~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Laplante, Benoit; Sartzetakis, Eftichios Sophocles; Xepapadeas, Anastasios P.

Working Paper
Strategic behaviour of polluters during the transition
from standard-setting to permits trading

Nota di Lavoro, No. 43.1997

Provided in Cooperation with:
Fondazione Eni Enrico Mattei (FEEM)

Suggested Citation: Laplante, Benoit; Sartzetakis, Eftichios Sophocles; Xepapadeas, Anastasios P.
(1997) : Strategic behaviour of polluters during the transition from standard-setting to permits
trading, Nota di Lavoro, No. 43.1997, Fondazione Eni Enrico Mattei (FEEM), Milano

This Version is available at:
https://hdl.handle.net/10419/154806

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/154806
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Environmental Quality and Social Insurancé

Eftichios Sophocles Sartzetakis
and

Panagiotis Demetrios Tsigaris

Department of Economics and Finance
University College of the Cariboo

JEL Classifications: H21 and 23, D62

Keywords: double dividend hypothesis, environmental taxation, labour income taxation, wage
uncertainty, tax incidence analysis, second best optimum.

Address correspondence to either of the authorBapartment of Economics and Finance,
University College of the Cariboo, 900 McGill Road, P.O. Box 3010,Kamloops, B.C. V2C 5N3.
Our Email addresses are: esartzetakis and ptsigaris@cariboo.bc.ca.

We wish to thank Gordon Tarzwell, Syed Ahsan, Christos Constantatos, Thomas Ross,
and Jim Brander for valuable comments. Financial assistance from UCC’s Scholarly
Activity Committee is gratefully acknowledged.



Environmental Quality and Social Insurance

Abstract This paper examines the double dividend hypothesis under wage uncertainty. In the
presence of two market failures we show that second-best requires a lower than the Pigouvian
tax, and a higher than “first-best” labour income tax. Starting from a state in which the
environmental tax is below second best, we consider increasing it and at the same time recycle
the additional revenues to reduce labour income tax. This revenue recycling policy has three
effects: the positiv®igouvian effectthe negativéax interaction effecand therevenue recycling
effectwhich is positive under certainty. In the presence of uncertainty, we find that the revenue
recycling effect is negative if labour income tax is below second best, duestactakinsurance
effect Our results have significant policy implications. First, environmental policies that do not
generate revenue could be equally efficient to those that generate revenue. Second, revenues
generated by environmental policies should not be used to decrease labour income taxes. We
argue that environmental recycling policies can violate the uncontroversial, in the case of

certainty, weak form double dividend hypothesis.



. Introduction

Environmental problems are increasingly becoming central issues of public policy at the national
and, more recently, the international level. Although direct regulation is still the predominant
form of environmental policy, there is a significant move toward policies that provide economic
incentives. Economists have long been advocating the use of these policies on the basis of
efficiency. More recently, it has been argued that the efficiency benefits of those policies that
generate revenue, may extend beyond the environmental area, if revenues are used to decrease
existing labour income taxes.

The benefit of revenue recycling derives from the assumption that labour income taxation
is inefficient. However, it has been shown that in the presence of uncertainty over labour income,
and assuming risk aversion, labour income taxation corrects for the missing insurance market in
human capital. Our paper examines the welfare effects of revenue recycling environmental
policies within the framework of uncertainty over labour income. We find that, contrary to
common beliefs, the revenue recycling effect is negative. We also derive the second-best optimal
mix of environmental and labour income taxes under uncertainty.

The interdependency of environmental taxes with other existing taxes was first examined
by Sandmo (1975). However, it was not until recently that the environmental literature discussed
the policy implications of these interdependencies and noted the possibility of using the revenues
from environmental taxes to reduce labour income taxes, which under certainty are distortionary
(see for example Oates (1993) and (1995), Pearce (1991), Repetto et al. (1992)). This has been
termed thaevenue recycling effedlore recently a direct interdependence was recognized.
Increases in environmental taxes lead to higher prices and thus to a reduction in real wages which
yield an additional welfare loss in the labour market (see for example, Bovenberg and de Mooij
(1994), Bovenberg and Goulder (1996), Parry (1995) and (1996) and the review of this literature
in Goulder (1995)). This has been termedttheinteraction effectit has been shown that the
latter tends to dominate the former effect (see for example Goulder (1996)). Thus, under
certainty, the policy recomedation is to use the revenues of environmental tax to reduce labour
income tax, in order to partially offset the tax interaction effect.

