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Is THE FRIENDLY ATOM POISED FOR A

COMEBACK?

Eliot Marskal

'Nuclear power faces stagnation and decline.' So warned a group of scientists
in a sweeping review published two years ago by the Massachusetts Institute
of Technology (MIT) in Cambridge.1 Led by chemist John Deutch and
physicist Ernest Moniz, both of MIT, the study concluded that nuclear power
was in trouble and deserved a helping hand from government. Despite
high construction costs, the authors argued that the United States should
triple the number of unclear power plants by mid-century because they
can deliver electricity without emitting green-house gases such as carbon
dioxide (CO2).Thc MIT group proposed a hefty tax on carbon emission to
help get this cleaner energy source moving.

The political and economic environment has changed dramatically since
that report came out. On 8 August, President George W. Bush signed into
law the first major U.S. energy bill in a decade. Although it does not tax
carbon, it promises subsidies across the board for new investments in
renewable energy, such as wind and solar power, and a grab bag of more
than $6 billion in benefits narrowly tailored for builders of new nuclear
reactors (Science, 5 August, p.863). The bill was a plum for the nuclear
power industry—-one of several events that have got people talking about
a'nuclear renaissance'. Indeed, that's the title of a book published earlier this
year by physicist and energy policy analyst William Nuttall of the University
of Cambridge, U.K. One reason for optimism, Nuttall points out, is that
oil and natural gas process have shot up since 2003, making non-fossil fuel
energy more attractive. Meanwhile, some public leaders have cited nuclear
power as a way to reduce the impact of global warming—and even some
environmental advocates seem to agree.

Reprinted with permission from Eliot Marshal, 'Is the Friendly Atom Poised
a Comeback?', Science,Vol. 309, 19 August, 2005, pp. 1168-69.
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Although a few Asian countries never got off the nuclear bandwagon,
new ones are now climbing aboard to meet rapidly growing electricity
demand. India, with the most reactors under construction in the world, is
planning a unique system that relics mainly on thorium rather dian uranium
fuel (see inset box). Japan continues work on fast neutron reactors that can
'breed' plutonium. And China announced in April that it will more than
quadruple its nuclear electric capacity by 2020, buying among other
designs a new 'pebble bed' reactor that shuts down if it over-heats. Nuclear
advocates in the West also hope that advanced reactor designs can help over-
come the lingering memories ofThree Mile Island and Chernobyl.

INDIA'S HOMEGROWN THORIUM REACTOR

For more than five decades, India has followed its own path on nuclear
power. After refusing to join the Nuclear Non-proliferation Treaty and
detonating a nuclear device in 1974, it was excluded from the interna-
tional group that shares fission technology. In isolation, it launched an
ambitious nuclear electric programme that relies heavily on homegrown
tecnnology.

What makes India's strategy unique is its plan to build commercial
reactors that run not on uranium but on a lighter element, thorium-2 32,
India lias one of the world's largest reserves of thorium—about 225,000
metric tones- but little uranium ore. Thorium does not fission; when
irradiated with neutrons from a source material such as uranium-235,
however, some ot the thorium becomes uraniurn-233 (11233), which
does fission ant! can sustain a nuclear reaction.

In 1958, India announced that it was cmt>arking on an ambitious
three-stage plan to exploit its thorium reserves. The first stage required
building pressuri/ed heavy-water reactors powered by natural uranium.
They yield plutonium as a byproduct. Twelve are now operational. The
plan called for stage two to kick in after sufficient plutoniurn had been
extracted from spent cores; it would be used as a fuel in future fast-
neutron reactors, which can irradiate thorium and produce u-233 as a
byproduct. In the third stage, Advanced Heavy Water Reactors will burn
a mixture of U-233 and thorium, generating about two-third of their
power from thorium. Other nations—including the United States,
Russia, Gcrnany, and Israel—have studied the route but have not
attempted to use it to generate electricity.
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Stage two of this grand strategy began officially last October. In the
sleepy southern township of Kalpakam, a government-owned company
began building a 500-magawatts of electricity (MWE) fast-breeder
reactor that will use fast neutrons to produce U-233. In its core, the
reactor will use a 'seed' fuel containing uranium and plutonium oxide;
tiiis source will send neutrons into a surrounding thorium blanket.

