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Abstract
Crucial to the analysis in this paper is the Coasian insight that external

costs result from conflicting uses of scarce resources and that responsibil-
ity for these costs should not be attributed exclusively to polluters as
required by the polluter pays principle (PPP). The paper argues that the
PPP, unlike the cheapest cost avoider principle (CCAP), which requires
resolving the conflicting use at the lowest possible costs, suffers from three
partly related deficits that can cause avoidable welfare losses: First, fo-
cusing on polluters as the only addressees of regulatory measures ignores
the role of pollutees and government; second, the PPP is incapable of
dealing with second-best problems that may arise from government as an
additional investor, inefficient behavior of the pollutees or the existence
of monopolies; third, the PPP provides insufficient guidance in case of
multiple equilibria, corner solutions and administration costs. In addi-
tion, the paper discusses whether the shortcomings of the PPP can be
compensated by advantages in terms of lower administration costs.

JEL codes: D04, D61, D62, H21, H23, K23
Keywords: Externalities, Polluter Pays Principle, Cheapest Cost Avoider,

Second Best, Coase, Pigovian Tax

1 Introduction

It is generally held to be true that negative externalities and the external costs
associated with them lead to socially inefficient levels of activities if they do not
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enter the decision calculus of those who control these activities (polluters).1 In
order to avoid such an undesirable outcome, external costs should be “internal-
ized”, which means that polluters are to be held responsible for the external
costs they are assumed to have caused. Making sure that they bear the cost
of measures preventing and eliminating damages of pollution to human health
and the environment, e.g. in the form of taxes or other financial obligations, is
intended to provide incentives for polluters to adjust their activities to the effi-
cient level. This logic goes by a name that has an intuitive appeal: the Polluter
Pays Principle (PPP). The PPP has received strong support in most OECD
countries (OECD 1975, 2001), is stipulated in Article 191(2) of the Treaty of
the Functioning of the European Union2 and it is also mentioned in Principle
16 of the Rio Declaration on Environment and Development. This principle
not only underpins most of the regulation of pollution affecting human health
and the environment, but is also applied, for example, in the case law of the
European Court of Justice.3

However, despite its apparent appeal, the PPP is flawed. This paper iden-
tifies its flaws and proposes a paradigm shift for dealing with external costs.
Crucial to the analysis is the insight, going back to Ronald Coase, that external
costs are not caused by polluters alone, but that they arise from conflicting uses
of scarce resources: releasing pollutants into the environment in the course of
the production of goods and services, for example, conflicts with the use of the
environment for recreational, residential, aesthetic or other purposes. There-
fore, external costs are jointly caused by conflicting claims on the same scarce
resource. Without rivalry among potential users there would be no external
costs.
This view of external costs suggests that policy measures should not be

exlusively targeting ‘polluters’. Rather, all parties that could contribute to
resolving these conflicts of resource use should potentially be taken to task, and
the objectve should be to resolve these conflicts at the lowest possible cost.
The presumption that the burden of the reduction of the costs generated by
pollution has to be borne by one party (and one party only) — namely the
polluter — entirely bypasses the question of who can avoid the cost of conflicting
resource uses most cheaply.
As Ronald Coase states in his seminal paper, “[t]he traditional approach has

tended to obscure the nature of the choice that has to be made. The question is

1 In very general terms, (technological) externalities are unintended effects (byproducts,
spillovers) of a consumption or production decision made by one agent on the consumption
set, utility function or production function of other economic agents which do not work through
the price system. Externalities may be positive or negative, i.e. they may generate a benefit
for or impose a cost on other agents, which is by definition not taken into account by the
decision maker.

2“Community policy on the environment shall aim at a high level of protection [. . . ]. It
shall be based on the precautionary principle and on the principles that preventive action
should be taken, that environmental damage should as a priority be rectified at source and
that the polluter should pay”.

3See Bleker (2009), Lindhout and van den Broek (2014), and de Sadeler (2012).
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commonly thought of as one in which A inflicts harm on B and what has to be
decided is: how should we restrain A? But this is wrong. We are dealing with a
problem of a reciprocal nature. To avoid the harm to B would inflict harm on
A. The real question that has to be decided is: should A be allowed to harm B
or should B be allowed to harm A? The problem is to avoid the most serious
harm” (Coase 1960, p. 2). From a Coasian perspective the terms ‘externality’
and external costs are therefore misleading. If ‘externalities’ are considered
to be the result of competing uses of a scarce resource and caused jointly by
potential users, these ‘externalities’ cannot simply be internalized. The policy
prescription derived from this insight is straightforward: policy makers should
apply the Cheapest Cost Avoider Principle (CCAP) rather than the PPP.
According to the CCAP as interpreted in this paper, any measure that re-

duces the harm from a conflict over resource use should be adopted as long as
its benefits exceed its costs, regardless of whether this involves requiring ac-
tion from polluters, pollutees or a third party such as the government, acting
individually or jointly.
The economic logic embodied in the CCAP is recognized as a powerful tool in

the economics of tort law (Shavell 1987, Gilles 1992, Posner 2005, Dari-Mattiacci
and Garoupa 2009, Schäfer and Müller-Langner 2009, Sinai and Shmueli 2014,
Carbonara, Guerra and Parisi 2014). It is also applied in practice by the courts
in tort cases — concerning either individuals or collectives of potential tortfea-
sors, victims or insurers.4 However, it is largely neglected in the environmental
economic literature (with few exceptions such as Cordato 2001, 2004; Endres
2011: 43-49, Piecyk et al. 2010: 70) and has not affected environmental policy
or regulation. The PPP clearly dominates both theory and practice, where it
has achieved the status of a ‘sacred cow’ (Ogus 2009: ix). To the best of our
knowledge, there are only two studies on transport economics that apply the
CCAP to the analysis of environmental regulatory measures in a systematic way
(Schmidtchen et al. 2009 and Baum et al. 2008).
We will show that the CCAP is not confined to the economics of tort law

but can be applied to externality problems involving large numbers of parties.
Applying the CCAP instead of the PPP can create substantial welfare gains and
avoid regulatory failure — the public sector equivalent of market failure.5 This is
because the PPP suffers from three deficiencies: First, it neglects the reciprocal
nature of the problem of external costs by exclusively suggesting policy mea-
sures focusing on polluters and neglecting the potential role that pollutees and
government could play in reducing the damage caused by the underlying conflict
over resource uses; second, it cannot adequately deal with second-best problems
that arise, for example, from government being an additional investor, the in-
efficient behavior of the pollutees because of imperfect information or strategic
behavior, the existence of monopolies or administration costs; third, it provides
insufficient guidance on what to do if there are multiple equilibria or corner

4See for example, Pardolesi and Tassone (2005), and Orrick (2013).
5We will speak of a regulatory failure if a government intervention does not solve the

problems resulting from market failure, which allows for the possibility that it causes a welfare
loss relative to what would occur without the intervention.
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solutions. The CCAP addresses all of these points.
The PPP may produce an efficient solution to the problem of external costs

if polluters are actually the sole cheapest cost avoiders and other conditions for
an optimal allocation of resources hold. However, this is more by luck than
by design, and in more complex settings the PPP will fail. The CCAP would
produce the same recommendations as the PPP in the case where the PPP
produces an efficient outcome (i.e. it would suggest that the ‘polluter pays’),
but would suggest a different course of action where the blinkered application
of the PPP would lead to avoidable welfare losses. The CCAP thus dominates
the PPP as a policy principle.
To demonstrate the superiority of the CCAP, we first present a simple model,

assuming a framework in which excessive transaction costs make it impossible for
polluters to enter into transactions with pollutees, and regulatory measures may
thererfore be appropriate. We first derive an equivalence result, i.e. show that
under certain conditions the PPP and the CCAP produce the same suggestion
for achieving an efficient outcome. We then modify the model and show that
the equivalence result no longer holds when government can be an additional
investor in pollution abatement, when pollutees have imperfect information or
act strategically, when polluters possess market power, when there exist multiple
equilibria and corner solutions, or when administration costs are taken into
account. We then discuss whether the PPP can have any advantage over the
CCAP in terms of administration costs that might outweigh its shortcomings.
The paper is organized as follows: Section 2 analyzes the working proper-

ties of both principles and presents the equivalence result. Section 3 discusses
the modifications of the basic model listed above and shows that the CCAP
dominates the PPP in terms of social welfare. Section Section 4 concludes.

2 Reaching efficiency with both principles: an
equivalence result

In this section, we discuss the working properties of the PPP and the CCAP with
the help of a simple model of unidirectional pollution. Unidirectional pollution
is a good approximation of many instances that appear in the public discussion
of environmental damage and external costs, such as oil spills, air pollution,
water pollution and traffic noise — and a case where the distinction between
polluters and pollutees appears to be most obvious and clear-cut.

