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ABSTRACT

The provision of public consumption goods and public abatement are analysed within a second-
best framework of optimal taxation with environmental externalities. Households choose between
consumption of produced goods and leisure. Pollution is a by-product of production and can be off-set by
public abatement. If private goods are perfect substitutes for public goods and environmental quality,
greener preferences reduce employ t, raise ab and improve environmental quality. One
version of the "double dividend" hypothesis, i.e. greener preferences both enhance the environment and
boost employment, thus fails. If the elasticity of substitution between private goods and leisure exceeds
one, the tax rate increases, thereby reducing private consumption. However, if the labour supply curve
bends backwards, private utility rises while the tax rate and public consumption fall. With imperfect
substitution between private and public consumption, greener policies boost labour supply in the special
case that the substitution elasticity between private and public consumption and the elasticity of the
effectiveness of public abatement are small and the labour supply curve bends backwards.

JEL code: E60, H21, H41, Q28
Keywords: Environmental externalities; emissions; public abatement; excess burden of taxation;

public goods; optimal taxation; "double dividend"; second-best.

December 1992
Revised April 1993

Mailing addresses:

A.Lans Bovenberg Frederick van der Ploeg

CentER, Tilburg University FEE, University of Amsterdam
Postbox 90153 Roetersstraat 11

5000 LE Tilburg, The Netherlands 1018 WB Amsterdam, The Netherlands
tel: (+31)-13-662770 tel: (+31)-20-5254201

" This paper has benefited from comments of Harry Huizinga and participants in the 1993 AUTE/RES
Conference at the University of York.




Protecting the environment constitutes one of the major challenges facing politicians today. In
the political debate, it is often forgotten that important trade-offs have to be faced and that environ-
mental policy is part of the overall package of government policy instruments. Many politicians argue, for
example, that the revenues from taxes on polluting activities should be used to reduce distortionary taxes
elsewhere in the economy. This may yield a "double dividend" in the sense that both environmental
quality and employment will rise (cf. Pearce, 1991). Environmental policy raises also important other
issues. Under what conditions is a cleaner environment compatible with a higher rather than a lower
level of public consumption? Does a cleaner environment require a fall in private utility? How does
environmental policy affect the tax level and the level and composition of public spending? The objective
of this paper is to provide answers to some of these major policy questions.

Taxes serve the dual purpose of, on the one hand, generating revenues to finance a sizeable
public sector and, on the other hand, internalizing environmental externalities. Atkinson and Stern (1974)
analyze the optimal provision of public goods, paying attention to deadweight losses of taxation and the
marginal cost of public funds, but ignore environmental externalities. Sandmo (1975) considers the
optimal determination of distortionary taxes in the presence of externalities in private consumption but
assumes an exogenous public revenue target. Sandmo’s analysis thus combines Ramsey and Pigovian
objectives of public finance. Bovenberg and van der Ploeg (1992) extend Sandmo’s results to the optimal
provision of public goods while allowing for a rich mix of policy instruments, viz. public consumption of
" both dirty and clean goods, public abatement, a tax on private consumption of dirty goods and a labour
tax. Their main result is that the "double dividend" hypothesis fails, i.e. greener preferences lead in
general to a cut in the labour tax, a rise in the dirt tax, and a fall in employment. Bovenberg and van der
Ploeg (1992) focus on external effects in consumption. This paper, in contrast, explores the effects of
environmental production externalities. Morevover, we allow for imperfect substitution between private
and public components of social welfare. Furthermore, we not only study the impact of changes in social
preferences but also the consequences of changes in the emission-output ratio and productivity shocks.

Section I characterizes the second-best outcome for a competitive economy in which households
obtain utility from consumption of private goods, leisure, public consumption and environmental quality.
Section II assumes perfect substitution between private utility, public consumption and environmental
quality and performs comparative statics with respect to changes in environmental or public concern, the
emission-output ratio and labour productivity. Section III allows for imperfect substitution between

private utility and public consumption. Section IV concludes the paper.