India atomic energy officials arc confident that this exotic fuel system
can be scaled up from a smaller, 40-mcgawatt Fast Breeder Test Reactor
(FBTR) that has been running in Kalpakkam without major problems
since 1985.This reactor and other research projects at the Indira Gandhi
Centre for Atomic Research in Kalpakkam have demonstrated, IGCAR
officials say, that India has mastered the new technology. In a 'bold step
forward,1 says Anil Kakodkar, Chair of the Atomic Energy Commission
(AEC) in Mumbai, researchers at IGCAR in May of this year successfully
extracted plutonium in high puritv from the unique plutonium-rieh
mixed carbide fuel discharged from FBTR.

AEC anticipates that the fast breeder at Kalpakkam will cost about
5,700 million and produce 500 MW today to 'around 275 gigawatts'
by the middle of this century.

Construction at Kalpkkam ran into trouble early this year; The 26
December 2004 tsunami flooded building and set the schedule back by
four months, says Raldcv Raj, IGCAR's director. But he says thai the
work is the reactor will go critical as planned in September 2010.

Mujid Kazirni, a nuclear engineer who studies thorium fuels at the
Massachusetts Institute ofTeehnoloyv in Cambridge, says India's approach
to breeding nuclear fuel from thorium is 'slightly more complicated'
than fuel breeding planned elsewhere in the world. But he adds,
'everything they have reported to date indicates they are on track.'

India cannot go it entirely alone, however. It still requires uranium,
including for two boiling water reactors it bought from General Electric
in the 1960s, and that may be one reason it is interested in opening
nuclear trade with other countries. At a meeting; last month with Prime
Minister Manmohan Singh, President George W. Bush called India 'a
responsible state' with 'advanced nuclear technology1. The opening
could lead of future exchanges of personnel and technology—and pos-
sibly fuel. Singh reassured Parliament however, that the deal would not
undermine India's nuclear self-sufficiency.

(Pallava Bagla, Science, Vol. 309, 19 August 200S, pp. 1174-1175)

Does all of this amount to a nuclear renaissance? Skeptics point out that
it would take a huge leap in the pace of plant construction simply to maintain
nuclear power's current global share of electric output—about 17 per
cent—let alone increase it. Many aging U.S. and European reactors will
have to be dismantled in the next couple of decades. Even new ones remain
more expensive man coal-or-gas-fired systems. And governments are not
imposing stiff taxes on carbon emissions, the one strategy the MIT report
said would tip investment decisions toward nuclear. Moreover, even if the
economics were to favour nuclear power, two issues will continue to dog
the industry: fears of nuclear weapons proliferation; and disputes about
how to dispose of high-level wastes.

Optimists still think that the problems can be fixed. Reiterating his view
of two year ago, Deutch says: 'If nuclear power can get its costs down and
address the important issues of waste management and proliferation, its
future will be very bright.' The next few years may reveal just how bright.

APOCALYPSE PENDING

The threat of global warming is perhaps the key factor in the rethinking of
nuclear power. The nuclear industry, in particular, has seized on it as a
reason to switch from fossil fuel to atom. For example, John Ritch executive
director of the London-based World Nuclear Association (WNA), an
advocacy group backed by power supply companies, told an audience in
Idaho last month that unless the world cuts greenhouse gases, it will 'face
catastrophic climate change, with the severest consequences for sea levels,
species extinction, epidemic disease, drought, and extreme weather events
that could combine to disrupt all civilization'.

WNA suggests that the best solution would be to raise the number ot
do

nuclear electric plants in the world from 441 today to 5,000 by the end of
the century. That is the most ambitious scheme anyone has proposed, but
so far, it has few takers. A more modest proposal-—to maintain the nuclear
share of electrify at the current level as a 'bridge' to future clean energy
technologies—has struck a chord, however.

