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Abstract

This paper compares, in a polluting oligopoly, an emission tax and

a form of environmental policy calledvoluntary agreement (VA). There

are here two ways of reducing pollution: output contraction and end-

of-pipe abatement. Given the imperfect competition, �rms' reaction

to the tax is sub-optimal. They reduce output excessively in order to

raise the price and do not abate enough. The VA is a take-it-or-leave-

it contract on abatement e�ort, o�ered to the �rms with the threat

of a tax. It has a limited e�ect on output and always allows higher

abatement than the tax. We �nd that this kind of VA may be more

e�cient than the tax in a concentrated industry, when pollution is not

too harmful and when the abatement technology is rather e�cient and

cheap.
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1 Introduction

Over the last decades, global pollution issues have become increasingly wor-

rying and the environmental protection now concerns the whole planet, in-

cluding developing countries. In these countries, a large proportion of the

population still lacks basic requirements to live decently1. The prerequisite

for introducing environmental policies is then to preserve the development

of the country and not to limit the population's access to basic consumers'

goods. Examining the impact of environmental regulation on goods' prices

and consumers' surplus is thus a priority when considering its application in

developing countries. In this perspective, some environmental policy instru-

ments applied in developed countries seem more suitable than others for less
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developed countries.

Environmental regulation in industrialized countries has mostly taken the

form of command-and-control regulations and incentive instruments such as

taxes, subsidies and tradable permits. More recently, a third generation of

environmental policy instruments has emerged, namelyvoluntary agreements

(VAs). VAs are commitments from polluting �rms in improving their envi-

ronmental performances beyond the level required by the law. They are

generally implemented in combination with other instruments such as a tax

or a standard that represent a threat to the �rms if the VA fails. Contrary

to traditional policy tools, VAs have been developed by practitioners rather

than academics and they are di�cult to assess formally. The small academic

literature on voluntary agreements is developing rapidly2. In summary, VAs

are known to have potential cost savings advantages over statutory regimes3

while credibility and capture problems also exist. VAs also seem to have the

potential to solve some informational problems encountered by the standard

regulations when, e.g. individual emissions are costly to observe (Millock,

2000; Millock and Salanié, 2000) and/or when �rms' characteristics are pri-

vately known (Chidiak, 1999; Millock, 2000).

In contrast, only few academic studies (Brau and Carraro, 1999; Conrad,

1999) have investigated the VAs' potential properties when the environmen-

tal regulator's priority is to limit the e�ect of her intervention on prices and
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consumers' surplus. Most contributions on VAs do not model the polluting

�rms' strategic behavior on the product market and do not take into account

the polluting industry's market structure. They thus neglect the environ-

mental policy's impact on the allocative e�ciency in the economy, i.e. on

the e�ciency of the allocation of total surplus between �rms and consumers.

We o�er to �ll this gap by modelling a form of VA and an environmental tax

within a Cournot oligopoly. This framework is relevant since many factories

that emit massive pollution are owned by �rms in oligopolistic industries

such as steel, paper and chemicals.

In a polluting industry with imperfect competition, two sources of dis-

tortion occur. One is due to pollution, and the other is the underproduction

associated with the exercise of monopoly or oligopoly power4. Environmen-

tal regulation reduces the generation of pollution but, by causing �rms to

reduce their output, it also ampli�es the second source of distortion (Bar-

nett,1980; Buchanan, 1969). Pollution is then reduced to the detriment of

the consumers, whose surplus is reduced.

In this article, we assume that �rms may reduce pollution either through

output contraction or through an end-of-pipe abatement technology. 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, �rms act strategically by reducing output excessively in order to raise
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the price and they do not abate enough. They then pass the environmental

policy's cost on to the consumers more than what would be socially optimal.

In developing countries where people do not always have access to essential

commodities, such a policy could have disastrous consequences. Given the

tax's sub-optimality, we introduce and compare to the tax a second-best

instrument, i.e. a VA.

Real world inspection reveals the existence of VAs that allow �rms to be

exempted from an environmental tax if they invest in the adoption of a clean

technology. In the taxonomy o�ered by the OECD, this form of VA belongs

to the category of public voluntary schemes with the threat of a tax. In

Denmark for example a VA has been introduced in 1996 in combination with

an existing tax on CO2 in order to protect �rms' competitiveness in an in-

ternational competition framework. This VA allows �rms to reduce their tax

payment by committing, through a contract, to undertake all pro�table in-

vestments for energy e�ciency5. Several articles have contributed to analyze

the Danish VA6. Millock (2000) shows how the combined use of emission

taxation and a VA can work as a mechanism to deal with the problem of

asymmetric information between the regulator and industry on e�ective en-

ergy use. Chidiak (1999) assumes there is a maximum limit to the �nancial

burden which can be imposed on �rms, whereas the regulator faces uncer-

tainty regarding �rms' abatement costs. In this framework, the traditional
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emission tax implies an ine�ciency and the VA may achieve lower social costs

than the tax by limiting �rms' �nancial burden. Both these models, although

insightful, di�er from ours on two main points. First, they focus on infor-

mational asymmetries in order to explain the use of the Danish VA. Second,

they do not explicitly incorporate the �rms' behavior on the consumption

good's market7.

