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1- Introduction y

limate change is now accepted as a big threat to humanity and global discussions are taking place

at various international, national, and academic meetings on how to take care of the world-wide

impacts. These discussions have focussed attention on the critical linkage between economic
development and the capacity of the environmental resource base to sustain this development. Given the
many complex aspects of climate change, responding to it will probably involve looking at many different
patterns of 'development’, making 'profits’, living life, using resources, inventing technology, innovating
systems of finance, and perhaps even thinking of new political arrangements and institutions. A good
beginning to grasp this exploration may be located in the international institutions set up by the global
collective of nations, such as the Intergovernmental Panel on Climate Change (IPCC).

The IPCC was set up in 1988 by the World Meteorological Organization (WMO) and the United Nations
Environment Program (UNEP) as an effort by the United Nations to provide the governments of the
world with a clear scientific view of what is happening to the world's climate and what can be done about it.
The Panel's latest (Fourth) report is a clear warning that the climate is undoubtedly getting warmer and
that the cause of most of the observed rise in temperature is the increase in man-made concentrations of a
family of gases called Green House Gases (GHG) (Solomon et al 2007). There is a broad agreement
amongst these scientists that continued emissions at or above the current rates will cause further warming
that will result in many changes during the 21st century that are likely to be larger, and with more adverse
impacts, than those seen during the 20th century:.

How liveable the Earth is for us depends on the GHGs' that create a virtual blanket around our planet and
ensure that it is not a cold or hot rock but has a warmly variable surface that can sustain life based on
photosynthesis’. The earlier pre-historic variations in the climate of the planet were brought about by
natural causes like changes in the Earth's orbit around the Sun, sudden spurts in solar and volcanic activity,
and these have been a factor in the continuous evolution of ecosystems and of life that depends upon the
ecosystem. Hence, should our concern only be with the GHGs and their impact on climate or also with the
capacity of human systems to adapt to these changes?

The potential impact of human activity on climate has been known since 1896 when the Swedish scientist
Svante Arrhenius (Earth Observatory Article, NASA)pointed out that carbon dioxide emissions could lead

‘Green House Gases (GHGs) “are those gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit
radiation at specific wavelengths within the spectrum of thermal infrared radiation emitted by the Earth's surface, the atmosphere itself, and by
clouds.” The primary GHGs include H20, CO2, N2O, CH4 and O3. IPCC Fourth Assessment Report, Working Group I, Glossary of Terms:
http://ipcc-wgl.ucar.edu/wgl/Report/AR4WG1_Print_Annexes.pdf.

*Photosynthesis is the process by which plants, and some bacteria use the energy from Sunlight to produce sugar, which combines with oxygen
at the cell to convert into the "fuel™ used by all living things. The conversion of unusable Sunlight energy into usable chemical energy is
associated with the actions of the green pigment chlorophyll thatis presentinall plants.
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to the warming of the surface of the Earth. But it was only much later, in the 1970s, that scientists

expanded their understanding of the link between Earth and its atmosphere and brought the issue to the
attention of a wider public audience. What some of them also explained was that, while the climate has
always been varying, today's extent and pace of change may never have happened before and, more
importantly, there is strong evidence to suggest that human activity might be directly responsible for it.

L

Summer Sun
M()re —

Sunlight on
Northern
Hemisphere

Winter
—
Sun
More
J Sunlight on
Southern
Hemisphere

Source: www.wunderground.com

Figure 1: The earth in relation to the sun and the tilt that creates weather variability.

1.1 Defining Climate Change

For most people, consequently, the expression “climate change” | What isclimate change?

popularly means the alterations caused by human beings through | Climate is a statistical description of
. ) ) weather conditions and their variations,
burning of fossil fuels such as petroleum and coal, and the clearing including both averages and extremes.

of forests and vegetation, which increase the concentration of | Climate change is a change in the
average pattern of weather over a long

_ R ) ~ | period of time. GHGs play an
systems to absorb these increases. This is in line with the official | important role in determining climate

definition by the United Nations Framework Convention on | andcausing climatechange.
Climate Change (UNFCCC) that climate change is the change that
can be attributed “directly or indirectly to human activity that alters the composition of the global

GHGs in the atmosphere while reducing the capacity of natural

atmosphere and which is in addition to natural climate variability observed over comparable time periods”.
(UNFCCC, Article 1)
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However, scientists often use the term for any change in the climate, whether arising naturally or from
human causes. In particular, the IPCC defines “climate change” as “a change in the state of the climate that
can be identified (e.g. using statistical tests) by changes in the mean and / or the variability of its properties
and that persists for an extended period, typically decades or longer”. (IPCC, Fourth Assessment Report)
Each of these two definitionsis relevant and important to keep in mind.

1.2 Weather and Climate

Weather is the set of meteorological conditions — wind, rain, snow, Sunshine, temperature, etc. — at a
particular time and place. The term "weather" refers to the short-term (daily) changes in temperature,
wind, and/or rain or snow inaregion (Merritts etal. 1998). Weather is influenced by the Sun. The Sun heats
the Earth's atmosphere and its surface causing air and water to move around the planet. The result can be as

simple asaslight breeze or as complex as the formation of atornado’.

By contrast, the term “climate” describes the overall long-term characteristics of the weather experienced
at a place. For example, Singapore, in the tropics, has a hot wet climate, while continental Mongolia always
has cold winters. The ecosystems, agriculture, livelihoods, and settlements of a region are very dependent
onitsclimate.

The climate therefore, can be thought of asalong-term summary of weather conditions, taking account of
the average conditions as well as the varying nature of these conditions. The fluctuations that occur from
year to year, and the events of extreme conditions, such as severe storms or unusually hot seasons, are part
of climatic variability. Some slowly changing climatic phenomena can last for whole seasons or even years;
the best known of these is the El Nifio phenomenon.

Since the atmosphere connects all weather systems and all climates, it is sometimes useful to describe the
atmosphere, oceans, and Earth's surface as the “global climate system®”. Because the climate system is in a
constant state of flux and has always exhibited natural fluctuations and extreme conditions, it is not
possible to argue that any single extreme event is attributable to climate change. Only after a sufficient
period and with hundreds of extreme events recorded, can scientists determine if a specific event is within
the normal historical range or is due to some other cause.

The international scientific community now widely agrees that climate change constitutes one of the major
challenges of the twenty-first century. In recent years, it has become increasingly accepted in the

°A tornado (often referred to as a twister or, erroneously, a cyclone) is a violent, dangerous, rotating column of air that is in contact with the
surface of the Earth.

“The “climate system” is the highly complex system consisting of five major components: the atmosphere, the hydrosphere, the cryosphere, the
land surface, and the biosphere, and the interactions between them. (IPCC Fourth Assessment Report)
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international literature that the adverse consequences will be felt worldwide and that the hardest hit will be
the disadvantaged and poorest people of the planet, precisely those who are least prepared to adapt to the
devastating effects of climate change. Is this a valid argument? In the subsequent chapters we make an
attempt to understand these concepts of “vulnerability” and “adaptation” in the context of global climate
change.
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Figure 2: Global Climate System



2- Evidence of Temperature Increase )

he extent of climate change is global and requires simultaneous observations from a network of

locations around the world. Such a network of instrumental observations has only been

available since the second half of the 19th century. But changes in climate that occurred before
this time can be interpreted by reconstructing records from climate-sensitive indicators like ocean
sediments, ice-cores, tree rings, and coral reefs whose rate changes over time and leaves behind their
markings.

2.1 The Changing Climate

Climate has varied enormously through Earth's history. Since the | How has Earth's climate changed in the
distant past?

) ) ] Global climate has varied enormously
changed dramatically many times due to the changing through Earth's history. Evidence from
configuration of continents and oceans, natural variations in the | the past shows that global climate can be
sensitive to small influences. Past records

also show that climates can shift
Earth's orbit® around the Sun. Several million years ago, global | abruptly.

Earth was formed 4.5 billion years ago, the global climate has

levels of GHGs in the atmosphere, the Sun's intensity, and the

temperature was several degrees higher than today and warm,

tropical oceans may have reached much farther from the equator. During the past million years, the average
temperature of the Earth's surface has risen and fallen by about 5°C, through 10 major ice age cycles. In the
coldest period of the last Ice Age (approximately 20,000 years ago) sea level was at least 120 metres lower
than present levels. The atmosphere was also very dusty, probably because of dramatic regional reductions
in vegetation cover associated with the colder climate and reduced CO2.

The last 8,000 years have been relatively stable at the warmer end of this temperature range. These cycles
were initiated by subtle variations in the Earth's orbit that altered the pattern of absorbed Sunlight.
Measurements from ice cores and other sources strongly suggest that, as temperatures changed, other
changes were triggered that had an amplifying effect. Thus, during warm periods, CO2 and methane were
released into the atmosphere, and ice sheets receded, so less Sunlight was reflected to space, and the Earth
grew even warmer. This meant that small influences were amplified into larger changes. But these changes
took place gradually over many millennia.

However, some rapid changes have been documented both in very warm past climates and in more recent
Ice Ages. One of these rapid changes took place about 56 million years ago, when the Earth's temperature
increased by about 5°C, accompanied by an unexplained release of GHGs into the atmosphere. This release
may have been so rapid as to be comparable to the current human release because of burning of fossil fuels.

*In astronomy, the Earth's orbit is the motion of the Earth around the Sun, at an average distance of about 150 million kilometres, which is
completed every 365Y4th mean solar days.
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Other rapid changes during the last Ice Age, of 5°C or more over as little as a few decades, were probably

mostly regional and due to sudden collapses of ice sheets or changes in ocean currents. Although the

millennium before the industrial revolution was relatively stable, there were variations in climate over that

period.

The Medieval Warm Period (AD 800-1300) and Little Ice Age (AD 1500-1800) are two well-known climate
episodes during the past thousand years. The Northern Hemisphere may have been up to 1°C warmer on an

average during the former period than during the latter. However, several assessments indicate that the

Northern Hemisphere's average temperatures over the last fifty years have been warmer than during the

Medieval Warm Period, and temperatures over the last decade are warmer still. Records are sparse in the

Southern Hemisphere, but those available indicate little or no correlation with warming in the Northern

Hemisphere during the Medieval Warm Period, unlike the more globally uniform cooling in the Little Ice

Age and warming over the past century.

2.2 Recent Evidences of Climate Change

1000 1200 1400 1600 1800 2000
58.0° 360

® Co, Concentration

@ Temperature

57.5° 340

320

57.0°

56.5°

300

56.0° 280

55.5° 260
Dust Bowl >
(1930s)

Recent Warming p
(1900 - Present

Year without a
Summer (1815) >

Little ice Age
(~1400 - 1900)

Cabon dioxide
Concentration (PPM)

Globally Averaged
Surface Temperature in °F

Source: Koshland Science Museum

Figure 3: Evidence of Climate Change —
also known as the “hockey stick” curve

How has climate changed during the recent past?
Global average temperature has increased over the
past century. Evidence for this comes from
instrumental temperature records in the air and the
ocean. Temperature observations are not the only
evidence of recent climate change: other sources
include trends in sea levels, glaciers, ice caps and
atmospheric water vapour that are consistent with
global warming. Australia’s climate has changed
along with global climate.

The graph in Figure 1 is based on data from tree rings,
coral reefs, ice cores, and historical records. It represents
only the Northern Hemisphere. Since the 1900s, global
average temperature and atmospheric CO2
concentration have increased dramatically, particularly
compared to their levels in the 900 preceding years. This
rapid rise is one of the indications that humans are
probably responsible for some of this unusual warmth.
Other surface temperature data sets differ somewhat
from those shown here, but in all of them the modern
temperatures are generally greater than during the past
several hundred years.



Evidence of Temperature Increase

Global average temperature has increased over the past century along with rising levels of GHGs from
human activities, and this warming is leading to other environmental changes. Evidence for this comes
from instrumental temperature records in the air and the ocean. The oldest time series of climate data is a
temperature record from central England beginning in the 17th century. Most instrumental records,
however, date back only to the 19th century. Despite this relatively short period of data collection, by
careful mathematical analysis scientists have been able to demonstrate that the Earth's surface has warmed
on average by about 0.7°C during the 20th century. Temperature observations are not the only evidence of
recent climate change: other sources include trends in sea levels, glaciers, ice caps, and atmospheric water
vapour that are consistent with global warming. Such warming, it is believed, is related largely to mankind's
pollution of the atmosphere by GHGs.

The most commonly cited indication of global warming is the trend in globally averaged temperature near
the Earth's surface. This global mean temperature has increased by 0.75 °C relative to the period

18601900, according to the instrumental temperature record. The urban heat island’ effect is estimated to
account for about 0.02 °C of warming since 1900. Temperatures in the lower troposphere have increased
between 0.12and 0.22 °C per decade since 1979, according to satellite temperature measurements.

Urban Heat Island Effect
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Figure 4: Urban Heat Island Effect

°An urban heat island (UHI) is a metropolitan area which is significantly warmer than its surrounding rural areas. Seasonally, UHI is seen
during both summer and winter. The main cause of the urban heat island is modification of the land surface by urban development which uses
materials which effectively retain heat.

A
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2.3 Future Projections

The main tools for making projections about future climate change are computer-based climate models.
They take into account many of the factors that were illustrated previously about “causes” and “feedbacks”
in the climate system, such as GHGs, ocean circulation, and clouds. Although the various climate models
agree in most important respects, they also differ in certain respects:

Natural Variability

It is difficult, or even impossible, to predict variations in natural causes, such as the Sun or volcanoes, and
models differ over complex interactions of natural factors, such as the oceans, atmosphere, and ecosystems.

Human Choices
Future estimates of CO2 emissions depend on what trends are anticipated in population growth, resource

use, technological developments, energy sources, and global policy choices.

Scientific Uncertainty
There are uncertainties in climate science and changes over small regions and rainfall patterns are very

hard to estimate, while tipping points, or rapid climate transitions, are possible but cannot be predicted with
confidence. These uncertainties work in both directions: so some models may demonstrate that changes
will be less severe than currently accepted estimates, but others may predict that it will be more severe.

However, most climate models, together with physical principles and knowledge of past variations, tell us
that, unless GHG emissions are reduced and GHG concentrations in the atmosphere are stabilised, global
warming will continue. Climate models estimate that, by 2100, the average global temperature will be
between 2°C and 7°C higher than pre-industrial temperatures, depending on future GHG emissions and on
the ways that models represent the sensitivity of climate to small disturbances. Models also estimate that
this climate change will continue well after 2100.

Two of the most powerful climate models give similar results:

> Bothshow that warming will increase in the next century as GHG levels rise.
>  Bothshow that warming will be greatest in the northern regions close to the pole.
>  Bothshow that warming will tend to be greater over land than over the ocean.

Climate model projections summarised in the latest IPCC report indicate that the global surface
temperature will probably rise a further 1.1°C to 6.4°C during the twenty-first century. The uncertainty in
this estimate arises from the use of models with differing sensitivity to GHG concentrations and the use of
differing estimates of future GHG emissions. Some other uncertainties include how warming and related
changes will vary from region to region around the globe.

However, these predictions have also been subjected to constant public and scientific debate and
questioning:
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>  Isthereany unusual warming?
> If yes,isthat due to anthropogenic causes?
> Orahoaxto politicise an issue on scientific basis?

Some experts point out that, natural cycles in the Earth's orbit can alter the planet's exposure to Sunlight,
which may explain the current trend. Earth has indeed experienced warming and cooling cycles roughly
every hundred thousand years due to these orbital shifts, but such changes have occurred over the span of
several centuries. Today's changes have taken place over the past hundred years or less. Other recent
research has suggested that the effects of variations in the Sun's output are "negligible” as a factor in
warming, but other, more complicated solar mechanisms could possibly play a role.

A report by Frazer Institute (The Fraser Institute is a conservative and libertarian think tank based in
Canada that espouses free market principles. Its stated mandate is to advocate for freedom and competitive
markets. It generally opposes public policy solutions based on government spending, taxes, deficits, and
regulation.), a Canadian public policy research and educational organisation, made two corrections in the
IPCC's Fourth Assessment Report on temperature data and the Hockey Stick Curve’. It reveals that the late
twentieth century is no longer climatically unique in comparison to recent history, which also refutes the
fundamentals of Kyoto®. The basis of its statement is the data (annual average and temperature proxies of
various length) used in extrapolation of surface temperature trends.
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Figure 5: "The Great Global Warming Swindle"

"Hockey Stick shaped graph shows that the 20th century was unusually warm compared to preceding centuries.

*The Kyoto Protocol is a protocol to the United Nations Framework Convention on Climate Change (UNFCCC or FCCC), aimed at fighting
global warming. The UNFCCC is an international environmental treaty with the goal of achieving "stabilization of GHG concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system."