David King, science adviser to the U.K. government, has spoken publicly
about the need to keep nuclear power as a clean energy option. Britain, the
world's most visible campaigner for action on global warming, faces a
common dilemma, as King explained to the Independent newspaper in May.
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He described a looming 'gap' in clean energy production. About 27 per
cent of U.K. electricity now comes from nuclear power, he noted, but
without a 'new build', only one reactor unit (Sizcwell B) will still be running
in 2025, producing an estimated 4 per cent of the needed electricity. King
said he was 'not a great fan of nuclear' but was willing to consider it because
'the climate change issue is so important'.

A recent U.K. government forecast lends weight to king's analysis:
Solar panels, windmills, and wave-driven generators cannot pick up the
slack anytime soon. An electricity strategy issued in May by the U.K. Council
of Science and Technology, which reports to King, notes that'the existing
policy to reduce CO1 will not be sufficient... since the unclear stations are
likelv to be replaced by carbon-based technology (e.g., gas) in the short term'.

And even the United Kingdom, which has championed the international
effort to curb CO2 is failing to meet its self-imposed CO2 reduction goals.
Physicist David Wallace, vice president of the Royal Society in London,
warned in Mav that 'our emissions are clearly going in the wrong direction',
and that U.K. government forecasts of achievable CO, reductions have
been 'franklv unrealistic'. Royal Societv President Robert May has written
that 'it is difficult to see how we can reduce our dependence on fossil fuels
without the help of nuclear power'.

A few leaders in the green movement have endorsed the idea of using
nuclear power as a bridge to cleaner systems in the future-—including U.K.
ecologist James Lovelock. Creator of the 'Gaia' metaphor that describes
Earth as a living organism, Lovelock published a broad appeal last year.
'Our one immediately available source [of energy] docs not cause global
warming, and that is nuclear energy,' he wrote. 'I entreat my friends in the
movement to drop their wrong-headed opposition [to it].' A few others,
such have made similar statements. But environmental advocacy groups
are not following.

o

Stephen Tindale, executive director of Greenpeace International in
London, says it's 'misleading' to suggest that 'the green movement is suddenly
embracing nuclear power on the back of Lovelock's statement'. He sees
nuclear revival talk as 'a big distraction' from the need to invest in moderate
scale, renewable energy svstems. He adds that Moore is 'vehemcntlv op-
posed to everything that Greenpeace stands for' and now makes his living
'by being anti-Greenpeace'.

Likewise, the head of Friends of the Earth in London, Tony Jouniper,
says, 'we have reviewed our position on nuclear power'. In part because or
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the urgency of the climate change issue, and concluded that it is a 'false
solution' pushed as part of'a cleaver public relations campaign' by 'nuclear
industrial interests'.

The Natural Resources Defenses Council has also reviewed its policy
recently, says NRDC physicist Thomas Cocharan in the Washington, D.C.,
office, and concluded that nuclear couldn't survive without massive sub-
sidies. As a June NRDC issue paper says, nuclear 'suffers from too many
security, safety, and environmental exposure problems and excessive costs
to qualify as a leading means to combat global warming pollution'.

Cochran offers a scenario to illustrate why he doesn't see nuclear as a
good option. He begins with a modest goal: avoiding a small amount (0.2°C)
ot global warming at the end of this centurv. He calculates that relying on
nuclear electricity, would require increasing the number of reactors in the
world from the current 441 to at least 700 by mid-century and holding
that number steady for 50 years. Allowing for retirement ol obsolete equip-
ment, he suggest, this will require building 1,200 new plants in all, at a
rate of about 17 per year. The support requirements, he argues, would be
staggering: a dozen new fuel-enrichment plants for reprocessing, the same
number of Yucca Mountain-sized waste repositories if there were no
reprocessing. Because just 8 kilograms of diverted plutonium would be
enough to 'take out lower Manhattan', a nuclear renaissance isn't worth
the risk, Cochran savs.

