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Abstract

The paper explores the hypothesis of a double dividend from environmental taxation i.e. whether

shifting the burden of taxation away from labour toward the environment can boost employment

and increase welfare. We present a general-equilibrium model where the economy is distorted

by labour taxes, monopolistic product-market competition, and union-wage bargaining. We find

that employment and welfare always increase when the revenue from an the introduction of a

Pigouvian tax (imposed on firms and households) is fully recycled to cut the rate of the pre-

existing labour tax. Moreover, it turns out that the degree of the imperfections influences the

magnitude of the effects of the reform. We also offer numerical results for the case in which the

pollution tax is positive at the outset.
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1. Introduction

Various authors (see Pearce, 1991 and Oates, 1991) have argued that using the revenues from

environmental taxation to reduce the rate of pre-existing distortionary taxes (such as labour taxes)

can lead to adouble dividendi.e. an improvement in the environmental quality coupled with a

more efficient tax system.1 Others (see, for example, Bovenberg and de Mooij, 1994a,b and

Parry, 1995), however, have questioned the double dividend hypothesis, showing that an

environmental tax reform typically exacerbates rather then alleviates pre-existing distortions. In

particular, Bovenberg and de Mooij’s argument is developed in a static general-equilibrium

model which contains two distortions: pollution externalities and a distortion in the labour market

due to a distortionary tax on labour income. Their focus is on the modelling of a shift of the

burden of taxation away from labour towards the environment.2 They assume perfect

competition in the goods market and in the labour market. The consequences of this reform on

employment and welfare are analysed and a double dividend effect is typically not found. More

recently some studies which have addressed the issue of wage rigidities and involuntary

unemployment (see, for example, Nielsen, Pedersen and Sørensen, 1995; Strand, 1995;

Bovenberg and van der Ploeg, 1996; Holmlund and Kolm, 1997; Schneider, 1997; Koskela,

Schöb and Sinn, 1998; and Koskela and Schöb, 1999) are typically able to generate an

employment double dividend. For example, Koskela and Schöb (1999) employ a right to manage

model of the labour market and find an increase in employment if unemployment benefits are

taxed at a lower rate than wage-income. The reason for this result is that the burden of taxation

can be shifted to the earners of non-labour income such as unemployment benefits and this

1 We refer to environmental taxes as corrective of environmental externalities (see Pigou, 1920)

2 In the double-dividend literature the policy of shifting the burden of taxation away from labour to the
environment has been modelled more frequently than others options (e.g. reducing the capital-income tax or indirect
taxes). Unemployment and environmental degradation are serious problems for actual economies, especially in
Europe, and the idea of an employment second dividend appeals to many. Furthermore, the European Commission
carbon/energy tax proposal states that the revenue from the carbon-energy tax might be devoted to reduce the
existing labour taxes (see, for example, Pearson and Smith, 1991).
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works in favour of a double dividend.

In a similar model, Koskela, Schöb and Sinn (1998) focus on the role of factor substitution

on the outcome of the reform. If the elasticity of substitution is equal to unity (Cobb-Douglas

technology), they find that an environmental tax reform always boosts employment and output

and that the greater the union power, the larger the positive impact of the reform on employment.

If the elasticity of substitution is less than one, employment may decrease.

Recent papers (see Holmlund and Kolm, 1997, and Koskela, Schöb and Sinn, 1998) model

monopolistic firms, however they do not explore the sensitivity of imperfect competition in the

goods market on the double dividend outcome.

In our paper, we wish to address the issue of whether the presence of imperfect competition

may be an incentive for implementing environmental tax reforms.

We address the double dividend hypothesis both in terms of increased employment and in

terms of utilitarian welfare. We both offer analytical and quantitative results. In our economy

the source of externalities is the use of a polluting good, and we model the tax reform as an

introduction of a proportional environmental tax, both on households’ consumption and on firms’

use of the polluting good. The revenue from the environmental tax is then "recycled" by cutting

the labour-income tax rate (or equivalently a payroll tax) in a revenue neutral fashion. In order

to address the question we develop a general equilibrium model which accounts for a number

of distortions (in addition to what is caused by the second-best tax system):

a) imperfect competition in the goods market, modelled as a large number of (symmetric)

monopolistic competitors (we may obtain perfect competition as a special case when the

elasticity of substitution between different goods goes to infinity);3

3 Models allowing for imperfectly competitive markets are suitable to describe the recent macroeconomic
performances of many European countries. Furthermore they allow us to analyse the welfare effects of fiscal policy
generated by mechanisms which are not captured by a perfect-competition model, such as the response to the policy
of involuntary unemployment and profits (see Dixon and Rankin, 1994). There are studies which have explored how
imperfect competition impact fiscal policy (see, for example, Dixon, 1987 and Dixon and Rankin, 1994, in a closed
economy framework, and Dixon, 1992 in an open economy framework), however, to our knowledge, the impact of
goods market imperfection on environmental tax reforms has not attracted enough attention yet. An exception is
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b) imperfect competition in the labour market, modelled as decentralised wage bargaining

between unions and firms (we may obtain monopoly union and competitive wage setting as

special cases when varying the power of the union);4

c) externality caused by the use of a polluting good as a factor of production and as a

commodity consumed by households.

We model a closed economy to abstract from terms of trade effects and issues of factors

mobility and to focus on the effect of imperfect competition on the outcome of the reform.

Nevertheless, this framework can easily be extended to open-economy issues. Furthermore, we

want to be in line with earlier double-dividend models in closed economies such as Bovenberg

and de Mooij (1994a), Bovenberg and van der Ploeg (1994), Nielsen Pedersen and Sorensen

(1995), Schneider (1997), Koskela and Schöb (1999), and assess whether the impact of imperfect

competition in the goods market, which has not been explored in the above studies, may yield

different results.

