 rainy days in
a year. A popular proverb says:
Aatha dumukani sohala asara.
Batisa jhipi jhipi chousathi
kundajhara.
Tebe jaai chasi bhai peta
hue pura.
(Eight heavy falls and 16
continuous downpours, 32 visible
drizzles and 64 light drizzles, help
the farmer feed with satisfaction.)
It’s obvious this number has
dropped drastically.
“Traditional knowledge about
weather is an indication of past
weather patterns. If you compare
the current situation with this
knowledge, you can surely point to
a deviation in the weather pattern,”
says A B Mishra, a former life
sciences professor with Sambalpur
University who has studied
traditional weather forecasting.
Going by people’s perceptions, it
rains for close to 50 days, in
varying degrees, during the
monsoon season. In many places in
western Odisha, sugarcane used to
be cultivated as it was a lucrative
crop and a major source of income
for farmers. Now, due to
inadequate rainfall, sugarcane
farming has not been taken up for
at least 12 years.
Although there’s still an ongoing
debate as to whether Odisha’s
climate has really changed all that
much, people’s perception that their
climate is indeed changing should
not be ignored. For me, I mourn the
Dussehra as change in the climate
has definitely taken some festivities
out of it. 
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LECTURE #2
SUNITA NARAIN

THE WAKE-UP CALL

Now that the rich are also being hit by climate change and the “attribution” is clear, the targets
for the world’s anger will be emerging rich in emerging countries like India
CLIMATE CHANGE is in crescendo.
In June and July 2018, some 140
wildfires raged across California; 80
people were killed in similar wildfires
in Greece; Europe has been sizzling
under heat waves; unseasonal dust
storms have killed over 500 in India;
torrential rains in Japan and other
such extreme rain events are devastating crops and homes across vast parts
of the world. All of these weather
events are far beyond normal variability, called stationarity, as it followed
past patterns. Now we are in the era
of the unprecedented and unknown.
What we know for certain is that this
intensity, variability and ferocity of
weird weather will get worse.
The connection with weird
weather and climate change is also
being seen through studies called
attribution. The World Weather
Attribution network estimates that
climate change has more than “doubled the likelihood of the European
heatwave”. It has also tripled the
likelihood of drought in Cape Town—
the South African city that narrowly
missed Day Zero, when it would run
out of water.
The question is what now? What
the Intergovernmental Panel on
Climate Change (ipcc) says in its
recent report on 1.5°C is probably an
30
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underestimate of the kind of dangers
that await a warmed world—many
scientists say the report has not taken
into account the spiral of events,
called tipping point, which will be
unleashed as temperatures rise. The
news is not good. It’s time we understood this and stopped questioning
the science of climate change.
ipcc has revised its previous
findings; it now says the impacts of
global warming will be greater than
what was previously anticipated at a
temperature rise of 1.5°C. It should
not surprise us. The world—particularly the poor world—is already
seeing devastating impacts when the
temperature increase is 1.2°C. Climate change is in our face. We don’t
need science to tell us anymore that it
will happen. What ipcc tells us is that
the situation will get much worse,
and that we must not allow the temperature to increase by 2°C.
The question then is only one:
What can and must the world do to
keep the temperature rise to below
1.5°C? ipcc estimates that to stay
below this temperature guardrail, the
world has to cut net anthropogenic
CO2 emissions by 45 per cent over
the 2010 levels by 2030, and reach
net zero by 2050.
Let’s unpack this statement.
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Roughly half of the CO2 emissions
generated through activities of humans need to be cut by 2030. But as
these are “net” emissions, it means
that the world can emit more but
the emissions must be “removed” to
achieve the targets. The “removal” of
emissions happens through “natural
sinks”—oceans, for instance, absorb
emissions and are part of the world’s
natural cleansing systems. Then forests are important “sinks”—they sequester carbon. But the report is also
pointing towards technology-induced
removal through carbon capture and
storage (ccs), where emissions of
CO2 are harvested and
then pushed back to store deep under
the Earth’s surface.
Remember, this is when the world
remains intensely unequal in its consumption of energy and so does its
emissions. The challenge is to reduce
and yet, at the same time, increase
the use of energy by the poorest in
the world. According to ipcc, the
remaining global CO2 budget—how
much can be emitted for the world
to stay below 1.5°C—is somewhere
between 420 gigatonnes of CO2
(GtCO2) to 580 GtCO2. At the current rate of emissions, this budget
will be exhausted by 2030.
Remember also that the bulk of
the carbon budget has already been
appropriated by the already-rich
countries. By 2030, when the budget is over and if the world wants to
stay below 1.5°C, then it must be in
negative emissions. That is, it must
emit less than what the world’s sinks
can clean up. What will then happen
to the developing world? Now that
the cake is all eaten, even the crumbs

have been gobbled up, what happens
to the development needs of millions
who do not have access to energy and
the millions who still need growth.
Does this mean the world stops
talking about equity in climate
change? This is what the US has
wanted for long. Its current President
Donald Trump has taken it to the
extreme—countries like India who
want the right to development are
the problem, he says. The US must be
allowed to pollute more because it is
its birthright. All this said as crudely
as only he can.
There is no doubt that equity is
now passé in many ways. Countries
like India, as is reiterated in the
ipcc 1.5°C report, will be the worst
impacted by climate change. This is
not the time to gripe about who has
created the problem and who must
solve it. That time is gone. Also, there
is no point in crying over spilt milk—
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the carbon budget is gone. Countries
have emitted and filled up the available space. Now what is this talk of
“equity”? What does it mean?
The fact is we have to operationalise “equity” in this changed
scenario. This requires all countries,
including India, to act. But it also requires much deeper cuts from the already developed world and financial
and technology support to the energy
poor to increase their emissions, if
possible, differently and with lower
carbon emissions. This is not the
time to point fingers at the victims
of climate change—at countries like
India for needing space to develop.
This calls for enormous sagacity
and leadership so that the world can
jointly and collaboratively find ways
of reducing emissions and providing
growth. Dismissing the need for climate justice will not get us anywhere.
Let’s discuss what can be done.
ipcc looks at the rapid and far-reaching transitions in energy, land, urban
and infrastructure— including transport and building sectors. These are
big contributors to emissions.
So, what will it take to build a
more secure future? Firstly, it means
that renewable energy must supply
70-85 per cent of the global electricity by 2050. Currently renewables
supply some 20 per cent of the electricity, with the bulk coming from
hydropower plants. So, the challenge
is enormous. How will this transition
happen? The share of natural gas can
be roughly 8 per cent in this mix, but
even this must include ccs. Coal use
must be close to zero per cent by 2050.
This is a huge ambition—the
world is still addicted to coal for pro32
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ducing electricity, in the rich as well as
the poor parts. The developing world
needs to provide affordable energy to
large numbers of its people. How can
it replace coal and yet provide this energy security? How? This is the question. But it is equally a question, how
the rich world will completely de-carbonise its electricity? And all this in
the times of Trump.
The challenge is ambition and
equity in action. Drastic emission reduction keeping in mind the need for
climate justice. Let’s keep our sights on
this. Act. Act now. The time for prevarication and procrastination is over. 
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TERMS
NASA
The National Aeronautics and Space
Administration is an independent
agency of the United States Federal
Government responsible for the
civilian space program, as well as
research on aerospace and climate
change research.
NOAA
The National Oceanic and
Atmospheric Administration is an
American scientific agency that
focuses on the conditions of the
oceans, major waterways, atmosphere
and weather forecasting.
Industrial Revolution
The process of change from an
agrarian and handicraft economy
to one dominated by industry and
machine manufacturing. This process
began in the UK in the 18th century
and from there spread to other parts
of the world.
Arctic
The Arctic is a polar region located
at the northernmost part of Earth.
The Arctic consists of the Arctic
Ocean, adjacent seas, and parts of
Alaska, Finland, Greenland, Iceland,
Northern Canada, Norway, Russia
and Sweden.
Forcing agent
The difference between insolation
(sunlight) absorbed by the Earth
and energy radiated back to space.
The influences that cause changes to
the Earth’s climate system altering
Earth’s radiative equilibrium, forcing
temperatures to rise or fall.

Natural carbon cycle
A biogeochemical cycle by which
carbon is exchanged among the
biosphere, pedosphere, geosphere,
hydrosphere, and atmosphere of the
Earth. As the burning of fossil fuels
mobilise carbon into the atmosphere,
the Earth’s carbon cycle is pushed
out of balance resulting in climatic
changes.
Balloon borne measurement
A sub-orbital astronomical telescope
that is suspended below one or more
stratospheric balloons, allowing it to
be lifted above the lower, dense part of
the Earth’s atmosphere. This has the
advantage of improving the resolution
limit of the telescope at a much lower
cost than for a space telescope. It also
allows observation of frequency bands
that are blocked by the atmosphere.
A figure expressing the acidity
or alkalinity of a solution on a
logarithmic scale on which 7 is
neutral, lower values are more acid
and higher values more alkaline.
Nitrous oxide (N2O)
A colorless gas, N2O that when
inhaled produces loss of sensibility
to pain preceded by exhilaration
and sometimes laughter, and is an
atmospheric pollutant and greenhouse
gas produced by combustion.
Hydroflourocarbons (HFCs)
Any of several organic compounds
composed of hydrogen, fluorine,
and carbon. hfcs are produced
synthetically and are used primarily
as refrigerants. They contribute to the
depletion of Earth’s ozone layer.
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Hothouse Earth
A period in which there are no
continental glaciers whatsoever
on the planet.
Attribution of climate change
The study of the causes of
climate change.

TASKS
Explain the proven scientific evidences
of climate change with examples?
What is a forcing agent and its
relation with human-induced
carbon emissions?
Explain ocean acidification?

Dussehra
The 10th and final day of the
Hindu festival of Navaratri, usually
in October.
Day Zero
A day when most of the city’s taps will
run out of water or will be switched
off—literally.
Carbon capture and storage (ccs)
Where emissions of CO2 are harvested
and then pushed back to store deep
under the Earth’s surface
Carbon budget
A tolerable quantity of greenhouse gas
emissions that can be emitted in total
over a specified time

Explain attribution studies of
climate change?
How has climate change affected the
ecosystem of Odisha?
Explain the threshold of keeping
temperatures below 1.50C?

FURTHER READING
Palaeoclimate constraints on the
impact of 2°C anthropogenic
warming and beyond, Nature
Geoscience, June, 2018
Trajectories of the Earth System
in the Anthropocene, pnas,
August 14, 2018
World Scientists’ Warning to
Humanity: A Second Notice,
BioScience, December 1, 2017
Global Warming of 1.50C,
ipcc, 2018
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WHO IS
RESPONSIBLE?

C

limate change is all about cumulative historical emissions—carbon dioxide
(CO2) emissions have a long lifetime and remain in the atmosphere once
emitted, at least for more than 100 years. It is no secret that developed
nations have historically emitted the bulk of the greenhouse gases (ghg).
Between 1850 and 2011, developed nations contributed 79 per cent of global
ghgs, according to the Centre for Global Development, a Washington DC-based
organisation (see graph ‘Who caused climate change historically’).
But the question ‘who is responsible for climate change?’ has been mired
in politics as the developed nations have run away from taking responsibility
(see Case Study#3 “Inconvenient truth, retold” p40). Consider these facts. In
December 1988, the UN General Assembly resolution recognised climate change
as a “common concern of mankind” and noted that “the largest part of the current
emission of pollutants into the environment including toxic and hazardous wastes,
originates in developed countries… those countries have the main responsibility
for combating such pollution”. The resolution affirmed that “the responsibility
for containing, reducing and eliminating global environmental damage…must be
in relation to the damage caused, and must be in accordance with (the country’s)
respective capabilities and responsibilities”.
Over time, the issue of responsibility (along with its related issues of new and
additional financial resources, and technology transfer) has become the major
source of North (developed nations) and South (developing nations) differences. In
November 1989, a ministerial conference at Noordwijk, the Netherlands—the first
high-level political meeting to focus on climate change with substantial developing
Who caused climate
change historically

Who’s most affected by
climate change

Developed countries are responsible for
79 per cent of emissions from 1850 to 2011

Poor people living in developing countries are
worst hit by the impacts
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Middle East & North Africa
India

Latin America
Other developing
Asia

Sub-Saharan Africa
Latin America
United States
Other
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European Union
Japan
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Eurasia
Other
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China
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Eurasia
China
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Japan

European
Union

Middle
East & North
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India

Developed
Developing

Source: Centre for Global Development, Washington DC
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country presence—recommended a framework convention and said industrialised
nations had “specific responsibilities” to tackle climate change. What were these
responsibilities? Hard negotiations by the US ensured the declaration’s text remained
vague on specific targets to cut emissions.
It was in April 1990, at the New Delhi Conference of Select Developing Countries,
that developing countries first formulated their climate policy. The conference placed
the primary responsibility of climate change mitigation on industrialised nations.
Developing countries were clear they contribute little to the problem, though their
share is increasing; need technical and financial assistance to adopt environmentally
benign technologies; would accept only those responses that do not impede their
economic development; would not accept ghg emission reduction targets because
they needed to increase their energy consumption for development.
That same year, the First Assessment Report of the Intergovernmental Panel on
Climate Change (ipcc) was released, which mentioned “common responsibilities”
of nations, developed and developing. Developing countries wanted the ipcc text
changed to reflect the fact that developed nations were mainly responsible. The final
text—a semantic compromise—read: “Industrialised and developing countries have
a common but differentiated responsibility in dealing with the problem of climate
change and its adverse effects.”
The Framework Convention was agreed upon at Rio in 1992. In the agreement,
“primary responsibility” was toned down to “common but differentiated responsibilities and respective capabilities”. But what matters is how much each country
has emitted in the past. The present also matters, for countries have to make space
for others—some have to reduce their use of the common atmospheric space so
that others can increase theirs. The future is even more important, as the world
has to “avoid” emissions—it has to desperately find ways so that countries do not
add to the already overburdened atmospheric space.
THE PAST
Rich countries account for about seven out of every 10 tonne of CO2 that have been
emitted since the start of the industrial era. Historical emissions amount to about
Who’s causing climate change now
Economic growth is fuelling emissions in developing countries
Other developing
Asian countries
Latin America

United
States

Sub-Saharan
Africa

European
Union

Japan
Russia

Middle
East & North
Africa

Eurasia
India

China
Other highincome countries
Source: Centre for Global Development, Washington DC
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1,100 tonne of CO2 per capita for the UK and the US, compared with 66 tonne per
capita for China and 23 tonne per capita for India. This is the natural debt of the rich
countries as against the financial debt of industrialised countries and it has to be paid
(see Lecture#3:‘Consumption and emissions, p42).
Even if the world does not go as far back as the beginning of the industrial era,
the fact of who is responsible for climate change does not change. A paper of the
US Congressional Research Service, prepared for members and committees of the
Congress, estimates such responsibility using data compiled by World Resources
Institute (wri). It estimates Annex 1 countries— developed nations and nations with
economies in transition—account for roughly 72 per cent of total CO2 emissions and
as much as 80 per cent of energy-related CO2 emissions that have accumulated in the
atmosphere between 1950 and 2000.
This data changes slightly if land use changes—increased emissions because of
deforestation and decreased contribution because of afforestation—is taken into
account. If deforestation is taken into account, Brazil’s and Indonesia’s share in
global pollutants increases, as do Australia’s and Canada’s. However, since the data
on land use changes and their conversion into equivalent units of ghg emissions
is very uncertain, this estimate “is at best illustrative”, says the US Congressional
Research Service paper.
THE PRESENT
Forget the past, even the present atmosphere is being filled by the already industrialised
countries. Rich countries are still the major emitters of total CO2. Between 1980 and
2005, the total emissions of the US were almost double that of China and more than
seven times that of India. The current emissions from developed countries are still
very high: with just 15 per cent of the world’s population, they account for 45 per cent
of its CO2 emissions.
While China has overtaken the US as the world’s largest emitter of CO2, its
per capita emissions are just one-fifth that of the US. Emissions from India are
increasing. Even so, its per capita carbon footprint is less than one-tenth of that in
high-income countries. The per capita increase for a thinly populated Canada since
1990 (5 tonne) is higher than the per capita emissions of China in 2005 (4.1 tonne).
An interesting study was published in 2009 in the journal Environmental Science
and Technology. The authors, Edgar G Hertwich and Glen P Peters from Oslo-based
research institutions, make nations responsible for the carbon footprint of their
imports (not exports). The study found that average per capita footprint varies from
just over 1 tonne per person per year for several African and other countries to 28
tonne per person per year for the US and 33 tonne per person per year for an importdependent, high consuming country like Luxembourg.
For all these reasons the world agreed that freezing emissions of developing
countries at current levels would mean freezing inequity. Climate justice demanded
the rich had to reduce their emissions, so that the poorer, emerging world could grow.
It was about making and sharing common atmospheric space.
In late 1997, the Kyoto Protocol agreed on a small and hesitant target of 5.1
per cent cuts over 1990 levels by 2008-2012 by industrialised countries (Annex 1
countries) to establish this principle. As the call for action has become more strident
and urgent (as it must), the world has looked for small and petty responses. On one
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hand, there is a well-orchestrated media and civil society campaign to paint the
Chinese and Indians as the villains of the piece. If they “cry” about their need to
develop, the response is to tell them that they are most vulnerable. Rich countries
seem to be saying: “We cannot afford to waste time in the blame game. Even if, in
the past, the Western world created the problem, you must, in your interest, take the
lead in reparations.”
This hysteria is growing. But unfortunately, action is not keeping pace. In late
1997, after protracted negotiations, the Kyoto Protocol was established. Under this,
the industrialised world agreed to cut its emissions by just 5.2 per cent below 1990
levels between 2008 and 2012. The world is nowhere close to achieving even this
measly reduction. Not only has the world’s largest polluter—the US—walked out of
the global agreement, even Europe is finding it difficult to reach this modest target.
A 2007 review by the secretariat of the unfccc found that, between 1990 and 2006,
while CO2 emissions of all industrialised countries declined by 1.3 per cent, this
reduction was primarily due to the countries whose economies were in transition.
The CO2 emissions of the rich Annex I countries, excluding countries in transition,
actually increased by 14.5 per cent.
During the same period, the CO2 emissions of key polluters increased—in the
case of the US by 18 per cent, and by a whopping 40.5 per cent in Australia. Even
most European countries have seen an increase in their emissions. The only countries
that have cut CO2 emissions are Sweden, the UK and Germany. But it is important
to note that the UK and Germany are finding it difficult to cut further. The reason
is simple: the UK partly gained its emissions reduction by switching from coal to
natural gas, a transition that is now predominantly completed. Germany reduced

Global greenhouse gas emissions, per type of gas and source
Since 2003, global emissions have been increasing by 2.9 per cent

In gigatonnes of carbon dioxide equivalent
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its emissions greatly because of the reunification of the industrialised west with the
economically depressed east.
New answers must now be found. In other words, these emission cuts were
nowhere close to what was needed, then or now, to avert catastrophic climate
change. The industrialised countries have reneged on their commitment. They have
let us all down. So far, the rich world has found only small answers to existential
problems. It not only wants to keep its coal-burning power plants (even as it points
the finger at China and India), but wants to build new ones. It believes it can keep
polluting while finding new techno “fixes”.
THE FUTURE
What is clear is that no dent has been made where emissions are the greatest: in the
energy sector. Here, emissions of the rich industrialised countries have increased by
almost 14 per cent since 1990. Within the energy sector, transport emissions have
seen the biggest jump—18 per cent. The only hard sector that has seen a decrease
is manufacturing industry and construction, partly because manufacturing related
emissions have been exported to China and other emerging economies. Now science
tells us emissions have to be cut by 50-85 per cent. How will these countries cut their
emissions so drastically, when their track record over the past years is worse than
pathetic? There is no doubt that in the current economic model, China, India and all
other countries are in the catch-up race. Their pathway to industrial growth and wealth
will add to emissions, which the world cannot afford (see graph: ‘Who’s causing climate
change now’, p36).
What, then, is the way ahead? First, we must accept that the rich world must
reduce emissions drastically. There is a stock of ghgs in the atmosphere, built up
over centuries in the process of creating nations’ wealth. This has already made
our climate unstable. Poorer nations will add to this stock through their desire for
economic growth. But that is not an excuse for the rich world to avoid adopting
tough and binding emission reduction targets. The principle should be: the rich must
reduce so that the poor can grow.
Second, any agreement must recognise the poor and emerging countries’ need
to grow. Their engagement should, therefore, not be legally binding but based
on national targets and programmes. The challenge is to find low carbon growth
strategies for emerging countries, without compromising their right to develop. This
can be done.
It is clear countries such as India and China can “avoid” additional emissions.
The reason is that they are still in the process of building their energy, transport
and industrial infrastructures. They can invest in “leapfrog” technologies to avoid
pollution. In other words, they can build their cities based on public transport; their
energy security based on local and distributed systems—from biofuels to renewables;
and their industries using the most energy-efficient and pollution-free technologies.
These countries know it is not in their interest to first pollute, then clean up; or first
to be inefficient, and then to save energy. But the hard fact is that existing “green”
technologies are costly. It is not as if China and India are bent on first investing in
dirty and fuel-inefficient technologies. They invest in these, as the now rich world has
done, based on the principle: first create emissions, then make money, then invest in
efficiency. This is the challenge. 
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CASE STUDY #3

Inconvenient truth, retold
Every issue is contested because it is the contest of ideas
and of realities. It is the politics behind climate change that
threatens our common future
Sunita Narain
It was the late 1980s. My colleague
Anil Agarwal, the founder of the
Centre for Science and Environment,
and I were searching for ways to
regenerate wasted common lands.
We learnt that unless people
benefited from these common lands,
they would not keep their goats out.
The forests would not regenerate.
So, cooperation was essential.
Cooperation required equitable
distribution of the rights and benefits
of these lands. We understood goats.
Around the same time, in 1990, a
prestigious US research institution,
World Resources Institute (wri),
published its annual report. This said,
for the first time, that not only did
climate change impact everyone, but
also that everybody was responsible
for emissions that caused climate
change. Their data showed that
methane, which comes from growing
rice or livestock (enteric
fermentation or farting) was
responsible for the bulk of emissions.
They also showed data that
developing countries contribute
nearly half the emissions that cause
climate change.
Anil and I were blissfully unaware
of these findings or the implications
for the ongoing negotiations on a
global agreement to combat climate
change. But we were pulled into this
debate. We got a call from the rather
flummoxed Shanta Kumar, then chief
minister of Himachal Pradesh, who
wanted to know how he should tell
his people to stop keeping animals or
eating rice. We asked why he wanted
to know. He showed us a letter,
written by then environment minister
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Maneka Gandhi. She had just visited
Washington DC and, based on her
interactions with wri, had written to
him, asking for restraints on
“unsustainable” things like growing
rice or keeping animals. “How do I do
this?” he asked us. “Do the animals of
the poor really disrupt the world’s
climate system?” We were equally
flummoxed.
It seemed absurd. Our work told
us that the poor were victims of
environmental degradation. Here they
were now, complete villains. How?
With this question we embarked
on our climate research journey. We
were novices, the issues seemed so
convoluted and faraway. The
discussions on emissions and sinks
floored us. But we persisted and
quickly learned that there was not
much difference between managing
a local forest and the global climate.
Both were common property
resources. What was needed most of
all was a property rights framework,
which encouraged cooperation.
One day, I remember so vividly,
Anil called me from his house where
he was working. “What is the
difference between gross and net?”
he asked. Now I was lost. What was
he talking about? I pulled out the wri
voluminous report. Below the “net”
contributions of each country, a
footnote pointed to an explanation in
the last pages of the book. There in
small font it explained the
calculations that led from the gross
(total emissions of a country) to the
net (emissions attributed to each
country). This was politics, not
science. Why?

