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ABSTRACT

Numerous recent studies have indicated that interactions with a tax-distorted labor market
increase the cost of pollution regulation. However, these studies have made restrictive assumptions
regarding individual preferences and have ignored key links between pollution, human health, and labor
productivity. Together, these assumptions imply that the benefits of regulation do not affect labor
supply.

This paper develops an analytically tractable general equilibrium model that allows regulation
to provide benefits through several different channels, including improved health or productivity. The
model shows that when the benefits of reduced pollution come in the form of improved health or
productivity, the benefits do affect labor supply, and therefore create a benefit-side tax-interaction effect
in addition to the familiar cost-side interaction. This effect can magnify or diminish the benefits of
reduced pollution. When reduced pollution boosts labor productivity, the effect substantially magnifies
such benefits. When pollution affects consumer health, the effect will tend to be opposite, diminishing
the benefits of reduced pollution.

This result is of far more than just theoretical interest; the benefit-side interaction is of the same
magnitude as the cost-side interaction, and thus can fundamentally affect the optimal level of
regulation. The paper considers only environmental regulation, but the concepts developed here apply
equally to other policies affecting productivity or health, such as research subsidies or occupational

safety regulations.
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I. Introduction

One of the most important tasks that economists face in environmental policymaking
is the evaluation of the costs and benefits of existing and proposed regulations. For example,
the EPA recently conducted extensive prospective and retrospective analyses of the costs of
the Clean Air Act (EPA, 1997 and 1999). Those analyses, and others like them, will play an
important role in determining future policies.

An extensive recent literature has called into question the results of conventional
analyses of the costs of environmental regulation. This literature has focused on two general-
equilibrium effects that appear in an economy with pre-existing distortionary taxes." The
first, the revenue-recycling effect, appears when a pollution tax or similar instrument generates
revenue for the government, thus permitting a reduction in distortionary tax rates and a
corresponding gain in efficiency. This gain is offset by aloss from the tax-interaction effect,
which arises because the pollution tax drives up the price of consumption goods, lowering the
real wage and discouraging labor supply. This exacerbates the tax distortion in the labor
market, creating an efficiency loss. Asaresult of these interactions, the economy-wide costs
of regulation may differ substantially from the sum of firms abatement costs.

As this paper will show, however, general-equilibrium interactions can have an equally
large effect on the benefits of environmental regulation. This effect has largely been ignored
by the prior literature, which has implicitly assumed that improved environmental quality
does not influence individuals' labor supply decisions, and therefore that the benefits of
reduced pollution are unchanged from the first-best case. That assumption may be valid in
certain cases, such as the protection of an endangered species with substantial existence value,
which could be represented as a separable term in consumer utility. Itisamuch less
reasonabl e assumption, however, for the wide range of cases in which pollution affects
productivity or health.

Such cases are of substantial interest for environmental policy. For example, a

significant proportion of the benefits of avoiding global warming appear in the form of

! Among the many papers on this topic are Bovenberg and de Mooij (1994), Bovenberg and van der Ploeg
(1994), Parry (1995), Goulder (1995), Goulder, Parry, and Burtraw (1997), and Fullerton and Metcalf
(2000).



avoided losses to agricultural productivity, while much of the damages from airborne
pollutants such as sulfur dioxide and particulate emissions appear as damages to human
health. In these cases, the benefits of pollution regulation also affect labor supply decisions,
producing an additional tax-interaction effect” from the benefits of regulation. This benefit-
side tax-interaction effect varies greatly depending on the effects of the pollutant in question,
and can either magnify or diminish the benefits of pollution regulation.

This paper presents a model of environmental regulation that allows pollution to have
awide range of different effects, including not only direct effects on utility, but also
productivity effects in different industries and a range of health effects.

The paper demonstrates that when reduced pollution leads to increased labor
productivity, thiswill encourage labor supply, and thus tax interactions will magnify the
benefits of regulation. In contrast, if a cleaner environment boosts the productivity of afixed
factor, then tax interactions will reduce the benefit of regulation.

When the benefits of reduced pollution appear in the form of reduced medical
expenses, this creates an income effect that discourages labor supply, and thus such benefits
are diminished by the benefit-side tax-interaction effect. When pollution causes increased
time lost to illness (but does not affect medical expenses) the sign of the benefit-side tax-
interaction effect is ambiguous, and depends on the labor tax rate and labor supply elasticity.

Though the model explicitly considers environmental regulation, its results and the
concept of the benefit-side tax-interaction effect apply equally to other types of regulation
affecting health or productivity.

The next section of the paper presents an analytically tractable general-equilibrium
model that allows for a broad range of effects of pollution and derives an expression for the
welfare effects of regulation. The following sections evaluate this expression for pollutants

that affect only utility, pollutants that affect productivity, and pollutants that affect health.

