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Abstract

Can environmental protection be compatible witbbneenic growth? In this
dissertation we attempt to answer this questione dévelop three frameworks that
incorporate the elements of endogenous growth andommental externalities. We
argue that, via different channels, implementirigghter environmental policy could
simultaneously be beneficial to the environmentalliqy and the long-term economic
growth rate. More specifically, in Chapter Il weepent the positive growth effect of
environmental policies by assuming that the intetiate firms import the polluting
inputs from abroad at a fixed price. In Chaptérvile consider an OLG framework
and demonstrate that if the portion of tax reverttassferred to young generations is
large, it is possible for an environmental tax ¢@$t the growth rate. In Chapter 1V,
it is shown that when a cleaner environment camdadoeople more willing to save
for future consumption, increasing the environmetdéx could stimulate growth.
The main findings of this dissertation join theetdture advocating a beneficial

growth effect of an environment protection polinythe last two decades.
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Chapter |

I ntroduction

Can environmental protection be compatible witbneenic growth? Over the
last few decades environmentalists and economésts Bngaged in this fundamental
guestion. However, the answer to this questidmarslly conclusive. While earlier
theories suggest the answer is no, Bovenberg anddgm (1995) demonstrate that
the environmental taxation may stimulate economaswth by assuming that a better
environmental quality is beneficial to input protiuity.  Since then there has been a
rapidly increasing body of researches that advoaadbeneficial growth effect of an
environment protection policy. In this dissertatiwe make an attempt to contribute
to this debate. We provide three frameworks ing@png the elements of economic
growth and environmental externalities. The cérgaal is to bring up some new
channels that are not explored in previous studi@syhich a tighter environmental
policy may stimulate long-term economic growth.

In Chapter I, we first pay our attention to arpontant channel in environmental
economics, namely the pollution abatement. Inddeshmodels on environment and
economic growth, pollution is usually treated asirgmut or a by-product of output.
As endogenous growth theory requires output andwaption to grow unlimitedly, it
Is essential to abate pollution within a survivaldl in the long run. According to
previous studies on the relationship between pohutabatement and economic
growth, the research and development (R&D) of thetement technology/knowledge
is conducted only by the public sector. This sgitihowever, is not very realistic
because both real-life observations and empirivademces show that private and

public investment in abatement technology coexistdeed, we often observe that



abatement technologies are developed in a priyagaam sector and then are sold to
downstream polluting industries. Motivated by thliscrepancy between theories
and actuality, in Chapter Il we construct a modattis able to consider both

possibilities of public and private abatement R&D.

The contribution of the framework is twofold. $tirwe highlight the positive
growth effect of environmental policies by assumihgt the intermediate firms
import polluting inputs from abroad at a fixed gric We demonstrate that, as the
environmental tax raises, the value of abatementvledge increases so that more
abatement knowledge would be invested. In othedsyahe higher environmental
tax reduces the pollution by way of an accumulabdrabatement R&D, with the
amount of polluting inputs unchanged (becauserttport price is fixed). Therefore,
the environmental quality is better with the sameel of polluting inputs. Given
that a cleaner environmental quality is benefietaproductivity, the environmental
tax has an unambiguously positive effect on econarowth.

Second, within this framework we are able to maksomparison of economic
performances under the regimes of private and puibatement investment. In
particular, we compare the relative superioritygrms of economic growth and social
welfare among various regimes. It is found thahigher growth rate can be
achieved if the abatement R&D is conducted priyatath the government subsidy.
In addition, we show that the economic performameder the private provision of
abatement knowledge depends mainly on the monguser of the polluting firms.
This is because the incentive for the environmeR®&D sector to engage in R&D
increases with the intermediate firms’ profit. #h& monopoly power is greater, the
benefit arising from the private implementationatatement is larger, and thus more
(private) R&D activities will be conducted, resalyiin a higher growth rate. Our

results highlight that market imperfections play iyportant role when integrating
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abatement investment with private incentives.

In Chapter lll, we investigate the linkage betwestvironmental quality and
economic growth in an overlapping generations (Ob®Gyel developed by Diamond
(1965). The degradation of the environment oftequires a period of time.
Existing generations who pollute the environmenagomay not live long enough to
bear the consequences of environmental deterioratithe future. An environment
protection policy, therefore, should have differaftects on the welfare level of
different generations. An infinitely-lived agentodel, as presented in Chapter II,
cannot reflect this effect. Hence we resort to@h&> model.

We show that the growth effect of the environmktata depends on how the tax
revenue is split out among young and elders. Whemnvironmental tax goes up, it
reduces the young agents’ wage income, and theréferyoung generation will tend
to reduce both consumption and savings. On therdiand, with part of the tax
revenues being transferred to young generatiorssy, will save more with a higher
environmental tax since they can receive more teamscome. If the portion of tax
revenues transferred to young generations is largepossible for an environmental
tax to stimulate the growth rate.

