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1.0 Learning Outcomes
After studying this module you will be able to:


Understand the concept of Pareto Efficiency



Understand theorems of Welfare Economics.



Know why markets fail.



Understand Externalities in production, Consumption and Property rights.

1.1 Introduction
An externality exists whenever the welfare of some agent, either a firm or a household,
depends not only on his or her activities, but also on activities under the control of some other
agent .In this module, we will study about the Theorems of welfare to externality,
inefficiency and property rights.
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1.2. Pareto Efficiency and Edgeworth B
Box of Exchange
Assume that Bina and Anish spend all of their income either to consume food or to dispose of
the garbage. If either Anish or Bina consumes more food, less money income will be left to
dispose of the garbage and vi
vice
ce versa. Garbage is an economic bad as nobody would like to
keep it at home. But it is not a public bad, as it is rival in nature. It may become a public bad
if not disposed of properly. Burning of garbage or throwing of toxic waste like lead, mercury
etc.. into river or onto the land or anywhere else, will badly affect not only the individuals but
all the people in that locality. Therefore we are assuming that proper disposal of garbage
reduces economic bad (the garbage) hence the process of garbage dispos
disposal or service is
economic good like food.

The indifference curves, representing food and garbage disposal services on its axes, for
Anish (similarly for Bina) are normal negatively sloped indifference curves (fig.1) satisfying
all their properties discussed
sed in various text books of microeconomics. The mix consumption
of both the goods at points a, b, c or d will give higher satisfaction as compared to single
good consumption at points M or N. The satisfaction for Anish will increase as he moves on
to a higher
gher indifference curve.
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If we put Bina’s indifference curves over Anish’s indifference curves, by rotating it 180
degrees anticlockwise (as shown in fig2.), we can have Edgeworth box of exchange. The
Edgeworth box will make it convenient to simultaneous
simultaneously
ly study the behavior of both, Anish
and Bina. The Horizontal axis represents the quantity of food (originally represented on x
axis) available in the economy for Anish as well as Bina and the vertical axis represents the
total quantity of garbage disposal service in the economy. If Fa represents quantity of food
consumed by Anish and Fb by Bina, Ga and Gb are respective consumption of garbage
disposal services by Anish and Bina. F and G are the total quantity of food and garbage
disposal services produced in the economy then:
Fa + Fb ≤ F ….1
Ga + Gb ≤ G ….2
Let’s assume that the initial endowment, at point N', is not Pareto optimal. At this point Anish
has got only food and Bina has got only garbage disposal. The point N
Nꞌ in fig.2 is

just like point N of fig.1 where Anish is consuming only food. We further assume that the
exchange of goods between Anish and Bina is possible. Hence, Anish will exchange some of
the food with garbage disposal service of Bina to make him better off. Moving to any point in
the shaded area Nꞌcpqe
cpqe will make both of them better off. But it will not be possible to make
anyone further better off without making other worse off if they shift anywhere on the line ce
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(Edgeworth Contract Curve of Exchange). On all the points on this line their indiffe
indifference
curves are tangent to each other, therefore moving to higher indifference cure for one will
result in shifting to lower indifference curve for another one. Now the question arise that how
much quantity of food will be exchanged for garbage disposal. It will depend on the relative
utility of garbage disposal for both of them and the relative price. The relative utilities will
determine their marginal rate of substitution of garbage disposal for food. If we introduce a
market where these goods may be so
sold
ld for a price and the price for garbage disposal is given
by Pg and for food by Pf. If the MRSgf is greater than relative price of food (Pf/Pg) for
Anish, he can be better off by increasing the consumption of food. In fig.3 at point a, the
slope of indifference
erence curve is 2 (it means MRSgf is also 2) hence the consumer is ready to
sacrifice 2 units of garbage disposal for 1 unit of food.

This implies that the value of food should be double the value of garbage disposal only than
the consumer will not bee willing to change the relative consumption.
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But in fig.3 Pf/Pg is 1, therefore the consumer will increase food consumption by reducing
garbage disposal till he reaches point b where MRSgf also becomes 1. From this we may
conclude that:
Explanation 1 a consumer may be made better off by redistribution unless the marginal rate
of substitution (slope of indifference curve) and the relative price (slope of budget line) are
not the same.
When the indifference curve is tangent over the budget line we can’t make Anish (similarly
Bina) better off hence the equilibrium. In fig.4, line N'M' is the budget line for both Anish
and Bina as it is starting from initial endowment point for both of them. By rotating
clockwise and anticlockwise, we can find a position of the budget line where the indifference
curves of Anish and Bina are tangent to each other as well as the budget line N'M'. Point E*
on this budget line is such a point where
MRSAnish = - Pf/Pg = MRSBina
MRSBina…….3

This point represents efficiency in exchan
exchange
ge as we can’t make anyone better off without
making other worse off and both, Anish and Bina, are willing to sacrifice the same quantity
of garbage disposal for food therefore they are satisfied with present allocation at point E*.
As they are not willing to change this allocation both of them are in equilibrium. If the market
forces are allowed to work freely in a competitive market they will automatically find a price
ratio and the allocation of goods satisfying equation 3.
5

1.3. Pareto Efficiency in Production

Our resources for the production of food and garbage disposal services are limited. Suppose
these limited resources are Land (terrain) (T) and of Labour (L). The economy’s production
possibility curve FG is shown in fig.5. The point F represents if all the resources are used to
produce only the food, and similarly at point G only garbage disposal is produced with all the
resources. The slope of production possibility curve, on any of its point, is marginal rate of
transformation of food for garbage disposal. This MRT shows that how many units of
garbage disposal can be increased for sacrificing one unit of food while using all the
resources. At point ‘A’ the slope of production possibility curve is 2 therefore the economy
can increase the production of garbage disposal by 2 units if 1 unit of food is sacrificed. All
the points on this production possibility curve are Pareto efficient as we can’t increase the
production of one good without decreasing the production of another good. In a market
economy where the goods can be sold for a price, the efficiency in production requires that
the slope of production possibility curve should be equal to the price ratio. Let’s suppose that
these two slopes are not equal. Price of food (Pf) is Rs. 5 and the price of garbage disposal
(Pg) is also Rs 5 so that Pf/ Pg =1 and the MRT is 2. There is a possibility of improvement
from point ‘A’ as the economy can produce a value of Rs.10 (2 units of garbage disposal) by
sacrificing a value of Rs. 5 (1 unit of food) as MRT at point ‘A’ is 2. At point ‘E’ MRT is 1
which is equal to price ratio therefore Point ‘E’ is Pareto improvement over point ‘A’ and no
further improvement is possible.
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In an economy both the goods can be produced by a single firm or by more than one fir
firm. In
such case, where more than one firm are producing both the goods, the marginal rate of
transformation for all the firms should be equal to price ratio. For any firm if MRT is not
equal to the price ratio then as shown in above example it can produce a higher value by
changing its production pattern. Automatically in a perfectly competitive market, the
marginal rate of transformation for all the firms will be same and it will be equal to price
ratio.
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Now in our example the economy is producing at point E. The quantities of food and garbage
disposal at this point are the quantities taken in fig 4. Combining these two figures (figure 4
and 5) we can simultaneously see the efficiency in production and exchange as shown in
figure 10. Using our scarce resources (Land and Labour) food and garbage disposal are
produced, both of these two commodities are being consumed by Anish and Bina. All the
efficient allocations require that marginal rate of transformation for all the producers should
be equal to price ratio and simultaneously the marginal rate of substitution should also be
equal to price ratio. If we take out the price ratio than the efficiency requires that marginal
rate of transformation for producers should be equal to marginal rate of substitution for
consumers. In a competitive economy the equilibrium will not be stable unless this efficiency
in exchange and production are not met.

1.4 Theorems of Welfare Economics
The above discussion can be summarized in two fundamental theorems of welfare
economics, the first and the second theorem.
First theorem of welfare economics states that in a competitive economy the allocation of
resources will be Pareto efficient or the market equilibrium will be Pareto optimal. As we
discussed in previous section the initial allocations were not efficient but through a system of
exchange in the market we achieved the efficient allocations.
Second theorem of welfare economics states that the Pareto optimum equilibrium or the
allocation can be achieved by market forces in a competitive market by redistribution
provided that the resources are appropriately distributed in the beginning.
These outcomes are very important in environmental economics. For the efficient allocation
of resources the marginal rate of transformation for firm ‘a’ should be equal to marginal rate
of transformation for firm ‘b’. This implies that opportunity cost of garbage disposal for firm
‘a’ should be equal to opportunity cost of garbage disposal for firm ‘b’. This principle is
indirectly related with marginal cost which is a quantitative measure. For an efficient use of
resources the marginal cost of all the firms producing same good should be the same. This is
also known as Equimarginal Principle. If the marginal cost (MC) of producing a good is Rs.
10 for first firm and Rs. 5 for second firm than the cost for the economy as a whole may

8

come down if second firm produce more and the first firm produce less. Similarly if one good
is emission control just like waste disposal and this emission is produced by ‘n’ number of
firms. Suppose that the society requires cutting down the emission by 20 percent. The cost of
emission control may differ for different firms established at different time periods and using
different techniques of production. Then it will not be efficient if each firm cut down its
pollution by 20 percent. We should use the equi-marginal principle for efficient emission
control where different firms are given different target for emission control so that the total
reduction in emission is 20 percent and the marginal cost of emission reduction is same for all
the firms.
Explanation 2 If there are n firms emitting pollution, then for efficient emission control,
Equi-marginal Principle requires that the marginal cost of emission control for all the firms
should be same i.e. MC1=MC2=……=MCn, where MCi is the marginal cost of emission
control for firm i.
Our conclusions are based upon several assumptions. First we assume that the transaction
cost involved in trading the goods is zero. Second we assume that all the consumers and
producers have complete information of the market and third we assume that property rights
are well defined and transferable for economic good as well as bad so that they can be freely
exchanged in the economy. All the benefits and the costs are associated with the holder of
property rights of good or bad.

