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1 Introduction

Over the last four decades, numerous arguments have been raised about the
relationship between economic growth and the environment. One of these
issues is whether environmental policies affect economic growth negatively or
positively. Environmental policies, which positively affect the quality of the
environment, may have a negative impact on growth because they tend to
require additional costs of production. In empirical analyses such as Chris-
tainsen and Haveman (1981), and Gollop and Roberts (1983), environmental
regulations have frequently been regarded as the main source of produc-
tivity slowdown. However, Porter and van der Linde (1995) claim that an
environmental policy promotes innovations and that long-term benefits over-
take short-run losses in the economy. They call this phenomena “innovation
offsets” (Porter and van der Linde 1995). From a theoretical perspective,
Bovenberg and Smulders (1995) reveal that by incorporating an endogenous
growth model, the implementation of a green tax not only improves the qual-
ity of the environment but also increases the total factor productivity of the
economy when environmental quality is one of the factors of production. On
the one hand, by applying a growth model with expanding product variety
(Romer 1990), Grimaud (1999) demonstarates that environmental policies
have a negative impact on growth. On the other hand, Verdier (1995) shows
that environmental taxation promotes growth if the environmental tax rate is
low enough for there to be no need to conduct R&D to improve the quality of
the environment. Elbasha and Roe (1996) demonstrate that a greener pref-
erence increases the growth rate if the elasticity of intertemporal substitution
is small. On the basis of the quality-upgrading model of Aghion and Howitt
(1992), Ricci (2007) constructed a model with a continuum of intermediate
goods differentiated in pollution intensity, and analyzed the possibility of the
“green crowding-out effect,” in which environmental taxation crowds-out old
and dirty intermediates. In Ricci’s model, environmental taxation has a neg-
ative impact. In contrast, Hart (2004) analyzed the impact of environmental
sales taxes on growth by employing a model with production vintages. Hart
then shows the possibility that such sales taxes enhance growth while im-
proving the environment, with some conditions. Nakada (2004) examined
the issue through a simpler model, focusing on the “profitability effect,”
which is the loss or gain in the profits of the intermediate sector, caused by
taxation. Nakada reveals that environmental taxation has a positive impact
on growth. This paper employs the quality-upgrading model of Aghion and
Howitt (1992) for investigating how recycling revenues affects growth, which
has not been addressed in these models.

The analysis is, therefore, linked to the issue of “double dividend,” that is,
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how growth is affected by recycling revenues that are generated by environ-
mental taxes through different types of tax cuts. Double dividend has been
extensively investigated in both static (e.g., Bovenberg and de Mooij (1994),
Oates (1995) and Parry (1995)) and dynamic frameworks (see Gerlagh and
van der Zwaan (2001) and Ono (2007) for the framework of overlapping
generations). Bovenberg and Smulders (1995, 1996) and Bovenberg and de
Mooij (1997) introduced an endogenous growth model for analyzing the issue
in a dynamic framework. They demonstrate that incorporating the produc-
tion externalities of the environment makes a double-dividend more likely.
Hettich (1998) analyzed various types of tax reforms within an endogenous
growth model with elastic labor supply by employing an Uzawa-Lucas model
with leisure. Hettich shows that a pollution tax boosts growth without such
externalities. Fullerton and Kim (2008), by re-examining Bovenberg and
Smulders (1995), analyzed the effect of a pollution tax and income tax on
capital with production externalities of the environment. They display that
a higher pollution tax may increase or decrease growth depending on both
the absorption and the regenerative capacities of the environment. Greiner
(2005), by modifying Futagami et al. (1993), analyzed the effects of fiscal
policy on long-run growth and proves that pollution tax has a positive impact
on growth because revenue from a higher pollution tax increases the stock
of public capital, which, in turn, affects growth positively. The present anal-
ysis extends the above models by introducing a growth model with creative
destruction (Aghion and Howitt 1992). This model has been used because
it is essential to incorporate a full endogenous growth model for examining
the potential positive impact of environmental tax reform on growth without
including the production externalities of the environment.

Many articles have already examined the impact of environmental tax
reform on growth; however, while most analysis focuses on an income tax
cut, only a few articles study the impact of a profits tax reduction. This
is partly because, as Bovenberg and van der Ploeg (1998) and Koskela and
Schöb (1999) indicate, the levels of unemployment in EU countries have been
quite high for decades. According to the OECD Main Economic Indicators,
the EU member countries had an average unemployment rate of 8.9% in
2009, compared to 5.1% in Japan. Hence, economists tend to argue that
the revenues generated by pollution taxes should be used to reduce the dis-
tortionary tax rate on labor in order to reduce the rate of unemployment.
Furthermore, from the theoretical perspective, profits tax is not distortionary
in a traditional growth model with perfect competition because it has no im-
pact on the decision-making of producers. Hence, profits tax cuts do not
have a positive impact on output growth.