We purposely assume the regulator detains complete information (indi-

vidual emissions and �rms' abatement can be observed without cost), in

order to show that when emphasizing the impact of the environmental pol-

icy on consumers, it is not necessary to introduce information asymmetries to

understand the VA's potential usefulness. The VA is modelled as a take-it-

or-leave-it contract o�ered to the �rms with the threat of a tax. The o�ered

contract is based on a level of investment in an end-of-pipe abatement tech-

nology8. We highlight the fact that, compared to a tax, the form of VA

applied in Denmark stimulates the adoption of clean technologies, which re-

duces pollution for a given level of output. External damage is then reduced

with a limited e�ect on prices and on consumers' surplus.
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2 Basic Assumptions, First-Best and Ex 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 �rms engaged in Cournot competition.

Following Barnett (1980), Farzin and Kort (2000) and Katsoulacos and

Xepapadeas (1995, 1996) we assume pollution emissions can be abated through

pollution treatment, using a �lter for instance. Pollution emissions generated

by a �rm i are then e(xi, wi) where xi denotes the �rm's output and wi its

abatement e�ort, i.e. a level of investment in the abatement technology. Pol-

luters thus face a two variable decision problem: they choose an output level

and an abatement e�ort. The emission function is additively separable and

can be written as e(x,w) = e1(x)+e2(w). This assumption is justi�ed by the

fact that end-of-pipe abatement does not modify the quantity of emissions

generated by each unit of production. The derivatives of the emission func-

tion are: e′1(x) > 0 (production generates pollution), e′2(w) < 0 (abatement

e�ort reduces pollution), e′′1(x) ≥ 0 and e′′2(w) ≥ 0.

Each �rm i's cost function is written as C(xi, wi). This cost function is

also assumed to be additively separable in e�ortw and output9, and can be

written as : C(x,w) = C1(x) + C2(w). The derivatives of the cost function
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are: C ′
1(x) > 0, C ′

2(w) > 0, C ′′
1 (x) ≥ 0 and C ′′

2 (w) ≥ 0, that is production

and abatement e�ort exhibit non-increasing returns to scale.

Society's preferences are represented by an inverse demand functionP (X)

and by a social damage function V (E). Inverse demand P (X) is concave,

downward slopping and is a function of aggregate outputX =
∑

i

xi. The

social damage function depends on aggregate emissionsE =
∑

i

e(xi, wi) and

is increasing and linear, V ′ = v, V ′′ = 0. The regulator detains complete

information on individual emissions and individual abatement e�ort. Ob-

servable abatement e�ort can be justi�ed by the fact that, in the Danish

voluntary agreement, �rms signing the VA also commit to pay an indepen-

dent institution to control the investments they undertake (Johannsen and

Togeby, 1998).

The regulator maximizes social welfareW , measured as the sum of con-

sumers' and producers' surplus minus external damage10:

W =

∫ X

0

P (u)du−
∑

i

C(xi, wi)− v
∑

i

e(xi, wi)

As a benchmark, let us present the �rst-best values forx and w. First-

order conditions for the maximization of social welfare yield the following

optimal values for each �rm's output and abatement11:

P (nx∗) = C ′
1(x

∗) + ve′1(x
∗) (1)

C ′
2(w

∗) = −ve′2(w
∗) (2)
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The �rst-best price equals marginal cost of production plus marginal social

damage associated with production (equation (1)). At the optimal level of

abatement e�ortw∗, marginal cost of abatement e�ort equals marginal social

bene�t from abatement e�ort (equation (2)).

Before any environmental policy, the symmetric Cournot-Nash equilib-

rium is denoted as (xc, wc). Each �rm chooses its output and abatement

e�ort so as to maximize its pro�t given the other �rms' actions.

max
x,w

π = P (X)x− C(x,w)

which yields:

P (nxc) = C ′
1(x

c)− P ′(nxc)xc (3)

wc = 0

Without policy implementation, �rms do not abate pollution. Furthermore,

whenever −P ′(nx)x 6= ve′1(x), the output xc chosen by the �rms is not the

�rst-best output x∗ (compare (1) and (3)). This is due to two distortions:

pollution, which implies excessive output, and imperfect competition which

leads to insu�cient output. If the pollution distortion dominates, (ve′1(x) ≥

−P ′(nx)x), then xc is superior to x∗.
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3 The Emission Tax