2The prior literature has referred to a single tax-interaction effect. This paper extends that concept to a
generd class of tax-interaction effects. These effects are general equilibrium welfare changes resulting from
changesin the quantity demanded of ataxed good caused by forces outside the market for that good. The
previoudly identified tax-interaction effect is a change in the demand for |eisure caused when the cost of
regulation drives up the price of consumer goods. The benefit-side tax-interaction effect introduced in this
paper is achangein the demand for leisure resulting from improved environmental quality.



The final section discusses potential extensions to this model, suggests avenues for future

work and draws conclusions for policy decisions.

1. The Mode

This section presents a simple general-equilibrium model that incorporates a
household labor-leisure decision along with a pollution externality. Thus, the model
incorporates production of two goods, one of which has an associated pollution externality,
and includes a government sector and distortionary income tax.

This model takes a similar approach to the analytical model used by Parry, Williams,
and Goulder (1999) to examine the effects of carbon emissions regulation in a tax-distorted
economy. This model is distinct, however, in that environmental quality no longer appears
only as a separable term in the utility function, but also may affect production efficiency and
the health of the representative agent. Furthermore, this model generalizes the production
function, allowing for the possibility of profitsin production, which prove to play an
important role in determining the effects of pollution regulation in the presence of

distortionary taxation.

A. Assumptions

A representative agent model is assumed, where households divide their time
endowment (T) between leisure (1) and labor (L), which is used to produce the two
consumption goods, X and Y. Households divide their income between consumption of X

and Y in order to maximize the utility function

1 u(vV(,Xx,Y)Q)
which is continuous and quasi-concave, and where Q is environmental quality.

Good X causes a negative externality, either in consumption or in production (since
consumption equals production in this model, the two are equivalent) while good Y involves
no such externality. Environmental quality is simply equal to an exogenous baseline level
minus emissions, with units normalized such that the production and consumption of one unit

of X resultsin one unit of emissions:



2 Q=Q-X

Thismodel allows environmental quality to have several different possible effects.
The simplest case follows previous work in assuming that the externality enters as a separable
term in the utility function. Alternatively, the externality could affect production of one or

both of the consumption goods. Thus, production of the two consumption goods will follow

(3) X=F(L.Q)

and

@ Y=R(.Q)
where L, and L, are the labor used in production of goods X and Y, respectively.

Finally, the externality could affect the health of the population, either causing the
representative agent to spend time sick (reducing the time available for labor or leisure) or by
forcing expenditure on medical care’ (which is assumed to be produced directly from labor,
with one unit of labor producing one unit of medical care). Thisimpliesthe following
household time constraint
(5) T=L+1+5Q) =L+L, +L, +1+5(Q
where Q) represents time spent sick, which is decreasing in Q, and L, is the labor used to

produce medical care.

To control this externality, the government levies a corrective tax of t, per unit of the

dirty good, X. Previous papers’ have shown that there is a substantial cost advantage to using
an environmental tax in preference to a quota or system of grandfathered tradable permitsin
the presence of distortionary labor taxation, because of the efficiency gain from recycling the
pollution tax revenues. Because this paper is not concerned with the distinction between taxes

and quotas, it models only the use of a corrective tax. Both industries are assumed to price

3 Section |1.E relaxes the assumption that pollution forces households to purchase medical care, allowing
households to choose the level of medical care they consume.

* See, for example, Goulder, Parry, and Burtraw (1997), Parry, Williams, and Goulder (1999), Goulder et al
(1999), and Fullerton and Metcalf (2000).



output at marginal cost and pay labor its marginal product, and the gross wage is normalized

to 1. The price of good X (including the tax) is then given by:

1
6 == +t
6) P« e '
L,
Since there is no tax on good Y, its price is given by:

M =g

L

If either production function is not homogenous of degree one in labor input, there will be

profits in production of that good, which implicitly represent rents to some fixed factor in

production. Total profits, (p), which are assumed to accrue to households, follow

8  p=(p- )X+ pY- Lo L

Finally, the government levies atax on all income at the rate t, in order to finance
government spending (G), which is assumed to consist entirely of transfers to households, and
is exogenously fixed. Thus, the household budget constraint is:
(9 (1t (L+p+G)= pX+ pY+M(Q)
where M(Q) represents medical care required, which is decreasing in Q and is produced
following M= L,,, The government’s budget constraint is
(10) G=t (L+p+G)+t X

Households maximize utility (1) subject to their time constraint (5) and budget
constraint (9), taking government transfers, prices, the labor tax rate, and the environmental
tax rate as given. Thisyieldsthefirst order conditions:
(1) Ue=pd iU =pl iU =(L-t,)
where | represents the marginal utility of income.