\3- Theory of Increasing Temperature

3.1 The phenomenon of Global Warming

Radiation balance of the Earth

The Earth continuously receives energy from the Sun, a part of which is absorbed, while the remaining is
emitted back into space. The Earth maintains its heat balance within narrow limits, due to the complex
mechanism of energy transfer. Hence, optimum climatic conditions are maintained for supporting life on
the planet.

The Sun has a very high temperature (of about 6000°K) as it burns up its nuclear fuel and radiates energy
out into space. Out of the solar radiation reaching the Earth, 92% of the radiations are in the range of 315-
1400 nanometers (nm); 45% of this is visible radiation in the range of 400-700nm. The Earth absorbs
radiation mainly in the visible region and emits radiations in the infra-red’ region. The energy transfer
plays a vital role in maintaining the Earth's radiation balance and these proceed through various
mechanisms such as:

> Conduction®of energy through the interaction of atoms, molecules, and other compounds.

>  Convection™ of energy viamassive air circulation.

> Radiation®of energy from the Earth in the infra-red region.

> Re-absorption of most of the outgoing infra-red radiation by water vapour, and gases like CO2,

CH4 and re-emitting a part of this radiation to Earth's surface — a process that is known as Green
House Effect.

Moreover, particulate matter in the atmosphere (dust), which is released by natural forces or by human-
made (anthropogenic) activities, also exerts cooling or heating effects, depending upon the nature of the
particles, which may reflect, scatter, or absorb radiations.

3.2 What Causes Climate Change?

Figure 2 illustrates the basic components that influence the state of the Earth's climatic system. Changesin
the state of this system can occur externally (from systems outside the Earth) or internally (from ocean,
atmosphere, and land systems) through any one of the components described in the figure. For example, an
external change may involve a change in the Sun's output which would externally vary the amount of solar
radiation received by the Earth's atmosphere and surface. Internal variations may be caused by changesin

*Infrared (IR) light is electromagnetic radiation with a wavelength between 0.7 and 300micrometres, which equates to a frequency range
between approximately 1 and 430 THz.

In heat transfer, conduction (or heat conduction) is the transfer of thermal energy between regions of matter due to atemperature difference.

“'Convection is the movement of molecules within fluids (i.e. liquids, gases). It cannot take place in solids, since neither bulk current flows nor
significant diffusion can take place in solids. Convection is one of the major modes of heat transfer and mass transfer.

“Radiation: In physics, radiation is a process in which energetic particles or energy or waves travel through a medium or space.



the concentrations of atmospheric gases, volcanic activity,and albedo™.
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Figure 6: Factors that influence the Earth's climate

External variability is defined as a net increase or net decrease of heat in the climate system as a whole and
is also called climate 'forcing’, such as an Ice Age. During the last Ice Age™, approximately one-third of all
land was covered by glaciers, reaching as far south as New York City, and reducing the amount of water in
the oceans, which lowered the sea level by several hundred feet. As a result, a land bridge joined Siberia to
Alaska, making travel between the two continents possible. As the last glacial period was giving way to the
current warm interglacial period, average temperatures in Greenland returned to glacial levels for more
than 1,000 years. This unusual period, which is called the Younger Dryas, ended abruptly about 12,000
years ago and evidence from an ice core drilled in Greenland indicates that temperatures there rose
approximately 8°C in less than a decade.

Ininternal variability, heat is transported by winds or ocean currents between different components of

“Albedo, or reflection coefficient, is the diffuse reflectivity or reflecting power of a surface. It is defined as the ratio of reflected radiation from
the surface to incident radiation upon it. When an object reflects most of the light that hits it, it looks bright and it has a high albedo. When an
object absorbs most of the light that hitsit, it looks dark.

“Ice Age refers to any period of time during which glaciers covered a large part of the Earth's surface. The general term, more precisely,
"glacial age", denotes a geological period of long-term reduction in the temperature of the Earth's surface and atmosphere, resulting in an
expansion of continental ice sheets, polar ice sheets, and alpine glaciers. Anice age is a natural system.
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the climate system with no net change in the total heat within the system, such as the EI Nino-Southern

Oscillation®. This is associated with the warming surface layer of the eastern Pacific near the equator and
affects the climate, habitats, and economies around the world from year to year. For example, in the eastern
equatorial Pacific, cooler, nutrient-rich water needed to support plankton and fish populations does not rise
to the surface during El Nifio events. The El Nifo event of 1972-73 resulted in a collapse of the Peruvian
anchovy fishery. It also affects atmospheric circulation and the 1997 record-breaking rainfall in Florida was
likely caused by EI Nifio. In contrast, when the eastern Pacific water suddenly cooled in 1998, the Florida
rainfall gave way to record-breaking drought.

The Earth's climate has varied considerably in the past, as shown by the geological evidence of Ice Ages,
sea-level changes, and by the records of human history over many hundreds of years. The causes of past
changes are not always clear but are generally known to be related to natural factors. The difference now is
that global temperatures have risen unusually rapidly over the last few decades. Atmospheric and ocean
temperatures are higher than they have been at any other time during at least the past five centuries, and
probably for more than a millennium (Journal of Climate 22,5820-5838).

Scientists have long known that the atmosphere's GHGs act as a “blanket” which traps incoming solar
energy and keeps the Earth's surface warmer than it otherwise would be, and that an increase in
atmospheric GHGs would lead to additional warming. The current concentration of GHGs in the
atmosphere is now the highest it has been for the past 500,000 years, having grown by 70% between 1970
and 2004 alone, and having reached this level exceptionally quickly. While there has been some controversy
in the past, it is now widely accepted that human activities, in particular fossil fuel use and changing land-
uses, are the dominant factor in this growth and are responsible for most of the warming observed over the
past 50 years (Reviews of Geophysics 48, RG2001).

3.3 What Are GHGS?

Many chemical compounds found in the Earth's atmosphere act as “GHGs” (GHGSs). These gases allow
Sunlight to enter the atmosphere freely. When Sunlight strikes the Earth's surface, some of it is reflected
back towards space as infrared radiation (heat). GHGs absorb this infrared radiation and trap the heat in the
atmosphere. Over time, the amount of energy sent from the Sun to the Earth's surface should be about the
same as the amount of energy radiated back into space, leaving the temperature of the Earth's surface
roughly constant. But if the GHGs increase in concentration and trap more energy then the Earth will also
correspondingly become warmer.

El Nifio Southern Oscillation, or ENSO, is a quasi-periodic climate pattern that occurs across the tropical Pacific Ocean on average every five
years, but over a period which varies from three to seven years. It is characterised by variations in the temperature of the surface of the tropical
eastern Pacific Ocean.



The Greenhouse Effect

Some sunlight that hits
the earth is reflected.
Some becomes heat.

CO: and other gases
in the atmosphere
trap heat, keeping
the earth warm.

Figure 7: The Greenhouse effect

Many gases exhibit these “greenhouse” properties. Some of them occur in nature, while others are

exclusively human-made.

Carbon dioxide
Carbon is the most important and versatile element on the Earth.

Carbon compounds in the atmosphere made the Earth warm
enough for life to evolve. Carbon-based fossil fuels (coal, oil, and
gas) provide three-quarters of our energy needs. Over the past 150
years, since the industrial revolution in the west, human beings
have contributed carbon to the atmosphere mainly by burning
fossil fuels, and by changes in the use of land, especially by the
destruction of forests. The rate of CO2 emission from both these
sources has increased dramatically since 1945, mostly due to a
growth in the demand for energy, in both developed and developing
countries. More than 5 billion tonnes of carbon goes up in smoke
each year, and the amount consumed has an upward slope. Due to
absorption by oceans and photosynthesis in plants, the increase of
CO2 in the atmosphere is limited to only about half of the actual
input to the atmosphere.

Why are CO2 emissions from human
activities regarded as so significant?
Large amounts of CO2 are continually
transferred to and from the atmosphere,
which exchanges carbon with the oceans
and vegetation on land. Until around
200 years ago, these natural exchanges
were in rough balance, shown by the
nearly constant concentrations of
atmospheric CO2 for most of the last
two thousand years. The importance of
human-caused CO2 emissions is that
they are disturbing this balance, adding
carhon to the atmosphere faster than it
can be removed by uptake by vegetation,
the slow mixing of CO2 into the deep
oceans, or the even slower weathering
processes that control the carbon balance
on geological timescales.
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Measurements over the past 50 years show that only about 45% of the combined CO2 emissions from these
sources remain in the air to cause atmospheric CO2 to rise. About 25% of the total CO2 input is being
absorbed by the oceans, making sea water more acidic and the remaining 30% is taken up on land, with the

largest probable cause being increased growth of plants. This is shown by a wide range of measurements
and models. There has been arecent acceleration in the growth rate of CO2 emissions from fossil fuels and
industrial sources. From 2000 to 2007 these emissions grew by 3.5% per year, exceeding almost all assumed
scenarios generated in the late 1990s. This pulse in CO2 emissions growth coincided with a period of rapid
global economic growth.

380

360l— Atmospheric Atmospheric
Concentrations Emissions

340

320

300

280\—

Co, Concentration (PPMV)

260

|
1750 1800 1850 1900 1950 2000

|
Co, eEmissions (Million Metric Tons Carbon)

Figure 8: Trends in Atmospheric Concentrations and Anthropogenic Emissions of Carbon Dioxide

Concentrations of carbon dioxide in the atmosphere are naturally regulated by numerous processes
collectively known as the “carbon cycle” (Figure 4). The movement (flux) of carbon between the
atmosphere and the land and oceans is dominated by natural processes, such as plant photosynthesis. While
these natural processes can absorb some of the net 6.1 billion metric tonnes of anthropogenic (man-made)
carbon dioxide emissions produced each year (measured in carbon equivalent terms), an estimated 3.2
billion metric tonnes is added to the atmosphere annually. The Earth's imbalance between emissions and
absorption, results in the continuing growth in GHGs in the atmosphere.
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Figure 9: Global Carbon Cycle (Billion Metric Tonnes Carbon)

Climate change and carbon dioxide have certainly gained increased awareness over the last year, but there
are also other gases that contribute to global warming — some of them can trap more heat for far longer
than CO2, and the indicator for this is Global Warming Potential.

Global Warming Potential (GWP)
As carbon dioxide is not the only GHG, but the one of primary concerns presently, other gases that can

contribute to global warming are compared to it. Gases also have differing life spans, so GWP is the ratio of
heat trapped by one unit of a GHG compared to one unit of CO2 over aspecified time period.

The hidden danger is that some of the gases below are not part of the Kyoto Protocol™; therefore, their
production does not need to be reported. Thus any decreases made on reportable gases could lead to a false
sense of security while being eroded by some of these other compounds.

Atmospheric Global warming

GHG ATTLTEPOENT STV lifetime (years)* potential (GWP)*

Fossil fuels, land-use conversion,

Carbon dioxide (CO,) cement production

variable 1

**The gases which are a part of the Kyoto Protocol are: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, sulphur
hexafluoride.
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Methane (CH,) Fossil fgﬁlrsﬁpr;clei esstigi:elf, waste 129 +/-3 o xrk
Nitrous oxide (N,O) FertiIiser,Ciglr?]Ltj)EtSrtiia(\)lnprocesses, 120 310
CFC-12 Liquid coolants, foams 102 6,200-7,100****
HCFC-22 Liquid coolants 12.1 1,300-1,400****
Perfluoromethane Production of aluminium 50,000 6,500
S“'ph”r(geF)S"ﬂ“O”de Dielectric fluid 3,200 23,900

* No single lifetime for CO2 can be defined because of the different rates of uptake by different sink processes.
** GWP for a 100-year time horizon. Units are relative to CO2.

*** Includes indirect effects of tropospheric 0zone production and stratospheric water vapour production.
**** Net global warming potential (i.e. including the indirect effect due to ozone depletion).

Figure 10: Greenhouse Gases — Anthropogenic sources, Atmospheric lifetimes, Global warming potential

Other GHGs

Water Vapour
Wiater vapour (H20) is the most abundant and dominant GHG in the atmosphere. Water vapour in

the atmosphere is described by the water cycle, hence it is primarily of natural origin.
Anthropogenic sources of water vapour could be excess evaporation from irrigated fields, lakes etc.
(onalocal scale). The 'positive feedback' makes water vapour important in climate change as a small
increase in global temperature would lead to a rise in global water vapour levels thus further
enhancing the greenhouse effect. Water vapour is a naturally occurring GHG as human activities do
not directly affect the global concentration of water vapour, however the radiative forcing' of other

GHGs may affect the hydrological cycle which gives a relative impact on the global warming

process.
Methane (CH4)
Methane is a colourless, odourless, flammable gas. It is formed when plants decay and where there

is very little air. It is often called swamp gas because it is abundant around waterlogged swamps.
Bacteria that break down organic matter in wetlands and bacteria that are found in cows, sheep,
goats, buffalo, termites, and camels produce methane naturally.

“Radiative forcing is the change in the balance between incoming solar radiation and outgoing infrared radiation. On an average, a positive
radiative forcing tends to warm the surface of the Earth while negative forcing tends to cool the surface. This is measured in watts/m2.
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Since 1750, methane has doubled, and could double again by 2050. Each year we add 350-500
million tonnes of methane to the air by raising livestock, coal mining, drilling for oil and natural
gas, commercial rice cultivation, and garbage sitting in landfills. The IPCC estimates that 60% of
global methane emissions are from anthropogenic activities which include:

> Fossil fuel production

> Livestock

> Cultivation of crops such as rice
> Clearing of forests

> Landfills

Methane is a potent GHG. While it has a shorter atmospheric lifespan than carbon dioxide, in the
first 20 yearsithasa GWP of 62— thatis 62 times the heat trapping capacity of CO2.

Nitrous Oxide (N20)

Nitrous oxide is another colourless GHG; however, it has a sweet odour. This gas is released
naturally from oceans and by bacteria in soils. Nitrous oxide gas concentration has risen by more
than 15% since 1750. Compared to carbon dioxide and methane, anthropogenic related nitrous
oxide emissions are quite small, but this GHG has a GWP of 296 over 100 years.

Anthropogenic sources of emissionsinclude:

> Exhaust from cars, trucks etc.

> Coal fired electricity production

> Agricultural fertilisers

> Industrial production of adipic acid and nitric acid

Each year we add 7-13 million tonnes into the atmosphere by the above activities and other sources
not yet identified. It is important to reduce emissions because the nitrous oxide we release today
will still be trapped in the atmosphere 100 years from now. Nitrogen based fertiliser use has doubled
in the past 15 years. These fertilisers provide nutrients for crops; however, when they break down in
the soil, nitrous oxide is released into the atmosphere. Inautomobiles, nitrous oxide is released at a
much lower rate than carbon dioxide, because there is more carbon in gasoline than nitrogen.
Fluorocarbons (FCs)

Fluorocarbon is a general term for any group of synthetic organic compounds that contain fluorine
and carbon. Many of these compounds, such as chlorofluorocarbons (CFCs), can be easily
converted from gas to liquid or liquid to gas. Because of these properties, CFCs are used in aerosol
cans, refrigerators, and air conditioners. Studies in the 1970s showed that when CFCs are emitted
into the atmosphere, they break down molecules in the Earth's ozone layer. Since then, the use of
CFCs has significantly decreased and they are banned from production in the United States of
America. The substitutes for CFCs are Hydrofluorocarbons (HFCs).




Ozone (03)
Ozone (03), or trioxygen, is a triatomic molecule, consisting of three oxygen atoms. It is an

allotrope of oxygen that is much less stable than the commonly known diatomic allotrope (02).
Ozone inthe lower atmosphere is an air pollutant with harmful effects on the respiratory systems of
animals and will burn sensitive plants. However, the ozone layer in the upper atmosphere is
beneficial, preventing potentially damaging ultraviolet light from reaching the Earth's surface. It
also initiates the chemical removal of methane and other hydrocarbons from the atmosphere. Ozone
is present in low concentrations throughout the Earth's atmosphere. It has many industrial and
consumer applications.

Although ozone was present at ground level before the Industrial Revolution, peak concentrations
are now far higher than the pre-industrial levels, and even background concentrations well away
from sources of pollution are substantially higher. This increase in ozone is of further concern
because ozone acts as a GHG to absorb some of the infrared energy emitted by the Earth.
Quantifying the GHG potency of ozone is difficult because it is not present in uniform
concentrations across the globe. However, the most widely accepted scientific assessments relating
to climate change (e.g. the IPCC Third Assessment Report) suggest that the radiative forcing of
tropospheric ozone is about 25% that of carbon dioxide.

Carbon Monoxide (CO)

Carbon monoxide is only a very weak direct GHG, but has important indirect effects on global
warming. Carbon monoxide reacts with hydroxyl (OH) radicals in the atmosphere, reducing their
abundance. As OH radicals™ help to reduce the lifetimes of strong GHGs like methane, carbon
monoxide indirectly increases the global warming potential of these gases by reducing the
availability of OH.