The last channel that may result in a positivenginoeffect of environmental
policies is related to an endogenous time preferel®pending on the environmental
quality, which we plan to present in Chapter 1V.heTnotion that as environmental
guality changes people will become more patienir(gratient) is first brought up by
Pittel (2002). A plausible reason to illustrate kdea might be to think that if the
environment is going to be severely damaged armibtile physical condition for life,
then saving would become meaningless. Therefareafrational individual it is
very nature to alter the time preference with aedgint environmental quality.

However, in the previous literature on environmamtl economic growth, this effect
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is surprisingly overlooked. Hence, in this chapterwill make an effort to examine
the implications of such an endogenous time prafereon the growth effect of
environmental protection policies.

More specifically, we develop an endogenous grawtidel featuring the capital
externality proposed by Romer (1986) and Lucas &L98® which the agent'ime
preference is endogenously determined by the emwviemtal quality. We will show
that, in the absence of an endogenous time preferdimere is a trade-off relationship
between environmental quality and economic growtBy contrast, in the presence
of an additional external effect arising from eopwvimental quality on time preference,
increasing the environmental tax may boost thernoald growth rate, implying that
environmental protection can be compatible withnecoic growth. Moreover, we
demonstrate that the famous Pigouvian tax rate lneayefficient in the presence of
the environmentally endogenous time preference.

Finally, the main results of each chapter and sonpdications to the theories are

summarized in Chapter V.
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Chapter |1

Abatement R& D, Market | mperfections, and Environmental Policy

in an Endogenous Growth Model

2.1. Introduction

An important environmental problem for policymakeass how to reconcile
sustainable growth with limited pollution. On tlome hand, endogenous growth
theory requires most economic factors to grow umdidly; while on the other hand, if
pollution, an input or a by-product of output, gowo infinitely large, any life or
economic activities could hardly exist. To enssustainable growth, therefore, it is
essential for pollution to abate within a survil@bel in the long run. In US, for
example, the estimated total annual abatement eXpes represents between 1.5%
and 2.5% of GDP (Berman and Bui, 2001).

Recent studies dealing with the relationship betwpollution abatement and
environmental growth, such as van Ewijk and vam®é&ygen (1995), Bovenberg and
Smulders (1995, 1996), Fullerton and Kim (2008atrabatement as technologies or
knowledge that could be accumulated and developeal separate sector (i.e., the
environmental R&D sector}. Since knowledge is non-rival and has the
characteristic of a public good, the costs assediavith the use of abatement
knowledge as an input are zero, while knowledgatme and accumulation, in
contrast, require rival inputs and are co8tlyThis implies that, as stressed in
Bovenberg and Smulders (1995), in a perfectly cditipe market, abatement R&D

could not be rewarded so that no innovation in abatemerintogies would be

! Alternatively, some studies treat abatement spends a flow variable which cannot be accumulated.
See Gradus and Smulders (1993), Ligthart and vaRldeg (1994), Smulders and Gradus (1996), and
Bovenberg and de Mooij (1997).

2 See Smulders (1995) for a detailed discussion.
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unckrtaken without the government’s intervention. T®iere, the strand of this
literature essentially assumes that abatement Rétites are publicly conducted
by the government.

In reality, however, we often observe that privae public abatement activities
coexist. Moreover, it is usually observed thattalyent technologies are developed
and produced in a private upstream sector, and skés abatement equipment (or
blueprints) to downstream polluting industries (@EQ000; Greaker and Rosendahl,
2008). In US, the private abatement investmeneven more than the public
abatement investment (OECD, 2007, table 3). Basedhese observations, it is
quite fair to say that a satisfactory model shdagdable to consider both possibilities
of public and private abatement R&D. This is what aim to do in this chapter.
To be more precise, we build up a theoretical fraork which enables us to make a
comparison between the economic performance ur@erdgimes of private and
public abatement investment.

Another key feature of our model is that we introel imperfect competition in
the intermediate good market. As mentioned abgwejate abatement R&D
requires incentives, which are not available in exfgxt market because the
competitive firms would not be left with any quasnt for abatement R&D. Hence,
we should resort to a different market structuteshsas an imperfectly competitive
market. In the 1980s, several studies (e.g., H&82; Mankiw, 1985; Blanchard
and Kiyotaki, 1987) noted that market power in phiwate sector plays a crucial role
in the performance of government policy. More relye Judd (2002) has also

argued that imperfect competition is a key featoirelynamic modern economies.

% One exception is van Ewijk and van Wijnbergen &)99n which the accumulation of abatement
capital is costless (a byproduct of the accumutatdd human capital); thus private abatement is
conducted even without policy intervention. Aisdent, our model structure is completely différen
from theirs. Furthermore, van Ewijk and van Wijrdgen (1995) do not deal with public abatement
investment.