These first-order conditions, together with the other equations given thus far,

implicitly define the Marshallian demand functions:

(12)  X(px st psQ); Y(pe ot 1,P.Q); 1( Py Pyt L,P, Q)



Note that while G would ordinarily appear as an argument in these demand functions, because

G isfixed, it has been omitted.

Effects of Taxing the Polluting Good

Taking a derivative of utility with respect to the corrective tax (t ) while allowing I, X,

and Y to vary, substituting in the consumer first-order conditions, and dividing through by |

yield

1du _ dX dy ( ) d 19U dX
L

- — +(1-t )—
rat, P, TP d, | 1Qdt,

(13) o

X

Taking a derivative of the production equation for good X (3) with respect to t y,

allowing X and L, to vary, substituting in the equation for the price of X (6) and solving for

.
o, give

a, aedX 1R, dQQ
(14) dtx_( )th Qat, ,

and a similar approach for good Y yields

d., eadY 9F, dQ&

W & TP,

Taking a derivative of the household time constraint (5) with respect to t  while

alowing I, Ly, L,, X, and Y to vary gives

(0]
(16) dLx + dLy + dl ?TM ﬂ_S_ﬁ
dty dty dy efQ ﬂditx

Substituting (14) and (15) into (16), subtracting from (13), and collecting terms yield

19 )X A
I dt, 7 Pd, “dt

X

(17)

where t; is the Pigouvian tax level, equal to the marginal damage from emissions, including

the effects on production, utility, and health, given by
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Revenue raised by the tax on good X allows an offsetting cut in the labor tax rate.

(18) tp=

Taking atotal derivative of the government budget constraint while holding G constant,

d | d | d | dt | d | d
substituting in —=lﬁ+lﬁ+l—L+‘"— D ﬂ——Q and rearranging give
d, fp,at, fp,dt, 9t d, 9Tpdt, ‘Hth

an equation for the change in the labor tax rate:

dx _ @fl dp, T dp S = flodp 8, 9l 6dQ

A I d, T g S Tpedt, STO T0adt,
} N
(L+p +G) tL‘ITtL

X+t

at
19 L=
(19) p”

Theratio of the numerator to the denominator is the ratio of the margina revenue from the

tax on good X to the marginal revenue from the labor tax.

Define
¢
(20) z= L
L+p+G)-t —
(L+p+G)- T

Thisisthe efficiency cost of raising an additional dollar of labor tax revenue when
revenue is not returned to households, or the marginal cost of public funds (MCPF) minus
one. The numerator istherefore the margina deadweight loss in the labor market, while
the denominator isthe marginal revenue from a change in the tax rate.®

Z appliesin the case in which revenue is not returned to households, because it does
not include an income effect from increased transfers to households. The corresponding
term that does include this income effect is the partial equilibrium marginal excess burden

(MEB) of the labor tax, given by:

¢ 12
1) ze= it -
(L+p +G) t ﬂt_

® Thisis a*“non-environmental” definition of the MCPF; it omits the effects of changesin environmental
quality and environmental tax revenue that would result from a change in the labor tax.



where the superscript “C” denotes a compensated derivative.

d | d | d [ dt, | d | d
Substituting —:lﬁ+lﬁ+l ﬂ _p ﬂ——Q along with

dt, 9p,d, Tp dt, ‘ﬂtLdtx fpdt, 9fQdt,
equations (19), (20) and (21) into (17) and collecting terms gives an expression for the

welfare effect of the tax on good X:

22 29 () Kt EE gz,
Lat, " dt, g thx,; “ o,
%/_/ %,—/
G dWFR dw!
el ap, .0 e de 1 dp ‘ﬂl dQu adp S dQ ¢
- (1+ 2)t - L+ - U+ Zt o - — —= &
W2t Sa, % a, pa, 10w,y AGa, 0,

VE

This expression decomposes the welfare effect into the three components described in
the prior literature: the primary welfare effect, (dW" ), the revenue-recycling effect, (dW~) and
the (cost-side) tax-interaction effect (dW'), plus an additional term, the benefit-side tax-
interaction effect (dW'®). The primary welfare effect is the effect of the tax on the pollution
externality, equal to the wedge between the social cost of emissions (the Pigouvian tax) and
the private cost (the tax on good X). The revenue-recycling effect is the efficiency gain from
using pollution tax revenue to reduce the labor tax rate, which equals Z times the marginal
pollution tax revenue.

Finally, the two tax-interaction effects result when the pollution tax alters households’
labor supply decisions, exacerbating or ameliorating the income tax distortion in the labor
market. For the cost-side tax-interaction effect dW' (which has been examined in previous
studies on this topic) the pollution tax drives up the costs of producing consumer goods,
lowering the real wage and discouraging labor supply.

