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Abstract

This paper compares, in a polluting oligopoly, an emission tax and a
new form of environmental policy thatl needs [ormal assessment: volun-
tary agreements (VA). There are here two ways of reducing pollution:
output contraction and end-of-pipe abatement. Given the imperfect
competition, firms’ reaction to the tax is sub-optimal. They reduce
output excessively in order to raise the price and do notl abate enough.
The VA is a take-it-or-leave-it contract on abatement effort, offered to
the firms with the threat of a tax. It has a limited effect on output and
always allows higher abatement than the tax. We find that the VA
may be more efficient than the tax in a concentrated industry, when
pollution is not too harmful and when the abatement technology is
rather efficient and cheap.

Keywords: environmental policy choice, market power, voluntary agree-

ments.
JEL classifications: H23, L13, L51, Q48

1 Introduction

Over the last decades, environmental regulation has mostly taken the form
of regulatory standards. Experience, however, has demonstrated the limits
of this kind of regulation. Incentive instruments such as taxes, subsidies
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and tradable pollution permits have then increasingly drawn economists’ at-
tention. In particular, these instruments often solve informational problems
encountered by regulatory standards’. Nevertheless, excluding informational
issues, other factors matter in the comparison of environmental instruments.
More precisely, the application of the environmental policy is modified when
the regulator faces multiple distorsions and has an incomplete set of instru-
ments to correct them.

Several examples illustrate this multi-distorsions context. For instance,
when regulation is not harmonized among countries in an open economy, the
environmental policy may deteriorate national firms’ competitiveness com-
pared to their foreign competitors. The regulator then has to take into
account this negative impact of her intervention in order to avoid firms’ clos-
ing or relocation. Quite a large literature focuses on this topic. This paper
investigates a less studied case in which the environmental regulation creates
undesirable distorsions due to imperfect competition among the polluting
firms?. Note that this framework is relevant since many factories that emit
massive pollution are owned by firms in concentrated industries such as steel,
paper and chemicals.

In a polluting industry with imperflect competition, two sources of dis-
torsion occur. One is due to pollution, and the other is the underproduction
associated with the exercise of monopoly or oligopoly power. Environmental
regulation reduces the generation of pollution but, by causing firms to reduce
their output, it also amplifies the second source of distorsion. The optimal-
ity of the environmental policy is thus modified compared to the competitive
framework.

For instance, as shown by Buchanan (1969) and Barnett(1980), a Pigovian
tax, fixed at marginal damage of pollution, is not optimal anymorc. Along
the same lines, Conrad and Wang (1993) show that, in certain cases, a tax
applied to an oligopoly has the same negative effect as a collusion among
firms by implying an excessive price rise. In this paper, we assume firms
may reduce pollution through an end-ol-pipe abatement technology (i.e. a
filter). We show that, given the imperfect competition, an emission tax does
not lead to the optimal level of investment in the abatement technology. In
reaction to the tax, firms act strategically by reducing output excessively in
order to raise the price and do not abate enough.

Given the limits of some traditional environmental policies, a new form
of regulation, called voluntary agreements (VAs), has widely developed since

1See a review of this literature in Cropper and Oates (1992).
2We assume the regulator cannot restore perfect competition.



the 1990’s®. VAs are commitments from polluting firms in improving their
environmental performances. They are generally implemented in combina-
tion with other instruments such as a tax or a standard that represent a
threat to the firms if the VA fails. Despite their increasing implementation,
VAs have received little critical discussions among academics and lack formal
assessment. According to Brau and Carraro (1999), the use of VAs can be
justified when other instruments induce undesirable distorsionary effects. In
which way can VAs solve some of the problems faced by the emission tax
within imperfect compeltition?

Real world inspection reveals the existence of VAs that allow firms to
be exempted from an environmental tax if they invest in the adoption of a
clean technology. It is the case of a VA introduced in Denmark in 1996 in
combination with an existing tax on CO2%. Compared to a tax, this form
of VA stimulates the adoption of clean technologies, which reduces pollution
for a given level of output, that is without amplifying the distorsion due to
imperfect competition. The VA may therefore have an advantage over the
tax in regulating a concentrated industry.

This paper compares, in a Cournot oligopoly, an emission tax and a VA
modeled as a take-it-or-leave-it contract offered to the firms with the threat
of a tax®. The offered contract is based on abatement ellort, i.e. on a level of
investment in an end-of-pipe abatement technology. An abatement technol-
ogy is a specific form of clean technology®. It is however common as 52.3%
of the investments in favor of the environment undertaken by polluting firms
concern pollution treatment through an abatement technology’. Moreover,
some industries, such as the steel industry, have very few possibilities to
modify their production process to make it cleaner. Pollution treatment is
then the only way to reduce pollution. We shall discuss how the model may
be generalized to other forms of clean technologies.

