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Economic Growth and Renewable Resource;

Specialization of Clean Activities

Sanghyun Hwang*

{Abstract)

This paper starts with a model of monopolistic competition and
endogenous growth, and it adds pollution as an input to production.
Then | adopt environmental quality as a renewable resource used in
production. | show that increasing returns due to specialization of clean
activities as inputs can help lead to sustainable growth with no harm to
environmental quality. | also compare and evaluate alternative policy
combinations (i.e. taxes + subsidies) that correct two distortions from
pollution and monopolistic competition. Finally, | find that, if the
productivity of environment in final good production is not sufficiently
enough, the number of clean goods tends to increase with more
environmental concerns.
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Economic Growth and Renewable Resource: Specialization of Clean Activities

[ . Introduction

The Montreal Protocol in 1987 banned use of chemical
products that damage the ozone layer, and the Kyoto protocol
in 1997 regulated the emissions of greenhouse gases that
cause global warming. In light of these environment-protecting
measures, a policy maker may face a trade-off between economic
growth and environmental preservation. Firms argue that
environmental policy has negative effects on economic growth,
because abatement activities increase production costs. However,
environmental policy is needed for our society to ensure a
better level of environmental quality which may help growth
ultimately. Consequently, this problem arrives at a question.
Which could play the key role for cleaner environment as well
as better growth performance — government-oriented central
planning or market-oriented pricing system?

Over the past decade, a number of papers have studied
government-driven economic growth and environmental preservation
in a central planning, using a model where technological
changes are endogenous (see Bovenberg and Smulders, 1995;
Greiner, 2005; Fullerton and S.-R. Kim, 2008).1) Many of the

1) Bovenberg and Smulders(1995) use a two-sector endogenous growth model with
pollution-augmenting technology. They find that the revenues from pollution taxes
exceed the public expenditures on government R&D on an optimal growth path.
Using the model of Bovenberg and Smulders(1995), Fullerton and Kim(2008) allow
for distortionary taxes that finance public expenditures on abatement knowledge, and
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previous papers have given much attention to the conditions
under which endogenous growth in physical output is sustainable
and compatible with a stable level of environmental quality.

Taking a different point of view, this paper explores market-driven
economic growth and environmental protection in a pricing
system, and it gives policy implications. In order to do so, I
employs an endogenous growth model in which increasing
returns are due to specialization of intermediate inputs (see
Romer, 1987: Aghion and Howitt, 1998: Barro and Sala-i-Martin,
2003: Grimaud and Tournemaine, 2003: Morales, 2004: Sorger,
2006).2) Then, adding pollution as an input to and environment
as a positive externality for production, I derive and examine
socially optimal growth path and market-induced growth path
with price incentives (i.e. taxes and subsidies). Meanwhile,
there exists some papers on growth and environment that
follows the formulation of Romer(1987), but they do not study
what the next two paragraphs present (see Grimaud, 1999;
Grimaud and Ricci, 2004; Hart, 2004; Ricci, 2007).3)

they give growth and welfare implications. Greiner(2005) uses an endogenous growth
model with public capital and pollution, and he analyzes the effects of fiscal policy
on growth and welfare.

2) The presented papers do not study pollution, but the models of this kind would
imply that pollution tax can spur specialization on intermediate goods, which environmental
quality does not deteriorate. The specialization leads to increasing returns for economic
growth. Consequently, the models of this kind can provide a tractable framework for
the study of economic growth and environmental preservation in a market-oriented
pricing system.

3) The papers presented above are relevant to this paper in that they use the formulation
of Romer(1987), but each of them addresses its question in different objectives.
Grimaud(1999) implements the optimal path obtained by Aghion and Howitt(1998) in
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Therefore, for the market-induced growth path to be optimized
socially, this paper compares and analyzes alternative policy
combinations that can be taken in the market-oriented pricing
system — (1) tax on pollution + subsidy to production of final
goods, (2) tax on pollution + subsidy to purchase of clean
inputs, and (3) tax on pollution + subsidy to invention of
clean inputs. An environmental tax could generate ‘double
dividend’, since it becomes not only a corrective instrument
for internalizing negative environmental externality itself, but
also a revenue-raising instrument for alleviating another
distortion by revenue-recycling effect (see Bovenberg and de
Mooij, 1994: Goulder, 1995: Oates, 1995; Fullerton and
Metcalf, 2001; Metcalf, 2003). For this reason, the policy
combinations that this paper considers could correct two
distortions from pollution and monopolistic competition, and
thus, they could improve economic growth and environmental
quality. This paper evaluates the alternative policy combinations
in practical use and easiness of policy application also.

Furthermore, this paper predicts how the growth performance

and the production structure change in response to a more

a decentralized economy. Grimaud and Ricci(2004) analyze economic growth and
environment along two paradigms of variety expansion and quality improvements.
Hart(2004) develops an innovative model in which researchers striving for monopoly
profits drive growth, and he examines welfare implications and various distortions
such as environmental externalities, monopoly power, business stealing and
knowledge spillovers. Ricci(2007) explores the effect of environmental tax on the
distribution of market shares when intermediate inputs are differentiated in pollution
intensity.
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ambitious environmental measure. In recent years, as more
people have environmental concerns, governments are inclinable
to set more stringent environmental policies. Thus, it could
be worth to analyze economic changes according to environmental
improvement.

The main results of this paper are as follows. In this
dynamic model, increasing returns due to specialization of
clean activities as inputs can help lead to sustainable
economic growth with no harm to environmental quality.
Fixed pollution use preserves natural environment at a
constant level, and also, an expansion of a number of clean
inputs overcomes an increase in relative scarcity of pollution
in production of final goods at each point in time. In
addition, for the market-induced growth path to be optimized
socially, the policy combination of ‘tax on pollution + subsidy
to purchase of clean inputs is better among all the alternative
policy combinations in second-best as well as first-best. Thus,
it could be useful in practice, even though it may be less
easily applied than the policy combination of ‘tax on pollution
+ subsidy to production of final goods.” Finally, if the productivity
of environment has relatively more positive effect on final
good production, then growth performance gets better with
more environmental concern. Otherwise, it gets worse. In this
case, the number of clean goods tends to increase. Less
productivity improvement by an increase in environment
quality pressures the invention of new clean input, and thus,

the number of clean goods expands. According to the hypothesis
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of Porter(1991), additional constraints could trigger technological
adjustments that could expand production possibilities when
they are imposed on firms by environmental policy.