Let us assume that the regulator cannot restore a competitive framework

and cannot, despite complete information, command on �rms' outputx. The

regulator introduces a tax t per unit of emission. Each �rm now maximizes

its pro�t taking into account the tax payment:

max
x,w

πt = P (X)x− C(x,w)− te(x,w)

and values for output and abatement e�ort are:

P (nxt) = C ′
1(x

t)− P ′(nxt)xt + te′1(x
t) (4)

C ′
2(w

t) = −te′2(w
t) (5)

The equilibrium price with the tax is higher than at theex ante equilib-

rium (compare (3) and (4)), i.e. �rms' output is lower (xt < xc). Further-

more, �rms now abate pollution. Their abatement e�ort equalizes marginal

cost of abatement e�ort and the marginal bene�t they derive from abating

by thus reducing their tax payment (equation (5)).

In a competitive framework in which pollution is the only distortion, a

tax set at marginal social damage of pollution would lead to the �rst-best

(Pigou, 1920). 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 marginal social damage in order to take into account
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the distortion due to imperfect competition. In a model where pollution is

proportional to production and the proportionality is �xed, �rms' only way to

reduce pollution is to reduce their output (Baumol et Oates, 1988; Buchanan,

1969). A tax on pollution is then equivalent to a tax on production. In this

case, the second-best tax rate is equivalent to the combination of a Pigovian

emission tax and a subsidy on production, which corrects both distortions

and leads to the �rst best. However, we assume here that the proportionality

between pollution and production is not �xed as pollution may be abated

once it is produced. In this framework, Barnett (1980) derives the optimal

tax rate in a monopoly. By maximizing social welfare in the framework of our

model, we show that Barnett's result can be generalized to an oligopoly12.

The formula for the second-best tax rate, denoted as t∗∗ is:

t∗∗ =
P ′(nxt)xt dxt

dt

e′1(x)dxt

dt
+ e′2(w)dwt

dt

+ v (6)

See the appendix for a proof.

This rate can be split into marginal damagev and a negative term13 which

accounts for the market imperfection. We thus con�rm thatt∗∗ is inferior to

the Pigovian rate.

A Pigovian tax, set at marginal social damage (v) would lead to the

optimal abatement e�ortw∗ (see equations (2) and (5)). However, equations

(1) and (4) show that, due to imperfect competition, such a tax would lead to
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excessive output contraction (xv < x∗) and to too high a price rise. Following

the same reasoning, a tax rate t̃ that would lead to the optimal output x∗,

would lead to insu�cient abatement e�ort (wt̃ < w∗). The second-best tax

rate t∗∗ then results from a trade-o� between encouraging �rms to abate

pollution and not inducing to high an output contraction. We have: t̃ <

t∗∗ < v. The second-best tax rate t∗∗ thus leads to lower abatement e�ort

than the �rst-best value (wt∗∗ < w∗) and insu�cient output (xt∗∗ < x∗). The

emission tax does not lead to the �rst-best anymore.

The intuition associated with this result is clear. In reaction to an emis-

sion tax, �rms choose to reduce pollution in order to reduce their tax pay-

ment. They both reduce production and invest in the abatement technology.

However, given the imperfect competition, their private choice between these

two means of reducing pollution is not socially optimal. Firms choose to re-

duce output excessively as, when contracting output, they obtain a private

gain by raising the price, which is not the case when they abate through

pollution treatment. In other words, �rms excessively pass the environmen-

tal policy's cost on to the consumers compared to what would be socially

optimal.

We limit our study to the case when the rate t∗∗ is positive. Formally, the

second-best rate can be negative if the social damage associated to pollution

is very small compared to the distortion due to the market structure. The
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environmental problem is then insigni�cant and the regulator must encourage

�rms 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

�rms to produce more. However, an "emission subsidy" is neither realistic

nor adapted to such a problem, in which regulation is a matter of antitrust

policy rather than environmental policy. This case goes beyond the scope

of our study. Given (6), the (positive) threshold value on marginal social

damage v for t∗∗ to be positive is:

v ≥ − P ′(nxt).xt.dxt

dt

e′1(x).dxt

dt
+ e′2(w).dwt

dt

(7)

We have seen that the emission tax does not lead to �rms' optimal choice.

Let us compare the tax with another second-best instrument based only on

abatement e�ort, namely a voluntary agreement.

4 The Voluntary Agreement

The VA is modelled as a contract on abatement e�ort (w) and is implemented

in combination with the tax. The regulator o�ers the �rm a contractwV A.

Each �rm can individually accept or refuse this contract. Firms refusing it

must pay a tax t̂.