2.1 The model

Consider a set N = {1, ..., n} of agents. An agent is either a polluter, or is af-
fected by pollution. Let S ⊂ N denote the subset of agents who cause emissions
that harm other agents and let R ⊂ N denote the subset of agents who suffer
from this pollution. As every agent is either a polluter or a victim of pollution
(but never both), we have S ∪R = N and S ∩R = ∅.
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We assume that the emissions are a ‘public bad’: no pollutee can be excluded
from the harmful effects of these emissions, and pollution is non-rivalrous, as
the harm suffered by one pollutee does not diminish the impact on others.
This implies in turn that reducing emissions is a ‘public good’: each pollutee
benefits from a clean-up, and no pollutee can be excluded from the benefits. This
is not necessarily true for individual protection from pollution (e.g. wearing
face masks), which benefit only the pollutee who invests in such protection.
Pollutees’ pollution damage reduction is therefore a private good: preventive
measures by pollutee j reduce only j’s damage.6

Let ēi represent the optimal emission level from the perspective of polluter
i ∈ S. Reducing the level of pollution below ēi is costly; it reduces the polluter’s
benefits. Let c(xi) denote the cost of abatement, i.e. of a reduction in the emis-
sion of pollutants by xi = ēi−ei where ei ∈ [0, ēi] represents the actual emission
level after abatement activities. We assume c(0) = 0, c(xi) > 0, cxi(xi) > 0 and
cxixi(xi) > 0 for every xi > 0.
Let c(yj(x)) denote the costs to pollutee j ∈ R associated with investing

an amount of resources yj(x) in the prevention or mitigation of pollution dam-
age. The amount of resources that the pollutees spend depends on the abate-
ment efforts of polluters: yj(x), with x =

P
i∈S xi ≥ 0. We assume c(0) = 0,

c(yj(x)) > 0, cyj (yj(x)) > 0 and cyjyj (yj(x)) > 0 for every yj(x) > 0.
Let aj(x; yj(x)) represent the harm suffered by pollutee j and A(x; y(x)) to-

tal pollution damage, y(x) =
P

j∈R yj(x) ≥ 0, andA(x; y(x)) =
P

j∈R aj(x; yj(x)).
Regarding damage abatement technologies7 , we make the following assump-

tions: First, the more polluter i spends on emissions reduction, the lower total
pollution damage, i.e. Axi < 0 and Ax < 0. Second, additional amounts
spent on damage prevention reduce damage at a decreasing rate, i.e. the sec-
ond derivative of the damage function is Axx > 0 and Axixi > 0. Third, we
assume ajyj < 0 and ajyjyj > 0, i.e. decreasing marginal returns on a pollutee’s
investment in damage prevention. Further, we assume that abatement efforts
by polluters and by pollutees are substitutes: Axy > 0.
Suppose that the social goal is to resolve the conflict between polluters wish-

ing to avoid cost by causing emissions and pollutees suffering harm from these
emissions efficiently. Abstracting from administration costs and assuming risk-
neutrality, this means minimizing social cost, SC:

SC = A(x; y(x)) + c(x) + c(y(x)) (1)

The regulator, aiming to regulate polluters’ emission reduction, determines
the abatemenet level x that minimizes social cost.

min
x
A(x; y(x)) + c(x) + c(y(x))

6The model can be altered so that pollutees’ actions also have the character of public
goods. This will be done in section 3.2.2.

7We do not distinguish between the prevention of pollution damage and mitigation mea-
sures. We use “abatement” for both types of measures.
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dc(x)

dx
+
dc(y(x))

dy

dy

dx
+
dA(x; y(x))

dx
+
dA(x; y(x))

dy

dy

dx
= 0 (2a)

with dc(x)
dx

> 0, dc(y(x))
dy

dy
dx
< 0, dA(x;y(x))

dx
< 0, dA(x;y(x))

dy
dy
dx
> 0.

Equation 2a defines a function x∗(y), x∗ denoting the polluters’ socially op-
timal abatement reduction level. It shows that an increase in polluter damage
reduction measures x has two effects on costs of damage reduction: it increases
the costs of the polluters, but it also decreases the prevention cost of the pol-
lutees. The reason is the substitution effect between x and y: the more the
polluters invest in abatement, the less investment pollutees undertake in mit-
igating the impact of emissions. There are therefore two opposing effects on
damage reduction: while an increase of x will decrease the amount of damage
A directly, this effect is attenuated by the reduction in y.
The pollutees will minimize their cost function:

min
y
A(x; y(x)) + c(y(x))

dc(y(x))

dy
+
dA(x; y(x))

dy
= 0 (2b)

Equation 2b defines a function y∗(x) denoting pollutees’ optimal damage
abatement level. Jointly, equations 2a and 2b define the social optimum. At
the social optimum (x∗; y∗(x∗)), x∗ = x∗(y∗(x∗)) and y∗ = y∗( x∗).
Equations 2a and 2b imply the following two conditions in relation to the

total effort to reduce emissions and mitigate their harmful impact:

dc(x)

dx
= −

dA(x; y(x))

dx
−
dA(x; y(x))

dy

dy

dx
−
dc(y(x))

dy

dy

dx
(3a)

dc(y(x))

dy
= −

dA(x; y(x))

dy
(3b)

Condition 3a says that the marginal cost of emission reduction by the set
of polluters must be equal to its marginal benefit, which comprises the direct
marginal benefits from reduced emission levels and the indirect impact through
reduced investments by the pollutees in mitigating measures. The efficient level
of abatement implies an efficient level of emissions e∗, i.e. e∗ = ē − x∗, with
ē =

P
i∈S ēi and e

∗ =
P

i∈S e
∗

i .
Condition 3b says that the marginal costs of damage prevention by the group

of pollutees should equal the marginal benefit of the reduction of pollution
damage.
Note that when condition 3b holds, i.e. y = y∗, then equation 3a reads

dc(x)

dx
= −

dA(x; y∗(x))

dx
(4)
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This is because the remaining two terms in equation (3a) cancel each other
out.8

Figure 1 illustrates the logic of our model.9 We measure the polluters’ emis-
sion reduction along the horizontal axis and show the marginal costs and the
net marginal benefits associated with various levels of abatement on the vertical
axis.

Figure 1: Polluters’ optimal emissions abatement level

As cx(x) > 0, the marginal costs of abatement are increasing, represented
by the upward sloping MC curve.10

When polluters reduce emissions, they reduce pollution damage and create
benefits to pollutees. The downward sloping curves denoted MB∗ and MB0

indicate the marginal benefit to the set of pollutees from abatment by the set of
polluters for the case where the pollutees efficiently invest in damage mitigation
(MB∗) and do not invest in damage mitigation (MB0).11 In other words, they
represent the reduction of damage A(x; y(x)) for a given level of y, with y = y∗

in MB∗ and y = 0 in MB0.

8Proof: Rewrite equation (3a) such that: dc(x)
dx

= −
dA(x;y(x))

dx
+h

−
dA(x;y(x))

dy
−

dc(y(x))
dy

i
dy
dx
. The terms in the square brackets are, following equation

3b, equal to zero.
9We use linear functions in all figures without loss of generality. We here discuss the case

of an inner optimum. Corner solutions will be treated separately.
10The MC curve results from the horizontal summation of the polluters’ individual marginal

abatement cost curves.
11Since emissions reduction is a public good, the pollutees’ marginal benefit curves from the

reduction of pollution are added vertically.
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The fact that the marginal benefits from an increase in polluters’ abatement
are lower if pollutees invest in mitigation reflects the assumption that abatement
efforts of polluters and pollutees are substitutes. The difference between both
curves at each level of emission reduction reflects the minimum marginal costs
of damage reduction by the set of pollutees R.
Intersection point b determines the optimal level of abatement and thus

implies the optimal level of emissions. The point f represents e = 0, i.e. the
maximum possible abatement. It is optimal to have e∗ = ē−x∗ units of emission,
because any further reduction of emission levels would have marginal costs that
exceed the marginal benefit (MC ≥ MB∗). Realization of emissions level e∗

implies abatement up to x∗. Above this range, the marginal costs of further
abatement are below the marginal benefits.
The pollutees’ abatement activity and their optimum is illustrated in Figure

2. We measure the pollutees’ damage reduction activities along the horizontal
axis, and show the marginal costs and the marginal benefits associated with
various levels of pollutees’ abatement on the vertical axis (given x = x∗ and
x = 0).

Figure 2: Pollutees’ optimal emissions abatement level

As specified in the model, the marginal costs of the reduction of emissions are
increasing, represented by the upward sloping dc(y)

dy
curve, whereas the marginal

benefits, respectively −dA(x∗;y)
dy

and −dA(x0;y)
dy

, are decreasing. The optimal

levels of pollutees’ abatement activities, y∗ and y0, are located at the intersection
of both curves.
This simple model allows us to examine the question that policy makers
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need to answer: Will the PPP and CCAP implement the efficient emissions
reduction x∗ and incentivize pollutees to take socially efficient actions y∗ in
a non-cooperative Nash-equilibrium where bargaining between polluters and
pollutees is impossible because of high transaction costs (for example because
a large number of people is involved on both sides)? We assume that all agents
choose their actions simultaneously, and that administration costs for applying
the PPP or the CCAP are zero.

2.2 PPP and social welfare

The PPP states that polluters, who are deemed responsible for creating a neg-
ative external effect, should bear the costs associated with their emissions.