The MIT review two years ago acknowledged that 'shortcomings' in
the international safeguards on nuclear materials 'raised significant questions
about the wisdom for a global growth scenario' for nuclear power. It did
offer a fixrTighten up the management of nuclear materials by the Interna-
tional Atomic Energy Agency (IAEA) and persuade France, Japan, Russia,
and the United Kingdom to cut down the traffic in plutonium by shutting
their reprocessing factories. But those changes have not occurred.

The threat of global warming may not have sparked a nuclear renais-
sance yet, but it is breathing new life into a debate over nuclear power that,
in many countries, had been quiescent for the past few years.

NOTE

1. 'The Future of Nuclear Power', funded by MIT and the Alfred P. Sloan
Foundation, MIT, Cambridge, Massachusetts, 2003.
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GLOBAL WARMING AND INDIA

Anand Patwardnan

Global warming has emerged as one of the most important environmental
issues ever to confront humanity. This concern arises from the fact that our
everyday activities may be leading to changes in the earth's atmosphere
that have the potential to significantly alter the planet's heat and radiation
balance. It could lead to a warmer climate in die next century and thereafter,
portending a potpourri of possible effects, mostly adverse.

International efforts to address this problem have been going on for the
last decade, with the Earth Summit at Rio in f 992 as an important launching
point, and the Conference of Parties in Buenos Aires in 1998 as the most
recent step. Although India as a developing country does not have any com-
mitments or responsibilities at present for reducing the emissions of green-
house gases such as carbon dioxide that lead to global warming, pressure is
increasing on India and other large, rapidly developing countries such as
China and Brazil to adopt a more proactive role.

At the same time, the developed countries of the North are trying to
limit the extent of rneir commitments for emission reduction. In this situa-
tion, the public and policy-makers need to be aware of the ramifications
and implications of the global warming problem, even if it is a problem
that may manifest itself only sometime in the next century.

What is climate change? Climate change is a newcomer to the interna-
tional political and environmental agenda, having emerged as a major policy
issue only in the late 1980s and thereafter. But scientists have been working
on the subject for decades. They have known since the nineteenth century
that carbon dioxide in the atmosphere is a 'green house pas', that is, its
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presence in the atmosphere helps to retain the incoming heat energy from
the sun, thereby increasing the earth's surface temperature. Of course,
carbon dioxide is only one of several such greenhouse gases in the atmo-
sphere. Others include methane, nitrous oxide and water vapour. However,
carbon dioxide is the most important greenhouse gas that is being affected
by human activities. Carbon dioxide is generated by a multitude of processes
ranging from animal and plant respiration to the burning of any kind of
fuel containing carbon, including coal, oil, wood and cow dung. For a long
time, human activities that generated carbon dioxide caused only a small
perturbation in the natural cycle of the gas. However, since the Industrial
Revolution, when our usage of fossil fuels increased dramatically, the con-
tribution of carbon dioxide generated from human activities has grown
large enough to constitute a significant perturbation of the natural carbon
cycle.' Since the early 1950s, when regular measurements of die atmospheric
concentrations of carbon dioxide were started, it has been conclusively
established that these concentrations are increasing rapidly, driven by
human activities.

The concentration of carbon dioxide in the earth's atmosphere was about
280 parts per million by volume (ppmv) in 1750, before the Industrial
Revolution began. By 1994 it was 358 ppmv and rising by about 1.5 ppmv
per year. If emissions continue at the 1994 rate, the concentration will be
around 500 ppmv, nearly double the pre-industrial level, by the end of the
twenty-first century.

The concentrations of other greenhouse gases such as methane and
nitrous oxide have also been rising at a fairly rapid rate. The effect is that
the atmosphere retains more of the sun's heat, warming the earth's surface.
Of course, not all man-made additions to the atmosphere increase warming.
For example, aerosols, tiny particles of solid or liquid suspended in the air,
which result from the emissions of soot and sulphur dioxide from power
plants tend to reflect heat and diminish warming. But aerosols are mostly
short-lived while the carbon dioxide released into the atmosphere will stay
there for decades.