This paper is in the following order. In next section, I
present the model and explain specialization of clean goods
that generates economic growth. I solve for Pareto optimality
in section III, and in turn, I derive a market equilibrium with
two distortions from pollution and monopolistic competition in
section IV. Section V compares and analyzes alternative
policy combinations. Section VI explores economic changes in
response to more stringent environmental measure. I conclude

and summarize in section VII.

[I. Model

1. Production

1) Final Output

Romer(1987) uses a production function for final goods with
inputs of labor and differentiated intermediate goods. To
adapt his model of the production of final goods Y, at each
time t, this paper uses pollution P, as input instead of labor.

Thus, intermediate goods =x,(i) for each i=[1,~,] in this
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version of the Romer model are clean inputs. Another addition

to Romer's model is that the natural environment E, affects

production as discussed more below.4 Thus,

N,
V= V(B Poa) = AP [ e i) di (1)
0

where 0 <a <1. For the effect of natural environment on the
production function, I assume that A4'(£)>0 and A4"(E,)<O0.
Assume that z,(i) represents purchases of nondurable input .
We measure all prices in units of the homogeneous flow of
goods, Y,.

Technological progress takes the form of expansion in &,
the number of specialized non-polluting goods available. To
see the effect from an increase in »,, suppose that the clean
inputs can be measured in common physical units and that
all are employed in the same quantity, z,(i) =z, (which turns

out to be true in equilibrium). The quantity of output from

4) The correlation between final goods (Y) and total productivity of natural environment
(A(E)) is important for this analysis. Many theoretical papers use the formulation
similar to this paper (see Bovenberg and Smulders, 1995, 1996; Michel, 1993;
Rosendahl, 1996; Rubio and Aznar, 2000; Smulders, 1995; Smulders and Gradus,
1996). In addition, many empirical papers shows the evidence that natural environment
positively affects the productivity of input and, so, output (see Alfsen, Brendemoen
and Glomsrod, 1992; Ballard and Medema, 1993; Brendemoen and Vennemo, 1994,
van Ewijk and van Wijnbergen, 1995; Margulis, 1992; Pearce and Warford, 1993).
For examples, soil and air quality has effect on productivity in the agricultural
sector, and air quality has effect on physical depreciation of equipment and
productivity of labor as well as mental health.
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(1) is then given by

)/t:A(Et)Ptlfajvtx?:A(Et)Ptlf(),(]Vtxt)aNtlfa (2)

Production exhibits constant returns to scale in 2, and
N,z,, the total quantity of clean inputs. For given quantities
P, and Naz,, however, the term N~/ indicates that VY,
increases with &, over time. This effects, which captures a
form of technology progress, reflects the benet from spreading
a given total of intermediates, Nz,, over a wider range, N,.
The benefit arises because of the diminishing returns to each
z,(i) individually.

An expansion of clean inputs, N,z,(i), encounters diminishing
returns if it occurs through an increase in z,(i) for given W,.
Diminishing returns do not arise, however, if the increase in
N,z,(i) takes the form of a rise in ~, for given z,(i). Thus,
technological change in the form of continuing increases in N,
avoids the tendency for diminishing returns. This property of
the production function provides the basis for endogenous
growth.

The technical advance in an economy with this form of
clean good expansion can be reinterpreted as the pollution
-augmenting technology in Bovenberg and Smulders(1995).

Reformulate the production function (2):
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Y, :A(Et)(MPt)li(y(Ntxt)u (3)

The term N,P, can be interpreted as effective pollution and
the number of clean inputs N, can be interpreted as the
pollution-augmenting techniques available in this economy at
each point in time. However, in this context, the technique
can be created by R & D in private sector, not by government

expenditure as in Bovenberg and Smulders(1995).

2) Clean Inputs

Technology produces N, varieties of clean inputs at each
time ¢. A technological advance can increase the number of
clean inputs N, at each time, in the sense of an invention
that allows a new kind of clean good to be produced. The cost
to create a new type of clean input is fixed at n units of Y,
and does not change over time. The inventor of clean input :
retains a perpetual monopoly right over the production and
sale of the good z,(i). But, with the assumption of free entry
into producing clean inputs, any inventor can pay the cost 5
(which is covered by the net present value of profits). Once
the fixed cost n is paid to invent it, good ¢ costs one unit of
Y, to produce at each time. In the case of the final good price
being normalized to 1, the marginal cost to produce the clean
good is normalized to 1 too. This is because it gives simplicity

without loss of generality. In other words, either normalizing
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the marginal cost to 1 or setting it to be any positive

constant ¢ leads to the same results in this paper.

2. Renewable Resource

The natural environment is modeled as a renewable resource.
The quality of the natural environment £, is a public good
that accumulates due to the regenerative capacity of nature,
while it depreciates on account of pollution ~,. As in
Bovenberg and Smulders(1995), T use the formulation of Tahvonen

and Kuuluvainen(1991) where £, evolves over time according to

E,= F(E,,P,) (4)
which satisfies the condition:
Fp <0, Fpp <0, Fpp <0, Fpp > 0, F{E(P,),P,) =0 (5)

At each P, exists a stable level of environmental quality Z,.
Nature E, will reach a lower level if pollution is used at a
higher level. An equilibrium of environmental quality £, is
stable, since it is assumed that Pg(E,,P,)<0 around E(7,). If

environmental quality is high, nature can -easily absorb

pollution (Fy»>0). The maximal steady-state quality of the

environment is assumed to be finite (E™* = E(0)< o).
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3. Preferences

The household’s preference is given by
/OO Uley, E,) - e dt (6)
0

where ¢ is the rate of time preference. Assume that the
instantaneous utility function is strictly increasing and

concave in ¢, and satisfies the Inada condition:
U.>0, U,<0, limU.=c, limU=0 (7)