The empirical evidence, on the other hand, sugdkeatgolluting industries are often
equipped with monopoly power (Beccarello, 1996; €idime, 2001). To reflect the
observed facts, a considerable body of studies lolevenvironmental economic
models which take market imperfections into accaoi@g., Fullerton and Metcalf,
2002; Greaker and Rosendahl, 2008; Chang et &9)20

Following the footstep of these studies, this thapevelops an environmental
endogenous-growth model that features market irapgoins. More specifically, the
market structure we consider is characterized Iogetlvertically-integrated sectors.
Abatement technologies are developed in an upstreaator, which sells the
abatement knowledge (ideas) to the intermediatéoisecThe intermediate sector
which generates pollution can earn positive ptofitexhibiting monopoly power, but
it has to pay fees to the upstream sector foritiie to use the abatement knowledge.
The perfectly competitive downstream sector produaesingle final output by
employing intermediate inputs. Under such a sgttwe are able to deal with
various regimes including public abatement (heezafGA), private abatement
without tax recycling (PA), and private abatemenithwtax recycling (PAR).
Moreover, we compare the relative superiority imm® of economic growth and
social welfare among various regimes. In particulge highlight whether market
imperfections play an important role in determinthg relative superiority.

An interesting issue is whether the private priovisof abatement knowledge
leads to a higher growth rate than public abateme@ur analysis shows that the
answer crucially depends on two factors, namelg thonopoly power of the
polluting firms and the type of government spendingVe find that the greater the
degree of the firms’ monopoly power, the largerl Wi the benefit arising from the
private implementation of abatement. The reasorthis result is that the incentive

for the upstream sector to engage in R&D is précidetermined by the intermediate
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firms’ profit. It is also found that growth will & enhanced if the government
distributes its tax revenues to boost (or direethgage in) abatement R&D. This
finding implies that if environmental tax revenwae used to provide public goods or
other private services, a subsidy on private R&Rtaiment will possibly be a good
choice to achieve higher economic growth and soogdfare.

The analysis of this chapter is also related weme studies on the effect of
environmental taxation on economic growth. The veotional wisdom in the
literature (e.g., Huang and Cai, 1994, Ligthart asath der Ploeg, 1994; Grimaud,
1999) is often that there is an unavoidable confietween economic growth and the
conservation of the environment in the economy. weleer, in recent years a
growing body of literature that proposes a positiwewth effect of environmental
taxation has accumulated. For example, in theguently cited article, Bovenberg
and Smulders (1995) find that environmental taxaii@s an ambiguous effect on
economic growth by assuming that environmental iuas beneficial to input
productivity? In departing from this strand of the literatuoeir analysis assumes
that the pollution inputs are purchased from abra&da non-bargaining price.
Accordingly, a higher environmental tax will redutee pollution by way of an
accumulation of abatement R&D, but the pollutinguts will remain unchanged.
Since an environmental tax does not decrease thed @& polluting inputs (and
thereby the marginal productivities of other inpuis undoubtedly spurs economic
growth through the positive environmental produtyieffect.

The remainder of this chapter proceeds as follov&ection 2.2 describes the

model and solves the firms’ and households’ opt@tian problems. Section 2.3

* Other justifications contributing to a positiverrlaiguous) environmental tax effect on economic
growth include a positive externality of abatemactivities (Smulders and Gradus, 1996), elastiodab
supply (Hettich, 1998; Chen et al., 2003), therimitional accumulation of environmental assets (Ono
2003), tax revenues recycled to subsidize interatedgoods R&D (van Zon and Yetkiner, 2003;
Nakada, 2004), and the existence of an indetermiauilibrium path (Itaya, 2008).
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deals with three distinct regimes associated wiitiergnt abatement policies.
Section 2.4 presents our simulation results andpemes the growth rates and the
welfare levels among the three regimes. Secti@n g2ovides some concluding

remarks.

2.2. TheModéd

The economy we consider is composed of three pénts:households, the
production sectors, and the government. The ptamtusectors are characterized by
a perfectly competitive market for final goods amdnonopolistically competitive
market for intermediate goods. Moreover, interragdifirms invest in abatement
R&D to improve pollution reduction technology. Mhat follows, we in turn

describe the structure of the economy.

2.2.1. Production sectors

In line with Benhabib and Farmer (1994) and Farraed Guo (1994), the
production side of the economy consists of two@scta perfectly competitive final
good sector and a monopolistically competitive rimtediate goods sector. There is
a continuum of intermediate goodg , i<[0,1], which are used by a single
representative firm to produce a final godd Following Dixit and Stiglitz (1977),
we specify that the production of the final goodhibits the following constant

returns-to-scale technology:

Y=U§yﬁ“”di}l‘l", e [0,). (2.1)

As we will show later,# indexes the degree of monopoly of the intermediaiad
firms.
Let 7z, denote the profit of the final good firm angl be the price of théh
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intermediate good in terms of final output. The maximization problem of the final
good firm can be expressed as:

1
Max 7, = [ [ yﬁ“’di}” ~[Layd, 2.2)

The first-order condition for this problem yieldset demand function of thih

intermediate good:

1

y=() Y. (2.3)

It is quite clear from (2.2) that the demand fuoctof theith intermediate good has a
constant price elasticityl/¢. When 6 approaches zero, intermediate goods are
perfect substitutes in the production of the figabd, implying that the intermediate
goods sector is perfectly competitive. However,0ik 8 <1, intermediate good
firms face a downward-sloping demand curve sotti& can exert monopoly power.
Since our main concern lies in the mutual intecadti among environmental
externality, abatement R&D, and market imperfeian the following analysis we
focus our attention on the case in whithk g <1.