The novelty of our paper, with respect to the previous literature on environmental tax

reforms in presence of imperfect competition, is fourthfold.

First, we carefully solve the general equilibrium in a consistent way. When using a

monopolistic competition model there is no macro-good. One cannot therefore write down the

government’s budget constraint in terms of a single type of public expenditure. One has to

specify on which goods the government spends its tax revenue, and how those goods are chosen

(see Dixon, 1987). The same is also true regarding the production or purchase of the polluting

good. Since there is no macro good, one has to specify which goods can be exchanged for the

polluting good (production or trade in an open economy framework). These considerations have

Barker (1998) who explores empirically the sensitivity of the double dividend to imperfect competition in the goods
market.

4 We follow the approach of the right-to-manage model described in Layard, Nickell and Jackman (1991). The
advantage of this framework is that it is able to describe real world phenomena such as the influence of unions and
the price-setting behaviour of firms along with involuntary unemployment and rents formation.
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been ignored in the previous literature on the double dividend.

Second, we allow for externalities from production and consumption simultaneously, while

previous studies have treated these externalities in isolation. Indeed, if we think of the polluting

good as energy, there is evidence that the part consumed by households represents a large share

of the total use of energy; for example, in the UK, energy use by the households sector for

domestic purposes amounted to some 28% of the total energy use in 1988 (see, Pearson and

Smith, 1991). When quantifying the results it is therefore important to take into account the

relative shares of households’ and firms’ energy use.

Third, we focus not only on the effect of changing the union power on employment (as in

Koskela, Schöb and Sinn, 1998) but also on the impact of different degrees of imperfection in

the goods market. Indeed it is important to assess at what extent profits rents may impact on the

magnitude of the double dividend.

Fourth, we offer results not only in terms of employment as it is typically done in the

previous literatue, but also in terms of utilitarian welfare.

We should notice that one may take on a number of different perspectives on the double-

dividend issue. We may think of the double dividend in terms of either a welfare gain (according

to a social objective) or a gain for the decisive individual (median voter) or effects on the

macroeconomy (such as effects on employment). Another question is what initial equilibrium we

start with (when we introduce the reform). We may think of this equilibrium as either being a

sub-optimal one or optimalgiven the current instrumentsavailable.5 One may also think of the

initial system being optimalgiven the preferences. Then shocking the preferences would call for

a policy reform. Our analysis is broad enough to take on either perspective.

The paper is organised as follows: section 2 introduces the model; section 3 presents the

model solution; in section 4 we conduct the tax reform: we offer analytical solution to the case

5 Most of the existing literature on the double dividend assumes that in the initial equilibrium either there is
no environmental policy or there is a suboptimal level of environmental taxation.
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in which we implement a marginal increase from a zero initial environmental tax and

subsequently we present quantitative results for the case of an initial positive environmental tax

and non-marginal changes; section 5 concludes.

2. The Economy

Our economy consists of a large number,n, of price-setting local monopoly firms,j, each

producing a different consumption good. Firms are price-takers on the factor markets, but price

setters (local monopoly) on the goods market. The size of each firm, relative to the economy,

is "small" so that the firm does not perceive that changes in its product price,pj, do affect the

general price level or aggregate production. With a given (predetermined) capital stock,Kj, the

firms produce output,yj, by using labour,Nj, and the polluting input,Ej
p. Each firm sets

employment, taking the net wage,w, as given. The net wage is set before the employment

decision is taken and is determined by bargaining between firm and the associated local union.

We assume symmetry among unions and firms, so that in equilibrium each firm and each union

face the same wage, same employment and same production. All unions have the same fixed

stock of members who can be either full-time employed, with income equal to net wage, or

unemployed, with income equal to unemployment benefits. All union members face the same

probability of being laid off. Individual unions and individual firms do not take into

consideration the wage bargained elsewhere and do not recognise their influence on the general

level of wages and employment. Each union wishes to maximise the expected utility of its

representative member. Firms are subject to an environmental tax,τe, and without loss of

generality we assume no payroll taxes (we show in section 3 that a payroll tax is equivalent to

a wage tax). The polluting good may be thought of as being produced with a linear technology

with the composite consumption good as input. Then the price of the polluting good,e, will be

the inverse of the marginal cost of production in consumption units.

Households are of three types: employed, unemployed and shareholders. Householdh derives
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utility from a basket ofn consumption goods, {xi
h}, and from the polluting good,Eh, which is

the polluting commodity. Households are subject to a tax on the polluting good consumed,τe,

and if employed also to a tax on labour income,τw. The unemployed households receive

unemployment benefits,b, from the government, and shareholders’ income consists of profits,

Π, only. The government finances public spending,Xg, and unemployment benefits, with labour

and environmental taxes. In what follows we list our assumptions.

A1 Households preferencesFor analytical tractability we assume that all households have utility

of the Cobb-Douglas form in private consumption, additively separable from the externality6

whereE is the aggregate use of the polluting good andXh is CES:

(1)

A2 Households budget constraintHouseholdh’s budget constraint is

where Ih is householdh’s income, which is eitheri) after-tax wage income: (1-τw)w; ii )

(2)

unemployment benefitsb, or iii ) shareholder income (profits):Π.