Section 2 of this paper presents the basic assumptions of the model, first-
best equilibrium and the equilibrium before any environmental policy. Sec-
tions 3 and 4 respectively study the emission tax and the voluntary agree-
ment. Section 5 then carries out a comparison of these two policies. The two
final sections present a discussion of the model and our conclusions.

3See the OECD Report (1999) for a presentation of VAs.

4See Johannsen and Togeby (1998) for a presentation of the Danish VA.

5This form of VA is common in Europe.

6The adoption of clean technologies may imply a change in the production process,

which is not the case with an abatement technology.
Thttp://www.belspo.be/belspo/ostc/geninfo/publ/pub_ostc/HL/rHL20w3 _fr.pdf



2 Basic Assumptions, First-Best and EFx ante
Equilibrium

Throughout this paper we consider a partial equilibrium model with one con-
sumption good and one pollutant generated by production. The consumption
good is produced by n identical firms engaged in Cournot competition.

As in Barnett(1980) and Katsoulacos and Xepapadeas (1995), pollution
emissions can be abated through pollution treatment, using a filter or an-
other abatement technology. Pollution emissions generated by firm ¢ are then
e(x;, w;) where z; denotes the firm’s output and w; its abatement eflort, i.e.
a level of investment in the abatement technology. This function is addi-
tively separable and can be written as e(z,w) = e;(x) + ea(w). Indeed, it
is straightforward that end-of-pipe abatement does not modify the quantity
of emissions generated by each unit of production. The derivatives of the
emission function are: €} (z) > 0 (production generates pollution), e}, (w) < 0
(abatement effort reduces pollution), ] (z) > 0 and e} (w) > 0.

Each firm i’s cost function is written as C'(x;, w;). This cost function is
also assumed to be additively separable in effort w and output®, and can be
written as : C(z,w) = Cy(z) + Co(w). The derivatives of the cost function
are as follows: C(z) > 0, Ci(w) > 0, C{(z) > 0 and CY(w) > 0, that is
production and abatement effort exhibit decreasing returns to scale.

Society’s preferences are represented by an inverse demand function P(X)
and by a social damage function V(£). Inverse demand P(X) is downward
slopping and is a function of aggregate output X = le The social damage

(A
function depends on aggregate emissions F = Ze(:ﬂi7 w;) and is increasing

7

and linear, V' = v, V" = 0.
The regulator is benevolent and maximizes social welfare W, measured
as the sum of consumers’ and producers’ surplus minus external damage:

W = /O P(u)du — ZC(%, w;) — Uze(l“i? w;)

T

8Treating pollution is a fixed cost, it does not modify marginal production costs. This
assumption is realistic and common in the literature (for example in Katsoulacos and
Xepapadeas (1995)).



2.1 First-best

As a benchmark, let us present the first-best values for z and w. First-order
conditions for the maximization of social welfare give the optimal values x*
and w* such as®:

P(nz®) = Ci(z7) + vey(z”) (1)
Co(w') = —vey(w”) (2)

The first-best price equals marginal cost of production plus marginal so-
cial damage associated with production (equation (1)). At the optimal level
of abatement effort w*, marginal cost of abatement effort equals marginal
social benefit from abatement effort (equation (2)).

2.2 FEz ante equilibrium

Before any environmental policy, symmetric Cournot-Nash equilibrium is
denoted as (z¢, w®). Each firm chooses its output and abatement effort so as
to maximize its profit given the other firms’ actions.

maxm = P(X)z — C(z,w)

z,w

which yields!?:
P(nz®) = Ci(z°) — P'(na®)a° (3)

w¢ = 0

Without policy implementation, firms do not abate pollution. Further-
more, whenever —P'(nx)z # ve) (x), the output x¢ chosen by the firms is not
the first-best output z* (compare (1) and (3)). This is due to two distor-
sions: pollution, which implies excessive output, and imperfect competition
which leads to insufficient output. If the pollution distorsion dominates,
(vel(x) > —P'(nzx)x), then z¢ is superior to z*.

Let us assume that the regulator cannot restore a competitive framework
and cannot, despite complete information, command firms to produce the
optimal level z*. Let us study, in this context, an emission tax.

3 The Emission Tax

Let the regulator introduce a tax ¢ per unit of emission.

9Second-order conditions are satisfied.
108econd-order conditions are satisfied.



3.1 Firms’ behaviour under the tax

Each firm now maximizes its profil taking into account the tax payment:

maxn’ = P(X)x — C(z,w) — te(z, w)

z,w

and values for output and abatement effort now are:

P(nz') = Cj(z') — P'(na")z" + te} («) (4)
Cy(w') = —teh(w") (5)

The equilibrium price with the tax is higher than at the ex anle equilib-
rium (compare (3) and (4)), i.e. firms’ output is lower (2! < x¢). Further-
more, firms now abate pollution. Their abatement effort equalizes marginal
cost of abatement effort and the marginal benefit they derive from abating
by thus reducing tax payment (equation (5)).