Because the methodology used by
to compute the responsibility of
each nation favoured the polluter.
Under the wri methodology, each
nation was assigned a share of the
Earth’s ecological sink, but the
assignment was proportional to the
nation’s contribution to the
Earth’s emissions.
The sinks are natural systems—
the oceans and the forests—which
absorb emissions. Global warming is
caused because emissions exceed this
natural capacity of the Earth to
absorb pollutants. wri had estimated
that the world produced 31,000
million tonnes of CO2 and 255 million
tonnes of methane every year. It
then estimated that the sinks of the
Earth, naturally assimilated 17,500
million tonnes of CO2 and 212 million
tonnes of methane annually. On this
basis, it then computed a net
emission of each nation, by allocating
a share of the sinks to each nation,
based on its gross emissions
contribution. In this way, if a country
had a higher gross pollution, it also
got a higher share of the sinks. Its
net contribution got reduced. One
computation changed the politics.
In 1991, we published our critique
of this approach, Global Warming in
an Unequal World: A Case of
Environmental Colonialism. We
wri
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argued that there were two main
types of “sinks” where CO2 is
reabsorbed by the biosphere: the
oceans and terrestrial sinks. While
terrestrial sinks, such as forests and
grasslands, may be considered
national property, oceanic sinks
belong to humankind.
They must be regarded as common
global property.
We apportioned the sinks on the
basis of a country’s share in the
world’s population, arguing that each
individual in the world had equal
entitlement to the global commons.
This allocation, based on individual
rights to the Earth’s natural cleansing
capacity, changed the computation of
the nation’s responsibility drastically.
For instance, under the wri
methodology, the US contributed 17
per cent of the net emissions of the
world, while our methodology
computed that it actually contributed
roughly 27.4 per cent of the net
annual emissions. Similarly, the
contribution of China decreased from
the wri’s estimated 6.4 per cent of
the net annual emissions to 0.57 per
cent and India from 3.9 per cent to
just 0.013 per cent of the net
annual emissions.
This allocation of the Earth’s
global sinks to each nation, based on
its population, created a system of

per capita emission entitlements,
which taken together were the
“permissible” level of emissions of
each country. This, we said, would
create the framework for trading
between nations, as a country which
exceeded its annual quota of CO2
could trade with those countries that
had not used up their ‘permissible’
emissions. This would create financial
incentives for countries to keep their
emissions as low as possible and to
invest in zero-carbon trajectories.
We argued that: One, the
world needed to differentiate
between the emissions of the poor—
from subsistence paddy or animals—
and that of the rich—from, say,
cars. Survival emissions weren’t
and couldn’t be equivalent to
luxury emissions.
Two, it was clear that managing a
global common meant cooperation
between countries. As stray cattle or
goats are likely to chew on saplings
in a forest, any country could blow up
the agreement if it emitted beyond
what the atmosphere could absorb.
Cooperation was only possible—and
this is where our forests experience
came in handy—if benefits were
distributed equally. We then
developed the concept of per capita
entitlements— each nation’s share of
the atmosphere—and used the
property rights of entitlement to set
up rules of engagement that were
fair and equitable. We said that
countries using less than their share
of the atmosphere could trade their
unused quota and this would give
them the incentive to invest in
technologies that would not increase
their emissions. But in all this, as we
told climate negotiators, think of the
local forest and learn that the issue
of equity is not a luxury. It is
a prerequisite.
This was the inconvenient truth.
The pushback from wri was
instant and enormous. Our study was
rubbished. Our politics were ridiculed.

The then head of wri wrote to us,
saying that what we were suggesting
was about politics, not science.
But it did not end there. In the
post (remember, this was snail-mail
age) we received a mail from Kirk
Smith, a professor at the East West
Centre in Hawaii (now in Berkeley
and leading authority on indoor air
pollution in the world). Kirk explained
that he had seen our report and
wanted us to see his communication
with the wri on their report. His
critique was based on the cumulative
emissions of each country, which he
said had been conveniently ignored
by wri. He explained that if taken
from 1900, then each Indian living
today (1990 data) would be
responsible for 6 tonnes of CO2, as
compared to an American who would
be responsible for 260 tonnes of
CO2. Kirk called this the natural debt
of the developed world.
wri’s response to him, published
in British scientific journal Nature,
said that Kirk’s suggestion was highly
scientific and “fraught with
difficulties when considered from a
point of view of international
diplomacy”. Their way would
be more “appropriate for
international agreements”.
wri had dismissed our approach
on the grounds that it was political
rather than scientific. But in Smith’s
case, its complaint was—
contradictorily—exactly the opposite.
This debate raged in international
circles. Our publication was read and
cited to explain how global climate
change negotiations must be shaped
through the prism of equity. We were
berated by the Washington club—the
powerful ngos who determine the
discourse on global issues. We
continue to be on their hit list. But
our politics have remained unyielding
on this issue—climate change is
about sharing global atmospheric
space and a universal right
to development. 
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LECTURE #3
CHANDRA BHUSHAN

CONSUMPTION AND EMISSIONS: USA V INDIA
The richest 5 per cent Indians consume less than even the poorest 20 per cent Americans.
The definition of sustainable consumption and production must reflect this
THE GROWING consumption of
the “rich” in “poor” countries has
been a running theme in the climate
change debate for some time now. A
large majority of opinion makers in
developed countries, especially the US,
are convinced that rising consumption
of the rich in the developing world is
responsible for climate change.
In the last few years, the theme of
the egregiously consuming middle
class in India scorching the world
has taken a whole new form. In this
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form, the excesses of the developed
world are hidden. The problem is
not the lifestyle of the North; rather,
it is the burgeoning consumption of
the South. I have a problem with this
narrative. I do support and propagate
the view that there is a level of
consumption that is required to meet
basic needs of everyone in the world.
Let’s start a serious debate
around sustainable consumption and
production (scp). To do this, let’s
compare consumption and emissions
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of the rich in India with that of the
rich in the US.
AVERAGE HOUSEHOLD
CONSUMPTION EXPENDITURE
There is absolutely no comparison
between the consumption
expenditure of the average American
household and that of the average
Indian household. In market
exchange rate (mer) terms, the
average per capita consumption
expenditure in the US is 37 times
higher than India’s (US $33,469 as
compared to US $900). Even in terms
of purchasing power parity (ppp),
the average per capita consumption
expenditure in the US is 11 times
higher than India’s (US $33,469 as
compared to US $3,001). To enable
comparison, Indian rupees have been
converted to US dollars both in terms
of mer and ppp.

In mer terms, an average
American spends 15 times more on
food and beverages, 50 times more
on housing and household goods and
services, over 6,000 times more on
recreation, and over 200 times more
on health compared to an average
Indian. Comparing “averages” is,
therefore, meaningless.
RICHEST INDIAN V RICH (AND
POOR) AMERICANS
The topmost consuming class in
India is the top 5 per cent of urban
households, or the urban 12th fractile
class as per the National Sample
Survey Office (nsso) consumer
expenditure survey 2011–12.
The richest Indians consume
less than even the poorest 20 per
cent Americans. If we consider the
consumption expenditure in terms of
mer, the richest Indians consume less
than one-third of the poorest 20 per
cent Americans. Even if we consider
the consumption expenditure in
terms of ppp, the richest 5 per cent
Indians still spend on goods and
services close to what the poorest 20
per cent Americans do.
CONSUMPTION OF ENERGY
GOODS AND SERVICES
Data on the energy-related products
and services for the richest Indians
has been compared with that for
various classes of Americans for the
year 2014. This is the closest year to
2011–12 for which data on electricity
prices in India is publicly available.
Petrol prices in India are actually
higher than in the US. In 2014, the
average pump price for petrol in India
was US $1.2 as compared to US $0.91
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in the US. So, a dollar in India, in
terms of mer, actually buys less petrol
than a dollar in the US.
The annual per capita expenditure
on electricity and fuels and on
gasoline and motor oil of the richest
5 per cent Indians was about US
$241 in 2011–12. The corresponding
expenditure for the poorest 20 per
cent Americans is about US $1,500—
more than six times higher than that
for the richest 5 per cent Indians.
The expenditure of the richest 20 per
cent Americans on energy goods is
US $2,145, about nine times higher
than expenditure of the richest 5 per
cent Indians. Assuming equal prices
of energy (an underestimation for
consumption in the US), the richest
in India consume less than one-sixth
of the energy the poorest 20 per cent
in the US consume.

near impossible to meet the Paris
Agreement goal (see chapter: What
is climate politics, p67). Efficiency is
not sufficiency—without
addressing consumption it would
be near impossible to meet the
climate target.
The idea of an ultimate winwin—to consume but not pollute is a
mirage. The question the world faces
today is not whether consumption
should be curtailed, but how. The
definition of sustainable consumption
and production must reflect this. 
(The writer is the Deputy DirectorGeneral, Centre for Science and
Environment, New Delhi)

CO2 EMISSIONS
Per capita carbon dioxide (CO2)
emissions (excluding emissions
from land use, land use changes
and forestry) of the top 10 per cent
of Indians are similar to per capita
emissions of the bottom 20 per cent
of Americans.
The per capita CO2 emissions of
the richest 10 per cent Indians are
about 4.4 tonnes. In comparison, the
per capita emissions of the richest
10 per cent Americans are 52.4
tonnes—almost 12 times higher than
that of the richest Indians. The per
capita CO2 emissions of the poorest
10 per cent Americans are about 2.4
tonnes. This is 60 per cent higher
than the average per capita CO2
emissions of India. If we rely only
on efficiency improvements, it is
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TERMS
Global North-South
The terms the North and the South,
when used in a global context,
are alternative designations for
“developed” and “developing”
countries. Together, the North and
South constitute virtually the entire
global population.
Common but differentiated
responsibilities (cbdr)
Principle of international
environmental law establishing
that all states are responsible for
addressing global environmental
destruction yet not equally
responsible. The principle balances,
on the one hand, the need for all
states to take responsibility for global
environmental problems and, on the
other hand, the need to recognise the
wide differences in levels of economic
development between nations.
Annex 1 countries
Industrialised countries that were
members of the oecd (Organisation
for Economic Co-operation and
Development) in 1992, plus countries
with economies in transition (the
eit Parties), including the Russian
Federation, the Baltic States, and
several Central and Eastern European
States.
Techno fixes
A technological shortcut that attempts
to use engineering or technology to
solve a problem

organisation that was established
in 1982.
CSE
The Centre for Science and
Environment is a non- profit public
interest research and advocacy
organisation based in New Delhi.
SCP
Sustainable consumption
and production
MER
Market exchange rate
PPP
Purchasing power parity
LULUCF
Land use, land-use change,
and forestry
Leapfrog technologies
Leapfrogging is the notion that
areas which have poorly-developed
technology or economic bases can
move themselves forward rapidly
through the adoption of modern
systems without going through
intermediary steps.

TASKS
Explain who is responsible for climate
change?
Explain who is most affected by
climate change and why?
What is climate justice?

WRI
The World Resources Institute
is a global research non-profit

What are the different types of
greenhouse gases?
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What is the difference between luxury
and survival emissions?
Explain the relationship of the
consumption patterns of countries
with emissions?

FURTHER READING
Carbon footprint of nations: a global,
trade-linked analysis, Hertwich,
Edgar G and Peters, Glen P, 2009
Global warming in an unequal world:
a case of environmental colonialism,
Anil Agarwal and Sunita Narain,
Centre for Science and Environment,
New Delhi, 1991
CLIMATE CHANGE NOW:
The Story of Carbon Colonisation,
Centre for Science and Environment,
New Delhi, 2018
Environment Reader for Universities,
Centre for Science and Environment,
New Delhi, 2017
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WHAT ARE THE
IMPACTS?

T

he greatest evidence of climate change lies all around the world we
live. It has heated the oceans by the equivalent of one atomic bomb
explosion per second for the past 150 years. Ice is melting worldwide,
especially at the Earth’s poles. This includes mountain glaciers, ice
sheets covering West Antarctica and Greenland, and Arctic sea. In Montana’s
Glacier National Park the number of glaciers has declined to fewer than 30
from more than 150 in 1910. Much of this melting ice contributes to sea-level
rise. Global sea levels are rising 0.13 inches (3.2 millimetres) a year, and the rise
is occurring at a faster rate in recent years.
Rising temperatures are affecting wildlife and their habitats. Vanishing ice
has challenged species such as the Adélie penguin in Antarctica, where some
populations on the western peninsula have collapsed by 90 per cent or more. As
temperatures increase, many species are on the move. Some butterflies, foxes,
and alpine plants have migrated further north or to higher, cooler areas.
Precipitation (rain and snowfall) has increased across the globe, on average.
Yet some regions are experiencing more severe drought conditions, increasing
the risk of wildfires, crop damage and drinking water shortages (see “Impact of
climate change on human health”).
If warming continues at this rate, sea levels are expected to rise between 10 and
32 inches (26 and 82 centimetres) or higher by the end of the century. Hurricanes
and other storms are likely to become stronger. Floods and droughts will become
more common. Large parts of the US, for example, face a higher risk of decadesImapct of climate change on human health
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April 2018 was the coldest
in two decades for
continental USA
April, 2018

Heatwaves in
Canada in July
leave 70 dead
July, 2018

Severe drought in parts
of seven states in
southwest USA
April, 2018

Uncontrollable wildfires
rage in California in
western USA
July-August, 2018

Extreme is the
new normal

Recordbreaking
warm
temperatures
across the
eastern US
February,
2018

Hottest
summer in
100 years
in Iceland
July, 2018

Bomb cyclone hits
new England
March, 2018
Europe colder than
the North Pole
Torrential rains
February, 2018
bring epic flash
floods in
France sees
Maryland, USA
worst winter
rains in 50 years
July, 2018
January, 2018
First snow in
Florida in almost
30 years
January, 2018
Peru's glacial lake turns into a
deadly flood time bomb
June, 2018
Storm Elenor
batters Europe
January, 2018

Annual incidence of climate-related
disasters has more than tripled since
1980. A snapshot of major climate
events in 2018, one of the warmest
years in recorded history
long “megadroughts” by 2100 (see “Extreme is the new normal”, p48).
Less freshwater will be available, since glaciers store about three-quarters of
the world’s freshwater. Diseases such as mosquito-borne malaria will spread,
just like the 2016 resurgence of the Zika virus. Ecosystems will change for the
worse: some species will move further north or become more successful; others,
such as polar bears, won’t be able to adapt and could become extinct.
In 2018, the Intergovernmental Panel on Climate Change (ipcc) said:
“Taken as a whole, the range of published evidence indicates that the net
damage costs of climate change are likely to be significant and to increase
over time.” According to the Global Climate Risk Index (cri, 2017),
developed by Germanwatch, between 1997 and 2016, more than half
a million people died globally and the world incurred loss of US$ 3.08
trillion (see “Cost of climate change”, p57). This was the direct cost of some
11,000 extreme weather events in the last one decade. More importantly,
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Longest heatwave
since 1976 in the UK
June, 2018
Eastern Europe taken
aback by orange snow
March, 2018

Russia braves temperatures
of -67 C, colder than most
thermometers can measure
January, 2018

Deadly winter storm
brings chaos in Europe
March, 2018
Hottest day in April
in Earth's history
recorded in Pakistan
April, 2018
Sahara
desert, the
hottest in
the world,
receives
40 cm of
snow
January,
2018

Japan experiences worst
rains in 50 years
July, 2018
Western Japan faces its
coldest winter in 32 years
February, 2018

Unprecedented storm
season in India
May, 2018
Rare tropical cyclone
makes landfall
in Somalia
May, 2018

Drought
Extreme temperature
Flood
Landslide
Storm Wildfire

Australia
breaks heat
records for
April
April, 2018

Japan faces one of its
worst heat waves
August, 2018

Sydney hits its
highest temperature
recorded since
1939— 47.3 C
January, 2018

New Zealand faces
hottest January in
150 years
January, 2018

Source: EM-DAT:
The Emergency Events
Database - Universite catholique
de Louvain (UCL) - CRED

out of the 10 most affected countries (1996–2015), nine were developing
countries in the low-income or lower-middle income country group.
IMPACTS ON INDIA: MONSOON
In December 2006, a study published in the journal Science confirmed
predictions given by mathematical models of climate change about a decade
ago. It said instances of extreme rainfall incidences in India were rising. A year
after Mumbai reeled under an unprecedented 94.4 cm of rainfall in a day. The
study showed such events of more than 15 cm of rainfall in a day had increased
by 10 per cent per decade in the past 50 years. B N Goswami and his team
from the Indian Institute of Tropical Meteorology, Pune, pored over rainfall
data between 1951-2000 to also find confirm this. While such extreme rainfall
was increasing in frequency, moderate monsoon rainfall events were reducing,
by about 2 incidents per year.
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On the edge

Vulnerability

By 2050, India is likely to experience a temperature
rise of 1-40C; rainfall will increase by 9-16 per cent.
This will have a detrimental effect on farmers in
more than half of the country. However, severity
of the impact will differ from district to district,
depending on the region's sensitivity. Their resilience
will depend on the exposure to extreme events and
on their adaptive capacity

Sensitivity

12 states

*

have districts that are highly sensitive to climate change

Very high
High
Medium
Low
Very low

Sensitivity is the degree to which a region gets affected
by climate-related stimuli, such as climate variability
and the frequency and magnitude of extremes events
like cyclone and drought. It is determined by
demographic and environmental conditions of the
region. Most districts in north-western India are highly
sensitive to climate change impacts. Eastern, northeastern, northern and west coast of the country have
relatively low sensitivity.

21 states

*

have districts that are highly exposed to climate change risks

Exposure is defined as the nature and degree to which a
system is exposed to significant climatic variations. It
includes parameters, such as maximum and minimum
temperatures and the number of rainy days. High to very
high exposure is observed in the districts of Madhya
Pradesh, Karnataka, Rajasthan, Gujarat, Maharashtra,
Bihar, Tamil Nadu, north-eastern states and Jammu &
Kashmir. Districts with low exposure are seen in Andhra
Pradesh, Odisha, West Bengal, Punjab, Haryana, Rajasthan
and Uttar Pradesh.

Adaptive capacity

17 states

**

are vulnerable to climate change

Vulnerability is assessed on the basis
of sensitivity, exposure and adaptive
capacity of an area. Districts in
Rajasthan, Gujarat, Madhya Pradesh,
Karnataka, Maharashtra, Andhra
Pradesh, Tamil Nadu, eastern Uttar
Pradesh and Bihar exhibit very high
and high vulnerability. Districts along
the west coast, northern Andhra
Pradesh and north-eastern
states are relatively
less vulnerable
Very high
Medium
Very low

#

High
Low

Haryana

79%

districts are
vulnerable

Rajasthan

100%
Gujarat

Exposure

Very high
High
Medium
Low
Very low

60% of rural
districts

84%

districts are
vulnerable

districts are
vulnerable

Madhya Pradesh

87%

districts are
vulnerable

Maharashtra

61%

districts are
vulnerable

Goa

100%

districts have
low vulnerability

Karnataka

70%

districts are
vulnerable

have districts with low adaptive capacity to climate change

Very low
Low
Medium
High
Very high
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Adaptive capacity is the ability of a region to adjust to
climate change. It is a function of wealth, technology,
education, skills, infrastructure, access to resources, and
management capabilities. Adaptive capacity is found to
be very low in the eastern and north-eastern states,
Rajasthan, Madhya Pradesh, peninsular and hill regions.
Adaptive capacity is high in Punjab, Haryana, western
Uttar Pradesh and Tamil Nadu.

