INSTITUTE OF MATHEMATICAL ECONOMICS
WORKING PAPERS

No. 259

The Welfare Implications of an Ecological Tax
Reform under Monopoly

by

Thorsten Bayindir—Upmann
July 1996 '

University of Bielefeld
33501 Bielefeld, Germany



The Welfare Implications of an Ecological Tax

Reform under Monopoly*

by
THORSTEN BAYINDIR-UPMANN

Institute of Mathematical Economics |
University of Bielefeld
P.O.Box 100131
33501 Bielefeld
Germany
Phone: (+49) 521 - 106 4923, Fax: - 106 2997
E-mail: tupmann@wiwi.uni-bielefeld.de

July 30, 1996

- * 1 would like to thank SusaNNE KLiMPEL and T1LL REQUATE for fruitful comments
and carefully reading this paper.



~ Abstract

‘The implications of an ecological tax reform are not yet well investigated
when firms do not behave competitively and the provision level of public services
is not exogenously fixed. To fill this gap, we present a model encompassing a
monopolistic firm and endogenous provision of public services: At some initial
_ state the firm faces only a capital tax, but a proposed tax reform calls for the
impositioﬁ of a second tax — an emission tax. We derive the optimal {second-best)
. tax formulae of the initial and the reformed tax system, providing some insight
into those variables that determine governmental behavior: Under the initial tax
system, the tax rate on capital decreases as the government puts more weight
to ecological problems, whereas the reformed capital tax is independent of the

environmental damage. -

Since we deal with a drastic rather than with a marginal tax reform, a com-
parison of the initial and the reformed tax rates is difficult. Yet, numerical calcu-
lations suggest that the government does not only establish a positive emission
tax but also increases the tax rate on capital, implying that both tax rates, public
revenue, and the environmental quality are in{tially too low. Moreover, although
profit and consumer surplus fall, the ecological tax reforrﬁ implies significant, and
possibly huge, welfare gains, which are accompanied by substantial improvements
of the environmental ciuality. Hence, this paper rather rejects than supports the
occurrence of a ‘double dividend’; yet, it shows that the existence of real costs
of an ecological tax reform may ﬁqt be abused as an argument to hinder its

enforcement.

Keywords: ecological tax reform, pollutant emissions, monopoly taxation,

second-best analysis, optimal taxation
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1 Intrbduction

Within the last years mucil political attention has been paid to the establishment
of an ecological tax system in order to correct for environmental diseconomies.
Since it is not the only task of the government to redress externalities but also
to provide public services, the tax system is required to raise public funds as
well. The advocates of an ecological tax reform argue that the introduction of
. ‘green taxes' represents an excellent policy tool to cut other distortionary taxes
and to raise public revenue in a more efficient way.! In this sense, the govern-
ment does not only enhance the environmental quality but also households’ ‘non-
environmental utility’ through reducing the overall economic costs of financing

public expenditure.

Recently, several authors have considered the impact of an ecological tax re-
form on some selected variables of the non-environmental subutility.? Namely,
they investigate the trade-offs between environmental quality, on the one hand,
and public consumption, employment, and profits, on the other hand. The anal-
ysis indicates whether and which socioeconomic groups may endure gross costs®

from a tax reform.

Clearly, while the establishment of an ecological tax system requires an ad-
justment of the whole tax system, this policy measure embodies uncertainties: a
redistribution process is set up that is feared by many people. If some interest
groups suspect that their clienteles endure extra taxes through the establishment
of green taxes while the expected benefits are vague, they will offer resistance
against the proposed tax reform. If these interest groups are sufficiently powerful,
they are possibly able to block the transition towards an ecological tax system
and thereby to obstruct a significant overall welfare gain. For example, trade

" unions and employers’ associations may fear that firms endure higher (or extra
ploy &

1See for example NORDHAUS (1993), p. 316 {.

?See for example VAN DER PLOEG AND BOVENBERG (1993A),.JOHANSSON (1994), BovEN-
BERG AND DE Moo1} (1994a,8), BOVENBERG AND VAN DER PLOEG (1994), GOULDER
(1995), and bE Moo AND BovENBERG (1995).

3 Fross cosls denotes the non-environmental welfare that has to be sacrificed to realize a

specific environmental policy.



taxes! which may reduce profits and jeopardize jobs.

Therefore, the idea that a tax reform does not only improve environmental
quality but also boosts non-environmental utility is appealing. If it turns out
to be true that the environmental quality can be mmproved at zero gross costs
- and in this sense a double-dividend is attained -, the private sector would
refrain from opposing an ecological tax reform. Hence, if a do-uble dividend can
be reached, politicians can be confident that despite of a couple of uncertainties

all socioeconomic groups will approve the establishment of green taxes.

Unfortunately, the increasing literature dealing with this topic — subsumed
under the title double dividend literature — rather denies than affirms the exis-
tence of a double dividend.® Whether a double dividend prevails depends crucially
on the specific structure of the model. Since results do not seem to be robust,
one must be alert that the literature, cited above, exhibits a couple of limiting
assumptions: the analysis typically focuses on perfect competition and frequent-
ly assumes constant returns to scale technologies; moreover, most authors do
not consider endogenous provision of public services but suppose a given public
budget requirement.® Thus, the existing double dividend literature focuses on
consumers’ behavior {e. g., endogenous labor supply) but simplifies or idealizes

the behavior of the government and of the industry.

Recognizing this, the question arises, how are results affected if we deal with
imperfect competition and endogenous provision of public goods? And, moregver,
provided that the hypothesis of a double dividend has to be rejected, are the
gross costs of an ecological tax reform large compared to the benefits or are they
rather insignificant? If they turned out to be small, many of the uncertainties

accompanymg an ecological tax reform could be discarded, for there is much

“Indeed, in most economies, the relative scarcity of public funds (huge pliblic deficits)
prompts the finance minister to look for new fiscal sources.

®If the labor supply curve is upward-sloping, an ‘employment’ dividend cannot be reaped;
other dividends may possibly, but need not, occur. (See e. g. BOVENBERG AND VAN DER PLOEG
(1994) and LIGTHART AND VAN DER PLOEG (1994).) DE Mool AND BOVENBERG (1995)
show that there is some patential for an overall double-dividend if the initial tax system is
nefficient.

The papers of BOVENBERG AND VAN DER PLOEG (1994) and LIGTHART AND VAN DER

PLOEG (1994) who allow for endogenous provision of public services represent an exception.
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scope for compensating those who will otherwise suffer.”

For this purpose, we present a partial model that allows us to compare the
initial tax rates - those which do not fully reflect ecological diseconomies — with
their reformed bounferparts and to investigate the induced equilibrium alloca-
tions. To contrast sharply with the existing literature, we consider the ‘most
non-competitive’ case: a monopolistic firm. This firm uses two factors — capital
and environmental inputs - to produce a consumer good. Households receive the
firm’s profit as dividend income and benefit from consuming the firm’s output.
In addition, they suffer from industrial pollutant emissions but approve the pro-
vision of i;)ublic services, measured in terms of public revenue. At the initial state
of the world, the government levies taxes on capital but does not tax pollutant
emissions. The reason that the production factor ‘environment’ remains untaxed
is a reflection of the fact that the government (society) is not fully aware of the
ecological problems. The advocatles of a green tax reform, however, recognize the
total ecological damage stemming from pollutant emission and demand the in-
troduction of an emission tax.® Under this tax regime, the government uses two,
instead of one, tax rates to maximize social welfare.? In any case the tax system
serves the threefold purpose of regulating the output market, raising public funds,
and (partially) affecting the environmental quality. Correspondingly, the initial
capital tax is determined by three components: a subsidy term by which the gov-
ernment seeks to enhance output, a fiscal term that reflects public financial needs, |
and an environmental term that reflects the social awareness of environmental

problems at the initial state of the world.!® Under the ecological tax reform, the

7In a model where the level of public spending is exogenously fixed, BOVENBERG AND DE
Mool (1994B) also recognize that “even though households may suffer a decline in real wage
[non-environmental] income due to a less efficient tax system, fhey may nevertheless gain in
terms of overall utility if a rise in environmental income more than offsets the adverse effect on
wage income.” '

8This can also be interpreted as a shift of social preferences towards a ‘greener’ welfare
function. '

98ince the government adjusts both tax rates, and does not only vary the emission tax
marginally, our approach differs from that of a marginal tax reform frequently used in the
literature. (See for example BOVENBERG AND DE Moot (19948).)
© 191 the polar case where the government (or the society) completely ignores the ecological

problems, the third part drops out.



tax rate on capital is no more (directly)} dependent on marginal environmental
damage, for the emission tax now serves, among others, the purpose of improving

the environmental quality.

After characterizing the optimal (second-best) tax rates under both regimes,
we compare both tax systems to reveal the economic and ecological implications
of the proposed ‘green’ tax reform. Since a comparison of the tax formulae under
both regimes does not yield clear-cut results, we ca,libraf,e a more specific model
to compute the economic effects of the proposed ecological tax reform. Parametric
variation of two parameters, the social value of public funds and a productivity
coeflicient of the firm’s production function, provide us further insight: Within
some wide range of parameter values, the tax rates on capital and on emissions
are determined too low initially, given that an emission tax is available. Accord-
ingly, the proposed tax reform requires a higher price of environmental inputs
and of capital, implying a larger tax burden for the industry. Clearly, a more
severe taxation of industrial inputs unambiguously hampers economic activity
— the firm’s output and its profit decrease; but it promotes the environmental
quality and yields a higher tax revenue. The composed effect of the tax reform
on overall welfare turns out to be unambiguously positive and may even be huge.
Hence, although industry suffers through lower profits and consumers have to en-
dure lower output (and higher prices}, the proposed ecological tax reform implies

significant welfare improvements.

