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This paper analyzes the long-run impact of an environmental policy on economic
growth. A growth model with vertical innovation is modified by including
intermediate goods as a source of pollution. Taxation on pollution reduces profits
of intermediate firms as well as final outputs. However, it increases their mark-
ups and alleviates profit losses. In this setting, profit losses are offset by the
general equilibrium effect; thus, the tax enhances R&Ds which drive economic
growth while it reduces pollution. If the government provides an R&D subsidy,
the growth rate will be accelerated.
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1 Introduction

This paper investigates the long-run impact of an environmental policy on
economic growth and examines whether such a policy can influence
economic growth negatively or positively. A model of growth through
creative destruction (Aghion and Howitt, 1992) is modified by including
intermediate goods as a source of pollution. In this framework, the overall
impact of environmental taxation on economic growth will be positive.
Furthermore, if the government provides an R&D subsidy, growth will be
enhanced.

Traditionally, a conflict between economic growth and environmental
conservation has often been postulated. In the neoclassical framework of
optimal growth, Forster (1973) states that capital stock is lower with
environmental conservation than without it. Thus, the economy consumes
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less than it would were pollution to be ignored.! In empirical analyses,
environmental regulations have frequently been regarded as one of the
main sources of productivity slowdown (Christainsen and Haveman,
1981; Gollop and Roberts, 1983).

However, there have been considerable debates on this issue from both
empirical and theoretical points of view. The “Porter Hypothesis™ claims
that an environmental policy encourages innovations and that the long-
term benefits of innovation could overtake the short-run losses in the
economy, a scenario which they call “innovation offsets” (Porter and van
der Linde, 1995). Porter and van der Linde use environmental regulations
in Japan® and Germany as examples. Hamamoto (1998) analyzes how
Japanese industries have overcome environmental constraints and im-
proved total factor productivity. He shows that, although environmental
policies for pollution reduction decreased the final output in the short run,
they encouraged various R&D activities for relevant technologies. These
activities ultimately improved the overall productivity of the economy.

From a theoretical point of view, stimulated by the new growth theory
(Romer, 1986; Grossman and Helpman, 1991; Aghion and Howitt, 1992),
substantial effort has been made to examine how far an environmental
policy can affect R&D activities and whether the overall impact of the
policy on economic growth is negative or positive. By using an over-
lapping generations model, Ono (2002) shows that environmental taxa-
tion positively affects economic growth below and above certain critical
levels. In models of endogenous growth dealing with environmental
quality as a factor of production, such as Bovenberg and Smulders
(1995), the implementation of a green tax improves the quality of the
environment, which directly increases the total factor productivity of the
economy. In their models, the positive impact of environmental quality on
economic growth may implicitly depend on the existence of Marshallian
externalities in a reduced form. Verdier (1995), Elbasha and Roe (1996),
and Grimaud (1999) try to explain the microfoundation behind such a
framework, applying a growth model with expanding product variety
(Romer, 1990; Grossman and Helpman, 1991). Based on the quality-
upgrading model of Aghion and Howitt (1992), Ricci (2000) analyzes the

1 In this framework, due to diminishing returns to scale, the economy con-
verges to a steady state with zero growth even without environmental conser-
vation. See studies such as Gruver (1976), and Asako (1980) in a similar context.

2 Those who are interested in the experience in Japan should see Ueta (1993).
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possibility of “green crowding-out” effect, in which environmental tax-
ation crowds out old and dirty intermediates. He provides the positive
impact of an environmental policy on economic growth under the con-
dition that the newly invented technologies are cleaner than the old ones.

We propose a simpler model to examine whether environmental policy
influences economic growth positively without “green crowding-out™.
Our model applies the growth model of Aghion and Howitt (1992)
because, in their model, the more productive production factor earns the
greater profits, which are the payoffs to R&D investment. We have a
competitive final sector, and its emissions depend on the level of inter-
mediate inputs which are provided by monopolistic suppliers, whose
profits are spent on R&D activities.

Whether the tax affects growth negatively or positively depends on two
effects.> The first one is called the “profitability effect”, i.e., the loss or
gain in the profits of the intermediate sector, which are the payoffs from
innovative activities. The other one is the “general equilibrium effect”
which is associated with a resource constraint on R&D activities. As to the
profitability effect, a tax on pollution generally reduces the profits of
intermediate firms because it decreases the demand for intermediate goods
as well as the level of final outputs. In our model, however, taxation
alleviates the losses in intermediate profits because it decreases the price
elasticity in the intermediate market and increases its mark-ups. With
regard to the general equilibrium effect, taxation and the subsequent
reduction in intermediate outputs moderate the resource constraint on
R&D activities; hence, it encourages R&Ds. Overall, the tax drives R&Ds,
which drive economic growth, as well as reduce the level of pollution,
because the profit loss is offset by the general equilibrium effect. More-
over, if the government subsidizes R&D expenditure, the growth rate will
be enhanced.

A related paper, Fisher and van Marrewijk (1998), generates a similar
result in a different context. They study an overlapping generations
model in which rents generated by the scarce environment distort the
market of final products. An optimal pollution tax efficiently allocates
the scarce environment; hence, the tax increases final outputs and boosts
growth. In our model, we apply a model of growth with vertical
innovation where taxation encourages growth because the profit loss is

3 We thank an anonymous referee for this comment.
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offset by the general equilibrium effect, while the tax reduces final
outputs as well as pollution.