Our paper identifies a third effect in the presence of wage uncertainty. The reduction of



labour income taxation increases uncertainty, and thus, yields an additional welfare loss in the
labour market. This is termed thecial insurance effecThe direction and strength of the social
insurance effect depends on the existing level of taxes relative to their second-best optimum. In
the presence of two market failures (missing insurance markets and environmental externality)
we show that second-best optimum requires a lower than the Pigouvian tax, and a higher than
“first-best” labour income tax. We demonstrate that if we start from a state of underinsurance,
the social insurance effect reverses the sign of the revenue recycling effect. Thus, recycling of
revenues exacerbates rather than alleviates the unavoidable negative tax interaction effect.

Our results have important policy implications. First, in terms of the choice of the
appropriate policy instrument, environmental policies that do not generate revenues (such as
grandfathered emission permitsk equallyefficient to the revenue generating ones (such as
environmental taxes and auctioned emission permits). Second, revenues generated by
environmental policieshould notbe used to decrease labour income taxes. Therefore, alternative
uses of potential revenues from environmental taxation, such as other types of distortionary
taxation, should be explored. Within a completely different framework, Fullerton and Metcalfe
(1996) suggest that particular non revenue raising environmental policies (such as subsidies to
the clean good) may be equally efficient to revenue raising ones, even under certainty.

The remaining of the paper is organized as follows: section Il describes the model;
section Il analyses the interaction between environmental and labour income tax under wage
uncertainty; section IV examines the employment-leisure choice under uncertainty and section V
determines second-best environmental and labour income taxes. The latter two sections provide
the necessary background in order to determine the sign of the social insurance effect and thus,
the sign of the welfare effect of revenue recycling policies. Section VI contains the discussion of

the results and the concluding remarks.

[I. The model
On the production side, we assume that labour is the only input in the production of the only two
consumption goodd andC. Both production processes exhibit constant returns to scale and the

markets for both goods are competitive. We normalize units such that the pre-tax prices of both



goods are unity. Good C is assumed to be the environmentally clean good. The production of
goodD generates emissions that adversely affect the quality of the environment. Thus,
environmental quality,IT = II(D) , withll; <0 . We further assume that firms do not
internalize any part of the externality in the absence of regulation, and that the marginal product
of labour in both industries is independent of environmental quality.

We assume that households face uncertainty over their wages and the market fails to
provide insurancé. The government’s function is threefold: to provide a certain amount of a
public good, G ;a certain level of environmental quality, ; and insurance against wage
uncertainty in the form of a lump-sum transf@r,To serve these functions, the government
generates revenue through a lump-sum incomeljaa, proportional tax on labour income,
and a per unit taxg, onD. The labour income insurance policy has two components; the spread
of the wage distribution is reduced wvia while the mean is preserved W& The government’s

budget constraint, expressed in per household terms, is

T+t W(T-1)+1,D = G+Q, (1)

where T-| is the household’s labour supply, witbenoting leisure an@ time endowment.
Although for household is stochastic, the government’s budget is nonstochastic, since the
government pools together idiosyncratic risks efficienthy. denotes the mean of the wage
distribution?

The representative household, faced with uncertainty over the pretax wagdnodde a
probability distribution over possible wages. It enjoys a given quality of environment, a given

guantity of a public good, and receives a lump-sum transfer of money that depends on its ex post

This is a very reasonable assumption. For discussions on moral hazard issues associated with insurance
against wage uncertainty, see Arrow (1971), Varian (1980).

It should be noted that the present paper ignores distributional concerns. The lump-sum £aisgfest

part of the insurance policy and does not serve any distributional policy. Within our model, households
have the same ex ante income. Thus, our results are based on efficiency rather than distributional
considerations.

The central limit theorem guarantees certainty at the aggregate level.



wage rate. The households’ budget constraint is

(1+1:D)D+C:(1—1L>W(T—I)+(o+Q—T , 2)

wherew is the household’s non-labour income. Assuming separability between environmental
guality, public good, and consumption®fC andl, households’ utility function is

u(b,C,l) +V(H,(§) 4 We make the usual assumptions of a twice differentiable, quasi-
concaveJ(), exhibiting decreasing marginal utility of consumption. We further assumeé/fHat

is increasing i/ and concave.