Bovenberg and de Mooij’s (1997) elaborate study is an exception. They
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first assumed a Cobb-Douglas production function; second, they permitted
the substitution elasticities between production factors to be smaller than
unity. The present paper is similar to their second case because a producer
can earn positive profits. However, in the abovementioned model, a shift in
the tax burden from capital to profits, i.e., a higher profits tax, boosts growth
for two reasons. First, although growth is endogenous, the main engine
of growth is capital accumulation and not innovative activities. Second, a
profits tax is not distortionary because it has no impact on the decision-
making of producers. As a result, shifting the tax burden away from a
distortionary capital tax toward a non-distortionary profits tax enhances
growth.

In contrast, profits tax reducion may affect growth differently in an econ-
omy with technological change resulted from deliberate activities of economic
agents (such as in Romer (1990), Grossman and Helpman (1991), and Aghion
and Howitt (1992)). This study explores the possibilities of profits tax re-
duction by employing a growth model of Aghion and Howitt (1992). In this
analysis, although the profits tax for an intermediate monopolist has no im-
pact on its output decision, it will act as a distortionary tax on the R&D
behavior of research firms because it changes the expected present value of
innovation. As a result, a profits tax reduction may boost growth by encour-
aging R&D activities.

The paper is organized as follows. Section 2 develops the macroeconomic
model. Section 3 determines the balanced growth path. Section 4 analyzes
the impact of an environmental tax reform. Section 5 concludes.

2 Model

A decentralized economy has a competitive final sector that produces a con-
sumption good using labor and an intermediate good. The intermediate good
is provided by a monopolistic supplier that employs final output. It is as-
sumed that the intermediate supplier purchases a patent from a research firm
and obtains a technology for supplying an intermediate good. The consump-
tion and the supply of labor are determined by a representative household
maximizing its positive utility derived from consumption and leisure, and its
negative utility derived from pollution.
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2.1 Final Sector

The final producer provides an output by employing labor and an interme-
diate good1. The Cobb-Douglas production function with an intermediate
input is expressed as

Yt = (AtLt)
1−αxα

t , (1)

where At is the productivity parameter, Lt is the level of labor input, xt is
an intermediate input, and α ∈ (0, 1). For the pollution function, following
Michel and Rotillon (1995) and Aghion and Howitt (2009) and focusing on
an environmental tax reform on growth2, the aggregate level of pollution Pt

is assumed to depend positively on the final output. An intermediate good
is assumed to be an essential input for production, i.e., xt > 0. There is no
population growth in this economy. The government is assumed to impose
an environmental tax on pollution, an income tax on wages earned by the
workers in the final production sector and by the researchers in the research
sector, and a corporate tax on the profits of the intermediate monopolist. In
turn, the government gives a transfer payment to a representative consumer.
The environmental tax is levied in proportion to the level of pollution caused
by the final production sector, which depends on the final output, i.e., htPt =
htYt and ht ∈ [0, 1).

The profit function of the final production sector in the presence of envi-
ronmental taxation is given by the following equation:

Πt = (1− ht)(AtLt)
1−αxα

t − wtLt − ptxt,

where the final good is chosen as the numeraire and pt denotes the price of an
intermediate input, assuming pt > ht. Since the final market is competitive,

1The author thanks Reyer Gerlagh (associate editor) and two anonymous referees for
their contribution to the argument in this subsection.

2Alternatively, as in Grimaud (1999, 2000), pollution abatement can be incorporated
as follows. The production function with an intermediate input is expressed as Yt =
(AtLt)

1−αxα
t . The level of abatement is given as Mt = Y (1 − zt) and the aggregate level

of pollution is given as Pt = (Yt − Mt)
1+ζY −ζ

t = Ytz
1+ζ
t (ζ ≥ 0). The profit of the

final sector is given as Πt = (1 − zζt ht)(AtLt)
1−αxα

t − wtLt − ptxt; hence, the first-order

conditions are zt =
[

1
ht(ζ+1)

]
1

ζ

, and wt =
[

1
ht(ζ+1)

]
1

ζ ζ
1+ζ

(1 − α)Yt/Lt. The profit of

the intermediate monopolist is πt = (1 − τt)
[

1
ht(ζ+1)

]
1

ζ ζ

1+ζ
(1 − ht)α(1 − α)Yt. Since

the R&D arbitrage condition is given as wt = λVt, as suggested in Aghion and Howitt
(2009), the impact of including abatement on the arbitrage condition is cancelled out.
Endogenizing the technological change in abatement technology (Gerlagh et al. 2009) or
considering heterogeneity in the pollution intensities of capital inputs (Ricci 2007) are
important issues; however, such issues need to be separately investigated because these go
beyond the scope of this analysis.
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the first-order conditions are given as follows:

pt = (1− ht)α(AtLt)
1−αxα−1

t , (2)

wt = (1− ht)(1− α)A1−α
t L−α

t xα
t = (1− ht)(1− α)Yt/Lt. (3)