In the following sections, we first construct a general model with a
continuum of intermediate goods. Second, we reduce the model to a
single intermediate good in order to demonstrate the mechanism more
clearly. Third, we return to the general case. After examining the impact
of taxation on welfare, we will offer a tentative conclusion.

2 The Model

A decentralized economy has a competitive final sector that makes use of
a continuum of intermediate goods. Intermediate goods are provided by
monopolistic suppliers, employing labor as a single production factor.
Each monopolistic firm is assumed to purchase a patent from a research
firm and obtain a technology to supply its intermediate good. Con-
sumption is determined by an infinitely lived representative household,
maximizing an intertemporal logarithmic utility function derived from
consumption, and negative utility derived from pollution. The labor is
provided by the consumer and its market is perfectly competitive. Pol-
lution is assumed to have a direct impact on welfare, but not on the level
of output.

2.1 The Final Sector

The final producer provides an output by employing labor and a con-
tinuum of intermediate inputs, given by the following Cobb-Douglas
production function:*

1

Yt = /A]'txj;dj,
0

where A4; is a productivity parameter, x;; denotes an intermediate input
and o € (0,1). We assume that intermediate goods are essential for
production, i.e., x;; > 0. There is no population growth in this economy.

4 The production function does not include labor as an input. However, the
original version of this paper with labor as an input produces the same result as
this analysis, which is available upon request.
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As for the pollution function, the aggregated level of pollution P, depends
on the level of intermediate inputs x;; and an environmental technology
index z; € [0,1].> The index describes the ratio of emission to interme-
diate input j € [0, 1], where higher values for z; produce more pollution
per unit of intermediate input. Although the index should depend on the
time period, we assume it to be exogenously given following Stokey
(1998), and Aghion and Howitt (1998). Although there is a possibility
that the relationship between pollution and factor input could become
nonlinear, the pollution function is represented by

1

Pt:/zjxjtdj> (1)

0

for the simplicity of the analysis.

Let us consider an economy in which the government is to levy an
environmental tax on polluters in order to offer an incentive to reduce
such pollution. In turn, the government employs its revenues to give a
lump-sum transfer to the consumer or to provide a subsidy to the R&D
sector. We assume that the environmental tax is levied proportionally to
the level of pollution from the final production sector, which depends on
the pollution intensity, and on its intermediate input.

The profit function of the final production sector in the presence of
environmental taxation is given by

1 1 1
Ht = /Ajlel d] — /pjtxjt d] — ht/:jledja
0 0 0

where the final good is chosen as the numeraire, p, denotes the price of an
intermediate input, and 4, € (0,1) is the tax rate, assuming p, > ;.
Because the final market is competitive, the zero-profit condition provides
the factor demand function of the final sector:

pie = 0djxy = hiz;. (2)

5 We do not analyze consumption externalities in this model. Those who are
interested in consumption externalities should consult papers such as Ono (1998).
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2.2 The Intermediate Sector

The intermediate sector is monopolistically competitive. Several firms,
faced with their demands (2), provide intermediates to the final production
sector and compete with each other, whereby the number of firms is as-
sumed to be constant. However, each firm has its own monopolistic market.
The only input to intermediate production is labor. For each monopolistic
firm j to produce one unit of output x;, one unit of labor is required. Thus,
the problem of the intermediate firm is given by the following equation:

e = oA ;X — hizjxje — Wi, (3)
Equation (3) can be slightly modified as

e = 0 X, — <1 + %> Wi (4)
Wy

Here, we assume that the government controls the environmental tax by
using the indicator y/, which denotes the emission tax in labor units, i.e.,
Y= hp’V—Z’f The wage rate is proportional to the level of output; thus, the
government changes its tax rate in proportion to GDP. We follow the
method in Verdier (1995) mainly for the simplicity of the analysis because a
general taxation method would complicate the analysis.® Those who are
interested in such a general method should consult Ricci’s (2000) careful
and elaborate analysis. Equation (4) can be rewritten as

Tjr = OCAjtx;[ —(I+ ‘/f)thjt~ (5)

The first-order condition of the profit-maximizing monopolistic firm j
gives the labor demand function below:

“2

1

= || =X(w,/A4,), 6
o= (i)~ )
where X(w,/A4;) denotes the productivity adjusted labor demand of firm j
with taxation. Substituting (6) into (5) provides the profit of each
monopolistic firm:

6 The application of an ad valorem tax would circumvent the necessity of this
redefinition. From the viewpoint of environmental economics, however, a tax on
pollution is levied per unit of emission in general.
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= w1+ )0 4, 9

2.3 Research and Technology Spillover

We assume that research firms freely carry out R&D activities. Although a
single research firm can obtain a patent for a particular technology, all
technological findings in the R&D sector flow into the same pool of
knowledge. Applying the method of Aghion and Howitt (1998), this state
of knowledge at time ¢ is represented as the leading-edge technology A47"*".
Though the innovation follows a Poisson process, this index is assumed to
grow gradually at a rate proportional to the aggregate flow of innovations:

AT Gy s 1 ®)

where A is the productivity in the R&D sector, y is the size of new
innovation and n4, (= 1 — ny) is the number of researchers in an R&D
sector. The payoffs of all the innovators with the leading-edge technology
can be rewritten as

l -« ~ max .
T = A;naxth(l +¥)x(wy) = A7 7(w), )

where o, = w, /A" is the productivity adjusted wage rate, X(c,) is the
productivity adjusted total intermediate supply and 7(w,) is the produc-
tivity adjusted level of profit.

