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Cap and Trade Paliciesin the Presence of
Monopoly and Distortionary Taxation

Abstract

We extend asmple andytical generd equilibrium modd of environmenta policy with pre-exising
labor tax digtortions to include pre-existing monopoly power aswel. We solve for the endogenous net
wage rate, labor supply, and monopoly profits as functions of exogenous parameters and the
environmenta policy shock. We use plausible parameter valuesto cdculate the interactions of the three
gmultaneous market failures: pollution, taxes, and monopoly.

We confirm prior results that the extent of profits taxation affects whether environmenta policy
can improve wefare a al, even with uncorrected pollution. Thisresult till holds with monopoly power.

However, the existence of monopoly has two offsetting effects on welfare. First, the environmenta
policy reduces monopoly profits, and the negative effect on income increases labor supply in away thet
partidly offsets the pre-existing labor supply distortion. Second, environmental policy raises prices
further, so interaction with the pre-existing monopoly distortion further exacerbates the labor supply
digtortion. Thus monopoly power means that the income effect of capturing the scarcity rents from the
emissons redriction is less important, but the price effect of higher output prices on the redl net wage
IS more important.

This second effect is larger, for reasonable parameter vaues, so the existence of monopoly

reduces the welfare gain (or increases the loss) from environmenta restrictions.

Don Fullerton Gilbert E. Metcaf
Department of Economics Department of Economics
Univerdty of Texasa Audin Tufts Universty

Audtin, TX 78712 Medford, MA 02155

and NBER and NBER



The Clear Air Act of 1990 introduced cap and trade policies on alarge scae for the eectric
utility industry in the United States. The god of the tradable alowance program for sulfur dioxide (SO»)
emissionsis to reduce emissions by 10 million tons below 1980 levels by 2008.* That god isto be met
through a two-step phased reduction in emissions. Phase | ran from 1995 through 1999 and phase 11
began in 2000. Allowances are given to dectric utilities on the basis of higtoric emissons. Giving away
alowances, rather than sdling them, was a politica expedient that helped generate sufficient support for
the allowances program that it could get off the ground. Economigts have long noted the ditributiona
implications of giving away alowances, more recently, economists have noted the efficiency implications
of giving them away in the presence of pre-existing tax distortions? For example, Bovenberg and
Goulder [7] cdculate that if margind environmental damages from carbon emissions are only $25 per
ton, then the optima carbon tax with revenues returned lump-sum is negative (their Table 2, p. 992).

In other words, no carbon tax is better than a postive carbon tax. Allowances given to firmsis
conceptudly equivadent to atax with revenues returned lump-sum, o their resullts suggest thet sufficiently
low environmental damages mean that the alowance program is welfare reducing.

In this paper, we contribute to this literature in two ways. Fird, we extend a smple andytic
generd equilibrium modd with environmenta policy and pre-exigting labor tax disortionsto alow dso
for monopoly production of a polluting good. The dectric generating industry has many characterigtics
of monopoly power. A recent report by the U.S. Department of Energy (Office of Policy [22]) notes
that many dectricity markets are highly concentrated and that the restructuring of eectricity markets
raises the possibility of increased market power. In an article describing this report, the Wall Street
Journal sated: “ Secretary of Energy Bill Richardson said he has * strong evidence' that some utilities
are using near-monopoly power to raise dectric rates far beyond competitive levels’ (Fidka [15], p.
A4). Previouswork in this area has assumed that firms operate in perfectly competitive markets. An
important theoreticd and empirical question is how the existence of market power affects the optima
design of environmentd policy in the presence of digtortionary taxation.

Second, we provide numericd caculations of the impact of pollution restrictions, both for a

'See Schmaensee et d. [30] for adiscussion of the characteristics of the emissonstrading market. The
program aso put limits on nitrous oxide (NO,) emissons.

? See for example, Bovenberg and Goulder [7], Parry [24], Goulder et . [19], and Fullerton and
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competitively-produced good and for a monopoly-produced good associated with pollution. An
example of such a redriction on emissons is the introduction of permits under the Clean Air Act
Amendments of 1990, but the modd is general enough to represent different kinds of policies toward
any pollutant in any country. Because dl producers are identica in our mode, acommand and control
(CAC) redtriction on emissions is equivaent to a cgp-and-trade permit policy. And because of perfect
certainty, government capture of scarcity rents from ether such quantity restriction is equivadent to atax
on pollution. Intermediate cases are dso possible: handout of haf the permitsis equivaent to a pollution
tax with half of the revenue returned lump sum.

Whereas Pigou [26] suggests atax on pollution equa to socid margind damages, Buchanan
[11] fird notes that this prescription must be modified when the producer is a monopolist. Buchanan
shows that the desired policy responsein the case of amonopoly isto increase output, while the desired
poalicy in the case of pollution isto decrease output. Thus, with a pollution-generating monopolist, one
cannot tell a priori if atax isdedrableat dl. Asch and Seneca[1] identify conditions under which the
imposition of a pollution tax equd to socid margind damages would increese or decrease welfare, again
in the specid case of linear demand and cogt. In addition, they provide some data from the 1970s to
show that a substantiad number of industries have marked monopoly power and are Sgnificant sources
of pallution. Misiolek [21] extended Asch and Senecals andysis by deriving the formulafor the optimal
tax rate on pollution for the specid case of linear demand and cost. When the socidly-€fficient output
is below the monopoly output, the optimal tax equals socid margind damage less aterm equd to the
ratio of socid margind dameage to the price dadticity of demand. Barnett [3] derives an optimd tax rule
that does not impose linearity and aso dlows for pollution abatement activities.

All of these modds are partid equilibrium and ignore the impact of pollution taxes on factor
markets. They dso ignore the possibility of pre-exigting distortionary taxesin other markets. Browning
[9] shows that because monopoly power raises prices, it reduces the real net wage and exacerbates
labor tax digtortions. Then Browning [10] shows that because taxes raise prices relative to the wage,
they enlarge the welfare cost of monopoly. While Browning consders the interaction of monopoly
power and taxes, other papers condder the interaction of environmental policy and taxes (see

Bovenberg and de Mooij [6], Parry [23], and other papers mentioned in footnote 2 above). Thus, a

Metcalf [18].
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contribution of our paper isthat we congder dl three distortions smultaneoudy in a generd equilibrium
mode that can be solved anaytically.