A3 Technology For analytical tractability and to focus on the effect of imperfect competition

technology is assumed to be Cobb Douglas

One may argue that the chosen technology implies a number of limitations. First, all goods are

(3)

6 Externalities are assumed to enter utility additively separable and thereby not affecting the marginal rate of
substitution between consumption goods and energy. Thus any environmental tax reform which succeeds in affecting
the aggregate externality will not alter the individuals’ consumption patterns. This makes the analysis especially
tractable, and we think that the effects on marginal rates of substitutions, if present, are not the most important ones
in assessing an environmental tax reform.
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assumed to be produced with the same technology; however, there are cases in which some

goods may be more capital intensive and less labour intensive than average (as the evidence on

energy intensive products typically shows). Second, we only focus on production of goods

devoted to satisfy final demand, and not on intermediate productive sectors. Finally, the Cobb-

Douglas specification does not permit us to capture the substitution possibilities among factors,

which can indeed influence the outcome of an environmental tax reform.7 Nevertheless, since

the focus of this paper is on the effect of market competition on the outcome of the reform, we

want to keep the analysis as simple as possible to explore whether the assumption of imperfect

competition changes the results of previous studies.8

A4 Wage bargaining The wage in each sector is determined through bargaining between the

firm and the union.

A5 Polluting good supply There is a linear transformation from the composite consumption

good to the polluting good, i.e.Es=φXe where {xe
j} are chosen so as to subject to

.

A6 Government’s budget constraintThe government faces the budget constraint

7 These limitations are even more evident if one thinks of the polluting factor as energy, which can be obviously
used either as intermediate inputs and as final production (for example in the electricity industry). Also, from
empirical studies of environmental tax reforms, it has turned out that complementarity/substitutability between
energy, labour and capital can play an important role, together with interfuels substitution (such as coal, oil, gas),
as in the case of a carbon-energy tax. For a review of the empirical studies of the double dividend see Marsiliani
(1999).

8 For example, Bovenberg and de Mooij’s (1994b) paper also presents a technology with labour, capital and
polluting factor. The main difference is that we allow for price-setting firms and union bargaining.
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and chooses {xj
g} so as to s.t. .

(4)

3. ECONOMIC EQUILIBRIUM

In this section we solve for the economic equilibrium.9 Before solving for the firms’ decisions

we need to know the demand functions for individual commodities of the households and of the

government and the polluting good sector. These are found in sections 3.1 and 3.2, respectively.

The firms’ decisions are solved for in section 3.3 and the bargaining equilibrium in section 3.4.

We focus on how the degree of imperfect competition affects the firms’ factor demand and the

bargaining-equilibrium wage. Throughout we assume that the equilibrium exists and is unique.

In section 4 we prove existence and uniqueness of the general equilibrium.

3.1 The households’ decision problem

Maximising (1) s.t. (2) gives the households’ consumption of individual commodities

and of the composite commodity and polluting good

(5)

respectively, where is the price index. The indirect utility function is then

(6)

(7)

This indirect utility function will be used to solve the wage bargaining. Notice thatV is linear

in income which implies risk neutrality (a consequence of Cobb-Douglas utility).

9 The calculations are available from the authors on request.
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3.2 The government and the polluting good sector

An implication of assumption A6 is that the government’s demand for any singular commodity

will take the formxj
g=Xg(P/pj)

η/n, whereXg is the government’s aggregate consumption bundle.

Similarly, by assumption A5, the demand by the polluting good sector for commodityj takes the

form xj
e=Xe(P/pj)

η/n, Xe being the aggregate consumption bundle demanded by the polluting good

sector. By linearity of the transformation of the composite commodity and polluting good

(assumption A5), the real price of the polluting good,e/P, is a constantφ.

3.3 The firms’ decision problem

Since each household has the demand function for commodityj of the form (5), and since the

demands by the government and the polluting good sector take the same form, each firm faces

a demand function of the formyj=Y(P/pj)
η/n, whereY=Xh+Xg+Xe is aggregate production, which

in equilibrium is consumed by the households, the government and the polluting good sector.

Thus η>1 is the constant elasticity of demand faced by each firm. Profit maximisation by the

firm will result in a price markup over marginal cost equal toη/(η-1). We may interpretη as

a measure of goods-market competitiveness: the greater the elasticityη the more the markup will

approach unity (the perfect-competition case). Solving the firm’s profit-maximisation problem,

and normalising the price level to unity (i.e.P=1) gives the indirect profit function and the firm’s

demand for labour and the polluting good, as functions of the real wage, the real price of the

polluting good, the environmental tax, and aggregate production

where

(8)

(9)

(10)
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are constants, and , and 0 < µ≡ β+γ < 1. Equation

(11)

(8) is the profit function, to be used in the wage bargaining problem, and equations (9) and (10)

are the firm’s labour- and polluting good demand respectively. Notice that an increase in the

environmental tax decreases the demand of both labour and the polluting input. By

premultiplying each factor by its price we obtain the factor shares. Because of our Cobb-Douglas

specification and the firm being a price taker on the factor markets, these shares areconstants.

Labour’s share isβ(1-1/η) and the polluting good’s share isγ(1-1/η). We see also that profit’s

share is [1/η+(1-β-γ)(1-1/η)].10 As η goes to infinity we approach competitive pricing and the

factor shares are the standard Cobb-Douglas ones (1-β-γ,β,γ) so profit’s share is simply 1-β-γ,

i.e. capital’s share (the inelastic factor). Whenη is finite profit’s share is greater since now rent

is incorporated. It should be noticed that these factor shares are independent of the labour-market

institutions (as long as the firm is a price-taker on the factor markets), i.e. regardless we have

a monopoly union or competitive wage setting.Θ is the own-price elasticity of demand for

labour (i.e. the elasticity of demand with respect to the wage rate), andΓ is the cross-price

elasticity of labour demand (i.e. with respect to the price of the polluting good). Each elasticity

is increasing in product-market competition, that is increasing inη. Thus imperfect competition

makes the demand foreachproduction factorless elastic.11 The important property of imperfect

competition is that the ratio own-price elasticity to cross-price elasticity is decreasing in

competition, so imperfect competition makes the own-price elasticity stronger relative to the

cross-price elasticity. Finally we are able to obtain the solution for a competitive product market

10Under constant returns to scale 1-β-γ = α.