In Aghion and Howitt’s model with monopolistic competition, the
equilibrium is asymmetric since not every monopolistic firm has
the leading-edge technology; hence, productivity parameters vary across
the sectors. Following Aghion and Howitt (1998), we assume that the
long-run sectoral distribution of the relative productivity parameters
aj = A'“‘" is given by the cumulative distribution function H(a) = a#ﬁ,
where a € [0, 1]. Then, the labor demand function of the intermediate
sector can be rearranged by the relative productivity, a

1

=[] [ fwf
=x(w/a). o
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As we can see in Appendix 1, the labor demand in the intermediate sector
is ny = i(wt)% where ' =1 + lhl’“ > 1. Thus, the labor market clearing
condition is given as the following equation:

Fo) = T(1 = ny). (11)

This equation indicates that the level of intermediate input is a function of
the level of research activities, where the increase in research activities
reduces the level of intermediate input.

2.4 The Consumer and the Government

The representative consumer maximizes the present value stream of fol-
lowing utilities, i.e.,

max/ e "(InY, — InP)dt,
0

where p > 0, subject to her budget constraint. As usual, the optimal
condition is given by

g=Y/Y,=r—p, (12)

and the transversality condition.

The government regulates the quality of the environment and subsidizes
the s € [0, 1) rate of marginal cost of R&D activities for accelerating the
technological change. Thus, the government should have corresponding tax
revenue for that purpose. The productivity-adjusted budget constraint is
assumed to be balanced within the time period:

i - Tr u r ~ 1 — Tr n
/SanATe fo ! dr = / lpCUrXT((Ur)fe j;) udh dt
0

/hfzxr W)= _fo r“d"dr, (13)

0

with the respective transversality condition.
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3 A Simple Case: A Single Intermediate Good

We now present a simple model with a single intermediate good to de-
monstrate the mechanism more clearly.’

The problem of the representative consumer is exactly the same as in the
general model. However, for the simplicity of the analysis, the government
spends its revenues not in order to provide an R&D subsidy but to give a
lump-sum transfer to the consumer. The final producer provides an output
by employing a single intermediate input, given by the Cobb-Douglas
production function, y; = A4,F(x,;) = A,x}. The pollution function is rep-
resented by the equation, P, = zx,. The consumer’s problem in this case is
to maximize, [;° e *'(Iny, — InP,)dt, which provides the same condition
as (12), g = y,/yv, = r, — p. The profit function of the final production
sector is given by the equation, I, = 4,x} — px, — hizx,. The zero-profit
condition provides the factor demand function of the final sector:

po=aAdxr " — hyez. (14)

The intermediate monopolist, faced with the factor demand (14), provides
an intermediate good to the final production sector. As in the general
model, the problem of the monopolist is given by the following equation:

Ty = aAtx?{ — h[th — WXy, (15)

Let # denote the price elasticity of demand under taxation, that is,

n= (g—;;) %. Compared to the elasticity with no taxation, i.e., #, = 0, the

following proposition is obtained.

Proposition 1. The intermediate demand is less elastic with respect to its
price if there is environmental taxation than otherwise.

Proof: o
x — Mz
(@ — DE

1
o—1

;’I:

Y

where F,(> h,z) is the marginal productivity of an intermediate good.
Thus, the rate of mark-up is larger with taxation than without it. The
proposition indicates that, if o is smaller, then the elasticity with an

7 The author is deeply indebted to a referee for the argument in this section.
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environmental tax is much less elastic than the one with no tax. In other
words, the more monopolistic the intermediate market is, the greater the
difference between mark-ups. On the contrary, the less monopolistic
the intermediate market is, the less significant will be the impact of the tax
on the price elasticity. Equation (15) is modified as

TCt == OCA;)C? - (1 + l//)w,xt, (16)
where = %Z The first-order condition provides the intermediate labor
demand

1

Y= [#;WAJ Ut /Ay, (17)

For the labor market to be cleared, the condition
X(w)=1-=ny, (18)

should be satisfied.
Assume that the intermediate monopolist has leading-edge technology
A" Substituting (17) into (16) gives the profits of the monopolist as follows:

l—o = max .
T = AlzmxTwl(l +Y)x () = A7) (19)

The research sector is assumed to generate the same growth rate in the
leading-edge technology as (8). The flow of monopoly profits is dis-
counted by the rate of return and the arrival rate of innovation, consid-
ering the replacement effect of incumbent monopolistic rent (Tirole,
1988; Aghion and Howitt, 1992). The discounted expected value of an

T T
) o T rdu — [ ingd
innovation is given as: V; = [~ e o “e J; “r.dr.