Firms signing the VA choose outputxV A by maximizing their pro�t, given
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the VA requirement. Firms' pro�t with the VA is:

πV A = P (X)xV A − C(xV A, wV A)

When all �rms choose to sign the VA, each �rm's output decision is given

by:

P (nxV A) = C ′
1(x

V A)− P ′(nxV A)xV A (8)

Comparing equations (8) and (3) and given the assumptions of the model,

we obtain that xV A = xc. That is, when all �rms sign the VA, �rms' output

are the same under the VA and without environmental policies.

Each �rm is free to choose between the VA and the tax t̂ and enters the

VA if and only if it leads to a higher pro�t than the tax. The following

inequality is a su�cient condition for all �rms to choose individually the VA:

P (nxc)xc − C(xc, wV A) ≥ P (nxt̂)xt̂ − C(xt̂, wt̂)− t̂e(xt̂, wt̂) (9)

In economic terms, condition (9) means that the regulator must set a threat

t̂ as high as to ensure that pro�ts under the taxation regime are smaller than

pro�ts when all �rms sign the VA. Firms' pro�ts when all �rms sign the

VA are the lowest pro�ts a �rm may expect when it decides to sign the VA,

because it entails the largest industry output and thus the lowest equilibrium

price. As a consequence, condition (9) automatically ensures that all �rms

sign the VA.
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Therefore, when condition (9) is satis�ed, all �rms sign the VA and this

policy tool does not a�ect �rm's output nor the consumers' surplus. This

result remains valid for any level of wV A. Note that this follows from the

assumption of an additively separable cost function. Without additive sep-

arability, the VA would a�ect output. Nevertheless, the output contraction

resulting from the VA would be inferior than with the tax as the VA lets the

�rms avoid the tax payment, which reduces their marginal production cost

compared to the tax and therefore implies higher output.

Let us denote as wmax(t̂) the maximum level of wV A for which, with a

threat t̂, condition (9) is satis�ed. We �nd thatwmax(t̂) is superior to wt̂ for

all positive values for t̂. See the appendix for a proof.

The regulator chooses contractwV A∗ that maximizes social welfare taking

into account the constraint (9), and decides on the level t̂ of the threat.

Ignoring the constraint, the optimal contract isw∗14. However, whether this

contract satis�es the constraint (9) depends on the threat t̂. The level t̂

depends on the credibility of the threat. The regulator cannot announce any

threat t̂ and still be credible. If the VA fails, the regulator will apply the

tax at its optimal level t∗∗. Then if �rms detain all necessary information

to calculate t∗∗, the only credible threat is t̂ = t∗∗. However, �rms may lack

information, such as marginal social damage of pollution v. The regulator

can then announce a t̂ superior to t∗∗. In the extreme case where any threat is
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credible, the regulator would choose any t̂ high enough to let the participation

constraint be satis�ed with contractw∗15. In order to keep the discussion on

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

- If, given the level of the credible threat t̂, w∗ ≤ wmax(t̂), then the

participation constraint is satis�ed for the optimal contract (w∗), and

the VA reaches the optimal abatement e�ort. wV A∗ = w∗.

- If w∗ > wmax(t̂), the regulator chooses a contract as close as possible

to w∗ but that veri�es the constraint, that iswV A∗ = wmax(t̂). In this

second case, the VA reaches a sub-optimal level of abatement e�ort.

In all cases, we �nd that the abatement e�ort reached with the VA is

superior to the abatement with the tax. Considerations made so far then

lead to the following proposition:

Proposition 1. When the participation constraint to the voluntary agree-

ment is satis�ed for all the �rms, this policy tool does not a�ect �rms' output

and always implies a higher abatement e�ort from the �rms than the optimal

emission tax.

See the appendix for a proof.

The VA implies a �xed cost for the �rms and thus does not a�ect their

marginal production cost. Therefore, contrary to the emission tax, the VA
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does not modify the polluting �rms' output decision. Moreover, �rms signing

the VA rather than paying the tax avoid the tax payment which, for a given

level of abatement e�ort, lets them have a higher pro�t than with the tax.

Hence, �rms accept a contract which implies a higher abatement e�ort than

the tax as long as the extra-cost due to the higher abatement is inferior to

the extra-cost due to the tax payment.

5 Comparison of the Tax and the Voluntary

Agreement

Assuming both policies may be applied at their second-best level t∗∗ and

wV A∗, let us study the conditions under which the VA is more e�cient than

the tax. Considering an industry with two distortions, one due to pollution

and the other to imperfect competition, an emission tax applied at a second-

best rate leads to insu�cient abatement and insu�cient output. In the same

framework, we have studied a form of VA that does not a�ect �rms' output

and reaches a higher abatement than the tax. In terms of distance to the �rst-

best values, the VA always leads to an abatement e�ort which is closer to the

�rst-best level than the tax. However, the output level obtained with the VA

may be closer or further from the �rst-best output than the output obtained
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with the tax. This depends on initial outputxc compared to optimal output

x∗. Comparison of social welfare under the tax and the VA may therefore be

ambiguous.