The benefit-side tax-interaction effect dW'® expresses the impact of improved
environmental quality on labor supply decisions, through increased labor productivity or
improved consumer health. This term did not appear in previous studies, which assumed that
environmental quality entered only as a separable term in the utility function. This
assumption implied that environmental quality did not influence labor supply, and thus did

not create a tax interaction effect.



The effect dW' will vary substantially depending on what form the benefits of a
better environment take. If environmental quality affects production, then an improved
environment can result in lower prices for the affected consumption goods, raising the real
wage and encouraging labor supply. If environmental quality reduces time spent sick,
households will have more time available for work. On the other hand, if an improved
environment reduces medical expenses, households will have more disposable income and
therefore less need to work.

Each of the two tax-interaction effects is equal to the distortionary wedge in the labor
market (the income tax) times the change in labor supply resulting from the policy. Added
to thisisthe value of any gain or loss in labor tax revenue from the change in labor supply,
which equals the change in tax revenue times Z. Summing those elements for the change in
labor supply from the pollution tax gives the third term in (22), and a similar sum for the
change in labor supply from improved environmental quality gives the fourth term.

As has been repeatedly shown in the prior literature (see, for example, Parry (1995)),
if the polluting good is a relative complement to leisure (more complementary than the
average consumption good), then the cost of environmental regulation will be lower than if it
isarelative substitute for leisure. For simplicity, we consider the neutral assumption that
goods X and Y are equal net substitutes for leisure.® Given this assumption, the cost-side tax-

interaction effect can be expressed (see appendix for derivation) as
(23) dw'=2zx

and the benefit-side tax-interaction effect can be written (see appendix) as

dp
dt

'Zapx'tx)m"‘ I & &S ™Mo Z SudX
A

(24) dw®=-Zz41-t,) : 0 pYﬂQJr%_z-lé@ﬂTfﬂ_QEftLﬂ_QHdt_x

Together, these imply that the total effect of a pollution tax follows (substituting (23) and
(24) into (22))

% Some other papers on second-best environmental taxes (e.g., Bovenberg and van der Ploeg (1994) and
Bovenberg and de Mooij (1994)) make the assumptions that utility is homothetic and that it is weakly
separable between leisure and consumption. Together, those assumptions are sufficient to imply that all
goods are equal net substitutes for leisure.
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This indicates that the cost of a pollution tax (the first term) is equal to 1+Z times the primary
cost of the policy, afamiliar result from the prior literature. The total benefit equals the
primary benefit of the policy (the second term) plus the benefit-side tax-interaction effect
(the remaining terms).

The following sections examine the implications of each of the different effects of
environmental quality for the benefit-side tax-interaction effect, and therefore for the optimal

pollution tax and the potential benefits of pollution regulation.

B. Labor-Supply-Neutral Externality
This section assumes that environmental quality appears as a separable term in the
utility function, that it has no effect on either health or production, and that production

F, IF 1S 1™
exhibits constant returns to scale. Thus, in this case, LS LA = U and p al equa

10’ 1R’ 1Q" 1Q
zero. The prior literature has assumed benefits of this form because in this case changes in
environmental quality have no effect on labor supply, and therefore there is no benefit-side
tax-interaction effect. This can be seen by examining the third term in (25), which equals
zeroin this case.

Thus, the expression for the welfare effect of the pollution tax simplifies to

Edu_( t)o|x Zt%
I dt, 7 ", dt

(26)
Here, the costs of regulation are magnified by interaction with the tax system, but
there is no benefit-side interaction. Solving for the optimum pollution tax gives

tP

@) s

which is substantially less than the Pigouvian tax.
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C. Externality Affecting Production

This section assumes that environmental quality affects production of one or both

u vs
consumption goods, but has no direct effect on individuals' utility or health. Thus, m

ﬂQ ] ﬂ_Q L)
™ . . , , . . .
and % all equal zero. In this case, the benefits of pollution regulation will also interact with

the labor-market distortion, creating a benefit-side tax interaction in addition to the cost-side
tax interaction demonstrated by the prior literature. Using the assumption that there are no
utility or health effects gives a simplified expression for the effect of the pollution tax in this
case:

@) =D te) - 26 )2

In this case, improved environmental quality lowers the marginal production cost (and
therefore the price) for one or both consumption goods, increasing the real wage and
encouraging labor supply. Thus, the benefit-side tax-interaction effect produces an
additional gain, magnifying the benefits of the pollution tax to the same extent that the costs
are magnified. In this case, solving for the optimal pollution tax gives

Zq1-t L);t—p
(29) tx=tp +—dx—x
(1+2)—
dt X
When environmental quality has no effect on profits (rents) this expression reduces to
the Pigouvian tax level. Thus, aslong as changes in environmental quality have no effect on
profits, the formula for the optimal pollution tax is unchanged by interactions with the
distorted labor market.” In this case, both the costs and benefits of the policy are magnified
by the same amount. Hence, the optimal pollution tax is the Pigouvian tax, just asin the first-

best case.