Carbon monoxide in the atmosphere can also lead to the formation of the tropospheric GHG
‘ozone’. Atmospheric concentrations of carbon monoxide vary widely around the world and
throughout the year, ranging from as low as 30 parts per billion up to around 200 parts per billion.
Concentrations increased during the 20th century, but there are some signs that concentrations
dropped slightly in the 1990s due to widespread use of catalytic convertors, with their lower carbon
monoxide emissions, in cars.

Aside from man-made sources, a great deal of carbon monoxide comes from the chemical oxidation
of methane and other hydrocarbons in our atmosphere. Additional natural sources include emission
from vegetation and the world's oceans. By far the largest sink for carbon monoxide is its reaction
with OH in the atmosphere, as noted previously. However, asmall but significantamount is also lost

**The hydroxyl radical, OH, is the neutral form of the hydroxide ion (OH-). Hydroxy! radicals are highly reactive and consequently short-lived;
however, they form an important partof radical chemistry.
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from the atmosphere through deposition on the ground.

Halocarbons

Halocarbons are mainly man-made chemicals like chlorofluorocarbons (CFCs),
hydrochlorofluorocarbons (HCFCs), methyl chloroform, carbon tetrachloride, methyl bromide and
hydrobromofluorocarbons (HBFCs) which are all GHGs. Methyl chloroform and carbon
tetrachloride are used as adhesives, in metal degreasing, manufacture of vinylidene chloride, textile
processing, and dry cleaning; methyl bromide as herbicide and insecticide. Although CFCs and
HCFCs are included under potent GHGs, their net radiative forcing effect on the atmosphere is
reduced because they cause stratospheric ozone depletion which itself isa GHG.
Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SF6)
These are not ozone depleting substances but are powerful GHGs. HFCs do not harm or break
down the ozone molecule, but they do trap heat in the atmosphere. HFC is used as a replacement for
ozone depleting substances and it is also emitted as a by-product during the manufacture of HCFCs
which finally have small radiative forcing impact. PFCs and SF6 are emitted from processes like
aluminium smelting, magnesium casting, electric power transmission and distribution. They too
have small radiative forcing impact but have a significant growth rate, extremely long atmospheric
lifetimes, and therefore have high potential to influence climate change.

Nitrogen Oxides (NOXx)

Nitrogen Oxides such as nitrogen monoxide (NO) and nitrogen dioxide (NO2) are created by
lightning, soil microbial activity, biomass burning (both natural and anthropogenic fires), fuel
combustion, and photo-degradation of N20 in the stratosphere. Since it promotes ozone formation,
it has positive radiative forcing but it is also short lived in the atmosphere and spatially variable.
Non-Methane Volatile Organic Compounds (NMVOCSs)

NMVOCs are compounds such as propane, butane, and ethane which are emitted from
transportation, industrial processes, biomass burning, and non-industrial consumption of organic
solvents. These compounds participate with NOx to form tropospheric ozone. And they too are
short lived and spatially variable.

Aerosols

Aerosols are small particles and droplets produced by processes like dust storms, sea salts, volcanic
activity, fuel combustion, industrial dusts, waste incineration, and biomass burning. The radiative
forcing takes place directly by scattering and absorbing solar and thermal radiation; and indirectly
by increasing droplet count which, in return, modifies precipitation efficiency and radiative
properties of clouds. Itis difficult to quantify the radiative forcing because of shortatmospheric life
time; and its concentration and composition vary regionally and spatially.
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Figure 6: Atmospheric concentrations of long lived GHGs over 2000 year of time span- also
known as the "Hockey stick"” curve.

3.4 Effect of GHGs on Climate Change

Given the natural variability of the Earth's climate, it is difficult to determine the extent of change that
humans cause. In computer-based models, rising concentrations of GHGs generally produce an increase in
the average temperature of the Earth. Rising temperatures may, in turn, produce changes in weather, sea
levels, and land use patterns, commonly referred to as “climate change.”

Assessments generally suggest that the Earth's climate has warmed over the past century and that human
activity affecting the atmosphere is likely an important driving factor. A National Research Council,
Washington study dated May 2001 stated, “GHGs are accumulating in Earth's atmosphere as a result of
human activities, causing surface air temperatures and sub-surface ocean temperatures to rise.
Temperaturesare, in fact, rising. The changes observed over the last several decades are likely mostly due to
human activities, but we cannot rule out that some significant part of these changes is also a reflection of
natural variability.”

However, there is uncertainty in how the climate system varies naturally and reacts to emissions of GHGs.
Making progress in reducing uncertainties in projections of future climate will require better awareness
and understanding of the build-up of GHGs in the atmosphere and the behaviour of the climate system.
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Figure 11: Flowchart showing heat balance

Figure 11 depicts the relative importance of the various GHGs and small particles in the atmosphere. Bars
extending above the horizontal line indicate a warming effect. Bars extending below the horizontal line
indicate a cooling effect. The impacts of tropospheric ozone, stratospheric ozone, and particles are quite
uncertain. The range of possible effects for these gases is indicated by the red bar.
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Earth's surface. Water vapour (H20) is the most important, followed by carbon dioxide
(CO2), methane (CH4), nitrous oxide (N20), and the chlorofluorocarbons (CFCs) used in air
conditioners and many industrial processes. The increasing atmospheric CO2 concentration is likely the
most significant cause of the current warming. Other GHGs also contribute to the warming. The causative
factors for maintaining the Earth's surface at a particular temperature may be categorised into two —

v any natural and human-made gases contribute to the greenhouse effect that warms the

Natural and Anthropogenic.

Source: www.geology.com

Figure 12: The Natural and Anthropogenic causes of climate change

4.1 Natural Causes

There are anumber of natural factors responsible for climate change. Some of the more prominent onesare
continental drift, volcanoes, ocean currents, the Earth's tilt, and comets and meteorites.
Continental drift
The continents that we are familiar with today were formed when the landmass began gradually
drifting apart, millions of years back. This driftalso had an impact on the climate because it changed
the physical features of the landmass, their position, and the position of water bodies. The
separation of the landmasses changed the flow of ocean currents and winds, which affected the
climate. This drift of the continents continues even today; the Himalayan range is rising by about
1 mm (millimetre) every year because the Indian land mass is moving towards the Asian land mass,

____ |22 |
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slowly but steadily.

Volcanoes

When a volcano erupts it throws out large volumes of sulphur dioxide (SOZ2), water vapour, dust,
and ash into the atmosphere. Although the volcanic activity may last only a few days, yet the large
volumes of gases and ash can influence climatic patterns for years. Millions of tonnes of sulphur
dioxide gas can reach the upper levels of the atmosphere (called the stratosphere) from a major
eruption. The gases and dust particles partially block the incoming rays of the Sun, leading to
cooling. Sulphur dioxide combines with water to form tiny droplets of sulphuric acid. These
droplets are so small that many of them can stay aloft for several years. They are efficient reflectors
of Sunlight, and screen the ground from some of the energy that it would ordinarily receive from
the Sun. Winds in the upper levels of the atmosphere carry the aerosols rapidly around the globe in
either an easterly or westerly direction. Movement of aerosols north and south is always much
slower.

The Earth's tilt

The Earth makes one full orbit around the Sun each year. It is tilted at an angle of 23.5° to the
perpendicular plane of its orbital path. For one half of the year, when it is summer, the northern
hemisphere tilts towards the Sun. In the other half, when it is winter, the Earth is tilted away from
the Sun. If there was no tilt we would not have experienced seasons. Changes in the tilt of the Earth
can affect the severity of the seasons—more tilt means warmer summers and colder winters; less tilt
means cooler summers and milder winters. This gradual change in the direction of the Earth's axis,
called precession, is responsible for changes in the climate.

Ocean currents

The oceans are a major component of the climate system. They cover about 71% of the Earth and
absorb about twice as much of the Sun's radiation as the atmosphere or the land surface. Ocean
currents move vast amounts of heat across the planet —roughly the same amount as the atmosphere
does. But the oceans are surrounded by land masses, so heat transport through the water is through
channels. Winds push horizontally against the sea surface and drive ocean current patterns. Certain
parts of the world are influenced by ocean currents more than others. The El Nifio event in the
Pacific Ocean can affect climatic conditions all over the world. Ocean currents have been known to
change direction or slow down. Much of the heat that escapes from the oceans is in the form of
water vapour, the most abundant GHG on Earth. Yet, water vapour also contributes to the
formation of clouds, which shade the surface and have a net cooling effect. Any or all of these
phenomena can have an impact on the climate, as is believed to have happened at the end of the last
Ice Age, about 14,000 years ago.

Sun's Intensity
Sun'sintensity also impacts the Earth's temperature because the solar radiations have different
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intensities while reaching the Earth's surface.

4.2 Anthropogenic Causes

Large amounts of CO2 are continually transferred to and from the atmosphere, which exchanges carbon
with the oceans and vegetation on land. Until around 200 years ago, these natural exchanges were in rough
balance, shown by the nearly constant concentrations of atmospheric CO2 for most of the last two
thousand years. The importance of human-caused CO2 emissions is that they are disturbing this balance,
adding carbon to the atmosphere faster than it can be removed through uptake by vegetation, the slow
mixing of CO2 into the deep oceans, or the even slower weathering processes that control the carbon
balance on geological timescales.
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Figure 13: Anthropogenic causes of climate change

The concentrations of GHGs in the atmosphere are well known, | Are human activities causing climate
both from modern measurements and by analysis of the air from | cange?

: . i Human activities are increasing GHG
past eras, trapped as bubbles in the ice from Antarctica and | |avels in the atmosphere. It is very likely

Greenland. These observations tell us that atmospheric | that most of the recent observed global
concentrations of CO2, methane, and nitrous oxide began to rise | Warming is caused by this increase in

GHGs.
two to three hundred years ago, after changing relatively little
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since the end of the last Ice Age thousands of years earlier. This increase in GHG concentration happened
around the same time as industrialisation, when the global human population began growing rapidly and
farming also increased. The growth in GHGs has accelerated through the 20th century to the present.

Studies of the stores and sources of these gases, both natural and human-induced, show that the main
causes of the increasing concentrations are emissions from human activities.

Contribution of Daily activities to Climate Change

>  Electricity is the main source of power in urban areas. All our gadgets run on electricity generated
mainly from thermal power plants. These thermal power plants are run on fossil fuels (mostly coal

and oil) and are responsible for the emission of huge amounts of GHGs and other pollutants.
>  Cars, buses, and trucks are the principal transport in our cities, and run mainly on fossil fuels, whose

use currently accounts for 80 to 85% of the carbon dioxide being added to the atmosphere.
> We use a huge quantity of paper in our work at schools and in offices, which comes from trees.

Timber is used in large quantities for construction of houses, which means that large areas of forest

have to be cut down and this reduces the carbon that is fixed in vegetation.
A growing population has meant more and more mouths to feed. High-yielding varieties of crops

grown to increase the agricultural output from a given area of land, require large quantities of

fertilisers; which means more emissions of nitrous oxide, both from the field and the industry.
> Human activities also cause CO2 input to the atmosphere from other industrial sources such as

Y

cement production, and deforestation.

Global natural and anthropogenic sources of Carbon dioxide

CO, Natural Man made Total Absorption

Annual million 770,000 23.100 793.100 781.400
metric tonnes

% of total 97.1% 2.9% 100% 98.5%

Source: IPCC 2001

Figure 13: Global natural and anthropogenic sources of Carbon dioxide
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4.3 The Feedback Processes

The Earth's climate is dynamic and always changing through a natural cycle. This climate system
constantly adjusts so as to maintain a balance between the energy that reaches it from the Sun and the
energy that goes from Earth back to space. This means that even a small rise in temperature could mean
accompanying changes in cloud cover and wind patterns. Some of these changes may enhance the warming
(positive feedback), while others may counteract it (negative feedback). Negative feedback (causing a
cooling effect) may result from an increase in the levels of aerosols (small particles of matter or liquid that
can be produced by natural or man-made activities). Scientists believe that during past Ice Ages, cool
oceanic currents flowing towards the equator caused a migration towards the tropics of cooling clouds like
the oceanic clouds and this might well have amplified the general cooling trend. There are several feedback
processes on the Earth, which have some impacts on the climate in one way or the other (Figure 7).

Increase in surface _| Evaporation Surface temperature
temperature "I of oceans slightly decrease

© = 1

More water More low Reflects more
Enhanced vapour in ¢ > clouds in the > sunlight back to
green house atmosphere atmosphere Space

Figure 14: The Feedback Theory

> Water vapour-temperature: Positive feedback may result from an increase in water vapour (because of
greater evaporation with temperature rise), which itself is a GHG and can further add to the

warming effect.
> lce-Albedo: An important positive feedback is the ice-albedo feedback. This feedback arises from the

simple fact that ice is more reflective (that is, has a higher albedo) than land or water surfaces.
Therefore, as global ice cover decreases, the reflectivity of Earth's surface decreases, more incoming

solar radiation is absorbed by the surface, and the surface warms.
>  Cloud Feedback: Warming due to increases in GHGs will cause clouds to trap more heat, which will

lead to additional warming. This process is known as the "cloud feedback™ and is predicted to be

responsible for asignificant portion of the warming over the next century.
Cloud height and amount / temperature and cloud wetness / temperature: Clouds emit infrared radiation

back to the surface, and so exert a warming effect; clouds reflect Sunlight and emit infrared
radiation to space, and so exerta cooling effect.

\
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>  Gaia Feedback Loop: An example of a Gaia feedback loop is the relationship between plants and

carbon dioxide. When carbon dioxide levels rise in the atmosphere, plants are able to grow better
and extract more carbon dioxide —thereby “balancing” the Earth asacomplex system.

4.4 The Debate

The larger part of the Climate Change debate is focussed on whether the current trend of rising global
temperatures is unprecedented or within the range of natural variations. This is often known as the
“Hockey Stick” debate. It includes doubts on the validity of the figures that show an abrupt increase in
global temperature around 1800 after a reasonably stable period of 1000 years. Some scientists refer to it as
the worst disaster humankind can ever cause to the world, whereas a continuous dispute about the data and
methodology used for producing it has also been going on. The arguments are over factors like the data that
are from proxy sources like tree rings, ice cores, historical records, lake sediments and corals, and not from
direct measurements.

The other part of the debate emphasises that the issue of Climate Change includes not only global
temperature rise and its predicted consequence, but also environmental and social justice, technology
innovation, market development, generational equity etc. Everybody's right to common ecological space
and equity of resource distribution is another component of the debate on how to deal with the global
environmental crisis.

Temperature and CO2 Relation
Although emissions of CO2 are said to be the principal GHG creating the risk of global climate change, yet

there are other theories that predict an opposite hypothesis to counter this argument. The graph of
temperature versus CO2 (Figure 8) that dates back to 420,000 years before present (BP) shows that the
temperature spike comes first (blue line) which results in warming of oceans thereby reducing the
solubility of CO2 in water, leading to liberation of CO2 from oceans. So it can be said that increase of
temperature is leading to the increase in CO2 levels, rather than the other way around.
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Figure 15: CO2 versus Temperature Graph
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Sunspot activity and climate
Sunspots are dark spots within the photosphere, the outermost layer of the Sun having a diameter of about

37,000 km. The temperature within Sunspots is about 4,600°K. The number of Sunspots peaks every 11.1
years. Magnetic field lines emerge from one Sunspot and re-enter at another spot; at that time more highly
charged particles are emitted from the solar surface, and the Sun emits more UV and visible radiation. This
solar radiation is received by the Earth's surface and atmosphere leading to a variation of global
temperature.

The picture on the left shows the
whole Sun with some large Sunspot
groups on it. The Sunspot groups in
the picture are as big as the giant
planet Jupiter. The picture on the
right is a close up of some other
Sunspots. The larger Sunspot on the

right (top) is bigger than Earth.

" ‘i'.‘-' o -
Source: SOHO (NASA & ESA) and the Royal Swedish Academy of Sciences

Figure 16: Sunspots. Could the 20th century warming be just a
part of the natural variability of climate?

Climate varies naturally on many timescales. Much of this variation arises from the exchange of heat and
water between the deep oceans and upper ocean layers (typically the top 50 to 100 metres), which in turn has
an impact on the atmosphere. Other ocean basins have similar oscillations as the El Nifio. Such phenomena
typically change the global average temperature by no more than a few tenths of adegree, and only for up to
ayear or two.