3.1 The Balanced Growth Path Analysis in the Simple Case

We now focus on balanced growth, where the rate of interest and the level
of research are constant, r, = r and ny, = ny.® Since no population

8 This paper does not analyze the impact of taxation on the transitional
dynamics. On this topic, see Futagami, Morita and Shibata (1993).
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growth is assumed in this analysis, the growth rate of aggregate output is
equal to the rate of growth in the leading-edge parameter, g = g,4. Thus,
the productivity adjusted wage rate is also constant, w; = w. The free-
entry condition of the R&D sector is given as w = AV, where V' = 7.
From the free-entry condition, we can obtain the following R&D arbitrage

condition:

(1 + )%
l=—2— "~ 20
7+ Any (20)

Thus, substituting (17) into (20), we rewrite the arbitrage condition as

Y {1(1 - oc)} 1‘“( ot 1)

r+ Any 1+y)"’

which should be satisfied along the balanced growth path. Substituting
(17) into (18) provides the labor market clearing condition:

062

w = . 22
(1+¥)(1—ny)' ™ 22

Now we characterize the balanced growth path. As it is derived in
Appendix 2, we obtain the following equilibrium in the simple case:

Ay + (¥ +a)p

Th= a(l+mny)+¥ ~’ (23)
B AV — ap

" (1 + Iny) + 9] 24)

%, — a[A(1 +1Iny) + p] (25)

Ao(1+1Iny) +¥]’

where ¥ = (1 — o)(1 4 /). Because we focus on the balanced growth
path, every variable grows constantly, which implies A}y — «p > 0. This
condition ensures that a unique stationary equilibrium exists. As we can
see in Appendix 2, the impacts of taxation on growth and the intermediate

input are % >0, % < 0, respectively. The equilibrium and the impact

of taxation on growth are illustrated in Fig. 1.
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Fig. 1. The equilibrium and taxation in the simple case

Figure 1 shows the mechanism of how environmental taxation affects
growth. The R&D arbitrage condition (21) is downward sloping, and
denoted as (4), and the labor market clearing condition (22) is upward
sloping, designated as (L). A tax on pollution reduces the intermediate
profits in general, because it decreases not only final outputs but also
intermediate demand. Thus, environmental taxation shifts the (4) curve
downwards, which is called the “profitability” effect. However, in our
model, taxation moderates the loss in intermediate profits due to an
increase in its price elasticity of demand. As it is explained in Proposition
1, the more monopolistic the intermediate market is, the larger this po-
sitive effect. On the other hand, taxation shifts (L) downwards because it
reduces final outputs; subsequently, it decreases intermediate supplies
which alleviate the resource constraint on R&D activities. Overall, the
profit losses are offset by the general equilibrium effect; consequently, the
tax encourages R&Ds which drive economic growth. The next figure
shows the relationship between the level of pollution and growth.

In Fig. 2, the R&D arbitrage condition (20) is designated as (4’) which
is upward sloping and the labor market clearing condition (18) is (L"),
which is downward sloping. While (L) does not change with taxation, a
tax on pollution turns (4’) counterclockwise, since the general equilib-
rium effect exceeds the profitability effect. Hence, environmental taxation
drives growth and reduces the level of intermediate use. Because the level
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Fig. 2. Pollution and growth in the simple case

of pollution is proportional to intermediate inputs, the tax also decreases
the level of pollution.

4 A General Case: A Continuum of Intermediate Goods

We have discussed the impact of taxation on growth in the simplified model
with a single intermediate good. Now we return to the general model and
examine whether the result obtained in the simple case holds even if the
model is generalized to include a continuum of intermediate goods. In
addition, we investigate the impact of an R&D subsidy on growth.

4.1 The Balanced Growth Path Analysis in the General Case

Following Aghion and Howitt (1998), consider a research firm which
innovates at date ¢. The productivity parameter A7** will not change until it
is substituted for the next innovation. If the firm is not replaced at some
future period ¢ + 7, its flow of profit (9) can be rewritten as A} 7(we?").
The probability that the firm will not yet be replaced is e *. The
expected present value of all the profits from time ¢ until infinity is given as

oo
| —A:”“"/ e~ )7 (et dr.
0
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Because the marginal cost of R&D becomes (1 — s)w, for s € [0,1), the
free-entry condition is given by (1 —s)w, = AV, As it is derived in
Appendix 3, we obtain the R&D arbitrage condition with and without the
R&D subsidy under environmental taxation:

A2 (1 + §)x(w)

= (1 s)(r—f—)nAA)

fors € [0,1), (26)

where A = 1 + %, Iny > 1. Substitute (17) into (26) and we rewrite the
arbitrage condmon as follows:

- ;L(l — o() 1—o gl
“- (1 —s)(r+ AnyA) (1+y)* (27)

Substituting (10) into (11) provides the following labor market clearing
condition:

OCZ

B D

The government’s budget should be balanced along this path. From (13),
we obtain

(28)

sy = lpsc(w)%, (29)

which provides the following lemma.

Lemma 1: For the subsidy rate to be constant, the environmental tax
should increase following the condition:

gh =4-

Proof: The government determines the tax rate to maintain a constant
subsidy rate. For s to be constant along the balanced growth path, i = h’Z
should be constant; therefore, g,, = g = g5, should be satisfied.