Based on the fact that the final market is perfectimpetitive, substituting (2.3)

into (2.2) and imposing the zero-profit conditiaelgs:

1 0-1

0qdei =1. (2.4)
The technology for producing thign intermediate good is given by:

y, = A(N)k“g""l,”,A(N)>0.° (2.5)

where A is an environment-productivity functionlN is environmental quality, and

k., |

., |, and g are the capital, labor and emission inputs usethéith intermediate

> It should be noted that the final good is treatedhenumeraire in this .

® It is worthy noting that in a monopolistic compieth market, although the production function is an
increasing-returns-to-scale form, it does not nemgsimply negative profits as long as the monopoly
power @ is large enough (see, e.g., Benhabib and FarBé4)1 In fact, as will be seen later in our

numerical example, the profit-output ratio of atermediate firm is around 3.6%.
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firm, respectively. To reflect the positive protioa externality arising from the
environmental quality, (2.5) specifies that thepaitievel of the intermediate goods
rises with a better natural environment. The prifinction of theith intermediate

firm 7z, can then be expressed as:
7 =y —rk —mg —ol; -7,p;, (2.6)

wherer is the capital rental ratep is the real wagen is the price of the polluting
input, and 7, denotes a tax (or price of permits) that the gowvent levies on actual
pollution p,. We assume that the intermediate firm purchasdisiting input €
from abroad so that the input priceis taken as given (e.g., the polluting input can b

treated as if it were petroleum).

2.2.2. Environmental quality
The pollution generated in the production procdstheith intermediate firm is

of the form:

o =[3j5, 2.7)

where H is the stock of abatement knowledge, ang 1k > 0) is the elasticity of

pollution production with respect to “abated pdhgtinputs”. In (2.7), pollution is

specified to be positively related to polluting inpe and negatively related to
abatement knowledgd. Accordingly, the total pollutiod® in the economy is the

sum of polluting emissions generated by all intediai firms:
P=[pd 2.8
= [ pdi. (2.8)

Following Fullerton and Kim (2008), the natural eowment is treated as a
renewable resource, and can hence be specifietbto and deplete in the following

manner:
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N=bN@-N)-P, (2.9)
where a dot denotes the rate of change with respdane,b is a parameter, and the
term bN(L— N) reflects the regeneration capacity of the envirentnwhich might
initially increase with a largeN but eventually decline wheN exceeds a threshold
value. (2.9) indicates that a rise in the levepoliution is associated with a decline
in environmental quality in the next period. Iretbteady state, the environmental

quality remains constant over time since pollutguals the regeneration capacity of

the environmentP =bN(@1- N ))

We restrict our analysis to a symmetric equilibritmwhich k =k, g =e,

l,=1,, p=p, =7, y,=y,and g =q foralli. As a result, from (2.1) we

1
have Y = U:yil’edi}l_g =y. With y=y and g =q, the profit of the final good

firm stated in (2.2) then can be expressedhy=(1—-q)y. Given that the final

good sector is perfectly competitive, the profittbé representative final good firm
earns zero profit (i.e.,7,=0) in equilibrium. Accordingly, the zero-profit

condition in the final good sector, =0 requiresq= 1 Furthermore, letK, E,

and L, denote the aggregate capital stock, aggregatesemjsand aggregate labor
hired by the intermediate firms. Then, we ha\rézzj:kidi =k, E:qudi =e,

L, =Iolw.d| =1,. As a consequence, the intermediate firms’ farster conditions

can be arranged as:

(- 6’)0{% o1, (2.10)
1-0)(1— a)s% — 7o+ sMHP, (2.11)
- 9)/3Li o (2.12)

y
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(2.10)-(2.12) indicate that, given the environmégtelity and abatement knowledge,
firms equate the marginal product of the capitbor and pollution to their respective

marginal cost.

2.2.3. Households

There is a continuum of identical infinitely livdabuseholds, each of which
derives positive utility from both consumptiod and environmental quality.
Population is stationary and normalized to unity $onplicity. The representative

household utility is given by:

(CN )1_

W = j exp[ pt]dt, (2.13)

where W is the discounted lifetime utility of the repretsive household,p is the
subjective time preference rate; is the intertemporal substitution elasticity, and
denotes the weight in terms of the utility attacih@dhe environment or, as proposed
by Fullerton and Kim (2008), the “consumption er#dity” in relation to the
environment.

Each household is endowed with a fixed amount lmdrlal , which is allocated

to production between the intermediate gootds)(and researchl(,). We assume

that labor is homogeneous and perfectly mobilessceectors. A unique wage rate
must, as a result, hold. The representative haldebceives income by supplying
labor and capital services to firms. Under the B8ime, it receives profitsr in
the form of dividends and lump-sum transfe®s from the governmerit. Finally, a
capital income tax rater, is levied on the capital rentals. Accordinglye thudget

constraint faced by the representative househaldeaxpressed as:

" The budget constraint under PA and PAR regimesbeiintroduced in Section 2.3.2.
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K=@0-7)rK+oL+7+G-C.® (2.14)
The optimum conditions for the representative hbakkwith respect to consumption
and physical capital are:

CoN"& = 7, (2.15)

AMi=p-QA-1)r, (2.16)

where A is the shadow price of the private capital stock.