This paper is structured as follows. Section 2 presents the basic framework of
our model. As a benchmark, Section 3 briefly depicts the first-best environmental
_policy. In Section 4 we characterize the government’s optimal policy when there
is only one tax instrument, the capitzil tax ‘ra.te, available. When, under the ec-
ological tax reform, a new tax instrument is established, the government has to
redesign its tax vector. The reformed tax rates are characterized in Section 5.
In Section 6 we compare the taxation rules of both regimes, the initial and the
ecological tax regime. In Section 7 we analyze the consequences of a ‘green’ tax

reform for a more specific version of our model. And Section 8 summarizes the

paper.



2 The Model |

2.1 The Firm

Consider a firm which is the sole supplier of a consumer good.!* This monopolistic
firm produces its output by the use of capital, K, and environmental inputs (emis-
sions), E; its technology can be characterized by a production function F(K, F)
which is concave in all variables. Let px and p. denote the before-tax prices of
capital and emissions, and 74 and 7. the per unit taxes on capital and emissions,
respectively. Then, the cum-tax factor prices are given by pi := pi+ 74 for capital
and p, := p, + 7. for emissions. The monopoly faces a downward sloping inverse

demand curve, P(Q), which is ‘not too convex’ in the sense that

_2P(Q)
Q

PUQ) < vQ € Ry, (1)

Condition (1) ensures that the firm’s revenue R(Q) := P(Q)Q is a (strictly)
concave function of @ which, tbgether with the concavity of F, implies that
revenue R(K, E) := R(F(K, E)) is also (strictly) concave in K and E. Therefore,
profit, defined by '

m(K, E;pr,pe) = P(Q)Q —pef —pE. (2
with Q = F(K, E), is (strictly) concave in K and E.

Profit maximizing behavior of the monopolistic firm is characterized by'?

R, = (P+PQF:. = pc+m, (3)
R, = (P+P’Q)Fe = Pe+Te - (4)
Equations (3) and (4), in conjunction with Q = F(K,E), implicitly define the

(unconditional) factor demands, K(ps,p.) and E(pr,pe)- Substitutiné these de-

mand functions into (2) gives the (reduced) profit function depending on factor

Unstead of a single firm, we can think of a couple of cooperative firms who act compliantly
and collusively on the output market in order to achieve monopolistic market power (metrged
industrial branch}). '

128y bindices of functions denote partial derivatives as long as not stated otherwise.



prices, exclusively:!®
(prspe) = PF(K(), E()) FIK(), E()) —peK() —pE().  (5)

For the purpose of the subsequent analysis, we need to know the (partial)
derivatives of the factor demands w. r. t. factor prices. Differentiation of (3) and

(4) yields

Ree - Rke
—Rie Ry

k] 1
dE | det(H(R))

dry
dr, } ’ (6)

where det( H{R)}) denotes the determinant of the Hessian matrix of R(K, F). By

strict concavity of R, we know that H(R) is negative definite and hence

Ru. <0, R <0, det(H(R)) = RuR..— R}, >0. (7)

To ensure unique signs of the cross-derivative Ry, we make the following as-
sumption: Evaluated at (3) and (4), Fi. is ‘not too large’, in the sense that

_2PQ) + PHQ)Q
PQ)+ P(Q)Q

Note that, evaluated at the firm’s optimal policy, the term P + P'Q) equals the

Fie <

FkFe~ (8)

marginal cost of () implying that the right hand side of (8) is positive.

Then, it can be easily shown that (1) and (8) suffice to ensure that Ry, is

negative. Solving (6) for the desired derivatives yields

- _ Ree _ Rke

Koo = det(H(R)) <0 Koo = det(H(R)) >0 (%)
_ Ry . Rie

Epe = det(H(R)) <0 Ep = Fdet(H(R)) > 0. (10)

Since fii. is negative, the cross derivatives K, and E,, are positive, i. e., capital

and emissions are gross-substitutes in production.

2.2 Consumers

Consumers derive utility from the consumption of the private good produced by

the monopolistic firm but suffer from pollutant emissions. The social damage

13A dot as an argument of a function stands for the omitted arguments.
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caused by industrial pollutant emissions, D(E), is assumed to be monotonously
increasing and a strictly convex function of IE . In addition to the private good, res-
idents benefit from the provision of public services measured by their related ex-
penditures, 7'. Assuming separability, residents’ welfare consists of net-consumer
surplus, plus the social benefit of the public revenue (public’ services) minus the
social damage stemming from industrial pollutant emissions, plus dividend in-
come. Suppose that residents hold all stocks of the firm and t};erefore receive its

full profit as dividend income. Then, we can write consumers’ welfare as!*

Q .
W = [ Pladg~ PQ)Q+ T - aD(B) + () (11)

where the firm’s profit is given by (2). The parameter o € [0,1] represents the
social weight associated with the ecological damage resulting from industrial pol-

15

lutant emissions,’® and A denotes the social value of public funds (the social

marginal values of money in the hands of the government).

2.3 lThe Government

The government seeks to maximize consumers’ utility by determining its policy
tools appropriately. We consider two policy regimes. At the initial tax regime no
environmental taxes are levied but the use of capital is subject to taxation. This
traditional tax system, where the government is restricted to use 7 exclusively,
may reflect either the ignorance of ecological problems or the intention to promote
the industry (or at least not to impede it through the establishment of new tax
rates). Then the society, or a part of it, becomes aware of these problems and
proposes an ecological tax reform comprising the introduction of an emission tax
and an adjustment of the capital tax. Hence, in the second regime two, rather

than only one, tax rates available for the government.

Correspondingly, public revenue stems, in general, from taxation of the mo-

1The concavity of W in K and E is ensured by concavity of F and —D in K and £ and by
the concavity of [2 P(g)dg — P(Q)Q and R(Q) in Q.

15The weight o allows us to consider shifts in preferences, namely a shift towards a ‘greener’
welfare function, or alternatively to consider a policy putting more attention to ecological

problems.



nopolistic firm'® plus any revenue raised from other sources, T, which is treated

as exogenous here.!” Then, total public revenue equals T + T, where
T = K+ 7.E. (12)

While we focus on taxation of a single firm, we treat T/T as relatively small.
Therefore, the social value of public funds A is not affected ‘by 7. and T. and
can be viewed as a given constant.'® Since we deal with distortionary taxation,
A differs from the marginal utility of private income, in general. More precisely,
if an increase in public revenue increases the excess burden of the tax system,
the shadow cost of public funds exceeds consumers’ marginal utility of income:
A > 1. Only if public goods are complementary to taxed goods the excess burden

may decrease with higher public spending {see AUERBACH (1985), p. 112).

3 Environmental Policy in a First-Best World

Before characterizing the optimal tax rates under both policy regimes, we first
consider the Pareto efficient allocation, which serves as a beuchmark in the sub- —
sequent analysis. Within a command and control economy the regulator could
establish the first-best allocation by choosing the real variables K and E directly
and by undertaking any income transfer sufficient to equate the marginal cost
of public funds and the private marginal utility of income. Maximizing welfare,
(11), with respect to (w. r. t.) capital, emissions, and the transfer payment yields

the following optimality conditions:!®

PFk = Pk (13)
PF, = p.+D, (14)
A= 1 (15)

1While the government is able to tax all inputs of the firm, an additional tax on output is
redundant. (See also footnote 20.)

"Since T is exogenous, it is already left out in the welfare function (11).

18) is the Lagrangian multiplier of the overall public budget constraint and thus can be
interpreted as the exogenously given shadow price (or shadow cost) of public services.

191f the government is not able to fix T at any desired level, eq. (15) can only hold by chance.



Equation (13) states that capital should be used up to that point where its
marginal product equals its factor price (net of taxes). Similarly, the environ-
mental factor should be used to that extent where its marginal product equals its
social cost, which consists of its market price (net of taxes) plus the marginal dam-
age caused by the use of environmental inputs (eq. (14)). In addition, resources
are used to provide public services efficiently: the marginal rate of substitution be-

tween the private and the public good equals its marginal rate of transformation

which is equal to unity (eq. (15)).

Next, the question arises how can the first-best outcome be sustained in a
decentralized market economy? If the appropriate fiscal instruments, namely a
capital tax, an emission tax, and poll taxes, are available, the efficient solution

can be supported by adjusting 7 and 7. according to the following rules:

NE

and by levying head taxes sufficient to provide public services efficiently.