I. TAXATION, PUBLIC GOODS, AND ENVIRONMENTAL EXTERNALITIES
1.1. Private behaviour, market equilibrium and the govemment budget
The representative household receives income from employment (bL where b denotes the
production wage and L stands for hours worked). After paying taxes (tbL where t denotes the tax rate),
the household spends the after-tax labour income together with any (lump-sum) transfers received from
the government (S) on consumption goods (C). The budget constraint of the representative household
thus amounts to (1-t)bL+S=C. The household derives private utility (M) from the consumption of goods
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(C) and leisure (V=1-L, where the total number of hours available to the household is normalized at
unity). The household also obtains utility from public goods (G) and environmental quality. Pollution
occurs as a by-product of production. Hence, environmental quality declines with production (Y). It can,
however, be enhanced through public abatement (A). For example, the government may step in to clean
up polluted soil arising from dumping of hazardous materials in the past. If utility is separable in private
utility, public goods and environmental quality (i.c. E =e(A)-aY), we have:

U = M(C,V) + R(G) + E[e(A) - aY], R” >0, R”=<0, E’ >0, ¢’ >0,e”<0 (1)

where a denotes the emission-output ratio and e(.) represents the effectiveness of public abatement. The
private utility function M(.) is concave and weakly homothetic so Engel curves are linear. Households are
atomistic, so take wages, prices, the tax rate, public goods and environmental quality as given. House-
holds equate the marginal rate of substitution between consumption goods and leisure to the after-tax
wage (w), ie. My/Mc=(1-)b=w where subscripts denote partial derivatives. Using the household

budget constraint, we obtain:
C=cwS], V=1-{wS], M= m[wS]. )

where m(.] denotes the indirect private utility function. Roy’s identity gives labour supply, i.e. L=m/A
where A=mg=M_ denotes the marginal private utility of private income. The (uncompensated) elasticity
of labour supply (evaluated at $=0) is given by €; =w/_/L=(0y-1)V where oy stands for the elasticity
of substitution between C and V in M(.). Clearly, the (uncompensated) labour supply curve slopes
upwards (bends backwards) if the substitution effect dominates (is outweighed by) the income effect, i.e.
if oy exceeds (is less than) unity.

Labour market equilibrium implies that all unemployment is voluntary, i.e. L+V=1. Equilibrium
on the goods market requires that total demand for goods, consisting of private consumption (NC where
N denotes the number of households), public consumption (G) and public abatement (A), is constrained

by total output (Y):
Y=bNL=NC+G +A. 3)

We assume that output is proportional to employment and producer prices are fixed (without loss of
generality at unity). Relaxing this assumption does not affect the results, so long as producer prices result
from competitive behaviour and pure profits arising from decreasing returns to scale are taxed away
(Auerbach, 1985). In accordance with the law of Walras, the government budget constraint follows from
the household buget constraint and (3), ie. ttNL=G+A+NS. Labour tax revenues thus finance public

spending, which consists of public consumption, abatement and lump-sum subsidies.
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1.2. The marginal cost of public funds and the second-best outcome
The government can freely choose the level of public goods (G), public abatement (A) and the
tax rate (t), but is unable to employ lump-sum taxes or subsidies (S=0).! Thus, the tax rate serves the
dual purpose of, on the one hand, internalizing environmental externalities and, on the other hand,
financing public spending. This gives rise to second-best problems. The government thus selects G, A and

t to maximize social welfare (W), i.e.
W = NU = Nm[(1-1)b0] + N R(G) + N E[e(A) - aNb/[(1-1)b,0]], @)
subject to tbN/[(1-1)b,0]=G +A. This yields for public consumption and abatement:
NR’(G) = NE’[e(A) -aY]¢"(A) = p ()]

where u is the marginal disutility of raising a unit of government revenues. Clearly, each pound of public
spending must yield the same marginal utility, irrespective of whether it is used for public consumption

or abatement. Rewriting the first part of (5) gives:
NR’ (G)/Mc = n = u/A. ©)