. Interaction of income and environmental taxation under wage uncertainty

We assume that at some positive levetf,dndz,, the government considers a marginal
increase in environmental tay within a revenue-neutral policy. The environmental tax is a
corrective tax, in the sense that it internalises an existing externality. The proportional labour
income tax, in the absence of uncertainty, is a distortionary tax in the sense that it changes the
shadow price of leisure. The effects of using corrective taxation revenues in reducing the
distortionary tax within a revenue-neutral policy, is considered positive and has been termed the
revenue recycling effeddowever, corrective taxation is not equivalent to lump-sum taxation
since it results in price increases, and thus, leads to distortions in the labour market through
reductions in factor prices, a negative effect that is termeithiateraction effect If the
former effect outweighs the latter, environmental taxation generdimsode dividendi.e. an
additional positive effect to tHeigouvian effectHowever, recent work suggests that the

opposite is more likely to be the cdse.

The assumption of separability simplifies our analysis without affecting our results qualitatively. Especially
since environmental quality is more likely to be a complement rather than a substitute to leisure.

Decreasing marginal utility of consumption implies risk aversion
We use the terminology developed in Goulder et al. (1996).

! See Bovenberg and de Mooij (1994), Bovenberg and Goulder (1996), Goulder (1995) and (1996), Parry
(1995) and (1996), and Goulder, Parry and Bertraw (1996).



Consider now the case that households do not know with certainty the return to their
labour effort when they make their labour-leisure decisions. It has been shown that in addition to
the distortionary effect associated with revenue generation, proportional labour income tax has
the positive effect of lowering households’ risks by pooling them across the ecbnomy. Thus,
changing the labour income tax under uncertainty has clearly an additional effect, hereafter called
social insurance effect

We determine the total welfare effect of a change in the environmental tax. That is, we
want to account for the direct effect on the household’s optimal choices as well as the indirect
effect through the change in labour income tax implied by the revenue recycling policy. We first

derive the total change in by totally differentiating government’s budget constraint, equation

(). Since we consider a revenue neutral policy,di@%!) =0, we obtain
dr, B D+tD(8D/817D)—tLVT/(8I/817D)
di,  W(T-1)-5,Wl/ds,)+tol@D/o7) ®)

The sign of the relative marginal tax revenue from environmental tax to labour income tax is
positive and thusdr, /dt, <0

Households are assumed to maximize
E[U(D,C,1)]+V(I,G), )
with expectations based on the probability distributiow.of he first order conditions are
E[UD] = (1+1:D)E[UC}, and E{uc(l—rL)w] = E[UL], (5)

where the subscript3, C andL denote partial derivatives. Assuming that the budget constraint is

binding, the first order conditions yield

D(‘CD,‘CL,W) , C(TD,TL,W) f |(TD,TL,W> . (6)

Under uncertainty, increases in labour income taxation can have a positive effect on labour supply as will be
discussed in the following section. See Eaton and Rosen (1980a) and (1980b), Varian (1980), Myles
(1996).



We substitute the optimal choices from (6) into government’s and household’s budget
constraints, equations (1) and (2) respectively, which we then combine to derive the individual's

production possibility frontiér

C+D+G = W(T-1)-7 (W-W)(T-1)+ . 0

Equation (7) restates the household’s production constraint when the state provides social
insurance. If the realization of household’'s wage rate is above the meam>.@a , it pays
labour income taxes while in the opposite case it receives a transfer payment.

Substituting the demands from (6) and the budget constraint from (7) into the household’s

utility function, yields the indirect utility function

u - E[ U[D,WT-1)-7, (W-W|T-1)-D-G+w,I||+V[I(D),G]. (8)

Differentiating the indirect utility function with respect tgyields the total effect of a marginal

increase in the environmental t&x

1 du , . _db
age b )0

aD — dl
D+17Da— —(1+®)1Lwa—, (9)

D D

where pd = —V/HD/E[UC} denotes marginal external damages sathemarginal welfare

change due to labour taxation per dollar of revenue rdised

~Wr, (91/9t ) +(ud - 75 ) (-9D/dr, ) -[cofU, w)(T -]/ E[U] _

0 =- — —
w(T -1) —er(aL/arL)+rD(aD/arL)

(10)

The denominator of (10) is the change in government’s revenue due to a marginal change

The household’s production possibility frontier is stochastic. However, the aggregate production function is
nonstochastic.