(16)
P'QF. + D'

P'QF, ]

While public services can be provided efficiently through imposing the ap-
propriate head taxes, the government does not face any fiscal incentive to raise
additional public funds through distortionary taxation. It rather exclusively seeks
to correct the firm’s non-competitive behavior by subsidizing the use of capital,
1+ < 0, and thereby encouraging production.”® The sign of the emission tax,
however, remains ambiguous. Whether the emission tax is positive or negative
depends on two features: on the steepness of the inverse demand curve and of
the social damage function. Yet, in any case, the emission tax falls short of the
social ma,rrginal damage, i. e., it lies below its Pigouvian level. This reflects the
fact that, evaluated at 7. = Ter =0, output is too low while emissions are bnly too

low for sufficiently flat damage éurves, but too high for steep damage curves.?!

20 Alternatively, thé government can establish the first-best outcome by subsidizing output
and taxing emissions without imposing any tax (or subsidy) on capital. In this, case the tax
‘rate on output would be equal to P'Q} < 0; the tax rate on emissions, equal to D' > (. However,
since we want to focus on factor substitution, we consider factor, not output, taxation.

21 A similar formula for the emission tax was found by BARNETT (1980). Yet, due to the
lack of a second complementary tax rate, the optimal emission tax given therein (eq. (9)) is

second-best.



4 The Initial Tax Regime

In practice, the government has to rely on distortionary taxation. Since poll taxes
and lump-sumn transfers are not available, the government is required to use non-

neutral taxes in order to raise the required level of public funds.

Empirically, environmental taxes have been, and still are, very uncommon.
The ignorance of the opportunity to establish environmental taxes results partly
from a lacking knowledge or comprehension of environmental problems and partly
from protection or promotion of the industry. Correspondingly, while governments
still hesitate to employ explicit emission taxes, they sometimes seek to (mildly)
improve the prevailing environmental quality indirectly through other tax rates.
To model this governmental behavior, assume that either the regulator is initially
only aware of some portion « € [0, 1] of the environmental problems caused by
industrial pollutant emissions; or she is aware of the full damage but due to
political pressure of some interest groups, e. g., employers’ associations and trade
unions, she ignores the portion 1 — o in order not to impede economic activities.
Thus, to calculate the capital tax rate at the initial state of the world where no
taxes are levied on pollutant emissions directly, differentiate the welfare function
(11) w. r. t. 7%, evaluated at 7, = 0. Using (5) and (12), this procedure yields

ow

5 = MEpn+ K) = PQ(FK,, + F.By) - K —aD'E,, = 0. (17)
Kk .

Solving (17) for 7 gives us

Proposition 4.1 The optimal initial capital tax rate, where 7° = 0, is given by

1
A

Ty =

’ .
(i,f(Fk]\’pk + FE,)—(A— I)Jf,; +aD'£::> . {18)
The optimal initial tax rate on capital conéiéts of three parts. The first one stems
from non-competitive behavior of the firm. Since the tax rate affects factor de-
mand, the output of the firm and the market clearing output price change. {Recall
“that the signs of the derivatives of factor demand are given by (9) and (10}.) If
an increase in 7 induces factor substitution that leads to a decrease of produc-

tion, this policy measure reduces consumer surplus. Hence, if |FiK,,| > F.E,,,

10



the first term is negative. The second term weighs the increase of public rev-
enue against the decrease of the firm’s plroﬁt, where the latter is equivalent to
consumers’ loss of capital income. If the marginal social value of public funds
exceeds the marginal utility of private income, A > 1, the relative scarcity of
public revenue prompts the government, ceteris paribus, to increase the tax rate;
and the higher A, the more the government taxes capital (9r;/9dx > 0). The
third term reflects the perceived environmental damage resulting from pollutant
emission. While an increased economic activity requires more environmental in-
puts, environmental quality declines as industrial output rises. In the initial tax
regime, the government disregards (or is not aware of) the portion 1 — o of the
marginal environmental damage; and the more the government ignores the detri-
mental impact of the firm’s activity. on environmental quality, i. e., the lower is

a, the higher(!) is the tax rate. -

Corollary 4.1 The initial taz rate on capitel, 77 is a decreasing function of the

weight given to environinental damage: 073/0a < 0).

Contrary to what one might believe, if the regulator is not allowed (or hesitates)
to apply emission taxes, the (constrained) optimal capital tax is the lower, and
therefore the firm’s profit is the higher, the more the regulator takes into account
the environmental damage associated with the firm’s pollutant emissions. Simi-
larly, T,i’ is the lower the higher is the marginal damage resulting from pollutant
emissions. The intuition behind this result is the following. For any fixed price of
environmental inputs, increasing the tax on capital induces the firm to use leés
capital and to emit more pollutants. Hence, a higher tax on capital implies an
indirect subsidy on poliutant emissidns. However, the more the government be-
comes aware of the ecological problems (a higher «), the less the government finds
it desirable to subsidize pollutant emissions. In sum, although the government is
constrained to apply a single tax rate, it seeks to pursue a threefold purpose: to
regulate the output market, to raise public funds, and to affect the environmental

quality.??

221t has well been recognized that the government seeks to pursue muitiple targets by a
single tax rate under imperfect competition. While in the classical RAMSEY-BOITEUX pricing

problem the optimal (second-best) tax rate accounts for the scarcity of public funds and for

11



5 The Ecological Tax Reform

Now, suppose that the society (or at least a part of it) becomes aware of the
total ecological damage resulting from industrial pollutant emissions (e = 1) and
proposes an ecological tax reform calling for the introduction of an emission tax.
Since the establishment of a new tax causes the initial tax system to be determined
suboptimally iﬁ general, the capital tax rate must also be adjusted. Therefore,
the reformed tax rates are calculated by maximizing the welfare function w. r. t.
7 and 7. simultaneously. The first order conditions (f. o. c. s) characterizing the

solution of this optimization problem are given by

%?==M&ﬂﬁmhn+M—P@MU%+E&J—K—DEN=0ﬂm
k : .

a .
éﬁj=AM@%H@H+H—P@UUQ+R&J—E—U&e=m(%)

where we have made use of (3) and (4) {envelope theorem).

To get further insight into the structure of the optimally reformed tax rates,

solve equations (19) and (20) for the vector (7, 7.). This procedure yields

Proposition 5.1 The optimal reformed taz rates are given by

1 _, . A-1 EE, - KE,,
[ Tk ] AP QFk ! A KP#EF: - erEm

= ; : (21)
A=l KKy ~KpBE 1,

A ka Epe, - er E’Pk A

1
—P'QF.
FPQF+

The (second-best) tax rates are determined by two resﬁectively three terms. With-
in each formula the first term stems from the monopolistic behavior of the firm,
reflecting the marginal impact of the tax rate on consumer surplus. These terms
represent the government’s endeavor to correct for the distortion of the output
market by enhancing the firm’s output through encouraging the use of capital
and emissions. (Note that both terms are negative and, therefore, ignoring the

~other terms, represent a subsidy of both inputs.) However, contrary to the initial

non-competitive behavior of the firm(s}), it accounts for monopolistic behavior and the marginal
social damage stemming from pollutant emission in the regulation problems discussed by BaR-
NETT (1980), BAUMOL AND OaTEs (1988) (ch. 6), and others.

12



tax rate (18), each tax rate accounts only for the marginal product of the corre-
sponding factor. While the tax formula of 77 includes a P'Q F.-term, the reformed

tax rate on capital does not; neither does 7, include a P'Q Fi-term.

The second terms result from distortionary taxation of industrial inputs and
correspond to the extent of inefficient provision of public services. The factor
(A — 1)/X stems from the divergency between the private and social value of
income and can be interpreted -as the marginal excess burden of distortionary
taxation. Because we know from (7), (9), and (10) that K, E, — K, _E,, is equal
to the inverse of the determinant of the Hessian matrix of R, the denominators
of the second terms of (21) are unambiguously positive. Hence, as long as public
funds are ‘relatively scarce’ in the sense that A > 1, the second parts of the right

hand side of (21) are non-negative.

The third term determining 7. results from the marginal environmental dam-
age of industrial pollutant emissions. Contrary to the capital tax, the emission tax
depends directly? on the marginal environmental darﬁa.ge - as the initial capital
tax 77 does. Moreover, while we have seen that r¢ is the lower the higher is the
-marginal damage resulting from pollutant emissions, the reformed emission tax
depends positively on marginal damage. Thus, while the reformed capital tax rate
is determined by only two distortions, resulting from non-competitive behavior
of the firm and from the use of an overall second-best tax system, the emission

tax also incorporates environmental diseconomies.

If the government is free to choose any fiscal instrument, i. e., it is not urged
to use a distortionary tax system, the marginal cost of public funds equals unity,
public goods are provided efficiently, and, therefore, the marginal excess burden is
equal to zero. In this case, the first-best solution could be established by adjusting

head taxes/lump sum transfers and the tax rates appropriately.?

23Clearly both tax rates are determined simultaneously by the equation system (21) and are
therefore interdependent. If we speak of independence, we mean that there is no first-order
impact.

?4This is a generalization of EBERT’S (1992) result (cf. eq. (8c)) in the sense that we consider
the taxation of two independent production factors whereas EBERT (1992) assumes that emis-

sions are perfectly related to output; and, therefore, his model is confined to output taxation.

13



Corollary 5.1 If the marginal social cost of public funds is equal to unity, A =1,

the optimal reformed taz rates are first-best.

Proof;: by comparisen of (21) and (16).

So far we have derived and discussed the tax rates under both taxation
regimes. To come back to our basic question - which consequences does the

ecological tax reform imply? — we have to compare both tax systems.