2.2 Intermediate Sector

The intermediate sector is monopolistic. A monopolist, faced with factor
demand (2), provides an intermediate good to the final producer using the
final good as an input. The formulation follows Romer (1990) as well as
Aghion and Howitt (2009). As Romer (1990) mentions, an intermediate-
goods sector uses designs from the research sector, together with resources
indicated as investment or foregone output, to produce various intermediate
goods. In Aghion and Howitt (2009), all intermediate goods are assumed
to be supplied using the final goods as input, one for one. By employing
the same assumption as these models, this model assumes that providing an
intermediate good requires foregone output, which should be subtracted from
the level of consumption. The government is assumed to impose a profits tax
on the monopolist, i.e., τt ∈ (0, 1). The after-tax profits of the monopolist
are represented by the following equation:

πt = (1− τt)[α(1− ht)(AtLt)
1−αxα

t − xt]. (4)

The first-order condition gives the supply of an intermediate input as

xt =
[

(1− ht)α
2
]

1

1−α AtLt. (5)

By substituting (5) into (1), the final output is rewritten as

Yt =
[

(1− ht)α
2
]

α

1−α AtLt. (6)

Substituting (5) into (4) gives the after-tax profits of the monopolist as fol-
lows:

πt = (1− τt)(1− ht)
1

1−α

α
1+α

1−αAtLt = (1− τt)(1− ht)α(1− α)Yt. (7)

2.3 Research Sector

In this sector, research firms conduct R&D activities freely. All technological
findings in this sector flow into a common pool of knowledge, and only a
single research firm can obtain a patent for a particular technology. Applying
the method of Aghion and Howitt (1992), innovation is assumed to follow a

6



Poisson process. The index of the productivity parameter At grows gradually
at a rate proportional to the aggregate flow of innovations:

gA ≡ Ȧt/At = λnt ln γ,

where λ is the productivity of the R&D sector, γ(> 1) is the size of a new
innovation, and nt is the number of researchers in the R&D sector. The
free-entry condition of the R&D sector is given as

wt = λVt, (8)

where the discounted expected value of innovation is given as Vt =
∫

∞

t
e−

∫
v

t
rudue−

∫
v

t
λnuduπvdv.

Further, the labor demand function is given as

Ld
t = Lt + nt,

where nt is the amount of time allocated to research.

2.4 Consumer

The consumption and labor supply are determined by a representative con-
sumer maximizing the positive utility derived from its consumption (ct) and
leisure (lt), and negative utility from pollution (Pt). The government levies
an income tax proportionate to the wage rate, i.e., φtwt, where φt ∈ (0, 1).
The representative consumer maximizes the present value stream of the fol-
lowing utilities:

max

∫

∞

0

e−ρt
t (ln ct + β ln lt − η lnPt) dt,

subject to its budget constraint:

∫

∞

0

[(1− φt)wv(ǫ− lv) + Tv/N − cv] e
−

∫
v

0
rududv = 0, (9)

where β ∈ (0, 1) and η ∈ (0, 1) are the parameters determining the con-
sumer’s preference toward leisure and a clean environment, respectively; ǫ is
the consumer’s time endowment; Tt is the transfer from the government; N
is the size of population; and ρ ∈ (0, 1]. As usual, the optimal condition in a
decentralized economy is given by gc ≡ ċt/ct = rt − ρ and the transversality
condition.

7



2.5 Government

The government levies an income tax on the consumer, a profits tax on the
intermediate supplier, and an environmental tax on the final producer. In
turn, the government gives a transfer to a representative consumer. The
budget constraint of the government is expressed as

∫

∞

0
Tve

−

∫
v

0
rududv =

∫

∞

0
φvwvL

s
ve

−

∫
v

0
rududv +

∫

∞

0
hvYve

−

∫
v

0
rududv

+
∫

∞

0
τv(1− hv)α(1− α)Yve

−

∫
v

0
rududv, (10)

where Tt is the transfer from the government and Ls
t is the labor supply.

3 Balanced Growth Path

In this section, the balanced growth path is determined where the rate of
interest and the level of research are constant: rt ≡ r and nt ≡ n. Since
this analysis assumes no population growth, both consumption and output
growth rates are proportional to the growth rate of the productivity parame-
ter, gc = gY (Ẏt/Yt) = gA. Consequently, the wage rate is growing at the same
rate, gw ≡ gA. Following Aghion and Howitt (1992), the expected (average)
growth rate of output is gY = gA = λn ln γ; therefore, the optimal condition
is given by

r − ρ = λn ln γ. (11)

3.1 Market Equilibrium and the Government

Now, the market equilibrium is examined. The consumer’s budget constraint
(9) must be balanced along the balanced growth path. Thus, the consumer
maximizes the utility function u = ln c + β ln l − η lnP with respect to c =
(1− φ)w(ǫ− l) + T/N . Labor supply and the aggregate consumption (C) in
the decentralized economy are determined as follows:

Ls =
1

1 + β

[

ǫN −
βT

(1− φ)w

]