In prior competitive models where environmenta policy generates scarcity rents (Fullerton and
Metcaf [18]), the extent of government capture of those rents affects whether environmenta policy can
improve welfare at dl. However, that prior paper does not consider monopoly power, and it does not
include any parameter vaues or numerica magnitudes. Here, we find that the rate of profits taxetion is
equally important with monopoly power. However, the exisience of monopoly has two offsetting effects
onwdfare. Frg, the environmenta policy reduces monopoly profits. The resulting negative effect on
income increases labor supply, which partidly offsets the pre-existing labor supply distortion.  Second,
both monopoly and environmenta policy raise prices and thus reduces the red net wage, so interaction
between them exacerbates the labor supply distortion. Thus, monopoly power means that the income
effect of capturing the scarcity rents isless important, but the price effect of higher output prices on the
red net wage is more important. The relative magnitudes of these two offsetting effects can only be
determined numericaly. When we add parameter vaues and cdculate the Size of each effect, we find
that this second effect islarger. For reasonable parameter values, the existence of monopoly reduces
the welfare gain (or increases the loss) from environmental restrictions,

Next, in Section |, we sketch out the generd equilibrium modd used in our andyds. Our initid
model assumes perfectly competitive firms. In Section 11, we provide some numerica results from a
specid case of our mode in which the pollution to output retio for the dirty good isfixed. Section Il
then relaxes that assumption and alows for substitution between a clean and dirty input in production.

In section 1V, we extend the modd to alow for monopoly production of the dirty good. Section V

concludes.

I. TheModel

We develop asmple generd equilibrium modd with N identicd individuads who own asngle
resource and sdll it in the market to earn income that can be used to buy two different goods. One of
the goods is a "clean” good and the other is a "dirty" good (thet is, one for which pollution is a by-
product of the production process).

This gatic modd congders only one time period, with no saving decison. For smplicity we

refer to the resource as time available for labor supply, but under some conditionsit can be interpreted
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more generdly as afixed tota amount of labor, capitd, land, and any other resource that can be sold
in the market (in amount L) or used a home (in amount Ly). The resource kept at home could be
interpreted ether as leisure or as a resource used in home production. We assume perfect certainty, no
transactions costs, and constant returns to scale production.®

Each individua recaives utility from per-cgpita amounts of a nonpolluting good (X), apolluting
good (Y), and leisure (L), and from the total amounts of a government-provided nonrival public good
(G), and another nonriva public good cdled environmentd qudity (E). The per-capitaamount Y is
produced using per-cgpita amounts of labor (Ly) and of emissons (Z). Totd emissons (NZ) negatively
affect the environment through:

) E=eNZ), where eN <O0.

Goods are produced according to:

(Za) X= Lx
(2b) Y =KLy, 2)
(ZC) G= NLG

Weddfineaunit of X asthe amount that can be produced usng one unit of labor. The numeraire good
is L, or equivdently X. The commodity Y isproduced in acongtant returns to scae function (F), using
clean labor (Ly) and emissions (Z). Emissions may include gaseous, liquid, or solid wastes that require
some private costs for remova and disposal.  These private costs must comein the form of resources,

s0 we define one unit of emissions as the amount that requires one unit of private resources (Z = Lz).*

% Other modedls have andlyzed uncertainty (Weitzman [36]), monitoring and enforcement costs (Russdll
[29]), and transactions costs (Stavins[32]). Thelarge literature on such moddsisreviewed in Bohm
and Russl| [5]. Condant returnsto scalein our modd meansthet dl firmsareidenticd, but if abatement
codswereto differ Sgnificantly among firmswith different technologies, and if regulators have imperfect
information about these differences, then imperfect CAC policies can be Six to ten times as expensve
as the minimum abatement cost made possible by incentive-based policies like taxes or permits (see
Atkinson and Lewis[2], Seskin et d. [31], and other studies surveyed in Cropper and Oates [13]).

“*Note thet emissions are positively rdated to the use of these resources: L, isnot to clean up or reduce
emissons, but just to cart it avay. Abatement is undertaken by subgtituting avay from Z andinto L.
Thisoverdl production function is il congtant returnsto scale, ance Z isalinear functionof L. The
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Thus, the private cost of Z isadways 1. We define a unit of Y such that the margind cost of
production equas 1. Findly, somelabor (L) isaso used to produce the public good. The combination

of these production relationships provides the overal resource congraint:

3 NL=NX+N(Ly+Ly)+G.
Individuds maximize
4) a=UX,Y, Ly G E)+DO{(1-t)L + (1-t7)0 - X - pyY}

by their choiceof X, Y, and Ly, where t_ isthetax rate on resource (Iabor) supply, toisthetax rate
on profits, and O are profits. Economic profits can arise from two sourcesin thismodd. Firg, the cap
and trade program provides scarcity rents for firms that receive permits (equa to the market value of
the permits received). Second, profitswill ariseif Y isproduced by amonopalist. In thissection, we
focus on profits arising from the cap and trade program. Later we introduce monopoly production and
profits.

Our gpproach isto gart at an initia competitive equilibrium with an existing tax on labor, but
without any policy correction for the externd effect of Z on E, and then to analyze smdl changes.
Following the log-linearization approach used by Bovenberg and de Mooij [6], Fullerton and Metcaf
[18], and others, we differentiate al equations above and re-express them in terms of proportiona
chang&(li ° dL/L). Wethen solve for the change in utility, dU, divideby |  to expressit in dollars,

and divideby L to get thedallar gain or loss as afraction of income:

private cogt for emissions helps judtify our assumption of an interna solution with afinite choice for Z,
even without corrective government policy.
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where m=-NUgedl isthe“socd margind damage’ from pollution. A new environmenta regulation
can be represented by a smal exogenous reduction in pollution (2 <0). We then need to solve for the
endogenous change in labor supply. Oncewe have L, equation (5) saysthat welfare s lowered to the
extent that this policy reduces labor supply (because of the pre-existing tax on labor, t). Also, welfare
Is raised to the extent that the policy reduces pollution.

Next, in order to derive an expresson for the changein labor supply, L, we need to trace the
effect of the policy (2 <0) on the price of emissons, the price of output, and thus on the red net wage.
We dso trace the effect of the policy on income flows that might affect labor supply. These income
effects include the possibility that the policy generates private profits.

Any policy toreduce Z will raisethe margind product of Z aboveits private cog. Inthe case
of the Clean Air Act, the limited number of permits are handed out for free (on the basis of historic
energy use). Thusthe scarcity rent goes to the permit recipient. These permits can be used to yield a
margind product greeter than the private cost of emissions, or they can be sold. Either way, the policy
has generated a private profit. We define these profits as:

(6) 0 =(pz-1)Z

Therulesfor theinitid alocation of these permits does not metter in our model, because our N identicdl
agents must own whatever firm or other entity is given the permits. The price p, in equation (6) isthe
margina vaue of emissons, and the private cost of emissonsis 1, so (p; — 1) isthe market price of the
tradable alowance® Note that while the profits are initialy given to the firms, they can be recovered by
the government through taxation (t;). As seen beow, the tax rate on profits will be an important policy
instrument.