6 A Comparison of both Tax Regimes

Whether the ecological tax reform leads to higher tax rates and a higher tax bur-
den for the industry, to an increase of public revenue, and/or to an improvement
of the environmental quality can only be answered by a comparison of the ini-
tial tax system and its reformed counterpart. However, comparing tax formulae
is a delicate task, for they hold at different points.?® Keeping this in mind, we
contrast the initial tax rates, given by 7° = 0 and (18), and the reformed tax
rates, given by (21), under the conventional ‘ceteris paribus assumption’. Since
it is inconvenient to compare both tax systems by using equations (18) and (21)

directly, we utilize the corresponding first order conditions, (17), (19), and (20).

Let us begin with the capital tax rate. Inspecting (17) and (19), we see that
the latter differs from the first by a term that is proportional to

- [(1 - a)% - fe] : (22)

7. exceeds, ceteris paribus, ¢ if (22) is positive but falls short of the initial
capital tax if this term1s negat.ive. Clearly, for all negative emission tax rates the
capital tax declines compared to the initial tax rate; but for 7. > 0, the direction
of adjustment is ambiguous. Three polar cases may show this. If we evaluate
terms at the initial emission tax, 7. = 0, 74 falls short of 7. However, using the
Pigouvian tax, 7. = I, the government raises the capital tax above its initial
level. In the case where a equals unity, (22) is positive if and only if 7. is also

positive.

25The point is that we consider a drastic rather than a marginal tax reform.

14



Similar ambiguity arises in case of the emission tax. Although in this case,
there is no evaluation problem, for the initial emission tax rate is equal to zero,
the question, whether 1, — 7°(= 7.) is positive or not, remains open. Naturally, we
may expect the emission tax to be positive, but this does not necessarily occur, as
indicated earlier. The outcome hinges on the steepﬁess of the social damage curve,
on the inverse demand curve and on the curvatures of the production function.
Note that as long as the directions of the tax changes remain unclear, we cannot

even rule out that the ‘ecological’ tax reform makes industrial pollutant emissions

go up and the environmental quality go down.

. Clearly, while the directions of the adjustments of the tax rates remain unclear,
we cannot hope to get unique signs for the impact of the tax reform on the firm’s

profit and public revenue. Totally differentiating both, (5) and (12}, yielding

dll = —(Kdr + Edr,), . | (23)
AT = (E, 7o+ K, 70) dri + (Ep.7e+ Kp,70) dre — dII, (24)

‘shows that dIT and dT can be of either sign.

Hence, although we have derived the tax formulae for the imtial as well as for
the reformed tax regime, a comparison of both does not provide us a clear-cut
result. We are not able to decide whether the capital tax and/or the emission
tax is increased or decreased. (And similar is true for the firm’s profit and public
revenue.) To gain further insight, we introduce specific functional forms of the
social damage, the prodﬁction, and the inverse demand function, in the ensuing

analysis.

7 A More Specific Model

Let the social damage resulting from industnal pollutant emissions be a quadratic

function of K,

D(E) = ‘;—"Eﬁ = D'(E) = dF, (25)

where dy > 0.
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Suppose that the production technology of the monopolistic firm can be char-

acterized by a Cobb-Douglas production function,

F(KE) = aqgK* E™, ag, ay,ay > 0, (26)

where the parameters of F' satisfy

a1 > g and a; +a; = 0.5.

(26) implies

—1
F(K,E) = %F(K,E), Ful(K,E) = ‘“(‘}1(—2%(1(,5),
—1
F.K,E) = %F(K,E), F.(K,E) = %F(I(,EL
FiolK,E). = 222p(K E).

KE
Let the firm face an affine-linear inverse demand curve,

P@Q) = 1-cQ YQe[01], e¢>0. (27)

Note that since the production function exhibits decreasing returns to scale,
the cost function is convex; which, in conjunction with (27), guarantees an interior
solution of the profit-maximization problem of the firmn, for the specified inverse

demand curve is ‘not too convex’ in the sense of (1):
PI<2P1Q & 0<2¢/Q.
In the following, let ¢ be equal to one.

According to (3} and (4), the firm’s profit-maximizing production decision is

determined by its f. 0. c. s

a

71 -2Q) = p, | (28)
FQ0-20) = p., (29)

and (26), implying 0 < Q < 1/2. Solving this equation system for K, F, and Q
yields the firm’s factor demand,
K = gznbza : (30)
E = ’l;bza (31)



and its supply function, |
Q = al™y, (32)
where £ = (arpe)/(azpk) and ¥ = (aoast™ )/ (pe + 2das€™").
To determine the'signs of the derivatives of factor demand w. r. t. factor prices,

we can either differentiate (30) and (31) w. r. t. p and p. or apply (9) and (10).

To pursue the latter, we need the derivatives of the revenue function, 'R( K, E):

R, = K (1—2@) : (33)
R = ZQ1-29), | (34)
R = % (=1 + a1 + 2Q — 4a,Q), (35)
R.. = J‘; (=1+ a2 +2Q — 4a:Q), (36)
R = 2200-40), ) BN
det(H(R)) = ;12;1Q2(2Q—1)(a1+az—1+2[1—2(a1+a2)1c2), (38)

with Q = F(K, E). Using a; + a2 = 0.5, (35), (36}, and (38) reduce to

Rkk = ]{2Q( 1+.a1—|—2Qa2), (39)
R. = ;22 (=1 + a2 + 2Qay), (40)
der(H(R) = 2280 20) (41)

Note that the signs of K,, and E,_are ambiguous: while 1/4 < Q(< 1/2) the
cross-derivative of the revenue w. 1. t. K and E is negative; it is positive for all
0 < Q < 1/4. The crucial parameter here is aq. If

pe —a]
2&2 E

ap > =: do, (42)

Rj. 1s negative and thus the cross derivatives K,, and E,, are positive; otherwise,
they are negative. Hence, whether @ falls short or exceeds 1/4 and whether the
cross-derivatives of the factor demands are positive or negative crucially depends

on the productivity parameter ao.

Now, to calculate the factor demands and their derivatives, specify the param-

eters of the production function, the pre-tax factor prices, and the social damage
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curve. Let py = 1 and p. = 0.1; let a; = 0.3, a; = 0.2; and let dy = 10. In this

case, the critical value for ag, given by (42), reduces to
ag > @y = 5737032702 p03,02 o 1 4(1 + 1)3(0.1 + 7.)°2

Note that &g is a function of 7, and ..

The optimal tax rates of both regimes, the initial and the ecological tax regime,
are adjusted in accordance with (18) respectively (21). Since these tax rates de-
pend ‘on the social value of public funds, A, on the productivity parameter, ag,
and on the weight initially attached to the social damage, o, any tuple (A, ao, @)
induces a pair of allocations: the allocations under the initial and under the re-
formed tax rates. Thus, varying A, ag, and a parametrically gives us a set of
market equilibria and the induced welfare effects, that could easily be computed

by using the above formulae.

In the ensuing subsections, we analyze our computational results, summarized
in Tables 1 to 8 of Appendix B. These calculations allow us to compare the
allocations under both taxation regimes in a very explicit way. To contrast both
regimes as appealingly as possible, Figures 1 to 4 of Appendix A graphically
present the tax induced changes of the interesting variables. But before turning to
the effects of the ecological tax reform, we should get a notion of the unregulated
economy, where all tax rates are fixed at zero. For this purpose, Figure 0 of
Appendix A and Table ¢ of Appendix B depict the firm’s variables and the

corresponding social welfare level for the laissez faire economy.

With regard to the two taxation regimes, Tables 1, 2, 3, and 4 show the
government’s optimal initial capital tax rate, implicitly given by p3, and the
induced allocatioh; while Tables 5, 6, 7, and 8 refer to the situation after the
ecological tax reform has taken place. Throughout these tables the social value
of public funds is increased. Starting from A = 1, where the social value of public
funds equals the private value of income, ) increases up to two. Within each table

ap is varied parametrically. (Similar is true for Figures 1 to 4 of Appendix A.)
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7.1 The Initial Tax Rates

The thin lines of Figures 1 to 4 of Appendix A and Tables 1 to 4 of Appendix B
exhibit our results foy the initial tax regime. The latter are structured as follows.
Given the social price of public funds, A, and the initial social weight attached to
fhe ecological damage, o, the productivity parameter aop (1st column) is increased
within each table, ranging from 0.90 to (at least) 2.60.2° The optimal capital tax
of the initial tax regime is implicitly given in the second column (7 = p§ — 1).
Columns three, four, and five show the behavior of the firm {(factor demand and
output). The first derivatives of factor demand, whose signs have turned out to .
be crucial in the foregoing analysis, are given in the next three columns. Each
table continues by a second part containing the firm'’s revenue, its cost, and its
profit. The last two columns are attached to the public sector, depicting public

revenue and the resulting welfare level.