In principle, a natural fluctuation could last for a century. However, evidence going back up to 20 centuries
does not show changes in global temperature resembling those that have taken place in the last 100 years.
Moreover, there is compelling independent evidence that this warming is being caused largely by the
enhanced greenhouse effect due to human activities. If this warming continues as now projected, it will
soon dwarf any change in the last 10,000 years.
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4.5 Carbon Dioxide vs. Water Vapour

Thessignificance of CO2 emissions from human activities
Though emission of CO2 is said to be the principal GHG creating the risk of global climate change, yet

there are other theories that pose an opposite hypothesis to counter this argument. Scientists are
increasingly recognizing the importance of water vapour in the climate system. Some, like Wallace
Broecker, a geochemist at Columbia's Lamont-Doherty Earth Observatory, suggest that it is such an
important factor that much of the global warming in the last 10,000 years may be due to the increasing
water vapour concentrations in Earth's atmosphere.
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Figure 17: Contribution to the "Greenhouse effect” by natural and Man-made sources (except water vapour)
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Figure 18: Contribution to the Greenhouse effect (including water vapour)
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The Figures 10 and 11 describe how much of the "Greenhouse Effect” is caused by human activity. It is

about 0.28%, if water vapour is taken into account; about 5.53%, if not. This point s so crucial to the debate
over global warming that how water vapour is or isn't factored into an analysis of Earth's GHGs makes the
difference between describing a significant human contribution to the greenhouse effect, or a negligible
one.

Thessignificance of water vapour in the atmosphere
Water vapour is the most abundant and dominant GHG in the atmosphere. Water vapour is neither long-

lived nor well mixed with the atmosphere, varying spatially from 0-2%. Human activities are not believed to
directly affect the global concentration of water vapour, but a small change in the radiative forcing
produced by any other cause indirectly affects the hydrological cycle tremendously. While a warmer
atmosphere has an increased water holding capacity, increased concentrations of water vapour affect the
formation of clouds, which can both absorb and reflect solar and terrestrial radiation.

Thus, the indirect amplified impact of water vapour in increasing Earth's surface temperature cannot be
ignored. Water vapour accounts for about half the present-day greenhouse effect. Its global average
concentration in the troposphere (where most water vapour is found) is controlled mainly by the
atmospheric temperature and winds, with warmer temperatures causing higher water vapour
concentrations. This is in contrast with other GHGs, for which concentrations are strongly influenced by
human-induced inputs to the atmosphere.

If other factors warm the atmosphere, then water vapour concentrations are expected to increase and,
because water vapour is a GHG, the increased concentrations would amplify the initial warming. This is
known as a positive feedback. The water vapour feedback is supported by most evidence and analyses so far,
although some opinions differ.

If water vapour is the most important GHG, why does all the focus lie on CO2?
Water vapour is a "reactive" GHG with a short atmospheric lifetime of about one week. If awhole load of

extrawater vapour is pumped out, it would not stay in the atmosphere; it would condense as rain/snow and
we would be back to where we started. The balance isdynamic of course; humidity of theair varies by place
and time, but it isa stable balance.

In contrast, CO2 has a long lifetime. It does not rain out (the surface temperature of the deep interior
Antarctica in winter can be colder than the freezing point of CO2; but this does not lead to CO2 snow
(because the freezing point is lower). So if there is extra CO2 the climate warms a bit; because of this more
water vapour evaporates. This, in turn, warms the atmosphere so more water gets evaporated. This is a
positive feedback but a limited one; the increments get smaller, not larger, so there is no runaway
greenhouse effect.
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If water vapour is the most important GHG, why does all the focus lie on CO2?
Water vapour is a "reactive” GHG with a short atmospheric lifetime of about one week. If awhole load of

extra water vapour is pumped out, it would not stay in the atmosphere; it would condense as rain/snow and
we would be back to where we started. The balance is dynamic of course; humidity of theair varies by place
and time, but it isa stable balance.

In contrast, CO2 has a long lifetime. It does not rain out (the surface temperature of the deep interior
Antarctica in winter can be colder than the freezing point of CO2; but this does not lead to CO2 snow
(because the freezing point is lower). So if there is extra CO2 the climate warms a bit; because of this more
water vapour evaporates. This, in turn, warms the atmosphere so more water gets evaporated. This is a
positive feedback but a limited one; the increments get smaller, not larger, so there is no runaway
greenhouse effect.

131



\O- Impacts of Climate Change

5.1 Background

Civilization has evolved during a period of remarkable climate | What are the consequences of climate
change?

) ) ] ) Climate change will have significant
era, a period of rapid and often unpredictable climate change. The impacts on our society and environment,
new climate norm is change. Today not only do we know that the | both directly and by altering the impacts
of other stresses.

stability, but this era is drawing to a close. We are entering a new

Earth is getting warmer, but we begin to see some of the effects of
higher temperatures. Mountain glaciers are reported to be melting  almost everywhere. Himalayan
glaciers that feed the rivers that irrigate the rice fields of Chinaand the wheat fields of Indiaare receding.

The attention of climate scientists is turning to the melting of ice-sheets of Greenland and West
Antarctica. If we cannot cut carbon emissions quickly enough to save these, then sea levels will rise 12
metres. Many of the world's coastal cities will be under water; over 600 million coastal dwellers will be
forced to move. The destructive effects of higher temperatures are visible on many fronts.

Since the end of the 19th century the Earth's average surface temperature has increased by 0.3-0.6 °C. Over
the last 40 years, the rise has been 0.2-0.3 °C. Recent years have been the warmest since 1860, the year when
regular instrumental records became available. A 2°C global warming would lead to a significantly
different world. Likely consequences would include more heat waves, fewer cold spells, changes in rainfall
patterns, and a higher global average rainfall, higher plant productivity in some places but decreases in
others, disturbances to marine and terrestrial ecosystems and biodiversity, disruption in food production in
some regions, rising sea levels, and decreases in Arctic ice cover. While aspects of these changes may be
beneficial in some regions, the overall impacts are likely to be negative under the present structure of global
society. A warming of 7°C would greatly transform the world from the one we now inhabit, with all of the
above impacts being very much larger. Such a large and rapid change in climate would likely be beyond the
adaptive capacity of many societies and species.
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Figure 19: Impacts of climate change

Some important aspects of our lives that can be affected through changes in weather patterns are discussed
here.

Agriculture
Climate change will affect agricultural yield directly because of alterations in temperature and rainfall, and

indirectly through changes in soil quality, pests, and diseases. As the temperature rises, conditions will
become more favourable for pests such as grasshoppers to complete a number of reproduction cycles
thereby increasing their population. In the higher latitudes (in the northern countries), agriculture will
benefit with the rise in temperature as the winter season will be shorter and the growing seasons longer.
This will also mean that pests will move towards the higher latitudes as the temperatures rise.
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Extreme weather conditions such as high temperature, heavy rainfall, floods, droughts, etc. will also affect

crop production.

Weather
A warmer climate will change rainfall and snowfall patterns, lead to increased droughts and floods, cause

melting of glaciers and polar ice sheets, and result in accelerated sea- level rise. Rising warmth will lead to
an increase in the evaporation of surface water; the air will also expand and this will increase its capacity to
hold moisture. This, in turn, will affect water resources, forests, and other natural ecological systems,
agriculture, power generation, infrastructure, tourism, and human health. An increase in the number of
cyclones and hurricanes over the last few years has been attributed to changes in temperature. Buildings
and other infrastructure would be vulnerable to any increase in the frequency of stormsand other extreme
events, which could also disrupt transport routes.

Water
All regions of the world show an overall net negative impact of climate change on water resources and

freshwater ecosystems. Areas in which runoff is projected to decline are likely to face a reduction in the
value of the services provided by water resources. The beneficial impacts of increased annual runoff in
other areas are likely to be tempered by negative effects of increased precipitation variability and seasonal
shifts in runoff, water supply, water quality, and flood risks. There could be large decreases in the availability
of water in many rivers because of lack of rainfall and snow. The volume in others would increase due to
glaciers melting, such as the rivers originating in the Himalayas. Shifts in water availability could also affect
hydropower generation, and industries such as paper, pharmaceutical, and chemical manufacturing, that
use large quantities of water.

SealLevel Rise
Coastal areas and small islands are among the most densely-populated parts of the world. They are also the

most threatened because of rises in sea level that global warming may cause. The heating of oceans, and
melting of glaciersand polar ice sheets, is predicted to raise the average sea level by about half a metre over
the next century. Sea-level rise could have a number of physical impacts on coastal areas, including loss of
land due to inundation and erosion, increased flooding, and salt-water intrusion. These could adversely
affect coastal agriculture, tourism, freshwater resources, fisheries and aquaculture, human settlements, and
health.

Forestsand Wildlife
Ecosystems sustain the Earth's entire storehouse of species and genetic diversity. Plants and animals in the

natural environment are very sensitive to changes in climate. The ecosystems that are most likely to be
affected by this change are the ones in the higher latitudes, the tundra forests. Polar regions will feel the
impact of warming more than others. Interiors of continents will experience more warming than the
coastal regions. Species that live in the high alpine zones will be forced to move higher up to find a suitable
habitat, thus reducing the area in which they can live. If the rate of climate change continues to accelerate,
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then the extinction of some mountain plants and animals is certain.

Similarly, climate change effects on forests are likely to include changes in forest health and productivity
and changes in the geographic range and migration of certain tree species. These effects can, in turn, alter
timber production, outdoor recreational activities, water quality, wildlife, and rates of carbon storage. Tree
growth rates may increase with increasing levels of atmospheric CO2, but these effects are expected to
saturate over time. At the same time, increased carbon storage by trees would remove more CO2 from the
atmosphere, whereas carbon losses through forest clearing would result in more CO2 entering the
atmosphere.

Marine Life
Corals are known as the tropical forests of the oceans and sustain diverse life forms. As ocean waters in the

tropics become warmer, the damage to coral reefs seems to be increasing. These corals are very sensitive to
changes in water temperature, which causes bleaching. Large stretches of the Great Barrier Reef in
Australia have been damaged by bleaching. Zooplanktons, small organisms that float on the sea surface, are
declining in numbers, reducing the number of fish and sea birds that feed on these organisms.

Health
Global warming will have wide-ranging health effects, including increase in heat-related mortality,

dehydration, spread of infectious diseases, malnutrition, and damage to public health infrastructure.

Direct Impacts
If the overall climate becomes warmer, it is anticipated that there will be an increase in the number

of deaths due to greater frequency and severity of heat waves and other extreme weather events.
The elderly, the very young, and those suffering from respiratory and cardiovascular disorders will
probably be more affected by such weather extremes as they have lesser coping capacity. An extreme
rise in the temperature will affect people living in the urban areas more because of the 'heat island'
effect of concrete constructions, and paved and tarred roads.

Indirect Impacts
Changes in the weather pattern can lead to changes in food production levels, increase in the

distribution of malaria and other vector-borne diseases. Fluctuations in temperature, rainfall, and
humidity can influence biological organisms and the processes linked to the spread of infectious
diseases. Geohydrological changes along the coastline, such as sea-level rise, would impact on
saltwater intrusion into the groundwater and the wetlands, contamination of water supplies, and
deaths and injury caused by intense flooding. Depletion of stratospheric ozone, which protects the
Earth from the harmful direct rays of the Sun, will result in higher exposure and an increase in the
incidence of skin cancer in light-skinned people. It could also lead to an increase in the number of
people suffering from eye diseases such as cataract, and cause suppression of the immune system.
Therewill be an increase in the habitat of disease-spreading insects such as the mosquito, causing
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an increase in the transmission of infection through these carriers. There are possible effects on
nutrition due to a loss in agricultural crops and changes in fish catch. There will also be health impacts
associated with population displacement.

Figure 20: Impact of Climate Change on Urban life

5.2 Impacts of Climate Change in Urban Areas

“For the first time in history, more than half the world's people are living in cities”. In the most recent phase
of the urban revolution, cities have grown beyond our capacity to manage them. This lack of capacity could
be further stressed by climate change. The general risks manifested by climate change would be intensified
in urban areas, since other environmental transitions in water, sanitation, and degradation are
simultaneously playing out. When taken in tandem with changes in population, these can seriously threaten
the urban culture that draws its economic and social sustenance from them.

The adverse impacts on agriculture, water, forests, ecosystems, and health in rural and peri-urban areas are
likely to further enhance the migration of huge populations to the cities in search of livelihoods and
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survival. Such migration, while being catalysed by “development” is also often seen as a threat by the same

forces of “development” in the city. In other words, as people desert the rural areas, more and more urban
areas are beginning to turn them away using specious arguments about poverty, criminality, and
environment. Thus, the city and the town will become critical spaces for social conflict over resources.

Low and middle income countries house three quarters of the world's urban population, and most of the
global growth in population in the next few decades will be in their cities and smaller urban centres. These
urban areas also have a large and growing proportion of the world's population most at risk from the
storms, floods, heat waves, and freshwater shortages that climate change is bringing or will bring.

Water
Already most towns and cities in India are experiencing critical shortages of water. Water is generally

supplied for one to two hours daily by municipal supplies and the quality is often questionable leading to a
brisk business in sale of bottled drinking water and water purification systems. The Central Water
Pollution Board estimates that there is not a single river system that carries potable water. As surface
sources (many of them established over a century ago) become inadequate, ground water is being
increasingly tapped and aquifer levels are falling dramatically everywhere with a collateral increase in
pollutants. The adverse impacts of climate change on total amount of and variation in rainfall and snowfall
are likely to be reflected even more in higher water stress in both quantity and quality in urban areas. This is
already leading to a search for new water sources further and further away from the urban area and the
hinterland is being depleted to fulfil the needs of the city.

Sanitation
With warmer climates, the need for water for drinking and cooling in urban areas will increase. As water

demand increases, there will be larger quantities of sullage and sewage that will greatly exceed the limited
capacity of urban bodies to treat them. Thus, there are likely to be large amounts of untreated waste water
that will further contaminate fresh water sources. With higher temperatures, bacterial action is also likely
to increase but, if there are anaerobic conditions because of lack of oxygen, then the results of biological
degradation will be even more toxic. This will be accompanied by ever growing mounds of garbage that
will contain an array of chemical and biological substances that are likely to affect human health. Hence, the
maintenance of sanitary conditions will acquire a criticality which urban local bodies will realise but will be
unable to do much about.

Land
Expanding cities and towns require more land, even if they were to resort to vertical growth, because other

than housing, the services and infrastructure for the city demand land. As climate change occurs it will
further add to the stress and competition over land — whether it should be used for settlement, for
manufacture, or for food. Higher temperatures and drier conditions also mean that the characteristics of the
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land will change, reducing its moisture content and productivity, and its ability to withstand large

variations. The degradation of the land will be hastened and as it gets covered over by cement and concrete
under the cities, its ability to nourish and sustain life, including recharge of ground water, providing
nutrients for vegetable and animal life, and maintaining even temperatures, will further deplete.

Air

Warmer conditions will affect the composition of the air, which will be changing in any case with more
pollutants being emanated from urban growth, including GHGs. This will impact on the erratic nature of
wind flows, greater diffusion of pollutants in the air, plumes from chimneys with wider dispersion, ability to
carry water vapour and other physical and chemical agents, and inversion patterns that affect weather
conditions such as smog and fog. Thus, the warm air will carry the growing load of pollutants to much
greater distances from the urban centre, affecting populations far afield in previously unaffected areas. As
tropical regions become hotter, and temperate zones begin to resemble sub-tropical ones, the contribution
of built-up urban conglomerations to warming will also increase.

Employment
Where the city was earlier seen as an “engine of growth” because it was a centre for manufacturing, it is

now transforming into a centre for high-end services, high use of energy, the creation of “information
technology”, and luxury consumption and recreation. In this manner, the nature of occupations in the city
is also changing with more work being offered in unorganised and informal sectors of the economy. With
global warming, this trend will intensify. More people will be required to service the city and keep its
economy alive, but the city will not be able to offer these people the stability that they desire. With the
growth of mechanisation and automation, much of this labouring class will also be considered to be
dispensable and their employment will be at the margins of the economy. Climate change will also offer
other urban work opportunities as technological innovations take place to match changing needs, but these
work opportunities will be irregular, insecure, and increasingly subject to market variations that
correspond to climate variations.

Transport
Transportation is a major contributor to GHGs because of the proliferation of private motorised modes.

The manufacture (and sale) of the car, in fact, is also seen as a key development indicator and contributes to
high GDP growth rates. Hence, urban areas are already congested with large numbers of motorised traffic
and this is likely to continue in future too for Indian cities. Both the growth of cars and two-wheelers, as
well as the accompanying infrastructure for signal-free traffic, will contribute to increasing climate change
and, in turn, global warming will demand that this transportation system be air-conditioned, leading to
further impacts on climate. In addition, walking and cycling will become increasingly more difficult under
warmer temperatures.
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Figure 21: Technological fixes don't go too far

One of the mitigation measures for climate change is to make technology efficient. E.g.: Private vehicles are
made efficient so that they create less pollution. The new cars may be more efficient than before, but they all
consume more road space (> 10 times what buses occupy, per passenger) as people will tend to buy more to
be able to satisfy his/her transport needs. More vehicles will lead to construction of wider roads or flyovers,
which in turnimply on more trees felling there by aggravating the long term impacts of climate change.