Kerala

87%

districts have
low vulnerability

Tamil Nadu

69%

districts are
vulnerable

CLIMATE CHANGE READER FOR UNIVERSITIES

27/02/19 12:44 PM

Jammu & Kashmir

50%

districts are
vulnerable

Uttar Pradesh

Bihar

Sikkim

Arunachal Pradesh

77%

districts are
vulnerable

76%

districts are
vulnerable

Himachal Pradesh

50%

districts are
vulnerable

Uttarakhand

62%
Punjab

53%

districts are
vulnerable

100

districts have
% low vulnerability

100%

districts have
low vulnerability

districts are
vulnerable

Nagaland

100%
Manipur

67%

Mizoram

88%

districts have
low vulnerability

districts have
low vulnerability

Tripura

West Bengal

53%

districts are
vulnerable

Telangana

67%

districts have
low vulnerability

Andhra Pradesh

69%

districts have
low vulnerability

Odisha

67%

districts are
vulnerable

districts have
low vulnerability

Chhattishgarh

69%

100%

districts have
low vulnerability

Meghalaya

Jharkhand

89%

districts have
low vulnerability

districts are
vulnerable

86%
Assam

87%

districts have
low vulnerability

districts have
low vulnerability

Andaman & Nicobar
Islands

100%

districts have
low vulnerability

Note: Andhra Pradesh was reorganised into Telangana and Andhra Pradesh in 2014 and a part of Khammam district in
Telangana was placed in Andhra Pradesh. This change was not accounted for. *Only states with very high and high
exposure and sensitivity districts have been counted. #Only states with districts that have very low and low adaptive
capacity have been counted. **Districts with very high, high and medium levels have been considered vulnerable. Climate
projections are for the period 2021-2050
Prepared by DTE/CSE Data Centre
Infographics: Raj Kumar Singh; Analysis: Kiran Pandey and Rajit Sengupta
Data source: A district level assessment of vulnerability of Indian agriculture to climate
change, published in Current Science on May 25, 2016. For more such infographics visit:
www.downtoearth.org.in/infographics
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Two years later, another study published in December 2008 in Geophysical
Research Letters found a strong statistical correlation between rise in sea surface
temperatures due to global warming and the earlier detected increase in the
incidence of extreme rainfall. M Rajeevan and his team from the National
Climate Centre in Pune sifted through rainfall data from 1901 to 2004 and then
compared it with sea surface temperature of the same period to find a statistical
co-relation between the two. However, Rajeevan’s study found a steeper rise in
the incidences of extreme rainfall than Goswami had found. His study said the
increase was a 14.5 per cent increase per decade.
A year before Goswami’s study was published, P V Joseph, who had retired
from India Meteorological Department, and was teaching at the Cochin
University of Science and Technology, found that weak rainfall periods within
the monsoon period were increasing. In a study published in Current Science
in 2005, he said the duration of weak monsoon spells (days with less than 8
mm of rainfall in a day) in a monsoon season had increased by about 30 per
cent between 1950 to 2003. He said this was because the core of the South
West Monsoon winds, which bring monsoon rainfall to India, was bypassing
the Indian peninsula more frequently and flowing south of it.
A group of scientists from the National Institute of Oceanography, Goa, later
found why this was happening. In their study, published in April 2, 2009 in the
journal Geoscience and Remote Sensing, the scientists showed the sea surface
in the eastern part of the Indian Ocean near the equator was warming faster
than the Arabian Sea and the Bay of Bengal. So the monsoon winds very often
found a more intense low pressure region in this place, relative to that in the
Bay of Bengal, and so moved towards it. In doing so, they were not crossing over
peninsular India to the Bay of Bengal, but bypassing the peninsula. At the same
time, every year farmers have been out in streets across India demanding better
price for produces and compensation for crop loss due to extreme weatherrelated events.
The monsoon of 2017 ended its June-September annual cycle even though
a few weather forecasters said it would continue till mid-October. By the time
the monsoon retreated, and the north-east monsoon set in South India, close
to 300 million people were either impacted by floods or by deficit rainfall or
drought-like condition. It had been for three years that the monsoon behaved
in a similar way: extreme rain events pushing up the cumulative rainfall tally,
while leaving behind a significant portion of the country with deficit rainfall
(see “On the edge”, p50). For years, India’s various ecological regions have been
facing diametrically opposite weather events. Desert areas are witnessing floods
and snow-capped Himalayas are staring at less and less snow as glaciers melt
at faster rate than before. In these regions, everybody talks about the “new”
weather. Because, local ecology and life have evolved around the weather; a
change in it means scripting a new life.
GLACIERS
Global warming has been affecting the Himalayan glaciers for decades; and
research on its impact is slowly pouring in. Dokriani glacier in Gangotri valley
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was studied by D P Dobhal of the Wadia Institute of Himalayan Geology and
his colleagues. The glacier was first mapped in 1962; and remapped in 1995.
Between 1962-1995, the average annual rate of recession was 16.5 metres. When
measured each year between 1991-1995, the average rate of recession was higher
–17.4 metres per year and an area of 3,957 meter square was left vacated by this.
The Parbati glacier in Beas basin of Himachal Pradesh was studied by Anil
Kulkarni and others of the Space Application Centre, Ahmedabad. Satellite
data of 1990, 1998, 2000 and 2001 showed that glacier had retreated 578 m
between 1990-2001, almost 52 m each year.
Anil Kulkarni and others studied 466 glaciers in Chenab, Parbati and Baspa
basins. They found an overall reduction in glacier area from 2,077 sq km in 1962
to 1,628 sq km in 2001. While the number of glaciers had increased because of
fragmentation, the mean area of glaciers had reduced from 1.4 sq km in 1962
to 0.32 sq km in 2001. In others words, an alarming 80 per cent decrease in
the mean average area of glaciers. In this study, published in Current Science in
January 2007, they compared the number and extent of glaciers as shown from
topographic maps of the Survey of India in 1963 with satellite pictures of the
glaciers and found the number of glaciers had increased due to fragmentation.
Larger glaciers had become less in number and smaller ones had increased.
The comparison was complemented by their field visits and showed that
glaciers located at lower altitudes were retreating faster than higher ones.
Glaciers located around 5,000 m altitude range are showing 24 per cent loss as
compared to 14 per cent by glaciers located in altitude range higher than 5,400
m. In addition, mean altitude of glacier terminus has shifted upward by 88 m—
from 4,482 to 4,570 m. Calculations of water stored in the glaciers showed that
while in 1962, 19 of the glaciers stored 19 cu km of water, this was reduced to 15
cu km in 2002, an overall loss of 23 per cent.
Investigations in the Baspa and Beas basins suggested melting and retreat
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Over 57 per cent of the country's
farmland face the onslaught
of droughts, floods and other
extreme weather events on a
regular basis
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Prepared by DTE/CSE Data Centre
Infographics: Raj Kumar Singh; Analysis: Shreeshan Venkatesh
Source: ªMapping Multiple Climate-related Hazards in South Asiaº, a report publishd by
the International Water Management Institute in 2017; ªObserved changes in Himalayan
glaciersº, a paper published in Current Science, 2014
For more such infographics visit: www.downtoearth.org.in/infographics
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Alarm bells
India is home to 72 per cent of the 750 million people exposed to climate change hazards in South Asia
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of snow cover in months of December and January at altitude of 5,400 m. This
observation was originally made in the winter of 1998-1999 and same trend was
observed in 1999-2000 and 2000-2001. The researchers said that melting and
retreat of snow in the middle of winter is an unusual observation.
A study of snow cover in the Baspa basin led by Rakesh Kaur of National
Technical Research Organisation, New Delhi, showed that the snowline shifted
back by an average of 718 m every month in altitude for the period April–June
2007. This was about 167 m more than the average shift seen in the same period
in 2005. In addition, an increase in the mean snowline altitude by 500 m was
observed for 2006–2007.
Batal and Chhatru glacier in the Chenab basin and Beaskund in the Beas
basin was studied by the Roorkee-based National Institute of Hydrology.
Between 1980 and 2006, Batal shrunk by 0.29 sq km, receded about 670
m, 25.7 m each year, and Chhatru glacier receded 1,400 m, 54 m each year.
The area of two Beaskund glaciers studied shrunk by 50 per cent in the past
26 years. The study concluded that small glaciers are much more vulnerable
and are receding faster. The study also said over 90 per cent of the 9,000 odd
glaciers in the Himalayas are small—area less than 5 sq km.
In 2013, Parmanand Sharma, a scientist with the National Centre for
Antarctic and Ocean Research (ncaor), set out on an ambitious task to carry
out basin-wide field research of glaciers. Armed with little more than makeshift
tents, he set up a camp in Spiti’s Chandra river basin, which is over 100 km
from Komik. The objective was to study basin’s glaciers, which date back to the
last Ice Age, about 2.5 million years ago. At the peak of the Ice Age, individual
glaciers were believed to have run for over 100 km. Currently Himalayan
glaciers seldom exceed 30 km in length and yet are responsible for the existence
of some of India’s main river systems. “You see these rocks, there is still ice below
it, but it is dead ice, cut off from the glacier. At some point in history it would
have been part of an active glacier,” said Sharma, standing about two km from
the snout of the Sutri Dhaka glacier, which is one of the 146 glaciers in the basin.
A 2015 study that maps vulnerability hot spots in the Himalayan range
using data from 1951 to 2013 clearly shows an increase in the number of floods
and the damage caused. The study was published in the journal Weather and
Climate Extremes. The increased damage is partly a result of the escalating
intensity of extreme rains, which scientists and climatologists believe is a
consequence of climate change. The pan-Himalayan flooding in 2007 has been
followed by yearly reports of such multiple, isolated events in the hilly regions
of northeastern India. Extreme rainfall and associated flooding in Ladakh
(2010), Jammu and Kashmir (2013 and 2014), Himachal Pradesh (2012 and
2013) and Uttarakhand (2012 and 2013) set alarm bells ringing due to the
sheer magnitude of devastation. The 2013 flash floods in Uttarakhand, which
affected the Hindu pilgrim towns of Kedarnath and Badrinath, have been called
India’s worst natural disaster since the 2004 tsunami.
A new study by the International Centre for Integrated Mountain
Development (icimod)—a regional intergovernmental body—on ice thickness
of glaciers has estimated that glaciers in the Hindu Kush Himalayas might
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contain 27 per cent less ice than previously suggested. The Hindu Kush
Himalayan (hkh) region—spread over 3,500 square kilometres across eight
countries including India, Nepal and China—is warming faster than the global
average. It would continue to warm through this century even if the world is
able to limit global warming at the agreed 1.50 Celsius, said the Hindu Kush
Himalaya Assessment, the first-ever assessment of impacts of climate change
on the ecologically important but fragile region. Not just this, the region is
expected to lose half of its present-day glacier area by 2060 and not 2070 when
calculations are made based on the new thickness estimates. While previous
studies focused on the shrinking of total glacier area, estimating ice thickness
and its distribution is critical for projecting future changes and freshwater water
availability from glaciers. In the new study, researchers used a combination of
five thickness estimation models to provide an estimate for the ice thickness
distribution of 215,000 glaciers outside the Greenland and Antarctic ice sheets.
“Our results indicate that High Mountain Asia hosts about 27 per cent less
glacier ice than previously suggested, and imply that the timing by which the
region is expected to lose half of its present-day glacier area has to be moved
forward by about one decade,” the study concluded.
For High Mountain Asia, the study used the Global Glacier Evolution Model
to provide projections for the glacier evolution until 2100. Earlier simulations
had suggested that the region’s glacier area (97,000 square kilometres) is
likely to have shrunk by 50 per cent by the late 2070s. When simulations were
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repeated with ice thickness distribution of 96,000 glaciers in the region in
the present study, it showed the area will shrink by mid 2060s. There will be
accompanying changes in the projected future glacier water discharge as well.
SEA LEVEL RISE
A study by the Goa-based National Institute of Oceanography, published
in Current Science in 2006, shows sea level has risen by an average of one
millimetre per year in some parts of the Indian coast. A S Unnikrishnan and
his team showed, from an analysis of 100 years of tide gauge data in Mumbai,
Kochi and Vishakhapatnam, the sea level rose by 0.78, 1.14 and 0.75 mm
per year respectively. According to the Sunderbans programme of the World
Wide Fund for Nature, satellite imagery has revealed that sea level is rising in
Sunderbans at an average rate of 3.14 mm a year. A rise of 1 m is expected to
inundate about 1,000 sq km of the delta. In the past two decades, four islands
(Bedford, Lohachara, Kabasgadi and Suparibhanga) have been submerged
with 6,000 families rendered homeless. Studies by researchers from Jadavpur
University, Kolkata, have predicted that one of the largest islands (Sagar) will
lose at least 15 per cent of its habitat area by 2020. However, scientists like
Unnikrishnan say that sea level intrusion and island loss in the Sunderbans is
due to land subsidence as well as sea level rise.
A study published in journal Springer in September 2018, says, “Coral reefs
respond to repeated El Niño-Southern Oscillation (enso) events with increasing
resistance but reduced recovery capacities in the Lakshadweep archipelago.”
The report suggests that absolute coral cover has reduced by around 40 per
cent. The deteriorating health of Lakshadweep’s reefs is disastrous and requires
careful planning for development and infrastructure.
A 2014 report submitted by a panel led by Justice R V Raveendran to the
Supreme Court says there has been flagrant disregard to the fragile ecosystem
of Lakshadweep in the developmental priorities and projects that have been
undertaken on the islands. The report adds that poorly planned infrastructure
and coastal embankments have increased erosion. “Lakshadweep’s landmass
depends on sediments of sand and gravel that are transported and deposited,
mainly during the southwest monsoon, from other places. Human construction
has altered these flows and this is compounding the effects of climate change,”
says Idrees Babu, a scientist with the Department of Science and Technology
of Lakshadweep.
In November 2018, a report by the World Meteorological Organization
(wmo) said that the Global Mean Sea Level from January to July 2018 was
around 2 to 3 mm higher than for the same period in 2017. The warning came
at a time when the Intergovernmental Panel on Climate Change Special report
said in October 2018 that there was no safe level of global warming and sea
levels would continue to rise for centuries even if we cap warming at 1.5°C above
pre-industrial levels, prescribed in the lower limit of the Paris Agreement.
The wmo report attributed yearly changes in sea level to changes in icesheet loss, land storage of water and variations in ocean temperature. The rise
in sea level in 2018 was close to the long-term trend following a rapid increase
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associated with the 2015-16 El Niño, added the report. A previous study had
said that sea level rise in the 21st century has been three times as fast as has been
observed in the bulk of the 20th century. In India, half the population is likely
to be affected by climate change impacts. Rising sea level is also likely to flood
78 cities in India if the global mean temperature (gmt) increases from 1.5°C to
2°C from the pre-industrial level.
Apart from warning the world about the effects of rising sea level, the wmo
report also highlighted the trends in ocean acidification. “In the past decade,
the oceans absorbed around 25 per cent of anthropogenic CO2 emissions.
Absorbed CO2 reacts with seawater and changes the pH of the ocean. This
process is known as ocean acidification,” it said. The clear trend of decreasing
pH over the last 30 years can adversely affect the ability of marine organisms
such as molluscs and reef-building corals, to build and maintain shells and
skeletal material.
TEMPERATURE RISE
While global temperatures have been steadily rising, the increase has been
greater in regions located at higher altitudes. This is specially ominous
considering that mountains are not only affected by climatic patterns, but also
contribute to the changing climate owing to the enormous deposits of water
they hold in the form of glaciers, ice and snow. Nowhere is this situation truer
than in the Himalayan-Tibetan massif, the world’s highest region, where
warming of 0.15-0.6° C per decade has been observed in the past three decades.
The India Meteorological Department (imd) in January, 2019 declared
that 2018 was the sixth-warmest year in the last 117 years or since 1901, when
recording started. Pointing towards changing weather and climate parameters,
it also noted that the last monsoon rainfall was the sixth-lowest since 1901. “The
2018 annual mean land surface air temperature for the country was +0.41°C
above the 1981-2010 average, thus making 2018 the sixth-warmest year on
record since 1901,” said imd. That India is witnessing consistent warmer seasons
is clear from the imd’s analysis that pointed out that 11 out of 15 warmest years
were in the last 15 years (2002-2018). The last year was also the consecutive
third-warmest year after 2016 and 2017. “The past decade (2001-2010/20092018) was also the warmest on record, with anomalies of 0.23°C/0.37°C. The
annual mean temperature during 1901-2018 showed an increasing trend of
0.6°C/100 years, with a significant increasing trend in maximum temperature
(1.0°C/100 years), and relatively lower increasing trend (0.2°C/100 years) in
minimum temperature,” said imd.
Climate change impacts are likely to lower the living standards of nearly half
of India’s population, according to an estimate by the World Bank. According to
its study titled South Asia’s Hotspots: Impacts of Temperature and Precipitation
Changes on Living Standards, rising temperatures and erratic rainfall pattern
could cost India 2.8 per cent of its gdp. It said that almost half of South Asia,
including India, lives in vulnerable areas and will suffer from declining living
standards. Approximately 600 million Indians live in areas where changes in
average temperature and precipitation will negatively impact living standards.
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These areas, called hotspots, were identified using spatial granular climate
and household data analysis. The analysis was done for two scenarios—one
indicating a pathway where climate change mitigating actions were taken
and the other where current trends of carbon emissions continued. “We have
attempted to identify how climate change will affect household consumption,
and that is the basis of the estimation and hotspot mapping. The granular data
is from the household level, which is aggregated to give larger level analyses
at block, district, state and country levels,” said Muthukumara Mani, lead
economist, World Bank South Asia region.
According to a study based on data the India Meteorological Department
(imd) possesses, the all-India annual mean temperature has increased by 0.5°C
in the period 1901-2003. The study also shows the rise in minimum temperature
varies significantly in the winter and post-monsoon seasons, where it is 0.4°C
and 0.7°C, respectively (see “Climate assault, p54).
But the warming is not uniform. Winters in northern India are warming
faster than in southern India. In a study published in Current Science on
September 25, 2007, S K Dash, an atmospheric scientist at iit Delhi, compiled
temperature data of 102 years to prove significant variations in temperature
increase in different regions. The minimum temperature (recorded during
night) in winter in the northern part of the country increased 0.7°C while in the
south it increased only 0.3°C in 102 years. But most of the change has occurred
over the last three decades. Cloud cover over northern India could be the reason
for variations in minimum temperature increase. In northern India, where air
pollution is higher, suspended pollutants absorb moisture particles to form
aerosols. When the aerosols merge they form clouds that trap the heat radiated
from Earth’s surface, causing a rise in the minimum temperature.
The increase in the average temperature in the past two decades in the north
was 0.7°C, while in the south, the same temperature increase happened more
gradually over a period of three decades. Within the north and the south, too,
some regions warmed faster than others in the past 10 years. The variations
were due to local factors like biodiversity, soil characteristics and proximity to
mountains or seas. Lack of uniformity in temperature is also reflected in the
unexplained heat and cold waves. For instance, in 2002-03, northern India
reeled under severe cold wave conditions. The following year it was scorched by
a heat wave. The temperature increase in different seasons was also different.
A study by imd shows that over the last 100 years, most winter months
have warmed up much faster than summer months. The highest increase in
mean temperature has been recorded in the month of February at 1.3°C with
November and December following close behind. Summer months had seen
much less increase of mean temperature with 0.76°C and 0.58°C increase in
March and April and almost no increase in May and June. July, August and
September have also seen very little increase. But the only winter month that
has seen very little increase is January. The Current Science study also shows that
in the last century, surface temperature of the Bay of Bengal and the Arabian
Sea increased 0.8°C, which is 50 per cent higher than global average rise in sea
surface temperature. This could make weather more unpredictable in India. 
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CASE STUDY #4

In search of grass
Climate change has reduced grass cover in Himachal
Pradesh, forcing nomadic communities to alter their
age-old tour routes and professions
Jitendra
The Gaddis of Himachal Pradesh
are grass chasers. For ages, this
0.2 million-strong nomadic
community has spent half the year
travelling up the Himalayas and the
other half travelling downhill. “In
summers, when the snow melts in
the mountains, we head upwards
with our cattle, and in winters we
tour the lower reaches. However,
there has been a sharp decline in
grazing land in the past decade,”
said 65-year-old Ajit Ram, a
member of the Gaddi community in
Karnathu village of Kangra district.
According to the India
Meteorological Department, Kangra
has not received its average annual
rainfall of 2,020 mm since 2004.
The deficit has varied from 200 mm
to 800 mm. Between 2013 and
2017, the deficit in winter
precipitation has been 40-100 per
cent. These changes in rain and
snowfall patterns have reduced
availability of grass and as a result,
the routes and stay duration of
Gaddis’ nomadic tours have
undergone a change.
“It is September. They should
have returned last month. But look
around, can you see any livestock?
Due to a shortage of grass, they
have to stay there longer,” said
Ram. He was referring to the group
of five-odd people that left for
Raigahar, which is 5,000m above
sea level, but has not yet returned.

Earlier, the entire menfolk of
the village used to travel, but now
four-five people go on these tours
and take with them sheep and
goats of all the village residents. In
bargain, they get to keep the lambs
born in the six-month duration. Till
2010, Ram had 200 sheep, but
gave up nomadic life because
finding grass in the higher altitudes
was too strenuous for him. “The
increase in stay duration has also
led to overgrazing, which can
loosen the soil and trigger
landslides,” said Akshay Jasrotia,
advisor to Himachal Ghumantu
Pashupalak Mahasabha, an
organisation formed in Kangra by
pastoral communities in 2017 to
draw attention to their problems.
The tour schedules and the
places of stay of nomadic
communities are fixed and have
remained so for ages. The Gaddis
of Kangra, for instance, would stay
at Tatwani hills for 15 days. “But
over the past few years, they camp

there for two months because
grass is available,” said Naval
Kishor of Karnathu.
“Not only has the duration of
stay changed, nomads are now
going even higher up in the
mountain,” said Ranvir Singh Rana,
principal scientist at the
department of agronomy and
grassland management, Himachal
Pradesh Agricultural University
(hpau), Palampur. “The Gaddis of
Mandi district would earlier go up
to a height of 3,000m, near the
Trilokpuri pass in Lahaul Spiti
district. Now they go up higher, up
to 4,000 m, because the Trilokpuri
pass is not blocked due to snow
anymore and grass is available
even higher up,” said Rana.
“The decline in snowfall has
also doubled the area under
cultivation in Lahoul Spiti from 1 to
2 per cent in the last decade.
Earlier, we would witness snowfall
even in November and March. Now
it just snows in December and
January,” said Rana.
“The decline in rain and snow
has made the higher altitudes
warmer. Since warmer
temperatures are conducive for the
growth of Lantana and Eupatorium,
these weeds are spreading from
lower Himalayas to mid-range
mountains like Dhaulagiri,” said
Navin Kumar, principal scientist
at hpau. Small wonder, the Livestock
Census 2012 suggests a decline in
livestock population. Their number
in Himachal Pradesh was 5.10
million in 1992 but reduced to
4.84 million in 2012. The same
could be the fate of nomadic and
pastoral communities.
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LECTURE #4

PURNAMITA DASGUPTA

POVERTY IN THE HIMALAYAS

People living in mountain areas are more susceptible to climate change events than those
who living in the plains. That’s why they need greater attention to reduce poverty incidence
A RECENT report of the Hindu
Kush Himalayan Monitoring and
Assessment Programme (himap)
pitches for a higher poverty line
for mountain areas as compared
to that for the nation as a whole
for countries in the Himalayan
region. This recommendation to
tackle “poverty and vulnerability
in mountain livelihoods” has been
made on the basis of an intensive
exercise over a period of five years
assessing published literature and
secondary data for eight countries:
Afghanistan, Bangladesh, Bhutan,
China, India, Myanmar, Nepal and
Pakistan. One may well ask why this
should be so?
POVERTY INCIDENCE
Available evidence reveals that across
the region the proportion of the
poor living in the mountain regions
is substantially higher than those
in the plains. In terms of numbers,
poverty incidence is one-third (31
per cent) in the mountains in the
countries of the region as compared
to one-fourth (26 per cent) for the
national average. Thus, one in every
three persons in the mountain areas
is poor, as compared to one in four
for the country as a whole. For some
countries the difference is stark, as
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in Nepal, where the poverty rate in
mountain areas is much higher (42
per cent) than the plains (23 per
cent) and the national average (25
per cent). In India, the proportion
of population in hill states which is
income poor exceeds the national
average only for a few states. What
is important to note is that state
level averages can mask differences
within the states. Evidence indicates
though that states with a significant
proportion of their land in hill areas
face developmental disadvantages as
compared to those states which have
a greater proportion of their area
located in the plains.
VULNERABILITY
Remoteness and fragility of mountain
areas lead to greater vulnerability to
poverty. High propensity to disasters
in a multi-hazard environment
combines with limited access to
risk and recovery information.
Climate threats add to existing
natural hazards such as landslides,
changing the risk pattern for these
regions. Global warming threatens
biodiversity, alters water flows and
precipitation patterns, increases the
risks of natural disasters and has
impacts on the entire landscape.
Vulnerability from future climate
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shocks for the many marginalised
and indigenous communities that
reside in the mountains, ranges from
income poverty to multidimensional
deprivation and much beyond,
threatening the cultural and ecological
landscape. It is likely to lead to
enhanced spells of transient poverty
as well, where the duration and spells
of such poverty can become a major
challenge in the fight against poverty.
Additional financing needs emerge
for building resilience and adaptation.
Vulnerability stemming from climate
change in the mountains can impact
entire nations through upstream and
downstream linkages.
ECONOMIC COSTS
The determinants of poverty in
mountain regions make it clear
that there are unique economic

costs that explain existing poverty
and vulnerability to future poverty.
Higher costs of living are incurred
in these areas in terms of energy
costs (heating), higher calorie
requirements, higher food prices
and access to public services. One
important explanation for the
differences in poverty incidence
may lie in these higher costs
incurred in mountain areas. Even
from the perspective of providing
basic services such as health,
education and infrastructure it has
been estimated that these costs
can be two to three times higher in
mountain areas.
A need for reckoning mountain
specificities finds a prominent
place in the arguments made in the
assessment on how best to tackle
poverty and vulnerability. Examples
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of higher opportunity costs include
the restricted options for economic
diversification in a fragile ecosystem,
absence of land records which create
tenurial insecurity, pressures on
community-managed resources
and traditional social networks, an
overall lack of incentives to preserve
natural resources and higher
transaction costs of providing public
services such as infrastructure in
terrains that are protected by law
such as forested areas and border
areas. The need of the hour is to
collate and disseminate data which
takes the geophysical characteristics
into account to estimate both income
and multidimensional poverty as
well as chronic and transient poverty.
Cost of living surveys for mountains
can also add to the evidence base.
Eradicating national level
poverty in all its forms everywhere
(Sustainable Development Goal
1) requires that the specific
determinants of poverty and
vulnerability in the mountains need
to be tackled. Nationally-driven
programmes for poverty reduction
need to take care of inequities within
country if the objective is to close
the poverty gap meaningfully. This
clearly implies that a higher rate of
poverty reduction is needed in the
mountains. A way forward in terms
of income poverty is to draw the
poverty line itself at a higher level
than for the plains in recognition of
the differential in costs of living and
vulnerabilities specific to mountains.
This would mean raising the bar to
a higher level than the international
bench marking at $1.90 per capita.
While on one hand this could be
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a means of putting more income
directly in the hands of the people,
and on the other, it could also be a
reason to allocate more resources to
mountain specific poverty reduction
programmes. It is equally important
to build resilience to future threats
from climate change so that
vulnerability to future poverty, both
chronic and transient, is tackled.
(Purnamita Dasgupta is head,
Environmental and Resource
Economics Unit, Institute of
Economic Growth, Delhi)
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TERMS
CRI
The annually published Global
Climate Risk Index by Germanwatch
analyses to what extent countries
have been affected by the impacts of
weather-related loss events such as
storms, floods and heat waves.
IMD
The India Meteorological
Department is an agency of the
Ministry of Earth Sciences of the
Government of India. It is the
principal agency responsible for
meteorological observations, weather
forecasting and seismology.
IITM
The Indian Institute of Tropical
Meteorology is a scientific institution
based in Pune, India for expanding
research in tropical Indian Ocean
of the tropics in general with
special reference to monsoon
meteorology and air-sea interaction
of India monsoon.
NIO
The National Institute of
Oceanography is an autonomous
research organisation in India
to undertake scientific
research and studies of special
oceanographic features of the
Northern Indian Ocean.
WWF
The World Wide Fund for Nature is
an international non-governmental
organisation working in the field
of the wilderness preservation,
and the reduction of human impact
on the environment.

ENSO
El Niño–Southern Oscillation is an
irregularly periodic variation in winds
and sea surface temperatures over
the tropical eastern Pacific Ocean,
affecting the climate of much of
the tropics and the subtropics. The
warming phase of the sea temperature
is known as El Niño and the cooling
phase as La Niña.
Survey of India
India’s central engineering agency
in charge of mapping and surveying.
Set up in 1767 to help consolidate
the territories of the British East
India Company, it is one of the oldest
Engineering Departments of the
Government of India.
National Institute of Hydrology
A Roorkee-based research
Institute focusing on hydrology
and water resources.
NCAOR
The National Centre for Antarctic and
Ocean Research is an Indian research
and development institution, situated
in Vasco, Goa.

TASKS

Explain what are extreme
weather events?
How has climate change affected the
Indian Monsoon?
How has climate change affected
agriculture in India?
Why are people living in mountain
areas more susceptible to climate
change than those living in the plains?
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FURTHER READING
An 8 Million Year Old Mysterious
Date with Monsoon, Centre for
Science and Environment,
New Delhi, 2016
Analysis of variability and trends
of extreme rainfall events over
India, Geophysical Research Letters,
September 20, 2008
Variability of climate change in India,
Current Science, September 25, 2007
A district level assessment of
vulnerability of Indian agriculture to
climate change, Current Science,
May 25, 2016
“Mapping Multiple Climate-related
Hazards in South Asia”, International
Water Management Institute, 2017
Observed changes in Himalayan
glaciers, Current Science, 2014

66

47-66.indd 66

CLIMATE CHANGE READER FOR UNIVERSITIES

27/02/19 12:45 PM

WHAT IS CLIMATE
POLITICS?