10 See Appendix 1 for the derivation of (9).

1 In the case of certaintyy collapses to th# term defined in a similar way in Goulder et al. (1996).



in the labour income tax rate, i.e. the partial derivative of (1) with respectTbe numerator is

the welfare change from a marginal change itf In the absence of uncertainty, welfare changes
because (i) labour-leisure decisions are affected and the labour income tax is distortionary; (ii)
consumption of the good that generates the externality changes. Under uncertainty, welfare also
changes because (iii) of the necessimly adjustmento the expected shadow price of leistire.
Assuming risk aversion, the covariance between labour income and marginal utility of
consumption is negativVé. Uncertainty does not only introduce an additional term but it may also
affect the sign of the first effect. The sign of the response of leisure to a chapgedirior, ,

is in general ambiguous and has been shown to critically depend on the presence of wage
uncertainty.

Under certainty, the terms in the right hand side of (9) collapse to the three welfare effects
identified in the literature as follows. The first is tPigouvian effectthe second is thevenue
recycling effecand the third is theax-interaction effectUnder uncertainty we have the
additional risk adjustment term on the marginal welfare change and the possibility of changing
the direction of leisure’s response. The combination of these two effects is what we term the
social insurance effecThis effect is very likely to change the sign of the revenue recycling
effect through a change in the sign of the welfare change from a marginal changeeirthe

sign of &.

IV. Employment-leisure choice under uncertainty
In order to examine the full implications of uncertainty on the interaction between environmental
and labour income taxes we examine the effect of a decrease in labour income tax on the

household’s employment-leisure choice.

12 Note that within the framework of tax incidence analysis we examine uncompensated changes, i.e. we

consider both income and substitution effects. Thus, the term welfare changes is used within this
framework.

13 From the first order conditions (4), the first componentdsU_, (Lt )w|/EU | = EMRS ]~ Ew].

14 Risk aversion implies U.. <0 and thusdU./dw = UCC[T—I(rD,rL,W)] <0.



Under certainty, the response of household’s choice of leisure to a decrease in labour
income tax can be decomposed into an income and a substitution effectz;\ileereases after-
tax income increases, and thus households move toward a higher level of leisure. At the same
time though, the shadow price of leisure increases and as a result households substitute away
from leisure. Thus, the overall effect depends on the relative strength of the income and
substitution effects. Within a framework very similar to ours, Bovenberg and de Mooij (1994)
show that substitution dominates the income effect,dlédr, >0, if the elasticity of
substitution between leisure and consumption is greater thaf one. Under this assumption, there
is a marginal welfare cost due to labour income taxation®@®8, and thus the revenue recycling
effect is positive.

Under uncertainty, the government has the additional function of providing some type of
labour income insurance. A proportional labour income tax, whose revenues are returned to
households in a lump-sum form, decreases the spread of the wage distribution while preserving
the mean, and thus reduces the level of uncertainty. Contrary to the case of certainty, labour
income taxation is not totally distortionary. Therefore, a decreageniifl increase uncertainty
which might lead households to choose a higher level of leisure. When this insurance effect is
added to the income effect, the likelihood that households will increase leisure in response to a
decrease in; is enhanced. As shown in Appendix 2, the possibility tétt, <0 rises with
the degree of households’ relative risk aversion with respect to consumption and the share of
labour income in consumption expenditure. When labour income is the main source of income,
the assumption of moderate relative risk aversion just above unity sufficed fér, < 0
Empirical evidence has shown that the relative risk parameter is above unity (see Friend and
Blume (1975)). Furthermore, the literature on wage uncertainty unanimously asserts that an
increased wage rate uncertainty reduces labour supply (see for example, Eaton and Rosen 1980a
and 1980b, Tressler and Menezes (1980)).

When dl/dt, <0 , achange in unambiguously yields a marginal welfare benefit. An

5 AggregatingD andC into a composite good and maximizing utility, labour supply is expressed as a

function of the wage rate and the elasticity of substitution between leisure and the composite good
(Bovenberg and de Mooij (1994), p. 1087).



increase ing, contributes to the correction of two distortions, the uncertainty in the labour market
and the environmental externality, and therefore unambiguously generates an overall benefit.
Therefore,©<0, and the revenue recycling effect is negative. The overall increase in revenue
exceeds the marginal welfare benefi &#<0. Thus, the costs of reduced labour income tax
revenues, t, (l/3t,) exceed the welfare benefits of the labour incom® 6l /oy, )

Although smaller in size relative to the case of certainty, the tax interaction effect is negative.