Lemma 1 describes the policy rule for the government in order to
determine the rate of increase in environmental taxation over time. Next,
we characterize the balanced growth path.
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4.2 The Equilibrium with Taxation but no Subsidy

As derived in Appendix 4, we determine the equilibrium under taxation as

_ A¥T'Iny + (YT +aA)p

= a(A+1Iny)+¥I (30)
B AT — ap

"0 = 7Ta(A + Iny) + I’ (31)

a[A(A+1ny) + p] (32)

= (A + Iny) + PI]

where W = (1 — «)(1 + ) > 0. By using the results above, we can
derive the following proposition.

Proposition 2: In the case where the revenue from an environmental tax is
not used for an R&D subsidy but instead for a lump-sum transfer to the
consumer, the increase in its rate raises the equilibrium level of growth, as
well as reduces the level of pollution.

Proof: As described in Appendix 5, dny,/dy >0, dxy/dy <0,
Yy > 0. From (1), pollution is proportional to the level of intermediate
inputs. Then, we obtain ¢g** < gy and Py < P** because Xy < X**.°
Proposition 2 shows that environmental taxation enhances growth and
improves the quality of the environment along the balanced growth path.
Thus, the result of the simple case can be generalized to the case with a

continuum of intermediate goods.

4.3 The Equilibrium with Both Taxation and Subsidy

Similarly, we obtain the equilibrium with a subsidy, i.e., s € (0, 1), also
derived in Appendix 4:

9 ** indicates the equilibrium without taxation in the general case.
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YT Iny + [P 4 oA(1 —s)]p

a(A+1Iny)(1—s5)+¥TC
YT —o(l —s)p

= 34

M5 = (A +Iny)(1 —s) + I’ (34)

s AAA+InY) +p](1 —5)
ST (A +Iny)(1—s)+ VI

rg =

The equilibrium provides the proposition below.

Proposition 3 Suppose that both the initial rate of an environmental tax
and the rate of an R&D subsidy are equal to zero. The marginal increase
in the tax rate accompanied by the corresponding increase in the subsidy
rate increases the growth rate and reduces the level of pollution to a
greater extent than in the case of the lump-sum transfer.

Proof: Appendix 5 shows us dny,/ds > 0 and dxs/ds < 0. Therefore,
we obtain ¢g** < gy < ¢gs and Ps < Py < P**.

Proposition 3 shows that, provided that the initial tax rate is zero, a
small increase in taxation with an R&D subsidy has a greater positive
impact on both growth and the environment than without it.

Figure 3 demonstrates that the results in the simple case can be gen-
eralized in a multisector context and how the R&D subsidy affects

o (L)

£33
n n
A~ TAy A

Fig. 3. The equilibrium and taxation in the general case
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growth. As it was mentioned in the simple case, a tax shifts the (4) curve,
which represents the arbitrage condition (27), downwards due to the
“profitability” effect. Taxation shifts (L), the labor market clearing
condition (28), downwards because of the general equilibrium effect.
Because the profit loss is offset by the general equilibrium effect, envi-
ronmental taxation, on the whole, boosts R&Ds and growth. Next, what
happens if the government provides an R&D subsidy associated with
taxation? As we can see from (28), the subsidy does not change (L).
However, it shifts (4) upwards because the subsidy reduces the marginal
cost of R&D activities, raising the net expected value of innovation.

Figure 4 demonstrates the impact of the R&D subsidy as well as
taxation both on the level of pollution and on growth. As in the simple
case, the tax does not change the labor market clearing condition (11)
denoted as (L'), but only shifts the R&D arbitrage condition (26), des-
ignated as (4’), upwards, since the general equilibrium effect surpasses
the profitability effect. Hence, at equilibrium (X, 14, ), the level of pol-
lution as well as intermediate inputs declines, however, the overall impact
of environmental taxation on growth is positive. Moreover, the R&D
subsidy shifts (4") upwards. Hence, in equilibrium (Xg, n4, ), although it
reduces both intermediate inputs and pollution, the subsidy increases the
growth rate even further.

y

Yo X kK
XS)CH X X

Fig. 4. Pollution and growth in the general case
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4.4 On Welfare

In this subsection, we examine whether an impact of environmental
taxation on welfare is positive or negative. We pay attention to the
equilibrium along the balanced growth path and do not deal with its
transition. The welfare along the balanced growth path in the general case
is given by the following equation:

W = /(ln Y, — InP*)e "dt,
0

=In Yo/ e~ r=igy 1 ;
) p

_InYy P

p—9g P

Then, we have the impact of taxation on the welfare as follows:

dw** 1 1dY InYy dg 1 dpP™

dy :P—gYodl//—F(p—g)z@_W dy

Because ¥) = 4§} {, we obtain - 4 = £ %%, Proposition 2 indicates
that ‘(%) <0, j—i >0, djl;* < 0. Then, the sign of the first term on the right-
hand side is likely to be negative, since initially the level of consumption
as well as final output decrease. The sign of the second term is positive,
because taxation has a positive impact on growth. The sign of the last
term is positive, because the tax negatively affects pollution. Thus, the
impact of environmental taxation on the welfare depends on the three
effects listed above. As a consequence, the impact is ambiguous. It is very
important to find out whether this impact is positive or negative. How-
ever, due to space limitations we would like to leave this as a task for the
future.