"While the formulafor the optimal pollution tax in this case is the same with or without distortionary
taxation, equal to the marginal damage from pollution, the actual value for the optimal tax rate will
generaly be different, because the value of marginal damages will generally change when distortionary
taxation isintroduced.

11



Bovenberg and van der Ploeg (1994) achieve a similar result through a somewhat
different model. The results from this section generalize and extend their analysisin three
main respects. First, their analysis assumed that environmental quality affects all industries
equally. The model presented here allows environmental quality to have a different effect on
productivity in each industry, and demonstrates that the optimal pollution tax is the same asin
the first-best case even if the effect of pollution differs across industries.

Second, this model calculates not only the optimal pollution tax, but also the welfare
gain from implementing the optimal tax, showing that when environmental quality affects
production, the optimal tax is the same, but the potential gain from pollution regulation is
substantially greater than in the first-best case. Interaction with the tax system magnifies both
the benefits and the costs of pollution regulation to the same degree; each is equal to the
MCPF times its first-best level. The welfare gain from any given pollution tax, being equal to
the benefits minus the costs, is magnified to the same extent as benefits and costs. Thus, the
potential gain from pollution regulation in the second-best is equal to the M CPF times the
potential gain in afirst-best setting.

Third, this model allows for rents from production of one or both goods, and
demonstrates that the optimal pollution tax is the same as in the first-best case only if
environmental quality has no effect on producer rents. As can be seen from examining
equation (30), if increased environmental quality does increase rents, then the optimal
pollution tax will be lower than the Pigouvian level (note that the denominator of the second
term is negative).® Unlike increased labor productivity, increased profits represent a benefit
with no direct effect on labor supply. Asaresult, benefitsin the form of increased profits are
not magnified by tax interactions. Since the costs are still magnified, if any benefits comein
the form of increased rents, the optimal pollution tax will be less than the Pigouvian tax.’

Global climate change may well have effects of this kind-to the extent that global warming

8 Thisresult is similar to that found by Williams (1999) in the context of optimal tariffs on international
trade in atax-distorted economy.

 On the other hand, if improved environmental quality increases labor productivity but reduces rents (by

reducing the productivity of afixed factor such asland), the optimal second-best tax will exceed the
Pigouvian tax. It isdifficult to conceive of an example of such a case, however.

12



decreases the productivity of farmland, preventing climate change will preserve landowners

rents.

D. Externality with Health Effects

This section considers the case where environmental quality has health effects, but no

U 1k E
productivity or utility effects. Thus, in this case, LA 5% and 1R equal zero. For

Q' 1Q° Q
simplicity, this section also assumes that production exhibits constant returns to scale, so
p =0. Like productivity effects, health effects will influence labor supply decisions, and the
sign of the change in labor supply will depend on the particular form of the health effect.
Using the assumption that there are no utility or productivity effects gives a simplified

expression for the effect of the pollution tax in this case:

1du §€ &[S ﬂMOUdX
30) —— =gt,-t.)+2Zt, +2t z-7 0
0 o, =gt 5 (2 D55 g s

Examining this expression shows that if an improved environment results in lower
expenses for medical care, the benefit-side tax-interaction effect will reduce the benefit of
regulation, whereas if an improved environment allows individuals to lose less time to ilIness,
then the sign of the benefit-side tax-interaction effect is ambiguous and depends on the tax
rate and labor elasticities.

This result appears because both types of health damage cause an income effect.
Reducing either medical expenses or time lost to illness increases household disposable
income, causing increased consumption of leisure and exacerbating the labor market
distortion. An offsetting effect occurs when an improved environment reduces time lost to
illness because households have more time available for labor, thus generating a gain from
additional labor tax revenues.

Solving for the optimal pollution tax yields
(31) t;zﬁép-zu +(Z - z)gg %‘.”
which isless than the Pigouvian tax level. It may be more or less than the optimum tax in the

earlier case where environmental quality had a separable effect on utility—depending on

13



whether the sum of the second and third terms in the numerator is positive or negative-but
will likely be lower. If improved environmental quality results in decreased medical expenses,
then the optimal tax will be lower, whereas if it results in decreased time spent sick, the

optimal tax may be higher or lower.

S Z&ES MG
Combining both effects, if -t ﬂ—< gi —,cﬁ[—+‘"—2 then the optimal tax will be
Q Z&1Q My

lower than in the case when environmental quality had no effect on labor supply. Assuming
that the labor tax rateis 0.4, the MCPF is 1.11 (implying that Z=0.11), and the MEB is 0.3"
suggests that the optimal tax will be lower than when environmental quality doesn’t affect
labor supply if either type of health effect is present. Only if the MCPF is large relative to the
MEB (which will occur when the uncompensated labor supply elasticity is large compared to
the income elasticity of labor supply), and if the fraction of benefits that appear as reduced
medical costs are small relative to the gain from reduced time lost to sickness, will the optimal
tax be greater than when pollution doesn’t affect labor supply.