I

ndustrialised countries never easily accepted responsibility for global
warming. From the very start of the international negotiations on
climate change, they attempted to get the developing countries to share
responsibility, despite their minimal contribution to the problem.
But in a world where things are never quite this simple, the use of these
fuels, and hence carbon emissions, are closely linked to economic growth and
lifestyle. Every human being contributes to the CO2 concentrations in the
atmosphere, though the person’s lifestyle decides the amount that is emitted.
The more prosperous a country’s economy, and the higher its per capita income,
the higher its fossil fuel consumption for power generation and transport, and
the higher its ghg emissions. This is where the trade-off between “survival
emissions” and “luxury emissions” comes into play.
Industrialised countries owe their current prosperity to years of “historical”
emissions, which had accumulated in the atmosphere since the start of the
industrial revolution, and also to a high level of current emissions. Developing
countries, meanwhile, had only recently set out on the path of industrialisation,
and their per capita emissions were still comparatively low. The ghg emissions
of one US citizen, for instance, are equal to four Indians, or 10 Ethiopians. Under
these circumstances, any limit on carbon emissions amounted to a limit on
economic growth, turning climate change mitigation into an intensely political
issue. International negotiations under the UN Framework Convention on
Climate Change (unfccc) aimed at limiting ghg emissions into the atmosphere
turned into a tug of war with rich countries unwilling to “compromise their
lifestyles”, and poor countries unwilling to accept a premature cap on their right
to basic development.
Developing countries demanded their “space to grow” while refusing to take
on emission cuts at their current stage of development. The atmosphere is a
common property resource, to which every human being has an equal right.
The people of industrialised countries have more than used up their share of
the absorptive capacity of this atmosphere, through their high emission levels
in the past, and in the present. To that extent, the global warming problem is
their creation. So it is only right that they should take the initial responsibility
of reducing emissions, while allowing developing countries to achieve at least
a basic level of development. Moreover, asking developing countries to reduce
carbon emission levels amounts to asking them to freeze their standards of living
at their current stage of development. And this would amount to freezing global
inequality, by accepting that some countries will always be more developed than
others in the world.
In 1992, when the world met to discuss an agreement on climate change
at Rio, Brazil (also known as the Earth Summit, held in June, 1992), equity
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was a simple concept: sharing the global commons—the atmosphere in this
case—equally among all. It did not provoke much anxiety, for there were no
real claimants.
However, this didn’t mean the concept was readily accepted. A small group
of industrialised countries—the Global North—had burnt fossil fuels for 100
years and built up enormous wealth. This club had to decide what to do to cut
emissions, and it claimed all countries were equally responsible for the problem.
As atmospheric science started making headlines in the mid-1980s, scientists
began to drive the political process. A series of meetings were sponsored by the
World Meteorological Organization (wmo), the United Nations Environment
Programme (unep), and the International Council of Scientific Unions (icsu).
These meetings took place against the backdrop of the discovery of the ozone
hole and the development of the Montreal Protocol on Substances that Deplete
the Ozone Layer, signed in 1987. In November 1987, the World Commission
on Environment and Development (wced), also known as the Brundtland
Commission, called on unep and wmo to take further action.
Following the recommendations of the Brundtland Commission, a
conference on “Changing Atmosphere: Implications for Global Security”
was organised in Toronto in 1988. Attended by more than 340 people from
46 countries, including the prime ministers of Canada and Norway, Brian
Mulroney and Gro Harlem Brundtland, and more than a 100 officials, scientists,
industry representatives and environmentalists, it marked the beginning of a
high-level political debate on climate change. Participants recognised that no
single international organisation, country, industry or individual could tackle
the problem, and an international framework convention backed by national
legislation was needed to protect the global atmosphere.
It suggested a world atmosphere fund, at least partly funded by a levy on
fossil fuel consumption in the industrialised world. Scientists recommended a
20 per cent reduction of CO2 emissions over 1990 levels by 2005—known as
the Toronto targets. The 1990 baseline was chosen arbitrarily as a year in the
period when the issue was being discussed. The meeting called for the revision
of the targets of the Montreal Protocol by 2000 for the complete elimination
of chlorofluorocarbons (cfcs), already recognised as a ghg since the 1985
Vienna Convention on the Protection of the Ozone Layer and its 1987 Montreal

Meeting
without
standards
Climate talks have
yielded little in the
past 25 years.
A look at the
significant Conference
of Parties (CoP)
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1990 levels
by 2000
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CoP 3 | Kyoto, Japan
The world's first
greenhouse gas emission
reduction treaty adopted.
The US had a 7% target,
which it did not honour

1995

CoP 1 | Berlin, Germany
First Conference of Parties,
or COP, sets a 1997 deadline—the Berlin Mandate—to
develop ways to carry out
the Earth Summit's ideas

2000

CoP 6-part I | The Hague,
The Netherlands
Talks collapse after Europe rejects
a US-backed idea to credit carbon
sinks in forests and agricultural
land that will help the US meet its
Kyoto commitments
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Protocol. The Toronto meeting was not a formal intergovernmental meeting,
but the presence of senior policymakers in Toronto saw the entry of governments
into the climate debate. unep and wmo established ipcc later that year.
The unfccc was an outcome of negotiations that started in the United
Nations General Assembly in December 1990. An intergovernmental
negotiating committee (inc) was set up to write the framework, which was
prepared in 15 months. The Convention text was presented for signing at the
Earth Summit. It was signed by 154 countries. On March 21, 1994, the unfccc
came into force after receiving ratification by the governments of 50 nations.
Currently, the Convention has universal membership, having been ratified by
192 UN member nations.
The objective of the unfccc is to achieve stabilisation of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system in a time frame that would
allow ecosystems to naturally adapt to climate change.
Crucially, the convention asserts developed countries should lead in taking
action for mitigation, recognising climate change as a global problem, and that
all nations have a responsibility towards its mitigation. Hence, it recognises a
“common but differentiated responsibility” for member nations. This implied,
and was later reiterated by the Kyoto Protocol, that developing countries need
not take commitments on emission reductions for their economic growth
may be adversely effected. Annex I industrialised countries listed under the
Convention are those who have been responsible for the problem.
The Convention set up two bodies, a Subsidiary Body for Scientific and
Technological Advice (sbsta) and a Subsidiary Body for Implementation
(sbi), to assess the progress of efforts and provide advice on methodologies for
projects taken up under the Convention. It also set up financial mechanisms for
projects under it by suggesting they be financed by the gef (Global Environment
Fund), the International Bank for Reconstruction and Development (ibrd or
the World Bank) and the undp. The member countries meet annually to assess
progress and negotiate further rules and protocols to meet the objectives set by
the Convention. These meetings are called the “Conference of the Parties” or
CoP (see “Meeting without standards”).
In the first “Conference of the Parties” in Berlin in 1995, the question of the

2001

CoP 6-part II | Bonn, Germany
With the US not participating,
other parties come to
agreement on almost all
major political issues,
including carbon sinks and
financing

2005

CoP 11 | Montreal, Canada
Kyoto Protocol enforced.
The Montreal Action Plan
sketches a map to extend
Kyoto beyond its initial
2013 commitment
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2009

CoP 15 | Copenhagen,
Denmark
While talks fail,
nations agree to find
ways to limit global
warming to 2°C

2007

CoP 13 | Bali, Indonesia
The Bali meeting saw
agreement on a
post-2013 timeline for a
Kyoto successor

2012

CoP 18 | Doha, Qatar
A deal in Doha delivered
just enough to keep the
climate talks moving
forward, setting a timetable
for a climate agreement in
Paris in 2015

2015

CoP 21 | Paris, France
Nations aim to achieve a legally
binding, universal agreement on
climate, with the aim of keeping
global warming below 2°C. The US
withdraws from the deal in 2017

2018

CoP 24 | Katowice,
Poland
Parties agree on a
Rulebook to
operationalise the
Paris Agreement69
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ability of the Annex I (industrialised) countries to meet the commitments of
the Convention was raised and voiced in a UN declaration called the “Berlin
Mandate”. This asked for negotiations on actions to be taken by the countries
to fight climate change, and set the path for negotiations on a protocol with a
schedule for emission reductions by Annex I countries by 1997. On December
7, 1997, the Conference of the Parties (CoP 3) adopted the “Kyoto Protocol to the
UN Framework Convention on Climate Change”. This put binding restrictions
on ghg emissions on the developed countries, requiring a decrease of 6-8 per
cent from the 1990 levels of emissions in the period 2008-12 (average for all
countries: 5.2 per cent).
It also proposed three “flexible” mechanisms to help developed countries
meet their targets: the Clean Development Mechanism (cdm), Joint
Implementation (JI) and emissions trading. The Kyoto Protocol has set the
guidelines for calculation of and certification of Emission Reduction Units
(eru), commonly referred to as “carbon credits”. These are created by countries
that have emissions to “spare”: this means the country has released emissions
less than the amount allowed to them by the Kyoto Protocol. This difference
creates a new market commodity. The Protocol states these credits can be
traded amongst Parties to meet their reduction caps, as under Annex B to the
Protocol. These credits may also be generated by cdm or JI projects and bought/
sold as per market value. JI is a strategy proposed in the Kyoto Protocol by
which Parties under Annex 1 of the Convention may cooperate and meet their
emission reduction requirements together. Countries proposing JI projects
must show a greater decrease in emissions due to the project than would occur
without it. The key difference between cdm and JI is that JI occurs between
the Annex 1 countries having emission caps in Annex B to the Kyoto Protocol.
JI projects are overseen by the Joint Implementation Supervisory Committee
(jisc). Equivalent to dna in JI projects are the Designated Focal Points (dfp),
which are the national level agencies responsible for overseeing JI projects.
These projects are also independently audited and verified by Accredited
Independent Agencies (aia).
In 2001, the US rejected the Protocol. The Protocol came into effect only in
2005 after its ratification by the Russian Federation as it required 55 countries,
accounting for 55 per cent of global CO2 emissions, to have deposited their
instruments of ratification. At CoP 6, held at The Hague in 2000, negotiators
were unable to come to an agreement due to major political disagreements
over carbon sinks, penalty for non-compliance and financial mechanisms for
developing countries to cope with adverse effects of climate change. The talks
were resumed in Bonn in 2001. To the surprise of many observers, agreements
were reached on most of the issues. The US delegation acted as observers to
the meeting since the Kyoto Protocol had been rejected by the US government.
In December 2005, the CoP held in Montreal was significant for two reasons.
It was the first CoP since the Kyoto Protocol came into force in February 2005;
hence, it was also the first “Meeting of the Parties to the Kyoto Protocol” (MoP).
Also, the “Montreal Action Plan” was agreed upon, which called for negotiations
on emission reduction requirements beyond 2012, after the expiration of the
Kyoto Protocol. In December 2007, the Parties agreed on setting a timeline
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for negotiations on a second commitment period agreement to be adopted at
CoP 15 in Copenhagen in December 2009. The “Bali Action Plan” was based
on enhanced action on four pillars: adaptation, mitigation, technology transfer
and finance. It is on these principles the agreement in Copenhagen would also
be based.
In 2007, the world was supposed to observe the 10th anniversary to celebrate
the Kyoto Protocol. For the developing world there was not much to celebrate.
They reeled under the impacts of climate change and the western media took
pot-shots at China and India’s emissions and the promise of Kyoto was more or
less forgotten. The unfccc had just released data of the emission performance of
rich countries. It found surging ghg emissions instead of falling, indicating the
agreement’s total failure in 10 years. Between 1990 and 2005, ghg emissions of
rich countries increased by 11 per cent. Again, the big polluters faulted.
The US’ total emissions increased by 16 per cent; Canada’s and Australia’s
by a whopping 25-26 per cent. If only CO2 emissions were taken into
account, the situation was even worse. Australia increased its emissions
by 37 per cent and the US by 20 per cent. It was only when the rich world
was lumped with the “economies in transition”—the former Soviet Bloc,
including many eastern European countries—did ghg emissions fall by 2.8
per cent. This was because these collapsed economies were below the 1990
levels. Moreover, the countries which had substantially cut emissions, the
UK and Germany, argued that their economic growth was compromising
their efforts. Emissions in both the countries were rising again. The reason
was simple: the UK gained its emission reduction by moving to natural
gas from coal but this had begun to change. Germany gained big time because
of reunification.
No dent was made where emissions were the greatest—in the energy sector.
Between 1990 and 2005, fossil fuel-related emissions, excluding those from
the former Soviet bloc countries, had increased by 15 per cent. Emissions
from energy producing facilities had jumped by 24 per cent and transport
emissions by as much as 28 per cent. The only sectors that had seen a decrease
was the manufacturing industry and the construction sector, partly because
these countries had exported dirty manufacturing-related emissions to China
and other emerging economies. But science told us emissions had to be cut by
50-85 per cent.
The Kyoto Protocol in its existence has never lived up to its historic
description of being the planet’s only legally-binding treaty to curb emissions.
In hindsight, there was nothing “legal” or “binding” about the protocol when
it was finally out for implementation. As the world got more serious with
climate change, the more was the urgency to put together an “agreement” to cut
emissions. So the agreement was more of aggregated versions of the developed
world’s disagreements on emissions and responsibilities.
In 2017, the unfccc Kyoto Protocol compliance report clearly showed
that 36 countries, who had agreed to meet their commitments (after usa and
Canada pulled out), had a poor record of compliance with 17 countries failing to
meet their targets. In fact, as per the report, the emissions of all major emitters
including the US, Japan, Canada, New Zealand and Spain had increased during
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the first commitment period of the Kyoto Protocol. There was also no money
that was put on the table to help the developing countries. The Kyoto regime
had thus failed miserably on all fronts.
Since Kyoto, negotiations were carefully guided by the developed countries’
efforts to further dilute the differentiation between the rich and the poor
countries to be reflected in the new regime that would replace the Kyoto
Protocol. The Bali summit (CoP 13, 2007) was held in an Asian country against
the backdrop of the release of Intergovernmental Panel on Climate Change’s
(ipcc’s) Fourth Assessment Report that pointed that the rising impacts of
climate change would be largely borne by developing countries and demanded
urgent action to address climate change.
Two tracks emerged from the Bali Summit—the first track to work for the
formation of new regime and Long term Cooperative Action (lca) in which the
US came back on board. The second track was tasked with targets for developed
countries, including countries such as the US, which didn’t accept the Kyoto
process. It was also to agree on how mitigation actions of developing countries
funded and supported through technology, would be measured, reported and
verified. The Bali Action Plan, the outcome document of the Summit, called
for developing country parties to take “measurable, reportable and verifiable
nationally appropriate mitigation actions”. The Bali Summit made it evident
that rich countries were for voluntary targets in the new regime to be formulated
in Copenhagen in 2009 based on their choice and not based on what they
“should” do. It was also clear that the world readily agreed to follow the US
approach to address climate change which was based on voluntary reductions
failed. During the Kyoto period, the US approach held little water, as at that
time, the world was convinced for prescriptive emission reduction regime, but
after the Kyoto regime failed, developed countries agreed to the US approach,
against equity and historical responsibility.
The hugely-hyped Copenhagen Summit (CoP 15) in 2009 was indeed
historic—for its failure. In Bali in 2007, negotiators laid out the roadmap for a
deal and gave themselves two years. The formula was simple and ethical: rich
countries would cut emissions by 40 per cent below 1990 levels, by 2020, and
put new money on the table. In exchange, emerging economies would join the
effort, reducing emissions growth at home, enabled by finance and technology
from industrialised countries. Unfortunately at Copenhagen, industrialised
countries sabotaged all possibilities of progress. They had something else in
mind. When the CoP 15 began, negotiators were barely close to a deal than they
were in Bali. If anything there had been only regression during the last one year
of negotiations. But failure was not an option. Heads of state from 110 countries
attended the CoP to sign a declaration, called the Copenhagen Accord.
The Copenhagen Accord erased the historical responsibility of industrialised
nations to reduce the emissions of ghgs and blurred the distinction between
industrialised and non-industrialised countries when it came to taking on
commitments. It prevented science-based targets for global emissions and
fatally undermined efforts to decide on the second-phase targets under the
Kyoto Protocol. The accord changed the nature of environmental agreements.
From the legally-binding Kyoto Protocol, the world had now agreed to a political
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deal. While it endorsed continuing negotiations on a legally-binding agreement
as per the Bali Action Plan, its proposed the pledge-and-review system acted
as an undertow. The pledge-and-review system would commit all nations to
voluntary domestic actions already on record.
What’s worse, the preamble of the accord left enough space to bypass the
principles of the unfccc. The accord states that the signatories will be “guided
by” rather than “adhere to” the principles of the convention. This could easily
allow the principle of common but differentiated responsibilities enshrined in
the convention to be translated into the principle of common but differentiated
responses, which could be used to dictate further action for developing nations.
There was no recognition of poor countries’ right to give priority to development.
This voluntary “pledge and review” system, that got formally adopted in
Cancun in 2010 (see Lecture #5 “Loss and damage in climate negotiation”,
p78), allowed all countries, developed and developing, to set their own domestic
targets in the form of pledges, which would be measured, reported and verified,
but would not invite penalties if they were not met. The US was the clear winner
in the deal. In fact, pledges by developing countries at Cancun were greater than
what the developed countries pledged. At Cancun, developing countries lost
their fight to rightly demand their share of the global atmospheric space.
At the Durban Summit, countries created the Ad Hoc Working Group on
the Durban Platform for Enhanced Action (adp) to come up with a deal in
2015 that would become operative in 2020. The new deal, “protocol, another
legal instrument or outcome with legal force”, would be applicable to all parties
under unfccc. While the developing countries led by China and India, argued
that applicability should be in accordance with equity and differentiation,
the developed countries insisted that the “New Agreement” must reflect new
realities, which essentially meant that all countries should come on board and
take on commitments.
“Work stream 2” was created for up-scaling of the climate targets before
2020. A second commitment period of the Kyoto Protocol was also decided
till the new climate deal came into effect. The Doha Amendment to Kyoto
Protocol was agreed to step up the action by developed countries before 2020,
but as of 2017, it had not come into force. Major emitters including the EU and
the US have not ratified it leaving little scope for furthering pre-2020 action.
The Durban outcome, though, mentioned equity, primarily because of the
diplomatic efforts by India. However, since then, India though a champion of
equity, failed to give any convincing approach to operationalise equity.
The Warsaw Summit (CoP 19) further diluted equity by proposing Intended
Nationally Determined Contributions (indcs) or climate actions plans as
part of the new climate regime. It also established the Warsaw International
Mechanism for loss and damage, after years of developing countries fighting
hard for it. However, as things stand, moving loss and damage to a highly
specialised technical stream has, in fact, led to the issue being neglected as a
CoP high-agenda issue. To break the impasse, developed countries since then
have sided and collaborated with China, isolating India in the process. In fact,
India has been often accused as a barrier to the outcomes of negotiations and
has been referred to as a barrier of equity, the issue that India has fought for,
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primarily because India has not successfully defended its position on equity
after the Durban Summit and has ardently advocated historical responsibility
as the approach to operationalise equity.
The Lima call to final action, adopted in Lima (CoP 20, 2014) was crucial
as the principle of the convention was re-written. Accordingly, the outcome
document added a new clause “in light of different national circumstances”
to the equity principle, wiping out equity almost totally, which was a last
minute addition marked by a deal between the US and China. It was clear
that national circumstances were crucial whenever equity and differentiation
were being referred to. The final text thus had “Common but Differentiated
Responsibilities”, but it was substantiated by national circumstances.
Ahead of the Paris Summit (CoP 21, 2015), 80 per cent of the Parties
submitted their indcs which were far from sufficient in restricting temperature
limits to safe limits. The unfccc report, which was released soon after, pointed
out that indc pledges would take the world beyond 30C by the end of century.
The Paris Agreement, adopted in 2015, is a largely de-centralised regime of
which ndcs form an important component, with no quantified targets for
reductions or support commitments—courtesy the US government. Loss and
damage is a separate section, but it is not subjected to liability and compensation
by the developed countries, also because of usa’s insistence. The Paris CoP-21
formally began on November 30, 2015. Over 150 heads of state gathered at the
conference venue, intent on giving a positive spin on a 25-year-old negotiation
process that was going nowhere. Paris is a historic agreement, if we agree to the
official text (see Case Study #5 “The intolerance to listen” p76).
For the first time, all countries took on mitigation targets—earlier, that
was the main responsibility of developed countries. But the Paris agreement
was also “historic” for something else, which people were finding inconvenient
to talk about. It erased the “historical responsibility” of developed countries
for causing climate change. Post-Paris, they were no longer required to cut
emissions drastically and vacate the carbon space. This removed the liability
of developed countries for the loss and damage suffered by the poor of the
world due to climate change. It was also “historical” because the planet had
a universal, though voluntary, carbon market in which countries—developed
and developing—would meet their emission reduction targets. Through this
agreement, for the first time, forests in the developing countries would be used
to generate carbon credits to offset emissions from cars, factories and power
plants. It globalised creative carbon accounting, ensuring that the developed
world does little domestically and trades with poorest nations to meet targets.
Finally, as the Global North wanted, the burden of mitigating, as well as paying
for the impacts of climate change, had decisively shifted to developing countries.
There was another ambitious goal agreed upon or aspired to by world
leaders. The Paris Agreement emphatically recognised that the increase in
global average temperature had to remain well below 20C and the world would
pursue efforts to limit such increase to 1.50C. This was an ambitious target.
1.50C reduces the risks of the worst impacts of climate change significantly.
But, as researchers of Delhi-based Centre for Science and Environment after
interacting with the negotiators present in the meeting reported, no negotiator
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believed the world would meet the goal of 1.50C. Most of them said the
inclusion of this goal was just a compromise without any effective steps being
agreed upon.
Climate scientists have been saying that to meet this goal, the world must
completely de-carbonise well before 2050. This meant that the world must
stop using all fossil fuels by 2035 and achieve net zero emissions of other ghgs
by 2050. In this context, the agreement had already tricked the developing
countries. Nowhere does it say in the Paris Agreement that actions by countries
would be based on a fair share of the remaining carbon space. In other words,
India could not get the developed countries to vacate carbon space. The absence
of the term “carbon space” in the agreement should worry all developing
countries. In the long-run, it would hurt the Global South and its development
because the carbon space is fast disappearing. By 2030, if nations didn’t increase
their ambition to cut emissions, 60-75 per cent of the 20C carbon budget would
be exhausted, and nothing would be left of the 1.50C carbon budget. In 2030,
India’s Human Development Index would be less than 0.7. So, it would need
carbon space to develop, post-2030, to meet basic development needs. But
this would not be available. The blueprint of the Paris Agreement as in Kyoto
Protocol is weak and largely crafted by the US.
On June 1, 2017 the US withdrew from the Paris Agreement under the
presidency of Donald Trump. By far the heaviest polluter historically, the
US handed itself an acquittal and an escape from the responsibility to limit
global warming by 20C. During his presidential campaign in 2016, Trump had
infamously called climate change a hoax. Since his election, several personalities
tried to school the President on the issue. But his address from the White House
Rose Garden about the agreement skirted climate change altogether. Instead,
Trump delivered a 25-minute tirade against the perceived global conspiracy to
hurt the US economy. While his lack of competency in climate science was well
known, Trump’s speech betrayed a lack of comprehension of both the economy
as well as the Paris Agreement itself.
The new reality also left a deep void in terms of who should take leadership
on the climate change issue. During the Kyoto Protocol’s period, the EU was the
undisputed leader in climate change negotiations. By taking a slew of positive
domestic measures internally, and pushing others for the eventual ratification
of the Kyoto Protocol when the US pulled out of it, proved the EU’s diplomatic
capabilities as a soft power in dealing with a subject that it considered critical,
apart from an issue of high-politics. But the EU had its hands full dealing with
a variety of energy needs and preferences within the group, internal financial
instability and Brexit. China demonstrated on several global forums that it
wasn’t averse to take up the leadership and was rapidly expanding its renewable
energy potential. However, China had no proven track record on climate action.
As a pragmatic solution to this problem, an EU-China coalition was expected
to materialise soon.
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CASE STUDY #5

The intolerance to listen
The circles of information have shrunk to what is most
agreeable to listen to. It is no surprise that in all environmental
conversations there is one dominant discourse
Sunita Narain
I was in Paris participating in the
much talked about 21st meeting of
the Conference of Parties (CoP-21)
to the United Nations Framework
Convention on Climate Change
(unfccc) in December 2015. My
days in Paris before the agreement
was finally adopted availed me the
opportunity to witness and suffer
intolerance of a different but
devastating kind. That is the climate
change intolerance. Two days to the
endgame at the Paris conference,
there was little breakthrough on the
contentious issues that elude an
agreement, but still everybody was
clear that there would be an
agreement. This confidence alerted
me to the grave intolerance
brewing within the world
community, supposedly fighting
together to rescue the only liveable
planet we know from the edge of a
climate change-driven catastrophe.
Let me explain. For the first
time since the beginning of climate
negotiations, the erstwhile climate
renegades were in control of the
dialogue, narrative and the
audience. The Umbrella Group is a
grouping led by the US and includes
the biggest rich polluters, such as
Australia and Japan, who have
always been in the dock for not
taking action to combat climate
change. In Paris, these countries
went through an unbelievable
image makeover.
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They were now the good guys.
They wanted the world to be
ambitious in meeting not just the
2°C temperature threshold; they
were pushing for even staying
below 1.5°C. They said they were
pushing because they care for the
small island nations, which would
suffer horrendous consequences
with rising temperatures. They also
wanted an effective arrangement to
monitor progress and to ramp up
actions to meet these targets.
How this can be wrong,
responded a spellbound audience.
But it was clear that this makeover
was not overnight, or sudden. These
countries had done their homework.
They audaciously crafted the script
that made the propaganda
believable and sellable.
Their civil society had been
cajoled that this is their time—the
US ngos’ allegiance was absolute
because they (genuinely and
naively) believed that their
government was doing all it can in
spite of Republican Party
opposition. Their media was in full
attention—the likes of The New
York Times and BBC had been
seconded to scold and reprimand
the governments of developing
countries like India for
misbehaviour. So, what the US
government officials could not say,
their media spelt it out. It was fine
tactics and grand theatrics. And

nobody spoke without a cue.
The intolerance was absolute. If
you were not one of them, then the
script was also pre-rehearsed for
you. The promptness of the response
should tell you this. The New York
Times published an article chastising
the Indian prime minister for daring
to speak about fair share of the
carbon budget within hours of his
speech in Paris.
The screenplay went like this. If
anyone raised an issue, it was first
dismissed as being obstructionist.
Then, it was said, these issue-raisers
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are anti-American or—even more
reductively—anti-something. Then,
if you persisted, you were told
you are merely an unwanted pest.
You are basically told that you
should get lost, because the party
is over. Climate change is real
and now all the emissions that
could be burnt have been burnt
and nothing remains.
But you don’t give up. If you still
persist and demand that the deal
should be equitable—that their lack
of ambition is what has put the
world at risk today and that they

must vacate space—their response
was the ultimate shut-up. They
simply said: catastrophes are on our
doorstep and you are asking for
bread? How immoral and insensitive
can you be?
Shame on you!
So, intolerance was scripted so
that the other side’s version was
erased. In this way, rich and
industrialised countries forgot that
it is the very countries that asked
for leftover crumbs, meant for the
victims experiencing worst weatherrelated calamities. Developing and

underdeveloped countries have not
contributed to the emissions that
are causing the increase in
temperature. But they are certainly
worst impacted today. The stock of
gases already in the atmosphere
comes from the same countries that
are on the high pedestal today.
The fact is that the Umbrella
Group has spurned all efforts to
control their own runaway
emissions. They have not
contributed money. They have not
contributed technology. They have
not done anything to pay for a
transition to clean energy in the
developing world. Ironically, they
want the transition to happen only
in the developing world.
But it is also a hard fact, not an
irony, that once the carbon budget
is consumed—as they have done—
there is little that anybody can do
about it other than cry injustice. It
is also a fact that these countries
continue to have unambitious plans
to curtail their emissions. But since
their takeover of the climate talks is
complete, there is nobody to ask
these inconvenient questions.
There is no other way to explain
the absolute lack of dialogue that
exists now. In CoP-21, there seemed
nobody else was in attendance.
There was only one narrative and
no conversation. The Europeans
who hosted the conference were
lost. The French, always adroit in
managing conflicts, seemed vacuous
and irrelevant.
But it is clear that if we want
to live in an interdependent world,
voices of dissent cannot become
illegitimate or be put on mute.
This is how I define climate
change intolerance. 
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LECTURE #5