3.2 The optimal tax

In a competitive framework in which pollution is the only distorsion, a Pigo-
vian tax set at marginal social damage of pollution would lead to the first-
best. In an oligopoly, the initial level of production is sub-optimal and a
Pigovian tax leads to excessive output contraction. The tax rate must then
be lower than the Pigovian rate in order to take into account the distorsion
due to imperfect competition!'. In a model where pollution is proportional
to production and the proportionality is fixed, firms’ only way to reduce pol-
lution is to reduce their output'?. A tax on pollution is then equivalent to
a tax on production. In this context, the second-best tax rate is equivalent
to the combination of a Pigovian emission tax and a subsidy on production,
which corrects both distorsions and leads to the first best.

However, we assume here that the proportionality between pollution and
production is not fixed as pollution may be abated once it is produced. Firms
now take two decisions: output and abatement effort. In reaction to an
emission tax, firms choose to reduce pollution in order to reduce their tax
payment. They then both reduce production and invest in the abatement
technology. However, their private choice between these two means of reduc-
ing pollution is not socially optimal. To achieve a given level of pollution,
they choose to reduce output excessively and do not invest enough in the

" Barnett(1980).
12Baumol et Oates (1988), Buchanan (1969).



abatement technology. Intuitively, this can be understood by the fact that,
by reducing output, firms indirectly obtain a private gain by raising the price,
which is not the case when they abate through pollution treatment. Firms
excessively transfer the environmental policy’s cost on consumers compared
to what is socially optimal.

More precisely, in our model, a Pigovian tax, set at marginal social dam-
age (v) would lead to the optimal abatement effort w* (see equations (2) and
(5)). However, equations (1) and (4) show that, due to imperlect competi-
tion, such a tax would lead to excessive output contraction (z¥ < z*) and to
too high a price rise. Following the same reasoning, a tax rate [ that would
lead to the optimal output z*, would lead to insufficient abatement effort
(wh < w*).

The second-best tax rate then results from a trade-off between encourag-
ing firms to abate pollution and not inducing to high an output contraction.
The formula for this second-best rate, denoted as t**, is given in equation
(9) in the appendix. This rate can be split into marginal damage v and a
negative term which accounts for the market imperfection. #** is therefore
inferior to the Pigovian rate and we have: £ < #** < v. The second-best
tax rate t** will then lead to lower abatement effort than the first-best value
(w"" < w*) and insufficient output (z' < z*). The emission tax does not
lead to the first-best anymore.

We limit our study to the case when the rate ¢** is positive. Formally, the
second-best rate can be negative if the social damage associated to pollution
is very small compared to the distorsion due to the market structure. The
environmental problem is then insignificant and the regulator must encourage
firms to produce more. If an emission tax is the only available tool, the
regulator must set a negative tax (i.e. a subsidy on pollution) to induce
firms to produce more. However, an "emission subsidy" is neither realistic
nor adapted to such a context, in which regulation is a matter of antitrust
policy rather than environmental policy. This case goes beyond the scope
of our study. There is a threshold value on marginal social damage due to
pollution (v) for t** to be positive, which is given in the appendix (condition
(10)).

We have seen that the emission tax does not lead to firms’ optimal choice
anymore. The issue of environmental policy choice then becomes relevant.
Let us compare this tax with another second-best instrument based only on
abatement effort.



4 The Voluntary Agreement

The VA is modeled here as a contract on abatement effort (w) and is imple-
mented in combination with the tax. The regulator offers a policy menu to
firms by letting them choose between the tax or entering the VA. The VA
can be described as a two-step game. In the first step, the regulator offers
a contract (w'4) to the firms and announces the level £ of the tax. In the
second step, firms that choose to sign the VA make abatement effort w"4,
the others pay the tax (.

A firm that signed the VA and does not respect the requirements will
have to pay the tax retroactively, which is equivalent to the case where it
would have directly chosen to pay the tax. Let us determine the equilibrium
with this form of VA before comparing it with the traditional tax.

4.1 Firms’ behaviour and participation constraint

Firms signing the VA choose output V4 by maximizing their profit, given
the VA requirement. Firms’ profit with the VA is:

7TVA — P(X){EVA _ C(SL‘VA, wVA)

We will assume that each firm can sign the VA if and only if all firms
choose to do so. This assumption does not modify at all the results of the
model and only simplifies the participation constraint. Moreover, it is quite
realistic as many VAs are signed with a group of firms represented by an
industrial association.