C,'HO c—>

[II. Pareto Optimality

1. Optimal Allocation

The social planner uses z,(i)==x, for all i to produce clean
inputs in the efficient way, facing the economy's budget

constraint

NN= Y(E,, P, z,) = Nz, — ¢; (8)
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where nV, is the cost of inventing new clean inputs for next
period, and Y,— Nz, is the net product of the economy at
time ¢.5 To maximize the utility of a representative household
subject to the economy's budget constraint (8) and the ecological
relationship (4), the social planner chooses time paths for the
control variables (consumption ¢,, clean inputs z,, and pollution
P,) and the state variables (the number of clean inputs N,
and quality of natural environment £,). The problem of the

planner is, therefore, tof

max/ Ule,, E,) - e dt
0

\ 1 —a «
5.t N;= ﬁ(A(Et)Ptl Nyxy — Nyxy — Cf,)
Et: F(Et.,Pt)

¢ =0, Ny=1N,

We can ignore the condition ¢, = 0 by the Inada condition.
Then we get optimal allocation rules in this economy as in

Lemma 1.

5) Since this model preserves symmetry, each input is produced at the same amount in
optimum.

6

=

The objective function of social planner depends only on consumption and environmental
quality, i.e., consumers’ surplus, since this dynamic model does not reflect producers’
surplus. In this model, both of producers of final good and producers of clean goods
have the normal profit of 0 in the long term. Producers of final good in perfect
competition have the normal profit of 0 in the short term as well as the long term.
Although producers of clean goods in monopolistic competition get a positive
monopolistic profit in the short term, they have the normal profit of 0 in the long
term.
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Lemma 1 (Optimal Allocation Rules)

(1) Optimal static allocation:

BY -« a—

o A(E)aP! "Nzt~ ' =1

Y - a
=A(E)1—a)P; "Nz =—n- qFp

aP,

(2) Optimal dynamic allocation:

1 _ 1 [Us oaY 4
TS:—A(E)Pl Yt — )= + —4F
' 77( DRl =) ng \ U, 0E, " "q,
=4 Uc
TS— a

where q, is the shadow price of E, relative to N,.

Proof. See Appendix A.1. B

Lemma 1 states optimal allocation rules from the view of
social planner with two corrections for monopolistic competition
and pollution externalities. Eq. (9) implies that efficient use

of clean inputs is set at the point where marginal product is

equal to marginal cost.

from pollution in KEq.

marginal product of pollution to the R & D cost () multiplied

- 640 -
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by the marginal environmental damage (¢ #,) which is the
deterioration of the environmental quality. Especially, the
economy has two distortions from monopolistic competition
and pollution. So, if the economy were to eliminate one unit
of pollution, then for optimal growth it should compensate
one unit of new good. Therefore, the cost of one unit of
pollution used should be the multiplication of one unit of R &
D cost and marginal environmental damage. Eq. (11) is the
arbitrage condition for &, and £, in which both of physical
capital and environmental quality has the same interest rate
r,. The return on physical capital is equal to marginal
product. The return on environmental quality consists of the
sum of the marginal benefits of environmental quality in
household’s utility (U/ U.), production (8 Y/oE, = A" (E,)P! “N,z}),
ecological regeneration processes (Pz), and environmental
capital gain (g/q). Eq. (12) represents the Ramsey rule for
optimal saving. The interest rate rewards foregone consumption,
compensating for the rate of time preference and the change
in the marginal value of consumption over time.

From the Ramsey rule (12), the behavior of the marginal

utility of consumption at each time ¢ is

5= Uc_ QUCC q EtUcE Et
A G U E
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The environmental quality cannot grow forever at a constant
positive rate (since it cannot exceed the virgin state) and,
thus, the optimal amount of pollution is constant over time.

This implies that E=P=0 for all ¢ and the term

Et UCE Et
c Et

T —) is optimally zero. Also the social interest rate r,

is constant over time on a balanced growth path. Hence, for

q UCC
U,

c

the balanced growth path to be optimal, the term (—

must be constant over time. Denote this term as 6. Then the

intertemporal substitution elasticity

C}U[;cc) is equal to 1/6.
This requires that households’ wutility has a form of
time-separable constant-relative-risk-aversion (CRRA). Pro-
position 1 states optimal balanced growth path in this

economy.

Proposition 1 (Optimal Balanced Growth Path)

Let z,, r, and g, be social optimal levels of a use of each

clean input, an interest rate, and a growth rate. Suppose that
the utility is a time-separable constant-relative-risk-aversion

function of the form ¢, ’n(E,)/(1—0). Then a unique optimal

balanced growth path is identified by the following

conditions:

1 1

z. =AE) 2l op (13)

S
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r I—A(E)lfa(I?Ta)alfaP (14)

. . . M éf K df ry—0
B Pmd—r=0and b= G @ N0 (g5
! r ) N g Y, q 0 g

Proof. See Appendix A.2. H

Egs. (13), (14) and (15) say that, in the socially optimal
balanced growth path, the fixed use of pollution (P) preserves
the natural environment (£) at a constant level, and consequently,
the use of each clean input (z,) and the social rate of return
(r,) are constant. Since the relative scarcity of pollution
increases over time, the number of clean inputs as well as
the shadow price (¢) of natural environment grow at the
same constant rate (g,). This result implies that an expansion
of a number of clean inputs overcomes an increase in relative
scarcity of pollution in production of final goods at each point
in time. To produce final goods, the level of pollution is held
constant, but the amount of clean inputs (Nz,) increases
over time instead. In this dynamic economy, the horizontal
differentiation in clean inputs makes it possible for positive
economic growth to be constant without harming environmental

quality.
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IV. Market Equilibriums

1. The Final Outputs Firms

Producers are competitive and therefore take the price p,()
of the input ¢ as given. Government levies a tax 7, on use of
pollution, and it gives a subsidy to purchase of clean inputs
at rate o,, a subsidy to production of final goods at rate o
and a subsidy to cost of R& D at rate o, Taking », as
given, these final output firms purchase inputs z,) from N,
different firms, each of which has a monopoly over the good
r,(i) that it sells. Producers of final outputs maximize profits