1.5 Why Markets Fail to Generate Efficient Outcome?
Every country has limited resources to fulfill unlimited wants of its populace. Though it is not
possible to fulfill all the wants of everyone but the efficiency in production and allocation can
help to maximize the fulfillment of wants for present and future generations. Sometimes
markets may fail to produce and allocate goods among consumers, in most efficient way.
This inefficiency in production or allocation is known as market failure. Before a detail
discussion on market failure and environmental economics let’s imagine a lonely island
where only a single human being ‘A’ is living. There is a small pond, the only source of
water on the island. ‘A’ is depending on milk cattle for his livelihood as he knows no other
work. There is no conflict of interest with anyone in decision making as he is alone. Now
another person ‘B’ came to this island. ‘B’ wants to grow vegetables for his livelihood. For
growing vegetables and raising animals, pond is the only source of water.
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Now there may or may not be a conflict of interest between A and B depending on the
quantity of water in the pond. If water is sufficient for both of them there will not be any
rivalry between them because the consumption of one is not going to affect the consumption
of another one. We may say that here pond water is non rival good. Now third person ‘C’
comes to the island. C wants to use the pond water for making fruit juice for his livelihood.
But the pond is not big enough to provide sufficient water for all of them. Now there is
conflict of interest among all of them as the congestion has started. Assuming that there does
not exist any rule regarding the use of pond water so that anyone can use it or we may say
that pond water is an open access good.
Similar is the situation with most of the open access goods around us like unrestricted
highways, fishes in the sea, forests etc. Because of increasing population the burden on
natural resources is increasing and most of these resources are overburdened. We may say
that the congestion has started everywhere and in absence of well defined property rights the
congestion leads to overuse of the resource and hence the market failure.
Coming back to our example, suppose that A’s animals start bathing in pond making water
dirty for fruit juice. In the absence of property rights C has no option but to put a water filter
system. A has created a negative externality for C as he has to bear the cost of water filter
system.
Explanation 3 An externality exists if the third party is affected by the act of production or
consumption of a commodity. The externality becomes negative if it generates cost for the
third party and becomes positive it generates benefit for third party.
Markets fail in the presence of externalities as the prices do not reflect cost or the benefit
accrued by third party.

1.6 Externality in Production and Consumption
We can find a number of examples of negative externalities in production and consumption
around us. Few externalities affect the individual while the others affect everyone coming in
contact. Noise from a dance club may force to nearby recording studio for extra care to make
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it sound proof.
oof. Fig.7 is showing the negative externality in production. The dust particles
generated by coal power plant affect the quality of linen being washed by nearby laundry.

Higher the production by power plant higher the generation of dust particles. The pproduction
function of laundry may be denoted by L=f(x1,x2…xN) … 4 (L is output In the absence of
any externality or dust, x1,x2…xN are various inputs used by laundry producer )

L'=f`(x1,x2…xN, e) … 5 (L
(Lꞌ is output In the presence of dust or negative externality
exter
e.
Higher e means lower L' )
The production of power plant is not affected by the externality as the power plant is
producer of externality and the laundry is victim. Therefore the output P of power plant is the
function of its inputs y1,y2…yM only
only.
P=fp(y1,y2,…..yM) … 6 T
The quantity of externality produced (e) by power plant depends on the quantity of power (P)
which is function of its inputs hence e also depends on these inputs.
e = fe(P) = fe (y1,y2,…..yM) … 7
Let’s suppose that economy has to produce both the goods. If both the goods are important
than neither P (Quantity of power being produced) nor L (Quantity of laundry being
produced) should be zero or P ˃ 0, then e ˃ 0. Now we have to find the desired level of
externality as it can’t bee zero. The relative importance of these two commodities, power and
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laundry, for the people will determine their prices. If power is very important then people can
bear the burden of externality by producing the efficient levels of power and externality.
Let’s suppose that the prices of power and laundry are Pp and PL respectively. Now if Power
plant is producing at its maximum capacity then externality will also be maximum and this
will reduce the value of Laundry. In fig.8 Point ‘A’ is such point where the power plant is
producing the maximum output P1 and Laundry is producing L1 which is not maximum
because of the presence of negative externality. The presence of negative externality adds
marginal external cost (MEC) to marginal private cost (MPC) of power plant and collectively
they become marginal social cost (MSC).

MEC + MPC = MSC …… 8
In the absence of well defined property rights market prices fail to capture the spillover effect
of externality and the outcome of a free market is either overproduction in case of negative
externality or underproduction in case of positive externality. In such case a third party
intervention (Government) is needed to achieve the efficiency.
If the power plant and Laundry merge, the MEC becomes the part of MPC for power plant
and the prices reflect the efficiency in production. After merger the efficient level of output of
power and laundry are denoted at point ‘B’ where the total value (V) is maximum.
V= Pp * P + PL * L ……. 9
(At point ‘B’ slope of production possibility curve is equal to relative price of Power.)
At point ‘B’ the quantities of Power and Laundry produced are P2 and L2 respectively.
Though the negative externality exists at point ’B’ but this has become irrelevant as the
power plant is itself bearing the marginal external cost. At point A the power plant is bearing
only the private cost of production and the laundry has to bear the cost of externality,
therefore the power plant is trying to minimize only the private cost. The further reduction in
the production of power from point B to reduce externality is not desirable as it will reduce
the total value of production for the economy. We can say that at point A externality is
relevant hence we need to reduce it and at point B it is irrelevant hence we don’t need to
reduce it.
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Explanation 4 An externality is Pareto relevant if the removal or fall in this externality
results in Pareto improvement and an externality is Pareto irrelevant if its removal or fall
doesn’t result in Pareto improvement.

Fig. 8 At point A the externality is maximum. We can reduce it by reducing the production of
power by power plant. At point B the externality is less and the total value of combined
output is more as compared to point A therefore the economy has Paret
Pareto
o improvement when
moving from point A to B. As no further improvement is possible from point B the externality
here is Pareto irrelevant and Pareto relevant at point A
The negative externality in production increases the marginal social cost of productio
production by
adding marginal external cost to marginal private cost.
The negative externality in consumption reduces the marginal social benefit of consumer.

1.7 Environmental Externalities
There are so many examples of environmental externality around us. Hunti
Hunting of endangered
species, air pollution by airplanes or vehicles on the road, toxic waste disposed off on land,
drainage of untreated polluted water into the river or ground water are among the few
examples where ecosystem, air, land or water is affected bbecause
ecause of negative externality. In
all these cases MPC is much lower as compared to MSC. In these examples not only the
present generations have to bear the cost of externality but also the future generations will
have to bear it. It is quite possible that MEC is much higher than our expectations.
Assume that the private market for textile manufacturing is perfectly competitive. Textile
manufacturing require large amount of water for its production process. Further assume that
these manufacturing units aree disposing off its waste water, without treating, into the ground

13

water. The supply and demand curves for the industry are denoted by following linear
equations:
Supply P = a + bQ ….. 10
Demand P = c - dQ ….. 11
Here the supply curve also represents th
thee marginal private cost as the presence of externality
makes private cost different from social cost. The demand curve also represents marginal
private benefit. We also assume that the agency supplying the water to the city is using this
ground water for water
ater supply. The externality will increase the cost of water treatment hence
this is production externality. The production externality affects the supply curve which is
also MPC and the consumption externality affects the demand curve which is also margin
marginal
private benefit curve (MPB). The equation 7 and 8 may be written as:
MPC = a + bQ ….. 12
MPB = c - dQ ….. 13

Fig.9 is showing the competitive equilibrium of textile manufacturing. Point E represents
equilibrium quantity and price. Here the market ffails
ails as this equilibrium is ignoring the
externality. Though it is quite difficult to estimate the cost of externality, but there are many
methods in economics to determine the approximate cost. Suppose the marginal external cost
(MEC) is increasing function
on of quantity of textile:
MEC = eQ ….. 14
14

From equation 9 and 11 we can find the equation for MSC:
MSC = MPC + MEC = a + bQ + eQ = a + [b+e] Q ….. 15
We can find the efficient equilibrium if we consider the point of intersection of MPB and
MSC instead of MPC to find the equilibrium. The new equilibrium point E1 in fig. 10 is just
like point B of fig. 8. The externality at this point E1 has become irrelevant. We can easily
find the welfare gain to the society. From the perspective of the firm, there is loss in the profit
equal the area of triangle EE1A. From the perspective of the society as a whole, there is a
gain equal to the area of rectangle EAE1B. The net gain is the welfare gain to the society
minus profit loss to textile manufacture and that is rrepresented
epresented by the area of triangle EE1B.

Fig. 10 At point E1 efficiency is restored. The externality at point E was Pareto relevant but
it became Pareto irrelevant when the equilibrium is determined by MSC curve instead of
curve MPC.

1.8 Externalities and Property
roperty Rights
Who will bear the cost of externality, polluter or the victim? If property rights are defined in
favor of polluter, the victim may compensate the polluter and the efficiency may be achieved.
In our example of power plant and laundry, the laundry may compensate the power plant and
both may produce at point B, the efficient level. If property rights are defined in favor of
victim again the efficiency will be achieved as the producer itself will produce at point B in
our example of power plant and laundry. But in case of environmental externality property
rights are undefined. Our environment is like an open access public good where the property
rights are not defined either in favor of polluter who may be compensated to reduce pollution
15

or in favor of victim. As in fig.9 there was overproduction of textile by not considering
marginal external cost, similarly in the absence of well defined property rights we are
overproducing the market goods. This overproduction with negative externality is damaging
the environment and all of us have to bear this marginal external cost and loss of welfare.

1.9 Summary
An externality exists whenever the welfare of some agent, either a firm or a household,
depends not only on his or her activities, but also on activities under the control of some other
agent
A consumer may be made better off by redistribution unless the marginal rate of substitution
(slope of indifference curve) and the relative price (slope of budget line) are not the same
First theorem of welfare economics states that in a competitive economy the allocation of
resources will be Pareto efficient or the market equilibrium will be Pareto optimal.
Second theorem of welfare economics states that the Pareto optimum equilibrium or the
allocation can be achieved by market forces in a competitive market by redistribution
provided that the resources are appropriately distributed in the beginning.
Markets fail in the presence of externalities as the prices do not reflect cost or the benefit
accrued by third party.

1.10 Reference books
Kolstad, C.D (1999); Environmental Economics Oxford University Press, New Delhi

1.11 Text books
Bhattacharya, R. N. (2002): Environmental Economics: An Indian Perspectives, OUP, New
Delhi
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UNIT-2: COASE BARGAINING SOLUTIONS

Structure:
2.0 Learning Outcomes
2.1 Introduction
2.2 The Coase Theorem and Assignments of Rights
2.3 The Coase Theorem and Implications of Property Rights
2.4 The Coase Theorem and Wealth Effects
2.5 Bargaining Solutions
2.6 Policy Significance of the Coase Theorem
2.7 Summary
2.8 Text Book
2.9 Reference Book

2.0 Learning Outcomes
After studying this Unit learners will able to understand

2.1



To understand the Coase Theorem



To learn the importance and implications of assignments of property rights



To understand the wealth effects of the Coase Theorem



To understand the policy significance of the Coase Theorem

Introduction

There is an important role of property rights in evaluating and implementing market based
approaches to solving environmental problems. The polluting firm thinks it has right to
pollute, however the victim feels that she has a right to clean air. This dispute needs to be
resolved in order to obtain socially efficient amount of pollution.
Coase theorem states that under certain conditions, it makes no difference to efficiency
whether the polluter has the right to pollute or the victim has the right to clean air. As right to
pollute and right to clean air are both property rights that has value, if trade is allowed in
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those rights, efficiency should prevail. In other words, as long as both parties are free to
bargain, the final amount of pollution will be independent of the initial allocation of property
rights. The problem arises as both the polluter and the victim think their position is justified.
The market fails to fix the problem because no one--or both parties has the property rights.
According to the Coase Theorem, the legal system must ensure that the property rights are
vested with one party (either polluter or victim). And then because we assume free
bargaining, the market will always ensure an efficient solution. This aspect of Coase
Theorem goes well with the function of taxes and subsidies for internalizing negative
externalities like pollution. Well defined property rights can help in pollution control in
similar way like taxes and subsidies. It is worth noting that in the short run when there is no
time for new firms to enter the industry, taxes and subsidies (both considered as price for
pollution) might yield the same outcome. The Coase bargaining solution let market set this
price for pollution and hence solves the problem.