Each firm’s output decision when signing the VA is then given by:

P(nz¥) = Cl(2¥Y) — P'(na¥V )2V 4 (6)

As equations (6) and (3) are equivalent, we have:

:L‘VA — 7€

Firms’ output are the same under the VA and without environmental
policies. This form of VA only affects w and has no effect on firms’ output
and therefore neither on consumers’ surplus. This result remains valid for
any level of w¥4. Note that this follows from the assumption of an addi-
tively separable cost function. Without additive separability, the VA would
affect output but the output contraction would still be inferior than with the
tax. Indeed with the VA, firms avoid the tax payment, which reduces their
marginal production cost compared to the tax and therefore implies higher
output.



Each firm is free to choose between the VA and the tax ¢ and enters
the VA if and only if it leads to a higher profit than the tax. We assume
that, when both prolits are equal, firms choose to enter the VA. The firms’
participation constraint to the VA then is:

P(nz®)z¢ — C(z°,w") > P(nzh)a’ — C(a!, w') — fe(a!, w')

By signing the VA, each firm avoids the tax payment and for a given
level of z and w, makes a higher profit than with the tax. Moreover, as we
have just seen, firms signing the VA produce at the same level ¢ as without
environmental policy which, for a given level of abatement, gives them a
higher profit than with the tax. There therefore exists a set of abatement
wV4, superior to wf, for which firms will accept the VA. The regulator may
still satisfy the participation constraint by offering a contract that leads to a
higher abatement than the tax .

Let us denote w™() the maximum level of w"* for which, with a threat
{, the participation constraint is satisfied. Then w™(#) is superior to w’
for all positive values for £'°. Note here the necessity of the threat of the
tax. Without this threat, i.e. if [ = 0, the only contract that satisfies the
participation constraint is w¥4 = 0, which is equivalent to the absence of
policy.

4.2 The regulator’s choice

The regulator chooses contract w"4* that maximizes social welfare taking
into account firms’ participation constraint, and decides on the level £ of the
threat. Ignoring the constraint, the optimal contract is (w*)'4. However, the
VA will be implemented if and only if the participation constraint is satisfied,
which depends on the threat /.

The level [ depends on the credibility of the threat. The regulator cannot
announce any threat ¢ and still be credible. If the VA fails, the regulator
will apply the tax at its optimal level ¢**. Then if firms detain all nccessary
information to compute t**, the only credible threat is [ = t**. However,
firms may lack information, such as marginal social damage of pollution v.
The regulator can then announce a [ superior to t**. In the extreme case
where any threat is credible, the regulator will choose any ¢ high enough to
let the participation constraint be satisfied with contract (w*)'s. In order to

I3This result is demonstrated in the appendix.

14This result is due to an additively separable cost function and is demonstrated in the
appendix.

154ymax (£ is increasing in .



keep the discussion on the credibility of the threat open, let us distinguish
two cases:

- If, given the level of the credible threat Z, w* < w™®({), then the
participation constraint is satisfied for the optimal contract (w*), and
the VA reaches the optimal abatement effort. w"4* = w*.

- If w* > w™*(f), the regulator will choose a contract as close as possible
to w* but that verifies the constraint, that is w"4* = w™>(¢). In this
second case, the VA will reach a sub-optimal level of abatement ellort,
but still superior to the level obtained with the threat [ and therefore
with the tax ¢**19,

3

Proposition 1. The voluntary agreement studied here does nol affect firms
output and always implies a higher abatement effort from the firms than the
optimal emission tax.

5 Comparison of the Tax and the Voluntary
Agreement

Assuming both policies may be applied at their second-best level +** and
w¥4*_ let us study the conditions under which the VA is more efficient than
the tax.

5.1 An ambiguous comparison

Considering an industry with two distorsions, one due to pollution and the
other to imperfect competition, an emission tax applied at a second-best rate
leads to insufficient abatement and insufficient output. In the same context,
we have studied a form of VA that does not affect firms’ output and reaches
a higher abatement than the tax.

In terms of distance to the first-best values, the VA always leads to an
abatement effort which is closer to the first-best level than the tax. However,
the output level obtained with the VA may be closer or further from first-best
output than the output obtained with the tax. This depends on initial output
x¢ compared to optimal output z*. Comparison of social welfare under the
tax and the VA may therefore be ambiguous.

In the following graph in the (z,w) plan, each curve is associated to a
level of social welfare. At values z* and w*, we are located at point S which

16The regulator will always announce a threat such as: £ > t**. w' is increasing in t.

We demonstrated that for all £, w™(¢) > w'. We therefore have: w™(f) > wf > wi™".
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represents first-best situation, i.e. maximal social welfare. The further is a
curve from point S, the lower the associated level of welfare.