II, by their choice of P, and z,(i) for any t€ 0, o)
N, N,
, = (1—UY)A(Et)ptlfa/ xt(i)adi—/ (1— o, )p, )z, (i)di — 7,P,
0 0

in which the first term is the revenue from selling final
goods, the second term is the cost for purchasing clean
inputs, and the third term is the cost for using pollution at

each time ¢.78)

7) Since the model is dynamic in this paper, the producers of final outputs should

‘
- /7\{1’1,‘

maximize the long-term profit / ILe "' dt to choose {7,z (i)}
0

o However,
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Thus, the first-order conditions are

(1—0y)AE)aP! z,(i)" ' —(1—0,)p,(i)=0

(1= o)) A(E) (1 a>p;—afoN‘xt (i)di— 7, = 0

which yield

0Y
P,

Ty

:A(Et)(l—a)Ptl_a/ONtxt(i)adi: ( (17

170'}/)

for any t€[0,00).

Egs. (16) and (17) state decentralized allocations of clean
goods and pollution used at time ¢ in the market economy.
Without government subsidy and correction on two distortions

from monopolistic competition and pollution use (1, =0, =0, =0),

this maximization of long-term profit becomes the above maximization of short-term
profit by the choice P and z,(i) for all ¢€[0,c0). In other words, either the
maximization of long-term profit or the maximization of short-term profit leads to
Egs. (16) and (17) as the first-order conditions. Thus, this paper presents the
maximization of short-term profit to avoid the complexity of more equations.

8) Note that the sale price of final good after subsidy is not (1+¢,) but (1—c,) in
the revenue function. A subsidy to production of final goods lowers the sale price of
1. In contrast, a tax raises the sale price of 1, which is in the case of (1+0,).
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marginal product of each clean input is equal to its monopoly
price, and marginal product of pollution is equal to zero. No
government intervention on pollution means that final good
producers overuse the amount of pollution, which, in turn,
implies that the environmental quality deteriorates. For the
decentralized allocations of clean inputs and pollution to be
socially optimal, the government can sets a pollution tax and
perhaps use other instruments. Our next task is to find the

optimal levels of all policy instruments.

2. The Monopolists of Clean Inputs

In production of final goods, pollution can be restricted by
a government tax. Then the final goods producers have incentives
to employ more clean inputs and less pollution. This induces
the producers of clean goods to undertake R & D intended to
create more different types of clean inputs at each of time t¢.
An example of the invention of a new type of clean input is a
new scrubber, when clean inputs are interpreted as the
different abatement technologies as expressed in Eq. (3). The
present value of the returns from discovering the i-th clean

good at time ¢t is

V(i) = /m(pt (i) = 1)z, (i) - eif’wmdv (18)
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where p,(i)z,(i) is the revenue from selling the clean good,
1+ x,(i) is the cost for producing it, and r, is the interest
rate at each time ¢. The fixed cost n for discovering a new
good can be recovered only if p,(i) exceeds the marginal cost

to produce the good, 1, for at least part of time after date t.

The inverse demand for clean input ¢ can be derived from Eq.
(16) as

)Ptl—axt(i)a—l (19)

Thus, each monopolist i sets the quantity of the good z,(i)
at each date to maximize V,(i) in Eq. (18). The present-value

Hamiltonian is

- / 7 dw
A - L i N A i ° e I

Since no state variable is on the production side, and no
intertemporal element is in demand function, the first-order

condition is

OH
ox, (z)

which yields
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pli)=—=p>0 (20)

Since « is a constant, the equilibrium price of each clean
input ¢ is the same for all ¢« and constant over time. This
monopoly price, 1/a, is greater than the marginal cost of
production, 1. Thus the markup, (1—a)/a. covers the cost to
create the new good. Substitute (20) into (19) to get

xt@):A(Et)la((l—fW)a)“Pt_x (21)

1-0,

As shown in Proposition 1, on the optimal balanced growth
path, the amount of pollution 2, and the quality of nature Z,
must be constant over time. I assume for the moment that
the levels of pollution and environmental quality is constant
over time, i.e. P,=P and E,=F for all t+.9 Hence each clean
input z,(i) is also constant over time and the same for all i.
Over time, the only thing that changes is the variety of clean
inputs #N,. In the case where the amount of pollution is
constant over time, the final goods firms have incentive to
use more clean inputs over time. Substitute Eq. (21) into Eq.
(18) to show that the monopolistic inventor's net present

value of profits at time ¢ is

9) That is actually an equilibrium, after the government installs the optimal pollution
tax.
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© - / l‘rwdw
V=D [ e 7 (22)
t

Assume that government gives subsidy to R& D at a rate
or. The free entry condition is V,(i)=n(1—o,) for all t. If the
present value of profits is greater than the cost of inventing
it, then infinite resources would flow into invention of a new
clean input, which cannot hold in equilibrium. If the present
value of profits is less than the cost of inventing it, then no
resource would flow into invention of the good, so the number
of clean inputs would be constant for all time. I focus on
equilibria with increasing variety of clean inputs over time.
In this case, the present value of profits equals the cost of

inventing the clean good. Thus, Eq. (22) implies

o — l.rwu’m (1—0— )
/ . J/ FAS il 2
t

(p— 1)z

The right side of the equation above is constant at each

time ¢, which implies the interest rate must be constant at

each time ¢t (i.e. r, =+ for all t). Since / e’r'“””dv:%, the
t
interest rate is determined as
1 5 1
T:lA(E)l-a(loz)[ (1-oya _ jl‘*’P (23)
n o (1-0,)Q—0p)
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In Eq. (23), the market interest rate r becomes less than
the social interest rate r, without any subsidy to final good
and clean good productions because each producer of a clean
good provides his good at a monopoly price greater than the
competitive price. So, for the dynamic allocations in this
market economy to be socially optimal, the market interest
rate need to be equal to the social one, because the optimal
growth rate depends on the economy’s interest rate. Thus the
government could subsidize the use and invention of clean
goods, indirectly supporting the optimal saving of households’
assets. The market interest rate will be compared to the
social for correcting the externalities optimally, and designing

the government polices in the section 5.