In the following graph in the (x,w) plan, each curve is associated to a

level of social welfare. At values x∗ and w∗, we are located at point S which

represents the �rst-best situation, i.e. maximal social welfare. The further

is a curve from point S, the lower the associated level of welfare.

-
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At the ex ante equilibrium, output produced by each �rm isxc and abate-

ment e�ort is zero (point C). With the second-best tax, outputxt∗∗ is inferior

to xc and inferior to x∗. Abatement e�ortwt∗∗ is positive but inferior to �rst-

best value w∗. Point T, which represents the situation with the tax, is closer
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to point S than before any policy (point C). With the VA, output stays at

level xc and abatement e�ortwV A∗ is between valueswt∗∗ and w∗ (point VA).

Point VA is also closer to the �rst-best (point S) than point C. The question

is whether the curve on which point T is located is closer or further from

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 outputxc is superior

to x∗. In the illustrated case, points T and VA are on the same curve. The

emission tax and the VA lead to the same level of social welfare. In the case

where xc is lower than �rst-best output x∗, the VA is always more e�cient

than the tax. This case is illustrated in the following �gure:
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In this case, any positive tax leads to output contraction and therefore

to an output level xt∗∗ further from x∗ than xc, which was already inferior to

x∗. The VA avoids this undesirable output contraction and allows a higher

abatement than the tax. Therefore, whenever xc < x∗, i.e. whenever the

distortion due to market imperfection is relatively strong, point VA is closer

from S than point T. The VA is then more e�cient than the tax.

Note that beyond the comparison of welfare, the tax and the VA have

di�erent e�ects on agents' surplus. As output is higher with the VA, con-

sumers' surplus is always higher with the VA. Concerning the �rms, there are

some cases when the VA lets them have a higher pro�t than the tax, but this

depends on the level of the threat t̂16. We cannot tell whether the VA leads
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to higher or lower emissions than the emission tax. The higher pollution

abatement associated with the VA leads to less unitary emissions than the

tax. However, the higher output chosen by �rms with the VA plays in favor

of higher emissions. The relative e�ect on emissions of the VA and the tax

depends on emissions elasticity with respect to output and abatement.

In order to allow further comparison between the VA and the tax, we

specify the functions of the model as follows, similarly to Katsoulacos and

Xepapadeas (1995): C(x,w) = cx + gw; (0 < c < 1; g > 0); e(x,w) =

kx−√Lw; (k > 0; L > 0); P (X) = 1−X.

Considering the case when the threat t̂ is high enough for �rms to accept

contract w∗, we derive a necessary and su�cient condition on the parameters

for welfare to be higher with the VA than with the emission tax set at the

second-best optimal rate:

L(n + 1)2v[2(1− c)− (n + 2)kv] > 2kg[(n + 1)kv − (1− c)]2 (10)

See the appendix for a proof.

As the right-hand side in equation (10) is always positive, the above

inequality may only be satis�ed if the left-hand side of this equation is also

positive, that is if:

v <
2(1− c)

(n + 2)k
(11)

If v, the marginal social damage associated to pollution, is superior to the
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threshold given in (11), then the emission tax is always more e�cient than

the VA.

Proposition 2. For a very harmful form of pollution, the emission tax is

always more socially e�cient 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 distortion. Ifv is very high, the distortion

due to market structure becomes insigni�cant compared to the distortion due

to pollution. The VA then looses its potential advantage over the tax17.

Note that condition (11) is more easily satis�ed for:

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

of �rms;

- low values for k, that is for a low-polluting industry18;

Within an oligopoly composed of many �rms (high n), i.e. close from a

perfectly competitive industry, the misallocation resulting from the market

structure is insigni�cant. The negative e�ect 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 highk, the VA, which does not

a�ect output, does not allow a signi�cant pollution reduction. It is therefore
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understandable that the VA may be more e�cient than the tax only for low

polluting industries.

Let us now look into the interpretation of the necessary and su�cient

condition (10). This condition can be written as follows:

L

g
>

2k[(n + 1)kv − (1− c)]2

(n + 1)2v[2(1− c)− (n + 2)kv]

For high values for L, abatement e�ort w leads to signi�cant emission reduc-

tions. Abatement through pollution treatment is then a relatively e�cient

way to reduce pollution. Variable g represents marginal cost of abatement

e�ort. Ratio L/g then represents the e�ciency of abatement e�ort divided

by its cost. The above condition gives a minimal threshold onL/g for the

VA to be more e�cient than the tax.