Applying the PPP means that the government identifies the set of polluters,
and establishes an appropriate instrument that confronts polluters with the costs
that pollution imposes on pollutees, i.e. makes them internalize these costs.
Internalization can be accomplished in a number of ways, e.g. by imposing an
emissions tax on polluters; by adopting a command-and-control approach that
restricts activity levels (e.g. a speed limit to reduce noise emission in the case of
road transport), requiring the installation of avoidance and abatement devices
or requiring changes in polluters’ levels of production so that emissions and the
associated external costs are limited. It is of course also possible to combine
command-and control policies and market-based policies.
If a tax solution is chosen, the government needs to define an appropriate tax

level. In this context, it is worth noting that the PPP as advocated for example
in the legal documents mentioned above requires that polluters pay, but provides
remarkably little guidance on how much they should pay, i.e. what costs the
polluters should bear. It is not clear, for example, whether the polluter should
be confronted with marginal pollution costs that actually are being incurred in
the status quo, or the sum of marginal pollution costs and marginal prevention
costs of the pollutees, or some measure of average pollution costs.
We restrict our attention to the option where the polluters’ marginal abate-

ment costs equal the marginal external cost (represented by MB∗ in Figure 1),
and the government imposes a constant per unit tax rate t :

t∗ =
dc(x)

dx
= −

dA(x, y∗(x))

dx
(5)

This is commonly referred to as a Pigovian tax (Pigou 1932). Equation 5 im-
plicitly defines x∗. It corresponds to equation 4.
Note that levying a tax t∗ per ‘unit’ of an activity that causes costs to

other parties is a first-best remedy. It can achieve an efficient outcome if there
are no other distortions in the economy (including distortionary taxes). Where
such distortions exist, we are in a second-best environment and this prescription
must be modified. This may also be the case if actors other than polluters and
pollutees can take action to mitigate pollution damage. For example, formula 5
determining the Pigovian tax differs from that known from the literature where
generally no reference is made to efficient mitigation efforts by the pollutees
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(i.e. no y∗-term is mentioned). Of course, both formulas coincide if y∗ = 0.
However, if y∗ > 0, the commonly used formula for the Pigovian tax may miss
the social optimum.
With individual tax rate ti = t∗, polluter i ∈ S minimizes tiei(xi) + c(xi).

Because dei(xi)
dxi

= −1, this gives the first order condition ti −
dc(xi)
dx

= 0, which
says that the marginal benefit of a unit of emissions reduction, i.e. ti, equals the
marginal abatement cost. This equation defines polluter i’s optimal investment
in damage prevention, x∗i , given the optimal choice of damage prevention by the
set of pollutees, y∗.

From xi = x∗i for every i ∈ S it follows that x = x∗. Thus, the polluters
realize the efficient level of abatement. Because all polluters are paying the same
tax rate, their marginal abatement costs are also identical (which means that
the given level of abatement is achieved at the lowest total cost).

With x = x∗, a pollutee j ∈ R chooses yi to minimize aj(x∗; yj(x∗)) +
c(yj(x

∗)), which yields the first order condition

daj(x
∗; yj(x

∗))

dyj
+
dc(yj(x

∗))

dyj
= 0

This equation defines pollutee j’s optimal investment in damage prevention,
y∗j , given the polluters’ optimal choice of abatement x

∗. Pollutee j increases
expenditure on damage prevention up to the point where the marginal benefit
from doing so in terms of damage reduction equals the marginal costs. From
y∗j for every j ∈ R it follows y =

P
j∈R y

∗

j = y
∗. The social optimum occurs at

x∗ ≡ x∗(y∗) and y∗ ≡ y∗(x∗). Since no agent has an incentive to deviate from
his/her chosen strategy — (x∗i ) of polluter i ∈ S and (y

∗

j ) of pollutee j ∈ R —,
given the strategies of the other players, tax formula t∗ implements both the
efficient emission reduction x∗ and incentivizes the pollutees to take the efficient
level of pollution damage prevention y∗.

Conclusion 1: The PPP, applied in the form of a Pigovian tax, implements
the social optimum where the marginal external cost equal polluters’ marginal
abatement cost, provided the pollutees choose the efficient level of pollution dam-
age prevention.

The Nash-equilibrium implemented by tax rate t = t∗ which satisfies con-
ditions 3a and 3b, occurs at intersection point b in Figure 1, with associated
point x∗ indicating the efficient level of abatement.
Note that our graphical representation of the Pigovian tax solution differs

from that known from the literature, where only two curves are depicted —
the MC-curve and a curve represented by the MB∗-curve in Figure 1. Such
a reduced graphical representation, which follows from the commonly applied
Pigou tax formula, concentrates on the behavior of the polluters by looking at
their costs, their benefits, and the costs that they impose on the pollutees. The
optimal behavior of the pollutees with respect to damage reduction is either
implicitly assumed in the marginal damage cost curve to the pollutees MB∗, or
is assumed to be zero. However, there is nothing in the common presentation
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of the Pigovian solution to the externality problem that would suggest that
it is not only the polluter who can take action, but that pollutees might also
be able to reduce pollution damage (see Wittman 2006: 51, 53). Modeling a
symmetrical situation in a way that hides this aspect can induce policy makers
to commit serious mistakes, as shown in section 3.2.

2.3 CCAP and social welfare

The “cheapest cost avoider” test was developed by Calabresi in 1970, taking up
ideas from Coase (1960) and Demsetz (1967). The objective is to minimize the
sum of the total costs of accidents and the costs incurred in trying to prevent
them by imposing strict liability on the cheapest cost avoider. Later Calabresi
(together with Hirschoff) improved the doctrine and suggested to impose strict
liability on the “best decider” (Calabresi and Hirschoff 1972). The “best de-
cider” is the party to an accident who “is in the best position to make the
cost-benefit analysis between accident costs and accident avoidance costs and
to act on that decision once it is made” (Calabresi and Hirschoff 1972: 1060).
It is a generally held view in the Law and Economics literature that the notion
of the cheapest cost avoider applies to all situations in which damages can be
reduced or eliminated by either injurers or victims (see, for example, Shavell
2004: 189).
We deviate from this narrow view and apply the notion of the cheapest

cost avoider to situations in which both parties, polluters and victims, need to
exercise care to achieve a socially optimal outcome. In this case, there may not
be a single “cheapest cost avoider”, but multiple parties may have to take action
to some extent.
Applying the CCAP to situations analyzed in this paper involves:

1. identifying the actors who can contribute to resolving the conflicting re-
source use (potential cheapest cost avoider(s)) — polluters, pollutees, both
groups jointly, or potentially also a third party, such as the government;

2. determining the first-best social optimum; if a first-best solution is not
available, a second-best solution should be identified;

3. establishing the available alternative ways of implementing the efficient
abatement level and incentivizing all relevant actors to invest optimally in
measures that reduce pollution damage;

4. calculating the minimum costs of each of these alternative implementa-
tions;

5. establishing whether the benefits of taking the actions required by the
implementation with the lowest cost at least cover these costs — if so, the
necessary steps for this implementation of the first-best or second-best
optimum should be taken; otherwise no policy intervention should take
place.
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This five-step approach essentially covers a thorough cost-benefit analysis of
available policy options, including the option of doing nothing.12

Which party is the cheapest cost avoider in our model? The answer is: both
are. They “share the job”. For the abatement up to x∗, the polluters are the
cheapest cost avoiders; for the remaining level of emissions x∗f the pollutees
are.
How to implement the efficient actions? To answer this question, we can refer

to the previous section. A constant per unit emissions tax t∗ = −dA(x,y∗(x))
dx

=
dc(x)
dx

would lead both the polluters and the pollutees to take efficient actions
and achieve the first-best optimum; this solution would also be identified under
the CCAP. 13 Since we assumed zero administration costs in this section there
is no need to carry out steps four and five of the cost-benefit analysis. And since
t* implements the first-best outcome a second-best solution plays no role.

Thus, a CCAP inspired policy may well result in the same recommendations
as the PPP.

Conclusion 2: When x∗ is correctly calculated, the efficient non-cooperative
Nash-equilibrium can be established by both the PPP (as interpreted here) and
the CCAP (equivalence result).

The following discussion shows, however, that the CCAP clearly dominates
the PPP once one considers more complex setups.

3 Challenging the equivalence result

In this section we discuss several major qualifications to the proposition that a
Pigovian tax implements a social optimum in which the marginal conditions 3a
and 3b are satisfied. They apply for a number of reasons.
The focus on polluters as the only actors that might be the subject to reg-

ulatory measures ignores that a social optimum may require pollutees and the
government to take action aimed at preventing or mitigating damage. However,
optimal behavior of pollutees and the government cannot be taken as granted.
Owing to imperfect information or strategic behavior, the actions of pollutees
may violate marginal condition 3b. Policy makers either need to try and cor-
rect such distortions or, if that is not possible, take the non-optimal behavior by
other actors into account when designing the right policy intervention. In this
case, it is not necessarily the case that regulator should set a Pigovian tax. A
similar question arises if the government fails to make the optimum investment
in measures that reduce or mitigate pollution damage (e.g. because of distorted

12 In Schmidtchen et al. (2009: ch. 7) one can find two case studies showing how the
CCAP can be applied in practice. Chapter 8 of the book delivers a critical assessment of
the European greening transport policy and shows that the rejection of the CCAP by the
European Commission is based on conceptual misunderstandings.
13From an economic point of view such a tax is equivalent to a liability rule. Whereas in the

case of a liability rule the property rights are for the victims of the pollution and the polluters
are expected to pay the pollutees for the damages from their pollution, the tax creates a
property right of the environment for the state.
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incentives in the public sector or badly organized public sector decision mak-
ing) or if making these investments requires imposing distortive taxes on other
segments of the economy.
Also, the effects of market power (in the extreme case monopoly power) of

polluters need to be taken into account. The incentives of a firm with market
power to restrict output will also have an impact on the emissions generated in
the course of production, and thus on the optimum level of abatement that is
required.
For tackling these issues, one must refer to the theory of second-best, which

shows that sometimes two wrongs can make a right.14 Second-best problems
linked to Pigovian taxes have been studied in Cremer et al. (1989, 2001), Cremer
and Gahvari (2001), Gahvari (2014), Jacobs and de Mooij (2014), Parry and
Oates (2000) and Kaplow (1996). However, this literature is only concerned
with second-best constraints coming from the overall tax structure and does
not address second-best issues dealt with in this paper. Whilst establishing the
solutions to second-best problems is typically complex and beyond the scope of
this paper, it is sufficient for our purpose to present the intuition and to indicate
why the CCAP dominates the PPP in such settings. This also holds true for
the case of multiple optima, corner solutions and administration costs.