2.2 The Coase Theorem and Assignments of Rights
To most effectively present Coase results, we rely on an example of a refinery and a laundry
facility. The laundry is the victim as the pollution generated by refinery interferes with
cleaning process of laundry. These are the only two players involved, and this implies
pollution problem would not exist if either a) the refinery were not there, or b) the laundry
were not there.
It is neither given nor obvious, where the property rights should be vested. We first examine
what would be the efficient level of pollution (situation 1). We then examine what happens if
a) the laundry has rights to clean environment (situation 2) or alternatively b) the refinery has
the right to pollute (situation 3). Efficiency: In marginal terms, efficiency is achieved when
the marginal cost of pollution control (by the refinery) is equal to the marginal damage of the
pollution to the laundry. Consider Fig 1, where the efficient outcome is associated with A*.
The total profit in this case would be Π_R (A^* )+ Π_L (A^*)
But there are two other possible marginal outcomes: a) the refinery ceases operation or b) the
laundry ceases operation. From the efficiency perspective the profit level associated with
these three circumstances should be assessed and the action that dictates largest profit levels
must be taken.
Both facilities operate – total profit is 𝛱𝑅 (𝐴 ∗ )+ 𝛱𝐿(𝐴 ∗ )
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Laundry shuts down (pollution abatement 0) – total profit is 𝛱𝑅 (0)
Refinery shuts down (pollution abatement 1) – total profit is 𝛱𝐿(1)

Victim has rights: Suppose if the laundry has legal property rights to clean air, and then if the
refinery wants to pollute it will have to compensate the laundry for any damages. There are
three possible outcomes here; a) both the refinery and laundry operates and refinery
compensates laundry for pollution; b) the refinery shuts down; c) the refinery buys laundry
and shuts it down. The profits in each of these three situations are given below.
Both facilities operate – total refiner
refinery profit is 𝛱𝑅 (𝐴 ∗ )+ 𝛱𝐿 (𝐴 ∗ )− 𝛱𝐿 (1)
Laundry shuts down (pollution abatement 0) – total refinery profit is 𝛱𝑅 (0)−
(0) ΠL(1)
Refinery shuts down (pollution abatement 1) – total refinery profit is 0
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Note that conditions in situation 2 are identical to conditions in situation 1 except that profits
in each of three case is lower by 𝛱𝐿(1)
Polluter has rights: Consider the case where the polluter has the rights to pollute. So, if the
laundry doesn’t want the pollution then it must bribe the refinery to cut back its emissions. As
before there are three possible outcomes; a) both refinery and laundry operates with laundry
bribing refinery to reduce pollution; b) the laundry shuts down and; c) the laundry buys the
refinery and shuts it down.
Both facilities operate – total laundry profit is 𝛱𝑅 (𝐴 ∗ )+ 𝛱𝐿 (𝐴 ∗ )− 𝛱𝑅 (0)
Laundry shuts down (pollution abatement 0) – total laundry profit is 0
Refinery shuts down (pollution abatement 1) – total laundry profit is 𝛱𝐿 (1) − 𝛱𝑅 (0)
Note that conditions in situation 3 are identical to conditions in situation 1 except that profits
in each of three case is lower by 𝛱𝑅 (0)
Economic intuition tells us that the conditions in all the three cases are identical. The
outcome will be the same independent of how property rights are assigned.

2.3 The Coase Theorem and Implications of Property Rights
The preceding discussion illustrates that the pollution problem can be solved through
bargaining between the polluter and the victim without worrying about the initial assignment
of the legal rights. The only important thing that matter is that there should exist possibility of
easy bargaining. However, this easy and costless bargaining is difficult to achieve in many
circumstances. Imagine a situation where there are many victims but a single polluter, then
having all the victims agree to pay the polluter to reduce pollution would be difficult. The
assumption of no transaction costs is hence a very strong assumption. Transaction costs are
the costs of carrying out a transaction over and above the exchange of the money for a good.
Transaction cost covers all other costs associated with agreeing to transact or in other words
it is an extra payment associated with consummating a transaction. A more subtle kind of
transaction cost is involved in bargaining. Bargaining might not entail any monetary costs;
however there are psychic costs associated with striking bargains. Such impediments are also
considered as transaction costs because they are just as real as the monetary costs.
Thus many economists (Kolstad, 2011) have defined Coase Theorem in the following way:
Assume a world in which some producers or consumers are subject to externalities generated
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by other producers or consumers. Further, assume (1) everyone has perfect information, (2)
consumers and producers are price-takers, (3) there is a costless court system for enforcing
agreements, (4) producers maximize profits and consumers maximize utility, (5) there are no
income or wealth effects, and (6) there are no transaction costs. In this case, the initial
assignment of property rights regarding the externalities does not matter for efficiency. If any
of these conditions does not hold, the initial agreement of rights does matter.
It is also argued that zero cost transaction assumption is most important to Coase Theorem.
Hence, the presence of significant transaction cost limits the practical application of the coase
theorem in most of the real world situations. Coase theorem directs our attention away from
efficiency arguments to explain the property rights should be allocated in a particular way.
Imagine a case where the victim is assigned the property right. The version of the Coase
Theorem discussed so far says that the victim will be willing to sell right to clean air up until
the point where the damage suffered by victim from one more unit of pollution is exactly
equal to the amount the polluter is willing to pay for it as compensation. In the presence of
transactions costs, the victim will also add the bargaining costs to the damages. The result in
this case will be less pollution as compared to the case without the transaction cost. But, now
imagine that polluter has the property right to pollute. The victim will now have to pay a
larger amount as bribe if polluter includes the transaction costs. So given any monetary
constraints of the victim, the polluter may cause more pollution. It is interesting to note that
the amount of pollution vary depending upon who gets the initial property rights.
Thus the legal system of property rights has a deeper impact. The outcome depends heavily
on assignment of initial property right in presence of transaction costs. Cooter (1987) argues
that even when there do not appear to be transaction cost, there are impediments to reaching
bargains. He points out that in bilateral negotiations, the bargaining may break down due to
inability to decide on the precise division of the gains. A case of public goods can be viewed
as a nice example with no transaction costs but as many affected parties must bargain with
the polluters, there may be a difficulty in striking a good bargain.

2.4 The Coase Theorem and Wealth Effects
Another important clause in the coase theorem concerns wealth effects. Bargaining outcome
creates wealth for the owner of the property right. If one is endowed with the right that has
value, she is considered rich and in the absence of the right she may be deemed as being poor.
There is another spin to the wealth effects argument. For example that if the victim has right
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to clean air and he receives compensation by selling that right, then this might increase his
demand for clean air. Similarly if polluter has the right to pollute, then any money he makes
from the bribes to reduce pollution may end up increasing his demand for emissions. Similar
to the transactions cost case, the final outcome depends on the initial allocation of property
rights. Because the demand for a good depends on income, the existence of the wealth effects
would generate differences in the final bargain, depending upon how rights were initially
allocated.
Further, generation of income selling the property right might entice others to want to take
advantage as well. With free entry in market, the assignment of property rights to the firms
may induce other polluting firms to enter the market in a lookout for some gains from
bargaining. Similarly, if the property rights are assigned to the victim, then creating wealth
through bargaining and sale of property rights might entice new victims to enter the market.
The simple versions of the Coase theorem assume away entry--by both new firms and new
victims. Thus in the presence of transaction costs, it is of importance to know where rights
are initially vested. So when rights are initially established by the legal system, it is important
to vest rights in those parties that have greatest willingness to pay for those rights. One
cannot completely depend on trade to redistribute rights to pollute. Attention should also be
paid to reducing the transaction costs associated with trading rights to pollute. It is important
to note that the preceding discussion does not undermine the simple version of Coase
theorem. Coase theorem in none of its arguments suggest that the property rights are not
important. A complete set of property right is necessary for a market to support Pareto
optimal allocation. Coase lays importance on the fact that efficiency does not depend how
these rights are distributed. If trading in these rights is easy and costless, they will
subsequently be traded so that they end up in the right hands.

2.5 Bargaining Solutions
The fundamental problem of Coase view of property rights involves striking an agreement.
Other issues relevant to the pollution control problems deserve special attention too. Pollution
is a public bad with usually large numbers of victims and a small number of polluters.
Furthermore, damage to victims is often private information, which creates incentives for
free-riding. Striking a bargain when more than two individuals are concerned is also another
issue of concern.
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Free-riding: Suppose there is one polluting power plant surrounded by a number of people
who suffer from pollution. If people have the right to clean air, the power plant will have to
compensate people for damage. On the other hand, if the right to pollute is vested in the
power plant, the people surrounding the plant will have to get together to pay the plant to
restrict pollution. The problems of reaching agreement among the people surrounding the
plant are significant.
To cite an example, suppose there are 10 people surrounding the power plant, the cost of
cleaning up the plant completely is INR 41 and the damage to each person from the pollution
is INR 5. Thus the aggregate damage is INR 50 and hence it is socially desirable to undertake
pollution control for the net gain of 9. The damage is private information to the individuals
though we have stated it to be 5. Now consider the following two situations.
Suppose first the power plant has the right to pollute. The Coase theorem suggests that the
efficiency (pollution control) can be attained via payments from the individuals to the plant.
One possibility is that all 10 people get together and each contributes 4.1 to clean up the
plant. However, it is entirely possible that one of the individuals pretends that she does not
mind pollution and hence she is not really willing to contribute anything. In this case the
other 9 individuals can each contribute INR 4.56 each to collect the total of 1.04. One person
free-rides, but we are still able to obtain the pareto optimum outcome. However, if two
people get the idea to free ride there is no way the other 8 people can pool money to raise
INR 41as in order to do so they may have to contribute more than INR 5 each. They may not
be willing to pay more than the actual damage to them. Consequently, when the pollution
rights are vested with power plant, the problem of free riding combined with private
information on the damages make it very difficult to reach a Coasian solution.
Now suppose that the individuals have the right to clean air. That implies that power plant
must compensate the individuals. In order to do so, the plant must estimate the total damage
and check whether the total compensation exceeds the cost of pollution control. The plant can
either compensate the victims or resort to pollution control, whichever is less. If the power
plant decides to compensate the victims then it will have to ask the victims about their
damage as damage is private information. Hence, there are incentives for individuals to
overstate this damage. If the actual damages are modest but victims overstate it, then the
polluter will have to resort to the installation of pollution control equipments when it is
optimal to compensate. Thus, the tendency to overstate damage could lead to excessive
compensation and overzealous pollution control measures. The reason these problems arise is
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because of the non-rival aspect of the pollution. This leads to free riding and difficulty in
striking bargains. But in the case of rival goods, we might not encounter such a problem.
Coase Theorem is most applicable when two individual firms or people are bargaining. We
do not have a problem of free riding and negotiating costs. There is, however, a more
fundamental problem when more than two people are bargaining; there may be no bargain
that is agreeable to all three people, even when transaction costs are not present. Striking a
deal to eliminate externalities may not be as easy. The problem of reaching an agreement
over pollution is just another form of transaction cost. Difficulties in reaching agreement
must be considered while applying Coase Theorem to real world problems.