MADHUPARNA BANERJEE

LOSS AND DAMAGE IN CLIMATE
NEGOTIATION
An issue of delayed climate justice

WHEN WE speak of climate justice,
it is often mistaken by the developed
world as a desire to replicate the
comforts and luxury of their lifestyle.
But climate justice is a question of
equity. In the third decade of climate
negotiation, we have now realised that
neither mitigation nor adaptation
strategies are sufficient to prevent the
present nor future negative impacts of
climate change. Therefore, including
“loss and damage” in the negotiating
text as a separate issue would signal
acceptance that it is as important as
adaptation and mitigation. It will give
the developing countries an assurance
that they will not be left alone to deal
with loss and damage.
“Loss and damage” are the claims
made by the developing world on rich
countries to provide compensation for
the “losses and irreversible damage,
including non-economic losses”
associated with climate change.
The term “Loss and Damage” was
introduced in the international
climate negotiations text by small
island nations and least-developed
countries in Cancun in 2010.
Subsequently, the establishment
of the Warsaw International
Mechanism on loss and damage
(wim) at the UN climate summit
in 2013 created a divide between
those most vulnerable and those
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most responsible for climate change.
The issue of loss and damage has
historically been in the background
at the UN’s annual CoP summits,
while greenhouse gas emissions
policies and support for adapting
to climate change took centrestage.
The moral argument for loss and
damage originates from the fact that
countries that are most vulnerable to
extreme event conditions are also the
least responsible for anthropogenic
global warming. Thus, the developed
countries owe compensation as a
matter of climate justice, given that
they failed to reduce their emissions in
the context of historical responsibility.
But the developed countries
distance themselves from discussing
about compensation because they
believe it is a limitless liability and
compensation that they cannot afford.
The Global Climate Fund (gcf)
was established at the Copenhagen
climate summit in 2009 with the
aim of transferring money to help
developing countries implement
climate policies. When the fund was
set up, world leaders committed
to contributing $100 billion a year
by 2020. The gcf had originally
aimed to get countries to pledge $15
billion in seed funding by the end
of 2014, but it lowered the target
to $10 billion in September 2014.
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However, the pledges made in CoP 20
in Lima, Peru were not sufficient to
reach the goal, totalling $9.3 billion.
Many of these pledges were made in
the countries’ national currencies,
meaning the overall value depended
on the exchange rate. The gcf is used
for funding adaptation measures in
developing countries, such as better
flood defences, drought monitoring
schemes, and water management
systems. It also contributes towards
helping developing countries curb
their emissions by de-carbonising their
energy and transport infrastructure.
Debates on loss and damage
for developing countries have
been limited to transition towards
low carbon economy and the
associated financial mechanism
but not the residual damage. But it
soon became clear that mitigation
efforts were not enough to avoid the
negative impacts of climate change.
Therefore adaptation became the
focus of negotiation and a concern
for developing countries. Though

most countries have a plan to adapt
to climate change, no amount of
adaptation will be enough to protect
people and livelihoods from the
serious impacts of climate change.
So far, global and national
climate policies are largely based on
mitigation and adaptation but there is
no international protocol describing
as to with whom the liability or
responsibility of the matter lies. So
again, we return to the decadesold question: who will pay? The
big emitters know that if financial
compensation becomes an option,
they would face a debt that no one is
willing to pay, made obvious by the
industrialised countries’ opposition at
the climate negotiation.
The multi-window mechanism
proposed by the Alliance of Small
Island States (aosis) in 2008 remains
to this date, the only formal proposal
made by CoP to address loss and
damage. This mechanism is made
up of three mutually dependent
elements: insurance, rehabilitation/
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compensation, and risk management.
It was presented as an integrated
approach with the aim of enhancing
adaptive capacity. In September 2015,
the US, Canada, Japan, New Zealand,
Norway and Switzerland suggested
that the wim has developed guidance
for comprehensive risk management
that addresses issues related to
climate change displacement and
migration, and establishes a risk
transfer through international
insurance instruments. The group also
pledged to ramp up climate insurance
to cover an additional 400 million
of the world’s poorest and most
vulnerable people particularly exposed
to climate impacts during the next five
years. In the same declaration, G-7
leaders backed a goal to de-carbonise
the world economy by 2100 and to cut
greenhouse gas emissions 40 per cent
to 70 per cent by 2050, from
2010 levels.
Insurance facilities and increased
insurance coverage are the key
topics that would be repeatedly
discussed at CoP 21. The then UN
Secretary-General Ban Ki-moon
pledged to boost the role of insurance
in protecting the most vulnerable
against the impacts of climate
change. The Ban Ki-moon Climate
Resilience Initiative will work with
existing partners such as the Africa
Risk Capacity (arc) and would help
increasing insurance penetration and
food security in the most vulnerable
regions of the world. Additionally,
this initiative will align with the unep
Principles for Sustainable Insurance
(psi), the largest collaboration
between the UN and the insurance
and reinsurance industry, to create a
Sustainable Insurance Policy Forum.
This forum will aim to scale up
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policy progress made by insurance
regulators in addressing climate and
sustainability-related risks.
US President Obama announced
a contribution of $30 million to help
make insurance against climate-related
damage available in the Pacific, Central
America and Africa. In his speech at
the CoP 21 opening speech ceremony,
the then President Barack Obama said,
“For some, particularly island nations…
climate changes are a threat to their
very existence. That is why today, in
concert with other nations, America
confirms our strong and ongoing
commitment to the Least Developed
Countries Fund. And tomorrow,
we’ll pledge new contributions to
risk insurance initiatives that help
vulnerable populations rebuild stronger
after climate-related disasters.”
The vulnerable communities have
challenged the unfccc’s approach
to loss and damage claiming it
does not address the urgency of
the problem. These developing
countries want acknowledgment that
adaptation is not enough when the
negative impacts of climate change
have moved beyond the ability of
these vulnerable communities.
The unfccc refers to mechanisms
like improving risk management,
promoting better dialogue among
institutions and enhancing practical
actions such as technology transfer
and better finance. But it does not
elaborate on the environmental and
social conditions that qualify as a
loss and damage. Therefore, the
scientific community has urged [for a
universally accepted definition of loss
and damage], but there is no political
discussion at unfccc level. 
(The author is a global energy and
climate policy specialist)
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TERMS
Earth Summit
The United Nations Conference on
Environment and Development,
also known as the Rio de Janeiro
Earth Summit, the Rio Summit,
the Rio Conference, and the Earth
Summit, was a major United Nations
conference held in Rio de Janeiro
from June 3 to 14, 1992.
Ozone hole
The ozone hole is an area of reduced
stratospheric ozone. It forms in spring
over Antarctica because of ozonedepleting substances produced from
human activities.
Montreal Protocol
The Montreal Protocol on Substances
that Deplete the Ozone Layer (a
protocol to the Vienna Convention for
the Protection of the Ozone Layer)
is an international treaty designed
to protect the ozone layer by phasing
out the production of numerous
substances that are responsible for
ozone depletion.
CFCs
Chlorofluorocarbons are fully
halogenated paraffin hydrocarbons
that contain only carbon, chlorine,
and fluorine, produced as volatile
derivative of methane, ethane,
and propane.
UNDP
The United Nations Development
Programme is the United Nations’
global development network.

UNEP
The United Nations Environment
Programme, an agency of the
United Nations, coordinates the
organisation’s environmental activities
and assists developing countries in
implementing environmentally sound
policies and practices.
CoP
Conference of the Parties to
the United Nations Framework
Convention on Climate
Change (unfccc).
Kyoto Protocol
The Kyoto Protocol is an international
agreement linked to the United
Nations Framework Convention on
Climate Change, which commits its
Parties by setting internationally
binding emission reduction targets.
INDCs
Intended Nationally Determined
Contributions (indcs) is a term used
under the United Nations Framework
Convention on Climate Change
(unfccc) for reductions in greenhouse
gas emissions by countries
AOSIS
Alliance of Small Island States is an
intergovernmental organisation of
low-lying coastal and small island
countries. Established in 1990, the
main purpose of the alliance is
to consolidate the voices of Small
Island Developing States to address
global warming.
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TASKS
Explain the global North-South divide
in climate negotiations?
What does the Paris Agreement say?
Explain the importance of loss and
damage in climate negotiations?
What kind of strategies have rich
nations adopted to dilute targets to
curb carbon emissions?

FURTHER READING
Green Politics, Centre for Science and
Environment, New Delhi, 1999
Poles Apart, Centre for Science and
Environment, New Delhi, 2001
IPCC’s Special Report on Global
Warming of 1.5°C, Centre for Science
and Environment, 2018
Climate Change NOW, Centre for
Science and Environment, 2018
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CARBON BUDGET:
EXHAUSTED?

T

he intergovernmental Panel on Climate Change (ipcc), in its 5th
Assessment Report, had published a carbon dioxide (CO2) emission
budget, which said how much CO2 the world could emit to stay
below 2°C temperature rise. It estimated that to remain below 2°C,
the world could emit only about 2,900 billion tonne (gigatonne or Gt) of CO2
from all sources from the dawn of Industrial Revolution till 2100. Till 2011, the
world had already emitted 1,900 Gt of CO2. This meant that only 1,000 Gt was
left between now and 2100.
Between 1850 and 2011, the US had already emitted 411 billion tonne of CO2
(including emissions and sinks from land use, land use changes and forestry).
This meant that the US, with roughly 5 per cent of the world’s population
emitted 21 per cent of world’s total CO2 till 2011. The 28-member European
Union (EU-28) had emitted 18.4 per cent of the world’s total CO2 till 2011. The
us, EU-28, Russia and Canada had together emitted 50 per cent of CO2 during
this period. In comparison, China emitted 10.7 per cent and India, 2.8 per cent.
To estimate the use of the remaining carbon budget, the Centre for Science
and Environment, a Delhi-based think tank, factored into the calculations
the stated emission reduction plans of different countries. The US, EU and
China had announced their plans for emission reduction. As per the China-US
agreement signed in November 2014, the US would reduce its emissions by
26-28 per cent below 2005 levels by 2025. China had agreed to “peak” its
emissions by 2030 (if not earlier). The EU had declared that it would reduce
its emissions by 40 per cent below 1990 levels by 2030. As other countries had
not yet announced their plans, the estimates for the use of the remaining carbon
budget was based on their past trends with an assumption that the same trend
would continue in the future. As per this analysis, the world would emit about
900 Gt of CO2 between 2012 and 2030. This meant that it would effectively
finish the entire budget of CO2 in this 20-year period. This also meant that
there would be nothing left for the sustainable development needs for the rest
of the world in the future.
So, what would be the path for global fights against climate change without
the biggest polluter not on board? And developed countries had already
colonised the carbon space. The Paris Agreement (see “What is climate politics?”,
p67) still remains the only multilateral agreement to fall back on for developing
countries. They now have two options: wait for the US President Donald Trump
to go and hope that a new “climate-friendly” president will replace him. But
this strategy had not worked in the past. Bill Clinton agreed to the Kyoto
Protocol, but George W Bush did not ratify it. Barack Obama ratified the Paris
Agreement, but Trump junked it. So mollycoddling the US and waiting for the
“deliverance” will not work in the future.
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The second option is to amend the agreement and make it stronger and
ambitious. This should include punitive measures to ensure that countries such
as the US don’t walk away from their “fair and equitable” responsibilities. The
bottom line is that the US cannot continue to hold the world hostage. With just
5 per cent of the world’s population, the US cannot be allowed to jeopardise the
lives and livelihood of the remaining 95 per cent.
It is not going to be an easy battle. This is because emerging economies—
particularly China—had also started speaking the US language and entered
into bilateral deals with the US to proactively and cleverly claim more carbon
space without compromising on emissions. Before the Paris Agreement was
signed, on November 12, 2014, US President Barack Obama and Chinese
President Xi Jinping announced a joint plan to reduce ghg emissions. The
deal came as a big surprise to most people. After all, it was a deal between the
world’s biggest historical polluter and the biggest current polluter. According
to news reports, the US and China had worked on the deal quietly for the
whole of 2014, perhaps in a secret deal to junk multilateralism in dividing the
carbon space. Commentators from across the world hailed the deal. Terms like
“historical”, “ambitious” and “breakthrough” were used to describe the deal.
Many commented that this agreement would lead to a global deal in Paris
in 2015, where countries were to agree to a post-2020 deal to tackle climate
change. But in this cacophony of news, views and opinions many important
issues and concerns arising out of this bilateral deal were lost.
Under the Sino-US deal, the US would reduce emissions by 26-28 per cent
below 2005 levels by 2025. The earlier target of the US was 17 per cent below
2005 levels by 2020. If these numbers were benchmarked from 1990 levels,
then the US would reduce its emissions by less than 3 per cent by 2020, and by
12-14 per cent by 2025 compared to 1990 levels. China would peak its carbon
emissions by 2030 and then start reducing it. It also agreed to raise the share
of non-fossil fuels to 20 per cent of its primary energy mix by 2030. It had not,

Low on margin
Between 2011 and 2018, the world emitted carbon dioxide equivalent to
37 per cent of its carbon budget before breaching the 1.50C mark
Current carbon pattern

1,930 GtCO2
Emitted between
1876 and 2010

290 GtCO2

Emitted between
2011 and 2017

Remaining carbon budget

770 GtCO2

The world needs to
o
emit to breach 1.5 C

1,690 GtCO2

The world needs to
o
emit to breach 2 C

Source: Special Report on Global Warming of 1.5�C, IPCC
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however, announced any specific emission targets. The US vowed to help China
to “slow, peak and then reverse” its emissions.
Now, here are the details where the devil of disproportionately grabbing the
carbon space laid. Under this deal, the US would do much less than what it
should. By 2025, while the EU would cut its emissions by at least 35 per cent
from 1990 levels, the US would cut only 15 per cent. In 2025, the per capita
emissions of the US would still be around 14-15 tonnes, compared to 6.5 tonnes
of the EU and 3.5 tonnes of India. So, the implication of this “ambitious” deal
was that on a per capita basis, the US would continue to emit twice as much as
the EU and more than four times as much as India. All projections showed that
to meet the 20C target, US emissions should be at least 50-60 per cent below
1990 levels by 2025, considering its historical responsibility of causing climate
change and its present capability of solving it.
As far as China was concerned, by 2030, its emissions would peak at around
18-20 billion tonnes of carbon equivalent (tCO2e). Its per capita emissions in
2030 would be around 12-14 tonnes. Interestingly, the per capita emissions
of the US would also be about 12-13 tonnes in 2030. In terms of cumulative
emissions, by 2030 (that is 1850-2030 period), the share of ghg emissions of
China would reach about 16 per cent of the world’s total. Again interestingly, the
cumulative emissions of the US too would be exactly 16 per cent of the world’s
total by 2030.
So was this a coincidence that the per capita emissions and the cumulative
emissions of China and US were converging in 2030? Or was this by design?
If this was by design, then it was quite a convenient deal wherein the world’s
top two polluters connived to grab whatever carbon space they needed and left
the remaining for the rest of the world. The question raged then was: could the
other developing countries get such an equitable deal too?
In 2014, the International Energy Agency (iea) published the World Energy
Outlook report. The report pointed out that the global energy system was on a
path which would lead to 3.60C temperature rise and the world would exhaust
its carbon budget by 2040. So, the US-China deal, instead of making a dent on
emissions, was just the business-as-usual scenario that the iea has projected.
With massive projected increase in shale gas production by 2030, the US
energy system was not exactly moving away from fossil fuels; it was merely
moving from coal to gas.
Similarly, China’s “peaking” its emissions by 2030 meant that its energy
system would remain fossil fuel dominated. In fact, the pledge of China to have
20 per cent non-fossil fuel in its energy mix was disappointing. Under the UN
Framework Convention on Climate Change’s (unfccc’s) Cancun Agreement,
China pledged to have 15 per cent non-fossil fuel in its energy mix by 2020. So,
an increase of a mere 5 per cent from 2020 to 2030 was not exactly “ambitious”.
Till 2030, the developed countries and China would appropriate a large part
of the remaining carbon budget. Annex 1 countries and China together would
emit about 600 billion tonnes of ghgs, which was 60 per cent of the remaining
carbon budget from now till 2050. The remaining 40 per cent would have to
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be shared between 70 per cent of the world’s population. This meant that not
much would be left for the billions of poor who had no access to electricity or
clean cooking fuel or modern means of transportation. So what should they do?
The easiest option left to them is to be like the US and China and keep emitting
and take the world to a path of 4-50C temperature rise. But in this case, it
will be the poorest in the poor countries who will suffer the most; the rich
and the would-be rich of the developing world will find some way out like the
developed countries.
There is another option. The developing countries can come together and
demand their rightful carbon space. They can demand that the remaining
carbon space must be apportioned based on historical responsibility and
present capability. They can demand that they have the right to sustainable
development and the rich countries can take more carbon space only if they
transfer finance and technology for low carbon growth in developing countries.
They can, therefore, reject bilateralism and push for true multilateralism.
Many have opined that there would be pressure on India to fall in line as the
US and China had announced their emission caps. In fact, India need not to do
anything to cut emissions. Its current per capita emissions are 1.8 tonnes and
by 2030, under the business-as-usual scenario, it would be 4 tonnes—nowhere
close to that of the US and China. Between 2011 and 2030, China would
take over 25 per cent of the remaining carbon space; US would occupy 11 per
cent more and India only 7 per cent more. In other words, post the US-China
agreement, India should be accelerating its growth so that it can catch up. So is
this the end of multilateralism? Or does the world need a new arrangement to
deal with its biggest development threat? 
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CASE STUDY #6

Warming up to catastrophe
There is no safe level of global warming
Shreeshan Venkatesh
The Intergovernmental Panel on
Climate Change’s (ipcc) Special
Report on Global Warming of 1.5°C
(SR 1.5) is unequivocal in its
assertion—unless net carbon
dioxide (CO2) emissions are
brought down to zero by
2050, warming above 1.5°C is
practically inevitable.
The report was commissioned in
the wake of the signing of the Paris
Agreement in 2015 as the world
wondered what exactly it had
agreed to for meeting the 1.5°C and
2°C goals that had been set. Over
the next three years, a total of 224
authors and review editors scoured
more than 6,000 scientific

publications in an effort to glean the
facts surrounding the world’s state
of climate. Following 1,113 reviews
from around the world, the eagerly
anticipated report was released
after week-long deliberations by
government representatives from
130 countries and 50 scientists in
Incheon, South Korea in 2018. Over
25 years, ipcc has been tasked with
being the white cane to a world
that seems determined to step over
the edge of a cliff.
The world’s temperatures have
already warmed by up to 1.2°C
since pre-industrial levels and the
impact of this warming is visible in
the form of extreme weather

Cutting the emissions
The world has to start removing carbon dioxide from the atmosphere
by 2050 to restrict warming to 1.50C
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Below-1.5�C: The trajectory which will stop the world's warming to below 1.5�C
1.5�C-low-OS: The trajectory which will overshoot 1.5oC warming marginally
1.5�C-high-OS: The trajectory which will overshoot 1.5oC warming substantially
Lower-2�C : The trajectory which has a 67 per cent probability of limiting warming below 2oC
Higher-2�C: The trajectory which has a 33 per cent probability of limiting warming below 2oC
Source: Special Report on Global Warming of 1.5�C. , IPCC

events, rising sea levels and
diminishing Arctic sea ice. In
2018 alone, various parts of the
world were battered by extreme
weather events—be it heat waves
and drought in Europe and China,
forest fires in the US, dust storms
and unprecedented rainfall in
India (including the historical
floods in Kerala) and high
precipitation in Japan and other
island nations. With a further
0.5°C warming,
the effects would be more
pronounced than what scientists
had previously predicted.
Along with an estimation of
what future warmer worlds would
look like, ipcc was also importantly
tasked with estimating the
remaining carbon budget available
to keep the world from warming
over 1.5°C. Simulations included in
the SR 1.5 show that when
considering global mean surface
temperature (gmst, which includes
surface temperatures of land, ocean
and atmosphere as parameters), the
world has a total remaining carbon
budget of just 770 gigatonnes of
CO2 (GtCO2), starting from the
beginning of 2018, before it
breaches 1.5°C, according to the
median value of the simulations. At
current emission levels, without the
removal of CO2 from the
atmosphere, this budget would be
exhausted by 2040.
The report also highlights the
fact that even its carbon budget
estimate can be way off the mark
owing to large uncertainties from
earth system feedbacks, historical
temperatures and non-CO2
greenhouse gas forcing. 
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LECTURE #6
SUNITA NARAIN

WOLF AT OUR DOOR

The US has made the world rewrite the climate agreement
so that the targets are based on voluntary action, not science
THE BIG bad wolf will come. This
is what has dictated global climate
change narrative for so long. The
world has tiptoed around actions that
need to be taken at a certain speed
and scale to curtail emissions; global
agreements have been bent out of
shape to appease climate deniers. And
in Paris in 2015, the world literally
scraped the bottom of the barrel
to tie up a weak and unambitious
agreement to control climate change.
All this, because it believed that
doing anything more would get the
opposition, particularly in the US,
riled up.
As a result, the US has made the
multilateral world change rules;
reconfigure agreements, mostly
to reduce it to the lowest common
denominator. Then when the world
has stitched together a weak and
worthless deal, the US has walked
out of it. All this while, its powerful
civil society and media has hammered
home the point that the world needs
to be accommodating and pragmatic.
“Our Congress will not accept” or,
worse, “Republicans will come” has
been the common refrain.
This happened in 1992, when in
Rio, after much “accommodation”
the agreement to combat climate
change was whittled down; targets
were removed; there was no agreed
88
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action. All this was done to bring
the US on board. But it walked out.
Then came the Kyoto Protocol, the
first and only framework for action
to reduce emissions. Here again,
in December 1997, when climate
change proponents Bill Clinton
and Al Gore were in office in the
US, the agreement was reduced
to nothingness—the compliance
clause was removed, cheap emission
reduction added and loopholes
included. All to bring the US on
board. Once again, they rejected it.
Then came Barack Obama and
his welcome commitment to climate
change actions. But what did the US
do? It made the world completely
rewrite the climate agreement
so that the targets are based on
voluntary action, not science and the
contribution of each country. Each
country is allowed to set targets,
based on what they can do and by
when. It has led to weak action,
which will not keep the planet
temperature rise below 2°C, forget
the guardrail of 1.5°C. This was
done to please the Americans who
said they would never sign a global
agreement which binds them to
actions or targets. Paris, fatally and
fundamentally, erased the historical
responsibility of countries and
reduced equity to insignificance.
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At all times we have censored
the truth of the urgency of climate
change; or the need for effective and
drastic action by the more powerful
and rich countries; or the need to
curtail emissions by curtailing or
changing lifestyles so that efficiency
gains are not lost because of more
consumption. The world has
restrained its language so that it could
get the participation of the most
unwilling—the proverbial, and now
the real, big bad wolf.
Now that the big bad wolf
is in power, what will the world do?
There is no doubt that Donald
Trump is of another shade of this
grey. He denies that climate change is
happening; he has withdrawn the
US from the Paris Agreement. He
is also certain that the US needs to
dig more coal; build more power
plants and do everything to ramp
up production, which will increase
greenhouse gas emissions.
What do we do now? This is
the zillion dollar question. Climate
change is happening as seen in
extreme weather events. It is
impacting the poorest in the world,
the ones who have least contributed
to the stock of emissions in the
atmosphere. Will the world now call
a spade a spade? Or will it engage in
more meaningless censorship so that
it woos the undesirable and, in my
belief, unchangeable?
I cannot speak for the US civil
society, which seems to relish its
beltway games. But I do know that we
have no option but to push for greater
attention and action on climate
change. Our priority in India is to
reinvent growth without pollution:

find ways to urbanise without first
investing in private transport systems
and then investing in cleaning up
the air; or find ways to provide the
energy-poor with clean power without
first investing in electricity grids that
do not reach them. These are our
imperatives. Countries like India
have the opportunity to do growth
differently and we must.
But it is also a fact that the coming
of Trump will make it harder for all
environmentalists, particularly those
working in the emerging countries
of the South, to argue that we must
stand different. The protectionist
agenda will push against globalisation
and encourage all to dig deeper and
harder to get to the last lump of coal
to burn. Forget the climate change
crisis. It is tomorrow’s problem.
It is also clear that the coming of
Trump will also stop us from scaring
ourselves into restraint and selfcensorship. The only way ahead is to
confront the reality that the world is
getting warmer and the future more
insecure and catastrophic. Only then
can we hope to change our future. 
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TERMS

GtCO2e
A gigatonne is a thousand million
tonnes. “GtCO2e” is an abbreviation
for “gigatonnes of equivalent carbon
dioxide”. It is a simplified way to
put emissions of various ghgs on a
common footing by expressing them
in terms of the amount of carbon
dioxide that would have the same
global warming effect.
IEA
The International Energy Agency
is a Paris-based autonomous
intergovernmental organisation
established in the framework of the
Organisation for Economic
Co-operation and Development in
1974 in the wake of the 1973 oil crisis.
Emission peak
The point when global emissions
switch from increasing to decreasing.
SR 1.5
An ipcc special report on Global
Warming of 1.5 °C above preindustrial levels and related global
greenhouse gas emission pathways, in
the context of strengthening the global
response to the threat of climate
change, sustainable development, and
efforts to eradicate poverty.