Starting from ap = 0.90, the ca.pital.tax rate first decreases (the subsidy
increases) up to an ag-value that is close to 1.20, and it increases beyond this
value.”_ When ap increases, less capital is used (except for the first two aq-values
in Tables 3 and 4). Similar is true for pollutant emissions. Though E, is positive
(7th column), the first order effect of pi on E is not sufficiently strong to increase
the use of environmental inputs. A more severe taxation of capital makes the
firm demand less capital and emit less pollutants. However, the emission-capital
ratio increases as ap goes up. Hence, technical ;;rogr‘ess, measured in terms of a
higher ag-value, leads to more pollutant intensive production, albeit total pollutant
emissions decrease and the prevailing environmental quality improves. Note that,
although the firm uses less of both factors, output increases (slightly), since the

productivity gain more than outweighs the input reduction.?®

26Here we only present those results of the initial regime that are calculated for the polar case
of o = 1. Carrying out the same calculations for & < 1 does not alter the results qualitatively.
The main effect of a lower a-value is a higher initial price of capital.

27The fact that capital is not taxed but subsidized depends 6n the pre-tax prices of capital
and emissions as well as on the steepness of the social damage function. Since appropriately
changihg these exogenous parameters turns the subsidy into a positive tax, the fact that pj <1
should not be overemphasized.

28Note also that the firm’s output exceeds 1/4 (but falls short of 1/2), confirming our pre-

sumption that ap satisfies condition (42).
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While do 1ncreases, capital and emissions become less variable w. r. t. factor
price changes. (K,,, K,,, E,,, and E,, decrease in absolute values, except for very
low ag-values when A is sufficiently high.) This reflects the fact that since capital
and emissions are reduced as the productivity rises, the cost of giving up one ad-
ditional unit of any of both factors increases implying less elastic factor demand.
In particular, note that the cross-derivatives are positive (column 7). This con-
firms our previous assumption that, evaluated at the firm’s optimal production

plan, the cross-derivative of the production function is not too large in the sense

of (8).

Since there is, except for very low ag-values, little variability in @, the firm’s
revenue, ranging from 0.2383 to 0.2497 for A = 1 and from 0.2120 to 0.2495 for
A = 2, remains relatively constant. On the contrary, a significant change in the
firm’s cost can be observed. While aqo goes up, production cost falls to some 20%
of its ap = 0.9-value. Accordingly, profit increases and even approaches to revenue
as production becomes more effective, though the use of capital bec.omes more

expensive,

Since there is a siguificant erosion of the tax basis as the capital tax increases,.
one might think that public tax revenue falls as the government tighte.ns the tax
screw. But the induced reduction in capital demand does not outweigh the effect
of a higher tax rate on capital. Thus, along the path of technical progress, the gov-
ernment faces an increasing branch of the ‘Laffer curve’. Naturally, similar is true
for society’s welfare. But while welfare increases rapidly for lower productivity

parameters, its growth is (slightly) slowed down for higher values of ao.

It is worthwhile to emphasize that the structure of the paths of the economic
variables through Tables 1, 2, 3, and 4 is constant. (See also the thin graphs of
Figures 1 to 4.) This means that our qualitative results (the patterns of the graph-
s) are robust w. r. t. the social value of public funds. Moreover, while throughout
Tables 1 to 4, A doubles from 1 to 2, the firm’s revenue remains almost unchanged;
similarly, profit and welfare are only slightly decreased (at least if ao is not close
to 0.9). This gives us the possibly surprising result that the outcome is relatively

more affected by the parameter ap than by the social price of public funds.
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7.2 The Ecological Tax Reform

The bold lines of Figures 5 to 8 of Appendix A and Tables.5 to 8 of Appendix B
depict our computational results, when the government considers to implement
the proposed ecological tax reform. Again, throughout these tables and figures
the social value of public funds increases from one to two, while within each of

them ap is varied parametrically, ranging from 0.9 to (at least) 2.2.

Starting from ap = 0.9, the price of capital decreases continuously if the
firm becomes more productive. When the social price of public fun.ds goes up,
the decline of p; is reduced (the pi-graph becomes flatter); if public funds are
sufficiently scarce, A = 2, this process stops and the government taxes capital at a
constant rate of 33.33%, independent of ao. Similarly, the government reduces the
emission tax while ag rises; and the higher is A the more the government hesitates
to lower the emission tax (the p.-graph becomes flatter). If A approaches two, p.

is kept almost constant (still slightly decreasing except for very low ag-values).

If the firm becomes highly productive, i. e., ap becomes sufficiently large, the
government doeis not only subsidize capital but also pollutant emissions in order
to .promote. economic activity. At this point, where the government begins to
subsidize pollutant emissions, say a3, both factor prices equal‘their initial values.
(The px- and the p.-graph cut the p}- and the p2-graph, respectively.)?®® Hence,
if ap exceeds aj, the firm obviously benefits from the ecological tax reform, for

both tax rates are lowered.

If the firm becomes even more productive such that ay exceeds some other
critical value, say ao(> a§), the subsidy may even exceed the pre-tax factor price
resulting in negative cum-tax prices.>® However, since these cases seem to be of
less empi‘rical relevance (cost becomes negative and profit exceeds revenue), little
attention is put on the right tail of the ap-range where both inpufs are heavily

subsidized in the remainder of our analysis.

2%The ag-vahie where p; and p, coincide with their initial values, ag, is given by 1.74 for
A =1.0, by 1.87 for A = 1.1, and by 2.56 for A = 1.5; for A = 2.0, the intersection of the pg-
and the p.-graph with the pi- and the pl-graph lies out of the considered ao-range.
" 30The ag-value where pg _and pe become simultaneously negative, ag, is given by 1.871 for
A = 1.0 and by 2.01 for A = L.1; for an-y higher A-value, the intersection of the pi- and the

pe-graph with the abscissa is out of the considered ag-range.
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Now, let us inspect factor demand and its der.ivatives as well as the firm’s sup-
ply. Sta,rting from ag = 0.9, the firm uses more capital and emits more pollutants
if its productivity goes up. However, if ag approaches some critical value, say ay,
capital and emnissions reach their peaks, and both reduced beyond ao. (The higher
the social value of public funds the lower is @o.) Note that the variability of factor
demand (w. r. t. ao) is relatively low compared to the variability of output. This
reflects the fact that the firm makes use of the productivity gains through increas-
ing its output while keeping its factor demand almost constant. Correspondingly,
there is little variability of the emission-capital ratio (slightly decreasing for low
and slightly increasing for high ao-values). Thus, technical progress, measured in

terms of a higher aq-value, does not induce significant changes of the input mix.

Also contrary to what we found for the initial tax regime, the derivatives
of factor demand w. r. t. factor prices increase in absolute values if ag goes up
(at least if factor prices are not too close to zero).3! As we have expected from
our previous analysis, while ag does not exceed &, ~ 1.10, defined by (42), the
cross-derivatives K,,e and E,, are negative; but else, positive. Note that in the
first case, we also have @} < 1/4; whereas in the second case, output exceeds 1 /4.
This implies that our result of the initial regime where both cross-derivatives have .
been positive is also true under the second regime for almost all ag-values. Hence,
our hypothesis that evaluated at the firm’s optimal produétion plan, the cross-
derivatives of factor demand are positive is supported by the numerical results

“under both regimes.

The effects of higher values of ag and A on the firm’s profit are unambiguous.‘
Holding A constant, the firm’s profit increases as ao goes up, whereas its cost
increases slightly for low but decrease substantially for higher ag-values: For lower
values of the productivity parameter, the reduction of both tax rates is insufficient
to outweigh the cost increase resulting from higher capital and emission demand.
Holding, on the contrary, ap constant, the firm’s output, revenue, and its profit

decrease, whereas its cost increases as A goes up. Thus, the scarcer public funds

#1This is consistent with our finding from the initial tax regime that the variability of K and
£ is the higher the lower are the factor prices. Since higher ag-values make the government to
lower its tax rates (increase its subsidies), K,,, Ky, Ep,, and E,, increase in absolute values.
(If, however, ay exceeds ag, the derivatives of factor demand do not behave well, in the sense

that Kp, and E,_ become positive.)
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the more the government exploits the industry through tightening the tax screw.
Correspondingly, public revenue increases Iif the shadow cost of public funds goes
up. The more public services are underprovided {ineasured by a higher A) the
more the government uses distortionary tax rates to raise public funds. However,
a higher Xva.lue does neither imply a higher nor a lower welfare level; whereas,
holding A constant, higher ag-values unambiguously imply a higher welfare. While
a higher price of public funds keeps welfare almost unchanged, a variation of the
firm’s productivity alters welfare significantly. Similar is true for industrial profit:
The profit reduction is rather small as A increases, compared to the profit decline

when ag falls.

Note that public revenue falls if the firm’s productivity increases, unless A is
very high'a.nd ap is sufficiently low. When the firm becomes more productive, the
government gives the firm a taz relief, resulting in a lower public revenue but
higher welfare. Only if public funds are particularly scarce, the government may

use industrial productivity gains to collect more revenue.

Similar to what we found under the initial tax regime, our qualitative findings
are robust w. r. t. the social value of public funds, i. e., the patterns of the con-
sidered economic variables are more or less invariant. Qur computational results
show that, also for the ecological tax regime, ap is a rather critical parameter for
the optimal tax rates and the resulting allocation. A change of the production
parameter ap may affect results even more than a change of the social value of

public funds.