Proposition 3. When pollution is not too harmful, the voluntary agreement

is more socially e�cient than the emission tax when the abatement technology

is rather cheap and e�cient.

The intuition is rather simple. For high values for L/g, it is socially

optimal to reduce pollution mainly through abatement. The tax, which leads

to insu�cient abatement, is therefore further from the �rst-best than when

abatement is ine�cient. The VA then has a stronger advantage over the tax.

Normalizing variable k to 119, the necessary and su�cient condition (10)

may be represented in the plan (v, L/g) as follows:
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-

6

v

L/g

2(1−c)
n+2

1−c
n+1

0

VA

TAX

t∗∗ = 0

NSC

In this �gure, the asymptote given by the equation v = 2(1−c)
n+2

represents

the necessary condition (11). On the right-hand side of this asymptote (for

high values for v), condition (11) is not veri�ed and the tax is always more

e�cient than the VA. On the left-hand side of the asymptote, the parabola

denoted as NSC, given by the equation L/g = 2[v(n+1)−(1−c)]2

v[2(1−c)−(n+2)v]
. 1
(n+1)2

, rep-

resents the necessary and su�cient condition (10). Above this parabola,

condition (10) is veri�ed and the VA is more e�cient than the tax. The

hatched area corresponds to the case, excluded from our study, wheret∗∗ is
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negative because v is small. The equation of the dotted curve, according to

condition (A2) given in the appendix, is L/g = 2
n+1

[ 1−c
v(n+1)

− 1]. When n,

the number of �rms in the industry, becomes smaller, the asymptote, the

parabola and the dotted curve move towards the right and the area in which

the VA is more e�cient than the tax becomes larger.

6 Discussion

We have shown how a form of VA as applied in Danemark can have a limited

impact on consumers' surplus compared to a tax and hence have some ad-

vantages over taxation to regulate pollution in developing country. However,

several points in our analysis may be subject to discussion.

First, the VA modelled in this article may be understood as a combi-

nation between two instruments (an emission tax and a contract onw). It

can then seem inappropriate to compare a two-instruments policy with a

one-instrument policy, namely the traditional emission tax. Moreover, if two

instruments may be used at once, other two-instruments policy could be im-

plemented that would lead to the �rst-best20. However, in this article we

assume that the regulator can only regulate one variable at a time21. We

actually compare two one-instrument policies: the tax, which regulates emis-

sions e, and the voluntary agreement, which regulates the abatement e�ort
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w. The VA does not imply here the use of two instruments in a simulta-

neous way. It uses the tax as a threat and does not regulate emissions. A

command-and-control policy imposing a level of abatement e�ortw∗ on the

�rms rather than letting them choose with the tax would always be equiva-

lent or more e�cient than the VA modelled above22. Therefore, the content

of the VA (w), rather than its form as a take-it-or-leave-it contract using the

tax as a threat is the crucial point in the comparison with the tax.

Second, if the comparison carried out in this article rests on the fact that

the VA is based on abatement e�ort, independently from its form, why having

modelled a VA rather than a regulatory standard onw? This choice has an

empirical justi�cation. Mandatory standards based on an abatement e�ort,

i.e. on a level of investment in a clean technology, do not exist. Standards

prescribe quantity limits on emissions or the use of a speci�c abatement

technology rather than imposing a level of e�ort to adopt a clean technology.

The Danish VA is the existing environmental policy that resembles the most

such a standard, which explains our modelling.

Last, several extensions of the model seem relevant. First, we do not

examine the cases when some �rms choose the VA whereas others pay the

tax. Analyzing the asymmetric equilibria of the participation game to the

VA could be an interesting �eld for further research. Second, other forms of

environmental policies may, as the VA studied here, have a limited impact
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on consumers' surplus. Examples are a tax in Sweden, where the revenues of

the tax are distributed to the �rms according to their output (Sterner and

Höglund, 2000) and permit markets in which the initial allocation of permits

is proportional to �rms' output (Fischer, 2001). It would be relevant to

include these instruments in the comparison of instruments when considering

environmental policies in developing countries.

7 Conclusion

This paper examines the choice of the environmental policy instrument in an

imperfect competition framework. There are two ways of reducing pollution:

output contraction and end-of-pipe abatement. In this context, the second-

best emission tax leads to insu�cient output and insu�cient abatement. We

then model a form of voluntary agreement which induces pollution reduction

only through abatement. This VA is a take-it-or-leave-it contract o�ered to

the �rms with the threat of the emission tax. It 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 necessary and su�cient condition

on the parameters of the model for which the VA is more e�cient than

the optimal emission tax. According to this condition, the tax is always

more e�cient to regulate a very harmful type of pollution and/or in a low-
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concentrated industry. Otherwise, the VA may be more e�cient than the

tax when the abatement technology is rather e�cient and cheap.