, (12)

C =
1

1 + β
[(1− φ)wǫN + T ] . (13)

The governmental budget constraint (10) must be balanced along this path.
Substituting the wage rate (3) and monopolistic profits (7) into the above
constraint along with the level of final output (1) provides the following
constraint:

T = θY, (14)

8



where θ is the ratio of government transfer to output, i.e.,

θ =

{

φ(1− h)(1− α)
Ls

L
+ [h + τ(1− h)α(1− α)]

}

,

which gives the labor supply:

Ls =
θ − [h+ τ(1− h)α(1− α)]

φ(1− h)(1− α)
L. (15)

The final market equilibrium provides C ≡ Y − x, since the final output is
used for producing an intermediate good. Substituting (5) and (6) gives

C ≡ Y − x =
[

1− (1− h)α2
]

Y. (16)

Now, the population (N) is normalized as unity. By substituting (13), (3),
and (14) into (16), the final market equilibrium condition can be rewritten
as

1

1 + β
[(1− φ)(1− ht)(1− α)ǫ/Lt + θ] = 1− (1− h)α2.

Hence, final labor demand is obtained as

L =
(1− φ)(1− ht)(1− α)ǫ

(1 + β) [1− (1− h)α2]− θ
. (17)

If the above is substituted into (15), labor supply is obtained as

Ls =
θ − [h+ τ(1 − h)α(1− α)]

(1 + β) [1− (1− h)α2]− θ

1− φ

φ
ǫ. (18)

Using the wage rate (3), government budget constraint (14), and final labor
demand (17), labor supply (12) can be rewritten as

Ls =
[1− (1− h)α2]− θ

(1 + β) [1− (1− h)α2]− θ
ǫ. (19)

Since (18) should be equal to (19), the ratio of government transfer to output
θ is rewritten as

θ = φ
[

1− (1− h)α2
]

+ (1− φ) [h+ τ(1− h)α(1− α)] .

In the following sections, the policy rule for the reform is defined by main-
taining the proportion θ as constant, i.e., an environmental tax reform must
enable the maintenance of the ratio of government transfer to output at a
constant level. Numerous existing articles, particularly those dealing with
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a static framework, discuss double dividends under a revenue-neutral con-
straint, thereby ensuring that governmental revenues (or a transfer payment
T in this article) are constant. However, in this paper, the constant θ rule
is employed as in Devereux and Love (1995) and Turnovsky (2000). This
method is often employed in growth models considering the fact that the ra-
tio of government spending to GDP has been stable for the last decade (Ono
2008). The economy continuously grows along the balanced growth path;
hence, if θ remains constant, the contribution of the government toward the
economy is continued over time.

The labor market clearing condition is described using (19) as

[1− (1− h)α2]− θ

(1 + β) [1− (1− h)α2]− θ
ǫ ≡ Ls [h, θ(φ, h, τ)] ≡ L+ n. (20)

From the free-entry condition of the R&D sector (8), (3), and (7), the research
arbitrage condition on the balanced growth path is given as

1 =
λ(1− τ)α(Ls − n)

r + λn
. (21)

If optimal condition (11) is substituted into the above, the level of research
along the balanced growth path is determined as follows:

n =
λ(1− τ)αLs − ρ

λ [(1− τ)α + (1 + ln γ)]
. (22)

The level of final labor input on the balanced growth path is given as

L = Ls − n =
λ(1 + ln γ)Ls + ρ

λ [(1− τ)α + (1 + ln γ)]
.

Due to the focus on the balanced growth path, every variable grows con-
stantly; this implies that λ(1 − τ)αLs − ρ > 0. This condition ensures the
existence of a unique stationary equilibrium.

4 Environmental Tax Reform

This section investigates the impacts of environmental tax reforms on eco-
nomic growth and pollution. Through the introduction of an environmental
tax, two types of tax reforms are examined: income tax and profits tax re-
ductions. Initially, an economy without environmental taxation is assumed
to be on the balanced growth path. Then, the effect of an income tax cut
with environmental taxation on growth is examined, while maintaining the
profits tax at a constant level, dτ = 0. Next, the impact of a profits tax
reduction on growth is analyzed with constant income tax, dφ = 0.
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4.1 Policy Rule for Reforms

The reforms examined here must follow the policy rule previously mentioned:
the proportion of government transfer to output must be maintained at a
constant level (dθ = 0). The following marginal relationships between φ and
h and between τ and h are derived in Appendix 1:

dφ

dh
= −

∂θ/∂h

∂θ/∂φ
= −

φα2 + (1− φ) [1− τα(1− α)]

(1− h)(1− α) [1 + α(1− τ)]
< 0, (23)

dτ

dh
= −

∂θ/∂h

∂θ/∂τ
= −

φα2 + (1− φ) [1− τα(1− α)]

(1− φ)(1− h)α(1− α)
< 0. (24)

The above equations indicate the extent to which income or profits tax rates
can be reduced by introducing one unit of environmental tax.