2.6 Policy Significance of the Coase Theorem
The Coase theorem is remarkable because it is counterintuitive; its real beauty is that it
focuses attention on the assumptions that may be required for market based solutions to work.
Thus, the theorem is presented separately from other market based solutions (like taxes,
subsidies and permits) to counter environmental problems.
The policy implications of the Coase theorem (Kolstad, 2011) are discussed below.
1) Transaction costs are important factor in determining efficient distribution of rights in
order to ensure clean environment. While designing a set of property rights for the
environment, it is important both to distribute them efficiently and also to reduce the costs
associated with trading those rights. The markets for rights to pollute have become
increasingly common. And hence reducing the transaction costs has become important in
ensuring smooth trade in rights.
2) Another policy implication of the Coase theorem is to absorb the idea of victims of
pollution pay polluters to reduce pollution. Often, the right to pollute is not considered as
valid property right and convention of “polluters should pay” prevails in many parts of the
world. Often polluters have a very strong lobby and their political power is such that it
becomes difficult to make them pay to reduce pollution. This can often result in a stalemate
and can only be resolved by acknowledging a possibility of the victims paying for cleanup.
Pollution reduction should be the primary goal and decision on who pays for it is a secondary
issue.
Coase theorem focuses our attention on the set of conditions that help or hinder market based
solution to environmental problem.

24

2.7 Summary
After studying this module you shall be able to:


The Coase bargaining solution let market set this price for pollution and hence solves
the problem.



The pollution problem can be solved through bargaining between the polluter and the
victim without worrying about the initial assignment of the legal rights. The only
important thing that matter is that there should exist possibility of easy bargaining.



The legal system of property rights has a deeper impact. The outcome depends
heavily on assignment of initial property right in presence of transaction costs.



Coase Theorem is most applicable when two individual firms or people are
bargaining.



Coase theorem focuses our attention on the set of conditions that help or hinder
market based solution to environmental problems.

2.8 Text Book
• Bhattacharya, R. N. (2002): Environmental Economics: An Indian Perspectives, OUP, New
Delhi

2.9 Reference Book
• Kolstad, C.D (1999); Environmental Economics Oxford University Press, New Delhi
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UNIT-3 ENVIRONMENTAL EXTERNALITIES – PIGOUVIAN
TAXES AND SUBSIDIES
Structure:
3.0 Learning Outcomes
3.1 Introduction
3. 2 Types of Externality
3.3 Graphical Analysis
3.4 Emission Fees
3.5 Pigovian Fees
3.6 Pigovian Subsidies
3.7 Summary
3.8 Text Book
3.9 Reference Book

3.0 Learning Outcomes
After studying this module, you shall be able to


To know about externalities and their types



To know the methods of correcting externalities



To know about the instruments such as taxes and subsidies



To evaluate the difference between taxes and subsidies

3.1 Introduction
An externality is present whenever some individual’s utility or production relationships
include real variables whose values are chosen by others without particular attention to the
effects on that person’s welfare. Alternatively: Actions of individual A affect utility or
production function of individual B, but the effects are not expressed in terms of prices. The
real variables could be in the form of shift in production or consumption possibilities of
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individual A due to externalities generated by actions of say Individual B. The decision taken
by individual B does not consider the interests of Individual A and that generates
externalities. As the result of which, there exist a difference private and social costs.

3. 2 Types of Externality
Externalities cause private and social costs to differ from each other. Externalities can be
expressed in terms of a utility function in the following way. Consider a production function
given by
U = f (X1, …, Xn, Z) where X1, … , Xn are market-valued goods and services and Z is some
measure of environmental quality. Z is attributed to a condition in an individual’s utility
function which can be affected by the actions of (other firms, other consumers).
A similar concept can be viewed in the production function as well. Consider a production
function where
Q = f(L, K, Z) is L is labour, K is capital and Z is some environmental input which the firm
uses. Here again the state of Z,(though a part of the production function of individual’s firm)
depends upon the actions of others. A few examples of Z could be waste-disposal capacity of
the various resources (air, water, land) for a factory, clean water for a whisky distiller etc.
The effect of the externality can both be positive and negative. Some of the examples of
positive externalities are benefits from education and telephone connection. The negative
external effects includes costs of environmental pollution, traffic jams etc. Individuals take
into consideration only their private benefits/costs. Thus with the presence of negative
(positive) external effects, it is not possible to account for all marginal social costs (benefits) .
This generates inefficiency. We will focus on negative external effects, in particular
environmental pollution. Production generates pollution and it can be seen as a linear
function of output. Thus pollution increases as output rises. In the analysis that follows, we
assume increase in pollution is proportional to increase in production. However, the damages
from pollution rise at an increasing rate. We also assume that output sells at a constant price
and marginal private costs are continuously increasing.

3.3 Graphical Analysis
a) Gross Domestic Product(GDP)
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Figure 1 depicts marginal private production cost (MCp) and marginal social production cost
(MCs). Production costs rises with the output(Q). The difference between these two curves is
the negative external effect of pollution which causes irreversible environmental damage.

Suppose MD is marginal damage due to the external effect then MCs= MCP + MD.
However, production also generates benefits which can be viewed in the form of MB
(marginal benefits from production) . Consider figure 2, where MB is a downward sloping
curve. It is because as the output increases the benefit accruing from each successive unit of
output tends to be lower. The socially optimum level of output is (Qs ) where marginal
benefit is equal to the marginal social production cost. The social optimum QS generates
economic surplus (welfare) abc.
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The private optimal level of output is (Qp) where marginal benefit is equal to the marginal
private production cost. At QP welfare is given by the region aec – aed. It is interesting to
observe
rve that there is an additional loss of welfare given by region bde in this case. Thus, we
can infer that welfare with output level Qp is smaller than socially optimal level of output Qs
[abc – bde < abc ]. Efficiency loss at QP equals to the region bde.
Itt is important to note that optimal pollution cannot be zero as this would mean that output
has to be driven down to zero. However, in this scenario optimal pollution is less than that
generated by the market.
The social optimum condition is MB = MCS = MCP + MD. The socially optimal output is Qs
but seldom free market forces result in this level. The reason could be that the firm only takes
account of its own private costs and does not consider the marginal damage from pollution.
However, if the government can intervene and restrict output upto Qs, we might have a
plausible solution to the problem of environmental pollution.
Negative externalities can be internalized using the following policy alternatives


Taxation



Subsidies
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3.4 Emission Fees
An emission fee is a price or fee paid by a polluter to a regulatory entity for every unit of
emissions a polluter emit. A tax rate equal to the marginal damage will help the economy
reach socially optimum level of production. Consider Figure 3. A tax equal to the siz
size of (br )
may prompt the firm to reduce production from Qp to QS .

At the output level of Qs the marginal social cost of production (MCS ) is equal to marginal
private cost of production (MCP) plus the tax size of ( br ). If Q is less than the social
optimum
timum level of output (Qs), the marginal benefit is greater than the marginal private cost of
production plus the size of tax (br).
Q < MBQS > MCP + br
However if Q is more than Qs but less than Qp, marginal benefit will be less than the than
marginal private cost of production plus the size of tax (br).
If QS < Q < MBQP
QP < MCP + br
At the Ievel QS , the marginal benefit equals the marginal social cost of production such that
MB = MCP + br = MCS
Thus if the government sets the tax rate equal to marginal damage calculated at the socially
optimal level of output, QS, the firm may be forced to produce at the socially optimal level of
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output. Production at this level of output also ensures that the firm’s private costs come into
line with social costs of output.
For an alternate explanation consider a firm producing some good along with pollution, call it
x. If the emission fee is p and the polluter emits x units of pollution, the payment from the
polluter to regulator is px. To determine how much the polluter emits, let C(x) be the
production costs associated with emitting x units of pollution, holding goods output fixed.
Costs will decline as the pollution increases thereby implying that the polluter saves money
by emitting pollution. Total costs for the firm can be given as
TC(x) = C(x) + px
The total cost is minimized with respect to x, we obtain
p = - MC(x) = MS(x)
The equation states that the firm operates until a point where the marginal cost of reducing
pollution by one unit (which is same as marginal savings from emitting one more unit of
pollution) is equal to the price of pollution. In other words, in the case of emission fees the
firms will reduce pollution up to a point where firm’s marginal cost of abatement is equal to
the emission fee.
In the case of multiple firms, each firm abates till the point where marginal cost of abatement
is equal to the emission fee. As all the firms equate their MACs to the same fees, they satisfy
the equi marginal principle and hence maintain efficiency. The equi marginal principle states
that in controlling emissions from several polluters, all emitting the same pollutant,
effectively requires that the marginal cost of emission control be the same for all polluters.