2.2.4. Abatement R&D activity
As noted earlier, pollution abatement technologies regarded as knowledge
and can thus be accumulated over time. The creafiknowledge requires efforts
and time so that innovation and invention are aftgwestment (Smulders, 1995).
In line with Romer (1990) and Jones (1995), we m&sthat new ideas are developed
by the labor input and the existing stock of ideaso be more precise, abatement
knowledgeH is specified to be created in the following manner
H=5L,H, (2.17)
where ¢ is a productivity parameter ant, denotes the labor input for R&D
activities.
In our model, for long-run growth to be feasibledasustainable, the balanced
growth path (BGP) in the steady state is charaadrby:
V_C K A_E . «ipo 219
Y C K H E
where environmental quality and pollution are leitin a physical sense, and all

other economic variables grow at a common congadibgenous growth rage

2.3. Public ver sus Private Abatement

8 We do not consider a labor income tax becausethklabor supply is fixed.
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Two possible facts concerning the R&D activitiexd ahe government budget
constraint are considered in this section. Filst,R&D activities can be conducted
by either private firms or the government. Secaohithe R&D activities are engaged
in by private firms, the government may or may sobsidize the R&D activities.
Based on these two kinds of possibility, our analysan be classified into three
different regimes: public abatement (GA), privatet@ment without tax recycling
(PA), and private abatement with tax recycling (PARSince the government budget
constraint varies with each of the three regimé® BGP may display quite
contrasting results among these three regimes.whiat follows, we discuss three
types of regimes in turn.

2.3.1. Public abatement

Under the GA regime, the R&D activities are engagedy the government.
Under such a situation, the balanced budget consfieced by the government can
be expressed as follows:

G+gyH =7, K +7,P, (2.19)
where new abatement knowleddé is produced according to (2.17), amg, is the
price of abatement knowledge relative to final good (2.19) states that the
government receives its revenues in the form oftabpaxes r,rK and pollution
taxes 7P to finance its provision of lump-sum transfer pays to the household
G and public abatement investmeqgH .

The government budget constraint (2.19) is consistéth the Fullerton and
Kim (2008) specification, in which abatement knosge is regarded as a public good
and can be used freely by firms. Notice that silad®r is perfectly mobile, the

marginal revenue product of labor should be theeshetween two sectors. That is:

oH
oL,

(1—6’)ﬂLi =0y (2.20)
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Using (2.17), (2.19), and (2.20) together with tlmusehold budget constraint
yields the resource constraint of the economy:
K=Y-C-mE. (2.21)
Imposing the conditions for a BGP and defining foowing transformed
variables: h=H/K , ¢c=C/K, w=w/K , ¢=G/K, and r=7,/K , the
macroeconomy along the BGP equilibrium can theddseribed by the following set

of equations:

(1 7 )AL= ) AN )P L g, (2.22)
g =6(L-L)), (2.23)
L-0)L-)sAN )P L =P 4 amh P, (2.24)
L-0)BAN)P T L —wL, (2.25)
¢ = ANP TR — g —mh P (2.26)
P =bN" (- N"), (2.27)
7 (L= 0)AN )P TNl v P = grw (L L), (2.28)

where the superscript™stands for the steady-state value.

The macroeconomic model expressed in the above ssygations determines

seven unknowns, i.eh”, ¢, P*, N, L, w',and g°. Since the systemisin a

y,
nonlinear form and is too complicated to obtainlesed-form solution, we thus

present our results via numerical simulations.

2.3.2. Private abatement R&D
This sub-section deals with both the PA and PARmegi Under these two

regimes, the R&D activities are undertaken by geviirms. As a result, we first
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need to formulate how abatement knowledge is prediun the R&D sector. To
achieve this purpose, in line with the standard R&&ature including Romer (1990)
and Jones (1995), we assume that the three sentéhss economy are vertically
integrated. Moreover, abatement technologies armeldped and produced in an
upstream (R&D) sector, which hires labor to engmganovation activity and then
sell the abatement knowledge (ideas) to the intdiabe (polluting) sector. The
downstream sector produces a single final outpugroploying a set of intermediate
inputs.

Following the literature of R&D-based endogenousngh models, e.g., Romer,
(1990) and Barro and Sala-i-Martin (2004), two imtpot assumptions are made.
First, there is free entry into the upstream (R&Brtor so that the R&D firms earn
zero profit. Second, an R&D firm charges a price its ideas at which the
intermediate firms are indifferent between buying produce) and not buying (to
leave the market). More specifically, theense fee for new abatement knowledge

must be equal to the net profit that a monopolitio can extract, that i3:

Oy == .10 (2.29)
The profit function of the R&D firmsz,, can be written as:

Ty = GuH — (- 9)oL,, (2.30)

where s is the subsidy rate for the labor employment oé tR&D firm.