V Ax

S

$**

At the ex anle equilibrium, output produced by each firm is ¢ and abate-
ment effort is zero (point C). With the second-best emission tax, output z!”
is inferior to 2¢ and inferior to z*. Abatement effort w' " is positive but
inferior to first-best value w*. Point T, which represents the situation with
the emission tax, is closer to point S than before any policy (point C). With
the VA, output stays at level 2¢ and abatement effort w"4* is between val-
ues w'" and w* (point VA). Point VA is also closer to first-best (point S)
than point C. The question is whether the curve on which point T is located
is closer or further from first-best (point S) than the curve on which point
VA is located. If points T and VA are on the same curve, both policies are
equivalent in terms of social welfare.

The above graph represents the case where initial output «¢ is superior
to z*. In the illustrated case, points T and VA are on the same curve. The
emission tax and VA lead to the same level of social welfare.

In the case where 2¢ is lower than first-best output z*, i.e. the distorsion
due to imperfect competition dominates the distorsion due to pollution in

11



the value of z¢, the VA is always more efficient than the tax. This case is
illustrated in the following figure:

w

w
w’A
ok
wt :
C
0 p AN e x* x

In the case illustrated above, any positive tax leads to output contraction
and therefore to an output level ¥ further from z* than z¢, which was
already inferior to z*. The VA avoids this undesirable output contraction
and allows a higher abatement than the tax. Therelore, whenever x¢ < z*,
i.e. whenever the distorsion due to market imperfection is strong, point VA
is closer from S than point T. The VA is then more efficient than the tax.

The form of the represented curves depends on the elasticities of social
welfare with respect to x and w which in turn depends on the inverse demand
[unction, the cost function and the emission function. In the next sub-section,
we specify the functions of the model in order to allow further comparison
between the VA and the emission tax.

Note that beyond the comparison of welfare, the tax and the VA have
different effects on agents’ surplus. As output is higher with the VA, con-
sumers’ surplus is always higher with the VA", Concerning the firms, there

17In this model, as it is standard in microeconomics, consumers’ surplus only depends

12



are some cases when the VA lets them have a higher profit than the tax, but
this depends on the level of the threat 7. If the threat of the tax is set at
level [ = t**, then, given the participation constraint, the variation of firms’
profit between the tax £** and the VA is positive. But if the credible threat
t is high, firms’ profit may be lower with the VA.

Regarding the effect on pollution of both policies, we cannot say whether
the VA leads to higher or lower emissions than the emission tax. The higher
pollution abatement associated with the VA rather leads to less emissions
than the tax. However, the higher output chosen by firms with the VA
plays in favor of higher emissions. The relative effect on emissions of the
VA and the tax depends on emissions elasticity with respect to output and
abatement.

Note that, in addition to the effects on agents’ surplus and on emissions,
the VA, in opposition to the tax, does not raise revenues, which implies a
loss in social welfare'®

5.2 A formal comparison

We now specify the functions of the model as follows'?

Q

(z,w)=cr+gw;(0<ec<1;9g>0)
($,w):kx—\/L (k> 0;L>0)
X - X

®

B

Considering the case when the threat [ is high enough for firms to accept
contract (w*), we derive a necessary and sufficient condition on the parame-
ters for welfare to be higher with the VA than with the emission tax set at
the second-best optimal rate?

L(n+ 1)*[2(1 — ¢) — (n + 2)kv] > 2kg[(n + 1)kv — (1 — ¢)]? (7)

As the second term in equation (7) is always positive, the above inequality
may only be satisfied if the first term of this equation is positive, that is if:
2(1 —¢)

VS ok (8)

on the price, i.e. on the level of total output.
18 Tax revenues are redistributed in a neutral way in the economy.
YKatsoulacos and Xepapadeas (1995).
20This result is demonstrated in the appendix.

13



If v, marginal social damage associated to pollution, is superior to the
threshold given in (8), then the emission tax is always more efficient than
the VA.

Proposition 2. For a very harmful form of pollution, the emission tax is
always more efficient than the voluntary agreement.

This result can be easily interpreted. The advantage of the VA over the
tax lies in the existence of a double distorsion. If v is very high, the distorsion
due to market structure becomes insignificant compared to the distorsion due
to pollution. The VA then looses its advantage over the tax.

Note that the condition (8) is more easily satisfied for:

- low values for n, that is for an industry composed of a small number
of firms;

- low values for k, that is for a low-polluting industry?!;

Within an oligopoly composed of many firms (high n), i.e. close from a
perfectly competitive industry, the misallocation resulting from the market
structure is insignificant. The negative effect of the tax is therefore limited
and the VA’s advantage compared to the tax is reduced.

Furthermore, the VA studied here leads to pollution reduction through
end-of-pipe abatement only. For a very polluting industry, i.e. for a high k&,
the VA, which does not affect output, does not allow a significant pollution
reduction. It is therefore understandable that the VA may be more efficient
than the tax only for low polluting industries.