Table 1 summarizes the results from the last three sections, showing the marginal
benefits of regulation and the optimal level of the pollution tax for the different channels
through which pollution can affect welfare. It shows that the benefit-side tax-interaction
effect magnifies benefits that take the form of improved labor productivity (thus increasing
the optimal level of regulation) but diminishes benefits that take the form of improved health
(thus reducing the optimal level of regulation). These effects on the benefits of regulation
are of roughly the same magnitude as the effects on the costs of regulation addressed by the

prior literature.

E. Extending the Model to Allow Consumer Choicein Health Care
Thus far, we have assumed that consumers have no choice in their consumption of

medical care, which is determined only by the level of environmental quality. This section

19 An uncompensated labor supply €lasticity of 0.15 and an income elasticity of labor supply of —0.25,
together with alabor tax rate of 0.4 imply these values for the MCPF and MEB. These elasticities are
roughly consistent with those found by Fuchs, Krueger, and Poterba (1998) in a survey of labor
economists. A labor tax rate of 0.4 is a standard assumption in the literature, asin Browning (1987).

14



expands the previous model, allowing consumers to choose their medical spending, and
adding consumer health as an argument in the utility function. In this extended model, the
sign of the benefit-side tax-interaction effect is somewhat smaller, but its sign stays the same.
For simplicity, this section will assume that the only effect of environmental quality is
on individual health. Therefore, environmental quality will not appear directly in the utility
or production functions. In the extended model presented in this section, utility directly
depends on health. Thus, equation (1) becomes™
1) u(v(, XY)H)
where H is consumer health, which is assumed to be weakly separable from leisure and
consumption.” Health is determined by the level of environmental quality and by individual
spending on medical care. Thus
(32) H=H(MQ)
which is continuous, quasi-concave, and increasing in both M and Q. M is now chosen by the
consumer, rather than being a function of environmental quality asin the earlier model. For
simplicity, all production is assumed to exhibit constant returns to scale, which implies that
there are no rents.
In this extended model, the cost-side tax-interaction effect is unchanged. The

benefit-side tax-interaction effect can now be expressed (see appendix for derivation) as

MM d

Making the same assumption as before, that both consumption goods are equal

substitutes for leisure, implies that the total effect of a pollution tax can be approximated as

" Throughout this section, each equation that replaces a corresponding equation from the earlier mode! will
denoted by the number of the equation it replaces and aprime (*). Thus, equation (1') replaces equation (1)
in this extended model.

12 For the same reasons as in the case where environmental quality appearsin the utility function, the
benefit-side tax-interaction effect would differ if health appeared as anon-separableterm. Thereisno
obvious reason why one would expect good health to favor consumption over leisure or vice-versa. Thus,
the separability assumption here represents a reasonable central case. Furthermore, if health were not
weakly separablein utility, then it would be optimal for the government to tax (if health isaleisure
complement) or subsidize (if health is aleisure substitute) medical care.

15
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Asin the previous model, where individuals had no choice in their consumption of
medical care, the benefit-side tax-interaction effect reduces the benefit of a cleaner
environment. When individuals can choose how much medical care they consume, the effects
of acleaner environment will appear in two ways: improved health and reduced medical
expenses. The effect on leisure demand and the consequent benefit-side tax-interaction
effect will simply combine the effects of improved health and reduced medical expenses on
leisure demand.

So long as health enters as a weakly separable term in the utility function, improved
health will not affect the labor/leisure choice and therefore will not create a benefit-side tax-
interaction effect. Reduced medical spending, however, does affect leisure demand. Asin the
previous model, reduced medical spending raises household disposable income, resulting in
increased demand for leisure. Thus, to the extent that improved environmental quality results
in reduced medical spending®, the benefit-side tax-interaction effect will be negative, and
therefore the benefits of a given environmental tax will be lower.

The magnitude of the benefit-side tax-interaction effect in this case is smaller than in
the earlier case where consumers had no choice in their consumption of health care, because
in this case consumers take part of the benefit of improved environmental quality in the form
of improved health. Thus, a given environmental improvement produces a smaller reduction
in health care expenditure and consequently a smaller benefit-side tax-interaction effect.

Still, the concept behind the benefit-side tax-interaction, and the sign of the effect remain the

same.
Solving for the optimal pollution tax in this extended model yields
. 1 M M u
@) ==L §, - F Mo
142§ AT 18

13 Note that the benefit-side tax-interaction effect could be positivein this case if the effect of improved
environmental quality were to increase health care expenditure. This seems unlikely, and thus such acaseis
not considered here.
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As would be expected, the negative benefit-side tax-interaction effect again leads to
an optimal pollution tax that is below the optimal tax if environmental quality were to appear

as a separable term in the utility function, and is well below the Pigouvian level.