The above results indicate that, in the presence of uncertainty, the overall welfare effect
of environmental taxation is substantially weakened. In addition to the negativeeraction
effectwe have a negativevenue recycling effedue to thesocial insurance effecAn increase
in environmental taxation yields only one dividend (@gouvian effegtwhich has to be very
strong to justify increases i,

The government in its effort to internalize the environmental externality, reduces work
effort and thus, revenue from labour income taxation. Furthermore, if the revenue from the
environmental taxation is used to reduce the labour income tax, uncertainty increases and the
revenue recycling effect becomes negative. Unilateral increases in one of the policy instruments
available to serve the three functions of the government (revenue generation, insurance provision
and environmental protection) may lead to welfare losses, especially when strong interaction

between the policy instruments exists.

V. Optimal taxation
We have analysed the welfare effect of a marginal increase in the environmental tax, starting
from some positive values of and z,. Our results depend on the magnitude of the departure of
these initial taxes from their optimal values. Thus, it is important to determine the optimal taxes.
Due to the presence of two types of distortions (uncertainty and environmental externality) we
analyse optimal taxation within a second-best framework. We also isolate each of the distortions
to identify the “first-best” tax rates.

As before, we assume that the government has the same three functions: p@)vide ,

II , and insurance against wage uncertainty in the form of a tra@isTére optimal taxation

exercise is to find the combination of labour income and environmental tax rates that along with



non-labour income taxation achieve the above three goals at the minimum loss in efficiency.
Thus, the government choosgsand 7, to maximize the household’s indirect utility, equation

(8). The first order conditions are

ou . naDe _ _alc coUg,w)(T-1)

at, (TD ud) aT, TLWGTL E[Uc] o (1)
du ;. aDS _ gt
o (orHd) - mwa =0, (12)

where the superscript ¢ indicates income-compensated changes. The change in leisure due to a
compensated increase in labour income tax can be negative only when the insurance effect
dominates the substitution efféét. However, as we approach the optimbeninsurance effect
decreases and thus|“/dt, >0 unambiguously. Assuming leisure and consumption are
substitutes,oD/dt, <0 . We also hawel “/dty > 0 a/ot, <0

In the absence of environmental externalities, starting from zero labour income taxation,
an increase im yields an increase in utility,ou/ot, = —CO\(UC,W)(T—I) /E[UC] >0 .Thus,
the optimal labour income tax is, = -co(U,w)(T-1) /[VV BU ol */or, ] , which becomes
zero only when uncertainty is removed, i.e.(i:bv(UC,W) =0 . Contrary to the case of
certainty, “first-best” is not achieved by setting the labour tax equal to zero and financing public
good provision through non-labour income taxation.

Solving the first order condition (12) for the environmental tax yields

Tp = Hd +(ver)[a| CIGrD]/[aD C/arD] . Since under uncertainty the optimal labour income

taxation is positive, and assuming that leisure and consumption are substitutes, the optimal

environmental tax does not fully internalize the environmental externality, i.e. is less than

See Eaton and Rosen (1980a), p. 369-70.
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marginal external damages, < pd '’ .

Since the optimal environmental tax is smaller than the Pigouvian, the first order
condition (11) reveals that the optimal labour income tax, in the presence of corrective taxation,
exceeds its first-best counterpart. Since the optimal environmental tax does not completely
internalize the externality, the optimal labour income tax is set above its first-best value to
supplement reduction in the consumption of the dirty good. Our results give the optimum mix, in
a typical second-best manner, of the two policy instruments taking into account the interactions

between them.

VI. Conclusions

Our paper re-examines the double-dividend hypothesis in the presence of wage uncertainty. We
find that starting from some positive level of environmental and labour income taxation, an
increase in the former may have very large welfare costs. Our main result is that welfare costs
might be larger within a revenue-recycling policy rather than when the environmental tax
revenues are not used to reduce labour income tax. This is in complete contrast with even the
most recent literature on double-dividend, which asserts that there is an unambiguously positive
effect from recycling environmental tax revenues.