Assuming that the condition (8) is salislied, let us look into the interpre-
tation of the nceessary and sufficient condition (7). This condition can be
written as follows:

L 2k[(n + kv — (1 — ¢))?

g~ (n+ D220l — o) — (n + 2)kv]

For high values for L, abatement effort w leads to a significant emission re-
duction. Abatement through pollution treatment is then a relatively efficient
way to reduce pollution. Variable ¢ represents marginal cost of abatement
effort. Ratio L/g then represents the efficiency of abatement effort divided
by its cost. The above condition gives a minimal threshold on L/g for the
VA to be more efficient than the tax.

21k represents the quantity of emissions generated by each unit produced.

14



Proposition 3. When pollution is nol loo harmful, the voluntary agreement
18 more efficient than the emission taxr when the abatement technology is
rather cheap and efficient .

This result is understandable. For high values for L/g, it is socially opti-
mal to reduce pollution mainly through abatement. The tax, which leads to
insufficient abatement, is therefore further from first-best than when abate-
ment is inefficient. The VA then has a stronger advantage over the tax.

5.2.1 TIllustration of the necessary and sufficient condition

Normalizing variable k to 1?2, the nccessary and sufficient condition (7) may
be represented in the plan (v, L/g) as follows:

L/g

NSC

TAX

2(1—c)
n+2

. . . _ 2(1—¢)
In this figure, the asymptote given by the equation v = ~o 2 represents

the necessary condition (8). On the right-hand side of this asymptote (for
high values for v), condition (8) is not verified and the emission tax is always

22Each unity of output generates one unity of emissions.
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more efficient than the VA. On the left-hand side of the asymptote, the

parabola denoted as NSC, given by the equation L/g = i%g?fcl)):(g;gz . (njl)Q,
represents the necessary and sufficient condition (7). Above this parabola,
condition (7) is verified and the VA is more efficient than the tax.

The hatched area corresponds to the case, excluded from our study, where
t** is negative because v is small. The equation of the dotted curve, according
to condition (12) given in the appendix, is L/g = %H[vé;fl) —1].

When n, the number of firms in the industry, becomes smaller, the asymp-
tote, the parabola and the dotted curve move towards the right and the area

in which the VA is more efficient than the tax becomes larger.

6 Discussion

In our model, variable w represents an investment in an abatement technol-
ogy, which is a specific (even though common) type of clean technology. An
additively separable cost function between w and output x is then realistic:
end-of-pipe abatement does not modify production costs. However, in other
cases, as in the Danish VA, the adoption of a clean technology implies an
alteration of the production process. The assumption of additively separable
costs is then not valid anymore. We find that the results of the model are
qualitatively robust to this assumption. The VA still has a limited effect on
output compared to the tax and still reaches higher abatement than the tax
with a general form for the cost function. The formal nccessary and sufficient
condition is modified but all other results hold. The model may therefore be
qualitatively generalized to other forms of investment in a clean technology.
Another important point to discuss is the distinction between the content
and the form of the VA. The comparison between the VA and the tax mainly
rests on the fact that the tax is based on emissions whereas the VA is based
on abatement effort. A policy on emissions lets the polluting firms choose
between reducing output or abating to obtain a given level of emissions. It
therefore leaves the possibility for strategic behaviors from the firms who
reduce output excessively. A policy based on abatement effort does not leave
such freedom to the firms and therefore has a limited effect on output.
Thereflore, the content of the contract (w), rather than the form of the VA
as a take-it-or-leave-it contract seems to be the crucial point in the compar-
ison. A mandatory policy imposing a level of abatement effort on the firms
rather than letting them choose with the tax would, from a normative point
of view, lead to similar results as the VA. More precisely, such a mandatory
policy would always be equivalent or more efficient than the VA modeled
above. Indeed, assuming complete information, a regulatory standard on w
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would always reach the optimal level w* whereas, depending on the level of
the threat 7, the VA may reach a sub-optimal abatement effort: w"4* < w*.

We can therefore conclude form our results that, when information is
available?®, a mandatory policy may be more efficient than an economic in-
strument (here a tax) to regulate an oligopoly. The comparison between
regulatory standards and economic instruments is modified due to firms’
strategic behaviors with imperfect competition. Similar results have been
found concerning tradable pollution permits which may also lead to strategic
behaviors from the firms and which can therefore may be less efficient than
a regulatory standard?*.

However, from a positive point of view, mandatory standards based on
abatement effort do not exist. Regulatory standards take the form of emission
quotas or process standards, which impose a specific technology. They never
impose a level of effort to adopt a clean technology. The Danish VA studied
in this paper seems to be the existing environmental policy that resembles
the most such a standard.