11 Intuitively at the optimum an imperfectly competitive firm satisfies the condition that marginal cost is equal
to marginal revenue. Then a change in marginal cost (induced by a change in factor prices) has to be accompanied
by a proportionate change in marginal revenue. The less competition (i.e. the more responsive the price is with
respect to output) the smaller change in output, and therefore in factor demands, is required for a proportionate
change in marginal revenue.
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by letting η approach infinity:η
l
→
i

∞
m Θ = (1-γ)/(1-µ) andη

l
→
i

∞
m Γ = γ/(1-µ).

3.4 Wage bargaining

Each union wishes to maximise the expected utility of its representative member, taking into

account the unemployment probability, which is equilibrium employment divided by

membership,N/L. Employed and unemployed receive the after tax wage, (1-τw)w, and the

unemployment benefit,b, respectively. Expected utility isE[V]= L−
N

V((1-τw)w)+[1-L−
N]V(b). If no

deal is struck, all members of the union getb, so the argument entering the Nash maximand is

E[V]-V(b). The firm’s objective is profitsΠ(w) and its fall-back position is zero. Denote the

union power asρ, then the Nash maximand is

(12)

V is given by equation (7) and the profit functionΠ(w) is given by equation (8). ThenΨ attains

its global maximum at12

which is the bargaining-equilibrium wage. Given the symmetry of unions and firms, this is also

(13)

the economy-wide wage. Thus, the bargaining-equilibrium wage is such that the net after-tax

wage is a constant markup over unemployment benefits. The markup is increasing in union

power,ρ, so the maximum markup isΘ/(Θ-1) (the monopoly-union case) and the minimum is

1 (i.e. competitive wage setting). Furthermore by inspection of (11) we notice that also a

decrease in goods market competition,η, increases the wage markup. Thus we are able to

generate solutions for different labour-market institutions by varyingρ and different product-

12 The proof is available from the authors on request.
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market structures by varyingη. The environmental tax does not play any role in the

bargaining.13 Comparative statics results based on a similar expression for the wage-equation

are reported in Koskela and Schöb (1999). They show that if unemployment benefits are taxed

at a lower rate than labour income, a decrease in the rate of labour-income tax decreases the

wage level and unambiguously increases employment. It is straightforward to see that the above

results are true regardless the degree of competition in the goods market and the bargaining

power of the unions.

Below we show that these results also hold for a decrease in the payroll tax:

Proposition 1 A payroll tax is equivalent to a tax on labour-income if unemployment benefits

are untaxed.

Proof: The bargaining-equilibrium after-tax wage rate is a constant markup over the

unemployment benefit. The wage faced by firms is either (ρ+Θ-1)b/[(Θ-1)(1-τw)] in a wage tax

system and (ρ+Θ-1)b(1+τp)/(Θ-1) in a payroll tax system. If (1-τw)-1=(1+τp) both the tax systems

give the same economic behaviour and also give the same tax receipts. QED

4. FISCAL REFORM IN GENERAL EQUILIBRIUM

4.1 Existence of general equilibrium

In this section we shall solve for the general equilibrium, and present sufficient conditions for

its existence. Premultiply each factor-demand equation by its price [i.e. equation (9) byw and

equation (10) by (1+τe)e] and add these to the profit equation (8) and we have

(14)

The left-hand side equalsY (this can be seen by adding the government’s budget constraint to

the aggregate household budget and usingY=Xh+Xg+Xe). Then (14) rearranged becomes

13 This is due to the Cobb-Douglas specification of the utility and production functions which gives the energy
price entering multiplicatively into the indirect utility and profit functions.
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where

(15)

Substituting (15) into (8)-(10), and using (16) gives the general equilibrium quantities of profits,

(16)

employment, and polluting input use by firms

(17)

(18)

(19)

Equations (17)-(19) together with the households’ decision rules (6), and the government’s

budget constraint (4) constitute the general equilibrium.14 Substitute forw in (18) by using (13),

and we have an implicit function inN, τw, andτe

(20)

Next, we shall rewrite the government’s budget constraint in terms of the unemployment rate.

By (6) we have (1+τe)eEh = σ[(1-τw)wN+Π+(L-N)b] = σ[wNρ/(Θ-1)+Π+Lb], where the last

equality follows from the bargaining-equilibrium wage (13). Since by (17) and (19)β(η-1)Π =

[1+(1-µ)(η-1)]wN we may write the households’ consumption of the polluting good as

(21)

Next, by (18) and (19) we haveβ(1+τe)eEp=γwN. Using this and (21) to substitute for the

polluting good in the government’s budget gives another implicit function

(22)

14Note thatÂ is increasing (decreasing) in the number of firms,n, if α+β+γ<1 (α+β+γ>1), and independent
of n if α+β+γ=1. That is economic activity is increasing (decreasing, constant) in the number of firms if there is
decreasing (increasing, constant) returns to scale.
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whereR is government revenue (to be held fixed during the tax reform). Equations (20) and (22)

form the general equilibrium. The next proposition tells when the equilibrium exists.