3.5 Pigovian Fees
A pigovian fee is an emission fee exactly equal to the aggregate marginal damage caused by
the emissions when evaluated at the efficient level of pollution. It is a special kind of
emissions fee- an emission fee that is set at the marginal damage of pollution in an attempt to
restore pareto optimality to a situation of market failure.
Two cases have been discussed in the module
Single Polluter
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Suppose there is a factory generating pollution of the amount x at a cost C(x), with marginal
costs MC(x). Since cost declines as x increases, marginal costs are actually negative.
Suppose there are N people surrounding the factory and that pollution causes damage to who
cannot use the locational choice to change the amount of pollution they face. For any person,
the damage from pollution is Di (x) which is positive and increases in x. The aggregate
damage for pollution can be written as
D(x) = ∑iDi(x)
The efficient amount of pollution that minimizes total costs and damages
x* minimizes [C(x) +D(x)]
thus
MC(x*) + MD(x*) =0
As the marginal savings is the negative of marginal costs , we obtain
MS(x*) =∑i MD i(x*)
In other words, we target at a level of pollution such that marginal savings to the firm is equal
to the marginal damage from pollution over the entire pollution. The aggregate marginal
damage (∑iMD) is the vertical sum of individual marginal damages (MDi) Figure 4
illustrates this situation in the case of one polluter and two victims. The marginal damage
increases with emissions whereas the marginal savings (negative of marginal cost) decreases
with emissions.
The marginal damage functions of two victims of pollution are vertically summated to obtain
the aggregate marginal damage. The optimal amount of pollution is the level at which the
aggregate marginal damage curve intersects the marginal savings curve. The optimal level of
pollution is x* and the corresponding pigovian fees is given by p*.
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A Pigovian fee is defined as the marginal savings from pollution generation at the optimal
level of pollution. It is different from emission fees. It can be used to generate the efficient
amount of public bad.
Multiple Polluters
Now consider the case of two polluters. Figure 5 shows the aggregate marginal damage
function of all victims. Also shown is the marginal savings to each polluter (two in this case).
Aggregate marginal savings is calculated by horizontal summation of margi
marginal savings
function of polluting firms. An aggregate marginal savings function indicates the change in
marginal savings with the change in one unit of pollution. For any level of fee, MS(x) tells us
how much pollution (x) in total will be emitted and each MSi(x) tells us how much each firm
will contribute to the total.
The efficient amount of pollution is where the marginal savings curve (MS) intersects the
marginal damage curve (MD). The optimal amount of pollution is (x*) and the marginal
savings to polluters
uters is ( p*). Thus, the pigovian fees is ( p*). At this fee level firm 1 will emit
(x1 * ) level of emissions, whereas firm 2 will generate (x2 * ). Each firm’s marginal savings
from polluting is set equal to the pigovian fee.
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Furthermore it may be clear that
MS(x*)= p*
The above property ensures that all the firms will control pollution at the same level of
marginal costs. As marginal costs of pollution is equated across all polluters. The cost
minimizing way of appropriating the abatement responsibility is to equate marginal cost of
abatement or in other words marginal savings (from polluting) among firms.

3.6 Pigovian Subsidies
Payments made to the individuals or firms by the government are called subsidies. They are
generally
ly used to correct externalities / problems associated with natural resources and their
use. Market failures lead to externalities. Pollution is a negative externality generated during
production of goods and services.
Arthur Pigou proposed that if externa
externalities
lities can be internalized and the producers of the
externality are made to face the true price, the problems arising out of externalities may be
solved. A producer generating negative externalities (pollution) may face tax per unit on
emissions (as discussed
sed above). Similarly, producers generating positive externalities (for
example using green technologies) can be given subsidy to reach the social optimum. For
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negative externalities (e.g. pollution), the subsidy is levied per unit of abatement of
emissions. It can be shown that if the subsidy rate and tax rate are equal, it will result in same
amount of pollution. However, the distribution of the costs and revenue in each case differs.
Taxes generate revenues for the government whereas the subsidies involve costs. Issues
regarding the distribution of costs or revenues concern the policy maker, however, the choice
of the instrument does not affect the efficiency and overall level of the pollution. But in
certain cases where the firms can enter or exit the industry in response of such policy actions,
the equivalence between taxes and subsidies might not hold. It is worth noting that in the
short run when there is no time for new firms to enter the industry, pigovian fees and
subsidies might yield the same outcome.
Let us consider a competitive industry, where all firms in industry are identical. Under a
pollution tax(t) , the production cost of a typical firm would be
C(y,e) = V(y,e) +t e+FC ………..(1)
where y = the amount of the good being produced,
e = emissions
C(y,e) = costs of production
V(y,e) = variable costs
t = tax rate
FC = fixed cost of production
Suppose emissions are relayed to output such that e=ay where is a is the constant
C(y,ay) = V(y,ay) +t ay+FC

…………(2)

We may rewrite the above equation as
TC(y) = VC(y) +t ay+FC

………..(3)

The marginal production costs would be
MC(y) = MVC(y) + ta

…………. (4)

Under subsidy e, with no regulation the firm will produce emissions at the level say e*. With
the subsidy the firm will paid to reduce emissions. So if the firm reduces emissions to e, the
subsidy payment will be s(e*- e). This means that cost will be
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TC(y) = VC(y) +FC - s(e*- e)

……….. (5)

TC(y) = VC(y) + say + [FC - se*]

……..(6)

The term in the bracket is a figure consisting of standard fixed cost plus a lumpsum transfer
of se* which is independent of y or e.
Consequently
MC(y) = MVC(y) + ta

…………….(7)

The above equation is same as equation 4 with the difference of t and s
Thus in case of identical firm in short run , pigovian fees and subsidies give the same result.
In the long run, there will be more firms in the industry with a subsidy than a tax. Subsidy,
hence might result in the overuse of certain environmental resources which are used as
inputs. Also subsidy might be undesirable because it does not allow the market to
communicate the true costs of the product.

3.7 Summary
An externality is present whenever some individual’s utility or production relationships
include real variables whose values are chosen by others without particular attention to the
effects on that person’s welfare. The effect of the externality can both be positive and
negative. Arthur Pigou proposed that if externalities can be internalized and the producers of
the externality are made to face the true price, the problems arising out of externalities may
be solved. Externalities can be internalized either to imposition of tax or grant of subsidies. A
Pigovian fee is defined as the marginal savings from pollution generation at the optimal level
of pollution. It is different from emission fees as it a price or fee paid (fixed by the regulatory
body) by a polluter to a regulatory entity for every unit of emissions a polluter emit.
Payments made to the individuals or firms by the government are called subsidies. A subsidy
for pollution control and a tax on pollutant emissions both result in the same marginal
conditions for pollution emissions. However, the subsidy in both short run and long run
results in excess production in polluting industry.

3.8 Text Book
• Bhattacharya, R. N. (2002): Environmental Economics: An Indian Perspectives, OUP, New
Delhi
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3.9 Reference Book
• Kolstad, C.D (1999); Environmental Economics Oxford University Press, New Delhi

37

UNIT-4: CLIMATE CHANGE AND CARBON FOOTPRINT
Structure:
4.0 Learning Objective
4.1 What is this module all about?
4.2 Sources of Carbon
4.3 The Radiation Budget of Earth
4.4 Climate Change and the UNFCCC
4.5 The Kyoto Protocol and Emission
4.6 Text Book
4.7 Reference book

4.0 Learning Objective
After going through this unit the learner will able to understand


Sources of Carbon



The Radiation Budget of Earth



Climate Change and the UNFCCC



The Kyoto Protocol and Emission

4.1 What is this module all about?
Carbon dioxide is one of the essential gas in the environment and also an important nutrient
of the biogeochemical cycle without which the system would collapse. For the plants to
produce food through photosynthesis carbon dioxide is essential. Carbon dioxide also plays a
major role in keeping the earth warm enough to make it habitable. At the same time excess of
CO2 is dangerous to the sustainability of our planet. In this module we will try to understand
why this gas has acquired a central position in the discussions about mitigating climate
change. We will start with some conceptual clarifications on phenomenon related to our
subject: Sources of Carbon, Radiation Budget of Earth, Climate Change, and Green House
Effect. Exploring and understanding the problem at both Individual level and International
level through Carbon Footprint and Emission Trading. We will explore what steps are being
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taken to mitigate the problem of Carbon Emission through economic devices like carbo
carbon
trading, its developments so far and India’s stand on it.

4.2 Sources of Carbon

There are several sources of Carbon and below is an illustration of the sources of Carbon and
also how is the carbon consumed back from the atmosphere into the system. Naturally carbon
was present in the atmosphere but with increasing human activities like industrialization and
constant increase in the combustion of the fossil fuels leads to the excess of carbon in the
atmosphere in the form of compounds of ccarbon.
arbon. Due to the increasing deforestation, the
excess of carbon is not fixed and remains in the atmosphere. The remaining Carbon in the
form of Carbon dioxide makes a layer around the earth that traps heat and helps the earth
keep warm when there is no so
source
urce of heat i.e. during the night times. The excess of this CO2
would result in trapping excess of heat. More details about this will be explained in the
further sections.
Source – Thomas M Smith – Chapter 23/Pg. 449

4.3 The Radiation Budget of Earth
To understand the role of CO2 we need to understand the location and functions of it in the
Radiation Budget of the Earth (The energy entering, reflected, absorbed, and emitted by the
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Earth system are the components of the Earth's radiation budget). Radiation with short
wavelength enters the earth’s atmosphere. Major part of it gets radiate back by the
atmosphere but a part of it gets absorbed and trapped by gases in the atmosphere, these are
known as the Green House Gases. They emit the absorbed energy through radiations of long
wavelength in all directions. A portion of that radiation escapes earth’s atmosphere and the
remaining emission heats up the lower atmosphere. This results into heating of earth’s
surface. This heating mechanism is known as Green House effect and the gases involved in
this process are the Green House Gases
Gases.

What is Greenhouse Gas (GHG)?
"Greenhouse gases" means those gaseous constituents of the atmosphere, both natural and
anthropogenic, those absorbs and re emit infrared radiation. The GHG basket consists of six
direct gases, such as: CO2 - Carbon dioxide; CH4 – Methane; N2O - Nitrous oxide; PFCs –
Perfluorocarbons; HFCs – Hydrofluorocarbons and SF6 - Sulphur hexafluoride.
Source: IPCC (2007)
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Why Carbon?
In the explanation of radiation budget we saw the mechanism thr
through
ough which the surface of
earth gets heated. One of the gases that absorb the terrestrial radiation (radiation from earth)
is CO2. There are various other GHGs that absorb those radiations like the water vapour,
methane, nitrous oxide but what makes it com
comee to focus are two things: Abundance and
Residual between the Large Sources and Sinks.
Abundance: CO2 is the second most abundant GHG after water vapour. The problem is its
Airborne Fraction (AF), which is defined as the fraction of anthropogenic (created by
humans) carbon emissions which remain in the atmosphere after natural processes have
absorbed some of them. Main reason for this raised quantity is the emissions from different
sources like industries, power plants etc. human triggered high emission sc
scaled up
particularly after the Industrial Revolution.
This created an imbalance between the sources and sink of the gas (CO2) as the natural sinks
(where the gas gets absorbed) are unable to absorb the large amount of CO2 produced and as
a result it remains
ns suspended in atmosphere. This is known as the residual between the
sources and sink. The major sinks for CO2 are Forest, Oceans
The figure below show sinks and the sources of carbon through carbon cycle.
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What are the Sources and Sinks for CO2?
Sources are the point of release of CO2 in the atmosphere. Major sources of CO2 are:
1. Combustion: Burning of fuels cause emission of CO2
2. Land Use Changes:
Combustion: Burning of Fossil Fuel is the major source of CO2 in the environment.
What is fossil fuel?
Fossil fuels -coal,
coal, petroleum (oil) and natural gas
gas- are formed from organic material over the
course of millions of years within the crust of earth. The age they were formed is called the
Carboniferous Period. ‘Carboniferous’ gets its name from carbon, the basic element in fossil
fuels. It derives the name ‘fossil’ due to its formation period and its location under earth.
Fossil fuels are currently World’s primary energy sources. However, fossil fuels are finite
resources and they can also irreparably ha
harm
rm the environment. There are different techniques
like the Carbo Capture and Carbon Storage to tackle this problem
problem.
What is Carbon Capture and Storage
Storage?
Carbon Capture and Storage (CCS), also known as Carbon Capture and Sequestration, is a
process that collects
lects carbon dioxide (CO2) that would otherwise be emitted into the
atmosphere by industrial and power generating sources, and pumps it deep underground for
long term storage.