At the same time, concern about local air quality is driving many coun-
tries to impose stringent controls on emissions of substances such as sulphur
dioxide. As a result, many scientists feel that even as these emissions decrease
in the future, the full effect of the greenhouse gases will be unmasked, lead-
ing to an even more rapid warming pattern.



While the pattern of future warming is open to debate, it is indisputable
that the surface of the earth has warmed, on average, 0.3 to 0.6 degrees
Celsius since the late nineteenth century when reliable temperature mea-
surements began. Recent decades appear to be the warmest since at least
14000 BCE, according to the fragmentary information available.

It is against this backdrop of knowledge that Inter-Governmental Panel
on Climate Change (IPCC) concluded in its second assessment report in
1995 that the current state of knowledge 'now points towards a discernible
human influence on global climate', In this assessment report, the IPCC
also concluded that under the existing scenarios of economic growth and
development leading to greenhouse gas emissions, on a worldwide average,
temperatures would rise by 1 to 3.5 degrees Celsius by the year 2100, and
global mean sea level by about 15 to 95 cm. It is likely that changes of this
magnitude and rapidity could pose severe problems for many natural and
managed ecosystems, as well as important economic sectors such as agri-
culture and water resources. Indeed, for many low-lying and deltaic areas
and small islands, a sea level rise of one meter could threaten complete loss
of land and extinction of habitation.

Scenarios of future climate change are usually developed using complex
three-dimensional models of the earth's atmosphere and oceans. However,
while we have some degree of confidence in the gross or aggregate estimates
for climate parameters (such as globally averaged surface temperature)
from these models, there is a great deal of uncertainty with regard to
regional details. In addition, most of the ill-effects of climate change are
linked to extreme weather events, such as hot or cold spells of temperature,
or wet or dry spells of rainfall, or cyclones and floods. Predictions of the
nature and distribution of such events in a changed climate are even more
uncertain, to the extent that virtually no authoritative predictions exist at
all. Despite these uncertainties, it is clear that even the possibility of changes
in, such extreme events is quite alarming.

Global warming has often been described as one of the most serious
o

environmental problems ever to confront humanity, as this problem is
inextricably linked to the process of development and economic growth
itself. Since greenhouse gases are generated by burning fossil fuels, for
example, in power plants, factories and automobiles, it is not easy to reduce
emissions, since virtually every facet of our lives is intimately tied to the
consumption of energy. Climate change is an unusually difficult issue for
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the people who make the decisions in democratic governments. First of
all, the science is uncertain while governments have to make firm policy
decisions, if only the decision to do nothing, long before these uncertainties
can be resolved.

Political leaders arc alreadv beginning to overstate the clarity of the
science in order to attract public support. A lot of money is now going into
climate research, and new findings with varying political implications will
continue to appear. Any serious attempt to cut emissions will have clear
and immediate costs, but the benefits may not appear for a long time. To
the extent that the benefits may be disasters that didn't happen, they may
never be obvious. But the costs will be. As the debate develops, much of it
is being cast in terms of the restraint that the present generation owes
to future generations.

Unlike many other environmental issues, such as local air or water pol-
lution, or even stratospheric ozone depletion caused by chlorofluorocarbons
(CFCs), global warming poses special challenges due to the spatial and
temporal extent of the problem—covering the globe and with decades to
centuries of time scale. Again, in this particular issue, science has played,
and continues to play, a critical role in defining the structure and basis of
the debate. The following three dimensions of the issue illustrate the vexing
features of the science underlying the problem: (a) Cumulative effect of
the historical emissions. The climate system acts as a large integrator, that
is, the response of the system is a result of the entire history of the forcing
being applied; (b) Lags in the system: The response of the ocean-atmosphere
system occurs several decades to centuries after the changes in the atmo-
spheric greenhouse gas concentrations. As a result, even if emissions of
greenhouse gases were stabilized immediately, it would take many years
for the climate system to reach a new quasi-steady state, and some changes
(such as sea level rise) would continue to happen; (c)The actual consequences
of climate change are likely to exhibit considerable spatial and temporal
variability— thus some regions may actually experience a transition to a
milder, warmer, wetter, and overall better climate regime. As a result, there
are costs as well as benefits associated with climate change; although the
scientific consensus is clearly that the overall effects are likely to pose a
significant burden.