4.5 Discussion

Our analysis shows that, although environmental taxation decreases the
level of final production and the intermediate inputs, it raises the mark-up
rate of the intermediate sector. Overall, we find that the profitability effect
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is offset by the general equilibrium effect; thus, the tax enhances R&D
activities which drive economic growth as well as reduce the level of
pollution. In the empirical analysis of Japanese industries (Hamamoto,
1998), although environmental policies for pollution reduction decreased
the final output in the short run, they encouraged various R&D activities
for relevant technologies and ultimately improved overall productivity of
the economy. In our model, moreover, if the government spents its tax
revenue for research activities, the subsidy reduces the marginal cost of
R&D activities and increases the expected net value of innovation. Hence,
the R&D subsidy increases the growth rate even further. The Japanese
government provided an R&D subsidy for the purpose of promoting
technological development. As Watanabe (1999) analyzes, such a subsidy
is estimated to have a positive impact on private R&D activities, espe-
cially in the energy sector.

Obviously, the above empirical studies have applied different assum-
ptions; thus, our model does not necessarily explain the details of each
observation. Nevertheless, overall findings in our model appear to be
consistent with those observations. It may be essential to re-examine the
relationship between an environmental policy and economic growth,
focusing on market structures and microeconomic behavior of each
economic agent.

The impact of taxation on welfare is not clear. This is because, although
the tax has a positive impact on growth as well as the environment, it
decreases the initial level of consumption. However, according to our
conjecture, the more monopolistic the intermediate sector is, the more
environmental taxation will have an impact on growth. As a result, the
positive impact of taxation on growth will dominate the negative impact on
the initial consumption; hence, taxation may have a positive impact on
welfare as well. Ifthe optimal level of pollution is uniquely determined, then
the equilibrium level of pollution may be more than the optimum, when the
tax is too small. In this case, the rise in the tax rate will increase the welfare as
well as decrease pollution. When the tax is too high, this will not be the case.
These points should be examined in future research.

5 Conclusion

In this paper, we have discussed the long-run impact of an environmental
policy on economic growth and examined whether the policy can posi-
tively influence economic growth. Although pollution abatement is often
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considered to be an additional financial burden for production, as indi-
cated by the idea of “innovation offsets”, it is more likely to encourage
R&D activities which contribute to overall productivity from the longer-
term perspective. We modify Aghion and Howitt’s (1992) growth model
because we can describe the situation where the more productive pro-
duction factor earns greater payoffs from R&D investment. The market
structure of the intermediate sector is assumed to be imperfect competi-
tion. The profits of intermediate suppliers are spent on R&D activities.

The analysis shows that environmental taxation decreases the level of
final production and the demand for intermediate goods; thus, it decreases
the intermediate profits. However, in our setting, taxation alleviates this
impact because it decreases the price elasticity of intermediate demand
and raises its rate of mark-up. In addition, the general equilibrium effect
has a positive impact on growth. Overall, we find that the environmental
tax enhances R&D activities which drive economic growth as well as
reduce the level of pollution. Furthermore, if the government spends their
tax revenue to research activities, the subsidy reduces the marginal cost of
R&D activities and increases the net expected value of innovation. Hence,
such an R&D subsidy increases the growth rate even further.

There are obvious limits to the above argument. For instance, we have not
internalized the technology index of emission intensity per unit of inter-
mediate input. To explain Porter’s hypothesis of “innovation offsets” in
more detail, the change in this intensity should also be internalized and
analyzed from a microeconomic viewpoint. In addition, the Schumpetarian
notion of creative destruction highlights the substitution of new technology
for the old one. However, in practice, new technology is often comple-
mentary to its predecessor, possibly due to the effect of a “network exter-
nality” (Tirole 1988). These points should be further investigated.

Appendix 1
Labor Demand in the Intermediate Sector

One unit of intermediate good needs one unit of labor: thus, total labor
required in this sector is given by the equation

1

Ny = /xj,d]

0
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Substitute (10) into the above and rearrange it by a and we have

1
/ (w;/a)h(a)da,
0

where the density function is given as h(a) = H'(a) = ﬁa(#ﬁl).
Substituting this density function into the above equation provides the
intermediate labor demand

where I' =1 + 11’1’1 > 0.

Appendix 2

The Equilibrium and the Impact of Taxation on Growth
in the Simple Case

Substituting (18) into (20) gives the following condition:

M (L)1 =)

1:
7+ Any

g = g4 with (8) and (12) implies:
inglny =r —p.
The above two equations determine the following equilibrium:

WIny+ (¥ +a)p
a(l1+1ny)+ V¥

B AW —ap

M (1 + Iny) + 9]

a[A(1 4+ 1ny) + p]

Ao(1+1Iny) +¥]’

r, =

)

Xp =
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where W = (1 — «)(1 + ) > 0. Therefore, the impacts of taxation on
growth and pollution is examined, respectively:

dny,  2a[A(1+1ny) + p]
d¥Y {1+ Iny) + ¥]}?
diy _ Jof2(1+1ny) +p]
d¥  {a(1+1ny) + V]

. d d .
Thus, we obtain :;$ = ;;j ‘g‘f > O,Z,’f/j” Z’f{’} ‘éql/; < 0. Since the level of

pollution depends on the level of intermediate input, we have dP < 0.