We dart at a competitive equilibrium with no environmental policy and zero profits. Thus, p;

> Current prices for SO, alowances at the end of 1999 were roughly $150 per ton of emissions. See
U.S. Environmenta Protection Agency [35]. If instead of creeating restrictions through a cgp and trade
program, the government Ssmply restricted emissions, then p, would be a shadow price rather than a
market price.
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=1, and O inequation (6) is zero. When we introduce a new policy to restrict emissons, any
generated profits might affect consumer behavior and government revenue.

The government budget condraint is:
() G=NtL + N0

The environmentd policy affects labor supply and profits, so it dso affects government revenue. In order
to hold spending on G congtant, we assume that government adjugts the labor tax to baance the
budget. We differentiate the government budget (7) and set dG=0 to caculate the necessary change
in t.. For notationa convenience, it is expressed below as a proportion of the net wage
(t °dt, /(1-t)).

Weset ty to 1 for any case where government receives the scarcity rent, such asfor sde of
permits, and we set it to zero for the other extreme where private parties keep the rents. This
specification dso dlows usto consider the case where a pre-existing corporate profits tax rate would
take part of the firm's private profits. We do not adjust this tax rate endogenoudy to hep maintain the
necessary revenueto pay for G, but its existence greetly affects the amount by which the labor tax might
have to be adjusted. Suppose, for example, that a permit or CAC policy generates profits but also
reduces labor supply and thus labor tax revenue. If the tax on profitsis zero, then the government has
to raise the labor tax rate and exacerbate labor supply digtortions. If t; equas 1, then the government
may be able to reduce the labor tax rate.

To obtain specific effects on labor supply, we assume that utility is separable in theform U =
UV{Q(X,Y),Lu}, G, E), where Q isahomothetic functionof X and Y. If pg isapriceindex on

Q(X,Y), then the real net wage is w = (1-t)/po. Differentiation yidds W=-t, - P, .- Also,

P, =P, ,where f isthe expenditure share of the dirty good in the consumer=s budget, so:
) W =- f|_ -fpy

The consumer’s maximization of (4) yields alabor supply function that can be written asL =
L(w, (1-t5)U/pg). If profits were dways zero, then L depends only on the red net wage, and

differentictionyidds L =eW, where O isthe uncompensated labor supply eadticity. However, labor
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supply aso depends on income effects from the change in red net profits. We differentiate dl equations
to show how the emission redtriction raises the vaue of emissons pz, which affects profits and raises

the price of output. Thisraises p,, which lowersthered net wage w, which affects labor supply L.

For the competitive modd, Fullerton and Metcaf [18] condder aspecid case where the output
Y itsdf generates externdlities either in production or in consumption. In other words, they assume

Y=Z (and Ly=0).° Thus Y =Z,and p, =, . Inthiscase, they show that:

. } (L-t)f (6-4) 0
g (= (-t . —vyY ° (1-t5)AY
®) T AR TR AR

where O istheincome dadticity of labor supply, and g isthe dadticity of substitution between X
and Y inconsumption. This equation provides L asafunction only of exogenous parameters and the
policy shock.

Therdtio in braces (denoted [1) will be pogtiveif the following three assumptions hold: leisure
isanorma good ([J<0); labor supply is not backward-bending (12 0); and O < (1-t.)/t.. Weassume
these three conditions hold throughout.” Thus, labor supply movesin the same direction as production
of the dirty good (\? ) when the cap and trade program is implemented.

In addition, equation (9) shows the importance of to. If government acquiresal the rents for
usein reducing labor tax rates (that is, if tn = 1), then the policy will not affect labor supply and will not
exacerbate [abor tax digortions. Otherwise, labor supply will fal.

Il. Results With Fixed Pollution Per Unit Output

Before continuing the derivations for the generd case with varigble emissons, we pause to

®Examples include gasoline, and cigarettes, where the environmental problem is not from one of the
inputs to production, but from the use of the find product. For these two examples, it is easy to see how
amandated reduction of every firm's output could generate private profits!

"The third condiition will be satisfied if the initiad point is on the norma side of the Laffer curve. Define
revenueas R = Lt,_, totdly differentiate, and rearrange to get R/ t.=@Q-t)/t.-e.
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provide some numerical resuilts for the special case with fixed emissions, where Y =Z. We substitute
equation (9) into (5) to obtain the welfare impact:

] - oY N
(10) — = t(Q-te)A-T¢—yY © -gY
€ [ e %

Utility increases only if the codt of the larger labor supply distortion (t(1-t5)0) islessthan the benefits
from reducing pollution (CJY/L). Since Y is negdive, the agn of [ indicates the net effect on
wefare.

Congder plausible magnitudes for the various parametersin (10). For t., wewant atax rate
that gpplies to income from dl household resources (that is, nationd income). Tota government
gpending inthe U.S. isroughly 35% of nationa income, but incentives depend on amargind tax rate thet
exceeds this average tax rate. Wefed that t, = 0.5 would be areasonable choice to account for the
progressive federa income tax, plus payroll tax, plus state and loca income taxes, plus sales and excise
taxes. All of these taxes gpply to market goods and not to leisure. However, we actudly use t. = 0.4,

because the rate in our modd is both an average rate and a margind rate®

For the uncompensated labor supply dasticity [, we need a single value to represent an
aggregate of al potentid workers and al |abor supply effects from changesin wages. Asdiscussed in
Rosen [27], these effects include not only hours worked, but aso participation decisions and effort on
thejob. Thus, thetypicd hours dadticity likdy understates the overdl impact of changesin thered net
wage. The literature includes many estimates of the hours dagticity that are small or negative for men,
and other esimates that are large and positive for women.® These estimates do not indlude participation
decisons. Few have attempted to aggregate and summarize dl such effectsinto one number. One such
atempt isin Russek [28]. Taking into account both hours and participation, usng many exiding estimates
for both men and women, he condludes that "the total wage dadticity for the labor supply of the economy

8An overdl labor tax rate of 0.4 has become a standard assumption in the literature on margina excess
burden, including Stuart [33] and Browning [§].

®In aquestionnaire sent to labor economists, Fuchs et d. [17] find that the mean belief is that the hours
eadticity is zero for men and 0.45 for women.
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seems to range somewhere between zero and 0.3" (p.10).° In this study, we employ both 0.1 and
0.3 as reasonable dternatives for the overal uncompensated wage dadticity ().
Russek [28] dso finds that the aggregate income dadticity isabout -0.30 for women and about
-0.10 for men. Weuse -0.2 for the aggregate income dadticity ([7), so the compensated labor supply
dadicity (J-0) is ether 0.3 or 0.5. Note, by the way, that CAC or permit policeswill till affect
non-environmental welfare, evenif [ were 0O, because profits have an income effect that reduce |abor
supply and thus still exacerbate pre-existing distortions.