How have we tried to respond to climate change? Negotiations began in
1991 under the auspices of the United Nations to formulate an international
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treaty on global climate protection. Those negotiations resulted in the
completion by May 1992 of a Framework Convention on Climate Change
(FCCC).The Convention was opened for signature at the Earth Summit in
Rio de Janeiro in June 1992, and it came into force in March 1994.

The Convention has few binding requirements. It calls for nations to
limit carbon dioxide and other greenhouse emissions, by 'addressing anthro-
pogenic emissions by sources and removals through sinks of greenhouse
gases....' It does not set out specific targets or timetables for reducing emis-
sions. It only requires the developed country signatories to formulate and

adopt policies that aim at stabilizing greenhouse gas emissions at 1990r r too o

emission levels, recognizing that the return

by the end of the present decade to earlier levels of anthropogenic emissions...
would contribute to... modifying longer term trends in anthropogenic emissions
consistent with the objective of the Convention... to achieve... stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system.

The Convention adopted the notion of common but differentiated responsi-

bility, recognizing that the global climate was a common resource and
responsibility, but that there were clear asymmetries between the developed
and the developing countries in terms of both the past and present contri-
butions to the problem as well as the resources to respond to it.That is, the
developed countries are, by far the largest emitters of carbon dioxide and
other greenhouse gases. At the same time, they also have the technical and
financial resources to try and reduce their emissions.Two broad groupings
of countries emerged after the Convention, the countries listed in Annex-1
of the Convention, or the developed countries, and the others. Countries
such as Russia or Ukraine (parts of the former Soviet Union) although a
part of the Annex-1 countries are placed in a special category as Economies
in Transition.

At the time of the Rio Summit, proponents of more specific, legally
binding targets and timetables for reducing greenhouse gas emissions suc-
cessfully urged follow-on talks leading to future negotiation of a protocol or
other legal instrument in order to strengthen the Framework Convention.
In 1995, the Parties to the Framework Convention at their first meeting
in Berlin, Germany, declared that commitments made in 1992 to reduce
greenhouse gas emissions were inadequate to meet the objective of the
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Convention. So-called 'next steps' were needed to confront the potential
of global warming in the post-2000 time frame. Consequently, the Parties
agreed to a process, set forth in their'Berlin Mandate', of analysis and assess-
ment of just what next steps might be taken to limit greenhouse gas emissions.

This process resulted in the negotiation of a protocol, the final details
of which were completed at the third meeting of the Conference of the
Parties to the Framework Convention held 1—1 2 December 1997, in Kyoto,
Japan. The Kyoto Protocol to the United Nations Framework Convention
on Climate Change commits industrialized nations to specific, legally bind-
ing emission reduction targets for six greenhouse gases: carbon dioxide,
methane, nitrous oxide, hydrofluorocarbons, perfluorinated compounds,
and sulphur hexafluoride.The protocol was opened for signatures on 16
March 1998.

International political implications have proven significant. By far the
majority of greenhouse gases are emitted by sources in industrial and trans-
portation sectors (especially automobiles) that are concentrated in devel-
oped countries. These countries have shown concern not only about their
own emissions, but about increased emissions from poorer countries as
they expand their economics. Friction has been evident in the debates over
which actions by developed and developing countries should be under-
taken, on what schedules, and which parties should pay incremental costs
for mitigation measures. Developing countries generally have argued that
the financial burden of change should be borne by developed countries,
which are mainly responsible for current atmospheric change due to human
activity. While some of the developed countries such as China and India do
appear to have large emissions, on a per capita basis they arc still negligible
as compared to any of the developed countries.