Substituting (2.17) into (2.30) and imposing theozgrofit condition yields:

Sg,H = (1-9) 0. (2.31)

® According to Kamien and Tauman (1986), a patentee license her invention to an oligopolistic
industry by means of a fixed fee or a per unit lyya It should be noted that in this chapter thiee

of abatement knowledg@an be regarded as a fixed license fee that amietdiate firm should pay to
R&D firms in exchange for the right to use abatetierowledge.

% |n the standard R&D-based endogenous modelsnteeniediate firms make a one-off payment to
R&D firms for the right to use the knowledge forewadter. However, in our model the intermediate
firms need to make flow payments to use the abatekmmwledge in every period.
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It should be noted that, under the PA regime, theeghment does not subsidize R&D
activities, and hence this regime correspondssto . Ildowever, under the PAR
regime, the government provides R&D subsidies, fate this regime is associated

with s=0. We now deal with these two regimes in turn.

2.3.2.1 Private abatement R& D without tax recycling
Under the PA regime, the government neither irsv@stR&D nor subsidizes it

(i.,e., s=0). Hence, the government budget constraint isrgbxe

G=1,rK+7,P. (2.32)
Since the profit of the intermediate firms is alited to pay for the use of abatement
knowledge, no dividends are distributed to the kbokls. Accordingly, the
household budget constraint can be rewritten as:

K=(@1-7r,)rK+oL+G-C. (2.33)
Based on the above conditions, it can be showrtlieatesource constraint reported in
(2.21) still holds in the PA regime. At the BGPud#idprium, the economy is
described by (2.22)-(2.27) together with the follegv condition (mathematical
derivations are provided in the Appendix):

g = S-(-0)(a +p)-1-0)d-a)e] |- S0~ g)mh’P*’
1-9)B ’ " '

(2.34)

2.3.2.2. Private abatement R& D with tax recycling

Under the PAR regime, the government subsidizesptivate abatement R&D
instead of directly conducting the R&D activitiesHence, the government budget
constraint becomes:

G+solL, =7, IK+7,P. (2.35)

After some manipulations, (2.34) and (2.35) camloelified as:
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g = S-QA-0)(a+p)-A-0)d-a)e] . S50~ g)mh'P*’

: y N (2.36)
1-s)1-6)p 1-s")w

7 (L= 0)aAN )P N P =g sw(L - L), (2.37)
The BGP economy can then be described by (2.227)2(2.36), and (2.37), where

eight unknownsh*, ¢, P*, N*, L,, w, g°, and s are solved in eight

equations.

2.4. Quantitative Results

A numerical analysis is presented in this sectmtrdce how the growth rate and
welfare level will react following a change in amveonmental policy under the three
regimes. To construct an illustrative example, ewose benchmark parameter
values that are within the plausible ranges useithenliterature. Table 2.1 lists the
benchmark parameter values, and some interpresatoncerning these parameter
configurations should be provided here. Firstina with Fullerton and Kim (2008),
we specify the environment productivity functionths form A(N)=N’" and set the
following parameters:y = 077 o= 024, b= 004, n=0.7. Second, the values
oc=15, =067, and p= 005 are based on the calibration exercises in Lucas
(1990) and Stokey and Rebelo (1995). The monopolyer index = 033is
adopted from Judd (1997), in which he considers Watues 6 [0.104].
Accordingly, the resulting profit ratio in our eaamy is 3.6%, and is conformable to
the profit ratio of the typical US industry; seeg.eBasu and Fernald (1997) and Guo
and Lansing (1999}

Third, to reflect the model's plausibility we cheos, = 016 (based on the

estimate reported by Auerbach, 1996) ane (B3policy parameters. This in

1 We choose the GA regime as our baseline econoneywalibrating.
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turn implies that the government’s spending asapgution of output is 17.4%, and
hence this numerical value lies within the reas@natierval in the literature; see e.g.,

Gali (1994). Fourth, the pollution tax relativethe capital stockr =7, /K is set

Table 2.1
Parameter Value Parameter Value
o 0.24 B 0.67
o 15 P 0.05
g 0.6 n 0.7
4 0.77 % 0.33
Ty 0.16 ¢ 0.03
T 30 o 0.01
m 25 L 20
b 0.04

as 30 so that the ratio between the tax revenug®atput is about 23.29%. Fifth,

as for the pollution conversion parameter, whilev@&terg and Smulders (1995)
simply assume that is equal to 1, Fullerton and Kim (2008), howewvetax this
assumption and allowe to vary from 0.6 to 0.9. A relatively low valud &
means that the elasticity of pollution productiorthwrespect to “abated polluting
inputs” is high. That is, raising the level of jming inputs will not only increase
pollution, but will also accelerate the generatipmcess. More specifically, the
investment in abatement knowledge will be more irtgpu if the elasticity is higher.

To highlight the role of abatement investment, e s= 06 as our parameter value.
Finally, the values of(m,5,L) are calibrated so that the balanced growth rate is

3.12%, which is close to the average growth ratéHfe past 30 years in the US.