Proposition 2 Sufficient for existence of an equilibrium is that

(23)

(24)

both hold, and if the environmental tax is zero, condition (23) is also necessary. There are at

most two equilibria, and if two equilibria exist one is Laffer inefficient.

Proof: See Appendix A.

Condition (23) tells that public expenditure cannot be too large in relation to the productive

capacity of the economyA, obviously not a too high level of public expenditure can be funded.

We may always fulfil this condition by choosingA appropriately. Condition (23) is also a

necessary condition if the environmental tax is zero, i.e. when the economy relies only on wage

taxation. Condition (24) states thatb andL have to be large enough and is the requirement to

obtain equilibrium unemployment. If (24) is fulfilled then in absence of wage taxation the

economy produces unemployment, implying that a union member at the bargaining stage faces

a probability of being laid off. The proposition states also that there are at most two equilibria,

and if there are two, one of them is Laffer inefficient.

4.2 Double dividend in general equilibrium

We shall analyse a revenue neutral tax reform, increasing the environmental tax marginally from

zero and reducing the labour tax. We shall concentrate on the situation where the labour tax is

Laffer efficient, i.e. an increase in the labour tax rate would increase tax revenues (not decrease
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them). The following lemma states the condition for Laffer efficiency.

Lemma 1 The labour income tax is Laffer efficient if

(25)

Proof: Differentiating (22) with respect toτw, using (13) and (17) and evaluating atτe=0 gives

which is positive if and only if (25) holds. QED

(26)

The next result is the double dividend.

Proposition 3 A newly introduced environmental tax, combined with a decrease in the labour

tax so as to keep revenue neutrality, increases employment if the labour tax is Laffer efficient.

Proof: Differentiating through the system (20) and (22) gives derivative of aggregate

employment and of the labour tax when the environmental tax is increased

where det =FNGτw-FτwGN, and the partial derivatives ofF andG are denoted by subscripts. We

(27)

have (forτe=0): Fτe = γN/(1-µ), Gτe = e(Eh+Ep), Fτw = (1-γ)N/[(1-µ)(1-τw)], Gτw = wN/(1-τw), FN

= 1, andGN = τww, then the determinant becomes

(which is positive by Lemma 1) and consequently (27) becomes

(28)
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QED

(29)

(30)

Thus, regardless of the competitive structure we have the double dividend. The way in which

the competitive structure affects the size of the double dividend is given in the next proposition.

Proposition 4 A newly introduced environmental tax, combined with a decrease in the labour

tax (provided Laffer efficiency) so as to keep revenue neutrality, increases employment more

(both in absolute value and in percentage units) if competition is low in the product market

and/or if the unions’ bargaining power is large.

Proof: Use the expression for households’use of the polluting factor, (21), and substitute forN

by the relationβ(1+τe)eEp=γwN (from (18) and (19)), to obtain an expression in terms of

firms’use of the polluting input

where

(31)

Use (31), (28) andβeEp=γwN in (29) (noticing thatτe=0) and we have

(32)

(33)

Competition structure affectss (equation (32)) as well aswN. From (32) it can be verified that

∂s/∂η<0 and∂s/∂ρ>0. Next, denotez={η,ρ}, then we haved(wN)/dz= N∂w/∂z+ w(∂N/∂w)(∂w/∂z)

+ w(∂N/∂z) = N(∂w/∂z)[1+(w/N)(∂N/∂w)]+w(∂N/∂z) = -βN(∂w/∂z)/(1-µ)+w(∂N/∂z). Since

∂w/∂z<0 and∂N/∂z>0 for z=η, and∂w/∂z>0 and∂N/∂z=0 for z=ρ, we haved(wN)/dz> 0 for z=η

andd(wN)/dz < 0 for z=ρ. QED
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4.3 Welfare

In this section we analyse the welfare impact of an environmental tax reform. We assume a

utilitarian welfare function, a sum of the individuals’ expected utilities. Using the indirect

utilities of the employed, unemployed and firm owners (using equation (7) and replacingI h by

(1-τw)w, b, andΠ respectively), we obtain the social welfare function

We wish to distinguish between the welfare effect from efficiency gain in the tax system and

(34)

the welfare effect associated with environmental quality changes. Denote welfare without the

externality asW̃ = [(1+τe)e] -σ [(1-τw)wN+ (L-N)b + Π]. Denote aggregate disposable income,I,

as the sum of after-tax wage income, unemployment benefits, and profits:I = I w+I b+I Π, i.e.I w

≡ (1-τw)wN, I b ≡ (L-N)b, I Π ≡ Π. Relative change in welfare due to the tax reform is

(35)

The first term on the right hand side of (35) is the loss in welfare due to the distortion induced

by the environmental tax (the environmental tax distorts the individuals’ consumption of the

composite commodity and the polluting good). If households consume no polluting good (σ=0)

this term is zero. The second term is the fraction of wage income to total income times the

percentage change in wage income due to the reform. This term is positive, not because real

wages increase but because employment increases. The third term is the income of the

unemployed as a fraction of total income multiplied by the percentage change in unemployment

income. This term is negative since the number of unemployed are reduced. The sum of the

second and third terms is the net gain from moving people from unemployment into

employment. Since (1-τw)w is unaffected by the taxes, this may be written as

Thus the gain from moving people into employment is proportional to the wage markup, i.e.

(36)
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proportional to (1-τw)w-b. The fourth term of (35) is the gain in welfare due to the gain in

income by the firm owners. This term is positive because the gain in profits from a decrease in

the wage tax turns out to be larger than the loss in profits due to the increase in the

environmental tax. It turns out that the positive terms in (35) are larger than the negative term,

i.e.