3. Households

[ assume many identical households. Each household is
endowed with an amount of the initial stock of assets, a,= qa,,

at the initial time ¢t=0. Then the households problem is to

max(q_’aﬁfo U(Ct’Et) c e gy

s.t. a;=ra; — ¢
=0
t
—/rvdv
0

a:() = ao’ ].ima:t c € > O

t— oo
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Assume that the credit market imposes the following
—/trt,dvz[)

constraint lima, -e “° . We can ignore the condition

t— o

¢, =0 by the Inada condition. Then we get the equilibrium in

this decentralized economy.

Proposition 2 (Market Equilibrium)

Let =, r and g be levels of each clean input, an interest
rate, and a growth rate in the decentralized economy. Suppose
that utility function is a time-separable constant-relative
-risk-aversion function of the form ¢ n(E,)/(1—6). Then a
balanced growth path in the market economy is identified by

the following conditions:

iz
r_lA(E)llq(l—a)( (1-oy)a’ )1‘*13 (25)
7 a (1—0,)1—0p) °

. . dt ]Vt éz Yt dz 7.'7_‘ r—20
FE=P=0and —=—=—=—F=—= —= = (26)
! ! Qy N, Cy Y, 4y Tt 0 g

Proof. See Appendix A.3. B

In Egs. (24) and (25), the use of each clean inputs (z) and

the market rate of return (r) become constant, if pollution is
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used at a constant level, and thus, natural environment is at
a stable level. In Eq. (26), the positive pollution tax (7,)
should grow at a rate (g) to hold the use of pollution constant,
otherwise this decentralized economy cannot avoid environmental
disasters.

Compared to the socially optimal growth path, the allocations
of clean inputs and the market rate of return (and, in turn,
growth rate) depend on the subsidy rates oy, o, and o, in
the equilibrium growth path of decentralized economy. Suppose
that the government does not give all of these subsidies.
Then, the allocations of clean inputs and the growth rate get
lower in market equilibrium than in the social planner's
solution, because monopolistic competition generates another
form of distortion in addition to environmental externality.
Therefore, if government gives either a subsidy to purchase of
clean inputs, production of final goods or invention of new
clean inputs with a revenue collected by pollution tax, the
amount of each clean input used and the growth rate could
increases and be achieved at the socially optimal level as well

as the environmental externality can be corrected.

V. Government Corrections

The decentralized market economy suffers from the dual

distortions of monopolistic competition and pollution. First,
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environmental quality has a public-good character, so that
every agent in the economy uses and deteriorates it. If the
government does not regulate use of pollution, then the final
goods producers use too much pollution to avoid the diminishing
returns in other inputs. The government should set the
pollution tax, restrict pollution, or establish a market for
tradable pollution permits.

Second, monopolistic competition is the other distortion in
this economy. Each monopolist sets the price of a clean input
higher than its marginal cost to cover the cost of R& D. To
say it again, the clean inputs that are helpful for environmental
quality are provided at higher prices than competitive prices
due to monopoly mark-ups. This yields the final output at an
inefficiently lower level in the market economy. To increase
the output, the government can subsidize use of clean inputs
or directly subsidize final goods, however. Also, the
government subsidy to R & D could increase the output by
making incentives to create new kinds of clean inputs.

Thus proposition 3 compares alternative policy combinations
that correct the dual distortions of pollution and monopolistic

competition.

Proposition 3 (Alternative Government Corrections)
(1) If government taxes pollution at the rate 7,=—n- ¢Fp
and subsidizes purchase of clean inputs at the rate

o, =1—a, then the market equilibrium is optimal, and
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the governments revenue exactly equals its spending.

i.e.
N,
r=z, r=r, g=g, and / let(i)xt(i)diITtPt
0

(2) If the government tax rate on pollution is 7, =—n- ¢Fp

and the rate of subsidy to production of final goods is

oy = 1;04’ then the market equilibrium is optimal, but

the government's revenue is less than its spending. i.e.

oy, 1
=—>1
7P, o

=z, r=r, g=g, and

(3) If the government tax rate on pollution is 7, =—nqFp

and the rate of subsidy to cost of invention is
1
op=1—a'"" then the market equilibrium Is not optimal,

but the governments revenue is more than its spending.

ie.

\ 1
0RnNt:(1—a1‘“)&< 1
T

r<uz, r=r, g=g, and

Ts

Proof. See Appendix A.4. B
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From Eq. (10), in order to correct the pollution externality,
the government impose such a pollution tax that it equates
the marginal product of pollution to the product of the R& D
cost and the marginal environmental damage which is the
deterioration of the environmental quality. In addition to
pollution externality, the economy has another externality
from monopolistic competition. Pollution and clean inputs as
two different types of production factors are related each
other in final good production technology. So, if the government
restricts one unit of pollution used, then it should create one
more unit of new good for final good production and optimal
growth. So, the property of pollution tax is that the tax must
include the invention cost of one new type of clean good.
Therefore, the cost of one unit of pollution used should be the
times of one unit of R& D cost and marginal environmental
damage.

In the case of tax on pollution and subsidy to purchase of
clean inputs (Proposition 3, (1)), government needs no additional,
possibly distortionary, taxes to finance government spending.
The revenue from the pollution tax exactly covers the spending
to correct the inefficiency from monopoly. This correction makes
the economy socially optimal because the levels of use of
clean inputs, interest rate and, in turns, growth rate equal to
the social planner's levels of them in this decentralized
economy. In the case of tax on pollution and subsidy to
production of final goods (Proposition 3, (2)), the economy

can achieve optimal growth because the market economy have
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the socially efficient levels of use of clean goods and interest
rate. But, for the optimal growth to be guaranteed, government
may use additional, possibly distortionary, taxes to finance
spending for inefficiency from monopoly. If government places
a tax on pollution and subsidy to R & D cost (Proposition 3,
(3)), environment tax can be used enough to finance government
spending. But, the economy may not be Pareto optimal,
because static allocation is inefficient, i.e., the level of clean
goods used in final good production is less than socially
optimal level. Subsidy to the cost to invention of new types of
clean goods alters the inefficient interest rate and balanced
growth path while it cannot change static allocation of clean
inputs. But, there may be some more improvement in the use
of clean inputs if the remaining revenue from environment
tax supports on the subsidy to purchase of clean inputs by
the output production technology.