42

Carbon dioxide (CO2) can be captured either pre- or post-combustion. In integrated
gasification and combined cycle power plants, carbon dioxide is removed pre-combustion in
the gasification process. In conventional coal-fired power plants, carbon can be captured
post combustion using a chilled ammonia solution, which seizes the pollutant from flue gas
before it is released into the atmosphere.
Source: http://www.eesi.org/topics/fossil-fuels/ccs
Individuals and Carbon emission: Carbon Footprints
The governments, decision-makers and businesses have started to seek ways and means to
mitigate global warming aiming at reducing GHG emissions. This brings the need to
understand what activities drive GHG emissions and how they can be effectively reduced.
Thus, the ‘carbon footprint’ (CF) concept has become a popular tool to estimate GHG
emissions related to human activities. Despite its growing appearances and acceptances by
media, business houses and often a mention by world leaders during their presentations on
climate change, the Carbon Footprint has no unanimously agreed definition, usage or
measurement.
Origin of carbon footprint can be traced back to the concept of ‘ecological footprint’ in early
1990s. Ecological footprint refers to the biologically productive land and sea area required to
sustain a given human population expressed as global hectares (Wackernagel and Rees 1996
and Rees 1992).1 According to this concept, carbon footprint refers to the land area required
to assimilate the entire CO2 produced by the mankind during its lifetime. In due course of
time as the global warming issue took prominence in the world environmental agenda, use of
carbon footprint became common independently, although in a modified form (East 2008).
The concept of carbon footprinting has been in use since several decades but known
differently as life cycle impact category indicator global warming potential (Finkbeiner
2009). Therefore, the present form of carbon footprint may be viewed as a hybrid, deriving its
name from “ecological footprint”, and conceptually being a global warming potential
indicator.
A carbon footprint is a measure of an individual's contribution to global warming in terms of
the amount of GHG produced by an individual and is measured in units of carbon dioxide
equivalent (Lynas, 2007).
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What is "CO2 equivalent"?
GHG emissions/removals can be expressed either in physical units (such as grams, tonnes,
etc.) or in terms of CO2 equivalent (grams CO2 equivalent, tonnes CO2 equivalent, etc.). The
conversion factor from physical units to CO2 equivalent is the Global Warming Potential
(GWP) of the corresponding GHG. If X Gg of CH4 is to be expressed in terms of CO2
equivalent, then it is multiplied by 21, which is GWP of CH4 over 100 years timescale
(UNFCCC Secretariat).
Carbon Footprint is made up of the sum of two parts, the direct or primary footprint is a
measure of our direct emissions of CO2 from the burning of fossil fuels including domestic
energy consumption and transportation (e.g. car and plane); and the indirect or secondary
footprint is a measure of the indirect CO2 emissions from the whole lifecycle of products and
services we use including those associated with their manufacture and eventual breakdown
(Tukker and Jansen, 2006).
There is increasing awareness of an individual's behaviour or life style as a source of global
carbon emissions (Bin and Dowlatabadi, 2005). The calculation of individual and household
carbon footprints is a powerful tool enabling individuals to quantify their own carbon dioxide
emissions and link these to activities and behaviour. Such models play an important role in
educating the public in the management and reduction of CO2 emissions through
self assessment and determination. Carbon emission models may possibly be used in the
future as a tool to calculate carbon taxes, the allocation of carbon units and the basis for
personal carbon trading.
Other terms used associated or sometimes as a synonym of carbon footprint in the available
literature are embodied carbon, carbon content, embedded carbon, carbon flows, virtual
carbon, GHG footprint, and climate footprint.
While the term itself is rooted in the language of Ecological Footprint, the common baseline
is that the carbon footprint stands for a certain amount of GHG emissions that are relevant to
climate change and associated with human production or consumption activities. But this is
almost where the commonality ends. There is no consensus on how to measure or quantify a
carbon footprint. The spectrum of definitions ranges from direct CO2 emissions to full
life cycle greenhouse gas emissions and not even the units of measureme.
Few Carbon Footprint Definitions in popular literature:
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While academia has largely neglected the definition issue, consultancies, businesses, NGOs
and government have moved forward themselves and provided their ow
own
n definitions. In the
UK, the Carbon Trust has aimed at developing a more common understanding about carbon
footprint of a product. (Carbon Trust 2007). It emphasized that only input, output and unit
processes which are directly associated with the product should be included, whilst some of
the indirect emissions – e.g. from workers commuting to the factory – are not factored in. A
more inclusive definition has prescribed by Wiedmann, T. and Minx, J. (2008). “The carbon
footprint is a measure of the exclusi
exclusive
ve total amount of carbon dioxide emissions that is
directly and indirectly caused by an activity or is accumulated over the life stages of a
product."2 Central concern remains the Climate Change.

4.4 Climate Change and the UNFCCC
There is growing scientific evidence that burning fossil ffuels
uels contributes to rising
temperatures and extreme weather events. The impacts of greenhouse gas (GHG) emitting by
burning fossil fuels from human activities are dramatically reshaping the environmental,
political, and social landscape and Climate Change. "Climate change" means a change of
climate which is attributed directly or indirectly to human activity that alters the composition
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of the global atmosphere and which is in addition to natural climate variability observed over
comparable time periods (UNFCCC 1992).
In 1992 at Rio de Janeiro during United Nation Conference on Environment and
Development (UNCED) or famously known as ‘Earth Summit’, countries agreed on legal
binding on the GHG emissions. United Nations Framework Convention on Climate Change
(UNFCCC) is aimed at preventing global climate change and entered into force on 21 March
1994. “The ultimate objective of this Convention and any related legal instruments that the
Conference of the Parties may adopt is to achieve, in accordance with the relevant provisions
of the Convention, stabilization of greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate system. Such a
level should be achieved within a time-frame sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food production is not threatened and to enable
economic development to proceed in a sustainable manner.... stabilization of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system." (UNFCCC- Article 2). The second commitment period
began on 1 January 2013 and will end in 2020. The beginning of negotiations to Kyoto
Protocol had actually made ‘carbon’ as a 21st Century ‘commodity’ where Carbon Footprint
and Carbon Trading concepts shaped up.

4.5 The Kyoto Protocol and Emission
Command and Control (CAC) and Economic incentives (EI) have been two major devices
that were used in policy making regarding improvement of environment. CAC emphasises on
stringent standards to be followed for abatement of emission and EI emphasises on the
economic models of taxation based on both production and consumption of emission,
emission charges, and exchanges through tradable units. Kyoto protocol adopts the EI model
for controlling emissions.
Adopted in 1997, The Kyoto Protocol is an international agreement linked to the United
Nations Framework Convention on Climate Change, which commits its Parties by setting
internationally binding emission reduction targets (UNFCCC). Recognizing the role of
economies in the emission of carbon through their industries and economic model was being
devised in a hope to incentivise economies to reduce their emission levels. Kyoto protocol
works on the principle of “common but differentiated responsibilities”. Through this principle
the protocol puts a heavier burden on the developed nations to reduce and curb emission
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levels. Following are the categories of parties that are defined by UNFCCC according to their
commitment.
Kyoto protocol entered into force in February 2005 with its first commitment period of 2008
to 2012. In December 2012 the “Doha Amendment to the Kyoto Protocol was adopted” for
the second commitment period of 2013 to 2020. The major contribution of this amendment
were
a. It defined new commitments for the Annex I parties
b. revised list of Green House Gases to be reported
The protocol mainly operates through the national measures of the parties (countries) but has
also given the market based mechanism in order to meet the target, propagate and encourage.

Source: UNFCCC
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1. International Emission Trading
2. Clean Development Mechanism
3. Joint Implementation.
International Emission Trading:
Application of a market based approach in GHG emission control, particularly carbon.
Essentially it means treating pollution as a commodity. It operates as trading in the pollutants
through a “cap and trade” system. It emphasises the creation of cap on the emission level and
then treating that cap as a basis for creating permits. It can be seen as a policy instrument to
control GHG emission. Aimed at the promotion of operational excellence through existing
and new technologies.
Clean Development Mechanism:
allowing an Annexure B country to implement a project targeted at emission reduction. Such
projects can earn saleable certified emission reduction (CER) credits, each equivalent to one
tonne of CO2, which can be counted towards meeting Kyoto targets (UNFCCC).
Joint Implementation:
The mechanism known as “joint implementation,” defined in Article 6 of the Kyoto Protocol,
allows a country with an emission reduction or limitation commitment under the Kyoto
Protocol (Annex B Party) to earn emission reduction units (ERUs) from an emissionreduction or emission removal project in another Annex B Party, each equivalent to one
tonne of CO2, which can be counted towards meeting its Kyoto target (UNFCCC).
Parties with commitments under the Kyoto Protocol (Annex B Parties) have accepted targets
for limiting or reducing emissions. These targets are expressed as levels of allowed
emissions, or “assigned amounts,” over the 2008-2012 commitment period. The allowed
emissions are divided into “assigned amount units” (AAUs). Emissions trading, as set out in
Article 17 of the Kyoto Protocol, allows countries that have emission units to spare emissions permitted them but not "used" - to sell this excess capacity to countries that are
over their targets (UNFCCC).

48

What is ERU? An “emission reduction unit” or “ERU” is a unit is equal to one metric ton of
carbon dioxide equivalent, calculated using global warming potentials defined by Parties to
UNFCCC.
What is CER? A “certified emission reduction” or “CER” is a unit issued is equal to one
metric ton of carbon dioxide equivalent, calculated using global warming potentials defined
by Parties.
What is AAU? An “assigned amount unit” or “AAU” is a unit is equal to one metric ton of
carbon dioxide equivalent, calculated using global warming potentials by parties.
What is RMU? A “removal unit” or “RMU” is a unit is equal to one metric ton of carbon
dioxide equivalent, carbon credits relating to land use and forestry.
Where does India Stand?
Given the Socio Economic and Geo-political situation of India, there are huge issues that
restrict its commitment for the protocol. There are many initiatives by the government on
national level to tackle the climate change in general and emission in particular. There is a
historic argument given by the developing countries arguing that the major burden of the
emission control should be borne by the developed countries. This argument find its root in
the observation that anthropogenic emissions have steadily increased after the industrial
revolution and the developed countries were the main host for the same.
Whether or not every country become a signatory of the protocol the damage that high paced
emission has done is evident and future problems can be predicted on the same. There is a
larger responsibility on global level that all the countries have to take part in to make sure
that with all their sincerity.