Food
The mushrooming growth of cities will also require more food from agricultural areas. But, with

production already reaching saturation limits with respect to soil nutrients and water availability, as well as
land being transferred to urban use, there will be a severe food crunch. New technologies for growing more
food will inevitably require even more energy and that will further add to the impacts of climate change.
Increase in temperatures will change agricultural cycles, crop maturation periods, and pest infestations,
leading to the lack of nutritious food for the majority of the urban working population. For the wealthy
food will then have to be preserved through cooling technologies, requiring more energy and contributing
to the production of GHGs.
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Education
The mode of transfer of knowledge from one generation to the next will be significantly challenged by

climate change because the new problems that are emerging will be sought to be addressed using the same
technical solutions that gave rise to the problems in the first place. For example, as the growth in motorised
vehicles emits more GHGs, the attempt will be to make more ‘efficient’ cars, but this will only promote the
greater sale of such vehicles. Hence, these solutions too will fail unless there is a paradigm shift in
knowledge itself, and in related fields of natural and social science and technology. Thus, there will be a
demand on educational systems to produce new knowledge and the practitioners of such knowledge, but
this will conflict with the inertia of the old knowledge still being imparted in the great urban universities
and research institutions, which shall largely remain cocooned from the actual changes in nature and
society.

Energy

Climate change will obviously demand that the carbon-emitting energy sources be reduced, while the
demand for energy is likely to go up. This will lead to a search for alternative sources of energy. But all
energy generation will eventually have to feed the current consumption pattern of all other resources, no
matter how ‘efficient’ the users become. And the new energies will be more costly than the older ones, while
coping with climate variability will also need more energy. Since urban centres are the major consumers of
energy, as also being the major emitters of GHGs, the diminished accessibility to cheap energy will affect
manufacturing, transportation, lighting and heating, cooking, and commerce — in short, the economic base
of the city will be transformed and urban dwellers will have to learn to cope with more expensive and scarce

energy.
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Figure 22: Impact of Climate change on water as a resource



Health

Increases in temperature and changes in the rainfall patterns and humidity are likely to deeply influence
disease vectors. For instance, mosquitoes and flies and other insects will have a more favourable climate to
survive in. As environmental factors also begin to change, urban local bodies will find it more and more
difficult to control water and air borne diseases. Increased variability in causal factors could make it easier
for epidemics to spread. Higher temperatures would lead to an increase in the ground-level concentration
of ozone and photochemical oxidants, thereby increasing air pollution problems. Transmission of disease
would be far faster in densely populated cities and towns, with municipalities being stretched to fulfil
demands for better sanitation and health services. The increasing trend towards privatisation of these
essential services, coupled with more expensive insurance, is likely to make the health impacts even more
unmanageable, thus contributing to the larger urban crisis.

Social and Economic fallouts
As the above sections on basic urban services and on environmental parameters such as air, water, and

health demonstrate, there will be critical shortages in the former and degrading practices in the latter that
will be deepened by adverse climatic changes. Not only will urban areas be affected by such changes, they
also largely contribute to such changes, thus completing the cycle of unsustainability. These will have
implicit impacts on economic conditions such as employment and access to services. In addition, those who
are wealthy enough to afford the rising costs of services and goods will be able to obtain them while the rest
of the urban population will have to do more with less. In this manner, the cleavage and distance between
rich and poor in the cities and towns will sharply increase and become so clear that it will also give rise to
increased social conflict as one section continues with its profligate lifestyle while the larger mass struggles
to survive. The sustainability debate will, paradoxically, be dominated by the desire to sustain the
unsustainable practices of the affluent.

Governance
In the deepening social and economic crisis, the issue of how to govern a disparate society will come to

occupy centre stage. Already urban management has become a matter of considerable concern and many
institutions are attempting to grapple with the problem of “good governance”. But this concern is rooted in
two conflicting themes. One is how to maintain the lifestyle of the rich and not-so-rich and their
consumption patterns. The other is how to control the increasingly restive (and marginalised) poor. One
obvious answer to both is manifested in the “gated” colonies that characterise present-day Indian cities as
the affluent strive to shut themselves off from the social tumult, while the state apparatus becomes
increasingly violent and oppressive towards the aspirations of the poor. But climate change will impact on
this too because it is not something that can be tackled through local effort alone. It will demand an
international campaign and thus the globalisation of the economy has to be accompanied by the
globalisation of politics and governance too. Hence, local conflicts will merge into much larger supra-
national antagonisms and the negotiations over climate change will become sharper and more bitter —
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particularly in urban areas where the forces of democracy will have to contend with the forces of

domination.

5.3 India's Urbanisation and Market-driven Regimes of Urban Renewal
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Figure 23: Urban Renewal- A farce?

Urbanisation in India is both a necessary requirement for, and an inevitable consequence of, growth. Given
the past behaviour and continuing emissions of Annex 1 countries, especially since the Kyoto Protocol, itis
almost inevitable that we shall see significant adverse impacts of climate change on the developing nations
too, with increased migration pressures, especially of eco-refugees, accompanied by hostile processes that
discourage migration to cities. The ability, though, to control these impacts is limited by the inflexibility of
cities to change their basic structure quickly. This also implies that mitigation action may already be too late
for most of the Indian population, who will be forced to adapt to changes in their physical, resource, and
built environment. A series of coordinated actions will be necessary from the household to the
international domain, to bring about a transformation in material and energy use and in patterns of
consumption, savings, investment, and social behaviour.
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Thus, the cities could also hold the key to slowing and eventually stopping global warming. Keeping global
warming within safe limits demands energy-efficient urban buildings and production systems and urban

lifestyles that are not carbon-intensive. It is generally argued that it is up to high-income nations — the
biggest contributors to GHG emissions past and present — to show how such a transformation can take
place. However, it may also be reasonable to consider that those who have created the problem may not be
the best equipped to find the solution, particularly if they will not wish to change their lifestyles but only to
emphasise technology-based mitigation. Hence, action has to be also initiated in the urban areas of low and
middle income countries, partly through mitigation to curb GHG emissions, but essentially by promoting
existing lifestyle practices — in building design, transportation, water supply, institutions, and social values
—asappropriate adaptive measures to the serious risks that climate change brings.

Under these conditions, the immediate primary concern for India should be to ensure that our cities adapt to
adverse climate conditions and privilege such indigenous adaptation efforts over mitigation actions that are
dependent upon technology imports from the developed nations. Also, these adaptive mechanisms are likely
to be much more prevalent in those who consume lesser resources. But in this effort, we are constrained by
the existing 'development’ frame of our urban local bodies and their inability to integrate the work of
different agencies that would need to respond to the challenges posed by climate change. The exclusion of
those who consume less from the decision-making institutions also considerably reduces their effectiveness.

At the same time, current policies are driving Indian cities of various sizes along a different 'renewal’ path
of “world class cities” to function as nodes of circulation of global finance and hi-tech activities of adiverse
nature, while the implicit objective is to make them investor-friendly, acceptable to global credit rating
agencies, and geo-strategic points for corporate expansion. To achieve this, a homogenised planning vision
is being floated at the behest of global finance, ushering in a new era of intense gentrification of the urban
space and recasting of the urban form and governance to favour the rich. A new imagery of central spaces
from which the marginalised are excluded has aggravated the contradictions between high-resource use by
the upper classes and deprivation of resources for the large majority of urban dwellers.

Despite policies that tried to disperse industrial activity through licensing and to discourage urban
concentration with long-range master plans (Mohan 2006), populations have concentrated in large cities.
With deregulation of business, the opening of foreign trade, and investment in and reforms to capital
markets, market forces and provincial policies currently determine industrial locations. The provinces'
rising economic relevance has favoured an Asian-style development of administrative centres (Mohan
2006), in which the provinces have been reluctant to decentralize power to the cities. Urban local bodies
typically have limited and inflexible taxes, and depend on provincial governments to bridge the revenue
gaps. Politically, cities do not have a strong elected leadership: provincial bureaucrats administer most
cities. Elected politicians do have some control over local budgets, but these are meagre, with much of the
expenditure and service provision routed through provincial agencies and “parastatal” or
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quasi-governmental agencies.

These urban characteristics have critical implications. While bigger cities are more complex, they can also
develop the capacity to tackle looming urban challenges; however, provincial control will determine if and
where that development takes place. Until basic entitlements, services, and quality of life are ensured for the
bulk of India's urban residents and the vulnerability of the rest reduced to acceptable levels, little or no
public and community-based structural mitigation action is likely. Urban mitigation activities typically will
be led by enterprises and large public utilities that seek carbon offset-linked financial and economic
incentives.

In the near term, the focus in Indian cities, neighbourhoods and communities will need to be on adaptation
to climate change. The primary challenges here will lie in better and more accountable city governance,
democratic decentralization improving the functioning of public institutions, and the re-creation of the
“commons” through multiple political and institutional struggles. Technical, purely economic, or even
institutional “fixes” typically will fail to deliver results unless local, democratic, political and socio-cultural
processes are engaged with around the themes of equity, social justice, local “voice” and “agency”. Given the
“distance” between these concerns and those of the global climate change debate, a rather different set of
strategies should probably emerge in India than those currently envisaged.
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Figure 24: Appropriation of the commons




6 - Vulnerability: Who is going to be most affected?J

6.1 Background

Climate change has the potential to push entire communities and societies beyond their capacity to respond.
Already, across the world, staple crops are approaching the limits of the viable temperature ranges within
which they grow; erratic rainfall patterns and changing seasons are upsetting agricultural cycles and
bringing down productivity; and rising sea levels are causing the inundation of coastal belts and the
salination of fresh water supplies. A country's vulnerability to these kinds of changes is decided by the
presence of appropriate measures for mitigation and adaptation. The IPCC's Fourth Assessment Report
defines “vulnerability” as the degree to which a system is susceptible to, and unable to cope with, adverse
effects of climate change, including climate variability and extremes. However, vulnerability could have
different meanings in different contexts, and one of the challenging tasks that lies ahead is to develop a
conceptual framework to assess vulnerability within a specific context.

Itis generally accepted that poverty, more than any other factor, determines vulnerability to climate change
and limits to adaptive capacity. Access to and control over land, money, credit, information, health care,
personal mobility, and education should combine to determine the ability to survive and recover from
disasters and to make long-term changes and investments to adapt. Existing gender inequalities would also
combine with poverty to magnify women's vulnerability to climate change and undermine their ability to
adapt to extreme situations. It has been argued that climate change risk in most cities is typically associated
more with vulnerability than with actual exposure to hazard (Revi 2008). The multiple ways through
which climate change can impact Indian urban residents are given below:

> Lossof livelihood opportunities —and hence, income; short- and long-term displacement or loss of

health and ability to work

> Loss of community and informal social safety nets due to dislocation, displacement, or forced
migration

> Reduced resilience to future shocks and coping capacity due to frequent risk exposure, negative net

incomes, and livelihood and asset loss
> Reduced access to affordable public services leading to higher coping costs and lower ability to

spend on basic needs
> Inability to repay debt and resist exploitation by organised financial and political structures that
expand intimes of crisis

Taken together, this forms a body of mechanisms through which vulnerable households fall in or out of
poverty due to income or asset shocks (Fuente et al 2008).

6.2 Vulnerability in an Unequal World

Acknowledging that unequal ability to cope with climate change is emerging as a powerful driver of wider
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inequalities between and within countries, the IPCC report exhorts the developed countries to incorporate
adaptation to climate change into poverty reduction programmes that they support in developing
countries. But the fact remains that most of the developed countries themselves will have failed to reach
even the modest targets set by international agreement — an average reduction of 5.2% by 2008-12 from
1990 levels in the Kyoto Protocol. In parallel to this, the range of policies proposed to “fight” climate
change is in the nature of minor changes in the business-as-usual situation which, surprisingly, the authors
of the report seem to think will get the world off the hook. These are, among others, carbon taxation and
cap-and-trade schemes, stronger regulatory standards like tougher standards on vehicle emissions, sup-
porting the development, trade, and use of renewable energy, carbon capture and storage, replacing fossil
fuel generation of electricity by nuclear power plants, bio-fuels, and the transfer of low carbon technologies

to developing countries.

Jevons Paradox:

. Hybrid Car Example
Cost of Driving

25 miles

$4
(regular car)

BE L e Ry
(hybrid car) © 150 miles imore
. o ==
250 400 # of Miles Driven
(original (new (miles/week)

driving habit) driving habit)

Source: greenimalist.com

Figure 25: Jevons Paradox

Explanation: The savings in cost (due to improvement is efficiency) is offset by adding more miles of
travelling by a consumer and doesn't decrease the miles travelled. This means now more fuel is burnt for
longer journeys at the cost of cheaper travel.
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Efficiency has always led to more production and consumption. That's good for manufacturers and maybe
good for consumers, but if the problem is energy consumption or pollution, it's not good. The most
commonly cited example is in lighting. As the Encyclopedia of Earth puts it, “For instance, if a 18W
compact fluorescent bulb replaces a 75W incandescent bulb, the energy saving should be 76%. However, it

seldom is. Consumers, realizing that the lighting now costs less per hour to run, are often less concerned
with switching it off; in fact, they may intentionally leave it on all night.”

Technical fixes of the kind proposed above are unlikely to alleviate the problem substantially since,

19y

according to the “Jevons paradox ™, gains in efficiency, given the logic of the market, invariably lead to an
expansion of output, which requires an increase in the throughput of energy and raw materials, in turn
straining the resource base of the biosphere. In other words, the more the technical efficiency of a product
grows, the more the product will sell, and the greater will be the cumulative increase in energy use and
emissions. Hence, a sort of convergence towards equal and low per capita emission allotments is required,
keeping the world's average per capita emissions in line with what can be sustained by the ecology. A radical
change in the ecological and social landscape of current development practice has to be examined,
particularly if we are to cope with the impacts of climate change. This demands an approach to modify
human behaviour within the limits set by nature. Adaptation is therefore, a process whereby people can

make informed decisions about how to minimise their resource use, rather than maximise their efficiency.

In such a context, the marginalised sections and the poor, so far considered more “vulnerable” in the
international debate, might actually be the ones who are the least vulnerable when it comes to adapting to
change and improving the flexibility of their survival practices. What climate change will undeniably do is
cause, or amplify, events that hasten the reduction of resources. Those sections of the society which are
heavily dependent on extensive and intensive uses of resources such as water, land, energy etc are also the
ones who would be more adversely affected by resource crunches caused by climate change-induced urban
stress. On the other hand, those who are already surviving within a scarcity of resources are likely to be far
more capable of adapting to yetanother diminution of their resource base. In fact, the lifestyle patterns and
livelihoods of the urban poor may come to be considered as the “best practice” to deal with the challenges
posed by climate change. This is also related to earlier notions of social justice and equality.

6.3 An Ecological Turning Point

According to the IPCC, “Warming of the climate system is unequivocal, as is now evident from
observations of increases in global average air and ocean temperatures, widespread melting of snow and
ice, and rising global average sea level”. Global warming is squarely attributed to human activities.

“In economics, the Jevons paradox, sometimes called the Jevons effect, is the proposition that technological progress that increases the
efficiency with which a resource is used tends to increase (rather than decrease) the rate of consumption of that resource.
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Even if the concentrations of all GHGs and aerosols had been kept constant at year 2000 levels, a further
warming of about 0.1°C per decade would be expected. Continued GHG emissions at or above current rates

would cause further warming and induce many changes in the global climate system during the 21st
century that would very likely be larger than those observed during the 20th century. According to leading
climatologists, with respect to global warming, the critical threshold has already been crossed. The
question then of what needs to be done arises, the urgency of which cannot be overemphasised.

Asapartof global negotiations and solutions in the form of mitigation efforts, the usual technical fixes are
on offer. There has also been much bickering over who are the bigger culprits. Clearly, the material
throughput that supports the wealthy, whether at the level of the individual or at the level of a social class
or a nation, is many times more than what sustains a poor person, the labouring poor, or a developing
country. So, for instance, India and other newly industrialising countries have constantly held that their per
capita emission of carbon dioxide is a mere fraction of that of the USA. But this kind of argument really
abstracts from the dynamics of production and distribution, and wealth and power at the global, national
and local levels. The real problem is the ever greater commoditisation of everything around us — land,
natural resources, and human labour — in the drive towards the private accumulation of capital, which has
created “a rift in the metabolism between society and nature” (John Bellamy Foster, The Ecological
Revolution (Monthly Review Press, 2009),), bringing the “issue of ecological sustainability” to the fore
(http://wa.greens.org.au/EcologicalSustainability). This commaoditisation reflects very clearly even in the
solutions developed, discussed, and adhered to in the form of technology-driven mitigation efforts.