3.1 Government as additional investor

The basic model can be extended to include actors who can affect the level
of damage from pollution other than polluters and pollutees. For example,
consider the case of vehicles using a particular stretch of road running through
a village, and assume that the noise caused by driving along this road harms
local residents. The magnitude of harm can be reduced in many different ways.
the transport industry (the polluters) can invest in engines with reduced noise
emissions; residents can invest in noise insulation (or relocate); and the public
sector can re-route traffic (e.g. by building a by-pass).
Let c(x), c(z) and c(y(x, z)) respectively represent the cost to the transport

industry, to the government and the residents of abatement measures15 , and let
A =

P
j∈R aj(x; yj(x, z); z) be the harm from emissions that now varies with

the efforts of polluters, pollutees and the government. The social optimum is
now determined by three functions:

x∗ = x∗(y(x, z); z)

y∗ = y∗(x; z)

z∗ = z∗(x; y(x, z))

14This is the basic insight of the general theory of second best (see Lipsey and Lancaster
1956-1957).
15 In principle, measures taken by all the different actors may interact with each other and

be substitutes or complements. For the sake of simplicty we focus on the simple case where the
mitigation efforts of pollutees depend on the measures taken by polluters and the government,
but note that more complex relationships may exist.
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At the social optimum:

x∗ = x∗(y∗(x∗, z∗); z∗)

y∗ = y∗(x∗; z∗)

z∗ = z∗(x∗; y∗(x∗, z∗))

There is no reason to assume that applying the PPP will alert policy makers
to the fact that government should invest optimally in the prevention of pollu-
tion damages. Ignoring that government investment plays a role in reaching the
social optimum, i.e. z∗ > 0, and imposing a tax rate based on z∗ = 0 clearly
misses the social optimum.

• First, the optimal level of public investment is not undertaken, i.e. z < z∗.

• Second, the presumed level of efficient abatement by polluters x∗ may be
too high because polluters have to do more to reduce emissions given that
the government is not investing in the reduction of pollution damage.

• Third, the investment undertaken by pollutees would be different from y∗

because of substitution effects, directly via the effect of z∗ on y(x∗, z∗)
and indirectly, because x∗ is modified, thus modifying y(x∗, z∗).

This is entirely different with the CCAP. The first step of the comprehensive
cost-benefit analysis that underpins the CCAP would identify the role that
government has to play in terms of being a potential investor into measures
that reduce or mitigate pollution damage.
Even if the constant per unit tax rate on emissions in a Pigovian tax regime

were set at the level that reflects marginal pollution costs at the socially efficient
level of emissions reduction including the optimal action of the government (i.e.

t∗∗ = −dA(x;y∗(x,z∗);z∗)
dx

= dc(x)
dx
, with t∗∗ < t∗), this does not guarantee that the

optimal government investment in the prevention of pollution damages actually
takes place. Typically, the regulatory agency imposing the tax does not control
the activities of other parts of the public sector (e.g. local government, which
may be responsible for traffic planning and local road construction). Often
one can observe what Cox and McCubbins (2001) describe as ‘balkanization’ of
public policies — a lack of coordination within and between agencies operating
on all levels (central, regional, municipal) of government activities. Whilst the
CCAP does so, the PPP is unlikely to inform policy-makers that there is an
additional need to set up a coordinated and comprehensive policy-making ap-
paratus. If imperfections of public policy decision-making cannot be overcome,
this fact creates an additional second-best constraint, which has to be taken
into account when calculating the (second-best) tax rate. If the regulator must
accept z = 0 (though z∗ > 0) this could well be tax rate t∗ .

Another problem is related to how government investment will be funded. If
the revenues raised by the pollution tax will be used to finance the government
investment and the tax revenues from a Pigovian tax t∗∗ exactly match the
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funding required for achiving z∗, then the tax rate t∗∗ implements the social
optimum. However, if tax revenues are insufficient, we will inevitably have to
solve a second-best problem, unless it is possible to raise the necessary funds
through non-distortive lump sum taxes. If not, the pollution tax should be
adjusted or taxes that are potentially distortive have to be raised elsewhere.16 If,
on the other hand, the revenues from pollution tax t∗∗ exceed the expenditures
on government investment, the remaining proceeds could be used to reduce
distortive taxes in other sectors in the economy, creating what has been called
a double dividend (see Fullerton and Metcalf 1998, Jorgenson et al. 2014).

The upshot of this discussion is that purely relying on the imposition of
a Pigou-type emissions tax — as suggested by the PPP — is not sufficient for
achieving a socially optimal outcome. The CCAP, through its use of cost-benefit
analysis in a welfare economics framework, enables policy makers to take into
account a much broader range of relevant variables and actors. Applying the
five-step procedure at the heart of the CCAP is of course not an easy task.
Regulatory failure due to incomplete or wrong information cannot be ruled out.
But this also holds true for the PPP. In the end, it is the different theoretical
perspective that makes the CCAP superior to the PPP.

Conclusion 3: The PPP, unlike the CCAP, does not alert policy makers to
the fact that they have to ensure that other actors (such as the government) also
invest optimally in the reduction or mitigation of pollution damage. It therefore
fails to establish a socially optimal policy and does not help with identifying
second-best optima.

3.2 Imperfect information and strategic behavior

Polluters can be induced to take account of marginal external costs when de-
ciding on the benefit-maximizing level of an activity, but, as we have seen, an
efficient outcome requires that pollutees select the socially efficient level of their
activity as well. Pollutees must incur the socially optimal damage reduction
costs. Thus, efficiency requires that for any given pollution level pollutees have
incentives to invest in measures that reduce the marginal damage caused by
pollution whenever they can do so at lower costs.
As Burrows states: “[a] cost-minimizing pollutee will react to damage costs

imposed on him either by simply bearing the cost, or by reducing his activity
level (the pollutee equivalent of the polluter’s output or consumption cut), or by
altering his production or consumption process to make it less sensitive to the
pollutant (the equivalent of the polluter’s process-switching), or by moving away,
whichever is the cheapest” (Burrows 1980: 33-34). Thus, in principle, pollutees
should be expected to invest in damage reduction up to the point at which
the marginal reduction costs equal the marginal value of damage reduction. If
this holds true for every activity level that polluters might choose, the marginal

16This is a second-best problem, dealt with in the economic theory of optimal taxation (see
Boadway 2012, Cremer et al. 1989, 2001, Cremer and Gahvari 2001, Gahvari 2014, Jacobs
and de Mooij 2014, Parry and Oates 2000 and Kaplow 1996).
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damage reduction costs incurred by pollutees would adapt optimally to the level
of pollution they are facing, and this would be reflected in the marginal benefit
curve.
However, pollutees may not behave in such an optimal fashion for a number

of reasons. Below we discuss three of these, namely imperfect information and
different forms of strategic behavior either to ‘game the system’ by making
polluters invest more than is efficient, or — if the damage mitigation efforts of
pollutees have public good characteristics — to ‘free-ride’ on other pollutees’
investments.