Appendix 3
The R&D Arbitrage Condition

Divide both sides of the free-entry condition by A7, and we have the
following equation:

(1—-5)w / ~0+ )7 (e, for s € [0,1).
0

~ I ~ o . .
Becal'lse (wed") = T’w(l + Y)¥(w)e ™97, and g = g4, the arbitrage
equation can be rewritten as

00 - N “
l—s=21 / e r+/»nA>TTOC(1 + )% (w)e T Iyt .
0

Therefore, we have the following R&D arbitrage condition without and
with an R&D subsidy:

AR+ )x(w)
(1 =s)(r+ ngA)’

for s € [0, 1),

where A =1+ % 1Iny > 1.
Appendix 4
The Derivation of Each Equilibrium in the General Case

The equilibrium under taxation without R&D subsidy. Assume that
the government imposes a tax without an R&D subsidy but instead
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reimburses the consumer, i.e., s = 0. Substitute (11) into (26) and we
have the following condition:

(401 =)

1:
r+/lnAA

Since g = g4, substituting (8) and (12) into this provides the following
equation:

Jnglny =r—p.

The two conditions above determine the equilibrium with taxation, but
without an R&D subsidy, as follows:

~ A¥TIny + (YT +aA)p
"= a(A+Iny)+¥l 7
. AT — ap
e = Ao(A +1ny) +PT’
= a[A(A+1ny) + p]
Ao(A+Iny) + ¥

The equilibrium under taxation with an R&D subsidy. When the
government provides an R&D subsidy under taxation, i.e., s € (0, 1), we
obtain the equilibrium below:

AP Iny + [PT + A1 —5)]p

s = w(A+Iny)(1—s)+¥YT
B T —a(l —s)p

Ms = Jla(A +1ny) (1 —s) + PI]’
 ofAMA+Iny) + p](1 =)

T (A +1ny) (1 —s) + PI]°

Appendix 5
The Impact of Taxation and an R&D Subsidy

(i) We evaluate the impact of an environmental tax as follows. Its impact
on the rate of interest is positive since:
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dry ol Iny[A(A+Iny) + p]
d¥  [au(A+Iny) + TP

>0

Hence, we have ‘g—l’/j = ‘g—g% > 0. The impact on the level of research is

positive because

dny, 2oL [A(A+1ny) + p]
d¥  {Aa(A +Iny) + ¥}

. dng,  dngy, gy
Therefore, we obtain — = v dy 0.

The impact on the level of intermediate inputs is negative because of

dig el [A(A+1Iny) + p]

dY  {ia(A+Iny) + PI]Y

diy _ diy d¥
Thus, we have a = v ay < 0.

(i) We examine the impact of an R&D subsidy. For that purpose, the
partial derivatives with respect to an environmental tax and an R&D
subsidy can be determined, respectively:

Ors _ol'lny(1 —s)[A(A +Iny) + p]
OV [a(A+1Iny)(1—s)+ WP
Ors _ a¥T'Iny[A(A +Iny) + p]

ds  [a(A+1Inp)(1 —s) + VI
Ongg  Jol(1 —s)[A(A+1ny) + p]
O {ia(A+Iny)(1 —s) + I}

)

ong  Jal'P[A(A +1ny) + p]
Os  {Aa(A+Inp)(1 —s)+ ¥}~
s Jal(1—=s)[AMA+1ny) +p]
MW (A +Iny)(1—s)+PI)P
Oxs _ JalPIAA +1ny) + p]

s (A +Iny)(1 —s5) + PT])

in: O Osd¥ o Oy g Tus  Os g
Therefore, we obtain: o —ovay > 0% >0 =way >0
(9}’IA

el 0,%—?5 = %% < 0,% < 0. Because it is difficult to obtain a
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clear result under a general setting, in the following analysis, we set the
initial tax rate equal to zero.

(a) The impact of an R&D subsidy on the level of research is positive.
Take the total derivative with respect to the subsidy to obtain:

dl’lAS - 8nAS 871,45ﬂ
ds  Os oy ds’

Totally differentiate (29) and evaluate it around the initial tax rate, i.e.,
Y =0,5s =0, and we have: % = n;; I'. Substituting into the above
derivative yields:

dng,  Ongg  Onyg Ny
ds Os + o Xs =

(b) The impact of an R&D subsidy on the level of intermediate inputs is
negative because

s 0%y O5sdh 05 Oisrp
ds  Os Oy ds o Xs

(c) The impact of an R&D subsidy on the interest rate is positive, which
is shown as follows:

0.

dl"g 87’5 6}’5dlﬁ 8}"5 8r5nAS1_

& 0s opds VR

Acknowledgements

The author is very much indebted to Akihisa Shibata and Kazuhiro Ueta for their
constant guidance and encouragement. He would like to thank the referees for
suggestions which substantially improved the analysis. The author is grateful to
Koichi Futagami, Tetsuo Ono and David W. Pearce for informative advice.
Thanks also to Akihiro Amano, Mitsutsugu Hamamoto, Daisuke Ikazaki, Tae
Yong Jung, Shunsuke Mori and Shuzo Nishioka for their helpful comments. This
work is supported by Grant-in-Aid for JSPS Fellows from the Japan Society for
the Promotion of Science. He also thanks for the partial support by the Suntory
Foundation. Remaining errors are the sole responsibility of the author.