Hence, the sum of the marginal rates of substitution between public and private consumption should
equal the marginal cost of public funds () which can diverge from the marginal rate of transformation
between public and private goods (i.e. unity). Scarcer public funds (and thus a higher n) causes

substitution away from public towards private consumption. The second part of (5) can be written as
e’ (A) = a/ty, ty = (NaE’ /Mcn) = aE’ /R’ @]

where ty is the non-distortionary level of the tax rate. Because e”<0, the optimal level of public
abatement increases with the implicit price of the environment (i.e. ty/a which is the non-distortionary
level of the tax rate scaled by the emission-output ratio). Equation (7) also reveals that the marginal rate
of substitution between environmental quality and public goods (E’ /R’ ) must equal the implicit price of
the environment. If the marginal cost of public funds is unity (i.e. if lump-sum taxes and subsidies are
available), the non-distortionary level of the tax rate corresponds exactly to the textbook Pigovian tax

rate, i.e. the sum of the marginal environmental damages (NaE’ scaled by M to convert from utility

L If the government can adopt lump-sum subsidies and taxes, there is no excess burden of distor-
tionary taxation and the marginal cost of public funds equals the marginal rate of transformation between
public and private goods (unity). The resulting outcome is first best in the sense that the command
outcome can be replicated by appropriate government policy in a competitive market economy.
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units into pounds). The non-distortionary level of the tax rate (ty) decreases with the marginal cost of
public funds (n). The reason is the following. The optimal environmental tax equates the social costs of
pollution to the social benefits associated with the additional tax revenue collected on pollution. If a high
marginal cost of public funds indicates that tax revenue is scarce, pollution does not have to yield as
much tax revenue to offset the environmental damage. Accordingly, the pollution tax rate falls with the
marginal cost of public funds. Alternatively, a high marginal cost of public funds indicates that public

goods, including the natural envirc , are expensive so that the government can afford less to
internalize environmental externalities.

The government also sets the tax rate to maximize social welfare (4) which yields:
- Nbm,, + NE’abNb/,, + u bN (L-thi,) = 0. ®)
Use of Roy’s identity, substitution of (7) for ty, and then division by -bNLA yields:
n = /A = (/1)) = (10/[1--(oy ) V() @®)

If the labour supply curve slopes upwards (¢ >0, op>1) and the tax rate exceeds its non-distortionary
level (t>ty), the marginal cost of public funds (n) exceeds the marginal rate of transformation between
public and private goods (i.e. unity). An increase in public revenues then exacerbates the deadweight loss
of distortionary taxation and raises the marginal cost of public funds above unity. However, if t>ty; and
the labour supply curve bends backwards (€; <0, opy<1), the marginal cost of public funds is less than
unity. If labour supply is inelastic (¢; =0, oy =1), the marginal cost of public funds corresponds to the
marginal rate of transformation between public and private consumption (i.e. unity). In that case, a

labour tax acts like a lump-sum tax and the second-best outcome coincides with the first-best outcome.

II. Comparative statics of the second-best outcome
I1.1. Private behaviour and*market equilibrium
We loglinearize the equations for private behaviour, market equilibrium and optimal government
policy around a benchmark with $=0. Logarithmic deviations from the benchmark are denoted by a tilde
(e.g. b=db/b), unless indicated otherwise. Equation (2) yields:

L= ¢ (bD), V=-¢ (L/V) (b)), C = (1+ep) (bD), M = L (b0) @)

where € =(0y-1)V and t=dt/(1-). A higher tax rate reduces private utility (M). We use (2°) to

loglinearize (3), or equivalently the government budget constraint:

wGG+waA=b+L-wcC=b+[uce(lw)] () = b+ (1-t-et) (i-D) 3")
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where wc=NC/Y =1, wG=G/Y and w,=A/Y denote the national income shares of private consump-
tion, public consumption and abatement, respectively. The left-hand side of (3") stands for total public
spending, which must equal public revenues. The first term in the bracket of the last right-hand side (1-
t=wc) corresponds to the "tax rate” effect. The second term in this bracket (-€pt) stands for the "tax
base” effect. If the labour supply curve slopes upwards (bends backwards), i.e. oy is greater (less) than
unity, a higher tax rate narrows (broadens) the tax base and tax revenues thus rise less (more) than
proportionally with the tax rate. We rule out a downward-sloping Laffer-curve (i.e. A= 1-t-(opg-1)Vt>0 or
e <(1-t)/1).
Substituting (3") into (2") to climinate i, we obtain for the change in private utility:

M=Lat(b-wgG-wyA), where A=(1-1)-€, 1>0. 9)

Hence, private utility suffers from higher public consumption or abatement (on account of the higher tax

rate required to finance these activities) but benefits from higher productivity.

11.2. Government policy and the marginal cost of public funds
We assume that private utility, public consumption and environmental quality are perfect
substitutes, i.e. R(G)=v5G and E[e(A)-aY]=vg[e(A)-aY]. The changes in public abatement and the

non-distortionary level of the tax rate then follow from (7):
A = (ix8)/0p = (FE-6)/oa and iy =d+ 95 -6 )

where o,=-Ae” /e’ >0 is the elasticity of the effectiveness of public abatement. More environmental
concern (Yg>0) or less priority for public consumption (¥5<0) raises the non-distortionary level of the
tax rate. This pushes up the shadow price of the environment (ty/a) which in turn induces the
government to undertake more abatement. A higher emission-output ratio (a) raises the non-distortion-
ary level of the tax rate, but does not affect public abatement.

Loglinearizing the condition for optimal public consumption (6) while using Mc=(V-C)V/oy

and (2" ), we obtain the modified Samuelson rule:
Y6 -V (i-b) = 3G + (V/L)M = 7. )
The change in the marginal cost of public funds follows from (8* ):
= epn(1-)! [(s+tty) - ty Iy - () e (L/V) B]

= epn(1-0)T [(1-ty) b - ty iy - (k+ 1)L M) (8"
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where x=1-1+(t-ty)(0p-1)L. We assume that x>0.2 If the labour supply curve slopes upwards (ap> 1),
a higher tax rate raises the marginal cost of public funds and thus makes public consumption and
abatement more expensive (as we assume that x+t-ty>0). Increases in environmental concern (7>0)
or the emission-output ratio (3>0) boost the non-distortionary level of the tax rate (see (7”)). The higher
non-distortionary tax rate reduces the marginal cost of public funds if the labour supply curve slopes
upwards. This induces substitution away from private utility towards public goods, including abatement
(see (67)). If, in contrast, the labour supply curve bends backwards (o) <1), greener preferences or a
higher emission-output ratio raise the marginal cost of public funds as distortionary taxes are replaced by
non-distortionary pollution taxes (see (8" )).
Substituting (8”) and (7’ ) into (6” ) and solving for # and i yields:

5 (?-l] [(1-4)V B - 4V @+7p + (1-Lt+Loyt-ty) ) (%

Om
-—tNo—l a+y + ) Y. + —1-_.“"0"'__1 11
- )(.w (M“]vo 1(]( o..)’f’ ()

where the coefficient of b in (11) can be shown to be positive if l>lN3.