3.2.1 Imperfect information

As above, we assume that preventive actions by each pollutee j ∈ R have
only an impact on her individual marginal pollution damage. Under perfect
information about her marginal pollution cost function, a pollutee will invest in
damage prevention up to the point where the marginal cost equals the marginal
benefit. This means that marginal external costs are minimized for any given
amount of pollution.
However, if a pollutee is not fully aware of all the actions she could take

or the costs of these actions, or does not fully understand their effectiveness
in reducing the damage from pollution, she may under- or overestimate her
marginal pollution costs. This in turn will lead to over- or under-investment
in damage mitigation. In Figure 1, this means that the actual marginal bene-
fit curve lies below MB∗ (over-investment) or above MB∗ (under-investment).
In these cases, calculating emissions tax rates with reference to the actual in-
vestment in prevention and mitigation by pollutees (i.e. emissions tax rate
t̂ = −dA(x,ŷ)

dx
= dc(x)

dx
, where ŷ 6= y∗) will lead to investment in emission reduc-

tion by polluters that is either excessive, i.e. x(ŷ) > x∗(y∗), or insufficient, i.e
x(ŷ) < x∗(y∗).17

To illustrate, consider the case where the pollutees do nothing, i.e. y = 0. If
y∗ > 0, we can exclude the corner solution in which it is optimal for pollutees
to do nothing, and we have −dA(x∗;0)

dy
>

dc(0)
dy

(see Figure 2).
It follows that the equilibrium value x∗ that results from equation 3a is

changed, because the right hand side is increased. Rewrite 3a:

dc(x)

dx
= −

dA(x; y(x))

dx
+

�
−
dA(x; y(x))

dy
−
dc(y(x))

dy

�
dy

dx

In the case that y = 0, we know that the term in the square brackets is
positive: −dA(x;y(x))

dy
− dc(y(x))

dy
> 0. Referring to Figure 1, the respective tax rate

would be t0, inducing emission reduction level x0, which is inefficient because
x0 > x∗.
17 If the pollutees cannot take action at all or if the marginal damage reduction costs are

excessive we would have a corner solution in the sense that the marginal external costs can
only be influenced by the polluters.
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Even if a policy maker were aware of the problem and set a tax rate according
to a marginal benefit curve MB∗ (which assumes that y = y∗, i.e. optimal
rather than actual damage reduction by pollutees), this would not minimize
social costs. The reason is that in a social optimum, condition 3a as well as
condition 3b must be satisfied; but with inefficient behavior by pollutees this is
not the case (in Figure 1, point a would be realized instead of the efficient point
b).
However, an abatement level that is efficient in a first-best situation is not

necessarily the efficient one if one of the necessary conditions for a first-best
outcome is not met. If for whatever reason a first-best outcome cannot be
achieved, a second-best solution may require substantial changes in variables
such as tax rates relative to the levels that are usually considered to be optimal.
The PPP cannot adequately deal with this problem. It assumes that pollu-

tees make socially optimal decisions without making this assumption explicit.
In the case of imperfect information issues, it neither alerts policy makers to
these problems, nor does it provide any guidance for what a second-best policy
would look like.
This is entirely different with the CCAP. The five-step procedure outlined

above will help with identifying problems that might exist in relation to the
behavior of pollutees. It will also tell policy makers that, in addition to impos-
ing a tax on polluters, they should take action to ensure efficient behavior of
pollutees (e.g. through providing information or financial incentives or through
mandatory requirements). Where changing the behavior of pollutees is impos-
sible or too costly, the CCAP, unlike the PPP, also helps with establishing the
second-best tax rate. In our example, the tax rate would have to satisfy con-
dition 3a, which is the case with a tax rate t0, leading to second-best efficient
emission reduction x0 in Figure 1.
The PPP-guided policy may in our example coincide with the second-best

optimum, since it is common practice today to calculate tax rates on the basis
of actual marginal benefits from the reduction of pollution or estimated data.
However, it ignores that changing the behavior of pollutees may lower the cost
of intervention and improve welfare. In any case, it would set the tax at its
second-best level only by chance rather than by design.

Conclusion 4: The PPP, unlike the CCAP, neither alerts policy makers to
the fact that information may be imperfect, nor does it provide any guidance in
relation to what the second-best solution might be.

3.2.2 Strategic behavior

So far we have assumed that pollutees behave non-strategically in the sense
that they do not take into account how their behavior might affect the choices
of others — either polluters or other pollutees. However, if the group of pollutees
is small, or if efficient mitigation of pollution damage requires some form of
collective action on the part of pollutees, or if pollutees’ damage mitigation
activities generate positive externalites for other pollutees this may not be the
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case and there could be strategic behavior. Strategic behavior of pollutees
creates problems for the PPP while the CCAP can address these issues.

Gaming the system Pollutees acting strategically could attempt to game
the system by underinvesting in damage prevention in the hope that this will
result in a higher emission tax because damage reduction measures by polluters
and pollutees are substitutes.
Consider Figure 1 and assume that a policy maker imposes an emissions tax

on the polluters on the basis of a marginal benefit curve MB0 that results from
strategic behavior of the pollutees, instead of curve MB∗, which would mea-
sure marginal benefits from increasing abatement if pollutees invest efficiently.
The tax rate t0 is equal to the marginal benefit of emission reduction at x0.
Without strategic behavior of the pollutees, the tax rate would be t∗. Once
the tax rate and therefore the polluters’ level of pollution abatement is fixed,
the pollutees adopt their own pollution abatement measures. In Figure 2, the

lower curve −dA(x0,y(x))
dy

now represents the pollutees’ marginal benefits from

emissions abatement. The pollutees’ optimal response is y0 < y∗. The social
optimum (x∗; y∗) is not reached.
Again, the CCAP dominates the PPP because the third step in the cost-

benefit analysis would indicate the pollutees’ strategic behavior. In response,
policy makers could consider measures addressing this or, if no suitable interven-
tion were availabe, would be confronted with a second-best problem for which
the solution, determined in the last step of the cost-benefit analysis, might be
to impose tax rate t0.

Conclusion 5: The PPP, unlike the CCAP, neither alerts policy makers
to the existence of opportunistic behavior by pollutees, nor does it provide any
guidance for how policy makers should respond to such behavior.

Pollutees as freeriders Suppose that because of economies of scale and
scope, efficient mitigation of pollution damage requires collective action of all
pollutees rather than measures adopted by each pollutee individually. For exam-
ple, erecting a noise barrier alongside a road may be less costly than individuals
installing noise insulating windows. In such a case, a public good problem arises.

We can capture this case through a minor modification of our model. Instead
of aj(x; yj(x)), aj(x; y(x)) now represents the pollution damage suffered by j,
with y indicating the total amount of resources invested by the set of pollutees
in order to create the public good “damage reduction”. Total pollution damage
is now A(x; y(x)) =

P
j∈R aj(x; y(x)). The first order conditions for a social

optimum remain 3a and 3b.
In order to determine how much “damage reduction” should be provided,

the pollutees must get together and decide about the individual contributions
to the provision of the public good. By definition, nobody can be excluded from
enjoying the benefits from the public good that is provided collectively. There-
fore, particularly when the group of pollutees is large, each individual pollutee
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has a strong incentive for taking a free rider position by under-reporting how
much she values the public good. This will then lead to suboptimal collective
investment in damage prevention, or potentially failure to take collective action
at all.
A similar problem arises if pollutees generate external economies with possi-

ble productive processes of different efficiency. In this case it is highly unlikely
that the independent adjustments of the victims of pollution produce an efficient
result: there is again a collective action problem. Nothing guarantees that mit-
igation efforts are chosen according to the principle of comparative advantage,
which requires that the relatively most efficient group members specialize in the
mitigation of the external costs (Olson and Zeckhauser 1970: 516). Govern-
ment intervention might be needed to solve the problems resulting from these
collective action problems.
There is no reason to assume that the PPP alerts policy makers to the

existence of a collective action problem or helps them tackle it. The imposition
of an emissions tax neither contributes to the solution of the collective action
problem, nor does it promote an allocation of activities according to the principle
of comparative advantage.
This is entirely different with the CCAP as a result of the five-step proce-

dure on which its application is based. In the process of finding the cheapest
cost avoider(s), collective action problems amongst pollutees would be identi-
fied (step 3) and the policy maker would learn that in addition to imposing a
tax on the polluters it should also intervene on the side of the pollutees, ei-
ther by helping them to solve their collective action problem (for example by
mandating contributions of pollutees to joint investment in damage mitigation)
or by ensuring that individual mitigation efforts are governed by the principle
of comparative advantage (e.g. by putting in place appropriate mechanisms to
allow compensation of those who would have to be induced to take action by
all those who benefit from such action being taken, in line with steps 3 and 4).
In contrast to the PPP, the CCAP also would consider whether a second-best
solution might need to be found (step 5).

Conclusion 6: The PPP, unlike the CCAP, neither alerts policy makers to
the existence of pollutees’ collective action problems and the resultant free rider
incentives, nor does it provide any guidance for a response to such problems.

3.3 Monopoly

Suppose that the set N of agents are suppliers and consumers in what would
be considered to be a relevant antitrust market, say the market for widgets. S
is the set of widget producers, and R is the set of consumers who buy widgets
and suffer from the pollutants emitted in widget production.
For simplicity, assume that widget production generates a constant amount

of emissions per unit of output. A perfectly competitive widget market implies
that there is too much emission and a tax set at t∗ = −dA(x;y∗(x))

dx
= dc(x)

dx
may

implement the efficient abatement level. However, this result no longer holds

19



for other market structures such as a monopoly (see Buchanan 1969; Just et al.
2004). Whilst a non-regulated competitive market always produces too many
negative externalities, a monopoly may produce more than, the same as, or less
than the welfare maximizing level of output and thus generate more than, the
same or less than the optimal amount of emissions.
The reason is that a monopolist generates two types of external diseconomies:

on the one hand, a monopoly firm produces less than would be optimal if there
were no external costs because it charges a price above private marginal costs,
leading to a deadweight loss; on the other hand, it produces too much output
and pollution because its decisions depend on private marginal costs rather than
the social marginal costs. Which of the two offsetting effects dominates depends
on the elasticity of demand for the output and on the extent of the marginal
external costs.
To illustrate, suppose for simplicity that the monopoly’s private marginal