Proposition 5 A newly introduced environmental tax, combined with a decrease in the labour

tax so as to keep revenue neutrality increases utilitarian welfare, if the labour tax is Laffer

efficient, even if there are no externalities in the use of the polluting good (i.e. even ifζ′(E)=0).

Proof: See Appendix A.

The effect of market competition on welfare could not be evaluated analytically. In section 5 we

offer quantitative results for the case of an initial environmental tax greater than zero.

4.5 Interpretations of the results

The way in which imperfect competition affects the magnitude of the double dividend is through

the government’s budget constraint only, and depends on the relative size of the tax bases. If the

tax base for the environmental tax is large relative to the tax base for the labour tax, an increase

in the environmental tax can be accompanied by a larger decrease in the wage tax. The reason

is that an increase in the environmental tax will give relatively large revenue, and the decrease

in the wage tax will not give rise to a relatively large loss in revenue. So anything that makes

the base of the environmental tax large relative to the base of the labour tax gives a greater

double dividend. The same is true for the reduction in the use of the pollution good due to the

tax reform. The larger the increase in the environmental tax relative to the reduction in the wage

tax the greater is the reduction in the use of the polluting good. Again it is the relative size of

the tax bases that determines the relative size of the changes in the tax rates.
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Competition affects the relative size of the tax bases in the following way. The value of the

polluting input used by firms divided by the wage bill is just a constant and is unaffected by

competition (this is due to the Cobb-Douglas production function, the firm uses the value of

factors in constant proportions). It is only the polluting good used by households divided by the

wage bill which is affected by competition. The utility function is homothetic, and households

therefore allocate constant fractions of their income to consumption of the polluting good. If all

households were wage-income earners, the ratio of household consumption good to the wage bill

would be a constant, unaffected by competition. However, some households are firm owners and

others are unemployed. So anything that makes profits larger and that creates larger

unemployment, would give a larger use of the polluting good by households in relation to the

wage bill. Imperfect competition in the goods market gives a larger profit share and lower

economic activity (i.e.lower employment) and therefore increases the proportion of household

income from profits and unemployment benefit, and the household use of the polluting good

relative to the wage bill.

Similarly, the greater the bargaining power of the unions, the greater is unemployment and

the greater is the non-wage income relative to the wage income, and again the greater is the

polluting good used by households relative to the wage bill. Next we show this intuition

formally.

Equation (20),F(N,τw,τe) = 0, gives the firms’ employment decision as function of the prices

(taxes), which we may write as

N* has the property that and are constants, independent of the competitive

(37)

structure (i.e. independent ofη andρ). Equation (22),G(N,τw,τe) = 0, is the government budget,

and substituting forN=N* gives G(N*(τw,τe),τw,τe) = 0, which in turn gives the labour tax as a

function of the environmental tax:τw=T(τe). Substituting for the labour tax in (37) gives
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employment as a function of the environmental tax only,N=N*(T(τe),τe), which totally

differentiated with respect toτe gives

(38)

The only way in which the competitive structure can affect is through since

the other terms are constants, independent ofη andρ. Only if the competitive structure affects

the reduction inτw affordable by an increase inτe it affects the size of the double dividend.

Our Proposition 5, proving a welfare gain from the environmental tax reform, is in contrast

with Bovenberg and de Mooij (1994a). Bovenberg and de Mooij results show that an

environmental tax reform typically does not increase employment and welfare if there no other

source of income apart from labour. In our model instead there are two sources of non-labour

income, namely unemployment benefits and profits, towards which the burden of the pollution

tax can be shifted. Both employed and unemployed workers together with shareholders bear the

burden of the pollution tax, while only employed workers benefit from the reduction of the

labour tax. Therefore, the base of the environmental tax is relatively larger than the base of the

labour tax, which mitigates the tax-base erosion effect.15 Higher union power and higher price

markups increase the proportion of non-labour income in relation to labour income (by increasing

the number of unemployed workers and profits) and in doing so enhance the tax burden shifting

effect.16 The introduction of lump-sum transfers has already been explored by Bovenberg and

de Mooij (1994b), while the effect of unemployment benefits has been studied by Koskela and

Schöb (1999) among others. These papers find that under these circumstances, a double dividend

is more likely.

15 This result is consistent with the one obtained by Bovenberg and de Mooij (1994b) in a perfect competition
framework, when they include lump-sum transfers.

16 We assume that even in a perfectly competitive model there is some involuntary unemployment equal to the
natural rate.
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Furthermore, in our economy we tax both consumers and producers on their use of the

polluting good. In our framework, the wage tax is not a uniform consumption tax preferable to

an environmental tax (as it would be with homothetic preferences and perfect competition, see

Bovenberg and de Mooij, 1994a), but a tax enforcing a distortion on the labour market.

In our economy we also tax producers on their use of the polluting input. The welfare gain

from introducing such a tax seems to contradict the Diamond and Mirrlees (1971) Production

Efficiency Theorem. This is not the case, since the Production Efficiency Theorem holds only

in absence of imperfections and when there is constant-returns-to-scale (or 100% profit taxation).

In our economy, even if competition is perfect, we still have the welfare gain from producer

taxation because of decreasing returns in labour and the polluting factor,β+γ < 1.