One issue therefore remains: what justifies the observation of the "volun-
tary" form of this policy whereas a mandatory policy would be more efficient?
Mandatory policies are often criticized for their lack of acceptability. The
take-it-or-leave-it form of the VA may partly solve this problem. However,
information may be a more convincing explanation for this form. Up to now,
we have assumed the regulator was perfectly informed. The comparison
between a policy based on emissions or abatement effort in a imperfect com-
petition framework was quite independent from any informational problems,
which justifies our assumption. However, in the comparison of a manda-
tory or voluntary policy on abatement ellort, the informational context may
be significant and explain the VA. Further research on this field would be
welcome.

The above findings show how much the boundary between VAs and ex-
isting instruments is fuzzy and how the issue of the definition of VAs is still
problematic. In our model, the VA is in fact an hybrid instrument, combina-
tion of a regulatory standard and a tax as a threat. As this example shows
it, VAs often seem to be a new way of implementing existing tools rather
than a new environmental instrument strictly speaking.

Finally, some of the results of this paper can be compared to the existing
literature. According to Brau and Carraro (1999), the use of VAs can be

3

justified in the presence of market failure and imperfect competition. This

23For example, in the paper industry, pollution treatment technologies are well-known
and the assumption of complete information is realistic.
21Godard(01), Mc Fetridge and Sartzetakis (1999).
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statement corresponds to the framework of our model. The same authors
show that "the effectiveness of VAs increases when industry is more concen-
trated". It is interesting to note that this agrees with one of our results, even
though it follows from an other reasoning. Furthermore, Carraro and Sinis-
calco (1994) highlight the importance of implementing policies specifically
designed to promote technological change. They conclude that "the optimal
policy to control pollution is a mix of complementary measures which does
not necessarily correspond to the conventional environmental policy recom-
mendations", which is exactly the case of the VA we focused on.

7 Conclusion

This paper studies environmental policy choice in an imperfect competition
framework. There are two ways of reducing pollution: output contraction
and end-ol-pipe abatement. In this context, the second-best emission tax
leads to insufficient output and insufficient abatement.

On the other hand, we study a form of voluntary agreement which induces
pollution reduction only through abatement. This VA is a take-it-or-leave-it
contract offered to the firms with the threat of the emission tax. The studied
VA has no impact on output and always leads to higher abatement than the
tax.

Given the framework and assumptions of the model, we derive a nccessary
and sufficient condition on the parameters of the model for which the VA is
more efficient than the optimal emission tax. According to this condition,
the emission tax is always more efficient to regulate a very harmful type
of pollution and/or in a low-concentrated and/or very polluting industry.
Otherwise, the VA may be more efficient than the emission tax when the
abatement technology is rather efficient and cheap.

Beyond the comparison of social welfare, the VA and the emission tax have
different distributive impacts, which may constitute a significant criterion in
the environmental policy choice. From the consumers’ point of view, the
VA is always preferred to the tax, since it avoids output contraction. From
the firms’ point of view, there are cases when the VA is preferred to the
second-best tax but it depends on the level of the threat of the tax.

Note finally that there exists other forms of environmental policies which,
as the VA studied here, have a limited impact on output. It is the case for
a form of tax implemented in Sweden, where the revenues of the tax are
distributed to the firms according to their output. It is also the case for
permit markets in which the initial allocation of permits is proportional to
firms’ output. It would be interesting to include these instruments in the

18



comparison of environmental policies within imperfect competition.
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9 Appendix

Formula for t** and condition on v for t** to be positive:
Maximization of social welfare with an emission tax yields the following
second-best tax rate inferior to v?:

P'(nat).zt. 4
nzl)x’ S ., (9)

=
- t t
e'l(x).ddit +e’2(w).ddlt

We exclude from our analysis the case when the second-best rate is nega-
tive, which can happen when v is small. We therefore assume that marginal
social damage ol pollution is superior to the following (positive) threshold:

/ t\ .t dat
S . L Ll T (10
el(x).ﬂ —i—ez(w).ﬁ

Proof of w™(%) superior Lo wt for all i:
w™ (%) is the maximum level of w"4 for which the participation con-
straint is satisfied, with threat ¢:

P(nz®)z — C(zf, w™(1)) = P(nz')a’ — C(a!, w') — fe(a!, w)
The cost function being additively separable, this can be written as:
P(nz®)zt—C(z¢, w')—C(0, w™ (£))+C (0, w') = P(nz')a!—C (2!, w')—le(zt, w)

Then:

C(0, w™ (1)) —=C(0,w") = P(nz®)z—C (2, w)—[P(nat) ' —C(a, wh)]+ie(a!, wb)

25 This result agrees with Barnett (1980)’s formula.
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The above expression is positive because:
fe(af, wh) > 0,vi>0
and: A o o
P(nz%)z¢ — C(2¢,w') — [P(nz")z' — C(a', wh)] > 0,V

as «¢ is the Cournot-Nash value for firms’ output.
Therefore:
C(0,w™*(t)) — C(0,w ) >0,V{>0