4.2 Impacts on Growth

The following proposition is obtained with regard to the impact of an income
tax cut on growth.

Proposition 1 The introduction of an environmental tax h for reducing in-

come tax φ, while maintaining both profits tax τ and the ratio of government

transfer to output θ at a constant level, increases the growth rate of output,

i.e.,
dn

dh

∣

∣

∣

dθ=0

dτ=0,h=0
> 0.

Proof. As derived in Appendix 1, totally differentiating the level of research
on the balanced growth path (22) around the initial tax rate, h = 0, yields

dn

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

∂n

∂Ls

∂Ls

∂h
> 0.

Next, with regard to the impact of a profits tax reduction on growth, the
following proposition is obtained.

Proposition 2 The introduction of an environmental tax h for reducing

profits tax τ , while maintaining both income tax φ and the ratio of govern-

ment transfer to output θ at a constant level, increases the growth rate of

output:
dn

dh

∣

∣

∣

dθ=0

dφ=0,h=0
> 0.
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Proof. As is shown in Appendix 1, totally differentiating (22) around the
initial tax rate, h = 0, yields

dn

dh

∣

∣

∣

dθ=0

dφ=0,h=0
=

∂n

∂τ

dτ

dh
+

∂n

∂Ls

∂Ls

∂h
> 0.

The following is a diagrammatic representation of the equilibrium and
the impacts of reforms. Figure 1 demonstrates the manner in which envi-
ronmental taxation and tax reforms affect growth. Prior to reforms with-
out environmental taxation, an economy is supposed to be on the balanced
growth path. The R&D arbitrage condition (21), which is upward sloping,
is denoted as (A), and the labor market-clearing condition (20), which is
downward sloping, is designated as (L).

{Figure 1 should be placed around here.}
With regard to the impact of an income tax cut, environmental taxa-

tion slightly increases labor supply and moderates the resource constraint
on R&D activities. Since a tax on pollution decreases output, households
decrease leisure for supplying more labor and try to increase the ratio of con-
sumption to output. This effect marginally shifts the (L) upwards to (Lφ).
The income tax cuts also encourage consumers to supply more labor through
the reduction in tax reimbursement. However, the simultaneous increase in
the environmental tax for keeping θ at a constant level offsets this impact.
Hence, an income tax cut only has a small impact on the R&D resource
constraint. On the contrary, a profits tax reduction increases the present
value of innovation. It directly enhances R&D activities, which turns (A)
counterclockwise to (Aτ ).

The following proposition is obtained with regard to which type of tax
reform would be more growth-enhancing.

Proposition 3 A profits tax reduction is more growth-enhancing than an

income tax cut, i.e.,
dn

dh

∣

∣

∣

dθ=0

dφ=0,h=0
>

dn

dh

∣

∣

∣

dθ=0

dτ=0,h=0
.

Proof. The derivation is provided in Appendix 1.

4.3 Impacts on Pollution

Next, the impacts of environmental tax reforms on pollution are examined.
As Appendix 2 demonstrates, with regard to the income tax cuts, totally
differentiating Pt at the initial tax rate, i.e., h = 0, provides

dP

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

(

∂Y

∂h
+

∂Y

∂L

∂L

∂Ls

∂Ls

∂h

)

.
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Although the first term on the right hand side is negative, the second term
is positive. This indicates that whether the impact of income tax cuts on
pollution is positive or negative depends on parameters. The effect of profits
tax cuts on pollution is given as,

dP

dh

∣

∣

∣

dθ=0

dφ=0,h=0
=

(

∂Y

∂L

∂L

∂τ

dτ

dh
+

∂Y

∂h
+

∂Y

∂L

∂L

∂Ls

∂Ls

∂h

)

.

Pollution is smaller with profits tax cuts than with income tax cuts since the
first term on the right hand side in the above equation is negative; hence,

dP

dh

∣

∣

∣

dθ=0

dφ=0,h=0
<

dP

dh

∣

∣

∣

dθ=0

dτ=0,h=0
. (25)

Discovering the impact of environmental tax reform on pollution is difficult to
determine analytically. Hence, numerical examples are necessary to address
this issue.