5. QUANTITATIVE RESULTS

5.1 The benchmark data and the calibration procedure

In this section we present quantitative results for the case in which the initial environmental tax

is greater than zero. We calibrate the general equilibrium model described in section 3 on Italian

macro data and compute the macroeconomic and welfare effects, which follow the imposition

of a top-up environmental tax, the revenue of which is devoted to reducing the rate of the pre-

existing labour-income tax in a revenue-neutral fashion. Consequently, by changing the values

of the imperfect competition parameters we are able to assess the impact of different market

structures. In this section, we have chosen to express the polluting good as final consumption

of energy; therefore, the environmental tax of section 3 should be interpreted as an energy tax.

To make our model consistent with real data we augment the theoretical specification of

section 3 in the following way. First, we replace the labour-income tax paid by the employees

τw with the effective labour-income taxτl, which includes both the income tax paid by the

employees and the social security contributions paid by the employers and employees. Indeed,
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the social contribution tax accounts for most of the tax burden. Second, we do not start from an

equilibrium with zero energy tax, but instead split the energy tax into a pre-existing energy tax

τe and a top-up energy tax introduced by the reformτe*. We choose the pre-existing energy tax

to be equal to the VAT on energy expenditure, i.e. 19%. Finally, we calibrate the replacement

ratio using the wage equation (13) above.

For the purpose of calibration, equation (20) can be rewritten as17

(39),

where

We calibrateM for τe*=0 such that under benchmark policy conditions, the model must replicate

(40)

the benchmark data, i.e. the employment rateN/L=0.88 and the effective labour-income tax

τl=0.39.

Equation (22) can be rewritten as

(41)

We calibrateR/w(1-τw) for τe*=0 such thatN/L=0.88 andτl=0.39.

The benchmark dataset for the model represents the Italian aggregate economy over the

period 1986-1995 (annual data). We also use the estimated production elasticities and

imperfection parameters as in Marsiliani (1997). Table 1 below displays the benchmark data and

17 The mathematical derivation is given in Appendix C.
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parameter values. The data sources and definitions are offered in Appendix C.18

Table 1 Benchmark data and parameters for calibration of the numerical
model.

N/L: Employment rate; average 1986-1995 0.886

Eh/I: Households energy expenditure as proportion 0.048
of disposable income; average 1986-1995

τw: Average labour-income tax
(income tax revenue over pre-tax income) 0.151
average 1986-1995

τs: Average total social contribution tax 0.402
average 1986-1995

τl: Effective labour-income tax
(Mendoza, Razin and Tesar, 1994’s definition) 0.394
average 1986-1995

α: capital production elasticity 0.435

β: labour production elasticity 0.552

γ: energy production elasticity 0.011

Θ: wage elasticity of labour demand 1.97

η/(η-1): price markup 1.13

ρ: union power 0.12

Note: Data sources and definitions are reported in Appendix C.

Once the model is calibrated, we compute the equilibrium effects of the tax reform in terms

of effective labour tax and employment rate using non-linear computation technique (Newton-

Raphson algorithm). These values allows us to analytically recover the equilibrium GDP, private

consumption and disposable income and welfare (see Appendix C). The environmental tax

reform is conducted as follows: we introduce an energy tax of 0.1‰, 0.8%, 2.55%, 5% and 10%

of the energy expenditure for the household and business sector, holding the government revenue

constant.19

18 The data are available from the authors on request.

19For the computation exercises, we use Mathematica 3.0.
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5.2 The macroeconomics and welfare effects of an environmental tax reform for the

benchmark economy

Here we define the benchmark economy as described by the parameters given in Table 1. In

particular, the degree of market imperfection is captured by the following values:ρ=0.12 for the

union power and 1.13 for the firms’price markup. As shown in Table 2 below, it turns out that

a double dividend always exists for the benchmark economy under five different values of the

top-up energy tax. The case in which the increment in the energy tax is infinitesimal is the

anlogue of the case for which we have provided an analytical solution in section 4. The greater

the top-up energy tax, the greater the reduction in the labour-income tax and the increase in the

employment rate, GDP, private consumption and welfare with respect to the pre-reform scenario.

However, these effects are less than proportional.

[Table 2 approximately here]

5.3 Sensitivity analysis

In this section we assess the robustness of our results to changes in the values of selected

calibration parameters (Table 3). First, we experiment with two different values of union power,

one representing perfect competition in the labour market,ρ=0.01, the other close to the

monopoly union model,ρ=0.99. Second, we model two different product markets, one almost

perfectly competitive, characterised by a price markup of 1.01, the other highly uncompetitive,

denoted by a markup of 1.25.20 Finally we change the value of the production elasticities.

The sensitivity analysis shows that errors in the valuation of the union power do not seem

to influence our results. However our results appear to be sensitive to measurement errors in the

20 We also tried with markup values greater than 1.25 (as in Hall, 1988, for example); however, after a certain
degree of imperfection, the signs of the changes in some variables were opposite to our analytical findings (due to
our chosen calibration procedure) and, as such, we could not directly compare them to the other reported results.
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productivity elasticities, especially the labour elasticity and to a lesser extent to variations in the

price markup.

[Table 3 approximately here]

5.4 Changing the degree of imperfection

Table 4 below reports the results from an extended analysis, which considers how values for the

imperfection parameters other than the benchmark case might effect the outcome of the reform.

It is important to point out that in doing so we are no longer looking at the impact on the

benchmark economy defined above, but on other hypothetical economies, which are characterised

by different degrees of imperfection and, as such, can present different benchmark data. For

example, a highly unionised economy and a highly uncompetitive product market economy will

be characterised by a lower initial employment rateN/L* (see equations (10) and (13) in section

3) and viceversa. We experiment with a range of values for the markup from 1.07, approaching

perfect product market competition, to 1.25, as a measure of imperfection. Higher markup values

than this make the problem no well defined, that is either the initial employment ratio or its

value after the reform are greater than full employment; while values smaller than the lower

bound give raise to an employment rate less than 50% of the labour force, which is obviously

unacceptable on empirical grounds. We also try with a union power equal to 0.08 (approaching

a competitive labour market) and a value of 0.2 (denoting imperfect labour market). We do not

go above 0.2, since this leads to an initial employment rate below 50% of the labour force.