But ever-increasing consumption, which is the very basis of market based growth, or development, is not
sustainable; sooner or later societies will have to give it up. However, urban institutions, that mainly react to
problems, lack evaluation systems that can anticipate changing dynamics of risk as well as the emergent
urban vulnerabilities. A singular focus on climate information or on tool development, while good for
science, does not automatically lead to risk reductions in the real world. It is only by coupling adaptation
efforts with the 'best practices' revealed by those who are marginalised and have been considered the most
“vulnerable” so far, can societies develop the resilient institutions that will be badly needed to serve them, as
development and climate risks grow in the future.
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Figure 26: Increase in consumption patterns of consumer goods



. - The concept and economics of mitigation

7.1 Combating the Warming

Carbon emissions are directly proportionate to a country's level of economic development. Rich countries
consume more energy and have higher emission levels and poor countries consume less and have more
modest emissions. It is unlikely that developing countries would agree to absolute cuts in carbon emissions
because such cuts would impose limits on the pattern of economic growth that they are following and that
have been borrowed from the “developed” countries, particularly in the ambit of a ‘globalised’ economy:.
Thus, the development of a simple and straightforward method to deal with the sharing of the burden of
mitigation continues to be the key challenge in global climate governance. There have been a number of
approaches to this question but most of them have been dominated by the perception that emissions of
GHGsare fundamentally aform of pollution causing environmental damage that must cease at the earliest.
This foundational perception has been the basis for the wide-spread view, especially in developed nations,
that large emitters, irrespective of whether they are developed or developing nations, must participate in
climate change mitigation immediately.

On the other hand, developing countries have, in general tended to argue from a position that has effectively
counter-posed environmental concerns to the 'need' for development, while attributing historical
responsibility for global warming to the developed nations. From such a point of view, the developing
countries' position has tended to appear as an argument for the need to continue polluting as it were, laying
the large developing nations, in particular, open to the charge of being unmindful of the threat of global
warming while pursuing a fossil-fuel based development paradigm. However, the developing countries'
position, while undoubtedly justified in many ways, has neither fully satisfied the environmentally
conscious sections of global public opinion nor has it helped to engage the developed nations on their
demand for immediate action by the large developing nations.

Unfortunately, the policies to prevent further warming up of the globe are guided by the Kyoto Protocol,
which has been significantly influenced by corporate interests to prevent any effective regulation of
economic growth. As per the IPCC and other scholars, the cut down of GHGs needed is 60-90%, whereas
currently it stands at 5% of the 1990 levels because the entire process has been ruled by industry with
instruments like Carbon Trading, Carbon Sinks, and Clean Development Mechanisms, which promote and
subsidise monoculture forestation, landfill gas extraction, nuclear energy facilities, and hydroelectric dams
in the name of friendly solutions to climate change. All these 'solutions' can be seen as putting the
environment and society to greater jeopardy, particularly as the impact of Climate Change grows. The
intentions of the policies are to reduce atmospheric carbon emission, but they are more likely to generate
greater poverty and making adaptation even more difficult for the poor.

The South has long argued that the Northern countries should shoulder the prime responsibility for
making cuts in GHG emissions because they are the ones who have created the problem of global warming
—and the 'developing’ world cannot be expected to forgo its 'development’ options in order to correct the
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problem. The world's richest countries, with 20% of the world's population, emit 60% of the world's global
warming gases and, in the interests of justice, protocols and policies should address this inequality.
However, as British Commentator Peter Jay has commented, "Obviously, the huge gap between rich and
poor countries in terms of current per capita emissions cannot be closed overnight or even in a decade or

two. But, unless there is some recognition that eventually no one group of human beings should expect to
have an internationally recognised right to consume more of the world's limited capacity to absorb GHG
emissions (and other global pollutants) than any other group, it is hard to see how a globally effective policy
can be built by international consent.”

William D. Nordhaus of Yale University, in his analytical piece —"After Kyoto: Alternative Mechanisms to
Control Global Warming”, has stated, “The fundamental defect of the Kyoto Protocol lies in its objective of
reducing emissions relative to a baseline of 1990 emissions for high-income countries. This policy lacks any
connection to ultimate economic or environmental policy objectives. Quantity limits are particularly
troublesome in a world of growing economies, differential economic growth, and uncertain technological
change. These problems have become evident under the Kyoto Protocol, which set its targets thirteen years
before the control period and used baseline emissions from twenty years before the control period.”

THE | SIVE "WHO CARES?” UNIT

PROUDLY PRESENTS:

GIE Her, MoRE
OXYGEN AT oNCE
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Figure 27: Kyoto Protocol
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The various mechanisms adopted under Kyoto for providing incentives to mitigate global warming are:

World Carbon Market has been developed to limit emission of GHGs, and it was estimated at $60 billion
in 2008, while a growth of another 80% is expected by 2011. It promotes Emission Trading (also known as
cap and trade) by issuing 'credits' to permit industries to emit a specific amount of GHGs, and if any
industry or firm exceeds its 'cap’ then it has to buy more 'credits' from a low polluting one.

Clean Development Mechanism allows companies in industrialised countries to acquire certified
emission reductions (CER) from mitigation projects in developing countries, under the supervision of a
Designated National Authority (DNA). Individuals, companies and organisations can also purchase Carbon
Offsets, to demonstrate Corporate Social Responsibility (CSR) and personal integrity.

7.2 The appropriateness of the above mechanisms
Capand Trade

The practice of carbon trading was implemented by the Kyoto Protocol as a strategy for tackling climate
change, while allowing business-as-usual in industries that profit most from the use of fossil fuels.
Essentially, governments made carbon pollution a market commodity by issuing tradable pollution permits.
As the theory goes, the amount of permits issued would be decreased year by year and carbon emissions
would reduce correspondingly. The world's largest cap and trade system is in Europe and it has been an un-
mitigated failure, beset by fraud and market manipulation. The market includes large industrial power
stations, plants and factories, which comprise just under half of Europe's total CO2 emissions. Over 90% of
permits are issued free of charge, yet some power companies have raised prices to “compensate” for the
costs of the scheme, resulting in windfall profits expected to reach $80 billion by 2012. At the same time, a
majority of companies have received more permits than their actual emissions, leading to bargain-
basement prices for the remaining permits and little incentive to limit emissions. To make matters worse,
emissions monitoring is woefully inadequate: nearly half the emission sites that purchase carbon credits in
Europe are not satisfactorily monitored.

Proponents say these problems can be fixed, but there are more fundamental issues. With short-term
reductions in carbon emissions relatively inexpensive in carbon trading markets, there is little incentive for
crucial long term changes and investments that will be needed to create a post-carbon economy.
Furthermore, because cap and trade systems leave everything to the market, they can exacerbate pollution
inequities. For example, the sulphur dioxide trading market in the USA has led to increases in pollution in
some low-income communities and communities of colour as industries decide to concentrate pollution in
areas with less rigorous environmental enforcement and lower “political costs.” Since the cost of reduction
foraparticular amount of CO2 islow in the developing world, such trading also enables the polluting
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countries to purchase credits rather than reducing emissions. At a time when poorly-understood and
experimental markets dominated by powerful interests have thrust millions of households into foreclosure,
with the world in the worst global recession in decades, do we really want another opagque commodity
trading market?

Most troubling, cap and trade creates an experimental new system of private property rights. Corporate
balance sheets and legal statutes record carbon permits as property in the same way government-issued
patents or land grants are accounted for. When the most powerful actors in society are given additional
property rights, their ability to shape our future is further entrenched. The vast majority of carbon trades
are made by either energy producers seeking protection from fossil fuel and currency price fluctuations, or
by specialist traders seeking speculative profit, rather than by companies concerned with meeting their
“caps.” Cap levels and trading rules are the product of endless lobbying by companies and countries trying
to retain their high allowances. Europe intends to fill some of the holes in the system — for instance, by auc-
tioning off some permits rather than just giving them away. But the fact remains that carbon trading does
not address rising pollution levels, it simply hands over acrisis to be played out in the marketplace.

Source: www.allvoices.com

Figure 28: Cap and Trade Mechanism

Carbon Offsets
Carbon offsets, instead of reducing pollution, actually pay for a carbon “reduction” project elsewhere.

Offsets compound all of the problems of the cap and trade system — literally a license to pollute beyond the
allotted “cap”. Nearly all of the technologies described elsewhere in this booklet have received funding as
offsets, their associated abuses enabled by, and enabling, coal, oil and gas companies who wish to carry on
polluting. Carbon trading is the architecture supporting all other false solutions.

L [53]
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The Kyoto Protocol's “Clean Development Mechanism” (CDM) is the largest offset market in the world. As

part of the Kyoto Protocol, it was established to allow wealthy polluting countries to “buy” cheaper carbon
reductions in developing countries instead of making emission cuts at home. CDM is an attractive subsidy
for big business, with reduction credits frequently being sold to support projects that would have happened
anyway. The CDM is abillion-dollar market and continues to expand into new methodologies and schemes.
This practice is anything but “clean” — it results in a net increase in pollution and displaces responsibility
away from polluters.

Countries and companies selling offsets have an incentive to over-report emissions reductions in order to
obtain more credits to sell. This type of manipulation will be further encouraged by new speculative
markets in carbon offsets, which have been pioneered by Goldman Sachs and other investment banks that
have recently begun marketing carbon-backed securities and sub-prime (junk) carbon bonds. Offsetting
encourages us to think we can buy our way out of climate catastrophe, but the reality is that offsets are a way
for large polluters to continue dangerous levels of pollution within a new legal framework. Not only are the
vast majority of offset projects socially and environmentally unjust, they distract us from the larger
structural and social changes that need to happen to create a sustainable society. Clean Development
Mechanism typifies the international approach that links support to reductions in GHG emissions.
However, such mechanisms deny the uncertain and complex linkages between actions and outcomes —
particularly as manifested in countries like India.

7.3 The economics of development and environment

Environmental Kuznets Curve
The international debate on mitigation is based on the premise that economic development eventually

reduces environmental damage when sufficient wealth and technology allows nations to adopt clean
production methods and move towards a service-based economy. Further, environmental quality is
generally considered a “normal good” — meaning that people will demand more of it as they become
wealthier. The Environmental Kuznets Curve (EKC) hypothesis posits an inverted U-shaped relationship
between economic development and environmental damage, where per capita environmental damage
increases in the early stages of economic development, reaches a maximum, and then diminishes as a nation
attains higher levels of income. The important question here is that does this principle really work? The
proponents of the idea say that the above occurs at different stages of the development process. But
evidence suggests that the EKC relationship does seem to hold for some pollutants, but not for many others.
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Figure 29: Environmental Kuznets Curve

The Environmental Kuznets Curve (EKC) hypothesis posits an inverted U-shaped relationship between
economic development and environmental damages. According to this logic, environmental damage per
capitaincreases in the early stages of economic development, reaches a maximum, and then diminishes as a
nation attains higher levels of income. If the evidence supported this hypothesis, then it would imply that
economic development will eventually promote a cleaner environment.

Studies of municipal waste and energy use find that environmental impacts generally continue to rise as
incomes rise. Perhaps most importantly, carbon dioxide emissions can be generally expected to increase as
economies grow, unless current dependence on fossil fuel energy is drastically altered. Thus economic
development alone appears unlikely to provide a guaranteed path towards environmental sustainability.
The relationship between economic development and the environment is, in reality, more complex. For
example, between 1970 and 2006, in the United States of America, inflation-adjusted GDP grew by 195%,
the number of cars and trucks in the country more than doubled, and the total number of miles driven
increased by 178%. However, during that same time period, regulatory changes meant that annual
emissions of carbon monoxide fell from 197 million tons to 89 million, nitrogen oxides emissions fell from
27 million tons to 19 million, sulphur dioxide emissions fell from 31 million tons to 15 million, particulate
emissions fell by 80%, and lead emissions fell by more than 98%.

However, there is little evidence that the relationship holds true for other pollutants, for natural resource
use, or for biodiversity conservation. For example, energy, land, and resource use (sometimes called the
"ecological footprint™) do not fall with rising income. While the ratio of energy used per unit of GDP
growth has fallen, total energy use is still rising in most developed countries. Another example is the
emission of many GHGs, whichis much higher in industrialised countries. In addition, the quality of many
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key "ecosystem services" such as freshwater provision and regulation (Perman et al, 2003), soil fertility, and

fisheries have continued to decline in developed countries. Most definitions of sustainable development also
focus on the imperative of reducing economic inequalities along with preserving the environment, and the
index of average per capita income does not make this inequality explicit. In other words, while some
people may appear to benefit from economic development as well as environmental improvements, the
majority may be paying the costs for both.

Criticisms of Environmental Kuznets Curve (EKC)
Critics argue that even the USA is still struggling to attain the income level necessary to prioritize certain

environmental pollutants such as carbon emissions, which have yet to follow the EKC. With other
pollutants however, like sulphur dioxide, production seems to coincide with a country's economic
development and at a certain threshold level of income a mitigation of environmental damage occurs. This
could be related rather than causal, because economic growth without institutional reform does not
accomplish this environmental improvement. It appears that with GDP growth, government policies are
strengthened and populations experience a rise in their demand for improved environmental quality. It may
be the case, however, that regulation in relatively wealthy countries simply shifts the production and
pollution to less-regulated, poorer countries; if this is true, the total cost of the negative externalities of
production (or of environmental degradation) remains the same or is larger, but since the burden is now
transferred to the developing nation, the EKC of the wealthier country seems to follow the theoretical path.

As a country develops, the marginal value of cleaning up pollution can make a visible improvement to the
quality of citizens' lives. However, reducing carbon dioxide emissions does not have a dramatic impact at a
local level, so the impetus to clean them up is only for the altruistic reason of improving the global
environment. This becomes a tragedy of the commons where it is most efficient for everyone to pollute and
for no one to clean-up, and everyone is worse as a result (Hardin, 1968). Thus, even inacountry like the USA
with a high level of income, carbon emissions are not decreasing in accordance with the EKC. Arik
Levinson argues that the theoretical "inverse U" shape is actually an "N" shape over the longer-term since
pollution increases as a country develops, decreases once the threshold GDP is reached, and then begins
increasing again as national income continues to increase. While this finding is still being debated, it could
prove to be important because it poses the critical question of whether pollution actually begins to decline
for good when an economic threshold is reached or whether the decrease is only in local pollutants and
pollution is simply exported to poorer developing countries (Suri and Chapman, 1998); and as the world's
poor nations develop, they will have no place to export their pollution.
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7.4 National Action Plan on Climate Change

India is a country which is and will continue to be severely impacted by Climate Change precisely at a time

when itis confronted with huge development imperatives. The Indian Government has put forward its own

perspective on Climate Change issues and how it should be tackled. It is their view that the planetary

atmospheric space isacommon resource of humanity and each citizen of the globe has an equal entitlement

to that space. The principle of equity, therefore, implies that, over a period of time, there shouldbea
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convergence in per capita emissions. Any global Climate Change regime which results in merely freezing
the huge divergence in per capita emissions will not be acceptable on grounds of equity. Furthermore, in
tackling the challenge of Climate Change, both production and consumption patterns need to be addressed,

with a willingness to address lifestyle issues. It has flagged the important issue of 'Adaptation’ to Climate
Change that has already taken place, and will continue to take place in the foreseeable future, even in the
most favourable 'Mitigation' scenarios. India is already subject to a high degree of climate variability
resulting in droughts, floods, and other extreme weather events which compels it to spend over 2% of its
GDP on Adaptation and this figure s likely to go up significantly.

In June 2008, the Indian Government announced the National Action Plan on Climate Change (NAPCC)
which incorporates its vision of sustainable development and the steps it must take to realise it. The
document was intended to provide a concrete road map detailing how India plans to move forward in
combating climate change. The Plan, while recognising the immense threat posed by climate change, starts
by first and foremost marrying climate change to development concerns in no uncertain terms. The very
first line states, “India is faced with the challenge of sustaining its rapid economic growth while dealing
with the global threat of climate change.” Thus the goal is development, and climate change is a major
problem, not least because it could hurt development targets. In the NAPCC, the Government has lauded
the informal sector as the backbone of India's recycling system and affirmed its role in emissions
abatement. It has signalled an awareness of the importance of climate change mitigation and adaptation
while resisting national emissions reduction targets. The Government has campaigned instead for per
capita GHG accounting and the right to pursue economic growth. The NAPCC thus seeks to identify ways
in which India can pursue economic gains while also achieving

climate-side benefits. Action Plan on

India's National
Climate Change

The Plan document elaborates a unique approach to reduce the | Incharting outa development pathway

stress of climate change and uses the poverty-growth linkage to
make its point. It has identified eight core “National Missions”
running through 2017. Emphasising the over-riding priority of
maintaining high economic growth rates to raise living standards,
the Plan “identifies measures that promote our development
objectives while also yielding co-benefits for addressing climate
change effectively.” It says these national measures would be more
successful with assistance from developed countries, and pledges

which is ecologically sustainable, India
has a wider spectrum of choices precisely
because it is at an early stage of
development. Our vision is to create a
prosperous, but not wasteful society, an
economy that is self-sustaining in terms
of its ability to unleash the creative
energiesof our people and is mindful of
our responsibilities to both present and
future generations.”

that India's per capita GHG emissions “will at no point exceed that of developed countries even as we

pursue our development objectives.”