All of three policy combinations — (1) tax on pollution +
subsidy to purchase of clean inputs, (2) tax on pollution +
subsidy to production of final goods, (3) tax on pollution +
subsidy to R& D cost — have similarity of policy in the
double dividend hypothesis of environmental tax. In other
words, tax on pollution as corrective instrument corrects the
negative environmental externality from pollution, and it as
revenue-raising instrument has revenue-recycling effect that
alleviates a different type of distortion from monopolistic
competition.

The three policy combinations become different, however, if
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practical limitations are considered. First of all, government
faces second-best circumstance in which it should make
certain expenditures from certain revenues in reality. If this
budget constraint of government is considered, (1) tax on
pollution + subsidy to purchase of clean inputs becomes the
most efficient policy combination. This is because the revenue
from pollution tax and the expenditure on subsidy to clean
good purchase match exactly, and market equilibrium as well
as growth are optimal. Compared to this combination, (2) tax
on pollution + subsidy to production of final goods is inefficient
because of more spending than tax revenue, although it
achieves optimal market equilibrium and growth. In addition,
(3) tax on pollution + subsidy to R & D cost could be inefficient
due to not optimal market equilibrium, even if spending on
subsidy is less than tax revenue. Therefore, another policy
will be added to this combination to raise efficiency.
Meanwhile, (2) tax on pollution + subsidy to production of
final goods has the simplest way in easiness of policy
application. This is because the government that spends on
subsidy identifies final goods more easily than intermediate
goods, and it needs not do the evaluations on clean good

inventions one by one.
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VI. Environmental Policy

In this section, I study steady-state equilibrium. Suppose
government sets more ambitious environmental policy in
response to a change in preferences towards more environmental
concern. This preference shock leads to a reduction in
pollution, which, in turn, changes other endogenous variables
in the economy. A cut in the use of pollution affects real
returns and growth, as well as the expansion of clean input.

First, pollution abatement affects the production of final
good in two different ways. Less use of pollution directly
reduces the productivity of clean inputs. But, it can indirectly
alter the productivity of clean inputs because less pollution
improves the environmental quality £ in A(E). Set Eq. (4)
equal to zero, and log-linearize to get FLEE+ F,PP=0, which

FpP
F.E

implies FE=-—

)13. Log-linearizing A(F) and use this

equation. Then, we have

. FpP)\ .
A(E)——)\(FEE)P (27)

where a hat denotes a relative change (A=dA/4) and

dA(E) E Af

A dE ~ A(B)

is the positive elasticity of A(E) with

&y
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FpP
respect to £. In Eq. (27), the term —)\(P) is negative,
FLFE
since Fp and Fjy is negative (in turn, the term 77 18
E

positive). Thus, the productivity of natural environment (A4(%))
increases as more environmental concern decreases the use of
pollution (P).

The policy shock also changes the amount of each clean
input and the number of clean inputs devoted to production
of final outputs. In particular, to explore the long-run impact

on expansion of clean inputs, I calculate the ratio of the

specialization to output production, v The following proposition

says the long-run impact of pollution reduction.

Proposition 4 (Long-run Equilibrium Impact)

With a change in preferences that favors the environment FE,

(1) the effect on the optimal use of each clean input x,, the

real return r,, and the growth rate g, are given by

~ ~ A FpP ~
wi={(alme e
d
9s

o s v

(2) the effect on the specialization of clean Inputs N/Y Is
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given by

ﬁ[_i/:((l:\a

AL

Proof. See Appendix A.5. B

Proposition 4 implies that, in response to more ambitious
environmental measure, growth performance and specialization
in clean goods can vary because the production of final goods
depends on the total productivity of natural environment.
Suppose the output elasticity of natural environment (\) is
relatively large, but the output elasticity of pollution (1—a)

. . . A FpE
is relatively small (i.e. —/—> ).100 In other words, the

productivity of natural environment has relatively more
positive effect on production of final goods. Then, a reduction
in pollution increases the use of each clean input, the real
return and the growth rate. The number of clean inputs
relative to final good decreases, however. This is because,
even if the economy imposes more ambitious environmental
measure, more productivity improvement by an increase in

natural environment can relieve the pressure on invention of

10) The output elasticity of natural environment is equal to the elasticity of A (F) with
dY E_(dY A)_(dA E

. . dy A
I’eSpeCt to £ (1.e. @ . T/f H . ? E . Z)*)\), since — +-—==1 and

dA Y
dA F

dE A
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clean inputs for economic growth with environmental
preservation.

In contrast, suppose the output elasticity of natural
environment ()\) is relatively small or zero, but the output

elasticity of pollution (1—«) 1is relatively large (i.e.

A Fpl ..
< ). In other words, the productivity of natural

environment has relatively less positive effect or no effect on
production of final goods. Then, a cut in use of pollution
decreases the use of each clean input, the real return and the
growth rate. On the contrary to this, the number of clean
inputs relative to final good increases. Corresponding to more
environmental concern, less productivity improvement by an
increase in natural environment pressures the invention of
new clean input, and thus, the number of clean goods
expands. The tighter environmental measure creates new
kinds of inputs and changes the production structure of final

outputs.