[11. Conclusions

Prior research has shown that interactions with a tax-distorted labor market can
significantly magnify the costs of pollution regulation, and that the extent to which those
costs are magnified will depend on the regulatory instrument used. This paper demonstrates
that a similar principle holds on the benefit side. The benefit-side tax interaction effect can
magnify or diminish the benefits of reduced pollution, with the effect depending on just what
form such benefits take. This effect is potentially very important; it can alter the benefits of
environmental regulation to as great an extent as the second-best effects noted by the prior
literature change the costs of regulation.

When the benefits of regulation do not affect labor supply—the case typically
considered in the prior literature—such benefits are neither magnified nor diminished by
interactions with a distorted labor market. Since these interactions do magnify the costs of
regulation, the potential benefit from regulation is lower than in the first-best case, asisthe
optimal level of regulation.

In contrast, when the benefit from reduced pollution is to increase production
efficiency in one or more industries, the benefit-side tax interaction can substantially magnify
the benefits of pollution regulation. This gain depends on what proportion of the increased
efficiency appears as increased labor productivity, and what proportion appears as increased
profits (rents to an implicit fixed factor). If the entire benefit comes in the form of increased
labor productivity, then the benefits are magnified to the same extent as the costs of
regulation. Thus, the optimal pollution tax is the same as in the first-best case, and the
potential net welfare gain from regulation is substantially increased.

If, on the other hand, the entire benefit comes in the form of increased rents, then
there is no benefit-side tax interaction, just as in the case in which environmental quality does

not affect labor supply. Thus, the optimal pollution tax and the net gain from imposing that
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tax will be lower than they would be in the first-best case. A large portion of the benefits of
preventing global climate change might fall into this category, preserving the value of
agricultural land, but having little effect on labor productivity.

When pollution affects health, the sign of the benefit-side interaction depends on
whether the gain from reduced pollution appears as reduced medical costs, fewer lost work
days, or some combination of the two. Interactions with the distorted labor market diminish
the benefit of reducing medical costs, but have an ambiguous effect on the benefit of
reducing time lost to illness. Estimates of labor elasticities suggest that the optimal pollution
tax in a case with both health effects will be lower than when the environmental quality
doesn’t affect labor supply, and will be dramatically lower than in the first-best case, because
in this case interactions with the tax system magnify the policy’ s costs while diminishing its
benefits.

While this model focuses only on the case of environmental regulation, the insight it
provides is more general. The benefit-side tax-interaction effect depends not on the particular
type of regulation, but on the labor-supply effects of improved health or productivity. Thus,
this effect should apply equally to a broad range of other policies that affect health or
productivity, such as occupational health and safety rules or subsidies for research and
development.

Calculating the magnitude of these benefit-side tax interactions for the regulation of a
particular pollutant should not be too difficult. The necessary parameter values-the
proportion of damages coming from each of the several possible channels—are typically
produced as intermediate steps in empirical studies that value pollution damages.

These benefit-side interactions can have just as great an effect as the cost-side
interactions considered by prior work. Future studies, both of environmental regulation and
of other regulations affecting health and productivity, should consider the benefit-side tax
interactions as well as the cost-side tax interactions in estimating the optimal level of
regulation and the potential gains from such regulation. Studies that fail to consider these

second-best effects could prove to be substantially misleading.
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Tablel
Significance of Alternative Benefit Channelsfor the Effects of Regulation
(all values expressed as a percentage of the first-best level)

Marginal Benefits

Effect of Pollution of Regulation Optimal
(at any given level Pollution Tax
of regulation)

Labor-Supply Neutral
(case considered by 100% 90%
prior literature)

Reduced L abor 111% 100%
Productivity
Reduced Fixed-Factor 93% 84%
Productivity
Increased Medical 81% 73%
Expenses
Increased Time 93% 84%

Lost to IlIness

Assumptions:;
Z (marginal cost of public funds minus one) = 0.11

Z' (marginal excess burden) = 0.3

t, (pre-existing labor tax rate) = 0.4

Note: These parameter assumptions imply that the marginal cost of regulationin all casesis

111% of the marginal cost in the first-best case.
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Appendix
Derivation of Equation (23)

The expression for the (cost-side) tax-interaction effect from equation (22) is:

1
Al) dW'=(1+2)t, —
(A1) 1+2) n

Substituting in the definition of the MCPF (20) yields

1l
(A2) dW'=Z(L+p+G)%
t,
The Slutsky equation gives
C
foe T T
and
L (S (e
(A4) o ‘ﬂI(T | +p)

where | is after-tax non-labor income.