7.3 Comparing both Tax Regimes

Now, we turn to the basic question: which consequences does the proposed eco-
logical tax reform imply? To answer this, we have to compare for any given values
of ap and A the variables of the imtial and of the reformed tax regime. Let us go
. through the different variables successively, thereby neglecting the; empirically
| less relevant, highest ag-values where the reformed factor prices become negative

(0.0 > &0)

First of all, compare the tax rates of the initial tax regime with those of the

ecological tax reform. The transition towards the reformed tax system implies
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higher factor prices for all ag-values not exceeding a3. Hence, for any ag < ap the
initial after-tax factor prices pj and e = 0.1 fall short of their reformed counter-
i)a.rts. Moreover, the critical value af increases as the shadow cost of public funds
goes up. If A is sufficiently high, the tax reform implies higher factor prices for the
whole considered interval of aq. Yet, we cannot rule out the polar case where the
productivity parameter ao exceeds a7, and the government finds it advantageous
to subsidize rather than to tax pollutant emissions and to tax capital less than
under the initial regime.?* (The horizontal lines in Tables 5, 6, and 7 separate the
areas for which the reformed factor prices exceed their initial counterparts from

those where the opposite is true.)

Since through the tax reform p; and p. are increased for aq < aj {and de-
creased else), capital dem‘and_, pollutant emissions, and thus output fall if ap < af)
(increase else). Thus, the transition towards an ecological tax system augments
the environmental quality but leads to lower output levels. CorreSpondingly, the
firm’s revenue decreases, its cost increases, and its profit falls, whereas public
tax revenue ascends ra.nd overall welfare is improved. Hence, neglecting the ex-
treme cases where the tax rates are reduced (ap > af), industry suffers from the
ecological tax reform while welfare is improved. Especially for the lower range
of ap-values, the transition towards an ecological tax system implies significant
potential welfare gains accompanied by substantial improvements of the envi-
ronmental quality and higher public revenue. (The arguments are reversed for

dg > GB)

To sum up, for a wide range of parameter values there is a strong tendency
of the government not only to establish a positive tax on pollutant emissions but
also to increase the tax rate on capital. Or in other words, the initial tax rates are
too low, given that two tax rates are available. Clearly, if the industry faces too
low factor prices, industrial pollutant emissions are too high. Increasing the tax
rates of both(!) factors discourages production and lowers profit. But although
economic activity is hampered through higher tax rates, resulting in a narrowing

of the tax base, public revenue increases.>® While the social price of public funds

- ¥Clearly, by definition of &y and ay we have a}) < a.
*In the terms of BOVENBERG AND VAN DER PLOEG (1994), LIGTHART AND VAN DER PLOEG
{1994), and others, this paper rejects the hypothesis of a ‘blue’ double dividend (profits) but
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exceeds the marginal utility of private income, this income transfer implies a
welfare improvement per se. Moreover, siﬁce pollutant emissions are reduced sig-
nificantly, the prevailing environmental quality is considerably improved. Hence,
although there may be significant costs associated with the transition towards an
ecological tax system, partly paid by the industry through lower profits and partly
by consumers through higher output prices, welfare improvements are guaranteed

and may even be huge.

8 Conclusions

We have considered the welfare effects induced by the transition from some initial
tax system towards an ecologically reformed tax system. At the initial state, the
government exclusively taxes the use of capital. The proposed tax reform requires
levying taxes on pollutant emissions as well and reconsidering the level of the
capital tax rate. To investigate the implichtions of this ‘green’ tax reform, we

first calculate the optimal {second-best) tax rates of both tax regimes.

In the initial tax regime, the government is not (fully) aware of the ecological
damage resulting from industrial pollutant emissions. Consequently, an emission
tax is not established and public funds are raised thrbugh the imposition of a tax
rate on capital, exclusively. In this case, the capital tax consists of three parts,
reflecting the fact that the government seeks to pursue a threefold purposé: to
regulate the monopolistic firm, to raise public funds, and to improve the environ-
mental quality (if the government perceives at least some portion of the social
damage stemming from pollutant emissions). Contrary to what one might expect,
the tax rate on capital decreases as the government becomes aware of the eco-
logical problems, provided that the government relies only on capital taxation.
The intuition behind this is that through lowering thercapital tax the government
seeks to induce a factor substitution effect: if the use of capital becomes more

attractive, the firm substitutes environmental inputs by cé.pital.

Under the ecological tax system an environmental tax is introduced and the

capital tax is adjusted appropriately. Now, the optimal tax rate on capital is

supports the existence of a ‘red’ double dividend.
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composed only of two terms: one representing the government’s endeavor to affect
the firm’s output decisions and one to raise public funds. The optimal emission
tax, however, incorporates a third term, reflecting the social damage resulting

from industrial pollutant emissions.

Although we have been able to derive the tax formulae of both fiscal regimes,
a comparison of them does not provide us clear-cut results concerning our basic
question: which economic and ecological consequerices does the proposed tax re-
form imply? For example, we cannot infer in which direction tax rates, industrial
profit, public revenue, and environmental quality move. This ambiguity arises be-
cause we deal with a drastic rather than with a marginal tax reform. Therefore,
to gain further insight, we consider a more specific version of our model: Assum-
ing a quadratic damage function, a Cobb-Douglas production function, and an

affine-linear inverse demand curve the model is investigated comprehensively.

Among others, the tax rates depend on the social value of public funds and on
the productivity parameter of the firm. Parametrical variation of these parame-
ters provides us some insight into the patterns of the optimal tax rates and the
resulting allocations. It turns out that, under both tax regimes, the outcome is
more affected by the productivity of the firm than by the social price of public
funds. Similarly, under both fiscal regimes, our qualitative findings — the patterns

of the crucial economic variables ~ are robust w. r. t. the social value of publie

funds.

A comparison of both tax regimes reveals the consequences of an ecological
tax reform: Given the firm’s productivity is not too high, the ecological tazx reform
implies an increase of both taz rates; a decrease of capital demand, pollutant emis-
stons, and total output; moreover, the firm’s cost increases, while its revenue and
profit fall; but public taz revenue rises. In an extreme case, where the productiv-
ity parameter exceeds some critical value, the government does not increase but
reduce the tax rates, and all effects are reversed. In any case, the realization of an
ecological tax reform implies significant, and possibly huge, welfare gains, which
are commonly accompanied by substantial improvements of the environmental

quality; yet we have to expect profit and consumer surplus to fall.
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Comparing Both Regimes for A = 1.0
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Comparing Both Regimes for A =1.1
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Appendix B

Table 0: Without any regulatory policy

g K E @ K, K, ,E, E,,

0.90 | 0.0375 0.2499 0.2547 | -0.0371 0.0028 -2.4805
1.00 | 0.0369 0.2462 0.2808 | -0.0342 0.0182 -2.3404
1.10 | 0.0358 0.2383 0.3040 { -0.0311 0.0309 -2.1777
1.20 | 0.0342 0.2279 0.3243 | -0.0281 0.0406 * -2.0085
1.40 | 0.0306 0.2037 - 0.3576 | -0.0227 0.0526 -1.6860
1.60 | 0.0269 0.1790 0.3832 | -0.0183 0.0572 -1.4088
1.80 | 0.0235 0.1564 * 0.4030 | -0.0149 0.0574 -1.1814
2.00 | 0.0205 0.1366 0.4184 | -0.0122 0.0552 -0.9979
2.20 | 0.0179 0.1196 0.4306 | -0.0102 0.0518 -0.8502
2.40 { 0.01538 0.1051 0.4403 | -0.0086 0.0480 -0.7308
2.60 | 0.0139 0.0928 0.4483 | -0.0073 0.0441 -0.6335

Table (: Without any 'regulatofy policy; continued

w |PQQ CQ nQ| w-
0.90 | 0.1898 0.0625 0.1273 | -0.1525
1.00 | 0.2020 0.0615 0.1404 | -0.1232
1.10 | 0.2116 0.0596 0.1520 | -0.0859 .
1.20 | 0.2191 0.0570 0.1621 | -0.0451
1.40 | 0.2297 0.0509 0.1788 | 0.0353
1.60 | 0.2364 0.0448 0.1916 | 0.1047
1.80 | 0.2406 0.0391 0.2015 | 0.1603
2.00 | 0.2433 0.0341 0.2092 | 0.2034
2.20 | 0.2452 0.0299 0.2153 | 0.2365
2.40 | 0.2464 0.0263 0.2202 | 0.2619
2.60 | 0.2473 0.0232 0.2241 | 0.2816
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Table 1: Initial tax rates (A = 1.0)

ao 5 K E Q| K K., En E,,
0.90 | 0.1247 [ 0.2040 0.1696 0.3918 | -1.0793  0.4627 -1.3114
1.00 { 0.1179 { 0.1861 0.1462 0.4111 | -0.9683  0.4795 -1.0854
1.10 [ 0.1160 { 0.1653 0.1278 0.4248 | -0.8270  0.4621 -0.9207
1.20 [ 0.1165 | 0.1455 0.1130 0.4351 | -0.6940  0.4308 -0.7950
1.40 [ 0.1208 | 0.1125 0.0906 0.4496 [ -0.4852  0.3594 -0.6164
1.60 | 0.1270 | 0.0881 0.0746 0.4594 | -0.3450  0.2952 -0.4962
1.80 | 0.1341 | 0.0702 0.0628 0.4664 | -0.2518  0.2431 -0.4103
2.00 | 0.1413 | 0.0569 0.0536 0.4716 | -0.1886  0.2018 -0.3463
2.20 | 0.1486 | 0.0469 0.0465 0.4756 | -0.1448  0.1693 -0.2969
2.40 | 0.1556 | 0.0392 0.0407 0.4788 | -0.1136  0.1435 -0.2579
2.60 | 0.1625 | 0.0332 0.0360 0.4813 | -0.0909 -0.2264