TASKS
What is the carbon budget?
What should developing countries do
to get their carbon space?
What is ipcc’s special report
on 1.50C about?
What is usa’s stand on
climate change?

FURTHER READING
Global Warming of 1.50C, ipcc, 2018
“Every bit of warming makes a
difference”, Down To Earth, October
16-31, 2018
“The end of coal”, Down To Earth,
October 16-31, 2017
Climate Change: Politics and
facts, Centre for Science and
Environment, 2009

GMST
The Global Mean Surface
Temperature is an average of the
temperature distribution on the
Earth’s surface calculated from
averaged readings. The gmst makes
a rough first classification, which
concerns the climatic conditions on
the earth in a certain period of time.
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CAN MARKETS
HELP?

T

he Paris Agreement, which came into force on November
4, 2016, has re-established the importance of using market
mechanisms to galvanise action against climate change. Prior to
the Paris Agreement, the Kyoto Protocol committed the developed
country Parties to binding emission reductions targets, and created three
market-based mechanisms—Emissions Trading Mechanism (ET), Clean
Development Mechanism (cdm) and Joint Implementation (JI)—to aid
them in achieving these targets.
Emission trading, or ‘Cap and Trade’, is a market mechanism established
to combat environment pollutants at lowest possible costs. It means a
“cap” is set on the amount of pollutant a country/company may emit by
a political process, national—for instance, the US Acid Rain Program—
or international—for instance, the Kyoto Protocol. The “Cap and Trade”
mechanism was first implemented in the US under the US Acid Rain
Program to reduce sulphur dioxide (SO2) emissions. For greenhouse gas
(ghg) emission reductions, climate policymakers used this as a prototype
and similar provisions were made in the Kyoto Protocol.
Generally known as the “markets Article” (even though the term “carbon
market” is not explicitly used in it), Article 6 is the font of market and nonmarket mechanisms in the Paris Agreement. The New Market Mechanism is
intended as a means to stimulate ambitious climate action by the Parties, and
the public and private sectors. It is likely to be complex, with participation
from both developed and developing countries.
Sub-Articles 6.2 and 6.3 outline a framework for the Parties to voluntarily
pursue cooperative approaches in order to reduce ghg emissions. The Parties
can transfer mitigation outcomes through Internationally Transferable
Mitigation Outcomes (itmos) to meet their Nationally Determined
Contributions’ (ndcs) emission reduction targets.
Sub-Articles 6.4–6.7 provide that the new market mechanism should
“contribute to the mitigation of greenhouse gas emissions and support
sustainable development”. This is often referred to as the new Sustainable
Development Mechanism (sdm). It can be used to contribute to the reduction
in emission levels in the host Party or can be credited to other Parties towards
achieving their ndc targets. The sdm is to be guided and supervised by a body
created by the “Conference of the Parties serving as the meeting of the Parties
to the Paris Agreement” (cma), which is composed of representatives from
countries who have signed and ratified the Paris Agreement.
Sub-Articles 6.8 and 6.9 create a framework for non-market approaches
(such as technology transfer, capacity building, and support in mitigation
and adaptation) to assist the Parties in implementing their ndc. Discussions
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regarding the creation of a work programme that would coordinate these
different non-market approaches and facilitate sharing of best practices have
been undertaken, but the structure of this mechanism is yet to be defined. Other
provisions in Article 6 outline the Parties’ obligations towards accounting,
environmental integrity, sustainable development and transparency.
CAUGHT IN A QUANDARY
However, many issues plague these mechanisms since they were
implemented Post-Kyoto and they have failed to generate significant overall
reductions in global emissions. Carbon markets under the Kyoto Protocol
were created in the hope that their expansion would lead to the scaling
up of investments in low-carbon and mitigation technologies. The three
market mechanisms under this protocol—ET, cdm and JI—were meant
for developed countries to take the lead in reducing emissions and meet
their global mitigation requirements. While their nature and the procedure
they followed differed from one another, all three of these mechanisms
essentially allowed mitigation projects in developed countries to receive
credits for international transfer.
Decades after the inception of carbon markets through Kyoto, they
cannot be termed successful interventions in terms of carbon reductions, as
there have not been significant overall global emission reductions from these
mechanisms. This can be attributed to the reasons outlined as follows:
Emission reduction targets of developed countries were largely
outsourced: The Kyoto target of developed countries translated to
a reduction of 2.59 GtCO2 eq between 2008 and 2012. cdms allowed
emission reduction projects in developing countries to earn Certified
Emission Reduction Credits (cers), each equivalent to one tonne of
CO2 reduction. By 2012, expected cers from all registered cdm projects
totaled nearly 2.5 gigatonnes of carbon dioxide equivalent (CO2eq).
Distribution of Clean Development Mechanism projects

Europe & Central Asia
1% (84 projects)
Africa 3%
(248 projects)
West Asia 1.3%
(111 projects)

Asia & Pacific
81.6% (8,836 projects)

Latin
America
13.1%
(1,099
projects)

Source: Centre on Energy, Climate and Sustainable Development, 2019
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Basically, all developed countries’ emission reduction obligations were
capable of being outsourced.
Massive surplus of assigned amount units: The targets defined
under the Kyoto Protocol for some countries were excessively liberal. This
resulted in some countries being allocated “assigned amount units” (aaus),
i.e. tradable units or credits which represented an emissions allowance of
one metric tonne of CO2eq. Russia and some Eastern European economiesin-transition were assigned nearly 13 billion aaus, resulting in a massive
surplus which was enough for all countries to avoid any mitigation action
until well after 2020. Some restrictions were placed on the trade of these
units after 2012, but the damage for the first commitment period (2008–12)
had already been done.
Excessively cheap non-CO2 reductions: The cdm mechanism did not
differentiate between reductions in emissions of CO2 and other ghgs (such
as hfc-23) which have a warming potential much higher than CO2. This
resulted in a disproportionate generation of cheap cers from these non-CO2
gases. The investment required to generate nitrous oxides (N2O)—or pfcbased cer was estimated at around US $0.79 per tonne CO2 eq—the lowest
among all sectors. hfc, pfc, SF and N2O projects account for 1.7 per cent of
the projects approved under cdm, but 46 per cent of cers issued. This is a
problem—even though CO2 has a lower warming potential, its use is much
more widespread and ingrained in the economy. cdm, therefore, allowed
emission reductions without making fundamental changes in economies of
developed countries.
Concerns about carbon leakage: “Carbon leakage” refers to a reduction
in emissions in one country or sector causing an increase in emissions in
a different country or sector. This negates the effect of emission reduction
efforts and causes concerns about trade competitiveness. Leakage is
measured as a percentage, which represents the emissions increase within
non-regulated jurisdictions divided by the reductions within regulated
jurisdictions. The European Union considered that its Emission Trading
System was at risk of causing a leakage of between 2 per cent to 73 per cent.
It identified 44 sectors (including refineries, iron and steel, and cement)
which are most at risk between 2015 and 2019. It then allocated free credits
to European companies within these sectors to ensure that they would not
lose out to competitors outside the EU. This further reduces the potential for
such market solutions to achieve real emission reductions.
Excessively cheap forestry reductions: The inclusion of afforestation
and reforestation in cdm resulted in the creation of some of the cheapest
cers available. They were estimated to require an investment of around
US $10 per tonne CO2 eq—significantly cheaper than sectors such as wind
(closer to US $40 per tonne CO2eq) and solar (US $391 per tonne CO2eq).
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This was despite the imposition of a cap on the use of cdm forestry sink
projects by Annex I Parties (developed countries) to fulfill their emission
reduction commitments. This was also despite the exclusion of the “avoided
deforestation” sector which, based on evidence from voluntary markets,
has the potential to generate even cheaper offsets (estimated at US $5.2
per tonne CO2eq versus US $7.7 per tonne CO2eq for the afforestation–
reforestation sector). Hence, the inclusion of the forestry sector in any
Paris market mechanism threatens to generate offsets without significant
economic changes in developed countries.
Skewed interpretation of additionality: The interpretation of
additionality for the cdm’s purposes is excessively slanted towards business
and financial criteria at the cost of environmental criteria. This only serves to
maintain an unsustainable status quo. Supplyside “energy efficiency” projects
(which effectively subsidise the continued use of fossil fuels) were allocated
4.8 per cent of all cers. In comparison, demand-side efficiency (which does
not lock in current patterns of fossil fuel usage), accounted for 0.3 per cent
of all cers. Hydroelectric power was considered additional enough to merit
15 per cent of the allocated cers, while solar power was allocated just 0.34
per cent. Additionality apparently seeks something more, but the current
application of the concept is decidedly business-as-usual.
Possible net increase in global emissions: The actual mitigation
effectiveness of cdm is very hard to assess. A 2014 study estimated that
the global effect of cdm by 2020 could be anywhere between an increase
in total emissions by 3.6 billion tonne CO2eq or a reduction of 3.2 billion
tonne CO2eq.
Corruption, conflicts of interest and lack of transparency: Even
though cdm has mechanisms in place for oversight, and third party
validation and verification, their credibility has been repeatedly challenged.
The cdm executive board, which registers projects and issues cers, has
faced allegations of conflicts of interest and lack of transparency because its
decisions are made behind closed doors.
Designated Operational Entities (does), which are certified by the Board
to act as third party verifiers of cdm projects, have been subject to concerns
about their independence and the susceptibility of their third party verifiers to
bribes or collusion. In 2008–09, the UN suspended two individuals (who were
responsible for validating nearly two-thirds of the emission reductions now
being utilised by industries in the developed world) for irregularities found in
their project assessments. Concerns have also been raised about the revolving
door in the highly specialised cdm industry, which fosters conflicts of interest.
IN THE RED
Deforestation and forest degradation have been globally acknowledged to
contribute significantly to ghg emissions and climate change. The most
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prominent global mechanism to tackle deforestation and forest degradation
is called Reducing Emissions from Deforestation and Forest Degradation,
or redd+.
Since its formalisation in 2007 at the United Nations Conference of Parties
(CoP) on climate change held in Bali, Indonesia, more than 300 redd+
initiatives have taken off across the world, with mixed results. However, after
a decade, there is no convincing evidence to establish the contribution of
redd+ in halting or reversing global deforestation trends. In fact, figures on
tree cover losses released at the 2018 Tropical Forest Forum in Oslo, Norway
show that 2016 and 2017 have been the worst years for tropical forests since
2001. In these two years, tree cover loss has amounted to an area of forest
equivalent to the size of Vietnam. The results have got the forest fraternity
scratching their heads to figure out where their efforts have gone wrong.
Meanwhile, new research has highlighted that tropical forests can provide
23 per cent of the total climate change mitigation between now and 2030.
Forests, therefore, have a much larger mitigation impact on climate change
than had been previously imagined. This should give a boost to forestbased mitigation strategies in the climate change discourse. Simultaneously,
another study has found that indigenous people and local communities are
able to achieve equivalent conservation outcomes by investing only a fraction
of the total money spent on conservation by all other agencies.
IMPORTANCE OF NATURAL FORESTS
Forests are considered to be important carbon pools, continuously exchanging
CO2 with the atmosphere, both due to natural processes and human action.
Globally, in 2005, forests stored an estimated 638 gigatonnes (GT) of carbon
Total annual greenhouse gas emissions 1970-2010
Deforestation and forest degradation account for over 10 per cent of global GHG emissions
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or 2,339 GT of CO2, which was more than the amount of CO2 present in
the entire atmosphere. The world’s established forests remove 8.8 GT of CO2
every year from the atmosphere.
But deforestation and degradation of these forests is also one of the
major triggers for climate change, accounting for more than 10 per cent
of the world’s total ghg emissions (see graph: Total annual greenhouse
gas emissions 1970-2010). Between 1850 and 1980, more than 100 GT of
carbon was released into the atmosphere as a result of land use changes;
this represented about one-third of the total anthropogenic carbon emissions
over this period.
The causes of deforestation are multiple and complex, and vary across
countries. Demand for industrial timber, commercial agriculture, and local
pressures from communities on forests for wood, food, fuel and farmland
have been identified as the key factors.
Forest resources directly support the livelihoods of 90 per cent of the
1.2 billion people living in extreme poverty in the world; at the same time,
they are home to nearly 90 per cent of the world’s terrestrial biodiversity.
Therefore, the loss of forests jeopardises poverty alleviation efforts as well,
making the poor more vulnerable to the vagaries of climate change. Efforts
made towards stopping deforestation, thus, could count as one of the most
direct actions to build resilience to climate impacts.
There is a wide variation in the estimated costs of avoiding deforestation.
According to Nicholas Stern’s The Economics of Climate Change, the cost
of avoiding deforestation in eight tropical countries responsible for 70 per
cent of global emissions from deforestation is about US $5 billion per
annum initially. Maryanne Grieg-Gran, who has updated the Stern Report,
estimates the cost of avoiding deforestation to be about US $6.5 billion.
Relative sizes of donors
About 70 per cent is provided by
a single donor
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Kindermann and others (2008) say that halving global emissions from
deforestation between 2005 and 2030—corresponding to a reduction in
emissions of 1.7 to 2.5 GT of CO2—would require financial flows of US $17
to $28 billion per year to the developing countries responsible for these
emission reductions.
The actual flow of redd+ finance has, however, been quite slack. From
2006 to 2014, the global aggregate pledges and investments for redd+
totaled more than US $9.8 billion. However, more than 56 per cent of
these pledges came in between 2006 and 2010, averaging about US $796
million annually since 2010.
The slowdown in political momentum in redd+ and the global
economic crisis have been held responsible for the poor quantum of redd+
finance commitments post-2010. The private sector, according to some
experts, was expected to provide much of the redd+ finance. However,
its share has not exceeded 10 per cent of the total finance commitments
during 2016-14. The major donor of redd+ finance so far has been Norway
International Climate and Forest Initiative, providing close to 70 per cent
of the global funding for redd+. A number of bilateral and multilateral
agencies have also been funding redd+ activities (see “Relative size of
donors”, p96 and “Relative size of funding—recipient countries”, p98).
Much of this funding has focused on building the capacities of national
governments to implement redd+, called “redd+ readiness”. The largest
recipient of redd+ finance has been Brazil, which is also the largest emitter
from deforestation.
Carbon credits from redd+ projects have also been sold as offsets in
voluntary carbon markets by project developers who get their projects
validated and certified under generally agreed principles and methodologies.
From 2013 to 2016, 68.6 million tonnes of CO2 were sold as offsets for US
$287.24 million, at an average price of US $4.2 per tonnes.
OPPORTUNITY COST OF REDD+
redd+ was conceptualised as a global Payment for Ecosystem Services
(pes) system to make forests worth more standing than as suppliers of
agricultural/crop land, pastures, unsustainable harvest of forest products,
etc. Since its inception, several studies established that reducing emissions
from forest land-use change would be less expensive than reducing
emissions from other sectors.
The 2006 Stern review was among the first estimations of redd+ costs,
with just US $5 billion required annually to compensate the opportunity cost
of forest protection in eight developing countries. Most of these estimates
were based on the opportunity costs of forgone alternative uses of forests—
the estimated value of the goods produced/harvested from such alternative
uses, also considered the drivers of deforestation and forest degradation.
Opportunity cost was also envisaged to compensate the costs of switching to
more environmentally benign practices.
The approach of using opportunity cost to calculate the costs of redd+
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Relative sizes of funding—recipient countries
Brazil, the largest emitter from deforestation, leads the group
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has been widely debated in the global forestry fora. Some experts have argued
that only legally permitted change or use of forests should be compensated
and illegal activities should not be rewarded. In cases where land-use change
is legally allowed, it is not clear how forest-dependent communities could be
compensated when the change of land-use or harvest of forest resources is
for subsistence needs, especially local food security.
Opportunity costs are also unclear in instances when tenurial rights are
not clear, though local communities might have customary rights over the
same forests. Concerns have been expressed that such an approach could
result in “environmental blackmail” or perverse incentives. Several experts
have also argued that opportunity costs alone do not reflect the true costs of
redd+, and the costs of policy reforms, or those of law enforcement to halt
and monitor illegal deforestation need to be built into the estimates of the
real costs of reducing deforestation.
More than a decade after the concept was introduced, the costs of redd+
have proven to be much higher than generally recognised. The global carbon
market and international actors with obligations to reduce emissions were
expected to fully fund redd+. However, a large number of redd+ initiatives
were found to be subsidised by local government and non-government
actors. The implementation and transaction costs of redd+ have been high
too, ranging from 33 per cent to 40 per cent. Direct payment to forest users
facing restrictions remains rare, as the cost of setting up and implementing
98
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a payment system is believed to be higher, compared to imposing direct
restrictions on deforestation. For instance, Brazil, the largest emitter from
deforestation, reduced its deforestation by 80 per cent in the decade following
2004 through a set of policy reforms, law enforcement and monitoring.
Studies estimate that these measures cost the Brazilian government around
US $2 billion over nine years, which is considerably lower than the costs of
compensating all land users for forgone uses.
Meanwhile, finance for redd+ continues to be a contentious issue.
Increasingly, consensus is building among the forestry fraternity that a
global carbon market is unlikely to materialise, and that prices offered in
carbon markets will not adequately compensate the opportunity costs of
forgone forest uses. In India, for instance, fuelwood collection is believed
to be the primary driver of forest degradation. The Centre for Science and
Environment (cse), a New Delhi-based non-profit, calculated the minimum
carbon price needed to replace fuelwood with lpg stoves in India. Carbon
will have to be priced for at least US $22.6 per tonnes of CO2e, whereas
the average price of carbon in voluntary markets has been just US $4.5 per
tonnes of CO2e.
The experiences that have emerged make it clear that the budgets for
redd+ will have to be a lot more realistic than they are now to reflect its
true costs. We need greater consensus on the applicability of opportunity
cost approach. The approach should definitely be used for forest-dependent
communities and smallholders who voluntarily agree to forego alternative
land uses. redd+ budgets also need to factor in the costs of implementation,
monitoring, policy reforms, etc. These will, in turn, be decided by the nature
of tenurial arrangements, legality/illegality of deforestation and degradation
drivers, among other things.
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CASE STUDY #7

The East Khasi Hills project
While the region’s sacred groves have been protected, the
remaining forests are disappearing
The East Khasi Hills redd+ Project
implemented by Mawphlong
Welfare Society for "restoring and
conserving” Meghalaya’s hill
forests through community action
is perhaps the only significant
redd+ project in India. The project
is impacting 4,357 households—
25,411 people.
The East Khasi Hills area has a
number of traditionally conserved
sacred groves; over the years,
strict community regulations have
ensured the protection of these
primary forest areas with very rich
biodiversity. But the region’s
remaining forests are rapidly
disappearing due to a combination
of factors: mining and quarrying,
encroachment on forest lands,
fodder and timber collection, and
forest fires.
Initiated in 2010 with support
from Community Forestry
International, the key objectives
of the project were building
community capacity to implement
resource planning systems and
mitigation activities to reverse
deforestation and degradation
trends; assisting communities in
forest monitoring, protection, and
restoration activities for
regeneration of 5,947 hectares of
degraded forests; implementing
soil and water conservation
measures; enhancing the economic
status of the people; supporting
sustainable enterprise

development among local
communities through
microfinance, sustainable farming
and forestry systems by payment
for ecosystem services (pes) or
carbon sales; and improving
environmental services.
Under the project, a system of
punitive punishments has been
developed locally for offences
related to damaging forests. For
minor offences like torching (not
affecting a number of trees) and
stealing, villagers decide the
punishment, which is usually
community service or
ostracisation of the offender. In
severe cases, the offender is
handed over to
the police for action by
conventional judiciary.
The project authorities claim
that there has been an increase in
forest area and quality. Results of
satellite imagery indicate that
forest loss has reduced to 2.8 per
cent per annum (2006–10) from
5.6 per cent per annum (2001–
05), an almost 50 per cent dip
over the first five years. The
project has been registered with
Plan Vivo, a certification body
administering the Plan Vivo
standard for community land use
and forestry projects. As of June
2018, the project has been issued
118,404 Plan Vivo certificates
(pvc), where every certificate
represents the sequestration or

reduction of one tonne of CO2e.
As per the project description
document, the project has sold
10,000 to 20,000 tonnes of CO2
in the voluntary carbon markets
during 2013-15. The revenue from
the sale of such carbon credits
is used to meet the project costs;
what remains is given back to
the communities.
The profits from carbon revenue
are distributed to communities in
two ways: as cash (for community
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interventions such as building
waterbodies, fencing etc) and in kind
(in the form of provision of lpg
connections, smokeless chulhas etc).
While the environmental and
community benefits of the project
are impressive, there have been a
few challenges. The project area
witnesses massive use of fuelwood
and charcoal, but the project is
yet to provide sustainable and
scalable solutions and alternatives
to fuelwood. Field visits to the

project area revealed that some
households are obtaining or buying
fuelwood and charcoal from
forests outside the project area to
meet their daily fuel needs. This
process, called leakage, defeats
the purpose of the project to
some extent.
As fuelwood removal is a big
source of forest degradation in the
project area, there is an
opportunity cost incurred in
restricting fuelwood use for the

local communities. The project
sells carbon credits at the average
price of $5 per tonnes of CO2,
which cannot compensate the
opportunity cost of replacing
fuelwood with lpg in India. Though
the price of carbon is not the
central motivation for
communities in the Khasi Hills
project, there is a need to increase
the price of carbon credits to
make the project viable and
profitable in the long run.

CLIMATE CHANGE READER FOR UNIVERSITIES

91-104.indd 101

101

27/02/19 12:47 PM

C AN M A R K E T S HE L P ?

LECTURE #7

JUTTA KILL

WE HAVE NO TIME FOR EMISSION OFFSETS
Developing nations must not get bullied into selling carbon space
or allowing offsets to developed nations
THE BASIC argument for carbon
trade is that since global warming is
a worldwide phenomenon it
does not matter where the
emissions are reduced. But it
creates pollution hotspots.
If the larger energy crisis
underlying the problem is to
be addressed, the entire energy
system—how we produce, distribute
and use energy—has to change. The
use of fossil fuel has to stop. Carbon
trading is a cheaper option than such
transformation. It allows the North
to keep putting off the expensive
switch from fossil fuels to renewables
while continuing to pollute.
Carbon offsets are part of carbon
trade that are mostly visible in the
South. They don’t reduce emissions
but move emissions to another place.
For instance, a reduction through
clean development mechanism,
or cdm, project in India allows an
extra emission by a company in an
industrialised country.
In theory, cdm projects allow
entities in the South to reduce
emissions against payments and sell
the reductions to large corporates
in the North, and in the process
help the South shift to sustainable
energy infrastructure. In reality, cdm
is the largest subsidy mechanism

for polluters in the South, and its
ultimate beneficiaries are the overconsuming countries in the North.
Most cdm registered energy projects
in the South are not replacing fossil
fuels but merely supplementing
them. In key cdm countries like
China, India and Brazil fossil fuelpowered infrastructures
are sometimes directly financed
through cdm.
So communities rarely have a
chance to benefit. They have no
resources to enter international
negotiations, no money to pay
consultants to prepare technological
documents, and very few emissions
to reduce.
The basic problem is the host
country defines which emissions
reduction technology is sustainable.
The cheapest are often the worst
solutions. Consider clean coal. It is
being promoted over transition to
solar energy. I visited several cdm
project locations in India. Their
effects are devastating.
At the first super-critical coal
power plant in Tiroda (near
Nagpur), for instance, cdm is being
used to subsidise the construction of
a coal power plant. Even seemingly
harmless projects like small hydel
plants and wind farms are harming
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the low-carbon way of life of
communities by displacing them and
destroying their livelihood. What’s
worse is that most power produced
goes into the grid and then to urban
areas, bypassing communities
who have to live with impacts like
deforestation.
UN climate negotiations have got
the wrong end of the stick. They have
boiled down to haggling and horsetrading for “carbon space”. The
South is on the logical ground when
it argues that it has used very little of
the space historically.
But at the same time, it is selling
the space cheap with every offset
credit. It is also using up its space
fast. Look at the energy patterns of
India, China, Brazil and Mexico. In
India, Maharashtra alone plans 99
coal-fired projects; Germany and the
US plan 30-odd. It is as if climate
change is not a reality. All national

energy plans, both in the North
and South, are based on the
assumption that a significant part
of our energy will continue to come
from fossil fuels.
Therefore, the global South must
negotiate and negotiate harder,
and not get bullied into selling
carbon space or allowing offsets
to the North. Rising powers in the
South have to show they are willing
to embark on an energy path that
benefits communities, not just
corporations. Of late, there has been
very little difference between the
stances of the North and South. If
Southern countries sanction offsets,
it becomes difficult for us, the civil
societies in the North, to push
against the continued overuse of
fossil fuels in our countries. 
(The author works with fern, a
European social and environmental
justice organisation)
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TERMS

CDM
The Clean Development Mechanism
is one of the flexible mechanisms
defined in the Kyoto Protocol
that provides for emissions
reduction projects which generate
Certified Emission Reduction units
which may be traded in emissions
trading schemes.
CER
Certified Emission Reductions (cers)
are a type of emissions unit (or
carbon credits) issued by the cdm
Executive Board for emission
reductions achieved by cdm projects
and verified by a doe (Designated
Operational Entity) under the rules
of the Kyoto Protocol.