The guiding principles of the Planare:
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> Inclusive and sustainable development strategy to protect the poor
> Qualitative change in the method through which the national growth objectives will be achieved i.e.

by enhancing ecological sustainability leading to further mitigation
>  Costeffective strategies for end-use demand side management
> Deployment of appropriate technologies for extensive and accelerated adaptation, and mitigation

of GHGs
Innovative market, regulatory, and voluntary mechanisms to promote Sustainable Development
> Implementation through linkages with civil society, local governments and public-private

partnerships
> International cooperation, transfer of technology and funding

The implementation of the Action Plan will be through the following eight National Missions that will be
responsible for achieving the broad goals of adaptation and mitigation:

National Solar Mission: Development and use of solar energy for power generation and other
uses in order to make solar energy competitive with fossil-based energy options; establishment of a
solar research centre; increased international collaboration on technology development;
strengthening of domestic manufacturing capacity; and increased government funding and

international support.
National Mission for Enhanced Energy Efficiency: Tradable Certification of energy efficiency

and fiscal measures; energy incentives, including reduced taxes on energy-efficient appliances;
financing for public-private partnerships to reduce energy consumption through demand-side

management programs in municipal, buildings and agricultural sectors.
National Mission on Sustainable Habitat: Promotion of energy efficiency as a core component

of urban planning; Energy Conservation Building Code; Urban Waste Management — electricity

from waste; modal public transport.
National Water Mission: Improvement in water use efficiency through pricing and other

measures.
National Mission for Sustaining the Himalayan Ecosystem: Conservation of biodiversity, forest

cover, and other ecological values in the Himalayan region.
National Mission for a Green India: Afforestation of 6 million hectares of degraded forest lands

and expanding forest cover from 23% to 33% of India's territory:.
National Mission for Sustainable Agriculture: Support climate adaptation in agriculture

through the development of climate-resilient crops, expansion of weather insurance mechanisms,

and agricultural practices.
National Mission on Strategic Knowledge on Climate Change: Setting up a Climate Science

Research Fund; improved climate modelling and increased international collaboration;
encouraging private sector initiatives to develop adaptation and mitigation technologies through

venture capital funds.
50
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Figure 31: Various Missions on climate change- the thought that goes behind

The NAPCC also describes other ongoing initiatives, including:

> Power Generation: The government is mandating the retirement of inefficient coal-fired power
plants and supporting the research and development of IGCC and supercritical technologies.

> Renewable Energy: Under the Electricity Act 2003 and the National Tariff Policy 2006, the
central and the state electricity regulatory commissions must purchase a certain percentage of
grid-based power from renewable sources.

> Energy Efficiency: Under the Energy Conservation Act 2001, large energy consuming industries
are required to undertake energy audits and an energy labelling program for appliances has been
introduced.

Evaluation

Though it is commonly agreed that the NAPCC represents a significant step forward, in that it is the first
systematic attempt by the Government to frame a comprehensive policy framework to deal with climate
change, most believe that it is insufficient and lacking in vision and real measurable targets. One of the
strongest criticisms have come from civil society organisations that give the NAPCC “a B+ for effort, and a

D for vision” and argue that:
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The NAPCC just takes a number of the Government's existing National Plans for water,
agriculture, renewable energy, energy efficiency, etc. and combines them with a few additional ones,
rather than formulating a new “well-thought through 'strategy' chalking out a discernible low-

carbon pathway for India.”
It relies too much on out of date IPCC projections and not the best currently available climate

science, thereby leading to a lack of urgency.
The NAPCC lays the blame on developed countries without taking enough ownership for India's

problems.
It has a lack of clear targets and timetables for action thereby showing a lack of seriousness in the

Government's commitment to dealing with climate change. The only targets are vague, such as, “at
no time during its development will India’s per capita emissions surpass those of the developed

world”.
Thereisalack of focus onforest conservation as opposed to afforestation.
The NAPCC suggests glacier melt might not be caused by climate change and that further study is

needed.

Other criticisms include:

>

v

\7

Y

Lack of clarity with regard to roles and responsibilities. How is the NAPCC to reach citizens all
over India? Who will be responsible for interpretation and translation of the document and its
objectives? Who will fund the national outreach/public awareness programmes? These and other

questions are notanswered.

There has been no stakeholder consultation during the framing of the NAPCC. No opinions were
taken from a broader community of experts, citizen's groups, civil society; etc.

NAPCC does not adequately analyse regional or global views. It does not mention the deadlock in
the international arena on climate change.

Sectoral and ministry-bound approaches (like NAPCC) to problems have till date kept climate
change risks out of our national development policies.

Policy is limited by what contributes to the development process and also by political concerns like
elections.

NAPCC does not outline adefinitive strategy of how to take the eight Missions off the ground.

The Government has not clearly stated how it will finance the plan, it does not talk of any concrete

financial mechanisms, nor does it set out a budgetary allocation process.




Source: http://www.britishcouncil.org/srilanka-projects-700x530-cartoon-contest-237.gif

Figure 32: "As you sow, so shall you reap™

Other analysts have commented that climate change negotiations should remain focussed on addressing the
grave implications of Climate Change and should not impose conditionalities or additional burdens on
developing countries. They argue that Climate Change negotiations are taking place against the backdrop
of anincreasingly globalised and interconnected and interdependent world economy; hence “development”
remains at the centre of the global discourse. Action on Climate Change, therefore, must enhance, not
diminish, the prospects for development. It must not sharpen the division of the world between an affluent
North and an impoverished South, and justify this with a green label. What is required is a collaborative
spirit which acknowledges the pervasive threat of Climate Change to all humanity and seeks to find
answers to human concerns, particularly those of the developing countries. All members of our common
global family should have equal entitlement to the fruits of prosperity.

7.5 Will mitigation be adequate to control temperature rise?

The earlier arguments clearly reflect the understanding that the world is far from being “flat” — a place
where all “players” are supposed to have an equal chance. What is in place is a world-system of dominance
and dependency, one divided hierarchically into “centre” and “periphery”, with a fundamentally unequal
international division of labour. Itis the production and consumption patterns of the now developed
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countries (the “centre”) that are responsible for the deterioration of the Earth's ecological conditions.
Indeed, these countries have largely appropriated the carbon absorptive capacity of the biosphere, which is
anintegral partof the “global commons” —in other words, what we have at present is an unequal use of this

absorptive capacity. It is the “centre” that has caused a large amount of emissions of GHGs at a rate faster
than natural systems can absorb them, which is leading to droughts, floods, etc, that have disproportionately
affected the nations of the “periphery”. The “centre” has thus accumulated a huge “ecological debt” owed to
the “periphery”.

However, what these arguments do not explore is the fact that the consumption divide exists not only at the
international level, but at the national level too. Thus, there is a “centre” and “periphery” within each
country, and even within cities and settlements. And the “centre”, or the wealthy, consumes much more than
the poor at the “periphery”, and is unwilling to take responsibility for its contribution to the degradation of
the environment. Also, as observed earlier, there is a multi-decade-long lag between the reduction of
emissions and its impact on climate variables. Hence, mitigation action does not yield immediately
perceivable benefits for global warming and other aspects of climate change. Both this lag, as well as the
reluctance of elites everywhere to undertake long-term actions, makes it imperative to examine whether
mitigation actions will be enough. Particularly since long-term perspectives will require not only a
transformation in material and energy transfers; but a change in patterns of consumption, savings and
investment and social behaviour; and corresponding changes in governance.

In the specific context of urban areas in India, the 74th Amendment to the Indian Constitution in 1993
decentralised responsibility for town planning and financial management to devolve upon local urban
bodies. A decade later, in 2004, the Union Government launched the Jawaharlal Nehru National Urban
Renewal Mission (JNNURM) to foster self-governing cities. On one hand, the INNURM has been reduced
to a federal financing mechanism for building traditional infrastructure, with an overwhelming focus on
water supply and drainage —undeniably a key adaptation measure — often executed by provincial para-statal
agencies. On the other hand, many interventions related to controlling climate change impacts, such as
those under the Sustainable Habitat Mission of NAPCC, remain in the remit of the State Government.
Thus, planning long-term mitigation efforts falls in between, and it is difficult to see how urban local
government can achieve a global public good such as carbon mitigation, while centralised control is
demonstrably unable to address local specificities in an environmentally sustainable way.
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8.1 Background
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Figure 33: Mitigation Vs Adaptation

As argued in the previous chapter, with mitigation efforts, the global climate system will respond only with

a multi-decade lag; hence, all countries will, inescapably, need to adapt eventually”. Populations and

enterprises can be vulnerable for many reasons: including unhealthy location, inability to survive extreme

events, poor entitlements, multiple episodes of displacement, lack of preparedness capacity, and limited

community and social safety nets. It has been argued that when the effects of climate change impact upon

such existing vulnerabilities, they adversely affect the capacity of many such communities to adapt to long-

term risks (de la Fuente, Lopes Calva and Revi 2008; Revi 2008).

One cannot neatly separate adaptation to “climate change” from adaptation to existing risks. To respond to

such issues, an adaptation plan should ideally link city, provincial, and national level policies, interventions,

and political and institutional arrangements. The Indian democratic tradition makes this theoretically

®As Satterthwaite (2009) notes, mitigation in high-income nations is the most effective form of adaptation, but they appear to believe that it is

cheaper and easier to fund adaptation in low-income countries as compared to reducing their own GHG emissions.

_____ |64 |
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feasible, but current urban governance and institutional culture are demonstrably inadequate for the task.
Building local government capacity is a slow, difficult, and often contested process that needs to be
accelerated. The challenge becomes more acute when city growth depends on real estate surpluses, and the

contestation between the affluent and the poorer residents over resources remains largely unrecognised.
This challenge cannot be met by international funding and technological flows; the strategy has to be able
link local issues and conflicts with global trends and impacts and deliver solutions that are adaptive to, and
contiguous with, both contexts.

8.2 Constraints on adaptation in cities

Most of the cities at greatest risk from climate change are projected to be in Africa, Asia, Latin America, and
the Caribbean, and most also lack the necessary wealth to take necessary mitigation measures.

The literature on the subject proposes that there are two issues here.
The first is the limits to what adaptation can do to protect natural resources and cities, towns and villages

from the impacts of climate change. Adaptation only buys a little time — protecting against climate change
impacts that cannot be avoided. Efforts to adapt will become increasingly ineffective with no international
agreement on keeping total GHG emissions within safe limits. And no international agreement will be
reached unless high-income nations (including the USA) agree to major reductions in their consumption
and emission levels. The future of many major cities on the African or Asian coasts or on many small islands
isindoubtif nosuchinternational agreementis reached soon.

The second issue is that in the developing world, it is common for half a city's population to live in informal
settlements, lacking basic urban services. In addition, city governments often refuse to provide services to
these 'illegal’ settlements and to bulldoze them when they can. Thus, city politicians and civil servants have
antagonistic relationships with the very people who are most at risk — yet who also provide the city with a
cheap and flexible labour force and a range of goods and services. Without fundamental changes in the way
that city governments engage with different classes in urban populations, it is unlikely that effective
adaptation to climate change will be possible.

The earlier action is taken to reduce GHG emissions and begin reducing vulnerability to climate change's
impacts, the lower the costs. Urban centres need a planning and investment frame that breaks the link
between growth and emissions. This demands housing and office buildings designed to need less heating,
cooling and artificial light; an environment where walking, bicycling or public transport becomes the norm;
and industry, commerce and services are committed to and capable of cutting energy requirements and
wastes. In other words, best practices of adaptation that require minimum resources and energy need to be
documented in each of these sectors and converted into laws, policies, and schemes that may be
implemented at least cost.
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The concept and scope of adaptation

As stated in previous chapters, it is difficult to see how actions on climate change that yield results over the
very long termare going to treated as a priority now. But three good reasons for taking action in urban areas

are.

>

Modest investment in choosing low-carbon paths now can, over time, bring much lower GHG
emissions, even in cities with booming economies. The concentration of people and production in
cities makes such actions easier for economies of scale, in sectors such as energy requirements and

waste reduction and recycling.
What reduces risks from climate change also affects other risks. Thus, better drainage systems

protect health and reduce risks of flooding and water-logging, while good health care systems

supportdisaster preparedness and rapid post-disaster response.
Much adaptation does not really require additional spending but is achieved by changing incentives

and regulatory frameworks that influence individual, household, community, company and
corporate investments. This includes adjustments to building regulations, land use plans, transport
infrastructure, pollution control, and waste management.
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Itis also clear that modest investments in adaptation must work with low-income groups. This means fully

involving them in plans to reduce flooding and other risks, making their livelihood and residential areas
safer. Thus, upgradation programmes should be favoured, in which governments work with the inhabitants
to combine improved infrastructure — for instance, for water, sanitation and drainage — with risk
reduction. Low-income groups may be prepared to move from hazardous sites, but only if they are involved
in decisions about where to move and how the move is organized. The capacity and willingness of
governments to offer them safer, well-located sites they can afford is obviously the key to success here.
These adaptations are not easy: most will face opposition from powerful vested interests. In addition, too
many policy makers at national and city levels see climate change as an environmental or global issue that is
not their concern. These issues have to be addressed in the future climate change arrangements, and it must
be recognised that, on the one hand, human well-being is not conditional on unsustainable lifestyles®, and
on the other, the argument that the present lifestyles of certain countries are sacrosanct, is untenable.

8.3 Who is the best suited to adapt?

All the projections on climate change impacts have been made by scientists who generally consider the
globe to be socially indivisible. Hence, most of them call for technical interventions that will bring down
emissions of GHGs. These interventions broadly consist of making manufacturing more “efficient”, using
less energy for the same use, searching for “eco-friendly” resources and wastes, and trading carbon
“credits”, while at the same time maintaining a high “quality of life”. This is one important and globally
visible facet of the debate on 'sustainability' and ‘development’.

The unfortunate — and less visible — truth is that the world is actually divided into poor, middle, and rich
sections, whether it is between nations or within societies and settlements. And these different sections use
resources and energy as well as create wastes differently because their lifestyles and consumption patterns
are different. As long as the poor, particularly the urban working population, as well as the middle sections
dream of emulating the lifestyle of the rich and call that “development”, there are not going to be enough
resources or energy, no matter how efficient processes become, for everyone to achieve the dream.

Hence, there is a relationship between how resources are used and how societies are structured. The richer a
nation or social class, the more resources it uses, the more wastes it creates, the higher are its emissions, and
the greater is the consequent impact on the planet as well as on those without access to resources. Missing
within the debate on global warming is this dimension — that the poor actually may be consuming the least
resources and producing the most efficiently while creating the minimum waste.

“For example, an assertion that commuting to work every day in a SUV with single occupancy, facing traffic congestion arising from everybody
else doing the same, as opposed to commuting by safe and efficient mass transport, enhances well-being, is on the rise..
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In fact, a new model of “sustainable development” may have much to learn from the lifestyle and the
knowledge of the poor —in particular the marginalised and impoverished urban poor.

8.4 Adaptation as Development “Continuum”

Any discussion on climate change adaptation must recognize two sometimes contrasting perspectives on
the nature of adaptation:

>  Climate change imposes a distinct and additional burden on society;
>  Climate adaptation is one response among many to a host of socio-economic and environmental

pressures, and cannot necessarily be isolated from regular developmental activities.

Climate adaptation may be rendered ineffective if policies are not designed in the context of other
development concerns. Thus, in the broader development context, building adaptive capacity is much more
than developing climate related adaptation strategies.

8.5 The Challenge of Sustainable Lifestyles

Broadly speaking, the impact of human society on the environment is determined by the number of people
on the planet and the way in which they live. The mathematics of the relationship between lifestyle and
environment is pretty straightforward. It was set out several decades ago by Paul Ehrlich of Stanford
University and has been explored in detail in many other places since. In essence, the lesson is simple.
Reducing the overall impact that people have on the environment can happen in only a limited number of
ways: changing lifestyles, improving the efficiency of technology, or reducing the number of people on the
planet.

Many people near the Cathedral around 1900 Only cars in 1975 Today a friendly square used for events

Figure 35: Lifestyle changes in west
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Clearly, western nations have been the key driver of climate change so far. Between 1950 and 2000, the
United States was responsible for 212 gigatonnes of carbon dioxide, whereas India was responsible for less
than 10 percent of that. So itis clear that the richest people on the planet are appropriating more than their

fair share of “environmental space.” Yet this lifestyle is increasingly what the rest of the world aspires to.