11.3. Private utility, public consumption and environmental quality
When we use (10) in (6” ), we obtain for private utility:

2, oy (o -1)L . _ - [ AL ) . 12
M—[—WM ][(1 ty) b -ty @+7p)] (—muv] Vo (12)

Clearly, L=(¢/L)M and C=(1+¢)L"'M follow directly from (12). As long as the labour supply curve is
not completely inelastic, L is a negative function of a+7g and a positive function of b, irrespective of
whether oy exceeds or is less than one. The change in public consumption (G) follows residually by

substituting (7°) and (12) into (9):

[AnOuDg oy (9a); LA, @l [; ACtED)
QOG- X0y, (@79 (OAJYE xo,,V aA‘YO [l X0y, ]5'( )

With the aid of (2"), (3) and (7) we obtain for environmental quality (E"=e(A)-aY):

E' = - (ty/ap) [a + b + ¢ (BD)] + (wp/ap) A (14)

Z1f t>1y, then t<% is sufficient for x>0. If t<ty, then ty(oy-1)<1 is sufficient for x>0,

3 This coefficient is equal to [A+tNV(aM-l)+((-lN)L(oM-l)z]/wM.
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where aEs(lN/a)E'/Y denotes the social value of environmental quality relative to national income.
Environmental quality improves if public abatement rises or the emission-output ratio (a) falls. A higher
tax rate improves (worsens) environmental quality if the labour supply curve slopes upwards (backwards).
A higher productivity of labour (b) worsens the quality of the environment (as 1+ e =L+Voy>0).
Substituting (7° ) and (11) into (14), we obtain:

P N, e B

‘Ol KOM (14»)
{w n,iV(oM-l)z]} i [uA (aNA(o,-l)] i
=t | — | ——— Yo:
OA KO“ N KOM

11.4. More concem about the environment

Greener preferences (7g>0) raises both the non-distortionary level of the tax rate and public
abatement (see (7°)). If the labour supply curve slopes upwards (op>1), the larger non-distortionary
level of the tax rate depresses the marginal cost of public funds and makes public spending cheaper. The
associated higher tax rate decreases private utility but increases aggregate public spending (i.e. public
consumption plus abatement). If the elasticity of effectiveness of public abatement (0,) is small, public
- abatement rises substantially. Hence, despite the rise in the tax rate and overall public spending, public
consumption (being residually determined) may fall. The higher tax burden changes the composition of
private demand away from private consumption goods towards leisure (V>C). As oy, > 1, this substitution
effect outweighs the decline in demand for leisure on account of the negative income effect associated
with the higher tax level. Hence, greener preferences reduce employment so that environmental quality is
improved through a lower level of economic activity and emissions as well as through more public
abatement (i.c. a cleaner composition of activity).

However, if the labour supply curve bends backwards (o\g<1), more concern for the environ-
ment raises the marginal cost of public funds. In this case, the higher non-distortionary level of the tax
rate raises the marginal cost of public funds (see (87)) and makes public spending more expensive.
Hence, the tax rate and the level of public spending fall while private consumption rises. The lower tax
burden induces households to shift away from leisure towards consumption goods (C>V). In this case,
the increase in leisure demand due to the positive income effect associated with a lower tax level offsets
the substitution effect away from leisure (as oy <1). Employment, activity and emissions thus fall. The
lower overall level of public spending together with the rise in public abatement (see (7°)) imply that
public consumption must fall. Public consumption is thus crowded out by both more abatement (i.c.

cleaner composition of public spending) and by a lower tax rate and level of public spending.

Proposition 1: Greener preferences reduce employment, output and emissions, unless labour supply is

completely i Envirol ! quality improves also due to more public abatement. If the labour

supply curve siopes upwards (downwards), the marginal cost of public funds and the private component of
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utility fall (nise) while the tax rate and public spending rise (fall). Public consumption rises only if a large
elasticity of the effectiveness of public abatement contains the rise in public abatement and at the same time

an upward-sloping labour supply curve raises the aggregate level of public spending.

Green and red preferences are thus incompatible, in the sense that environmental quality and
public consumption do not move together, if there is a lot of scope for public abatement or if labour
supply bends backwards. However, if the elasticity of the effectiveness of public abatement and the
(uncompensated) labour supply elasticity are large and positive, public consumption increases so that
green and red preferences are compatible. In that case, public abatement does not rise much while
employment falls substantially. Hence, most of the improvement in environmental quality is achieved
through a lower level rather than a cleaner composition of economic activity.