Esimates for the eadticity of subgtitution in consumption, [, are not available for the specific
aggregation in our modd between a"clean” good X and a"dirty” good Y. We choose abase vdue
of 1.0, whichisbroadly congstent with the empirica literature on substitution in consumption, and we
test the sengitivity of resultsto dternative values™

For f, wewant an aggregate expenditure share for al goods with externditiesin production or
consumption. Based on 1993 datain the Satistical Abstract of the United States [34], the indudtries
most respongible for pollution include chemica and paper producers, mining and primary metas, eectric
utilities, petroleum and coa production and processing, and motor vehicles and equipment. Totd
production by those industries constitutes amost 15% of GDP, sowe use 0.15 for Y/L.* Since f

isdefined as py YA L(1-t)}, and ance t. =04, wemus have f = 1/4. In other words, these polluting
goods are primarily private goods, S0 15% of tota output represents a quarter of private consumption.

Findly, we need a measure of margind environmental damage ([J). Pearce and Turner [25]

19 Feldstein [14] points out other behaviora aternatives to taxable labor supply, and he finds that the
relevant dadticity is at least 1.0 and could be higher.

For the next section, we also need an dadticity of substitution in production, Cy. Again this parameter
has not been estimated for our particular aggregation into two inputs. Caddy [12] and Hamermesh [20]

provide extensive surveys of measured eadticities of subgtitution between capital and labor, and they
each conclude that avaue of 1 isreasonable. Berndt and Wood [4] and others esimate trandog KLEM

production functions (for capitd, labor, energy, and materias). We cannot use al of these cross-price
eadticities directly in our mode, because our firgt input is resources (which includes both labor and

cgpitd), and our other input is emissions (which is not the same as energy). Again we fed thisliterature
Is broadly congagtent with a unitary dadticity of subgtitution, but we present results for other vaues as
wall.

2In any case, as shown in Goulder et d. [19], results are not sensitive to this parameter.
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review studies finding that damages from pollution are 0.5% to 0.9% of GNP in the Netherlands.
Wicke [37] reports estimates that are 6% of GNP in Germany. Freeman [16] estimates that pollution
damages would be about 1.25% of GNP or higher inthe U.S. in the abosence of environmenta polices.
Unfortunately, none of these sources provide a measure of margind damages. Based on the figuresjust
mentioned, we assume that total damages are 1.5% of total output. Then, since Y is 15% of tota
output, we have damages that are about 10% of Y. Again we use two dterndives. If thisrdationship
were linear, then damages would be about 10% of margind output ((1=0.1). Given the tremendous
uncertainty associated with this number, and the beief that margina damages probably exceed the
average, we dso provide results for "treble damages' ((0=0.3). However, Snce [ enterslinearly into

the find welfare impact (equation 9), readers can eadly subgtitute any preferred vaue.
Table 1 shows the effects of a permit or CAC policy that mandates a smal reduction in the

quantity of the polluting good (\? <0). Theleft-hand section shows assumed vaues for some of the

input parameters. The first four rows show results for . =0.4, whilewe vary 0 and [O. When
margina damage [J is0.1, then column 1 showsthat a 1% reductionin Y yieds benefits from reduced
pollution that are 0.015% of nationa income. Inthefirst row where 0 isaso 0.1, and scarcity rents
are not taxed (t;=0), we find that [0 = 0.09 (so a 1% reduction in output of Y inducesa 0.09%
reduction in labor supply). Multiplication by the tax rate (0.4) yields awdfare cost from the labor supply
reduction that is 0.036% of nationa income. Taking into account both the environmental gain (0.015)
and the labor market 1oss (-0.036), we find that the net effect isareduction in welfare equa to 0.021%
of nationa income.

With a 40 percent tax on rents (to=t_), where those revenues are used to reduce the labor tax
rate, the labor market digtortion fals from 0.036 to 0.023. This latter figure still exceeds the 0.015
environmenta gain, by 0.008 of nationa income. If we continued to increase the tax on rents, the loss
from the labor distortion would continue to fall. The breskeven tax rate, the rate a which the
environmenta benefits of the permit policy are just offset by the increased labor market digtortions, is
63 percent. In the limit, with 100 percent capture of scarcity rents (t5=1), then labor supply is
unaffected. An environmenta policy that collects dl of the scarcity rents can diminate the negetive
effects on the pre-existing labor digortion. This policy can have unambiguoudy positive effects on
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welfare®® Notice, however, that 100 percent capture is necessary just to get al of the benefits from the
environment.

The second row of Table 1 changes the labor supply dadticity from 0.1 to 0.3, so the negative
effect on labor isenlarged. Wdfarefdls even more. The point isthat when environmenta controlsraise
production costs, the lower real net wage can reduce effort on the job, induce secondary workers to
quit, or even shift the same effort from taxable to nontaxable forms like home production or the
underground economy. As taxable labor supply becomes more responsive, the environmenta policy
islesslikely to raise welfare. In this scenario, the breakeven tax rate on profitsis over 80 percent.

The next two rows triple the margind environmental damage (from 0.1 to 0.3). If the labor
supply eadticity is back down to 0.1, then the environmenta gain (0.045) exceeds the loss from the
labor digtortion (0.036). Even with "treble damages,” this policy just barely raises welfare (by 0.009).

Still, however, the taxation of scarcity rents can reduce the labor market loss and leave more of the
environmenta gain.

When both parameters are 0.3, the large environmenta gain (0.045) is more than offset by the
larger loss from labor digtortions (0.062) when scarcity rents are untaxed. Since the environmenta gain
(OY/L) islinear in [, it is easy to cdculate that the margina externd damage would have to be over
40% of the firm's production cogt for this environmenta regulation to bresk even in terms of welfare.

In particular examples, the externality might well be high, perhaps over 100% of the firm's production
cod. The point remains, however, that even alarge gain from correcting alarge externdity can be offsst
by losses from labor market distortions -- unless the government captures the scarcity rents. In the
fourth row (where both parameters are 0.3), the 40% tax on rents converts the net loss (-0.017) into
agmndl net gain (0.004).

The last three rows of Table 1 illudtrate the effect of dtering the initid Iabor tax rate (keeping

0 and O at 0.3). Consder column 3 (where t7=0). If t_ is 0.3, instead of 0.4, the net welfare
effect isasmall net gain (0.007) instead of aloss (-0.017).** Note, however, that this 0.007 net gain

BThis case with t;=1 corresponds exactly to the case of Bovenberg and de Mooij [6] where atax on
the dirty good generates revenues used to reduce the tax on labor income. See equation (13) in their
paper, when ther initid tp, equasO.