[Table 4 approximately here]

We notice that the higher the labour and goods market imperfections, the larger the double-

dividend effect in terms of employment and the larger the reduction in the labour-income tax.

This result is consistent with the qualitative findings from our theory and confirms the hypothesis

that imperfect competition enhances the double-dividend effect of an environmental tax reform.
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General results are as follows: the greater the markup and the union power, the greater the after-

tax employment rate, GDP and the lower the effective labour-income tax after the reform. For

example, for a top-up environmental tax of 2.55% (see Table 4-b), an increase in the power of

the unions fromρ=0.08 toρ=0.2 boosts employment (in percentage changes from pre-reform

equilibrium) from 4.4% to 4.8%, and GDP from 2.4% to 2.6%. An increase in the markup from

1.13 to 1.25, increases employment from 3.6% to 4.4% and GDP from 1.7% to 2.4%. Private

(clean) consumption and disposable income together with welfare always increase: the higher the

markup, the greater the increase; the greater the union power, the less the increase. In particular,

for the case examined above, welfare increases from 1.1% to 1.3%, if the firms’market power

increases, while it assumes values from 1.4% to 1.3%, if the unions’ power increases. This is

a new result, since we could not analytically assess in section 4 the influence of imperfection

on the magnitude of the increase in the above variables. Even if the environmental tax is

positive at the outset, there is always scope for a double-dividend effect. We have also noticed

that, if the market imperfections are higher, an environmental tax reform has a greater positive

impact on employment and GDP. Therefore, countries characterised by a low degree of

competition have greater incentives, in terms of employment and GDP, for implementing

environmental tax reforms.

6. Summary and Conclusions

The paper has explored the double dividend issue within a general equilibrium model of

imperfect competition with consumption and production externalities. We have focused on the

double dividend in terms of employment and welfare. Imperfect competition is described by the

price-setting behaviour of firms and by the presence of unions which create distortions in the

labour market. We have found that several effects are at work when a revenue neutral

environmental tax reform is implemented. We have specifically focused on the sensitivity of the
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magnitude of the double dividend to changes in the degree of goods market imperfection.

We confirm the findings of Koskela, Schöb and Sinn (1998): when one takes into account

all general equilibrium effects in the economy we always find a double dividend regardless of

the unions’ bargaining power and the firms’ product market power and its magnitude positively

depends on the union power.

Furthermore, we have achieved important new results in the analysis of environmental tax

reforms with uncompetitive markets. First, we have found that the magnitude of the change in

employment is stronger, the higher the degree of imperfection in the goods market. Therefore,

not only economies with a highly distorted labour market, but also economies with highly

uncompetitive goods markets have greater incentives (in terms of employment and GDP) to

implement environmental tax reforms. Second, we have conducted welfare analysis, and we have

reached the conclusion that an environmental tax reform, of the type analysed in this paper, is

always welfare improving, even if we ignore the gain from reducing the externality.Finally, we

have calibrated the theoretical model on Italian data and shown numerical evidence that our

results also hold in the presence of a pre-existing positive environmental tax. In doing so, we

have also provided a quantitative assessment of the macroeconomic and welfare effects of the

reform and of their sensitivity to changes in imperfect competition.
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Appendix B

Computation procedure

Calculus to (39)

The households’ energy expenditure and the firms’energy expenditure can be expressed as

follows

(77)

Substituting (77) and (78) in (20) we get

(78)

(79)

Calculus to (41)

For τe*=0 (22) becomes

(80)

Computing the changes in the macroeconomic variables and in welfare

Consumption and disposable income

We use

(81)
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(82)

(83)

therefore

(84)

(85)

GDP

Use

then the changes in GDP are

(86)

(87)

Welfare

Welfare is easily recovered as

(88)
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Appendix C

Data sources and definitions

N/L: employment rate as percentage of labour force. All workers, males and females. Source: National Accounts

Eh: households’ total energy expenditure. It includes expenditure for heating and other domestic uses, and private
transport. Calculated from aggregated expenditure on all fuels. Current prices, aggregate households. Source: BEN and
National Accounts

I: households disposable income. Current prices, aggregate householdsSource: National Accounts

τw: labour-income tax. Calculated as INCTAX over I. Where INCTAX is: income-tax revenue. Current prices. Source:
National Accounts. See Modigliani et al. (1986) and Mendoza, Razin and Tesar (1994)

τs: social security contribution tax. Calculated as SS over W. where, SS: total social security contributions. Current prices.
Source: National Accounts; and W: pre-tax nominal wage bill. Current prices. Dependent workers, males and females.
Source: National Accounts

τl: effective labour-income tax. Calculated as in Mendoza, Razin and Tesar (1994), using the formula:
τl=(τw + τs)/ (1+ τs)

α: capital production elasticity. Estimated as in Marsiliani (1997)

β: labour production elasticity. Estimated as in Marsiliani (1997)

γ: energy production elasticity. Estimated as in Marsiliani (1997)

Θ: wage elasticity of labour demand. Recovered as in Marsiliani (1997)

η/(η-1): price markup. Recovered as in Marsiliani (1997)

ρ: union power. Recovered as in Marsiliani (1997)
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