4.6 Text Book
• Bhattacharya, R. N. (2002): Environmental Economics: An Indian Perspectives, OUP, New
Delhi

4.7 Reference Book
• Kolstad, C.D (1999); Environmental Economics Oxford University Press, New Delhi
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UNIT-5 CLIMATE CHANGE-MITIGATION AND COPING
STRATEGIES

Structure:
5.0 Learning Outcomes
5.1 Need for Multilateral Participation to Counter Climate Change
5.1.1. Kyoto Protocol
5.1.2. Annex I Parties
5.1.3. Annex II Parties
5.2 Mechanisms for GHG emission abatement under Kyoto Protocol
5.3 Assessment of the three Mechanisms
5.4 UNFCC Emissions Reporting
5.4.1 COP 17 & COP18 Doha
5.4.2 Other Coping Strategies Initiatives
5.5 Other Coping Strategies Initiatives
5.6 India and Carbon Credits
5.7 Contemporary Key Mitigation Technologies/practices commercially available
5.8 Climate Engineering
5.9 Reference Books
5.10 Text Books

5.0 Learning Outcomes
After studying this module, you shall be able to


Learn about the efficacy of Mitigation and Coping Strategies adopted at international
level to fight climate change.



Understand the Mechanisms for GHG emission abatement under Kyoto Protocol.



Know about the Other Coping Strategies Initiatives.

5.1 Need for Multilateral Participation to Counter Climate Change
Reduction in global emissions to prevent climate change reinforces need for broad
cooperation at multilateral level. No single country is responsible for more than about 26
percent of global emissions while fifteen to twenty countries are responsible for around 75
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percent of global emissions but the impacts of climate change are felt around the world,
hence, efforts to adapt to climate change had to be global too.
5.1.1 Kyoto Protocol
In 1992 Rio Earth Summit – the United Nations Framework Convention on Climate Change
(UNFCCC) which is a protocol to the International Framework Convention on Climate
change with the aim of reducing green house gases was adopted in December 1997 in an
effort to prevent anthropogenic climate change. The protocol directed the developed country
parties to reduce GHG emissions by a global average of 5.2% below the 1990 levels during
2008-12 period. National bindings ranged from 6% for Japan 8% for the EU and some others
to 7%, and 0% for Russia (common but differential responsibilities). Participant signatories
had set Designated National Authorities to administer their GHG portfolios. By May 2008,
182 parties had endorsed/ratified the protocol. The only developed country that hasn’t ratified
the treaty is the US. The Kyoto Protocol includes preset commitments to limit emissions only
from developed nations with non inclusion of the United States and has no meaningful
penalty for non-compliance.
Developing countries had no obligation beyond emission monitoring and emission reporting.
38th country to be a signatory to the Convention is India on 1st November 1993. The IPCC
has forecasted global rise in temperature of 1.4 degree C (2.5 degree F) to 5.8 degree C (10.4
degree F) between 1990 and 2100 on an average. The average temperature of the earth is at
the moment around 14 degrees celsius (57 degrees Fahrenheit).
5.1.2 Annex I Parties
As per Article 4.2 (a) and (b), industrialised countries which are committed to return their
GHG emissions to 1990 levels by the year 2000 have also accepted emissions targets for the
period 2008-12 in accordance with Article 3 and Annex B of the Kyoto Protocol. They
include the European Union, 24 original OECD members, and 14 countries whose economies
are in transition (Liechtenstein, Croatia, Slovenia and Monaco, joined Annex I at COP 3, and
Czech Republic and Slovakia)
5.1.3 Annex II Parties
Annex II Parties involve European Union and 24 original OECD members. These countries
are entrusted with a special obligation to provide financial resources and to transfer cleaner
technology to developing countries. Non Annex I Parties
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Developing countries are not expected to decarbonize their economy unless provided with
fund & technology by the developed nations. These developing countries that have been
identified by the convention include major developing countries and LDCs, majority of them
recognised as being susceptible to the unfavorable climatic changes which comprises of those
prone to desertification or drought and those with low lying coastal areas. The countries
heavily dependent on revenue from fossil-fuel production are also included.
China, India, and other developing nations did not face any numerical limitation as stated in
the Kyoto Protocol because during the pre-treaty industrialization period, they were not the
key contributors to the emission of green house gases. Nevertheless, as per the Kyoto target,
even with no commitment to reduce emissions, the common liability of these countries to
cooperate in decreasing emissions exists. A mechanism of "compliance", which essentially
means a "monitoring compliance amid the commitments and penalties for non-compliance"
are designed as per the protocol.

5.2. Mechanisms for GHG emission abatement under Kyoto Protocol
The three mechanisms are:
1) Joint Implementation (JI), (which allows countries to claim credit for emission reduction
that arise from investment in other industrially advanced countries, which result in a transfer
of 'emission reduction units' between countries). This facilitates advanced countries to invest
in projects that are climate-friendly in other industrialized nations and thereby earn carbon
credits.
2) Clean Development Mechanism (CDM), through which industrialized countries can
finance mitigation projects in developing countries contributing to their sustainable
development. This enables industrially advanced countries to invest in climate-friendly
schemes in poor nations and earn carbon credits.
3) International Emissions Trading (IET) allows nations to transfer portions of their
'allowed emissions' – (assigned amount units) and form a market where carbon credits are
traded with nations that have crossed their target facilitating sovereign trading.
All these mechanisms are market-based ones; the first two are project based, where as the
third one allows the developed countries to sell surplus emission of one country to another
developed country. Ist commitment period – 2008-2012.
Carbon Trading in a Nutshell
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Richard Sandor, Research Prof at Kellogg Graduate School of Mgmt. Northwestern
Universiity, USA is the Father of carbon trading who founded (CCX).
To save our environment from further degradation a unique trading system was proposed.
The entities who undertake a project to reduce pollution levels, become eligible for selling
the amount of GHG emissions saved as carbon credits.
One credit = one ton of CO2 emissions saved.
All Greenhouse gas emissions are calculated in CO2-. Equivalent metric tons (CO2e). CO2e
Certificate is either a GHG emission allowance (cap-and-trade system) or verified GHG
reductions in emissions (baseline-and-credit system). In various international and national
schemes, CO2e Certificates are traded. Trading may be either voluntary or based on a
mandatory regime.

5.3. Assessment of the Three Mechanisms
CDM was the most promising mechanism facilitating benefits of two kinds, one of curbing
emissions and assisting in the development of non-Annex I countries. Though, the
inadequacies concerning its operation and lack of ability in delivering lower emission at
reasonable costs have been pointed out by experts. Many preapproved projects registration
have been delayed due to bureaucracy’s wide ranging entanglements. Many critics blame that
CDM has earned many companies plenty of carbon credits for quite low cost changes,
indicating that other means of financing emission reductions or national regulation would
have been better options. Critics blame that China at the expense of other developing nations
has captured a large number of Certified Emission Reductions (CERs). Nonetheless, this
substantial involvement might further boost the renewable sector in the country providing
ancillary benefits in the long run. . Even though the COP-17 failed to resolve all of the related
concerns, yet it did extend the CDM. These concerns have not been resolved in the COP-17
but CDM has been extended to comprise carbon capture storage projects which is supported
by the private sector.
Similarly, Emissions trading, developed in the framework of EU is fraught with criticism.
Carbon markets continue to be in their infancy and burdened with challenges such as its
exposure to political risk, discovery of price and instability in prices. It is argued that the
carbon prices are too low to sustain most profitable opportunities. Also unstable and
unregulated capital markets cannot provide a foundation for the global efforts against climate
change is the argument of environmental activists.
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5.4 UNFCC Emissions Reporting
The UNFCCC’s supreme body is its Conference of the Parties (COP). So far 18 COP have
been convened. Major ones are Copenhagen Accord and the COP-17 Durban Platform for
Enhanced Action. Vital to the intergovernmental process of the COP is its ability to prepare,
share, communicate and act in response to information through national communiqués and
greenhouse gas inventories reporting. Communications of these type provide the means by
which the COP supervises/monitors progress achieved by Parties in fulfilling their
commitments and in attaining the Convention’s eventual objectives.
A reduction in emissions to bind the rise in global temperatures by 3.6 degrees Fahrenheit (2
degrees Celsius) was the call of the IPCC. However, leaders at Cancun and Copenhagen had
made use of these figures to decide their mitigation pledges. However, in the absence of
pertinent action on climate change, the current escalation in emissions will lead to 9 degree
Fahrenheit (5 degree celcius) average increase in global temperature as per recent analysis by
Climate Interactive Scoreboard.
5.4.1 COP 17 Durban & COP18 Doha
COP 17 Durban
Many climate change experts were anxious that the Kyoto Protocol could end in 2012 with
no subsequent secondary legally binding agreement on preventing global emissions.
However, this concern was to some extent moderated as almost 200 countries at COP-17
agreed upon on an extension of the protocol through 2017 and up to 2020. Delegates also
envisaged a new accord that would include greenhouse gas emission targets for all countries,
notwithstanding their level of economic development which is in contrast with Kyoto
protocol that focussed on emission reduction originating from developed countries. It was
decided to draft a Kyoto Protocol successor accord by 2015 that would come into force
finally in 2020. In the face of these successes, the apparent absence of leadership of central
players in the debate, particularly U.S., has drawn increasing concern about long run
prospects of the rules governing global climate change. In addition, on the basis of domestic
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economic concerns and also based on world’s top GHG emitters’ refusal to ratify the accord,
Canada’s decision to pull out from the Kyoto Protocol generated fear of collapse of the
accord. These issues converted into the agenda in Qatar for November 2012 COP-18.
COP18 Doha
Doha opened a new gateway to greater action and a bigger hope - the Doha Climate Gateway.
a.Amendment in the Kyoto Protocol
Kyoto Protocol, was the only prevailing and binding agreement on the basis of which
developed countries committed to reduce greenhouse gases, was finally amended to go on
with up to 1st January 2013. Governments decided 8 years to be the length of the second
commitment period. Valuable rules of accounting of the protocol have been preserved. The
countries taking further commitment agreed to review the increased levels of emission
reduction commitments latest by 2014. Australia, the EU, Monaco, Lichtenstein, Japan and
Switzerland declared that they would not carry over any excess or surplus emissions trading
credits (Assigned Amounts) into the next i.e. 2nd commitment period of the Kyoto Protocol.
b. Time table for the 2015 global climate change agreement
Governments decided to swiftly work toward a worldwide climate change accord to
be adopted by 2015 and run up to 2020 covering all countries and to discover ways to
size up efforts before 2020 beyond the existing pledges to restrain emissions at global
level in order to remain under the approved maximum 2 degrees Celsius temperature
rise.
c. Completion of innovative infrastructure
In Doha, governments considerably advanced the conclusion of new infrastructure to
conduit finance and technology to developing nations and approach towards its full
operation and implementation. For locating the Green Climate Fund and also to work on
the plan of the Standing Committee on Finance, Republic of Korea was chosen as centre.
In the second half of 2013 the Green Climate Fund was to start its work in Sondgo. A
UNEP-led consortium as host of the Climate Technology Center (CTC) would support for
an initial term of five years was the decision taken. The CTC, with its allied Network,
was the executive arm of the UNFCCCs Technology Mechanism.