“When we change t, from 0410 0.3, weassumetha O remainsa 1/4, 0 Y/L = f (1-t.) must change
(from 0.15t0 0.18).
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isgtill only asmdl fraction of the 0.053 gain possible with government cgpture of therents.  If theinitid
tax rate israised to 0.50, then the welfare lossis increased from -0.017 to -0.043. If scarcity rents
are not taxed and the tax on labor income is 50%, then the margina environmental damage (1) would
have to be over 60% of production cost before the regulatory policy could begin to improve welfare.

A permit policy like the Clean Air Act Amendments of 1990 creates a scarcity rent that is left
in private hands. It does not necessarily improve wefare, in this second-best world, even when garting
with a substantia uncorrected externdity.

[11. Modd and Resultswith Variable Pollution per Unit Output

We now dlow for factor subgtitution in the production of Y. The wefare impact of an
environmenta regulation still depends on how labor supply is affected, and equation (9) till provides us
the effect on labor supply from a change in output of Y. The remaining step is to show the effect on
Y of amandated change in emissons.

The next equation adds factor substitution to our model. Let [y represent the dadticity of
subdtitution in production of Y between the two inputs (Ly and Z). Then, by definition:

(11) I:Y'Zzév(ﬁ)z' f)l_):évbz

In addition, competition ensuresthat pyY = p L + pzZ. Wetotdly differentiate this equation and the
production function (2b). Substituting the resultsinto other equations above leads to the key equation
for labor supply:

@-t)fh-e 22 ° (1- t, )UZ

~ &
(12 L=, )é(l-ta ) (- €)- [6g- 1) +6,(L, /DA~ t - &, )7

The wdfare effects of the policy now can be written as:
(13) W& @t )w- nZ%o y7
eL el gg

This expresson redefines the net effect on wefare, [, for the more generd case with varigble emissons
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per unit output. Under what circumstances does this expression reduce to the previous one for fixed
emissons? To help interpret these expressions, we note some special cases.

Frg, if t; =1, then again L in (12) is zero. A tax rate of 100 percent on the profits is
equivdent to sdling the permiits; this policy has no effect on labor digtortions, and the only welfare effect
in (13) is the unambiguous gain from correcting the externdity (CJZ/L).

Second, consder the case where [y = 0. Then equation (12) showsthat [ collapsesto [.

Also, because of fixed coefficient production, Y =Z. This case is not quite comparable to the
previous case, however, because Z isonly part of the production of Y. If the externdlity arises only
from Z, and not from dl of Y, then the gain from correcting the externdity ((Z/L) is effectively cut
fromitsprevioussze (JY/L). Thelossfrom exacerbating labor supply distortions {t.(1-t5)d} isthe
same as before, so the net loss of welfareis larger than before.

Third, instead, suppose Ly =0. Then Y=Z, 0 Y =Z , and equation (12) also showsthat

O reducesto . Inthiscase, regardiessof [y, dl numericad results must match the previous results.

But this caseis not "variable emissions per unit of output.”

Fourth, however, we can Htill congruct a case with variable emissons that will have results
comparable to those of the previous moddl. We want pollution in the new modd (Z) to be the same
szeaspollutionintheold modd (), so we doubletheszeof Y while assuming that hdf of itsinput
is Z. Inother words, we set Ly = Z, and double the shareof Y in consumption, f, from 0.25 to

0.50. Numericdl results are shown in Table 2.

Agan we consder a permit policy that mandates a smal reduction in pollution (2 <0). The
assumed parameter vaues adl match the case above (where t,=0.4, and [0=[0=0.3, but f =0.50 in
order for Z/L to matchthe previous Y/L at 0.15). Also, we now have the additiona parameter, (y.

This parameter measures the ability to subgtitute clean inputs for dirty inputs. Because the sze of this
eladicity is so uncertain, we consder anumber of values. Table 2 varies this parameter from zero to
2.0, and can be used to demonstrate severd points.

Frg, in column 2, note thet the wefare loss from this environmentd regulation fals as the degree
of factor subgtitutability (CIy) rises. The regulation is Smply not as costlly when emissons can more
readily be avoided by using the other input instead. When factors are usad in fixed proportions, and the
government mandates a 1% cut in emissons, then the efficiency lossfrom the labor digtortion is 0.122%
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of nationa income. When the dadticity isincreased to 0.5, thislossis reduced by 30%. Doubling the
eadticity to 1.0, or again to 2.0, provide further reductionsin the welfare loss. The net lossin column

3 changesto asmdl net gain. A amilar sory holdsfor the case where scarcity rents are taxed a 40%.

Second, look at the third row with [y = 1. These results exactly match the corresponding case
in our previous modd (row 4 of Table 1). To explain this equivaence, note that the eadticity of
subgtitution in consumption (o) isaso set equa to one. Thusal expenditure shares are unchanged by
policy shocks. Consumers do not change the fraction of income spent on Y, and producersof Y do
not change the fraction of sales revenue spent on each input. The economy-wide fraction of income
gpent on pollution was sat to 0.15 for both models, and this overal share is unchanged by palicy, so the
two modds are functiondly equivaent.

Third, as we showed in the previous section using "plausble” parameter vaues, the mandated
reduction in pollution has a cost from worsening the labor distortion that offsets most or dl of the gain
from garting to fix the pollution problem. Resultsin this section show that this condlusion is not reversed
by dlowing for any reasonable degree of subgtitutability in production between clean inputs and dirty
inputs.

V. Modd and Results with Monopoly Production

To this point, we have assumed that al markets are perfectly competitive, but we now explore
how environmenta policies affect welfare in the presence of imperfect competition. To be specific, we
consider the case where the polluting good () is provided by amonopolist.” In dl other regards, we
maintain the modd developed in the previous sections. To keep the andysis Smple, however, we revert
to the fixed-emissons modd inwhich Y =Z. Our economy now has three pre-exigting digortions. a

wage tax, a monopolist, and an uncorrected externdity. As aconsequence, the welfare effect of any

1> |f instead the clean sector has monopoly power, then the regulatory reductionin Y will offset the
monopolig'sreduction in X, but it will reinforce the wage tax effect by reducing both goods releive to
leisure. Also, the modd could incorporate other forms of imperfect competition. Browning [10] uses
asmple mark-up to represent an arbitrary degree of market power, but we wish to specify monopoly
behavior in order to see how that mark-up changes. We believe that our results would not be
subgtantidly different with some other specific mode of oligopoly or monopolistic competition, but we
leave these questions for future research.
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particular change cannot be known a priori. Theinitid production of Y may betoo low because of
monaopoly, or too high because of the externdity. Smilarly, even the initid labor supply may be above
or below the welfare-maximizing level. Any environmenta policy that requires areductionin Y will
dleviate some problems and exacerbate others. We solve for the generd equilibrium effect of asmdll
policy on dl three digtortions.