0.1229

Table 1: Initial tax rates (A ='1.0); continued

a | P(Q)Q C(Q) T(Q) T w
0.90 | 0.2383 0.0424 0.1959 | -0.1786 -0.0498
1.00 | 0.2421 0.0366 0.2055 | -0.1641  0.0190
1.10 | 0.2443 0.0320 0.2124 | -0.1461  0.0748
1:20 | 0.2458 0.0282 0.2175 | -0.1285  0.1199
140 | 0.2475 0.0226 0.2248 | -0.0989  0.1860
1.60 | 0.2484 0.0187 0.2297 | -0.0769  0.2305
1.80 | 0.2489 0.0157. 0.2332 | -0.0608 0.2614
2.00 | 0.2492 0.0134 0.2358 | -0.0489  0.2837
2.20 | 0.2494 0.0116 0.2378 | -0.0399  0.3001
2.40 | 0.2495 0.0102 0.2394 | -0.0331 0.3126
2.60 | 0.2497 0.0090 0.2407 | -0.0278  0.3222
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Table 2: Initial tax rates (A =1.1)

a0 5 K E Q| K, K, Ey, E,
0.90 [ 0.1419 | 0.1871 0.1770 0.3850 | -0.8914  0.4044 -1.3879
1.00 | 0.1321 | 0.1734 0.1527 0.4060 | -0.8214  0.4328 -1.1459
1.10 | 0.1290 | 0.1553 0.1335 0.4206 | -0.7112  0.4241 -0.9709
1.20 | 0.1289 | 0.1374 0.1181 0.4316 | -0.6017  0.3993 -0.8379
1.40 | 0.1330 | 0.1070 0.0948 0.4470 | -0.4242  0.3371 -0.6494
1.60 | 0.1396 | 0.0840 0.0782 0.4572 | -0.3026  0.2787 -0.5228
1.80 | 0.1472 | 0.0671 0.0659 0.4646 | -0.2211  0.2304 -0.4326
2.00 | 0.1553 | 0.0545 0.0564 0.4700 | -0.1656  0.1917 -0.3653
2.20 | 0.1633 | 0.0449 0.0489 '0.4742 | -0.1270  0.1611 -0.3136
2.40 | 0.1713 | 0.0375 0.0429 0.4776 | -0.0995 . 0.1367 -0.2726
2.60 | 0.1790 | 0.0318 0.0379 0.4803 | -0.0795  0.1171 -0.2396

Table 2: Initial tax rates (A = 1.1); continued

w |PQQ @ nQ| T W
0.90 | 0.2369 0.0443 0.1925 | -0.1606 -0.0667
1.00 | 0.2412 0.0382 ©0.2030 | -0.1505  0.0032
1.10 | 0.2437 0.0334 0.2103 | -0.1353  0.0608
1.20 | 0.2453 0.0295 0.2158 | -0.1197  0.1075
1.40 | 0.2472 0.0237 0.2235 | -0.0927  0.1764
1.60 | 0.2482 0.0196 0.2286 | -0.0723  0.2230
1.80 | 0.2487 0.0165 0.2323 | -0.0572  0.2555
9.00 | 0.2491 0.0141 0.2350 | -0.0460  0.2790
920 | 0.2493 0.0122 0.2371 | -0.0376  0.2963
9.40 | 0.2495 0.0107 0.2388 | -0.0311  0.3094
9.60 | 0.2496 0.0095 0.2401 | -0.0261  0.3195
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. Table 3: Initial tax rates (A = 1.5)

ao 2 K E Q| K. K., E, E,.
0.90 [ 0.2307 | 0.1326 0.2040 0.3573 | -0.4270  0.2276 -1.6899
1.00 | 0.1975 | 0.1336 0.1759 0.3861 [ -0.4552  0.2909 -1.3756
1.10 | 0.1859 | 0.1243 0.1541 0.4049 | -0.4202  0.3080 -1.1590°
1.20 | 0.1820 [ 0.1125 0.1365 0.4184 | -0.3683  0.3032 -0.9975
1.40 | 0.1840 | 0.0898 0.1101 0.4370 | -0.2692  0.2687 -0.7716
1.60 | 0.1914 | 0.0715 0.0912 0.4492 | -0.1950  0.2279 -0.6216
1.80 | 0.2013 | 0.0575 0.0772 0.4579 | -0.1432  0.1913 -0.5152
2.00 | 0.2123 | 0.0469 0.0664 0.4643 | -0.1073  0.1608 -0.4362
2.25 | 0.2267 | 0.0370 0.0560° 0.4703 | -0.0770  0.1305 -0.3624
2.50 | 0.2412 | 0.0298 0.0480 0.4747 | -0.0570  0.1072 -0.3071
2.75 | 0.2555 | 0.0244 0.0416 0.4782 | -0.0433  0.0893 -0.2643
3.00 | 0.2694 | 0.0203 - 0.0365 0.4810 | -0.0336  0.0752 -0.2303

Table 3: Initial tax rates () = 1.5); continued

do

P(Q)Q

c@)

Q)

T

1 2%

0.90
1.00
1.10
1.20
1.40
1.60
1.80
2.00
2.25
2.50
2.75
3.00

0.2296
0.2370
0.2409
0.2433
0.2460
0.2474
0.2482
0.2487
0.2491
0.2494
0.2495

0.2496

0.0510
0.0440
0.0385

0.0341

0.0275
0.0228
0.0193
0.0166
0.0140
0.0120
0.0104
0.0091

0.1786
0.1931
0.2024
0.2092
0.2185
0.2246
0.2289
0.2321
0.2351
0.2374
0.2391
0.2405
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-0.1020
-0.1072
-0.1012
-0.0920
-0.0732
-0.0578
-0.0459
-0.0369
-0.0286
-0.0226
-0.0182
-0.0149

-0.1187
-0.0478
0.0139
0.0655
0.1434
0.1972
0.2350
0.2625
0.2871
0.3046
0.3175
0.3272



- Table 4: Initial tax rates (A = 2.0)

ao P K E Q| K, K, E, E,.
0.90 | 0.5036 { 0.0708 0.2378 0.3052 | -0.1220  0.0625 -2.1682
1.00 | 0.3089 { 0.0975 0.2009 0.3608 | -0.2317 - 0.1730 -1.6524
1.10 | 0.2722 { 0.0970 0.1760 0.3860 | -0.2400  0.2110 -1.3775
1.20 | 0.2583 | 0.0008 0.1563 0.4031 | -0.2223  0.2223 -1.1803
1.40 | 0.2534 | 0.0749 0.1266 0.4256 | -0.1711  0.2106 -0.9102
1.60 | 0.2605 | 0.0607 0.1054 0.4401 | -0.1266  0.1846 -0.7333
1.80 | 0.2727 | 0.0493 0.0896 0.4503 | -0.0938  0.1579 -0.6087
2.00 | 0.2873 | 0.0404 0.0774 0.4577 | -0.0705  0.1342 -0.5165
9.25 | 0.3075 | 0.0320 0.0656 0.4670 | -0.0505  0.1100 -0.4308
9.50 | 0.3286 | 0.0258 0.0566 0.4699 | -0.0371  0.0908 -0.3666
275 | 0.3501 | 0.0212 0.0494 0.4739 | -0.0280  0.0758 -0.3169
3.00 | 0.3715 | 0.0176 0.0436 0.4772 | -0.0215  0.0640

Table 4: Initial tax rates (A = 2.0); continued

w |PQQ c@ m@| T ow
0.90 | 0.2120 0.0595 0.1526 { -0.0352 -0.1539
1.00 | 0.2306 0.0502 0.1804 | -0.0674 -0.0910
1.10 | 0.2370 0.0440 0.1930 § -0.0706 -0.0287
1.20 | ¢.2406 0.0391. 0.2015 ] -0.0673 0.0259
1.46 | 0.2445 0.0317 0.2128 | -0.0560 0.1114
1.60 | 0.2464 0.0263 0.2201 | -0.0449 0.1717
1.80 | 0.2475 0.0224 0.2251 | -0.0358 0.2147
2.00 | 0.2482 0.0193 0.2289 | -0.0288  0.2461
2.25 | 0.2488 0.0164 0.2323 | -0.0222 0.2745
2.50 1 0.2491 0.0141 0.2350 | -0.0173  0.2947
2.75 1 0.2493 0.0123 0.2370 | -0.0138 0.3096
3.00 0.2495_ 0.0109 0.2386 | -0.0111 0.3208
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Table 5: Tax reform (A = 1.0)