d. Long-term climate finance
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Developed countries had restated their pledge to deliver on promises to carry on with longterm climate finance assistance to developing economies, with a vision to mobilize 100
billion USD for adaptation/mitigation by 2020. Germany, the UK, Denmark, France, Sweden
and the EU Commission announced actual financial pledges in Doha up to 2015, amounting
to approximately 6 billion USD.
5.4.2. Other Coping Strategies Initiatives
Short-lived pollutants coalition was launched in February 2012 U.S. secretary of state Hillary
Clinton on February 16, 2012, announced the formation of a global coalition, comprising of
United States, Mexico, Sweden, Canada, Ghana & Bangladesh to focus and target the socalled short-lived pollutants in the climate. The primary objective of the coalition, known as
Climate and Clean Air Coalition, was to combat pollutants like hydrofluorocarbons, methane,
black carbon (soot), and the only ones that remain in the atmosphere for a short-time,
nonetheless play a major role in impacting climate change and negatively affecting public
health. Though, the coalition has not hitherto given its full mandate but will be financed with
$15 million—$20 million contributed by the U.S—and will work close with the UN
Environment Program in synchronization.
Reform, Refresh & Renew the CDM
Too many non additional projects (those that might have decreased emissions even without
the CDM) were approved; others say that the process of project approval is too rigorous. It is
also said that since CDM has no legal life post Kyoto, it will not succeed to bring about longlasting results. On various occasions these criticisms have been right. CDM necessarily needs
to be reformed and should focus on the activities of the least developed countries that are
conclusively additional. Focus should be on sector-based trading for other nations. This
would have permitted credit for sectors that beat ambitious stipulated baselines, without
finding them for exceeding the baselines. Simultaneously, the UNFCCC was required to
work on streamlining the CDM’s process of approval. Preferably, the CDM bureaucratic
mechanism could be significantly reduced if governance of the CDM were located more in
the countries that were providing funds. The fresh announcement of CDM reform
consultation process of one year and the decision of COP-17 in Durban to formally take in
carbon capture storage projects in CDM are important first steps. Though, the two must be
followed by a definite policy action to maintain the economic relevance and sustainability of
the CDM.
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Enhanced role of World Bank

Institutions that support economic development at global level have a large prospective role
in encouraging low-carbon growth and adjustment and adaptation to climate change. World
Bank, with the support of regional development banks, has distinctive ability to mobilize
huge capital for investments that will be necessary in infrastructure of lowcarbon. Many UN
organizations, such as the United Nations Environment Program and United Nations
Development Program, are short of the capability to take care of such big infrastructure
projects. However, they have a major job in constructing significant capacity in developing
nations. These organizations would gain from apparent strategies for supporting climate
action and increased related financing. More controversially, they might also encourage shifts
in policy through conditionality on their assistance. For instance, the World Bank may
specify aid/assistance in increasing energy supply on measures to moderate demand through
reforms in subsidy. These steps would be tough politically but would not be unprecedented.
C40 Cities Climate Leadership Group:
Mayors from the (C40), a grouping of over fifty megacities around the world working to fight
climate change, met on June 19th in Rio for "Rio+C40: Megacity Mayors Taking Action on
Climate Change." World Cities Leadership Climate Change Summit was found after the
October 2005 where the C40 has expanded to include 58 megacities from around the globe.
The C40 cities has not only partnered with enterprises like the Clinton Climate Initiative but
has also lately announced a new partnership with the Clean Air Coalition to improve cities'
waste management amongst other drives. The organization approximates that the 4,734
measures it has taken to combat climate change could reduce greenhouse gas emissions by
over a billion tons by 2030.

5.6. India and Carbon Credits
There are no emission targets for India as it is a developing country. However, India is
switching to Clean Development Mechanism Projects and there is enough scope to gain from
Carbon Credits. Polluting industries in the country, which are targeting to lessen emissions
and in exchange receive carbon credits and earn money include power generation, steel,
cement, fertilizers, chemical plants, plantation companies, waste disposal units, sugar
companies, and municipal corporations. Companies are investing in Windmill, Bio-diesel,
Bio-gas and Co-generation to earn Carbon Credits for selling these to developed nations.
The benefits accruing to the Indian companies would be a) in terms of sophisticated
technological improvements and interrelated foreign investments. b) Greenhouse gas
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reduction by taking up alternative sources of energy. c) The sale of CERs to the developed
countries will generate income.
Trading of CERs: A project that is worth mentioning is the Delhi Metro Rail Corporation
(DMRC). It is the first rail project to have earned carbon credits because its rolling stock uses
regenerative braking system. DMRC has earned the carbon credits since this technology
reduces 30% electricity consumption which has resulted in claim of 400,000 CERs starting
from December 2007 when the project was indexed by the UNFCCC for a 10-year period of
credit. This converts to Rs 1.2 crore every year for 10 year duration. India accounts for
largest number of CDM projects registered and ranks number two for supplying maximum
number of Certified Emission Reduction units. In addition, there are two Commodity
exchanges that are trading in Carbon Credits. Hence, a promising trading platform offering a
better price for CERs is available to Indian Companies. Multi Commodity Exchange (MCX)
is India’s largest commodity exchange that has started futures trading in carbon credits. On
11th April 2008, National Commodity and Derivatives Exchange (NCDEX) also has initiated
futures contract in Carbon Trading in December 2008.

5.7. Contemporary Key mitigation technologies/practices commercially
available
Destruction of successful local agriculture systems and turning to radical, wasteful industrial
agriculture corporations is definitely risking planetary health. Moving away from industrial
food system dependent on intensive use of chemicals, fossil fuels and water towards a model
based on ecologically sustainable traditional practices is certainly desirable to contain climate
change, maintain biodiversity, make certain food security, preservation of wild life and other
species and protect our soil, water and air.
Energy Supply: Improvement in supply and distribution efficiency; nuclear power; fuel
switching from coal to gas; renewable heat and power (solar, hydropower, wind, geothermal
and bio-energy,); early applications of Carbon Capture and Storage (e.g. storage of removed
CO2 from natural gas), combined heat and power;
Buildings: Efficient use of lighting and daylighting. Switching to efficient electrical
appliances and cooling & heating devices. Improved insulation, cook stoves and active &
passive solar design for both cooling & heating. More use of alternative refrigeration fluids
and recovery & recycle of fluorinated gases.
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Transport: Vehicles with greater fuel efficiency like cleaner diesel vehicles, hybrid vehicles,
& biofuels. Switching from personal road transport to public transport systems and rail.
Increased non-motorized transport (cycling, walking, etc.). Improved land-use and transport
planning.
Industry: More efficient end-use electrical equipment/gadgets. Improved power and heat
recovery; control of non-CO2 gas emissions; material recycling and substitution and a broad
range of process technologies used in industry.
Forestry: Improved afforestation (the establishment of a new forest by seeding or planting
on nonforested land); reforestation; reduced deforestation; forest management; management
of harvested wood product; to replace fossil fuel use of forestry products for bioenergy.
Agriculture: Improved/better crop and grazing land management to add to soil carbon
storage; improved rice cultivation techniques; restoration of cultivated peaty soils and
degraded lands and livestock and manure management to decrease CH4 emissions; dedicated
energy crops to replace fossil fuel use; use of improved nitrogen fertilizer application
techniques to reduce N2O emissions; improved energy efficiency.
Waste Management: Increased landfill methane recovery; organic waste composting;
controlled treatment of waste water; waste incineration with energy recovery; recycling and
minimization of waste.

5.8. Climate Engineering
A pioneering paper by economists Eric Bickel and Lee Lane, the first comprehensive reading
on the costs and benefits of climate engineering. They offer convincing evidence that a small
investment in climate engineering might reduce as much of effects of global warming as
trillions of dollars spent on reduction of carbon emissions.
Advantage of Climate engineering is in its speed. There is a considerable delay between
carbon cuts and drop in temperature. Even if the global emissions are halved by midcentury it
would hardly be measurable by the turn of this century. Availability of cheap green energy
will take long time .It is important to notice that the electrification of the global economy is
yet unfinished after more than a century’s effort.
Some methods of atmospheric engineering:
Solar radiation management: Atmospheric greenhouse gases allow sunlight to pass but
absorb heat and then radiate a portion to the surface of the earth. Other things being same,
more concentrations warms the planet earth. Management of Solar radiation would rebound a
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portion of the sunlight back in space thereby reflecting 1-2% of the entire sunlight that
striking the earth and offsetting as much warming as caused by doubling levels of greenhouse
gases during pre- industrial times.
Marine cloud whitening: which sprays seawater droplets into marine clouds to make them
reflect extra sunlight. This enhances the natural course, where the ocean’s sea salt offer water
vapour with the cloud condensation nuclei. However, it is remarkable to consider that
cancelling out centuries of global warming by spraying seawater mist into the air to thicken
clouds by 1900 unmanned ships is possible. The total cost would approximate to $ 9 billion,
and the advantage of preventing the temperature rise would add up to around $20 trillion. As
per economic estimate this is equivalent of doing about $2000 worth of good with each dollar
spent.
Stratospheric aerosol insertion : Owing to eruption of Mount Pinatubo in 1991, around a
million tonnes sulphur dioxide was pumped into the stratospheric layer, reacting with water
and leading to formation of a hazy layer spreading around the globe, and by way of scattering
and absorbing sunlight- cooled the earth’s surface for nearly two years. This effect created
through stratospheric aerosol insertion which is essentially launching material like soot or
sulphur dioxide into the stratosphere can be mimicked.
Risks of climate engineering: Marine cloud whitening would not lead to permanent changes
in the atmosphere, and could be used only when required. It is a natural process to turn sea
water into clouds. The biggest dispute is people’s perception. Several environmental
lobbyists are against even researching climate engineering. Climate engineering could be an
option in case of extreme necessity.
We are a generation that has wasted decades in bickering over carbon emission cuts to be
achieved and miserably failed to stop the harmful effects of warming. This disgraceful
legacy- can be avoided by re-thinking, redesigning climate policy. To limit the carbon pricing
initially to a low tax (say, $5.00 a tonne) to fund energy R&D is the proposal of Green &
Galiana. In due course the tax should be permitted to rise gradually to support the deployment
of technology alternatives that are efficient and affordable. Investment of about $ 100 billion
per annum in research pertaining to non-carbon based energy would indicate that we could
basically tackle climate change on the century scale. Green & Galiana calculate the benefits
& conservatively conclude that for each $ spent this approach would avoid about $ 11 of
climatic damage. Comparison of this to other analysis shows that strong & immediate cuts in
carbon would be expensive, yet achieve as little as $ 0.02 of avoided climate damage.
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