2.4.1. Comparison of three regimes

12 Supposin = 1, in the steady state we ha®e 0.00133 and/ = 0.1721. Accordingly, the ratio of
pollution tax revenues to output is (30)(0.00133)7@1 = 23.18%, which is slightly higher than the
17.8% in Fullerton and Kim (2008). As pointed dayt Fullerton and Kim, it is inappropriate to
compare this pollution share with existing pollutitaxes, since actual pollutants are restricted by
mandates so that the pollution share should atdade scarcity rents resulting from the restricsion
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Table 2.2 presents the key endogenous variabléiseilbenchmark case. Our
goal is to compare the steady state growth ratetlamdvelfare level under the three
regimes. As shown in Table 2.2, in the GA regithe, steady state growth rate is
about 3.12%. In the PA regime, the governmentches the abatement spending to
a lump-sum transfer, and the intermediate firmsfareed to purchase the license fee
for abatement knowledge from the R&D firms. Undeich an arrangement, the
growth rate declines to 1.73% in response. Howéivere tax revenues are recycled
to subsidize the R&D sector, the growth rate ofl%5is ranked the highest among
the three regimes. In addition, as shown in Téb® the rank of the abatement
knowledge among the three regimes is the sameaa®thhe balanced growth rate.
The intuition behind this coincident ranking follsvirom the fact that, as indicated in

(2.17), an accumulation of abatement knowledge tngunously enhances economic

growth.
Table 2.2
Environmental  Pollution Abatement Growth Welfare
quality knowledge rate (%)
GA 0.9656 0.00133 0.4506 3.124 -49.1803
PA 0.9720 0.00101 0.3416 1.732 -67.0781
PAR 0.9600 0.00153 0.5786 4.506 -36.3432

However, by comparing the value of pollution unttex three regimes, it may be
of little surprise that a higher abatement investime associated with more pollution.
The economic intuition behind this result can bplaxed as follows. Other things
being equal, a better environment (less polluteimjuld be achieved if the firm has
access to more abatement knowledge. However, timeegovernment directly
provides or indirectly subsidizes abatement knog#gedhe cost of pollution-reducing

activities will decline. Cheaper abatement knowkedives the firms an incentive to
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use more polluting inputs, which worsen the envinental quality. In our model, it
seems that the latter effect dominates the forarat, thus abatement knowledge and
pollution receive the same ranking among the theganes.

We now turn to compare the level of welfare untherthree regimes. We focus

on the welfare along the BGP, denoted Wy, which is calculated by using (2.13)

and (2.26:

W* _ 1 { -1 Col—a N*I](l—o') __1} , (238)

1-0 |(l-0)3 -p P
where CO:[A(N*)P*(l_“)gh*l_aL*yﬂ—g*—mh*P*g]KO, C, and K, are the initial
consumption and capital stock, respectivVély. The numerical values of social
welfare under the three regimes are reported inasiecolumn of Table 2.2. It is
clear that the ranking of the level of welfare amdhe three regimes is the PAR
regime, the GA regime and the PA regime in thaeord The policy implication is
that, given the baseline parameter values, thethroate and welfare are the lowest if
abatement activities are conducted privately withgovernment intervention.
Nevertheless, they could be both enhanced oncgdhernment engages in public
abatement or provides incentives for private abatérR&D. If the latter is the case,

the growth rate and welfare could achieve the aglevels.

2.4.2. Parameters with policy implications

It should be noted that the numerical simulatioggarding the growth rate and
welfare are examined only under the baseline pammelues. An interesting
concern is how our simulation results are relatethé values of the parameters. To
this end, in what follows we propose three relevpatameters that need to be

considered by the policy-makers.

13 without loss of generality, we skt = 1 in our numerical model.
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2.4.2.1. Market imperfection

An early but insightful point of view by Schumpetél942) is that more
competition would erode the monopolistic rents, @nds reduce the incentive to
undertake R&D activities. We stand in line withstperspective and extend it to an
economy in which R&D investment is used to contte pollution. To be more
specific, in our model the decentralized economijessl from two market failures.
The first concerns the environmental externalitiollution harms human health and
productivity, but is not accounted for by the pttig firms. The second has to do
with the market imperfections regarding the supglintermediate goods. However,
these imperfections can become the motivation &mpfe to engage in R&D in the
case where the polluting firms need to pay a liedas to use abatement technologies,
but not in the case where there is public provisibfree abatement knowledge. In
other words, only in the regime of private abatet{®&A and PAR) can the second
market failure (imperfect competition) remedy thestf market failure (the
environmental externality). Based on this obseéowatmarket imperfections play a
critical role when integrating abatement investmeitih private incentives.

Figure 2.1 exhibits the effects of varying the mpoly power parameterd).
Arise in @ is associated with an increase in both the bathigcewth rate and the
level of welfare under both the PA and PAR regimebo explain this result, by
substituting (2.29) into (2.30) we obtaim = (1- S)wL,, , where a higher profit implies
more employment of research workers. As notediposly, the R&D firms can
price their ideas exactly to extract all the prafitthe intermediate firms. For this
reason, a highe® (as well as the profit of the intermediate firmmsg¢ans that more
resources are contributed to hire labor in the R&dator, thereby stimulating the
balanced growth rate.