4.4 Numerical Examples

For examining the extent to which environmental tax reforms affect the
growth rate of output and the level of pollution, numerical examples are
used. Three cases are investigated: (i) income tax and profits tax without
environmental tax, i.e., h = 0, φ = 0.2, and τ = 0.3; (ii) income tax cut
with environmental tax while profits tax remains constant, i.e., h = 0.01,
φ = 0.18 (calculated using (23)), and τ = 0.3; and (iii) profits tax reduction
with environmental tax while income tax remains constant, i.e., h = 0.01,
φ = 0.2, and τ = 0.26 (calculated using (24)). The other common parameters
are as follows: the intermediate input share is given by α = 0.4, following
Barro and Sala-i-Martin (2003), and the productivity of the R&D sector is
λ = 0.8, as suggested in Howitt (2000). After considering the nature of the
balanced growth path, parameters such as the discount factor and the size
of new innovation are set for both growth and interest rates to be positive,
i.e., ρ = 0.05 and γ = 2.72, respectively. Other parameters are set as follows:
β = 0.2 and ǫ = 1. The calibrated growth rates (gY = λn ln γ, where n is the
balanced growth research determined as (22)) are, 0.0552, 0.0552, and 0.0592
in cases (i), (ii), and (iii), respectively. If the level of pollution without envi-
ronmental taxation is normalized as unity, the calibrated levels of pollution
in cases (ii) and (iii) are 0.9961 and 0.9864, respectively. This result implies
that profits tax reduction (case (iii)) would be more growth-enhancing and
less polluting than an income tax cut (case (ii)).

{Figure 2 should be placed around here.}
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Please note that the impact of reform on pollution is sensitive to the level
of income tax, although it is not responsive to other parameters. Figure 2
demonstrates the relationship between the impact of reforms on pollution
(dP on the vertical axis) and the level of income tax (φ on the horizontal
axis). It shows that the impact is mostly negative; however, if the income tax
is excessively high, i.e., φ > 0.85, there is the possibility that the effect will
become positive. When the level of income tax is considerable, it becomes
more distortionary. In such cases, while the implementation of environmen-
tal tax reduces output and pollution, the subsequent reduction in income
tax induces a sharp increase in labor supply, which boosts output as well
as pollution. As a result, the reform could increase pollution, despite the
intention of the policy. However, it seems that this excessively high level of
income tax is unlikely in practice.

4.5 Impacts on Welfare

In this subsection, the impact of environmental tax reform on welfare is ex-
amined. The equilibrium along the balanced growth path is focused without
its transition. The welfare along the balance growth path is given by the
following equation:

W ∗ =

∫

∞

0

(ln ctN + βltN − η lnPt)e
−ρt dt

= ln c0

∫

∞

0

e−(ρ−g)t dt+ β
ln l∗

ρ
− η lnY0

∫

∞

0

e−(ρ−g)t dt

= (ln c0 − η lnY0)

∫

∞

0

e−(ρ−g)t dt+ β
ln l∗

ρ

=
1

ρ− g
(ln c0 − η lnY0) + β

ln l∗

ρ
,

where N = 1. Then, as is derived in Appendix 3, the type of reform that
would be more welfare-improving depends on parameter η because

dW ∗

dh

∣

∣

∣

dθ=0

dφ=0,h=0
−

dW ∗

dh

∣

∣

∣

dθ=0

dτ=0,h=0

=
1

ρ− g

∂L

∂τ

dτ

dh

1

Y0

∂Y0

dL
(1− η)

{

< 0 if η < 1
≥ 0 if η ≥ 1

.

The above inequalities indicate that a profits tax reduction is more welfare-
improving than an income tax cut if the consumer’s preference towards the
environment is large, and vice versa. As compared to an income tax cut,
although the economy pollutes less under a profits tax reduction, the level of
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consumption is also smaller. As a consequence, the impact depends on the
preference toward the environment.

4.6 Discussion

The analysis indicates that a reduction in distortionary tax rates in com-
bination with environmental tax revenues positively affects growth. More-
over, a profits tax reduction for an intermediate monopolist is more growth-
enhancing than an income tax cut because a profits tax reduction encourages
R&D activities.

As mentioned earlier, various existing articles, such as Greiner (2005)
and Fullerton and Kim (2008), analyzed the impact of environmental taxa-
tion and subsequent reduction in distortionary tax rates on growth. However,
these works have not investigated the impact of profits tax cuts. Bovenberg
and de Mooij (1997) have analyzed this impact but have obtained differ-
ent results. In their analysis, a shift in tax burden from capital to profits
enhances growth since the main engine of growth is capital accumulation.
In such an economy, profits tax is not distortionary because it has no im-
pact on the decision-making of producers. Therefore, shifting the tax burden
from a distortionary capital tax toward a profits tax enhances growth. On
the contrary, a profits tax reduction may influence growth differently where
technological change is resulted from actions of economic agents with incen-
tives. In such an economy, firms earn positive profits as rewards for creating
new products; therefore, although the profits tax for an intermediate monop-
olist has no impact on his output decision, it acts as a distortionary tax on
the R&D behavior of research firms by changing the expected present value
of innovation. Hence, a profits tax reduction is more growth-enhancing than
an income tax cut.