The production relationships are linear as in our firsd model above. The household budget
condraint in (4) is unaffected, but after-tax monopoly profits (1-t;)] exist prior to the implementation
of any environmenta policy. These profits are defined by:

(14) 0=(pv-DY

If Y isproduced in acompetitive market, then the initia equilibrium price of Y (py) equals 1.
If Y isproduced by amonopolig, then the firm maximizes profits by choosing Y (or equivdently py,
given the demand curve). We define [y asthe abosolute vaue of the price dadticity of demand for Y,

50 the firm’ s firgt-order condition for profit maximization is*®

Py
(S%

(15) Py - 1=

The degreeto which the priceof Y exceeds margind cost depends on the eadticity of demand for Y.
Thehigheris [y, thelessdigtortion (mark-up) is crested by monopolization of Y. Equation (15) can
only be satisfied if the monopolist produces in the portion of the demand curve where the adticity is
grester than one.*

Totaly differentiating the definition of profitsin (14), and using thefirst order condition for the
monopolist in (15) yidds:

*Totaly differentiate (14), set dlJ to zero, and re-arrange.

7 We set parameters below such that theiinitiad py is 1.2, so profits are 20% of the cost of producing
Y. Thisiscondggtent with the estimates of market power reported in Office of Policy [22]. Equation
(15) then impliesthat Uy issx. We aso derive the corresponding vaue of [, which aso must
exceed one.



(16) P = ?+erY.

Also, dong a demand curve where income and other prices are congtant, the consumer's behavior is
defined by:

A

(17) Y = “€y ﬁy .

Thefirm usesthe demand curve in (17) to arive a its maximizing behavior in (16), S0 subgtitution yields
P =0. Tha is, the firm cannot incresse profits by movement in ether direction aong the demand

curve. We use (16) to cdculate a change in profits that is not zero, however, for an environmenta

regulation that shifts the demand curve by changing income and other prices. Also, occasondly, it will

be useful to write profits as:

p, Y

(5%

(18) P = (p,-DY =

where the firg equdity reflects the definition of profitsin (14) and the second equdity reflectsthe firm's
behavior in (15). Thefar right expresson for profitsiswritten intermsof [y, the demand dadticity for
Y. Next, weexpress [y intemsof Uo.

Differentiating the household budget congraint (holding income condant) yidds:

A

oo, .
19 X =-—( +p,).
(19) —(+h)
Then, combining equations (17), (19), and the definition of the dadticity of subgtitution in consumption,

we have
(20) ay = f +(1'f )éQ

Snce Oy must exceed 1, the monopoly solution also requiresthat [ exceed 1.
To obtain an expression for the wefare impact of regulation in the presence of monopoly, we
follow steps amilar to thosein the derivation of dU/l L above. Wetotdly differentiate utility and use

first-order conditions from the consumer’s maximization problem, but we dso use the definition of
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profits. These stepsyidd:

(21) I - 2
é elLg éelLg

As before, the environmentd policy lowers welfare to the extent that it reduces labor supply and raises
welfare to the extent that it reduces production of the polluting good. The third term represents the
monopoly digortion.  Since amonopoalist inefficiently redtricts production of its good, further resrictions
from the environmenta policy reduce wefare. The usud partid equilibrium modd might compare the
last two termsto see if the monopolist raises price toward (or above) the socid margina cost of output.
For example, if theinitid py is 1.2, then profits are 20% of the cost of production of Y. Ifthis Y is
gill 15% of tota output, then (CJ/L) is0.03 inthe equation above. The policy Y <0 has a negdtive
effect on wedfare from exacerbating the monopoly distortion. Butif [0=0.2, then [J(Y/L) isaso 0.03
in equation (21), and these two effects exactly offset. The monopolist dreaedy rases priceto 1.2, which
exactly reflects the socid margind cost of production (1+01). However, that partid equilibrium model
neglects the effect of Y on L inthefirst term of (21). We show beow that labor supply, and thus
welfare, mud fal. Theimplication isthat the reverse policy with aforced increase in output would raise
welfare (despite the negative externdity).®
These results depend entirely on whether the monopolist has |ft the price of output below the
socid margina cogt of production or has dready raised it above the socid margind cost of production.
Therefore, in numerica results below, weuse py = 1.2, andset [0 to 0.1 or 0.3.
To find the generd equilibrium effect on labor supply, we again dart with the government's
ba anced-budget adjustment to the tax rate on labor. Any pre-exiging tax rate on profitsis not adjusted.
The government budget congtraint in equation (7) is unchanged, but now profits exist prior to the
imposition of any new policy. Moreover, the change in profits is driven by equation (16). We

BAn important issueis how to specify the counterfactual. Under one scenario, we could take Y/L from
the previous competitive modd, and supposethat Y were to become monopolized. We would then
cdculae anew lower Y/L for the monopoly case, and anew lower benefit from reduction of pollution
(OY/L). Under adifferent scenario, Y/L isan observed vaue like 0.15, and we ask what would
happen if that outcome represented amonopolized sector instead of acompetitive sector. Wetake this
latter course, Snce it maintains the Sze of the polluting sector (and thus [0Y/L) across the two modds.
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differentiate equation (7), use the expression for profitsin equation (18) aswell asthe change in profits
in equation (16) to obtain:

22) i gel“t G- % rap,)

av [4/]

where S isthe share of after-tax labor incomein total after-tax household income.
Next, labor supply is a function of the rea net wage and red nonlabor income. Thus
environmenta regulations affect labor supply both through the effect of 3, on W and the effect of

Y on P. Wedifferentiate the labor supply function and use equation (16) to get:

|

(23 N +GSo(Y +(1-F)6oDy)

where S, isthe share of after-tax profits in after-tax income. The expression in parentheses is the
proportiona change in red profits. Labor supply is affected by changes in the red after-tax wage
through [0 (induding both subgtitution and income effects) aswell as changesin red profits through
O (effect of nonlabor income).
Findly, we need an expression for the changein the priceof 'Y atributable to the environmental
policy. We can usethe equilibrium rdationship between Y and py to obtainthisexpresson. Totdly
differentiate the household budget congraint:

(24) X = - YY(?+|6Y>+(1';{)L C-i)+1-t) =D

x|

Subgtitute this eqution into the definition of the eadticity of substitution in consumption (Uo), and use
equations (16), (20), and (22) to get:

R Y S A
(25) p, =-—+ - L
Y & (Q-t)@Ey S T tp)

At thispoint, if wetake Y asan exogenous policy parameter, we have four equations that are linear

in four unknowns. BY successive subdtitution, or Cramer's Rule, the four equations (8), (22), (23), and
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(25) canbe solved for p,, §,, W, and L . Thelong expressonfor L isnot worth repesting here,
but we use it to measure the welfare impact of arequired reductionin Y. Thuswefarein (21) can be
re-expressed as -y Y .