As the Framework Convention (FCCC) states, the basic goal of the
negotiation process is to return the concentrations oi greenhouse gases to
a level that prevents dangerous anthropogenic interference with the climate
system. The simplest way of conceptualizing this goal is to consider a target
or limit for the atmospheric concentrations of the greenhouse gases set at
a level that does not lead to unacceptable climate change. Of course, since
our ability to predict future climate change is very limited, the notion of what
is 'unacceptable' is itself quite imprecise and fuzzy. In this conceptualization,
the economic activities in different countries that lead to greenhouse pas
emissions correspond to this limit or resource being used up.



The entire negotiation process then may be regarded as an effort to
address the following three questions: (a) What exactly is the limit, and
how should it be defined? (b) What is the basis that ought to be used for the
manner in which different countries can use up this resource? (c) What are
the instruments that could be used to divide up and actually distribute
this resource to the different countries once the allocation basis has
been determined?

The first question centres around the level of atmospheric concentrations
that would be considered acceptable in view of the possible consequences of
climate change. A related issue is whether the limit would be specified
individually for each greenhouse gas, or whether some sort of a 'basket'
approach could be used where countries could trade-off amongst the dif-
ferent gases. This issue depends critically on whether the effects of the
different gases could be made commensurate with each other through a
set of equivalences and if greater flexibility or economy would be obtained.
It has also been suggested that rather than concentrate on the greenhouse yas
concentrations, it may be better to focus on the sinks for these gases —which
is primarily the terrestrial biosphere and the oceans.

The second question centres on the basis for the allocation and is cur-
rently the subject of much debate. Large, populous developing countries
like India and China would clearly favour a per capita basis, as it gives
them the greatest scope for increasing emissions further in their
development processes.

The final question deals with the approach to be followed once the alloca-
tions have been determined. A large variety of market based instruments
such as taxes and tradable permits have been deployed for conventional
pollutants such as sulphur dioxide and there is much research on their
applicability in the climate context; However, the key issue to recognize
here is that any instrument will necessarily have to address large-scale tech-
nology and monetary transfers since developing countries could, in prin-
ciple, 'sell' their allocations to the developed countries.

For India, the climate change issue has several ramifications: First, although
India does not currently have any obligations under the Convention to
reduce its greenhouse gas emissions, international pressure will keep
increasing in this regard. It is therefore important for us to develop a clear
under standing of our emission inventory. We also need to document and
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analyse our efforts in areas such as renewable energy, wasteland development
and afforestation—all of which contribute towards either reducing carbon
dioxide emissions or increasing carbon dioxide removal from the atmosphere.
Considering that these efforts may often be undertaken for a variety, of
reasons not directly related to global warming, but yet have benefits as far
as climate change is concerned, we mav be able to leverage such efforts in
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the international context.
Second, we need to develop a clear and well articulated position on

each of the three basic questions indicated earlier. This position needs to be
supported by appropriate analysis. The Indian research community could
contribute substantially in this regard.

Finally, we need to recognize that even if countries do undertake imme-
diate and rapid action to reduce their emissions, some degree of climate change
is inevitable. II we consider the fact that we have very limited abilities to deal
with weather extremes in the present day, the situation may get worse in the
future. Therefore, we need to significantly improve our ability to plan
and adapt to extreme events such as floods, droughts, cyclones and other
meteorological hazards. Any robustness that we build into the system in this
regard will always stand us in good stead, no matter what climate change
actually transpires.

NOTHS

1. For example, over 700 billion tons of carbon dioxide cycle annually through
the biosphere.The anthropogenic contribution in this cycle is around 24 billion
tons. Though the natural cycles are finely balanced, this is still a significant
perturbation as it leads to an accumulation of carbon dioxide in the atmosphere.

2. For example, a value for long term atmospheric carbon dioxide concentration
of 500—550 ppmv has often been used in the discussions. This value then
defines the size of the resource that can be 'used up'.

3. Equivalences have indeed been suggested in the form of'global warming
potentials', an index that attempts to capture the ability of each gas to cause
changes in the climate system. However, since different gases have different
lifetimes in the atmosphere, and since the entire history of forcing is important,
this becomes a fairly complex problem.