VII. Conclusion

This paper solves the trade-off between economic growth
and environmental preservation in a market-oriented pricing
system. The specialization of clean activities as inputs

(abatement technologies) to production makes it possible for
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positive economic growth to be constant with no harm to
environmental quality. This paper also compare and evaluate
alternative policy combinations in price incentives (i.e. taxes
+ subsidies) that correct two distortions from pollution and
monopolistic competition. The policy combination of ‘tax on
pollution + subsidy to purchase of clean inputs seem to be
better when all the policy combinations are evaluated on
practical use and easiness of policy application. Finally, this
paper finds that, if the productivity of environment in final
good production is sufficiently enough, the growth performance
gets better with more environmental concerns. Otherwise, the
growth performance gets worse, and thus, the number of
clean goods tends to increase.

Furthermore, the model of this paper could be extended as
follows. In this model, the clean inputs are assumed to be
monopolized with perpetual monopoly rights over production
and sale. The assumption of perpetual monopoly right should
be relaxed, however, if competitors who can learn about new
clean inputs imitate them or create close substitutes. In this
way, the clean inputs are used even more than before, since
they lose monopoly's mark-up and become more competitive.
Consequently, the more use of clean inputs could lead to
better economic growth with the same level of environmental
quality as before.

In addition, the paper assumes that production of clean
goods does not depend on pollution and productivity of

environment like production of final goods, and only clean
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inputs can be specialized. In general, pollution can be used in
and productivity of environment can affect the production of
clean inputs, however. Dirty inputs can be specialized and
the number of them increases over time also. Therefore, if
they are considered in the model of this paper, these features
could provide some other implications on economic growth and
environmental preservation. All of these things put limitations

on and give future works to this paper.
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(Appendix)

A.1. Proof of Lemma 1

Proof. Write the current-value Hamiltonian:

H(Cﬁxﬁpta]vf,aEt)

1 ey «
= U(CtvEt)Jr,“ltE(A (B,)P/ " Ny; _]Vtxt_ct>+ pioy F(E;, Py)

Then, we have the first order conditions for optimal infinite

time paths:
oH 1
6—sz UC_,UUE: 0:>,u'1t :nUc (28)
OH 1 —a -
Ta:t: /“H%(A (Et)aPtl Nyxy f— ]Vf): 0
oy (29)
t —a_a—
ox, - A(Et>aPt1 Ty t=1
8H ]- - [0}
B—R: NltgA(Et)(l_a)Pt Nyxy + pog Fp =0
- p (30)
t 2t
= =A(E,)1—a)P “2IN,=—n—12F
op, ! b nﬂu r
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6H 1 —Q_ ’

B—Nf,: /’Lll‘g(A (B,)P! ™ "z 7331): Optae — fhy (31)

oH 1, —a « )

WE, Ugt ﬂ1tﬁA (B)P! ™ “Noaf + pio, Fip = Optoy — foy (32)
t

Eq. (29) yields

1 1
z,=AE) " "a'""P, =1,
¢ t ¢ =Ty

where z, is the amount of intermediate good that the social
planner chooses. From Eq. (30), we have the equation

standing for correction on the pollution externality

oY,

P, =A(E)1—a)P "z N, == nq,Fp

where qtz% is the shadow price of E, relative to that of
1t

N,. Eq. (28) and (31) give the Ramsey rule of optimal saving

U
_ _ C 33
r, =2 U (33)
1 —(1— :
where r, z—(A(E,)Ptl"’a:;’ a:t)— gA(Et)l"(Ta)al" , 1s the
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implicit interest rate that the social planner chooses. Eq. (32)
and the Ramsey rule (33) leads to the return on the
environmental quality which yields

&

1 [ Ug _
r, = +A'(E,)P! "N |+ Fp+ —
ng, \ U, O

Then the arbitrage condition for /V, and £, is derived as

rszl(A(N)Zlfax“—m)
n
1 (U 8Y _ éf
= — + :A/(E)Pl uNx(y +F +_
ng \ U, 3Et[ et ! t} s q;

A.2 Proof of Proposition 1

Proof. A proof of equilibrium shows that it is not possible
for other equilibria to exist.!) Note that £, cannot grow
forever at a constant positive rate since it cannot exceed the
virgin state. Thus E,=P2=0. Also, for growth to be balanced,

Uec
U,

c

=—0 has to be constant over time. Hence,

11) See chapter 4 in Barro and Sala-i-Martin(1998) for details.
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o ecCt c't M:EEt Et _ c.t
r, =24 U o i Et—5+9- .

Hence we have the optimal growth rate

c.t _ry—o
Z— 0 =Js (34)

where g, is the growth rate that the social planner can get.
This model doesn't exhibit transitional dynamics. So, the
growth rate of the number of clean inputs is determined by
that of consumption. Integrate Eq. (34) to get the

consumption path
Ccp=cy e<r5_6)t/9 (35)
Substitute Eq. (35) into the economy budget constraint

Nt: _(A (Et)Ptliathfc? - Nz, — Ct)
1 (r,—0)t/0

1
=V =T N T e e

or

N 1 r,—0)t
e R
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Multiply the above equation by e ' and integrate it. Then,

we have

N — ‘0 ((ro=0)/0—r)t
e —]Vf ]VO ((7‘5 — 6)/9_“) (6 1)
or
C ” C -
M:(No—l—o)est-yl—oe(s 8)t/6 (36)
ne ne
where ¢=r,—(r,=48)/0=r,—g,>0. By the transversality
condition,
: -7 . 1 ¢ 1 ¢ _ .
lim®, - e "= hm(No ——0)+ — Nt =y
e n—eo nel ne
1 ¢

. 1 ¢ . 1 ¢ _ ot
Since ——>0, then lim——e ?'=0. The term ~N,———
ne 14 ne

t— o0

must be =zero, which implies that the given number N,

determines the consumption ¢, at time t=0. Hence, using Eq.