In summary, any gains in technological efficiency are simply being swamped by the sheer scale of rising
aspirations and an increasing population. If everyone in the world lived the way Americans do, annual
global CO2 emissions would be 125 gigatonnes — almost five times the current level — by the middle of the
century. In stark contrast, the IPCChas estimated that the world needs to reduce global emissions by as
much as 80 percent over 1990 levels by 2050 if “dangerous anthropogenic climate change” is to be averted.

Thiswould mean getting global emissions below 5 gigatonnes and reducing the average carbon footprint to
well under 1 ton per person, lower than it now is on average in India. This challenge clearly calls for an
examination of assumptions about the way people live. What is it that drives and frames people's
aspirations for the “good life”? What lies behind the runaway aspirations that seem so unstoppable in the
West and are rapidly becoming the object of desireinevery other nation?

The science of desire
In the conventional economic view, consumption is the route to human well-being. The more people have,

the better off they are deemed to be. Increasing consumption leads to improved well-being, it is claimed.
This view goes a long way toward explaining why the pursuit of the gross domestic product (GDP) has
become one of the principal policy objectives in almost every country. Rising GDP symbolises a robust and
thriving economy, more spending power, richer and fuller lives, increased family security, greater choice,
and more public spending.

This “science of desire” has mainly been dedicated to helping producers, retailers, marketers, and
advertisers design and sell products that consumers will buy. Little of the current research concerns itself
explicitly with the environmental or social impacts of consumption. But some existing studies do show that
simplifiers that cut down on consumption appeal to less materialistic values and show greater respect for
the environment and for others. More importantly, simplifiers appear to show a small but significant
increase in subjective well-being. Consuming less, voluntarily, can improve well-being — completely
contrary to the conventional consumerist model.

Social behaviour evolved in humans precisely because it offered selective advantages to the species. It can
exist — to some extent — in all societies. In very competitive societies, self-serving behaviour tends to be
more successful than cooperation. But in a society characterised by cooperation, altruistic behaviour tend to
be favoured over a selfish one. It depends critically on social conditions: rules, regulations, cultural norms,
expectations, governance, and the set of institutions that frame and constrain the social world.
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Increasingly, it seems, the institutions of consumer society encourage individualism and competition and

discourage social behaviour. Examples are legion: private transport is encouraged through incentives over
public transport; motorists are given priority over pedestrians; energy supply is subsidised and protected,
while demand management is often chaotic and expensive; waste disposal is cheap, economically and
behaviourally, while recycling demands time and effort. These kinds of asymmetry represent an
“infrastructure of consumption” that sends all the wrong signals, penalising pro-environmental behaviour,
making itall but impossible even for highly motivated people to act sustainably without personal sacrifice.

Environmentand Social Class
To these threats we must add the genuine and serious risks of severe ecological degradation and climate

change caused by the consumerist free-market economic model as factors that will shape politics in the
coming decades. The market's dominant goal is the maximisation of profitand itsinner logic is to exploit as
much of people and the environment as possible to this end. This form of economic growth requires vast
amounts of energy and raw materials every day and these have to be extracted from the biosphere. Under
the consumerist path of development our species is adding carbon to the atmosphere at a rate equivalent to
at least 7% of the natural exchange between the atmosphere and the ocean. This is a process that can only
increase under capitalism.
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For instance, global industrial production increased at an average rate of 3% annually between 1970 and
1990. At this rate world industry doubles in size every 25 years, by afactor of 16 inacentury,and 250 foldin
two centuries. All the materials and energy for this expansion can only come from the biosphere. Yet it is

clear that the planet cannot submit to many more doublings of productivity and increases in GHG
emissions without succumbing to an environmental catastrophe. Much of what is produced under a
consumer economy (such as the car or cosmetics or central heating) is unnecessary for a fulfilling human
existence and in many cases actively detrimental to the environment. This pattern of consumption is
encouraged by a massive advertising industry which sets out to create false needs in people.

The IPPC recommends stabilising the emissions of CO2 at 450 parts per millions (ppm) of atmosphere
and says that 550ppm gives a 77-99% chance of a 2° global temperature rise or worse. On the basis that the
latter figure would cost 1% of global GNP to implement this is what was proposed by the Stern Report,
which was the most authoritative attempt to come to terms with the problem. As one would expect from a
business orientated solution, it left the world's poor to pick up the bill. In the light of current scientific
opinion, the Stern Report's conclusions and the weaknesses of the solutions it proposes demonstrate just
how extensive is the influence of the wealthy on government. This should come as no surprise in a world
where seven of the top 10 corporations (by sales) are either oil companies or auto manufacturers.

Even where the degradation of the environment causes great social concern, it always comes at the end of a
list that includes increasing sales, reducing costs, developing new products and services, competing for
staff, securing growth in emerging markets, innovation and technology. In any case every single previous
advance in technology has been used to increase production. As production costs get reduced more
commodities are made, sold, and scrapped, thus adding to the stress on the biosphere. This is not an
argument in favour of arresting technological innovation but it does oblige us to consider how
technological solutions are used. Increasing production under capitalism has not eliminated poverty, since
that is not its purpose —profits are.

We have already demonstrated that the logic of consumerism makes it incapable of developing a globally
sustainable economy. In fact, a focus on individual desires and responses serves the interests of capital
because it diverts our attention from identifying those who are collectively responsible and promotes an
individual response to climate change. Thus, switching off the lights on Earth Day for an hour becomes
symbolically more significant than asking why they should be on for the rest of the year. Or wondering why
there are many millions of households where the lights don't burn at all. Thus, the lifestyle of the wealthy
and the profligate becomes the standard under consumerism for emulating by the rest. And this is used to
further promote the market, as well as to argue that it is the market which finds efficient answers to the
problemsititself creates.

A reliance on market mechanisms is not confined to governments and business. Many activists in the
environmental movement have also accepted the myth that the market can resolve this crisis.
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They have, for instance, supported carbon trading, as well as the watery weak Kyoto Agreement, although

it is now well known that carbon trading has created a well-established market in which hundreds of
millions of dollars of profit are made to facilitate the pumping of GHGs into the atmosphere. Other
market-based approaches are going to merely enhance the crisis for many while offering temporary
solutions to the poor. Thus, as resources and energy become scarcer in many parts of the world, they will
become more attractive (and more costly) for those who use the market for profits, thus becoming
unaffordable for the poor.

Logically, only collective action can develop solutions to the problems created by climate change. Just as
individual action cannot stop global war, nor can it stop the assault on nature. Some organisations are now
talking of "greening production”, but the question of the social utility or environmental implications of
what is produced is still not a subject of real public debate. An ecological approach to the economy will have
to radically challenge the capitalist assertion that we always need more commodities by saying that we need
enough to live comfortably. The first priority cannot be the creation of profit but the satisfaction of human
need. Learning from existing collective attempts, such an approach will have to build acampaign around the
demands for amore sustainable society and a more modest lifestyle in the richest nations and classes.

Elite Extravagance
The international climate discussions will go nowhere until class and consumerism are understood as being

central to the issue. Much is made of the fact — most of all by the Indian government — that the country's
average per capitaemissions, at roughly 1.2 to 1.4 tonnes of carbon dioxide a year, are lower than the global
average, and considerably lower than that of the USA or Europe. At the same time, a report by the
Committee on Conditions of Work and Promotion of Livelihoods in the Unorganised Sector has revealed
in 2008 that a jaw-dropping 836 million people in India consume less than Rs 20 a day, of which 444 million
'marginally poor' people consume less than Rs 15. Needless to say, at such levels of consumption one cannot
contribute much to global warming, however hard one might try. It is the country's abysmal poverty that
drags down 'India's' average emissions, and hides the fact that the elites — whose wealth cushions the
impacts of global warming on themselves —contribute the most.
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Figure 37: Is this what we call optimal/good consumption?

Consumption derives not merely from what one earns, but also from that to which one has access. Many of
the high-income, high-emission lifestyles exploded in India during the 1990s, catalysed by policy directives
in the interests of corporate finance. For instance, cheap flights, easily financed cars, air-conditioned malls,
high-income jobs in private banks and other multinational companies - these
were hardly accidental developments. Though the Indian government's submission to the UNFCCC in
August stated that “each human being has an equal right to the common atmospheric resource,” New Delhi
as well as state governments undermine this principle internally in practice. After all, the actual
consequences of their policies are disparate incomes and consumption, differential energy access and use,
and vastly unequal carbon emissions.

Those who view global warming purely in terms of nation states have not defined the problem correctly. It
is, therefore, hardly surprising that little progress has been made in climate negotiations over the past 15
years. The only way we can bring world emissions to levels the Earth can absorb is by urgently enforcing
reduced emissions by the elite, whether in India, all of South Asia, or overseas. Reduced elite consumption
enlarges the space for higher emissions by the poor and future generations.
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estern countries started industrialising earlier than others and historically contributed to

the vast majority of the GHGs that are threatening the Earth today. Developing countries,

on the other hand, have only recently begun industrialising, and have contributed relatively
little to the aggregate level of carbon emissions. Accordingly, developing countries should not have to
sacrifice their present rights to the global commons. Given differentiated responsibilities, any legitimate
climate initiative should be just, equitable, and secure the developing countries right to overcome the
poverty of the majority of their populations. The international debate on climate change revolves around
which countries should shoulder the responsibility of the burden, but this debate is restricted by those who
are powerful —and polluting.

The manner in which growth models are developed and located — again by those who are powerfully
'developed' — centre almost exclusively on the upper socio-economic echelons of the society. This is based
on the premise that the growth will eventually “trickle down” to the lower layers. But this basic social
structure in which some groups are at the top while most are at the bottom conceals the division between
the powerful and the powerless. While one tiny segment of urban life—of towers, malls, and cars —is made
the central focus in order to brandish a specific image of development, but it neglects a population that is
largely excluded from the consumerist ideal. To that end, Indian planners have designed urban
development models centred on the vectors of western consumerism: speed, greed, glass, and chrome.

The fundamental challenge comes from the way in which the paradigm of development, urbanization
processes, and responses to climate change are structured. The technology-driven process of looking for a
solution to climate change typically comes from powerful interests tied to institutions and structures that
seek to benefit from technology. But is it worth mortgaging a country's ecological, political, economic, and
social future by adhering toaline on climate change that supports a consumerist model for growth for a few
and trickle down for the rest? In a striking example given by Eric Zencey of Empire State College, “If you
let the Sun dry your clothes, the service is free and doesn't show up in domestic product; if you throw your
laundry in the dryer, you burn fossil fuel, increase your carbon footprint, make the economy more
unsustainable —and give GDP abit of abump” (Zencey 2009).
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Figure 38: GDP growth - digging holes and filling holes?

This GDP-centred development encourages unnecessary consumption for a numerical output. In the
extreme, India has been moving towards consumerist infrastructure in many parts of the country. The
burgeoning social spaces are not parks, but malls: gleaming symbols of American consumerism
transplanted into Indian cities (Rao 2000). These malls and other consumer spaces are connected by
transportation infrastructures that are car-centric, and all contribute heavily to GDP. Since this economic
development trajectory was established in 1990, India has had an 88% increase in its CO2 emissions (World
Bank 2008). Such a rise is perhaps understandable, given certain requirements of development. But is this
the trajectory of development that is so vital to “raise living standards”? Without drastic consequences for
the environment, chaotic urbanisation, and internal security, this model is not sustainable, particularly as
the same model is extended to agrowing middle class.

A case in point here can be the existing infrastructures in the cities. With the existing models of urban
development in India, motorised vehicle mobility, and consumption of the fossil fuels that power it, would
skyrocket. Rather than fixing problems of mobility, planners fix problems of motorisation: for aproblemin
traffic congestion, the solution is to ease traffic flow, making driving easier and cars more comfortable and
more used —a classic case of Jevons paradox in which increasing efficiency increases usage.

L5
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If you want to improve speeds of cars, eventually you get more cars. On the other hand, if we improve
infrastructure for bicycles and walking, we should see more bicyclists and pedestrians. Today, those who
walk, bicycle, and use public transportation are not using these modes by choice, but because, by virtue of
their economic deprivation, they have no other choice. If incomes improve (and infrastructures remain

hostile to bicycling and walking) these people are going to move —to cars and motorised two-wheelers.

To be environmentally, economically, and logistically sustainable in the longer term, development must be
more people-centric. Some of the world's most effective sustainable practices can be learnt from the most
powerless.

One example of an informal, sustainable practice that has emerged is the kabaari (junk-dealer) industry in
Delhi, a closed-loop system of solid waste recycling. In the system, waste pickers sort through discarded
waste to extract materials that can be reused or resold. Meanwhile, itinerant collectors (known colloquially
as the bicycle-based “kabaarivala”) buy old or broken materials from consumers. Both waste pickers and
itinerant collectors sell their materials for a higher price to lower level neighbourhood kabaari “hubs”,
which then transfer the materials to “upper level kabaaris”. The upper-level kabaaris sort the materials for
sale either to repair-persons, who resell their refurbished goods at kabaari bazaars, or to reprocessors, who
reprocess materials by melting down copper wires from old circuitry, granulating plastic, or turning paper
into pulp that is converted to recycled paper. The reprocessors sell their metal, plastic, and paper back to
industry and manufacturers to reuse in new products, which find their way back into the hands of
consumers; and the cycle continues (Chaturvedi 2009).

On the other hand, if waste is merely conveyed to landfills, it contributes significantly to anthropogenic
emissions of key GHGs, including CO2 and CH4. Landfill gas is rich in methane, which seeps into the
atmosphere for decades after a landfill is closed. Waste and “wasting” also encourage the continual
production of more new consumer goods that use energy to generate more CO2 emissions. GHGs are
released at virtually every step during the life cycle of new products and materials, from virgin mineral
extraction and processing to manufacturing and transportation. \Waste management decisions are crucial
for climate change because they sit at the hinge between downstream landfill emissions and upstream
product life-cycle emissions. The best climate and waste models and studies available agree that non-
disposal waste management technologies such as source reduction and recycling (including reuse and
composting) offer climate benefits when analyzed on a life-cycle basis and compared to disposal
technologies such as land filling and many forms of waste combustion.
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Figure 36: Comparison of waste management under various models

The above figure shows the current manner in which waste is managed in Delhi under three different
systems which function parallel to each other in different parts of the city. Assuming that | tonne waste is
collected from a cluster of 2000 households under all the three processes, it is seen to be most efficiently
recycled, composted and minimised before disposal into the landfill, by the waste pickers in the informal
sector, as is clearly evident from the flow-chart to the right of the figure . Most of the waste collected by
formal actors, on the other hand (left side of figure), goes directly to landfills. There is now undeniable
evidence that wastepickers' combined recycling and composting efforts account for major reductions in
GHGs. According to one estimate, the sector accounts for estimated GHG emissions reductions of 962,133
TCO2e per year from recycling alone. It compares favourably with the projected reduction from several
formal waste management projects in the city that have received carbon finance through international
mechanisms.

But the formal waste management practices, including the setting up of highly polluting private waste-to-
fuel projects, score over the logic of the informal system primarily because of the financial and political
clout of the big players. While the corporations are declared to be 'clean and green' and 'efficient’ and
'socially responsible’, the waste-pickers are condemned as dirty and anti-social, even criminal, aliens who



.

should be arrested and immediately deported to Bangladesh from where it is assumed most of them have

come because of their dress, behaviour, and language. Thus, the language of power arbitrates what
institutions will be favoured over others in order to deal with challenges that face the entire urban fabric.

Similar examples could be worked out in the realms of transportation, housing, manufacture, energy, food
preservation, water, and so on to illustrate that the most resource-efficient use is the one practised by the
urban poor —not so much by choice as by compulsion. In theory, these should be termed as “best practices”
and built upon to provide amodel of sustainability that would indicate how large populations could adapt to
climate change, while at the same time addressing the mitigation efforts that would have long-term impacts
on the causes of global warming. But, as may be expected in a deeply divided and unequal world, the
concerns of the wealthy to “sustain” their lifestyles does not permit the voices of the vulnerable and
marginalised to be adequately heard, leave alone given due weight. One of the major social and political
challenges, therefore, is how to provide these voices with the gravity of sense, logic, assertion, and
confidence.

Conclusion

Put simply, sustainability is about living sensibly, within certain limits. For this to happen, across a global
population approaching 7 billion and expected to reach 9 billion by 2050, patterns of consumption have to
change. A sustainable world is not an impoverished one but one that 'prospers' in different ways. The
challenge for the twenty-first century is to create that world.

We have reached a turning point where we need to think and act radically if we are to survive. Current
debates on Climate Change and the proposed emphasis on tackling it from the point of view of the poor and
the marginalised —as embodying best practice — mark not the end, nor even the beginning of the end, but at
best the end of the beginning in what will be a long and arduous road over the next few decades.
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