A higher emission-output ratio (a) induces the same effects on the marginal cost of public funds,
the tax rate, private utility and employment as does an increase in environmental concern (7g), but does
not affect public abatement. If labour supply slopes upwards (downwards), the marginal cost of public
funds falls (rises) so public consumption rises (falls) while private utility decreases (increases). The
deterioration of the environment induced by the higher emission-output ratio is reduced by the fall in
output. In fact, a rise in the emission-output ratio may improve environmental quality if oy is very small

(see (147)).

11.5. More prionity for public consumption

A greater desire for public consumption (7G>0) lowers both the non-distortionary level of the
tax rate and public abatement (see (7’ )) as the government can afford less to use taxes to internalize
environmental externalities. The tax rate rises and the private component of utility falls in order to make
room for public consumption. If the labour supply slopes upwards (bends backwards), the marginal cost
of public funds rises (falls) and employment falls (rises). Overall public spending expands while the
composition changes away from abatement towards public consumption. Environmental quality worsens
due to fall in public abatement and, if labour supply bends backwards, the increase in output and thus
emissions. However, if the elasticity of labour supply is large and positive and the elasticity of the
effectiveness of public abatement (o,) is large, the environment improves because the beneficial effect of
the fall in output and emissions outweighs the adverse effect of less abatement. While economic activity
contracts a lot due to the disincentive effects of a higher tax burden (as oy, is large), the composition of
activity does not become much dirtier (as o4 is large). Environmental quality and public consumption
thus move together (i.e. green and red preferences are compatible) if the level of activity is reduced

while the composition of activity is not affected much.

Proposition 2: More concem about public consumption increases the tax rate and decreases private utility

and public abatement. If the labour supply curve slopes upwards (downwards), employment and emissions
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fall (rise). Unless substitution effects in labour supply are strong and the elasticity of the effectiveness of
public abatement is large (i.e., both oy and g, are large), environmental damages increase so that red and
green preferences are incompatible. '

11.6. Increase in labour productivity
A higher labour productivity (b) boosts employment (unless, of course, labour supply is
completely inelastic). Since public abatement is unaffected, environmental quality suffers. If the labour
supply curve slopes upwards (downwards), the marginal cost of public funds and private utility rise (fall).

Public consumption rises due to the higher tax rate.
111 IMPERFECT SUBSTITUTION BETWEEN PRIVATE UTILITY AND PUBLIC GOODS
To allow for imperfect substitution between the private component of utility and public
consumption, consider the following social welfare function:

W = N QIM(G,V),G] + N vge(A) - aY] @)
where Q[ is concave and weakly homothetic. We use the specification Q[M,G]=[M¢+y5G¢]'/¢ with
¢<1 and aoi(l-g')'l>0 is the elasticity of substitution between M and G in Q[.]. This CES-specification
reduces to the case studied in section 11 if o tends to infinity. The separability of private consumption
and leisure on the one hand and public consumption on the other hand, implies that private behaviour

(2) and hence (2’ ) are unaffected.

The optimality condition for the provision of public consumption becomes:
NQg/QyMc = n = u/A. (6”)
For public abatement and the non-distortionary level of the tax rate, we obtain:
e’ (A)=a/ty, ty = (Nayg/QyMc)/n = ayg/Qg. )
Expression (8" ) for the marginal cost of public funds is unaffected.

1I.1. The MCPF-schedule and the GBC-schedule
Loglinearizing the modified Samuelson rule (6”), we obtain:

G -M=o0q[ig + (V/L) M- 7] (15)

where o stands for the elasticity of substitution between G and M. A higher priority for public
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consumption (7yg), a higher real consumption wage (or higher M), and a lower marginal cost of public
funds (n) induce a shift away from the private component of utility to public consumption, particularly if
public consumption and private utility are good substitutes.