Under uncertainty, first-best requires positive labour income tax, even in the absence of
environmental externality. Thus, in the presence of both distortions, interaction between the two
policy instruments is unavoidable and therefore we are in a second-best setting. Within this
framework, the optimal environmental tax is lower while the optimal labour income tax is higher
than their first-best counterparts. Starting from a set of positive taxes below the second-best
optimum, we consider the welfare effect of an increase in the environmental tax with the
additional revenues used to reduce the labour income tax. First, there is the direct, positive effect
of reducing the environmental externality, tlee Pigouvian effecSecond, revenue recycling

reduces the labour income tax further below the second-best optimum, yielding a mean-

1 It is interesting to note that similar results have been obtained in the case of imperfectly competitive product

markets. For example Buchanan (1969) examines the case of monopoly, Katsoulacos and Xepapadeas
(1995) the case of oligopoly, and Constantatos and Sartzetakis (1995) the case of vertical product
differentiation.

11



preserving, spread-increasing change in wage distribution. The resulting increase in households
wage uncertainty is captured by sial insurance effect Thus, contrary to the case of

certainty, theevenue recycling effe@ negative? Third, there is thax interaction effeatvhich

is negative since the loss in revenue from labour income taXation always exceeds the marginal
welfare benefit from labour income.

Our results indicate that using revenues from an increased environmental tax to reduce
labour income tax yields lower welfare. Using the existing terminology, revenue recycling
policies are welfare inferior to non revenue recycling policies. This result has very important
policy implications. First, as far as it concerns the choice of environmental policy instrument,
there is no efficiency advantage of revenue generating instruments over the ones that do not
generate revenue, such as grandfathered emission permits. Thus, distributional considerations
might once more be the deciding factor in choosing among different instruments. Second,
assuming that environmental tax has been chosen, alternative uses of its revenues should be
examined. Our research indicates that using the tax revenues in providing “environmental
education”, an information conveying public good seeking to shift households’ preferences away

from the dirty good might be a very efficient use of revenues.

18 This effect indicates that, contrary to the case of certainty, there is a marginal welfare benefit of labour

income taxation and thus, reducing labour taxation has a welfare cost.
19 A positive revenue recycling effect is possible even under uncertainty, if the initial labour tax is at, or above
the second-best. In such case, the risk adjustment term is weaker and the response of leisure to changes in
labour income tax is positive. Thus the social insurance effect reverses sign and with it the revenue
recycling effect.
20 Revenues decrease as a result of increased leisure in response to lower real wages as the price of the dirty
good increases.

12
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Appendix 1
Differentiating the indirect utility function with respect tgyields the total effect of a marginal

increase in the environmental tax

du oD ol oD ol
— = HUy|— +HU, ~-Ww— - +T (W-W
T E[ D}arD E[ C( 0ty JTp, L( )GTD]

dr
Pt

(1.1)

E[UD]STD+E[UC( —wi'-@mL(w-vv);_'] ~w-w)(T-1)

L

al oD
E[U'}a_rL+ VI, == >3r,

dr,

Note that E[U¢(1-7 Jw| = (1-7 | WEU|+covUc,w) ] . Combining this with the first order
conditions (5) and using (7), yields
du

_ _ D i 1dl
e -[- v, -1, Hu, ” - erE{UC]aTD

dr,
( DE[U ]+V/H )SE d‘UD

(1.2)
er{u] d -Cov(Ug,w)(T-1) |—
L

We defineE[U.] as the marginal utility of income and divide both sides of (9). Substituting (3)
into (1.2) and rearranging terms yields,
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D+TD£
D

1 du _ (pd—tD)( - aD] 0

— dl
_— -(1+0)t, w— ,
E[UC] d‘CD ITp (1 )TL ot (1:3)

D

which is equation (9) in the main body of the paper.

Appendix 2

To describe the effect of labour income tax on work effort, we aggregate clean and dirty goods

into a composite consumption go®C,D), whereQ is homothetic. The utility function is
E[U[Q(D,C),I]]+V(I) . We assume decreasing marginal utility from both the composite

consumption good and leisutd,, < 0 andU, < 0. The first order condition for utility

maximization is

E[U,] = E[UgL -7 )w]. (1.1)

Differentiating the above with respecttoyields

E[U”]% = E| ~WUq +W(1 -7 JUqo -W(T-1) +(L —rL)wai'L (11.2)
Denoting byR household’s relative risk parameter we rewrite (11.2)
% - —%E[WUQ(l—RS)], (11.3)
where R = - UQQQ/UQ is the degree of relative risk aversian; W(l—‘CL)(T—|) /1Q is the
share of labour income in total expenditure, and= E[U Q(l—rL)2w2]+ U, <0 from the

second order condition of the utility maximization problem.
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