5 Conclusion

This paper has investigated how growth is affected by recycling revenues
generated by environmental taxes through different types of tax cuts. The
growth model with creative destruction (Aghion and Howitt 1992, 2009) is
modified by including the production of final output as a source of pollution.
The decentralized economy has a competitive final sector, and an intermedi-
ate good is provided by a monopolistic supplier. The analysis demonstrates
that a reduction in distortionary tax rates, which are associated with en-
vironmental tax revenues, positively affects growth and reduces pollution.
Moreover, the paper shows that a profits tax reduction for an intermediate
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monopolist is more growth-enhancing than an income tax cut. In the analysis
of Bovenberg and de Mooij (1997), profits tax reduction while implementing
environmental taxation is equivalent to a shift in the tax burden from prof-
its to capital. Hence, it has a negative effect on capital accumulation and
output growth. However, this model reveals that profits tax cuts also have a
positive impact because they alleviate the negative effect on R&D activities
by increasing the expected present value of innovation. Obviously, the above
argument has several limitations. For example, capital is not explicitly in-
cluded as a factor input. Furthermore, what would happen if governmental
expenditure was polluting? These factors require further examination.

Appendix 1: Impacts of Reforms on Growth

and Pollution

The multiple impacts of environmental tax reforms on growth are examined
here. For this purpose, partial derivatives are determined as follows:

∂θ

∂φ
= (1− h)(1− α) [1 + α(1− τ)] > 0,

∂θ

∂h
= φα2 + (1− φ) [1− τα(1− α)] > 0,

∂θ

∂τ
= (1− φ)(1− h)α(1− α) > 0,

∂Ls

∂θ
= −

β [1− (1− h)α2]

{(1 + β) [1− (1− h)α2]− θ}2
ǫ < 0,

∂Ls

∂h
=

βα2θ

{(1 + β) [1− (1− h)α2]− θ}2
ǫ > 0,

∂n

∂τ
= −

α[λ(1 + ln γ)Ls + ρ]

λ [(1− τ)α + (1 + ln γ)]2
< 0,

∂n

∂Ls
=

(1− τ)α

(1− τ)α + (1 + ln γ)
> 0,

∂n

∂θ
=

∂n

∂Ls

∂Ls

∂θ

= −
(1− τ)α

(1− τ)α + (1 + ln γ)

β [1− (1− h)α2]

{(1 + β) [1− (1− h)α2]− θ}2
ǫ < 0,
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∂L

∂τ
=

α[λ(1 + ln γ)Ls + ρ]

λ[(1− τ)α + (1 + ln γ)]2
=

α

(1− τ)α + (1 + ln γ)
L > 0,

∂L

∂Ls
=

(1 + h)α(1− α)[λ(1 + ln γ)L+ ρ]

λ[(1− τ)(1 + h)(1− α) + (1 + ln γ)α]2
> 0,

∂Y

∂h
= −

α

1− α

Y

1− h
< 0,

∂Y

∂L
=

Y

L
> 0,

∂L

∂Ls
=

1 + ln γ

(1− τ)α + (1 + ln γ)
> 0,

∂C

∂h
=

{

α−
1

1− α

1

1− h

[

1− (1− h)α2
]

}

αY,

∂C

∂L
=

[

1− (1− h)α2
] ∂Y

∂L
> 0.

1. The marginal relationships between φ and h and between τ and φ are
derived in the following manner:

dφ

dh
= −

∂θ/∂h

∂θ/∂φ
= −

φα2 + (1− φ) [1− τα(1− α)]

(1− h)(1− α) [1 + α(1− τ)]
< 0,

dτ

dh
= −

∂θ/∂h

∂θ/∂τ
= −

φα2 + (1− φ) [1− τα(1− α)]

(1− φ)(1− h)α(1− α)
< 0.

2. It is examined whether an income tax cut leads to an increase in growth.
Totally differentiating (22) at the initial tax rate, i.e., h = 0, provides
the following equation:

dn

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

∂n

∂Ls

∂Ls

∂h
+

∂n

∂Ls

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)

=
∂n

∂Ls

∂Ls

∂h
> 0,

because ∂θ
∂φ

dφ

dh
+ ∂θ

∂h
= 0 for dθ to be zero.

3. Similarly, the impacts of a profits tax reduction are evaluated as follows.
Totally differentiating (22) at h = 0 provides

dn

dh

∣

∣

∣

dθ=0

dφ=0,h=0
=

∂n

∂τ

dτ

dh
+

∂n

∂Ls

∂Ls

∂h
+

∂n

∂Ls

∂Ls

∂θ

(

∂θ

∂τ

dτ

dh
+

∂θ

∂h

)

=
∂n

∂τ

dτ

dh
+

∂n

∂Ls

∂Ls

∂h
> 0,
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because ∂θ
∂τ

dτ
dh

+ ∂θ
∂h

= 0 for dθ to be zero. Therefore, the introduction
of an environmental tax for reducing a profits tax, while maintaining
both income tax and the ratio of government transfer to output at a
constant level, increases the growth rate of output.

4. Finally, which type of reform would be more growth-enhancing is con-
sidered. A profits tax reduction is more growth-enhancing as compared
to an income tax cut, while maintaining the ratio of government trans-
fer to output θ at a constant level:

dn

dh

∣

∣

∣

dθ=0

dφ=0,h=0
−

dn

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

∂n

∂τ

dτ

dh
> 0.