For parameter values, we cannot use dl the same sdections as before. In the competitive
model, where py =1, weset (Y/L)=0.15 and t, =0.40, so government provison must be 40% of
output and X must be the remaining 45% of output. These ratios generate f =0.250 for the
expenditureon Y asashare of the consumer's budget. In the monopoly modd, we first assume that
the monopolist hasset py =1.2, so that profits are 20% of the output of Y. Second, we choose to
match the shareof Y intotal output (Y/L) across models, to keep the pollution impacts comparable.

But then the higher priceon Y in the monopoly mode means that consumers must be spending more
of theirincomeon Y. Wederive f asthe spending pvY = (1.2)(.15) asafraction of total spending
{(1.2)(.15)+.45}, s0 f must be 0.286 in the monopoly modd. Third, we can no longer assume aunit
dadicty of subdtitution between X and Y. Since py=1.2, equation (15) saysthat [y must be 6, and
equation (20) saysthat (o must be 8. These vaues may seem high, but our model only has two
commodities. The redlity that constrains the price charged by a monopolist from being even higher is
that some other good can serve as areasonably close substitute. To be able to compare results, we use
thisvaue (0o=8) in both the competitive model and in the monopoly modd.™

Findly, in caseswhere the pre-existing t is pogtive, then the initid monopoly profits must be
generating some tax revenue. In those cases, we keep government spending at 40% of nationa output
by reducing the initial tax on labor supply according to:

G b
(26) tL = m -to T

Table 3 presents results for these parameters when Y s provided by a monopolist and for
purposes of comparison, aso in a perfectly competitive market. All rows assume that the labor supply
dadicity [0 is0.3, and thefirg two rows vary the externdity ((J=0.1 and 0.3). Wefirg andyze results
for the perfectly competitive modd. Note that the results for this competitive mode differ from those

¥ When g isfixed across the two models, but f isnot, equation (20) saysthat Oy must be 6.25
in the competitive modd and 6 in the monopoly modd.
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in Table 1, primarily by assuming a grester degree of subdtitutability between X and Y in consumption.
And because consumers have this greeter ability to subgtitute in consumption, the forced reduction in
Y haslessimpact on raising the price of Y. The consequence is a smdler decrease in the red net
wage and alower loss from increasing the labor market distortion. To seetheimpact of increasing g
from 1 to 8, compare the first row of Table 3 to the second row of Table 1 (with the same [1=0.3
and [0=0.1). Thelabor market lossis cut by more than 80%, from 0.062 to 0.010. Sincethisloss
IS0 much smdler, and the environmental gainis il 0.015, thischangein [q has converted the overdl
effect on welfare from negative in Table 1 to positive in Table 3. The next row in Table 3 shows that
increasing the margind environmenta damage from 0.1 to 0.3 dso increases this net gain.

The remaining rows of Table 3 keep [1=0.3 and show the effect of dternative vaues for the
initid tax on profits. Asin Table 1, ahigher tax on profits reduces the handout of scarcity rent, which
bluntsthe fal in labor supply attributable to that income effect. With 100% profits tax, in the last row,
al incrementd labor market digortions are diminated. Then the net welfare effect is Smply the gain from
correcting the externdity.

Theright haf of Table 3 presents results from the monopoly model. First note that the tax rate
on wage income is no longer fixed at 40%. With pre-exigting profits, a higher initid profits tax implies
that alower initid labor tax is required to raise 40% of national income. The first two rows present
results for the case where profits are untaxed (and the labor tax is40%). The reduction in labor supply
in the monopoly moded is 70% of the reduction in the perfect competition modd (as evidenced by the
loss from the [abor market distortion in columns 3 and 7). Households do not reduce labor supply as
much in the monopoly mode because the environmenta policy reduces monopoly profits, and leisure
isanorma good. When [0 isonly 0.1, however, the net wefare effect of the regulation turns from
positive in the competitive modd to negetive in the monopoly modd. The reason is that this monopolist
has dready raised price (py = 1.2) above socid margind cost (1+[1). Thelossfrom exacerbating the
monopoly distortion combined with the loss from exacerbating the labor distortion then exceeds the
environmentd gain.

When [0 = 0.3, the monopolist with py = 1.2 has not restricted output "enough.” In this case
the loss from the monopoly distortion (0.03) is less than the environmental gain (0.045). Now the net
welfare effect depends on the labor digtortion!  In the monopoly mode, however, the loss from the |abor
distortion isapdtry 0.007. Why? Firg, theimpact on labor is reduced substantialy by theuse of [q
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= 8, as mentioned above, in both the competitive mode and the monopoly model. When consumers
can subgtitute into other goods, the policy has amdler effect onthe priceof Y. It therefore has smdler
effect on the real net wage and on labor supply. Second, in the monopoly model, the environmenta
policy reduces pre-exigting profits. The loss of income has a positive effect on labor, Snce leisure is
norma, which provides a "partiad offsat” to the negative effect from the lower red net wage. These
factorsshrink L to only -0.016, whichismultiplied by t,=0.4 to get the lossin welfare (0.007).

The last three rows of Table 3 show that changesin t;  have virtualy no effect on the pdtry

0.007 lossfrom the labor distortion (column 7).2° Why? Firdt, ahigher initid profits tax means that

the income effect (from the change in monopoly profits) is smaler. Thus the "partid offsat” just
mentioned is smdler, and labor supply doesfdl abit more. Thered wage fals by about -0.058 in dl
three rows, and profitsfall by about -0.038 in al three rows, but the higher tax on profits makes the
income effect smaler. With 100% profits tax, and no income effect to offsat the wage effect, |abor
supply fdlsby thefull ew, whichis (0.3)(-0.058) = -0.017. Second, even though the higher profits
tax enlarges the effect on labor supply (dightly), it reduces the initid required labor tax. The net effect
on wefare is the product, t, L , so these two effects offset each other, and the loss from the labor
distortion is essentialy unchanged.