Beyond the comparison of social welfare, the VA and the tax have dif-

ferent distributive impacts, which constitutes a signi�cant criterion in the

environmental policy choice within developing countries. More precisely, the

VA is always preferred to the tax from the consumers' point of view since it

avoids output contraction and thus a rise in prices.

Previous analysis of the Danish VA have focused on explaining the speci�c

form of this policy when informational asymmetries occur. In contrast, the

present article has highlighted the potential properties of the Danish VA's

content when regulating pollution in developing countries. Explaining at once

the content of the Danish VA and its take-it-or-leave-it form o�ers scope for

further research.
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Notes
1Some 2.8 billion people still survive on less than $2 a day and one in six people in the

world lack su�cient food to ful�ll their basic daily requirements.

2See Alberini and Segerson (2002) and Lyon and Maxwell (2001) for literature surveys.

3There is however no systematic evidence to show how widely this claim might hold

true.

4Consumers' surplus is insu�cient compared to an optimal allocation of total surplus.

5Firms must invest in projects to improve energy e�ciency until the pay-back period

of such investments reaches a given level, that is four years for heavy processes and six

years for light processes.

6See Johannsen and Togeby (1998) for a general description of this VA.

7Lyon and Maxwell (2003) also analyze a VA with the threat of a tax. However these

authors do not either model the �rms' production activity.

8End-of-pipe abatement technologies are common as more than 60% of the investments

in favor of the environment undertaken by polluting �rms concern pollution treatment

(http://www.belspo.be/belspo/home/).

9Investment in a clean technology is a �xed cost, it does not modify marginal pro-
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duction costs. This assumption is realistic and common in the literature (for example in

Katsoulacos and Xepapadeas, 1995).

10As is common in the literature, the environmental damage directly enters social welfare

and not consumers' utility.

11Given our assumptions, second-order conditions are satis�ed throughout the model.

12Katsoulacos and Xepapadeas (1996) obtain a similar result.

13Di�erentiating (4) and (5), we show easily that dxt

dt < 0 and dwt

dt > 0.

14This result is due to an additively separable cost function and is easily proven by

maximizing the welfare.

15wmax(t̂) is increasing in t̂.

16If the threat of the tax is set at level t̂ = t∗∗, then, given the participation constraint,

the variation of �rms' pro�t between the tax t∗∗ and the VA is positive.

17Note that when v is small, the second-best tax rate t∗∗, and thus the credible threat t̂,

are also small. wmax is then low and the VA reaches a low abatement e�ort, which may be

thought to deteriorate the e�ciency of the VA. However, for low values ofv, the optimal

abatement e�ort w∗ is also small. Therefore, a small v does not necessarily reduce the

e�ciency of the VA compared to the tax in terms of distance to the �rst-best.

18k represents the quantity of emissions generated by each unit produced.

19Each unit of output generates one unit of emissions.

20For instance, it is easily shown that the combination of a subsidy on abatement e�ort

and an emission tax reaches the �rst-best.

21This can be explained by the duplication of administrative costs when using two

instruments or by acceptability problems towards the regulated �rms.

22Such a regulatory standard would reach the optimal level of abatement e�ort whereas

the VA may reach a sub-optimal abatement e�ort: wV A∗ ≤ w∗.
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9 Appendix

Proof of(6):

Assuming that the tax revenue is redistributed in a neutral way in the

economy, social welfare with the emission tax is:

W t =

∫ nxt

0

P (u)du− nC1(x
t)− nC2(w

t)− vn[e1(x
t) + e2(w

t)]

Di�erentiating totally W t and equalizing to zero we obtain:

dW t

dt
= [P (nxt)−C ′

1(x
t)− ve′1(x

t)]
dxt

dt
− [C ′

2(w
t)+ ve′2(w

t)]
dwt

dt
= 0 (A1)

From (4) we have:

P (nxt)− C ′
1(x

t) = −P ′(nxt)xt + te′1(x
t)

From (5) we have:

C ′
2(w

t) = −te′2(w
t)

Therefore, (A1) is equivalent to:

−P ′(nxt)xt.
dxt

dt
+ (t− v)e′1(x

t).
dxt

dt
+ (t− v)e′2(w

t).
dwt

dt
= 0

which yields equation (6).