Loglinearizing (7”), we obtain:

A = (iya)/os, fy=3+7g- [1+aglog-1)") 36 - (1ag)og™ (M-G) (16)

where ag=GQg/Q=v5[1g+(M/Q)]". Substitution from public consumption towards private utility
(i.e, M>G) raises the marginal utility of public consumption. This reduces the non-distortionary level of
the tax rate as this part of the tax is defined in terms of public revenue. Public abatement falls in
response to the lower non-distortionary level of the tax rate.

Substituting (16) into (8”) and then into (15), we obtain:

ag ) . A v i
Ll-t—e.{ut"—‘;}) Yo+t (i‘YB) - -tN)eL b+ qul M (12
+0 2

OQ-
1-t-€ (t-tyag)

A higher level of private utility (M) raises public consumption through two channels. The first channel,

G=M

represented by the last term in square brackets in (12°), is a reduction in the marginal cost of public
funds. This is due to the substitution away from leisure as a result of higher private utility (ie., V<C if
M>0, see (2°)). The second channel involves imperfect substitution between private utility and public
consumption. If private utility and public consumption are poor substitutes, the two components of social
utility move together.

The MCPF-schedule (12') shifts upwards when the weight given to public consumption (yg)
increases (sce Figure 1). If the labour supply curve slopes upwards (downwards), the MCPF-schedule
shifts upwards (downwards) in response to an increase in environmental concern (7g), an increase in the
emission-output ratio (a) or a fall in labour productivity (b). If private utility and public consumption are
perfect substitutes, the MCPF-locus is vertical (cf. (12)). If private utility and public consumption are
perfect complements (0p=0), in contrast, the MCPF-schedule corresponds to the 45°-line going through
the origin and is unaffected by changes in environmental concern, the emission-output ratio or labour
productivity.

The gove.rnmem budget constraint may with the aid of (9) and (16) be loglinearized as:

= = & g.-(1+ =1y Ns.] = A_ QA(I-CG) v 4 "’A(l-uo) i 17
G=b = [fe(1+aglog-1")¥g) (L o M| [wg N, . (17

If public consumption and private utility are fairly close substitutes (large 0q), there is a negative
relationship between the changes in public consumption and private utility which arises from the positive

relationship between G and the change in the tax rate. If the priority attached to environmental quality
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rises relative to public consumption, public abatement increases. Hence, given private utility, less finance
is available for public consumption and the GBC-schedule (17) thus shifts downwards (see Figures 1(a)
and 1(b)).

If public consumption and private utility are not close substitutes (small 0q) and the elasticity of
the effectiveness of public abatement (0,) is small, the GBC-locus may actually slope upwards (as in
Figures 1(c) and 1(d)). Intuitively, an increase in private utility requires a similar increase in public
consumption if it is difficult to substitute between the two components of social utility. A higher level of
private utility then crowds out public abatement rather than public consumption. In particular, if private
utility and public consumption are imperfect substitutes, higher private utility raises the marginal social
utility of public consumption (Qg). This reduces the Pigovian tax component (see (7”)) and, if the
elasticity o, is small, substantially decreases public abatement. If the fall in public abatement is large

enough, public consumption can rise despite the decline in overall public spending.

1I1.2. Comparative statics of the second-best outcome

Figures 1(a) and 1(b) present the case of easy substitution between private utility and public
consumption (large oq) or a large elasticity of the effectiveness of abatement (o), ie. a downward-
sloping GBC-schedule. Figure 1(a) assumes an upward-sloping and Figure 1(b) a downward-sloping
labour supply curve. The benchmark is E while E’ and E” are the equilibria after an increase in the
emission-output ratio (a) and in environmental concern (vg), respectively. Figure 1(a) confirms
propositions 1 and 2. An increase in the emission-output ratio decreases the private component of utility
and employment and increases public consumption. Greener preferences yield similar effects, except that
public consumption may fall if a small 0, causes public abatement to rise a lot (shifting the GBC-
schedule substantially downward)®.