Appendix 2: Impacts of Reforms on Pollution

With regard to the impact of income tax cut on pollution, totally differenti-
ating Pt at the initial tax rate, i.e., h = 0, provides the following equation:

dP

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

dY

dh

∣

∣

∣

dθ=0

dτ=0,h=0

=

{

∂Y

∂h
+

∂Y

∂L

∂L

∂Ls

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)]}

=

(

∂Y

∂h
+

∂Y

∂L

∂L

∂Ls

∂Ls

∂h

)

= Y
α

1− α
(−1 + Ω) ,

where

Ω =
λ(ln γ + 1)

λ(ln γ + 1)(1− φ) [1 + α(1− τ)] ǫ+ [(1 + β − φ)(1 + α)− (1− φ)τα] ρ

×
βα [φ(1 + α) + (1− φ)τα] ǫ

(1 + β − φ)(1 + α)− (1− φ)τα
.

The effect of profits tax cut on pollution is given as,

dP

dh

∣

∣

∣

dθ=0

dφ=0,h=0
=

dY

dh

∣

∣

∣

dθ=0

dφ=0,h=0

=
∂Y

∂h
+

∂Y

∂L

{

∂L

∂τ

dτ

dh
+

∂L

∂Ls

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂τ

dτ

dh
+

∂θ

∂h

)]}

=

(

∂Y

∂L

∂L

∂τ

dτ

dh
+

∂Y

∂h
+

∂Y

∂L

∂L

∂Ls

∂Ls

∂h

)

<
dP

dh

∣

∣

∣

dθ=0

dτ=0,h=0
.

Pollution with profits tax cut is smaller than with income tax cut; however,
whether its impact is positive or negative depends on parameters.
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Appendix 3: Impacts of Reforms on Welfare

The impact of income tax cut on welfare is determined as follows:

dW ∗

dh

∣

∣

∣

dθ=0

dτ=0,h=0
=

1

ρ− g

1

c0

{

∂c0
∂h

+
∂c0
∂L

∂L

∂Ls

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)]}

−
η

ρ− g

1

Y0

{

∂Y0

∂h
+

∂Y0

∂L

∂L

∂Ls

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)]}

−
β

ρ

1

l∗

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)]

=
1

ρ− g

1

c0

(

∂c0
∂h

+
∂c0
∂L

∂L

∂Ls

∂Ls

∂h

)

−
η

ρ− g

1

Y0

(

∂Y0

∂h
+

∂Y0

∂L

∂L

∂Ls

∂Ls

∂h

)

−
β

ρ

1

l∗
∂Ls

∂h
.

Next, the impact of profits tax reduction on welfare is determined as

dW ∗

dh

∣

∣

∣

dθ=0

dφ=0,h=0

=
1

ρ− g

1

c0

{

∂c0
∂h

+
∂c0
∂L

[

∂L

∂τ

dτ

dh
+

∂L

∂Ls

(

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

))]}

−
η

ρ− g

1

Y0

{

∂Y0

dh
+

∂Y0

dL

[

∂L

∂τ

dτ

dh
+

∂L

dLs

(

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

))]}

−
β

ρ

1

l∗

[

∂Ls

∂h
+

∂Ls

∂θ

(

∂θ

∂φ

dφ

dh
+

∂θ

∂h

)]

=
1

ρ− g

1

c0

[

∂c0
∂h

+
∂c0
∂L

(

∂L

∂τ

dτ

dh
+

∂L

∂Ls

∂Ls

∂h

)]

−
η

ρ− g

1

Y0

[

∂Y0

dh
+

∂Y0

dL

(

∂L

∂τ

dτ

dh
+

∂L

dLs

∂Ls

∂h

)]

−
β

ρ

1

l∗
∂Ls

∂h
.

Hence, which type of reform would be more welfare-improving is evaluated
in the following manner:

dW ∗

dh

∣

∣

∣

dθ=0

dφ=0,h=0
−

dW ∗

dh

∣

∣

∣

dθ=0

dτ=0,h=0

=
1

ρ− g

1

c0

∂c0
∂L

∂L

∂τ

dτ

dh
−

η

ρ− g

1

Y0

∂Y0

dL

∂L

∂τ

dτ

dh

=
1

ρ− g

∂L

∂τ

dτ

dh

(

1

c0

∂c0
∂L

−
1

Y0

∂Y0

dL

)

=
1

ρ− g

∂L

∂τ

dτ

dh

1

Y0

∂Y0

dL
(1− η),
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because c0 = [1− α2(1− h)]Y0 and ∂c0
∂L

= [1− α2(1− h)]∂Y0

∂L
.

Therefore, the following inequality is obtained:

dW ∗

dh

∣

∣

∣

dθ=0

dφ=0,h=0
−

dW ∗

dh

∣

∣

∣

dθ=0

dτ=0,h=0

{

< 0 if η < 1
≥ 0 if η ≥ 1

.
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