And, given the assumptions on C":

w™ () > wh,¥i>0  QED

Proof of the optimal level of abatement effort with the VA:
w4 maximizes social welfare with the VA:

C

maxWV4 = / P(u)du — nC(z°, w"*) — vne(z®, w¥*)
0

wVA

First-order condition gives us?®:

Cé(wVA*) _ —UG,Q(IUVA*)

This equation is equivalent to equation (2). Given the assumptions on C
and e we have:

wV A = QED

Proof of condition (7):

Clz,w) =cx+gw; (0 <c<1;9g>0)
e(x,w)—lm—\/L (k> 0;L>0)
P(X - X

Values for output and pollution treatment are:
- at first-best:
l‘*_l cnkv w* _L(i)Q

29
- before any environmental policy:
c__ l—-c. .c _
T = Thwt =

- with the emission tax ¢:

26Second-order conditions are satisfied.

21



- with the VA:
VA _ e l-c. VA _ _ 2
zrf=at = pwnt = wt = L)

Conditions on the parameters:
0<ec<1;9g>0;k>0; L>0;nisanon-negative integer superior to 1
Condition on v for t** to be positive:
The second-best tax rate is:
P'(nzt).ot. %
o= ! a(lxt ) ! & dwt +v
el (). % + ey (w). %
v(n+ DE*+ (n+ 1).%] — k(1 —c¢)
Kn+ (n+1)%4

t** is then positive if and only if:
k(1 —c¢)

T (n+ A2+ (n+1)5]

(12)

Variation of welfare between the tax and the VA:

AW =WV4 — Wt = ACS + nAr — nvAe — nte(z!, w')

where ACS, Arm et Ae respectively denote variation of consumers’ surplus,
variation of firms’ profits and variation of firms’ emissions. The last term
represents the tax revenues.

c t

ACS = /O“I P(u)du — nz®P(nz®) — [/OM P(u)du — nz' P(nz")]

B n_2[2(1 — o)kt — (kt)Q]
2 (n+1)2
Ar = (1 —na%a® — cx — gw* — (1 — nz")z" + cz® + guw' + te(z!, w')
(1—c)(1—n)kt +n(kt)> L(v?—1?)
— (s 1) = 17 + te(at, w)

Ae = kz¢ —VLw* — kxt + Vv Lwt
Bt L{v—1t)
n+1 2g
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Which gives:

0?21 =)kt — (k)% (1—c)(1—n)kt+n(kt)? L(v®—1?) Kt L(v—1t)
Mg (n+1)? ol (n+1)? g T T
ATV — n[z(l — o)kt +n(kt)? = 2(n+ kv | L(v? +* — 22}25)]

2(n+1)? 4g

Sign of the variation of welfare:
The sign of AW is the same as the sign of the following polynomial,
denoted as @:

Q = {(n+1)2L+2ngk*}t*—{2v(n+1)>L+4kg[(n+1)kv—(1—c)] }t+(n+1)*Lv*

(13)

@ is a second degree polynomial in {. D denotes its discriminant. Sim-
plificating D yields:

D = 8gkv(n + 1)?L[(n + 2)kv — 2(1 — ¢)] + {4gk[(n + Dkv — (1 — ¢)]}?
Three cases are considered according to the sign of D:

- If the discriminant is positive (D > 0), we obtain two positive roots for
Q:
20(n + 1)2L + 4gk[(n + kv — (1 — ¢)] = VD
2[(n + 1)2L + 2ngk?
20(n + 1)2L + 4gk[(n + D)kv — (1 — ¢)] + VD
2[(n + 1)2L + 2ngk?]

tl =

12 =

The first coefficient in polynomial @ is always positive so polynomial
@ is positive for values for { outside the interval [t1,ts].

The tax is implemented at its optimal level t**. Let us study whether
t** is inside or outside interval [t1, to].

_u(n+ D[E* + (n+ 1).2L—g} —k(l—¢)

t**_
kE?n+ (n+1 .%

We find that ¢** is always inside interval [t;,?5]. Therefore polynomial
() is always negative in the case where discriminant D is positive.

- If the discriminant is equal to zero (D = 0), polynomial @ has a unique
root equal to t**. The VA is then equivalent to the optimal emission
tax.
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- If the discriminant is negative (D < 0), polynomial @ has no roots in
R*. The first coeflicient in polynomial ) is always positive so @ is
always positive. Then welfare is always higher with the VA than with
the tax.

The necessary and sufficient condition for the VA to be more efficient
than the tax is then that discriminant D be negative, that is:

D = 8gkv(n+ 1)’L[(n+ 2)kv — 2(1 — ¢)] + {4kg[(n + Vkv — (1 — ¢)]}* < 0
which leads to condition (7):

L(n+1*[2(1 — ¢) — (n + 2)kv] > 2kg[(n + 1)kv — (1 —¢)]? QED
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