TASKS
Explain the market mechanisms to
reduce carbon emissions?
What are the problems associated with
Clean Development Mechanisms?
What is redd+?
What are emission offsets?

FURTHER READING
Rethinking redd+, Centre for Science
and Environment, New Delhi, 2018
The Global Goal on Adaptation, Centre
for Science and Environment, New
Delhi, 2018

Carbon leakage
A reduction in emissions in
one country or sector causing an
increase in emissions in a different
country or sector.
HFC-23
hfc-23 is a byproduct of
Hydrochloroflurocarbon-22, which is
used in industrial refrigeration. It is
a potent greenhouse gas with global
warming potential of 14,800 times
more than that of CO2.
REDD+
Reducing Emissions from
Deforestation and forest Degradation
incentivises a break from historic
trends of increasing deforestation
rates and greenhouse gases emissions.
It is a framework through which
developing countries are rewarded
financially for any emissions
reductions achieved.
104 CLIMATE CHANGE READER FOR UNIVERSITIES

91-104.indd 104

27/02/19 12:47 PM

IS LOW CARBON
ECONOMY
POSSIBLE?

T

o meet the ambitious targets of climate change, the world will
require to use all existing mitigation technologies/techniques
and invent new ones to move towards a low carbon economy. The
route to the low carbon economy largely comprises a mix of lesscarbon-emitting and zero-carbon emitting technologies, land and forests
management and lifestyle changes (essentially, less consumption). What will
be the mix of these technologies/techniques to achieve ambitious emission
reduction targets and how much it will cost? This has been the focus of
number of modelling exercises and analyses being done across the world,
including India.
IPCC ESTIMATES
The Working Group III of the Fourth Assessment Report (AR4) of the
Intergovernmental Panel on Climate Change (ipcc) reviewed the cost of
different technologies/techniques and thus, how much emission reduction
could be achieved by them by 2030. The ipcc review found the following:
below 100 US$/tonne CO2 abatement cost, the world can reduce its
emissions by 16-30 billion tonne CO2 equivalent (CO2e) per year by 2030.
This is 30-50 per cent below the projected emissions in 2030 under the
business-as-usual (bau) scenario. The abatement potential at the lowest
cost is in the buildings sector. Over 80 per cent of the buildings emission
reduction can be done at negative or zero cost. Building sector also has the
highest potential to reduce emissions.
The highest potential to reduce emissions at low cost in all sectors, except
the transport sector, is in the developing countries and in erstwhile USSR.
About 65 per cent of the total global emission reduction potential below 100
US$/tonne CO2 abatement cost is in the developing countries and erstwhile
Soviet countries.
The abatement cost curve
McKinsey & Company, a global consultancy firm, has evaluated the ghg
emission reduction potential and abatement cost of different existing and
upcoming technologies for reducing ghg emissions and has come out with
a cost curve. The McKinsey cost curve only considers those technologies/
techniques whose abatement cost is below Euro 60 per tonne CO2e.
Essentially, McKinsey cost curve analysis finds the following: there are
technologies and potential to reduce ghg emissions by 35 per cent below
1990 levels by 2030 or 70 per cent below the projected emissions in 2030
CLIMATE CHANGE READER FOR UNIVERSITIES
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under the BAU scenario. The cost curve identifies a potential abatement of
38 billion tonnes of CO2e in 2030 at less than Euro 60 per tonne CO2e
abatement cost. It further identifies abatement potential of additional 9
billion tonnes of CO2e at more than Euro 60 per tonne CO2e abatement
cost. Capturing all these abatement potentials will reduce emissions by 65-70
per cent below the bau emission of 70 billion tonnes of CO2e in 2030. The
total worldwide cost of this abatement would be Euro 200-350 billion by
2030 or less than 1 per cent of the forecasted global gdp in 2030.
The upfront investment in abatement measures needed would be Euro
530 billion per year in 2020 and Euro 810 billion per year in 2030, over and
above the bau investment. This is equal to 5-6 per cent of bau investments in
fixed assets in each respective year.
According to the cost curve, slightly more than 10 billion tonnes of CO2e
can be reduced by 2030 at negative cost. The majority potential is in the
building sector and in energy efficiency improvements in different sectors
Between Euro 0-20 abatement cost, an additional 20 billion tonnes of
CO2e can be reduced by 2030. The potential under this cost range is in the
agriculture, forestry, nuclear energy and in the renewable energy sectors like
wind and solar energy.
The expensive options for reducing ghg emissions are in coal sector and in
McKinsey’s global GHG abatement cost curve
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Impact of revenue-positive carbon tax on GDP
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some industrial sectors like iron and steel. For instance, carbon capture and
storage in coal- and gas-based power plants are one of the most expensive
ways to reduce ghg emissions.
Sector-wise, about 37 per cent of the abatement potential (14 billion
tonnes CO2e per year by 2030) is in energy efficiency in buildings, transport
and industrial sectors. Low carbon energy supply can reduce an additional
12 billion tonnes CO2e per year by 2030 and the forestry and agriculture
sectors, mainly in the developing countries, would help reduce/sequester an
addition 12 billion tonnes CO2e per year by 2030.
Reducing emissions at the scale projected by the McKinsey cost curve
will entail huge changes in the way we run our economy. In transport sector,
for instance, the McKinsey analysis assumes that about 40 per cent of all the
cars sold in 2030 will be hybrids (42 million hybrid cars sold in 2030). In
the forestry sector, it assumes that by 2030 there will be no net deforestation
and an additional 330 million hectares of new forests will have to be grown
(equivalent to the total geographical area of India). In power sector, it
assumes about 70 per cent of electricity will be generated from renewable
and nuclear energy.
In sum, the McKinsey analysis shows that of the 38 billion tonnes CO2e
per year abatement potential by 2030, about 70 per cent is in the developing
and 30 per cent is in the developed world. This is primarily because of
low cost of abatement and large abatement potential in the forestry and
agriculture sectors in the developing world.
THE INDIAN MODELS: WHAT THEY SAY
There are a number of preliminary results of a number of models on low
carbon future for India. The government of India, too, has developed models
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on India’s carbon emission trajectory, predicting what India should or should
not do for climate mitigation.
National Climate Change Policy Modelling Forum: In 2006, the Ministry of
Environment, Forest and Climate Change, Government of India, launched
a National Climate Change Policy Modeling Forum to assess the costs of
ghg emission reductions on an economy-wide basis. The models are also
designed to identify technologies that would need to be deployed to reduce
emissions and to assess the losses to agriculture, and the economy in general,
from the impacts of climate change.
The forum comprises five modelling exercises; three national economicenergy technology models to study the costs and impacts of ghg mitigation
and two models to assess the impacts of climate change on water resources
and agriculture.
India Computable General Equilibrium (cge) Model: Developed by
National Council of Applied Economic Research (ncaer) and Jadavpur
University, this model predicts gdp growth, level of energy use and ghg
emissions.
India markal Model: Adapted by the The Energy & Resources Institute
(teri) from a generic model, this model predicts “optimal” choice of energy
technology combination and least cost options to satisfy end-use energy
service demands.
India Activity Analysis Model: Developed by Integrated Research and
Action for Development (irade), this model predicts the levels of poverty in
urban and rural areas and changes in poverty levels due to changes in gdp
due to ghg mitigation policy and programmes.
India swat Hydrology Model: Adapted by the Indian Institute of
Commercial energy mix in India in 2031-32: with or without
carbon tax
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Technology, New Delhi, from a licensed generic version, this model predicts
the impacts of climate change on surface and groundwater resources.
India aswp Cropping Model: Adapted by rmsi (a geospatial and
information technology company, part of the Risk Management Solutions,
usa) from a licensed generic version, this model predicts the impact of climate
change on crop yield. The preliminary results of three economic-energytechnology models are out and have been discussed within the government
Under the cge model, India’s gdp will continue to grow above 8.5 per
cent till 2030 in reference scenario. The assumption in the reference
scenario is that the Total Factor Productivity Growth (tfpg) is 3 per cent and
Autonomous Energy Efficiency Index (aeei) is 1.5 per cent annually. With
the value of aeei and tfpg of 1.5 and 3 per cent annually, India’s per capita
CO2 emissions will be about 2.77 tonnes in 2030, much below the current
per capita global emissions of 4.5 tonnes.
India’s emissions will largely depend on improvements in energy
efficiency. If aeei is 1 per cent per annum then India’s per capita emissions
in 2030 will be 4.3 tonnes. But if the aeei is 2 per cent per annum, the per
capita emissions will come down to 2.2 tonnes in 2030. Improvements in
specific energy consumption of different technologies are key to addressing
ghg emissions.
The model predicts the CO2 intensity of the economy under the reference
scenario will fall from 0.36 kg CO2 equivalent (CO2e) per US $ gdp at
purchasing price parity (ppp) in 2003-04 to 0.14 kg CO2e per US$ gdp at ppp
in 2030. This means a decline in CO2 intensity by 3.7 per cent per annum.
The model has done scenario studies under which carbon tax is imposed
on all production sectors. In the first scenario, a revenue-positive carbon tax
(tax over and above the normal tax levied by the government) is imposed
and in the second scenario, a revenue-neutral carbon tax (carbon tax receipts
are neutralised by an equal reduction in direct taxes) is imposed. The carbon
tax rate employed in both scenario studies is US $10, US $20, US $40 and
US $80 per tonne of CO2e in different model runs.
The model finds both revenue positive and revenue-neutral carbon taxes
reduce gdp significantly from the reference scenario—larger tax leading to
higher reductions in gdp. For instance, in 2030-31, with a US $80 revenuepositive carbon tax, the gdp reduces by as much as 8.1 per cent in relation to
the reference scenario.
However, it finds even with carbon tax, there is no significant reduction
in CO2 emissions. With US $80 revenue-positive carbon tax, the per capita
CO2 emissions in 2030-31 reduces just by 0.2 tonnes from the reference
scenario (in which no carbon tax is imposed). The cge model, therefore,
concludes that carbon tax will hurt the Indian economy but will also not
lead to any significant reductions in emission.
India MARKAL Model
Results from this model indicate that under reference scenario (businessas-usual):
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 India’s commercial energy consumption increases by 5.1 times over a 30
year period from 2001-02 to 2031-32.
 Coal remains the dominant fuel even in 2031-32, with four-fold increase
in consumption from 2001-02 to 2031-32.
 Petroleum consumption also increases rapidly by over five times, mainly
on account of the transport sector.
 Share of coal in the total commercial energy basket decreases from 52 per
cent in 2001-02 to 40 per cent in 2031-32. Share of renewable increases to
around 8 per cent by 2031-32. This model too has done scenario studies on
carbon tax and predicts the following:
The commercial energy requirement in India falls marginally with the
imposition of carbon tax. In the reference scenario the commercial energy
requirement in 2031-32 will be 1,447 million tonne of oil equivalent (mtoe).
If a revenue-positive carbon tax of US $80 is imposed, it will reduce to 1,355
mtoe (6 per cent below reference scenario) and if a revenue-neutral carbon
tax of US $80 is imposed, it will reduce to 1,395 mtoe (4 per cent below
reference scenario).
The fuel mix also doesn’t changes significantly with carbon tax. For
instance, in the reference scenario the share of renewables in total commercial
energy requirement will be 8 per cent in 203132; it will remain 8 per cent
with revenue-positive carbon tax of US $80 and will increase to 10 per cent
with revenue neutral carbon tax of US $80 (see “Commercial energy mix in
India in 2031-32: with or without carbon tax”, p108).
The total CO2 emissions and per capita emissions from energy sources
also don’t reduce significantly. In the reference scenario, CO 2 emissions
from energy sources are 4.1 billion tonnes in 203132, which reducing to 3.8
and 3.9 billion tonnes in revenue-positive and revenue neutral carbon tax
scenario respectively. The per capita emission reduces from 2.8 tonnes in
2031-32 in reference scenario to 2.6 tonnes and 2.7 tonnes in the revenuepositive and revenue-neutral carbon tax scenario, respectively. There is
moderate impact on carbon tax on the share of renewable in electricity
generation and in the bio fuel consumption for transport sector. The markal
model concludes that imposition of carbon tax will have no significant impact
on energy consumption, CO2 emissions or the commercial energy mix.
Activity Analysis Model
The results of the Activity Analysis Model more or less replicates cge model
in per capita CO2 emissions as well as energy and CO2 emission intensities.
However, its predicted gdp growth trajectory is different from the cge model.
The Activity Analysis Model predicts that in reference scenario, India’s
gdp growth rate will increase from about 7.5 per cent in 2004 to 13 per cent
in 2013. It will then start reducing and reach 3 per cent in 2030. This gdp
growth rate in reference scenario will allow India to virtually eliminate rural
and urban poverty.
The model has done two scenario studies. In the first scenario study, India
takes a binding emission reduction target of 20 per cent from the reference
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scenario in each year (deviation of 20 per cent from reference scenario or
business as usual). In the second scenario, study a revenue-positive carbon
tax (at US $10, US $20, US $40 and US $80 per tonne of CO2e) is imposed.
If India takes a binding emission reduction target of 20 per cent from
the reference scenario, the model predicts very high impact on the per capita
consumption levels in the country. The decline in the per capita consumption
level in 2030 is as much as 27 per cent from the reference scenario. This will
have huge impact on the poverty levels in the country as it will lead to additional
number of people remaining poor as compared to the reference scenario.
The impact of the carbon tax on the consumption levels will be lower than
that of the 20 per cent emission reduction targets. The model predicts that
the consumption level will decline by 8 per cent in 2021 with respect to the
reference scenario with a US $80 revenue positive carbon tax. The decline in
consumption levels in 2030 at the same tax rate will be less than 4 per cent
in comparison to the reference scenario.
The model predicts lower impact on poverty levels due to carbon tax
compared to the binding emission reduction targets.
The model also predicts lower impact on gdp growth rate due to carbon
than those predicted by the cge model.
All three national economic-energy technology models predict that:
 India can achieve around 8 per cent gdp growth rate till 2030 which will
virtually eliminate poverty in the country–reference scenario
 India’s per capita CO2 emissions will be around 2.7 tonnes
in 2030, much below the current global per capita emissions of 4.5 tonnes–
reference scenario
 Imposition of carbon tax will reduce India’s gdp growth rate, it will
reduce per capita consumption level and hence welfare and will therefore
increase poverty.
 Imposition of carbon tax will have no significant impact on energy
consumption, CO2 emissions or the commercial energy fuel mix in
the country.
 Taking binding emission reduction targets will reduce per capita
consumption level and hence welfare much more than carbon tax and
therefore will have larger impact on poverty levels.
 Energy efficient technology and improvements in energy efficiency is key
for reducing ghg emissions in India.
The outcome of the entire model hinges on two key assumptions: Total
Factor Productivity (tfp) Growth, which has been assumed to be 3 per cent
annually and Autonomous Energy Efficiency Index (aeei) which has been
assumed to be 1.5 per cent annually in the reference scenario.
Total-factor productivity is a variable which accounts for effects in total
output not caused by inputs like labour and capital. tfp is, therefore, inputs
that are intangible. For instance, good weather, availability of water, less
illness in worker force contribute to tfp. Considering that climate change will
lead to variable and extreme weather events, will increase adaptation cost,
will increase water scarcity and reduce soil moisture, will change the disease
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Readily achievable
Some challenges
Difficult

McKinsey’s GHG abatement cost curve for India
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shift
McKinsey has also doneModal
analysis
for India and has recently come out with
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the preliminary conclusions of “India ghg abatement cost curve study”. This
study is funded by The Carbon Trust, Climate Works, wwf, Shell, Vattenfall,
Holcim, Volvo and others. The core of the study is an analysis of the potential
and costs of over 200 technologies/techniques to abate ghg emissions.
The McKinsey model/analysis predicts that in business as usual scenario,
India’s energy consumption would quadruple and ghg emissions would
increase from about 1.5 billion tonnes CO2 equivalent (CO2e) in 2005 to
Alternative fuels – Bio
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5-6.4 billion tonnes CO2e by 2030 (depending on growth assumptions and
‘reasonable assumptions on improvement measures implemented’).
It also predicts that if India pursues opportunities in key sectors to their
“feasible technical” potential, it could reduce its energy consumption by a
quarter and restrict its emissions to approximately 3 billion tonnes CO2e by
2030 (doubling of emissions by 2030 instead of 3-4 times increase in the
reference scenario).
But, only 10-15 per cent of the total opportunities are low cost; the rest
will require India to invest large sums of money—equivalent to 1.5-2 per
cent of gdp—and major governmental push on policies and implementation.
The investments required will be to the tune of about 25 billion Euro every
year till 2020 and about 45 billion Euro every year from 2020 to 2030. In
totality, therefore, India will have to invest about 800 billion Euro (more
than a trillion US$) till 2030 to restrict its emissions to 3 billion tonnes
CO2e by 2030.
What is clear from the McKinsey study is that the path to low carbon
technology and low carbon growth is an expensive proposition. But there
are positives as well. As per McKinsey analysis, if India decides to follow
the abatement trajectory, it will reduce its power demand by 25 per cent,
crude oil demand by 20-25 per cent and coal demand by 50-60 per cent by
2030 from the business as usual scenario. This will enhance India’s energy
security. The abatement technology will also promote green businesses and
green jobs.
The major problem with the McKinsey cost curve for India is that the
technology cost has been reduced to only a factor of ghg abatement; the
co-benefit and societal aspects have been completely ignored. For instance,
according to the cost curve, buses are more expensive options (though readily
achievable) to reduce ghg emissions than nuclear energy.
There are also problems with assumptions as well. Their assumptions on
costs of nuclear and solar PV are highly debatable. Their cost assumptions
for nuclear clearly leaves out important costs like waste disposal, liability
insurance and decommissioning. And McKinsey believes that nuclear has
the biggest ghg abatement potential for India.
Some of the abatement techniques considered are outrightly ludicrous.
For instance, one of the abatement techniques considered is to afforest
pastureland; another is to give anti-methanation vaccines to 140 million
heads of livestock.
There is also a difference in the global ghg abatement cost curve and
India’s ghg abatement cost curve. For instance, McKinsey believes that the
abatement cost of the Solar technologies—concentrated solar power and
solar PV—will be around Euro 20 per tonne CO2e internationally, for India
it believes that these costs will be negative or near zero. What assumptions
have been used to reduce solar energy cost in India is not very clear.
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CASE STUDY #8

Band-aid solutions
There are various temporary “remedial measures” being
adopted to find a low carbon emission direction. But most of
these measures are still in experimental stages and could have
serious ecological consequences
Snigdha Das
Mask the sun
THE ipcc Special Report on 1.50C
says there is a high agreement that
injection of chemicals into the
upper atmosphere could help limit
global warming. The technique,
Stratospheric Aerosol Injection,
essentially involves spraying a
bunch of aerosols in the
stratosphere, so that the reflective
particles block and reflect the sun’s
rays, ultimately cooling the planet.
Proposals range from shooting
particles from artillery guns, using
large hoses to reach the sky, to
emptying particles from the back
of aircraft. Some scientists claim
that a controlled and targeted
release of certain aerosols, such as
sulphur, will roughly offset the
effect of several thousand
kilograms of carbon dioxide.
But a study published in Nature
Ecology & Evolution in January
2018 uses models to predict that
such climate cooling techniques, if
abruptly stopped, would speed up
the warming of the planet at a
much more accelerated rate,
leading to a huge loss of species.
Let’s pull out the carbon
THE IDEA has been bouncing
around climate change policy
circles for well over a decade, but
it’s only been in the past few years
that the technology—direct air

carbon dioxide capture and
storage— has been tested in the
real world. The technology
involves chemical scrubbing
processes that capture CO2 and
bury it well below the ground in
geological structures. Swiss
startup Climeworks AG has
a facility in Iceland that can
capture 50 tonnes of CO2 a
year and bury it in underground
basalt formations.
How about CO2 for fuel
TAKING A step ahead, Canadianbased clean energy company
Carbon Engineering has
constructed a prototype plant,
installed large fans, and has been
extracting around one tonne of
pure CO2 every day. It has
recently begun synthesising a
mixture of petrol and diesel, using
the captured CO2 and hydrogen
split from water with clean
electricity—a process they call Air
to Fuels (A2F). This could
revolutionise the transport
industry, a major polluter.
Silicate can do magic
CERTAIN ROCKS, especially
silicates, are prone to absorbing
CO2 from the atmosphere.
However, this rate of absorption is
limited by the surface area of
exposed silicates, and so is

naturally quite slow. Researchers
are now looking for ways to speed
up this process of silicate
weathering, also referred to as
enhanced weathering (EW). The
concept is still in its infancy. But
typical EW scheme involves the
distribution of large amounts of
crushed silicate materials over
tracts of open land.
On a thin cloud
CIRRUS CLOUDS do not reflect
ample solar radiation back into
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space. But since they form in high
altitudes, they trap long-wave
radiation and have a climate impact
similar to greenhouse gases.
Scientists plan to inject dust ice
nuclei into strata where they form
to reduce their optic depth. This
would allow more heat to escape
into space.
A silver lining
THE MARINE Cloud Brightening
Project is based on the premise that
spraying a fine mist of sea water

into clouds can make them whiter,
reflecting more sunlight back into
space. University of Washington
researchers are developing a nozzle
that turns saltwater into tiny
particles that could be sprayed into
the marine cloud layer.
Employ trees, crops
UN CLIMATE body IPCC has over
and again been suggesting the
carbon-removal technology,
bioenergy with geologic carbon
capture and storage (beccs), as a

silver bullet for global warming.
The concept is drawn from the
integration of trees and crops,
which extract CO2 from the
atmosphere as they grow, the use
of biomass in power stations or
biofuel refineries, and the
application of carbon capture and
storage via CO2 injection into
geological formations. beccs
proponents claim the technology
could remove 10 billion tonnes of
CO2 every year, over a quarter of
current global CO2 emissions. 
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LECTURE #8

RAKESH KALSHIAN

THE TWIN-SWORDS

Technology would keep upstaging politics and posing difficult dilemmas
WHEN POLITICS disappoints,
technology walks in. So when some
scientists warned (nasa climate
scientist James Hansen called it a
“fraud”) that the proposed emission
cuts under the Paris climate deal
would fall short of the 2 degrees
target, many people—politicians,
technologists, ngos—began arguing
that it would be impossible to avert
climate calamity without the help of
technological fixes such as plucking
carbon from the air and locking it
way in places where they will stay,
presumably, for centuries.
Later in 2017, a Swiss company
called Climaworks commissioned the
world’s first commercial plant near
Zürich that will tap carbon dioxide
directly from air and pipe it to a
greenhouse as fuel for veggies. But
the trouble is trapping carbon from
open air doesn’t come cheap. Even
after scaling it up, it is estimated, it
would cost $600 per tonne of CO2,
which is even more expensive than
capturing it in industrial facilities
like coal-fired power plants, where
carbon is three times denser. The
only advantage of this new open
climate surgery is that you can do it
anywhere. Besides, you don’t have to
incur the expense and risk of storing
it in a vault.
Carbon capture and storage, or

ccs as its commonly referred to,
has been in the eye of controversy
ever since the Norwegian oil and
gas company Statoil broached the
idea in the early ‘90s. It continues
to be plagued by ballooning costs,
lack of international support,
not to mention name-calling by
environmentalists. While some are
under construction, there is only one
project, in Canada, that is run
on commercial scale, again not
without hiccups.
Despite its doubtful credentials,
however, ccs is not without its
enthusiasts. The International
Energy Agency considers it “as the
most cost-effective way of delivering
around a fifth of the CO2 reductions
needed to cap global warming at
20C.” But for that to happen, no
fewer than 3,000 carbon-sucking
plants should be in place by 2050.
As of now, almost all carbon sucked
from power plants in US and Canada
is being used to squeeze out the last
drop of oil from the dregs.
But Norway is by far is its greatest
champion. And not without good
reason—even though it depends on
hydropower for almost all its power
needs, it is, ironically, the world’s
third largest exporter of oil and
gas. In a morally perverse sense, it
justifies its wealth from fossil fuel
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TARIQUE AZIZ

exports by embracing renewables
at home. No wonder then, that
Power Norway, the state utility, has
pumped several billion kroner in ccs
in order to decarbonise its oil and
gas plants.
But most of that money has gone
up in smoke, thanks largely to delays
and mounting costs—plucking
carbon eats up about 40 per cent
more energy to capture about 85 per
cent of the CO2 a plant produces.
The much-touted and highly
subsidised ccs plant built for a
Statoil gas plant is one of the biggest
white elephants created in
the country.
Storing carbon in deep
subterranean vaults poses its own
share of problems. For instance,
Norwegian cement and gas
companies have washed their hands
of any liability in case of an accident
or leakage from the storage site,
most of them abandoned mines
located near settlements. This
raises prickly ethical and political
dilemmas about public liability, just
as in the case of nuclear
power plants.
But even if assuming ccs becomes
viable and risks are taken care of,
many environmentalists ridicule it
as a cop-out or a subterfuge on the
part of the fossil fuel industry. Worse
still, it takes away the focus, not to
mention resources, from renewables,
the future of clean energy.
Finally, more often than not
engineering solutions like ccs create
risks that necessitate even more
ingenious fixes. For instance, reverse
osmosis-based water purifiers were
developed to solve the problem of
polluted water because governments

failed to provide safe drinking water.
Turns out RO purifiers throw out
the baby of good nutrients with the
bathwater of pollutants. So now
many RO systems come bundled
with what are called ionizers that
restore the good nutrients back to
the water! This might be good for
the economy, but it is certainly a
perverse one.
That said, if a political roadmap
to a secure climate future is not
found soon, technology would keep
upstaging politics and posing
difficult dilemmas. 
(The writer is a science journalist)
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TERMS

Climate model
A quantitative way of representing
the interactions of the atmosphere,
oceans, land surface, and ice. Models
can range from relatively simple to
quite comprehensive.
Carbon cycle
All parts (reservoirs) and fluxes of
carbon. The cycle is usually thought
of as four main reservoirs of carbon
interconnected by pathways of
exchange. The reservoirs are the
atmosphere, terrestrial biosphere
(usually includes freshwater systems),
oceans, and sediments (includes
fossil fuels). The annual movements
of carbon, the carbon exchanges
between reservoirs, occur because of
various chemical, physical, geological,
and biological processes. The ocean
contains the largest pool of carbon
near the surface of the Earth, but most
of that pool is not involved with rapid
exchange with the atmosphere.

per barrel of fossil fuel consumed, or
per pound of product produced).
Energy efficiency
Using less energy to provide the same
service.