cost curve equals the supply curve under competition, and that the demand
curves in both market structures are identical and that it does not pay pol-
lutees to invest in damage reduction. Suppose further that the output by an
unregulated monopolist (where marginal revenue is equal to marginal private
cost) coincides with the socially efficient output of the competitive industry
(where marginal social cost is equal to marginal social benefits as represented
by the demand curve). Where in the absence of a pollution tax the emission
level of the competitive industry would be f0 in Figure 1 (i.e. where there
would be zero abatement), the monopolist only emits fx∗ (implying an efficient
level of emission reduction x = x∗). Looking purely at the efficient reduction of
emissions, the price impact of decreasing output due to the monopolist limiting
his supply has the same effect as an optimal emission tax levied in a competitive
market. There is of course a difference in terms of the distribution of benefits:
whilst in the case of a competitive market with an optimal emission tax the
producers earn zero profit at the margin and government raises tax revenues,
the marginal profit of the monopoly is positive and government does not receive
taxes. From the perspective of achieving the efficient emission level, however,
there is no need for governmental intervention. On the contrary, imposing a
pollution tax on the monopolist would lead to an output reduction beyond the
socially optimal level. Abatement would be excessive (x > x∗) and consumers
would pay an even higher product price. In essence, the attempt to reduce the
external cost of pollution would impose external cost on the consumers of the
monopolist’s product in excess of the benefits from the reduced emission levels.
The same would happen if the unregulated monopolist already produced less
than the socially optimal output. Only if the unregulated monopolist produces
more than is socially optimal an emission tax — properly designed, and below the
level that would be optimal in a competitive market — improves social welfare.
Our simple example again illustrates the relevance of the theory of second-

best. Two market imperfections — monopoly and externality — can offset each
other such that social welfare increases, and trying to correct one market im-
perfection may result in welfare losses (see also Gahvari 2014).

A PPP inspired policy is unable to deal with this second-best problem ade-
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quately. The efficient solution of the externality problem requires more than a
comparison of the marginal external cost and the polluter’s marginal abatement
cost. The increase in the deadweight loss that results from the introduction of
an emission tax in a market where polluters enjoy some market power should
also be taken into account when looking at the welfare effects associated with
making producers reduce their output. In other words, the trade-off between the
imposition of external costs on the consumers of the monopolist’s product and
the reduction of the external cost imposed on the pollutees must be adequately
dealt with. This requires using a cost-benefit analysis in a welfare economics
framework as in the application of the CCAP. The above mentioned trade-off
would be identified in step 2 of the cost-benefit analysis. Here it would also
become apparent that the benefits of taking action (e.g. through implementing
a pollution tax) would not cover the costs of doing so. In our example the cost
would include the increase in the deadweight loss and the reduced profit of the
monopolist. It would become clear that the first-best solution cannot be reached
and the second-best does not require any regulatory activity (step 5).
It is also worth noting that the importance of the above mentioned trade-off

depends on the abatement technology used by the monopolist. If the monopolist
would change the production technology — process switches — instead of cutting
output in response to being faced with an emission tax, the risk of social losses
created by pollution control policies will be reduced (see Burrows 1980: 78-80).
The upshot of this discussion is that solving a negative externality problem

in the presence of non-competitive market structures requires much more than
trying to equate marginal abatement cost with marginal external cost. Either
the market imperfections can be resolved, or a complex second-best analysis is
necessary. It is part of the CCAP, but is not included in the PPP.

Conclusion 7: The PPP, unlike the CCAP, does not alert policy makers to
unresolved market imperfections. It provides no guidance for a socially optimal
response to such situations.

3.4 Multiple optima and corner solutions

In the analysis presented in the previous sections, the tax rate implementing
the (first-best) efficient Nash-equilibrium is uniquely determined by equating
marginal abatement costs and marginal benefits from emission reduction (as-
suming efficient behavior of pollutees). Graphically, this is the intersection of
the marginal cost curve MC, and the marginal benefit curve MB∗ in Figure 1.
However, this condition is neither necessary nor sufficient for efficiency:

• It is not a necessary condition where the social optimum is a corner solu-
tion (or the social optimum is second-best).

• It is not a sufficient condition if there are several local optima and the
internalization of external costs occurs at the inefficient local optimum.
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If dc(x)
dx

< −dc(y(x))
dy

dy
dx
− dA(x;y(x))

dx
− dA(x;y(x))

dy
dy
dx
for all values of x ∈ [0; f ] in

the model in section 2, then the marginal cost of emissions abatement is always
lower than the marginal benefits from emission reduction. The social optimum
in this case would be a corner solution in which polluters should eliminate all
emissions (i.e. e∗ = 0). Conversely, if dc(0)

dx
> −dc(y∗(0))

dy
dy
dx
− dA(0;y∗(0))

dx
−

dA(0;y∗(0))
dy

dy
dx
, social cost would be minimized without any abatement taking

place (i.e. x∗ = 0 and e∗ = ē). Conditions 3a and 3b cannot be met by any
level of abatement.
Suppose now that — at least over some range — the marginal costs of reducing

emissions are decreasing rather than increasing (which cannot be ruled out on
theoretical grounds). Suppose further that none of the above mentioned modi-
fications of the basic model apply. We consider two possible cases of decreasing
marginal costs of the reduction of emissions.18

Case 1 (see Figure 3) is characterized byMB∗ > MC for [0, r),MB∗ < MC
for [r, x∗) and MB∗ > MC for [x∗, f ].

Figure 3: Decreasing marginal costs of emissions reduction with an efficient
interior solution

Here, there is an initial net social gain from the expansion of abatement from
zero (NSG1) for range [0, r), a net social loss (NSL) for range [r, x∗) and a net
social gain (NSG2) for range [x∗, f ]. Now assume that NSG1 < NSL and
NSG2 > NSL. The latter assumption implies that f is the socially efficient

18A similar result can be derived assuming a downward sloping marginal external costs curve
(Burrows 1980: 65-68). See also ch. 8 in Baumol and Oates (1988), entitled „Detrimental
Externalities and Nonconvexities in the Production Set“.
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level of abatement. This means that the social optimum is a corner solution
in which the polluters’ marginal prevention costs are not necessarily equal to
marginal benefits. Thus making the polluters’ marginal prevention costs equal
to the marginal benefits of the pollutees is not a necessary condition for social
efficiency in the case of corner solutions.19

Case 2 (see Figure 3) is characterized byMB∗ < MC for [0, r),MB∗ > MC
for [r, x∗) and MB∗ < MC for [x∗, f ]. This implies that polluters’ marginal
prevention costs equal pollutees’ marginal benefits at two points r and x∗. There
is an initial net social loss from the increase in abatement (NSL1) for range
[0, r), a net social gain (NSG) for range [r, x∗) and a net social loss (NSL2) for
range [x∗, f ]. Now assume thatNSL1 < NSG. Point r is inefficient since the
initial net social loss is maximized. Because the social gain from the expansion
of emission reduction from r up to x∗ exceeds the net social loss up to r (NSL1),
x∗ is the socially optimal level of emissions reduction.

Figure 4: Decreasing marginal costs of emission reduction with no efficient
interior solution

Thus, making polluters’ marginal prevention costs equal to marginal benefits
is not a sufficient condition for ensuring a social optimum. The sufficient con-
ditions are that marginal prevention costs equal marginal benefits and that for
a small change of the level of emissions reduction a social loss occurs, as it does
at abatement level x∗. The inefficiency of point r is of course identified through
the second order conditions, which would capture the marginal welfare impact
(i.e. increasing marginal welfare if the marginal cost curve crosses the marginal

19Note that in this case, it is not a necessary condition in general, even without decreasing
marginal abatement costs.
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benefits curve ‘from above’, decreasing marginal welfare otherwise). However,
the efficiency of x∗ also depends on the total welfare effect of abatement. In the
case that NSL1 > NSG, it would be optimal not to undertake any abatement
activities. x∗would be a local, but not a global optimum.

Three implications of the efficiency analysis presented above are worth men-
tioning:20

• First, a simple rule requiring that emissions are taxed at the level at
which marginal external costs from emissions (or the marginal benefits
from abatement) equal the polluters’ marginal prevention costs can lead
to a social optimum only if the optimum is not a corner solution (i.e.
where either all emissions should be avoided, or no abatement should take
place).

• Second, in the case of multiple points of equality between marginal ex-
ternal costs and the polluters’ marginal prevention costs, policy makers
need to identify the socially efficient point in order to determine the cor-
rect level of emissions tax. Whilst local optima would be identified by
the second order condition (the marginal cost curve crossing the marginal
benefit curve ‘from below’), a further assessment would be needed in order
to identify the global optimum (as in our example, where abatement at
level x∗ is only optimal if NSG > NSL1).21

• Third, even if the socially efficient point is identified, there is no guarantee
that an emissions tax set at the respective marginal abatement costs will
generate efficient abatement. For example, under the conditions indicated
in Figure 4, the efficient emissions reduction amounts to x∗. However,
with a tax rate set at the marginal abatement cost at x∗, this level will
not be realized because it is cheaper to pay the tax than to take emissions
abatement measures.