Figure 1(b) (with large 0 and o, but with oy <1) reveals that a higher emission-output ratio
raises private utility but reduces public consumption and employment, thus confirming propositions 1 and
2. However, Figure 1(b) also illustrates the possibility of a counter-example to propositions 1 and 2 in
case of a green shock. If the labour supply curve bends backwards (oy<1) and the elasticity of the
effectiveness of public abatement (0,) is small, the GBC-schedule shifts downward quite a lot. An
increase in environmental concern (yg) may then reduce private utility’ (as well as public consumption).
The associated adverse income effect reduces the demand for leisure, thereby raising employment.
Accordingly, for this special case we confirm the "double dividend" hypothesis, i.e. greener preferences
not only enhance environmental quality but also boost employment.

Figures 1(c) and 1(d) present the case where substitution between public consumption and

private utility is difficult (low 0q) and the elasticity of the effectiveness of public abatement (04) is small

4 0q needs to be large.

5 This can only happen if the MCPF-schedule is not vertical, i.e. 0 cannot be infinite.
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so that the GBC-schedule slopes upwards. If also the labour supply curve slopes upwards, then Figure
1(c) reveals that private utility, public consumption and employment fall. Intuitively, a green shock must
reduce at least one of the other two parts of social utility (i.e., private utility M or public consumption
G). If substitution between M and G is difficult, M and G move in the same direction and thus both
decline. The lower level of private utility associated with the higher tax rate reduces the demand for
leisure as the substitution effect exceeds the income effect (as op>1).

If the labour supply curve bends backwards (e <0), Figure 1(d) reveals that a higher emission-
output ratio raises public consumption and private utility but reduces employment. However, an increase
in environmental concern may reduce private utility, especially if a small elasticity of the effectiveness of
public abatement causes a substantial downward shift of the GBC-schedule. The fall in private utility
raises employment, since the adverse income effect more than offsets the substitution effect (oy<1),
thereby reducing the demand for leisure. This provides another counter-example to propositions 1 and 2.

These diagrammatic results are confirmed by analytically solving (12°) and (17). For example,

the impact on private utility of more environmental concern may be written as:

+ 0,WgtyE
oAn) QO‘NL

(uA(l—t)
M=-L

g (18)

Lwg+A)[1-t-€ (t-agt)] + g-‘ (1-ag)Vo,x+ oQVo“xm0
A

The effects on the tax rate, the marginal cost of public funds and employment follow from i=-M/L,
77=VM/L and L=¢; M/L, respectively. If o approaches infinity, (18) boils down to (12). If 0q=0 and
0, is finite, an increase in environmental concern (vg) reduces the marginal cost of public funds, thereby
raising the tax rate and thus reducing private utility (see (18)). Government consumption declines (as
G=M if 0o =0). Employment falls (rises) if labour supply slopes upwards (downwards). Overall public

spending and thus abatement increase.

IV. CONCLUDING REMARKS

A more ambitious environmental policy raises the non-distortionary level of the tax rate and
boosts public abatement. In general, this depresses labour supply and economic activity. If substitution
effects dominate income effects in labour supply, a greener policy raises the tax rate and reduces the
marginal cost of public funds which makes more room for public spending. In this case, public
consumption may rise if most of the improvement in environmental quality is achieved through lower
production rather than more abatement. However, if the environment improves mainly due to public
abatement and employment does not fall too much, public consumption falls.

In general, a higher priority to environmental policy reduces employment because consumption
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of leisure is clean® while production pollutes the environment. However, if private utility and public
consumption are poor substitutes, the elasticity of the effectiveness of public abatement is small and the
labour supply curve bends backwards, an increase in environmental concern may actually raise employ-
ment. The improvement in the quality of the environment is then achieved through an expansion of
public abatement rather than through an increase in the consumption of leisure and a reduction in
emissions. The increase in public abatement is financed by an increase in the tax rate, a broadening of
the tax base, and a cut in public consumption. While the leve! of economic activity increases, the
composition of that activity becomes more friendly to the environment. This is a channel through which

the "double dividend" hypothesis can be given some support.
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