(35) Eq. (36) is expressed as

1 ¢ -0t/ 1
- -

N, = Cy
n vy ny
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So consumption and the number of clean inputs grow at the
same rate g,. From the production function of final goods (1)

and Eq. (13)

1 o

Y, = A(E,)P/ “Nai =A(E)" “a' "PN,

Hence, final good and the number of clean inputs grow at

the same rate g,. Taking and differentiating Eq. (10) give

N_a

N, q;

Finally, the optimal growth rate and path are derived as

follow:

E,=P,=0 and N _ /
= = an —_——— — =g,
! ! N o Y, q 0 9

A.3 Proof of Proposition 2

Proof. The current-value Hamiltonian is

H(ct, at) = U(ct, Et)-l- ut(rat — ct)

- 669 -



Sanghyun Hwang

where p, is the current-value shadow price of income. The

first order conditions of this maximization are

oH

5 =U.—~pw=0=u="0, (37)
Cy

oH .

aat:.uﬁ:(s/ﬁt*/h (38)

Take log and differentiate Eq. (37) with respect to ¢ and
use Eq. (38) to get Ramsey rule for household in market

equilibrium

Integrate Eq. (38) with respect to ¢, to get

t t
al dvz—/ (r,—&)dv
0

0 My
—/t(rﬂ—é)dv
pe =po e "’

Then, the transversality condition is

t t
. st L —/Orl‘dv T —fort,dv
lime " p,a,= limpge a, = lime

t—co t— 00 t—> 00

a,=0
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since p,= U.(c,) > 0. Hence, the credit market condition is

satisfied. Ramsey rule says

C C4

_ 5 UCC
A
or
C.t r—2a
Zt — 39
- =9 (39)

where ¢ is the growth rate of consumption in market
solution. Substitute the interest rate of asset market (23)

into (39)

G 11, (1ma) (-oe’ Y _]<4o>
N [ A<Et) ( )[(law)(laﬁ)laj P90

To show that the consumption ¢, and the number of clean
inputs &, grow at the same rate is similar to that in Proof of

Proposition 1. From the production function (1)

a

1 1— 2\7=%
n=A(Et>P:‘%;*M:A<Et>1‘f*((10fj>a) pn, 4D
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the total output Y, and the number of clean inputs &, grow

at the same rate. Take log and differentiate Eq. (17) Then,

we have
N, Ty
N, B Ty

For fixed pollution P,, the growth rate of ¢,, N,, Y, is

]Vti G Y'ti Ty
N, Ct Y, T

In this model, households are identical. So, the following
procedure are not necessary. But, here [ just want to show.
Since total households™ assets equals the market value of the
firms, n~ in closed economy, the households aggregate

income is

11—«

iV, = ( )mtjvf =pz, Ny —x, N, = Y, —a, N,

where Y,—z,N, is the economy’s net product. The economy’s

budget constraint is
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G, =mN,—nN=Y,—z,N,—nN,

=Y, —aN,—nghN, (since nN,=ngN,)

1

P AT L

[A(Et)ll”( 1;(1 )( (1_((71)(f-i)::)1QJliaPt—n(SJ]vt
|

A(E;)Ha%l*”@ﬂ +776)]\/;

where

a 1

l1—0o l1—a l1—0o 11—«
@—9( Y) — 00’ Y)

l1—0 l1-0,

T
1

e e (1—0oy) )1—@
! ’((1%)(1%)1‘*

From the transversality condition, r> g,

1

1 ﬁ l—a (1_01/)042 1-a
a0 aE) (1 )Eu—aw)u_aﬁ)l-a] fi=e

1 2a

AE) " “a' " WP, <nd
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1

where ¥ = (1f6)a(17a)((lfay)(lfo—z)(lfo—g)l"’)m. Since ¢ < ¥,
then the level of consumption ¢, is positive. Thus the
aggregate consumption ¢, and the number of clean inputs

grow at the same rate. W

A4 Proof of Proposition 3

Proof. From Proposition 2, first, if government designs the
policy of o,=1—«a, o0y=0, 0,=0 and 7,=—n-q¢Fp, then

1 1

1 1
T = 1 — [ 1— T
(L‘:A(Et)l Col “P,=ux,, T:gA(Et)l "(Ta)al “P,=r, and,

using Eq. (9) and (10), the ratio of its spending to revenue is

[Comtiniai G-a) [ a0 Loy,

(o} o0

S

7P - qFp A(E,)1—a)P "Nl

1
A(B)aP, 207"

1

Second, if government designs the policy of o,.=0,

xr

1 1
1— — -
oy = aa ,0,=0 andr, =—n - ¢, Fp, then 2= A(E,)' " “a' P, =z,

! 1
TZ;A(Et)l_“(laa)al_aPtzrs and, using Eq. (10), the ratio

of its spending to revenue is

- 674 -



Economic Growth and Renewable Resource: Specialization of Clean Activities

11—« 1_aA(Et)Pt17‘INtx?

oyY, o Tt
P —ncqfFp  AE)1—a)P, NP,

L= y(g)p! N
a 1
—=>1

 AE)1—a)P Nz

since 0<a<1. Finally, if government designs the policy of
1

1
0,=0, 0y=0, 0,=1—a' * and 7, =—1n- ¢,Fp then z=A(E,)'

1
. 1 1
almP =2z, TZgA(Et)l “

1
(g)al_aﬂ =r, and, using Eq.
(9) and (10), the ratio of its spending to revenue is

1

— 1 -
! ')(p* 1):13571\6

A (
o, (1*a1w)771\@ _-e
TPy —n-qfp AE)1— )P "Nz P,

1
al*(y)lM
r

1
- )(M)xlN (-
(6] r _
AE)1—- A(N)azZ™ "Mz~ !
1

N, g,
lfrl)L_t: (170[17(1)£< 1

r, IV, T,

S

1- ,
a)P Nl

“i-a

1
since 0<1—a' * and r,>g¢. N
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A.5 Proof of Proposition 4

Proof. Log-linearize Eq. (13). Then, by Eq. (27)

(e (2o
Log-linearize Eq. (14). Then
T e e

From the steady-state version of the Ramsey rule (12),
r, =0+0g, (43)
Log-linearizing the equation above to get
~ - i ~
9s— rs—’_ ( egs )rs

Substituting Eq. (42) into (43), to see the effect on growth

o g e g (25 e )
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The ration of the number of clean inputs to nal outputs is

- = (44)

N N 1
Y A(E)P17(1N$(l A(E)P17(1$(1

Log-linearize Eq.(44) to get the expression of the effect on

the number of clean inputs
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