The PPP as generally interpreted in the literature and the political arena
neither alerts policy makers to the possibility of corner solutions (in particular
those in which polluters should not pay at all) nor to multiple optima. It does
not offer any guidance as to which optimum should be chosen, as in each of the
optima polluters’ marginal prevention costs equal marginal benefits. Of course,
if second-order conditions were taken into account when calculating the Pigovian

20Similar implications hold for the cases analyzed by Burrows (see Burrows 1980: 67-68).
21Complications of multiple optima are also a result of nonconvexities in the social possi-

bility set. Sufficiently strong detrimental externalities produce a nonconvexity in the social
possibility set when there are nonzero levels of each of two activities (Baumol 1972, Baumol
and Oates 1988: ch. 8). Such a nonconvexity confronts a policy maker with a choice between
(at least) two local optima. The first one (call it solution A) may involve zero pollution. The
second one (call it solution B) requires only the pollutees to invest in damage prevention. The
only other possibility is the undesirable initial position. Now: “if B happens to be the true
global optimum and society mistakenly imposes the . . . Pigouvian tax appropriate for (local)
optimum A, the economy may well end up with the inferior equilibrium A. This is the usual
difficulty one encounters whenever there is a multiplicity of maxima” (Baumol (1972: 314)).
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tax, some of the shortcomings identified above would be avoided. However, there
is still the problem whether a tax implements the efficient emission reduction
level. If not, the regulator should rely on some command-and-control measure
(which would be compatible with the PPP).
This, again, is entirely different for the CCAP because of the five-step proce-

dure on which its application is based, and its explicit focus on the implementa-
tion of the efficient Nash-equilibrium. Consider, for example, case 2, where x∗ is
the global social optimum. In the first step polluters as well as pollutees would
be identified as potential cheapest cost avoiders. In step 2 x∗ is determined as
the global first-best social optimum. Up to x∗ polluters are the cheapest cost
avoiders; from x∗ to f pollutees are. In step 3 it would be realized that the pol-
luters are the sole adressees of regulatory measures, that a Pigovian tax would
not work and a command-and-control approach should be chosen.

Conclusion 8: The PPP, unlike the CCAP, does not alert policy makers
to the fact that the equality between marginal costs and benefits is not a necessary
condition where the social optimum is a corner solution (or is second-best), and
that it is not a sufficient condition if there are several local optima.

3.5 Administration costs

When analyzing the welfare impact of policies aimed at adddressing the prob-
lem of external costs, it is important to consider not only their impact on the
behavior of polluters and pollutees and thus the allocation of resources, but also
the cost incurred in administering these policies. These administration costs in-
clude the costs incurred by both the private and the public sector in acquiring
information, setting up the policy framework, implementing requirements and
monitoring and enforcing compliance. Administration costs should also be in-
cluded in the calculation of the optimal level of the tax. The reason is that there
is a trade-off between reducing the social cost of pollution by way of a tax and
the costs of administering the tax. In the presence of administration costs the
design of a policy is a second-best problem (Atkinson and Stiglitz 1980: 358-
360). As Atkinson and Stiglitz point out, administration costs are one of the
main reasons why government cannot attain the first best allocation (Atkinson
and Stiglitz 1980: 455).
The optimal adjustments of a pollution tax for administration costs depend

on whether these costs are fixed or variable, and whether they are borne by
the government, the taxed entities or the pollutees. Polinsky and Shavell (1982)
show that, depending on the circumstances and with constant marginal external
costs, the optimal emission tax could be above, below or equal to the marginal
external costs.
Our model illustrates the nature of the problem.22 Suppose that only pol-

luters have to incur administration costs and that these costs are constant per
unit of emission reduction. In Figure 1 this corresponds to an upward shift of

22An explicit analysis of this issue requires a much more complex model than ours, which,
however, is beyond the scope of this paper.
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the MC-curve, resulting in an optimal tax level t > t∗. If, for example, the
administration costs are constant per unit of emission and borne by the govern-
ment, then there exists a trade-off between reducing the administration costs
and increasing polluters’ abatement costs, the solution of which may require a
tax t > t∗. Administration costs may also play a role for pollutees. Suppose,
that the administration costs are an increasing function of y, i.e. the amount
of resources invested by pollutees in damage prevention. Then the MB∗-curve
would shift downwards and the optimal tax level would be t < t∗. Of course,
these cases may be combined, and a detailed analysis is beyond the scope of
this paper.
The upshot of this argument is that the CCAP would take administration

costs for all actors into account because it requires a comprehensive cost-benefit
analysis. Unlike the PPP, it would identify the trade-offs indicated above and
would recognize the need for tax adjustments.

Conclusion 9: The PPP, unlike the CCAP, does not alert policy makers
to the existence of administration costs. It provides no guidance for a socially
optimal response to their existence.

Administration costs should also be considered when choosing a particular
policy measure. If one measure has lower administration costs than another,
it may be preferable to adopt the former even if it does not perform as well
as the latter in terms of welfare gains produced. Choosing a policy without
taking account of administration costs could produce the wrong result. It may
be better to adopt measures that do not guarantee a social optimum in each
and every case if these measures are substantially cheaper to implement, e.g.
because they require less effort from the addressees, or compliance is easier to
monitor and enforce.
These considerations apply of course also to the decision about whether to

follow the PPP or adopt the CCAP. One might indeed argue that even though
the CCAP dominates the PPP in terms of being able to identify the best policy
option, this advantage is outweighed by the fact that the PPP can forego a
detailed cost-benefit analysis and the substantial delays or blockings of agency
decision making associated with it (McGarity 1998, p. 50).
However, this argument is valid only if there are substantive cost savings

from using the PPP instead of the CCAP and the welfare losses from using an
inferior policy are small. For sufficiently large projects, the added value of the
CCAP compared to the PPP can justify higher costs of gathering and analyzing
the information required for its application, in particular, if the modifications
of the basic model and second-best issues are taken into account. As Adler and
Posner put it, “(a)ssuming cost-benefit analysis is more accurate in practice
than competitors (taking into consideration not just intrinsic accuracy but also
agency mistakes and opportunism), this direct cost will be swamped by the
expected benefits” (Adler and Posner 2006: 87). Moreover, it is far from clear
how large the cost savings from adopting the PPP are in practice. They may be
large if the PPP is adopted in its most simplistic and naive form — but in this
case the welfare cost from failing to achieve an efficient allocation of resources
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may be commensurately large.

Conclusion 10: It is an empirical and case specific question whether ad-
ministrative cost savings from applying the PPP rather than the CCAP outweigh
the cost of foregone welfare gains and potential welfare losses as a result of mis-
guided or inappropriate policy measures.

4 Conclusion

Comparing the PPP and the CCAP on the basis of how well they perform in
terms of social welfare clearly favors the CCAP over the PPP. A policy guided
by the PPP cannot adaquately deal with a number problems, in particular
second-best issues resulting from government as an additional investor, frictions
on the side of pollutees, monopolistic markets, the multiplicity of optima, corner
solutions and administration costs.
A cheapest cost avoider analysis incorporates ‘polluter pays’ as one possible

outcome, but it recognizes that other agents — pollutees or the government —
have their part to play as well. This can change the optimal tax rate, and
second-best situations can arise. Administration costs and the possiblity of
multiple equilibria and corner solutions requiring deviations from the Pigovian
tax need also to be considered when determining the social optimum.
By relying on a comprehensive cost-benefit analysis, the CCAP takes into

account a much broader range of relevant variables and actors. The PPP by-
passes such a cost-benefit analysis and tends to promote the simplistic view of
polluters being the only ones who have to take responsibility for reducing the
harm from pollution. This can lead policy makers to making serious mistakes by
failing to induce those who could reduce the harm from pollution at the lowest
possible cost to do so and by miscalculating the optimal abatement levels of
polluters.
Whether potentially higher administration costs of the CCAP shift the bal-

ance in favor of the PPP is an empirical and case specific question. However,
what matters in any case is that an efficient treatment of external costs requires
more than simply trying to equate marginal abatement costs of polluters with
the marginal reduction of external costs.
One might argue that the PPP, properly interpreted, can take account of

the modifications discussed in this paper. We are not aware of any attempt in
theory or practice to do this, and if the PPP did encompass the analysis set out
in this paper, it would become the CCAP in everything but name.
The logic of the CCAP helps policy makers in avoiding regulatory failure.

Of course, the problems of incomplete or wrong information are as acute in
applying the CCAP as they are in following the PPP, and it may be the case
that the wrong party is mistakenly considered to be the cheapest cost avoider.
But in contrast to the shortcomings of the PPP, which are due to its deficient
paradigm, this is not a systematic or paradigmatic error.
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In this paper, we focus on a Pigovian tax as a manifestation of the PPP. A
PPP guided public policy, however, is not restricted to imposing Pigovian taxes.
One could instead adopt a command-and-control approach. The question arises
whether the conclusions derived in this paper in relation to a Pigovian tax can be
generalized. We believe that this is the case, not least because a command-and-
control approach following the philosophy of the PPP focuses on the behavior
of the polluters and does not take account of all the additional complications
for an efficient treatment of external costs identified in this paper.
This paper concentrates on how to deal efficiently with external costs. Effi-

ciency implies not to waste valuable resources. Compared with inefficient out-
comes, efficient ones have a higher value of production and higher average in-
come. There should be no question that an efficient allocation of resources
furthers the common good (i.e. social welfare). Of course, one can ask whether
efficiency is all that matters. Indeed, there are factors beyond efficiency that
have to be taken into account in order to judge which of the two principles
is preferable overall: moral values, such as human autonomy and dignity, the
intrinsic value of the environment, the interest of future generations, and correc-
tive and distributional justice. However, when pursuing those ‘non-economic’
goals, one needs to be aware of the efficiency costs of doing so, and an analysis
of the strengths and weaknesses of the PPP and the CCAP in this respect shows
that the efficiency deficits of the PPP cannot be outweighed by those other goals
(see Schmidtchen et al. 2009: ch. 6) .