TASKS
Explain how a model can be developed
to gauge the carbon intensity of a
country?
Is India’s economic growth energyintensive? Argue with examples.
What is a ghg abatement cost curve?
Can you explain in five points?

FURTHER READING
Corporates #StepUp Climate Action
cdp India Annual Report 2018, cdp
Worldwide, 2019
Strides to Success, wwf India, 2018

Carbon dioxide equivalent
A metric measure used to compare the
emissions from various greenhouse
gases based upon their global
warming potential (gwp). Carbon
dioxide equivalents are commonly
expressed as “million metric tons
of carbon dioxide equivalents
(mmtco2eq).” The carbon dioxide
equivalent for a gas is derived by
multiplying the tons of the gas by the
associated gwp.
Emissions factor
A unique value for scaling emissions
to activity data in terms of a standard
rate of emissions per unit of activity
(e.g., grams of carbon dioxide emitted
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WHAT ARE WE
DOING ABOUT IT?

G

lobal action to reduce greenhouse gas (ghg) emissions, as
pledged by countries in the Paris agreement, has been very
slow and in most cases negligible. A project run by a group of
three climate-research organisations, called the Climate Action
Tracker (cat), has been monitoring the progress of 32 countries in meeting
the goals. Taken together, these 32 countries account for 80 per cent of the
world’s ghg emissions.
cat’s calculations show that “critically insufficient countries” failed even
to commit to cutting emissions significantly on paper. Only seven countries
have commitments or efforts that would achieve the goals of the Paris pact.
“The total warming of the aggregate effect of Paris Agreement commitments
and of real-world policy shows little change. If all governments achieved their
Paris Agreement commitments the world will likely warm 3.0°C—twice the
1.5°C limit they agreed in Paris,” says cat. The cat’s projected warming from
Paris Agreement commitments and real-world action of 3.0°C and 3.3°C,
respectively, and lack of progress in advancing action stands in stark contrast
to both the clear warning from the Intergovernmental Panel on Climate
Change (ipcc) in its Special Report on 1.5°C of the consequence of exceeding
1.5°C warming and the strong finding that limiting warming to this level is
feasible and has substantial economic and sustainable development benefits.
The majority of countries cat tracked have not yet fully aligned their
policies to actually achieve their commitments under the Paris Agreement (see
graph “Pledges and targets”, p121). Countries with no progress or movements
in the wrong direction in emission reduction terms include Australia, Brazil,
Indonesia, Russia and the uae. “However, we do detect real movement, with
Argentina, Canada, Chile, Costa Rica, Ethiopia, the EU, India and Morocco
taking significant steps in the right direction.” While some countries, such as
Norway and Costa Rica, are forging ahead with decarbonisation of transport
and renewable energy deployment, others risk losing their climate leadership
positions, such as China, where coal use rose again for a second year running,
and Brazil, which appears to have turned away from its forest protection
policies even before its recent change of government. Several countries
published, adopted or reinforced energy or electricity sector roadmaps which
gives reason for hope, such as Chile’s 2050 energy strategy which aims at
decarbonising the energy system, India adopting its National Electricity Plan
and South Africa’s long-awaited energy resource strategy which foresees a
shift away from coal toward renewables and gas.
INDIA’S PROGRESS
Developing countries have a limited capacity to deal with the impacts of climate
change and are hence more vulnerable. For instance, according to the estimates
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stated in climate action plan or the Nationally Determined Contributions (ndc),
India will require a whopping $2.5 trillion to deal with the impacts of climate
change by 2030.
In 2007, ipcc published its fourth assessment report that warned of a
dangerous increase in frequency and intensity of extreme weather events,
especially in tropical and sub-tropical countries. The ipcc report was
accompanied by the Bali Action Plan—an outcome of the global climate
meeting in Bali, Indonesia in 2007—urging countries to step up climate
action. It mandated developed nations to support climate actions in
developing countries.
In response to these developments and the increasing extreme weather
events faced domestically, the Indian government in 2007 established the Prime
Minister’s Council on Climate Change (pmccc). The Council, in coordination
with other government departments, published the National Action Plan on
Climate Change (napcc) in 2008 (ahead of the hyped Copenhagen Climate
Summit 2009), within which eight missions were described (see “National
Action Plan on Climate Change”, p123). To decentralise napcc, the government
issued an order for all states to submit their respective State Action Plans on
Climate Change (sapcc), which have now been prepared for almost all states
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Pledges and targets
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and Union Territories across India.
On November 5, 2014, the National Democratic Alliance (nda) government
reconstituted pmccc with the purpose of coordinating national action for
assessment, adaptation and mitigation of climate change. The pmccc would
focus on the following tasks:
• Evolve a coordinated response for issues relating to climate change at the
national level;
• Provide oversight for formulation of action plans in the area of assessment,
adaptation and mitigation of climate change; and,
• Periodically monitor key policy decisions.
The first meeting of the reconstituted pmccc was held on January 19,
2015 in which Prime Minister Narendra Modi called for a paradigm shift
in global attitude towards climate from “carbon credit to green credit”. It
was emphasised that global awareness on climate change is an opportunity
to improve the quality of life of its citizens. The designated ministries were
required to submit the progress of their missions to the Council.
Four new national missions are underway and will be presented before
the Council before they are officially launched. These are the Wind Mission,
Waste-to-Energy Mission, Coastal Mission and Health Mission.
PROGRESS ASSESSMENT
The genesis of napcc was domestic and global climate developments that
necessitated a holistic national programme to respond to climate change.
Formed ahead of the crucial Copenhagen Summit, it served as a tool to showcase
India’s seriousness in tackling climate change. A vast amount of bureaucratic
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machinery was exhausted in creating missions and launching them formally
after napcc’s initiation in 2008. Even though napcc has been in existence for
more than a decade, research shows that for most missions it has only been
three to four years since they came into effect. It is also clear that progress has
been almost uncertain for most of the missions.
At present, the approach to climate change as seen in napcc is too broad
and lacks specificities. While the solar, energy efficiency, and forestry missions
include mitigation components in the form of quantified targets, missions on
sustainable agriculture, water, and sustainable Himalayas are purely adaptive.
The National Solar Mission has been the most active and the Ministry
of New and Renewable Energy shows high confidence in it although there
is recognition that the targets set are too ambitious. High confidence is also
seen in the National Mission on Enhanced Energy Efficiency (nmeef) owing
to the success of pat (Perform, Achieve and Trade), a central component of
the mission. Niti Aayog recommends the creation of an Energy Conservation
Fund to ease efficiency-improving technology interventions. These missions—
the National Solar Mission (nsm) and nmeee—also have clear and quantified
targets and have been able to draw investments. For some missions, such as the
National Mission for Green India (nmgm), quantified targets do exist but their
long-term nature, lack of clarity in objectives, financial constraints, shortage of
a skilled workforce and technical expertise have proved to be major barriers in
implementing the objectives. In the case of the National Mission on Strategic
Knowledge for Climate Change, it is unlikely that it would attract most of its
funding by itself unless the development of green technology and research is
mainstreamed into the central plans of scientific departments and research
institutes.
Missions dealing with subjects as sustainable habitat, water, and agriculture
and forestry are multi-sectoral, overlapping and multi-departmental in
nature. They are advisory and holistic and have been slow moving (see “Slow
and unsteady”, p125). Several ongoing activities are in principle aligned with
the objectives of the sustainable habitat and agriculture missions, but there
has been no official announcement of their integration with the missions.
For instance, the Atal Mission for Rejuvenation and Urban Transformation
(amrut) has elements that are similar to those of the National Mission on
Sustainable Habitat (nmsh); the major difference is amrut’s approach which
is more sectoral in nature.
Should such missions be scrapped in the light of new schemes and
programmes with similar objectives, or should they be converged with new
policies and legislative developments to maintain functionality? The missions’
accomplishments have to be done at the ground level, which requires functional
and efficient decentralised structures and institutions at the state, district and
village levels. States and sub-state structures also require methodological
guidance to prepare action plans along with the creating implementing
structures and agencies, as well as monetary and technological support.
Another challenge for the missions is their monitoring systems, which
are either ineffective or absent. Progress reports for nsm, nmeee, and the
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National Action Plan on Climate Change
Eight missions that deal with climate change adaptation and mitigation
National Mission for Enhanced Energy Efficiency
Aims to improve energy efficiency of domestic, commercial and industrial
sectors in India by creating an enabling policy regime and encouraging
innovative business models for improving energy efficiency.
National Solar
Mission
Aims to promote
the use of solar
energy in India by
making it
competitive with
fossil fuels. It will
promote activities to
encourage research
and development to
improve efficiency
and affordability of
solar power and
energy storage
systems.

National Mission
for Sustainable
Habitat
Aims at encouraging
sustainable urban planning
in India with the help of policy,
infrastructural and research interventions
in sectors such as buildings, waste
management, water resources and
transportation.

National Water
Mission
Aims to ensure sustainable
water supply by conserving
water, minimising waste
and ensuring equitable
distribution of water resources
throughout India.

National Mission for Strategic Knowledge on Climate Change
Aims to create a comprehensive knowledge system that informs and
supports climate change action in India with the help of research and
communication-based actions.

National Mission for
Sustainable Agriculture
Aims at improving sustainability,
productivity, remuneration and
climate resilience of agriculture in
India. These goals will be achieved
by capacity building, research, infrastructural and
institutional interventions in the Indian
agricultural sector.

National Mission for Green India
Aims to protect, enhance and restore forests
and respond to climate change with
appropriate adaptation and mitigation
activities. It plans to increase green cover
and focuses on multiple ecosystem
services—especially biodiversity, water, biomass,
mangroves, wetlands and critical habitats, with carbon
sequestration as a co-benefit.

National Mission for Sustaining the Himalayan Ecosystem
Aims to enhance understanding of climate change impacts and adaptations required in the
Himalayas. The information obtained from this mission will feed into policy formulation for
suitable management practices for the Himalayan ecosystem.

National Water Mission (nwm) are currently available in the public domain
but mapping of progress for other missions has been difficult due to their
cross-cutting nature.
Ministries are also required to report progress and have regular meetings
with the PM’s Council on Climate Change but the Council itself has met
only once since its reconstitution. Apart from putting out the mission’s
progress in quantitative and qualitative terms, progress reports should
highlight the impact they have had on the ground in terms of supporting
communities and making them more climate-resilient. Unfortunately, no
such approach has been adopted.
In the final analysis, it can be said that institutional, systemic and process
barriers—including financial constraints, inter-ministerial coordination, lack
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of technical expertise and project clearance delays—stand as major challenges
in the efficient implementation of the missions. The most obvious source
of financing for climate change action is currently the limited government
budgetary support. Also, while solar and energy efficiency missions are
considered successful, the mission-mode approach for dealing with crosscutting subjects has not worked. A new approach needs to be devised to
mainstream the climate agenda in the cross-cutting sectors.
napcc, almost 10 years old and formulated with lofty objectives, has not
served as the best answer for India to cope with climate impacts. The 12th FiveYear Plan (came to an end in 2017) document has questioned the effectiveness
of the missions and pressed for the need to revamp missions. While this
challenges the status quo and has drawn criticism from a few missions’ quarters,
it also provides us another opportunity for renewed discussion on the current
approaches to deal with climate change in India and understand the best way
ahead to mainstream climate change.
NICRA: SEEKING TO ADAPT
Apart from the various missions, India also launched its flagship programme in
2010 to make vulnerable villages climate-proof. The programme, the National
Innovations in Climate Resilient Agriculture (nicra), run under the aegis of the
Indian Council of Agricultural Research, covers 151 villages that are vulnerable
to extreme weather. The objective is to provide site-specific technological
demonstrations to enhance the adaptive capacity of farmers in “climatically
vulnerable districts” of the country.
The government has been showcasing nicra at several national and
international events as its response to adapt to a changing climate. The
project has also been advertised as being integral to not only India’s Intended
Nationally Determined Contribution (indc) for climate action under the Paris
Climate Pact, but also to meet four Sustainable Development Goals of the
United Nations.
Following the launch of nicra, the Central Research Institute for Dryland
Agriculture (crida) in Hyderabad was roped in to plan, coordinate and
monitor the project. Based on a climate vulnerability index and inputs from
district-based Krishi Vigyan Kendras (kvks), 121 villages in different districts
were selected for the pilot project (the number was later increased to 151). The
selection was made considering different kinds of stress faced by farmers and
the programme sought to address changes in temperature and precipitation,
apart from soil degradation and water scarcity.
According to officials from nicra, about 24 interventions are being
implemented to boost natural resource management, crop production, livestock
and fisheries potential and farmers’ financial safety nets. Till now, nearly R1,000
crore have been allocated for the programme. But the programme is far from
being a roaring success. With most interventions being inconsistent, nicra is
nothing more than a selection of technological fixes which seem neither scalable
nor sustainable, even though many years have lapsed since it was launched.
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CASE STUDY #9

Slow and unsteady
Missions under the India’s National
Action Plan on Climate Change are not
aligned with the schemes the
government has announced to tackle
climate change. An analysis of the
National Solar Mission

National Solar Mission (NSM)
Why: To hike renewable
energy capacity
Commencement: 2010
Budget: R9,187 crore
till 2016-17
Target: 100 GW by 2022
Status: 21.8 GW installed
till 2018 (July)
Renewables have become
synonymous with climate
change mitigation and India is
successfully adopting these
sources of energy. In the past
four years, there has been a clear
shift towards renewables,
especially solar energy.
India’s push for solar energy
began in 2010 when the
government announced the

Jawaharlal Nehru National Solar
Mission (jnnsm) under napcc. The
mission has a target of 20 GW
installed solar capacity by 2022.
In 2015, the Government of
India revised its target for jnnsm
to 100,000 MW (or 100 GW) by
2022, which includes 40 GW
through rooftop solar and 60
GW through large- and mediumscale grid connected solar power
projects. As of July 31, 2018, the
country has total installed
capacity of 21.8 GW. The budget
for the mission has also gone up,
from R350 crore in 2010 to
R9,187 crore in 2017-18.
However, if one analyses the
new target set in 2015 and
performances, the picture that

emerges is a little different. A
report, submitted by the
Parliamentary Standing
Committee on Ministry of New
and Renewable Energy in March
2018, says that to achieve 100
GW of solar energy target by
2022, India should have had an
installed capacity of 32,000 MW
by 2017-18.
But as of January 31, 2018,
the country only had a capacity
of 18,455 MW. As per the
standing committee, the ministry
has to install the remaining
81,545 MW in just four years—
this is over 20,000 MW a year.
But the renewable ministry has
achieved less than this. The
committee said that the target
of 100 GW will be very hard
to achieve.
Another target was to set up
solar parks of about 500 MW,
but the Centre told the
committee that the states were
not showing interest in its plan.
The Centre has received
proposal only for 21,000 MW
against the target of 40,000
MW. To deal with the challenge,
the ministry has decided to
reduce the size of solar parks to
up to 50 MW and in special
cases even up to 20 MW.
The weakest part of
campaign for going solar is the
generation from rooftop sources.
To achieve its target of 40 GW
installed capacity by 2022, India
should have an installed capacity
of 10,000 MW by 2017-18.
However, only 1,222 MW of
rooftop capacity has been
installed till July 31, 2018.
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LECTURE #9

VIJETA RATTANI

STATES ARE UNSURE OF THEIR NEEDS
Almost all State Action Plans on Climate Change are flawed

THE NATIONAL Action Plan on
Climate Change (napcc) was an
incomplete task for a country with
15 agro-climatic zones and varying
vulnerabilities. So in 2009, states
and Union Territories were asked
to assess their own vulnerability
and devise action plans to factor in
climate change into their policymaking, budgeting, implementation
and monitoring processes at different
levels of governance. The exercise
was dubbed as one of the largest subnational action plans in the world.
So far, 32 have submitted their
plans, referred to as State Action
Plan on Climate Change (sapcc), to
the Union Ministry of Environment,
Forest and Climate Change
(moef&cc). These documents were
expected to build on the existing
policies of the state governments by
taking into consideration ongoing
developmental programmes and
schemes being implemented at
the state level as well as napcc. In
general, states and Union Territories
have tried to stay as close to the
eight missions identified under
napcc as possible, with only a
few going beyond to achieve the
required focus on health and urban
development. There has also been
an effort to adopt the co-benefit
approach—promoting development
objectives while yielding benefits for

climate change.
However, an analysis of these
plan documents, available on the
website of the ministry, suggests they
are flawed at various levels and may
not help the states become climate
resilient. Consider this. The common
framework document for sapccs
circulated by moef&cc requires
states to assess “the physical and
economic impact of and vulnerability
to climate change on the most
vulnerable sectors and on vulnerable
groups”. This knowledge is crucial for
planning adaptation and mitigation
strategies at the regional or local
level. But an analysis by the Centre
for Science and Environment (cse),
a New Delhi-based non-profit shows
that sapccs submitted by most
states lack detailed vulnerability
assessments. Some are so broad and
general that they risk overlooking
specific local issues, while others like
Gujarat, Odisha and Tamil Nadu
have assessed their vulnerability
based on a few projects.
sapccs of Mizoram and
Uttarakhand do not even mention
vulnerability assessment. This is
when officials with the Uttarakhand
State Climate Change Centre admit
that there is a visible increase in the
number of disasters in the state.
Though this is true for other places
even in other countries, it hurts

126 CLIMATE CHANGE READER FOR UNIVERSITIES

119-131.indd 126

27/02/19 12:49 PM

Uttarakhand because of its high
vulnerability to climate change. People
have started migrating from places
where water has become scarce.
While Uttarakhand conducted
several consultations with various
government line department,
experts, members of civil society and
academics to gauge the impact of
climate variabilities on the state, the
effort is missing in the sapcc of most
other states. For example, climatevulnerable communities were not
involved when Punjab conducted
stakeholder consultation for
preparing its sapcc. Mizoram neither
held consultations with civil society
nor vulnerable communities.
Global climate models have their
limitations to simulate the finer
regional features and changes in the
climate arising over sub-seasonal and
smaller spatial scales. This is more
relevant in the case of India whose
unique climate system is dominated
by the monsoon. The common

framework of sapcc thus requires
states to conduct possible climate
change projections for present and
future scenarios and plan adaptation
and mitigation strategies accordingly.
However, states like Mizoram and
Odisha lack climate projections in
their sapccs, while others, including
Gujarat, rely on climate models
used by the UK and those used to
prepare the Intergovernmental
Report on Climate Change report
way back in 2007. Madhya Pradesh
made mid-century and end-century
projections based on secondary data
collected from various sources. cse
researchers say states are depending
on secondary sources due to lack
of domestic climate models. The
outcomes of such projections based
on flawed models have a degree
of uncertainty as climate change
impacts are highly local in nature.
Besides, it seems the states had no
clarity about who is going to finance
the plans. The states were probably
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under the impression that the Central
government or inter-national climate
change finance will provide money
for implementation of the projects
under sapcc, say cse researchers.
This is evident from the fact that the
activities proposed in sapccs were
not always central to climate change
impacts, but were sometimes means
to obtain money from the Centre. For
example, Madhya Pradesh demanded
R4,700 crore, while Tamil Nadu
demanded more than R400,000
crore, even though the later has
slightly less population.
With no proper understanding
of their problems and needs to cope
with climate impacts, the states have
not been able to financially plan for
their sectors in sapccs. For example,
Gujarat in its total budgetary
allocations of R25,000 crore, has
allocated close to 80 per cent to
the water sector alone. Agriculture,
which provides livelihood to more
than half of Gujarat’s workforce and
contributes 18.3 per cent of the state’s
gross domestic product, has obtained
a measly 2 per cent of the estimated
allocations. Similarly, despite its
long coast line, only 0.4 per cent of
the budget is allocated to coastal
management activities.
In the case of sapcc of Mizoram,
despite being a part of the vulnerable
Himalayan region, the state has
an estimated allocation of only 4
per cent of its estimated budgetary
allocations of R3,675 crore to the
Sustainable Himalayan Mission.
Odisha, despite a state vulnerable
to cyclones and natural disaster
with a long coastline of 480 km, has
allocated just 8 per cent of its R17,032
crore budget to coasts and disasters,

while maximum 38 per cent
allocation is for energy, followed by
forests at 21 per cent. Uttar Pradesh,
with around 70 per cent population
of dependent on agriculture and
the farming community bearing
the maximum brunt of climate
change impacts, has allocated only
a measly 0.2 per cent of the budget
to agriculture. The state has instead
chosen to focus on the water sector.
Small wonder, sapccs of most
states do not depict the true picture
of their vulnerability and the required
steps that need to be taken to enhance
their adaptive capacity and reduce
their vulnerability to climate change
extremes. Most sapcc documents
have lofty and broad objectives and
some experts have referred to them
as copy-pasted documents. In the
absence of effective monitoring and
evaluation institutions, progress,
which is few and far between, is
difficult to track. 
(The writer is a climate change
policy analyst)
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TERMS

Adaptation
Adjustment or preparation of
natural or human systems to a
new or changing environment
which moderates harm or exploits
beneficial opportunities.
Adaptive capacity
The ability of a system to adjust to
climate change (including climate
variability and extremes) to moderate
potential damages, to take advantage
of opportunities, or to cope with
the consequences.
Carbon sequestration
Terrestrial, or biologic, carbon
sequestration is the process by which
trees and plants absorb carbon
dioxide, release the oxygen, and store
the carbon. Geologic sequestration
is one step in the process of carbon
capture and sequestration (ccs),
and involves injecting carbon dioxide
deep underground where it
stays permanently.
Co-benefit
The benefits of policies that are
implemented for various reasons
at the same time including climate
change mitigation acknowledging
that most policies designed to address
greenhouse gas mitigation also have
other, often at least equally important,
rationales (e.g., related to objectives
of development, sustainability,
and equity).

greenhouse gas sources and emissions
and enhancing greenhouse gas sinks.
Resilience
A capability to anticipate, prepare
for, respond to, and recover from
significant multi-hazard threats
with minimum damage to social
well-being, the economy, and
the environment.

TASKS
Assess a climate change adaptation
programme nearest to your place of
residence. Compare the case study with
India government’s nicra scheme.
Do an assessment of the National
Mission for Green India?
Compare climate action plans of two
states, one from the hill areas and
another from central India. What are
the key differences?
Based on state climate action
plans, evolve a climate-risk map
for the country.

FURTHER READING
The Indian Power Sector, The niti
Aayog, 2018
The Global Risks Report 2019, World
Economic Forum

Mitigation
A human intervention to reduce
the human impact on the climate
system; it includes strategies to reduce
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With rapid urbanisation and the rise of a

Solid waste management in Indian cities

consumer culture, Indian cities are being
swamped by a mammoth heap of waste.

overhaul in the legislative framework of the
sector is taking place with the notiﬁcation
of six new waste management rules (plastic,
electronic, biomedical, construction and
demolition, hazardous and other wastes, and
solid waste). But legislation is just one aspect
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he critical issue that we are dealing with here is not global warming, but how to
manage a global common property resource called the atmosphere. Behind all the
global environmental problems that we have been talking about, there are global
natural resources which are under threat. When we try to manage any resource,
it is important to understand how that resource is being managed, who are the parties
responsible for its destruction, and what are the stakes for humanity in that resource. Part
of the problem is that the perception of many of these global environmental problems are
driven by scientists who understand little about management or about property rights.
They focus on technical solutions and insist that those technical solutions be adopted by
everybody. Social scientists have paid very little attention, particularly in the developing
world, to the management of global environmental resources.
What is being negotiated (in climate forums), therefore, is not how much future
emissions should be cut but how we manage the atmosphere and who owns the atmosphere.
If the atmosphere is owned by every human being on Earth, then it is now very clear that
a few people are using this resource as a free access property and destroying it at the
expense of others. Clearly, therefore, a good entitlements regime is necessary to establish
everybody’s rights in this common heritage of humankind.
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Climate change is dictating the fate
of our planet. Record temperatures,
melting ice sheets and glaciers,
sea level rise, emergence of
new diseases and the increasing
frequency of extreme weather
events like cyclones, floods and
droughts have become the new
normal. Climate Change Reader
for Universities breaks down
the science, impacts, politics
and sustainable pathways from
innumerable scientific studies and
reports using infographics, case
studies and lectures. This book
has been specially written keeping
in mind the UGC syllabus and will
enable professors and students gain
a deeper understanding of the most
burning issue of our times.
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