Proof of wmax(t̂) superior to wt̂ for all t̂:

wmax(t̂) is the maximum level of wV A for which the constraint (9) is

satis�ed, with threat t̂:

P (nxc)xc − C(xc, wmax(t̂)) = P (nxt̂)xt̂ − C(xt̂, wt̂)− t̂e(xt̂, wt̂)
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The cost function being additively separable, this can be written as:

P (nxc)xc−C(xc, wt̂)−C(0, wmax(t̂))+C(0, wt̂) = P (nxt̂)xt̂−C(xt̂, wt̂)−t̂e(xt̂, wt̂)

Then:

C(0, wmax(t̂))−C(0, wt̂) = P (nxc)xc−C(xc, wt̂)−[P (nxt̂)xt̂−C(xt̂, wt̂)]+t̂e(xt̂, wt̂)

The above expression is positive because t̂e(xt̂, wt̂) ≥ 0,∀t̂ > 0 and

P (nxc)xc − C(xc, wt̂)− [P (nxt̂)xt̂ − C(xt̂, wt̂)] > 0, ∀t̂

as xc = argmax
x

π = P (X)x−C(x,w). Therefore: C(0, wmax(t̂))−C(0, wt̂) >

0,∀t̂ > 0. And, given the assumptions onC, we have: wmax(t̂) > wt̂, ∀t̂ > 0

Proof of Proposition 1:

Comparing equations (8) and (3) and given the assumptions of the model,

it is straightforward that: xV A = xc. When all �rms choose to sign it, the

VA does not a�ect �rms' output.

Moreover, we have found that eitherwV A = w∗ or wV A = wmax(t̂). From

section 3, we know that the abatement e�ort reached with the second-best

emission tax is sub-optimal: wt∗∗ < w∗. Moreover, the regulator always

announces a threat such that: t̂ ≥ t∗∗. As wt is increasing in t, we obtain:

wt̂ ≥ wt∗∗ . Moreover, we have demonstrated that: wmax(t) > wt,∀t. We thus

obtain that: wmax(t̂) > wt̂ ≥ wt∗∗ . We can then conclude that in all cases:
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wV A > wt∗∗ . That, is, the VA always implies a higher abatement e�ort from

the �rms than the optimal emission tax.

Proof of condition (10):

Given that C(x,w) = cx + gw; (0 < c < 1; g > 0); e(x,w) = kx −
√

Lw; (k > 0; L > 0) and P (X) = 1 − X, values for output and pollution

treatment are:

- at �rst-best: x∗ = 1−c−kv
n

; w∗ = L( v
2g

)2

- before any environmental policy: xc = 1−c
n+1

; wc = 0;

- with the emission tax t: xt = 1−c−kt
n+1

; wt = L( t
2g

)2

- with the VA: xV A = xc = 1−c
n+1

; wV A = w∗ = L( v
2g

)2

The second-best tax rate is:

t∗∗ =
v(n + 1)[k2 + (n + 1). L

2g
]− k(1− c)

k2n + (n + 1)2. L
2g

t∗∗ is positive if and only if:

v ≥ k(1− c)

(n + 1)[k2 + (n + 1) L
2g

]
(A2)

Variation of welfare between the tax and the VA is:

∆W = W V A −W t = ∆CS + n∆π − nv∆e− nte(xt, wt)

where ∆CS, ∆π et ∆e respectively denote variation of consumers' surplus,

variation of �rms' pro�ts and variation of �rms' emissions. The last term
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represents the tax revenues. We wish to study the sign of∆W at the optimal

tax rate t∗∗. W t reaches its maximal value in t∗∗. ∆W thus reaches its

minimal value in t∗∗. Therefore, for ∆W to be positive in t∗∗, it must always

be positive.

∆CS =
n2

2
[
2(1− c)kt− (kt)2

(n + 1)2
]

Note that ∆CS is always positive (consumers are always better o� with the

VA than with the tax).

∆π =
(1− c)(1− n)kt + n(kt)2

(n + 1)2
− L(v2 − t2)

4g
+ te(xt, wt)

∆e =
k2t

n + 1
− L(v − t)

2g

Which yields, after simpli�cation:

∆W = n[
2(1− c)kt + n(kt)2 − 2(n + 1)k2tv

2(n + 1)2
+

L(v2 + t2 − 2vt)

4g
]

The sign of ∆W is the same as the sign of the following polynomial, denoted

as Q:

Q = {(n+1)2L+2ngk2}t2−{2v(n+1)2L+4kg[(n+1)kv−(1−c)]}t+(n+1)2Lv2

Therefore, for ∆W to be positive in t∗∗, Q must be positive in all t. Q is

a second degree polynomial in t and its �rst coe�cient is always positive.

Therefore, Q is always positive if and only if its discriminant is negative. D
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denotes the polynomial Q's discriminant. Simpli�catingD yields:

D = 8gkv(n + 1)2L[(n + 2)kv − 2(1− c)] + {4gk[(n + 1)kv − (1− c)]}2

The necessary and su�cient condition for the VA to be more e�cient than

the tax is then that discriminant D be negative, which leads to condition

(10):

L(n + 1)2v[2(1− c)− (n + 2)kv] > 2kg[(n + 1)kv − (1− c)]2
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