References

[1] ADLER, M.D. and E.A. Posner (2006) New Foundations of Cost-Benefit
Analysis. Cambridge: Harvard University Press.

[2] ATKINSON A. and J. STIGLITZ (1980) Lectures in Public Economics.
New York: McGraw-Hill.

[3] BAUM, H., T. GEISSLER, J. SCHNEIDER, and J. Bï¿œHNE (2008)
External Costs in the Transport Sector — A Critical Review of the EC-
Internalization-Policy, Zeitschrift fï¿œr Verkehrswissenschaft 79(2), 103-
166.

[4] BAUMOL, W. (1972) On Taxation and the Control of Externalities, The
American Economic Review 62(3), 307-322.

[5] BAUMOL, W., and W. OATES, (1988) The Theory of Environmental Pol-
icy, 2nd edition. Cambridge: Cambridge University Press.

[6] BLEKER, A. (2009) Does the Polluter Pay? The Polluter Pays Principle
in the Case Law of the European Court of Justice, European Energy and
Environmental Law Review 6, 289-306.

[7] BOADWAY, R. (2012) From Optimal Tax Theory to Tax Policy. Retro-
spective and Prospective Views. Cambridge: MIT Press.

28



[8] BUCHANAN, J.M. (1969) External Diseconomies, Corrective Taxes, and
Market Structure, The American Economic Review 59(1), 174-177.

[9] BURROWS, P. (1980) The Economic Theory of Pollution Control. Cam-
bridge: MIT Press.

[10] CALABRESI, G. (1970) The Costs of Accident. A Legal and Economic
Analysis. New Haven: Yale University Press.

[11] CALABRESI, G., and J.T. HIRSCHOFF (1972) Toward a Test for Strict
Liability in Tort, Yale Law Journal 81(6), 1055-1085.

[12] CARBONARA, E., A. GUERRA, and F. PARISI (2014) Sharing Resid-
ual Liability: ‘Cheapest Cost Avoider’ Revisited, Minnesota Legal Studies
Research Paper No. 13-47.

[13] COASE, R. (1960) The Problem of Social Cost, Journal of Law & Eco-
nomics 3(1), 1-44.

[14] CORDATO, R. (2001) The Polluter Pays Principle - A Proper Guide for
Environmental Policy, Studies in Social Cost, Regulation, and the Environ-
ment. Washington: Institute for Research on the Economics of Taxation.

[15] CORDATO, R. (2004) Toward an Austrian Theory of Environmental Eco-
nomics, The Quarterly Journal of Austrian Economics 7(1), 3-16.

[16] COX, G. and M. McCUBBINS (2001) The institutional determinants of
economic policy outcomes, in: S. Haggard and M. D. McCubbins (eds)
Presidents, parliaments and policy. New York: Cambridge University Press.

[17] CREMER, H., F. GAHVARI, and N. LADOUX (1989) Externalities and
optimal taxation, Journal of Public Economics 70, 343-364.

[18] CREMER, H., F. GAHVARI, and N. LADOUX (2001) Second-Best Pol-
lution Taxes and the Structure of Preferences, Southern Economic Journal
68(2), 258-280.

[19] CREMER, H., and F. GAHVARI (2001) Second-best taxation of emissions
and polluting goods, Journal of Public Economics 80, 169-197.

[20] DARI-MATTIACI, G., and N. GAROUPA (2009) Least-Cost Avoidance:
The Tragedy of Common Safety, Journal of Law, Economics and Organi-
zation 25(1), 235-261.

[21] DEMSETZ, H. (1967) Toward a theory of property rights, The American
Economic Review, Papers and Proceedings 57, 347-359.

[22] ENDRES, A. (2011) Environmental Economics — Theory and Policy. Cam-
bridge: Cambridge University Press.

29



[23] FULLERTON, D., and G. METCALF (1998) Environmental Taxes and
the Double-Dividend Hypothesis: Did You Really Expect Something for
Nothing?, Chicago-Kent Law Review 73(1), 221-256.

[24] GAHVARI, F. (2014) Second-Best Pigouvian Taxation: A Clarification,
Environmental and Resource Economics 59, 525-535.

[25] GILLES, S.G. (1992) Negligence, Strict Liability, and the Cheapest Cost
Avoider, Virginia Law Review 78(6),1291—1375.

[26] JACOBS, B., and R.A. DE MOOIJ (2014) Pigou Meets Mirrlees: On the
Irrelevance of Tax Distortions for the Second-Best Pigouvian Tax, Journal
of Environmental Economics and Management, published online 29 Janu-
ary 2015.

[27] JORGENSON, D.W., R.J. GOETTLE, M.S. HO, and P.J. WILCOXEN
(2014) Double Dividend. Environmental Taxes and Fiscal Reform in the
United States. Cambridge: MIT Press.

[28] JUST, R.E., D.L. HUETH, and A. SCHMITZ (2004) The Welfare Eco-
nomics of Public Policy. A Practical Approach to Project and Policy Eval-
uation. Cheltenham: Edward Elgar.

[29] KAPLOW, L. (1996) The optimal supply of public goods and the discre-
tionary cost of taxation, National Tax Journal 49, 513-533.

[30] LINDHOUT, P.E. and B. VAN DEN BROEK (2014) The Polluter Pays
Principle: Guidelines for Cost Recovery and Burden Sharing in the Case
Law of the European Court of Justice, Utrecht Law Review 10(2), 46-59.

[31] LIPSEY, R., and K. LANCASTER (1956-57) The general theory of the
second best, Review of Economic Studies 24(1), 11-32.

[32] MCGARITY, T.O. (1998) A Cost-Benefit State, Administrative Law Re-
view 50(1), 7-80.

[33] OGUS, A. (2010) Foreword, in Transport, Welfare and Externalities. Re-
placing the Polluter Pays Principle with the Cheapest Cost Avoider Prin-
ciple, Schmidtchen, D., C. Koboldt, J. Helstroffer, B. Will, G. Haas, S.
Witte, pp.ix-xii. Cheltenham: Edward Elgar.

[34] OLSON, M., and R. ZECKHAUSER (1970) The Efficient Production of
External Economics, The American Economic Review 60(3), 512-517.

[35] ORRICK, S.W. (2013) Deciphering Rosetta Stone: Why the Least Cost
Avoider Principle Unlocks the Code to Contributory Trademark Infringe-
ment in Keyword Advertising, Berkeley Technological Law Journal 28, 805-
829.

[36] PARDOLESI, R., and B. TASSONE (2005) Guido Calabresi on Torts: Ital-
ian Courts and the Cheapest cost Avoider, Erasmus Law Review 1(4), 7-39.

30



[37] PATTY, I.W., and W.E. OATES (2000) Policy Analysis in the Presence
of Distorting Taxes, Journal of Policy Analysis and Management 19(4),
603-613.

[38] PIGOU, A.C. (1932) The Economics of Welfare, 4th edition. London:
Macmillan.

[39] PIECYK, M., A. MCKINNON, and J. ALLEN (2010) Evaluating and inter-
nalizing the environmental costs of logistics, in Green Logistics: Improving
the environmental sustainability of logistics, McKinnon, A., S. Cullinane,
A. Whiteing, and M. Browne, pp. 68-99. London: Kogan Page.

[40] POLINSKY, A.M., and S. SHAVELL (1982) Pigouvian Taxation with Ad-
ministrative Costs, Journal of Public Economics 19, 385 — 394.

[41] POSNER, R. (2005) Guido Calabresi’s The Cost of Accidents: A Reassess-
ment, Maryland Law Review 64, 12—23.

[42] DE SADELER, N. (2012) The polluter-pays Principle in EU Law - Bold
Case Law and Poor Harmonisation, in Pro Natura: Festskrift Til H. C.
Brugge, pp. 405-419. Oslo: Universitetsforlaget.

[43] SCHÄFER, H.-B., and F. MÜLLER-LANGNER (2009) Strict liability ver-
sus negligence, in Tort Law and Economics, M. Faure, ed., Encyclopedia
of Law and Economics, second edition, 1, pp. 15—45. Cheltenham: Edward
Elgar.

[44] SCHMIDTCHEN, D., C. KOBOLDT, J. HELSTROFFER, B. WILL, G.
HAAS, and S. WITTE (2009) Transport, Welfare and Externalities. Re-
placing the Polluter Pays Principle with the Cheapest Cost Avoider Prin-
ciple. Cheltenham: Edward Elgar.

[45] SHAVELL, S. (1987) Economic Analysis of Accident Law. Cambridge: Har-
vard University Press.

[46] SHAVELL, S. (2004) Foundations of Economic Analysis of Law. Cam-
bridge: Harvard University Press.

[47] SINAI, Y., and B. SHMUELI (2014) Calabresi’s and Maimonide’s Tort Law
Theories — A Comparative Analysis and a Preliminary Sketch of a Modern
Model of Differential Pluralistic Tort Liability Based on Two Theories, Yale
Journal of Law and Humanities 26, 101-175.

[48] WITTMAN, D. (2006) Economic Foundations of Law and Organization.
Cambridge: Cambridge University Press.

31