The results from this section illustrate a couple of points about environmentd policies thet restrict
output. Firgt, the exacerbation of digtortions arising from imperfect competition can be very important
and could potentidly more than offset any gains from improving the environment, even ignoring effects
on labor supply. This point may be particularly important for energy-producing indudtries, those most
likely to fall conditionsfor perfect competition. Second, these monopoly results affect the previous result
in the competitive model where we emphasized that government could prevent the fdl in the red net
wageif it wereto capture dl of the scarcity rents by 100% profits tax, or by saleinstead of handout of
permits. Thisresult does not hold in amodd with pre-existing profits, because the environmenta policy
reduces those pre-exigting profits. In the case of complete profits taxation, for a 1% output restriction,

20 \When the profits tax rate is zero, the 40% labor tax raises enough to provide spending that is 40%
of total output (L). The penultimate row finds the single tax rate on both profits and labor (38.8%) that
raises the same revenue for the initid equilibrium. The last row considers a 100% profits tax, so the
same spending is possible with alabor tax of only 37%. (We assume the firm continues to maximize
profits despite a 100% tax rate).
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profitsfal by -.038%. This change requires government to increase the tax on wages to make up lost

tax on profits. Theresult isthat a 1% output restriction does reduce the rea net wage (by 0.058%).

V. Conclusion

This paper has shown an goplication of asmple anaytic generd equilibrium modd to evauae
the welfare impact of implementing a cap and trade program such as the tradable alowance program
developed in the Clean Air Act Amendments of 1990. Numerica results can be obtained with a
redivey smdl number of parameters. The modd is sufficiently flexible to alow for competitive markets
in the production of the good associated with pollution as well as a market dominated by a monopolist.

In both the competitive mode and the monopoly modd, the government’s capture of rents
crested by giving alowances to private firms is important if the policy is to have a postive wefare
impact. In dl three tables of numericd results, whether the creation of an alowance program that
restricts pollution raises welfare or not depends importantly on the extent of tax on (or capture of) the
rents generated by the allowance give-away.

The capture of rents from the permit program is somewhat less important in the monopoly
model, however, because the environmental policy reduces monopoly profitsin away that offsets the
generdion of scarcity rents from the emission redtriction.  These two income effects on labor supply
offset each other: reduced monopoly income tends to increase labor supply, while new scarcity rent
income tends to reduce labor supply.

Thuswe find two offsetting effects on prior [abor tax digortions, and only numericd andysiscan
dlow usto compare the rdlevant magnitudes. While the net income effect on labor supply is reduced,
in the monopoly mode, we find that the price effect is enlarged. The introduction of a cgp and trade
program in amearket characterized by imperfect competition is more likely to reduce welfare, even after
taking the environmenta bendfitsinto acocount. Theintuition is Sraghtforward: market power raises price
and curtails production of acommodity (reative to the production in a competitive equilibrium). A cap
and trade program further raises price and curtails production; the labor market ditortions arising from
adecrease in the red net wage are exacerbated, and the environmental benefits of reducing pollution are
offset by greater distortions el sewhere.
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Tablel
Welfare Effect of a Small Cut in Pollution:
Fixed Pollution per Unit of Output

t5=0 tb=1
Gain from
Externdlity Lossfrom Net Effect on Lossfrom Net Effect
Assumed Parameter Correction Labor Distortion Wedfare Labor Digtortion  on Wedfare
Vdues
1) (2 ) (4) 5)
tt O 0O Y/L a(y/L) t (1-tp)d O t (1-tp)d O
4 1 1 0.15 0.015 0.036 -0.021 0.023 -0.008
4 3 1 0.15 0.015 0.062 -0.047 0.041 -0.026
4 1 3 0.15 0.045 0.036 0.009 0.023 0.022
4 3 3 0.15 0.045 0.062 -0.017 0.041 0.004
3 3 3 0.18 0.053 0.045 0.007 0.034 0.019
5 3 3 0.13 0.038 0.081 -0.043 0.048 -0.011

The four parametersin the first part of the table are: tax rate on labor income (1), uncompensated labor supply eadticity (),
socid margind dameage of pollution (C1) and the production of the dirty good as afraction of tota output (Y/L). Other parameter
vaues are asfollows dadticity of subgtitution in consumption (o) equals 1.0, income dadticity of labor supply () equas-0.2
and the expenditure share of the dirty good in consumption (f ) equals 0.25. Seetext for details.
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Table2
Welfare Effect of a Small Cut in Pollution:
Variable Pallution per Unit of Output

th=0 b=t
Gain from
Extemality Lossfrom. Net Effect on Lossfrom. Net Effect
Correction  Labor Distortion Welfare Labor Digortion  on Wefare
1) @) ©) (4) (5)

Oy O(Z/L) t(1-t5)0 O t(1-t5)0 O
0.00 0.045 0.122 -0.077 0.092 -0.047
0.50 0.045 0.082 -0.037 0.057 -0.012
1.00 0.045 0.062 -0.017 0.041 0.004
2.00 0.045 0.041 0.004 0.027 0.018

The parameter in the fird part of the table is the dadticity of subgtitution in production (Cly). Other parameter values are as
follows tax rate on labor income (t.) equas 0.4, uncompensated labor supply dadticity (1) equas 0.3, socid margind damage
of pollution (J) equals 0.3, dadticity of subgtitution in consumption (o) equas 1.0, income eadticity of labor supply (L) equals
-0.2, and the expenditure share of the dirty good in consumption (f ) equals 0.5. Seetext for detalls.
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Table3

Perfect Competition Monopoly
Gain from Lossfrom  Net Effect Lossfrom Lossfrom Net Effect
Extandity Tax Rate Labor on Tax Rate  Monopoly Labor on
Assumed Correction onlLabor  Digortion Wedfare on Labor Distortion Distortion Wedfare
Parameter
Vaues 1) 2 (©) (4) ®) (6) (7) 8
t 0 O(Y/L) { t L 0 { L t L 0
0 0.1 0.015 0.40 0.010 0.005 0.40 0.030 0.007 -0.022
0 0.3 0.045 0.40 0.010 0.035 0.40 0.030 0.007 0.008
tL 0.3 0.045 0.40 0.006 0.039 0.388 0.030 0.007 0.008
1.0 0.3 0.045 0.40 0 0.045 0.37 0.030 0.006 0.009

Government spending is 40% of total output, the uncompensated labor supply dasticity [ is 0.3, the labor supply income
dadicity [ is -0.2, and the dadticity of subgtitution in consumption g is8. The pollution generating good comprises 15%
of tota output. Prior to the mandated redtriction, the priceof Y is 1 in the competitive modd, and 1.2 in the monopoly
model. Theshare f is 1/4 inthe competitive modd and .286 in the monopoly modd. [y equas 6.25 in the competitive
modd and 6 in the monopoly modd.
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