274 M. Nakada

References

Aghion, P., and Howitt, P. (1992): “A Model of Growth through Creative
Destruction.” Econometrica 60(2): 323-351.

Aghion, P., and Howitt, P. (1998): Endogenous Growth Theory. The MIT Press.

Asako, K. (1980): “Economic Growth and Environmental Pollution under the
Max-Min Principle.” Journal of Environmental Economics and Management
7: 157-183.

Bovenberg, A. L., and Smulders, S. (1995): “Environmental Quality and Pol-
lution-Argumenting Technological Change in a Two-Sector Endogenous
Growth Model.” Journal of Public Economics 57: 369-391.

Christainsen, G. B., and Haveman, R. H. (1981): “Public Regulations and the
Slowdown in Productivity Growth.” American Economic Review T1(2):
320-325.

Dasgupta, P., and Heal, G. (1979): Economic Theory and Exhaustible Resources.
Cambridge Univeristy Press.

Elbasha, E. H., and Roe, T. L. (1996): “On Endogenous Growth: The Implica-
tions of Environmental Externalities.” Journal of Environmental Economics
and Management 31: 240-268.

Fisher, E. O., and van Marrewijk, C. (1998): “Pollution and Economic Growth.”
The Journal of International Trade and Economic Development 7(1): 55-69.

Forster, B. A. (1973): “Optimal Capital Accumulation in a Polluted Environ-
ment.” Southern Economic Journal 39(4): 544-547.

Futagami, K., Morita, Y., and Shibata, A. (1993): “Dynamic Analysis of an
Endogenous Growth Model with Public Capital.” Scandinavian Journal of
Economics 95(4): 607-625.

Gollop, F. M., and Roberts, M. J. (1983): “Environmental Regulations and
Productivity Growth: The Case of Fossil-Fueled Electric Power Generation.”
Journal of Political Economy 91(4): 654-674.

Grimaud, A., (1999): “Pollution Permits and Sustainable Growth in a Schum-
peterian Model.” Journal of Environmental Economics and Management 38:
249-266.

Grossman, G. M., and Helpman, E. (1991): Innovation and Growth in the Global
Economy. The MIT Press.

Grossman, G. M., and Helpman, E. (1991): “Quality Ladders in the Theory of
Growth.” Review of Economic Studies 58: 43—61.

Gruver, G. W. (1976): “Optimal Investment in Pollution Control Capital in a
Neoclassical Growth Context.” Journal of Environmental Economics and
Management 3: 165-177.

Hamamoto, M. (1998): “Environmental Regulations and Industry Productivity.”
The Economic Review (Keizai-Ronso) 162(3): 235-246 (Japanese).

Ono, T. (2003): “Environmental Tax Policy and Long-run Economic Growth.”
Japanese Economic Review 54: 203-217.

Ono, T. (1998): “Consumption Externalities and the Effects of International
Income Transfers on the Global Environment.” Journal of Economics/ Zeit-
schrift fiir Nationalokonomie 68(3): 255-269.

Pearce, D. W. (1976): “The Limits of Cost-Benefit Analysis as a Guide to
Environmental Policy.” Kyklos 29(1): 97-112.



Does Environmental Policy Necessarily Discourage Growth? 275

Porter, M. E., and van der Linde, C. (1995): “Toward a New Competition of the
Environmental Competitiveness Relationship.” Journal of Economic Per-
spectives 9(4): 97-118.

Ricci, F. (2000): “Environmental Policy and Growth when Inputs are Differ-
entiated in Pollution Intensities.”” Econometric Society World Congress 2000
Contributed Papers, No.1742.

Romer, P. M. (1986): “Increasing Returns and Long-run Growth.” Journal of
Political Economy 94(5): 1002—1037.

Stokey, N. (1998): “Are There Limits to Growth.” International Economic
Review 39(1): 1-31.

Tirole, J. (1988): The Theory of Industrial Organization. The MIT Press.

Ueta, K. (1993): “The Lessons of Japan’s Environmental Policy: An Economist
Viewpoint.” Japan Review of International Affairs 7(1): 30—49.

Verdier, T. (1995): “Environmental Pollution and Endogenous Growth.” In
Control and Game-Theoretic Models of the Environment, edited by C. Carraro,
and J. A. Filar, pp. 175-200. Birkhauser.

Watanabe, C. (1999): “Systems Option for Sustainable Development-effect and
Limit of the Ministry of International Trade and Industry’s Efforts to Substitute
Technology for Energy.” Research Policy 28: 719-749.

Address of author: — Minoru Nakada, Faculty of Economics, Shiga University,
1-1-1 Banba, Hikone, Shiga 522-8522, Japan (e-mail: nakada@biwako.shiga-
u.ac.jp)