Taking atotal differential of the household utility function (1), holding the levels of utility
and of environmental quality constant and substituting in the consumer first-order conditions
(11) yield

me_ 1 e X p Y
T,  T(@-t) -t 1(-t) 1-t,9@-t)

(AS5)

The Slutsky symmetry property gives

C C
(A6) ﬂ :L and
™ 1(1-t,)
(] C
(A7) nw__w
w® 1(1-t)

and the assumption that X and Y are equal substitutes for leisure implies that

™o (1-t.) v (1-t))

(A9) ﬂ(1' t L) X B ﬂ(l' t L) Y

Substituting equations (A4) through (A8) into (A3) and collecting terms yields

A-1
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Iy, Mt L+p+G

Substituting (A9) into (A2) yields (23).

(A9)

Derivation of Equation (24)

The expression for the benefit-side tax-interaction effect from equation (22) is:

I8 €Ml agp, 6 fl dp, Tl dp I dQu a&dp 7S dQ¢
Al10) dW®=-(1+Z)t é— - lot— — a+ Zt, -—_——
(A10) Azl sa, S ma, a0, M, 1o,

The same steps used to derive (A9) can be repeated for good Y to yield

(All) ﬂ_l =lIL
fp, Mt L+p+G

Taking atotal derivative of the production function for good X (3), substituting in the

equation for the price of X (6) and rearranging yield

(A12) (px‘tx)dxzdl—x"'(px‘t ) XdQ

fiQ
and the same approach for good Y gives
(A13) p,dY=dL,+ pYL dQ
1Q
Taking atotal derivative of profits (8) and substituting in (A12) and (A13) give
ﬂF
(A14) dp = X(dpy - ck )+Yol|oY+§|ox e .HQLJdQ

Because the productivity effects of Q on | are already accounted for by the py, p, and p
I
terms, the partial derivative ‘ﬂ% represents only the health effects. These affect demand by

reducing the income available for leisure and the two consumption goods. Thus,

a5 o Mgy RN My

1o W& V1o ol
| represents after-tax income, while p is pre-tax profits, so

T 1
(A16) T =(1-t )‘"I

Substituting (A9), (A11), (A14), (A15) and (A16) into (A10) and collecting terms yields
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Al17) dW'®=-7Z[(1-t - —_— 4 —
(ALD) ( )dt g 0P 1o, 4 o,
'ns ‘ﬂMudQ dp
1+2)t, —id1-t, )2y
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Substituting the definitions of the MCPF and MEB (20) and (21) into (A4) and rearranging
yield

(A18) Z'-Z=(1+2Z)t L%'

Substituting (A18) into (A17) and rearranging yield equation (24).

Derivation of Equation (24')
Following a similar approach to that used in the original model, we can obtain the

same result as equation (17) for the effect of the pollution tax, though in this case, the

Pigouvian tax level t is given by

_1YUqH

(A19) t, =1 ©

dl I d I d | dt | d I d
Subst|tut|ng_:lﬁ+lﬁ+l_l-+ﬂ__p ﬂ__Q a]ongW|th
dad, fp,a, Tpdt, qt d, Tpdt, qQdt

equations (19), (20) and (21) into (17), using dpy = dt ,, dp, =0, and dp =0 (which are
implied by the assumptions that environmental quality does not affect productivity and that
production exhibits constant returns to scale) and collecting terms gives an expression for the

welfare effect of the tax on good X:

1du dx ® d ﬂl dQ 1S dQ

A20) —— =(ty-tp)— +ZcX+t = (1+2Z)t ——l )t —_— A —=—

( ) | d,[>< (x P)dtx g dtx ( ) ﬂpx ( ) ﬂth L1Tth><
dw? dwr aw! dw'™®

which, not surprisingly, is again very similar to the same expression from the original model,
though the benefit-side tax-interaction effect term is greatly simplified by the assumption that
environmental quality does not affect productivity. The expression for the benefit-side tax-

interaction effect from equation (A20) can be rewritten as:



1l

(A21) dW"®=-Z(L+p +G)—= 1Q ;Q

ﬂt L

X

The change in spending on X, Y, and | for a change in | will equal

1l

(A22) (1-t )ﬁ+(1+t )'IIX v, M

m 1 bl
For achange in Q that change will be

(A23) (1-t )'"| +(1+t )ﬂx _ M

“1Q Q 1Q 1Q
Weak separability of health in the utility function implies that leisure demand is
determined solely by the relative prices of I, X, and Y (which are not affected by changesin

Q) and by the amount spent on those goods. Together with (A22) and (A23), thisimplies

1l 1 ™M d ™

29 30 ﬂlgi 7 10

Substituting (A24) into (A21) and rearranging using (A18) yields equation (24')