ao Px Pe . K E @ K,, K., E,, E,,
0.90 | 0.7496 0.4634 | 0.0481 0.0518 0.2003 | -0.0718 -0.0082 -0.1207
1.00°| 0.6969 0.4527 | 0.0536 0.0550 0.2326 | -0.0801  -0.0033 -0.1248
1.10 | 0.6391. 0.4322 | 0.0585 0.0576 0.2652 | -0.0881 0.0033 -0.1301
1.20 | 0.5760 0.4024 | 0.0627 0.0599 0.2977 | -0.0964 0.0119 -0.1374
1.40 | 0.4334 0.3170 | 0.0693 0.0631 0.3617 | -0.1170 0.0390 -0.1636
1.60 | 0.2675 0.2007 | 0.0732 0.0650 0.4228 | -0.1602 0.1009 -0.2344
1.80 { 0.0768 0.0582 | 0.0749 0.0658 0.4800 | -0.4367 0.4732 -0.7142
2.00 | -0.1403 -0.1063 | 0.0747 0.0657 0.5328 | 0.1710  -0.3179  0.3387
9.20 | -0.3855 -0.2890 | 0.0730 0.0650 0.5808 | 0.0391 -0.1338  0.1058
Table 5: Tax reform (A = 1.0); continued

e | P@)Q C@ T(Q) r. W

0.90 | 0.1602 0.0600 0.1001 | 0.0068 0.1136

1.00 | 0.1785 0.0622 0.1163 | 0.0032 0.1314

1.10 | 0.1949 0.0623 0.1326 | -0.0020 0.1492

1.20 | 0.2091 0.0602 0.1489 | -0.0085 0.1668

1.40 | 0.2309 0.0500 0.1808 | -0.0255 0.2008

1.60 | 0.2440 0.0326 0.2114 | -0.0471 0.2326

1.80 | 0.2496 0.0096 0.2400 | -0.0719 0.2617

2.00 | 0.2489 -0.0175 0.2664 | -0.0987 0.2880

2920 | 0.2435 -0.0469 0.2904 | -0.1265. 0.3115
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Table 6: Tax reform (A = 1.1)

g Pk Pe K E ¢ K Pk K;Dc r Epk Epe
0.90 | 0.8249 0.4649 | 0.0431 0.0510 0.1933 | -0.0594 -0.0084 -0.1197
1.00 | 0.7776 0.4588 | 0.0477 0.0539 0.2238 | -0.0652 -0.0044 -0.1224
1.10 | 0.7256 (.4439 | 0.0517 0.0563 0.2544 | -0.0705 0.0008 -0.1259
1.20 | 0.6687 (.4210 | 0.0550 0.0582 0.2847 | -0.0754 0.0072 -0.1307
1.40 | 0.5397 (.3529 | 0.0598 (.0609 0.3436 | -0.0859 0.0253 -0.1468
1.60 { 0.3890 0.2590 | 0.0622 0.0622 0.3990 | -0.1026 0.0572  -0.1830
1.80 | 0.2151 0.1437 | 0.0626 0.0625 0.4502 | -0.1512 0.1395 -0.2956
2.00 | 0.0165 0.0109 | 0.0615 0.0619 0.4966 [ -1.5215 2.2198 -3.4275
2.20 [ -0.2083 -0.1358 | 0.0593 0.0607 0:5383 | 0.0877 -0.2015 0.2408

Table 6: Tax reform () = 1.1); continued

w |PQQ €@ nQ| T W

0.90  0.1559 0.0593 0.0967 | 0.0111 0.1145

1.00 | 0.1737 0.0618 0.1119| 0.0087 0.1320

1.10; 0.1897  0.0625 0.1272 | 0.0052 0.1494

1.20 { 0.2036 0.0613 0.1423 | 0.0005 0.1664

1.40 { 0.2255 0.0537 0.1718 | -0.0121 0.1989

1.60 ; 0.2398  0.0403 0.1995 | -0.0281 0.2288

1.80 | 0.2475 0.0224 0.2251 | -0.0464 0.2558

2.00 | 0.2500 0.0017 0.2483 | -0.0660 0.2799

2.20 | 0.2485 -0.0206 0.2691 | -0.0860 0.3010
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Table 7: Tax reform (A = 1.5)

g Pk Pe K K Q K, K., E, E,.
0.90 | 1.0839 0.4629 | 0.0314 0.0491 0.1744 | -0.0343 - -0.0082 -0.1188
1.00 | 1.0586 0.4679 | 0.0340 0.0513 0.2002 | -0.0360 -0.0058 -0.1184
1.10 | 1.0306 0.4672 | 0.0360 0.0530 0.2256 { -0.0370 -0.0030 -0.1179
1.20 | 0.9998 ° 0.4612 | 0.0375 0.0542 0.2501 | -0.0375  0.0000 -0.1175
1.40 | 0.9293 0.4359 | 0.0390 0.0554 0.2965 | -0.0372  0.0066 -0.1176
1.60 | 0.8462 0.3962 | 0.0388 0.0552 0.3382 | -0.0361 0.0138 -0.1197
1.80 | 0.7495 0.3457 | 0.0375 0.0542 0.3752 | -0.0350 ~ 0.0217 -0.1254
2.00 | 0.6383 0.2873 | 0.0355 0.0525 0.4074 | -0.0346  0.0311 -0.1367
2.25 | 0.4779 0.2068 | 0.0324 0.0499 0.4416 | -0.0366  -0.0480 -0.1674
2.50 | 0.2921 0.1208 | 0.0292 0.0470 0.4698 | -0.0472  0.0849 -0.2524
2.75 | 0.0798 0.0314 | 0.0260 0.0441 0.4930 | -0.1360  0.3221 -0.8572
3.00 | -0.1602 -0.0600 | 0.0231 0.0412 0.5121 | 0.0536 -0.1617  0.3936

Table 7: Tax reform () = 1.5); continued

a | PQQ CQ) Q) T 44

0.90 | 0.1440 0.0568 0.0872 ) 0.0204 0.1211

1.00 | 0.1601 0.0600 0.1001 | 0.0209 0.1383

1.10 | 0.1747 0.0619 0.1128 | 0.0206 0.1550

1.20 | 0.1876 0.0625 0.1251 | 0.0196 0.1710

1.40 | 0.2086 0.0603 0.1482 | 0.0158 0.2006

1.60 | 0.2238 0.0547 0.1691 | 0.0104 0.2266

1.80 | 0.2344 0.0468 0.1876 | 0.0039 0.2492

2.00 | 0.2414 0.0377 0.2037 | -0.0030 0.2684

2.25 | 0.2466 0.0258 0.2208 | -0.0116 0.2884

2.50 | 0.2491 0.0142 0.2349 | -0.0197 0.3047

2.75 | '0.2500 - 0.0035 0.2465 | -0.0270 0.3178

3.00 | 0.2500 0.0062 0.2560 ; -0.0334 0.3285
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Table 8: Tax reform (A = 2.0)

g Pk Pe K E Q Ky, Koo, By, Ep.
0.90 | 1.3333 0.4542 | 0.0246 0.0481 .0.1614 | -0.0224 -0.0077 -0.1210
1.00 | 1.3333 0.4661 | 0.0262 0.0499 0.1841 | -0.0227 -0.0059 -0.1184
1.10 {1 1.3333 0.4740 | 0.0273 0.0511 0.2059 | -0.0226  -0.0041 -0.1154
1.20 | 1.3333 0.4786 | 0.0279 0.0518 0.2268 | -0.0221  -0.0022 -0.1122
1.40 | 1.3333 0.4796 | 0.0280 0.0519 0.2651 | -0.0203 0.0014 -0.1057
1.60 | 1.3333 0.4726 | 0.0271 0.0509 0.2986 | -0.0179 0.0045 -0.0993
1.80 | 1.3333 0.4605 | 0.0254- 0.0491 0.3274 | -0.0155 0.0068 -0.0934
2.00 | 1.3333 0.4455 | 0.0235 0.0468 0.3518 | -0.0133 0.0086 -0.0830
2.25 1 1.3333 0.4247 | 0.0209 0.0437 0.3769 | -0.0109 0.0100 -0.0820
2.50 | 1.3333 0.4035 | 0.0184 0.0405 0.3971 | -0.0089 0.0107 -0.0768
975 | 1.3333  0.3829 | 0.0161 0.0374 0.4133 | -0.0074 0.0110 -0.0722
3.00 | 1.3333 0.3636 | 0.0141 0.0345 0.4264 | -0.0061 0.0116 -0.0682

Table 8: Tax reform (A = 2.0); continued
w |PQQ 0@ n@| T w
0.90 | 0.1354 0.0547 0.0807 : 0.0252 0.1327
1.00 | 0.1502 0.0582 0.0920 | 0.0270 0.1505
1.10 | 0.1635 0.0606 0.1030 | 0.0282 0.1675
1.20 | 0.1754 0.0620 0.1134 | 0.0289 (.1835
1.40 | 0.1948 0.0623 0.1326 | 0.0291 0.2123
1.60 | 0.2095 0.0601 0.1493 | 0.0280 0.2369
1.80 | 0.2202 0.0565 0.1637 | 0.0262 0.25‘76
2.00 1 0.2280 0.0521 0.1759 | 0.0240 0.2748
2.25 | 0.2348 0.0464 0.1884 | 0.0212 0.2922
250 | 0.2394 0.0409 0.1985 | 0.0184 0.3060
2.75 | 0.2425 0.0358 0.2066 | 0.0160 0.3170
3.00 | 0.2446 0.0314 0.2132 | 6.0138 0.3257
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