In the GA regime, on the contrary, the effects@fon long-term growth rate
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and welfare are negative but almost negligible. e figmson for this result stems from
the fact that in the GA regime abatement investmientindertaken only by the
government, and thus has no direct relationshigh viite firms’ profit. More
specifically, the numerical simulations depictedrigure 2.1 indicate that, under both
the PA and PAR regimes, the greater the degrempérfect competition, the larger
the benefit of private abatement will become. Whenis large enough, both the
balanced growth rate and social welfare for thedtdme may possibly exceed those
for the GA regime. Moreover, if the government gagycle its tax revenues to
provide incentives for private abatement R&D, bettonomic growth and welfare

will be further enhanced.

2.4.2.2. The type of gover nment spending

We now discuss the parameter related to the pabttor. In their recent study,
Fullerton and Kim (2008) show that government sjp@ndn transfer paymentg { is
a non-environmental parameter with important ingilans for environmental policy.
The effect of changingp is depicted in Figure 2.2. It is quite clear thatresponse
to an increase iy, the growth rate and social welfare decline irhbibie PAR and
GA regimes but remain intact in the PA regime. Tihwition for this result is
straightforward. In the PA regime all tax revenaes returned to the households.
The abatement investment which stirs up economievidr comes only from the
monopolistic rents so thap has no role in economic activities.

However, under both the PAR and GA regimes, ecanagmowth becomes
closely related tog since the government uses its tax revenues toulstien (or
directly conduct) abatement R&D. A positive vahfe ¢ indicates that part of the
revenues from the environmental tax must be spentransfer payments. The

greater need for transfer payments implies that lex revenue will be used in
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abatement R&D, and hence will lead to deterioraiiorthe balanced growth rate.
As is evident, our results indicate that the Ftdlerand Kim (2008) conclusion is

valid under both the PAR and GA regimes and invafider the PA regime.

2.4.2.3. The effect of an environmental tax

We now turn to investigate the effect of environtakétax policy. It is shown
in Figure 2.3 that raising an environmental tax stamulate economic growth as well
as reduce the level of pollution. Bovenberg andulers (1995) have clearly
pointed out the two opposing forces whereby theirenmental policy affects the
long-term growth rate. First, a lower level of lpthg inputs decreases the
productivity of reproducible inputs, thereby lowegieconomic growth. Second, a
reduction in pollution improves the environmentaality, which benefits productivity
and economic growth. As a result, Bovenberg andil&ens (1995) suggest that
there is the environmental tax has an ambiguoestedin economic growth.

In our model, however, by referring to (2.6), thalytion inputs are purchased
from abroad at a given price so that a higher emvirental tax can simultaneously
reduce the pollutionp(= p, )but keep the polluting input®(=€ unchanged.
Under such a situation, a tighter environmentaliggoho longer decreases the
productivity of capital and labor, because a lovesel of pollution in production is
offset by more abatement knowledge. Hence, ouremnodly presents the second
environmental quality effect.

To highlight the importance of this environmentahtity effect, we consider the
alternative valuey = Oto show that production gains no extra benefiinfra better
environmental quality. The simulation results depicted in Figure 2.4. It can be
seen that, in the absence of an environmentalredisy; raising an environmental tax

has no effect on the long-term growth rate whileedluces pollution. Comparing
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Figure 2.3 with Figure 2.4 enables us to realizd thhether or not environmental
policies affect economic growth crucially depends the presence of a positive
environmental externality.

In our model, as mentioned above, a fixed impadepof polluting inputs in) is
the key to screening out the traditional negatigkcy effect on long-term growth in
the literature. Therefore, it is worthwhile dissug why we need to introduce this
parameter into our model. Theoretically, althongimerous studies model pollution
based on the concept of a “dirty input”, there segeral reasons for treating them
differently** First, pollution (i.e., dirty air, messy watermwise) is not directly used
in the production process, while the dirty inpute.( petroleum or chemicals) are.
Second, abatement knowledge can hardly play amyindhe pollution transformation
process if we mix the two. Third and most impottianpollution harms human
health but is not internalized by the private agearid thus needs to be priced by the
government, while dirty inputs should be priced thg market, because they are
production factors just like other clean inputs.ene, we allow forr, and m to
denote, respectively, the price of pollution andydnputs.

To be more specific, suppose that there is noupod input price, from

(2.5)-(2.7) andg= 1(the zero-profit condition in the final good sagtae have:

7 = ANk p " H L, =1k —ol, —7,p,. (2.39)
One implication stemming from (2.39) is that, inettabsence of any policy
interference f, =0), the cost of pollution becomes zero so that titermediate

firms will select an infinitely large level of pallion. As a result, the environmental

quality declines to the bottom and the economy otisarvive even temporarily. To

* Some studies (e.g., Ligthart and van der Ploeg418mulders and Gradus, 1996; and Bréchet and
Michel, 2007), on the other hand, treat pollutienaaby-product of capital or final output. However
under such a situation, since an environmentaleaed on pollution is equivalent to that levied on
physical capital or output, it might be difficuld tell whether economic growth is affected by an
environmental tax or by a similar capital (outptat.
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this end, we introduce such a “non-policy” costpaflluting inputs to restrict the
pollution to within a finite level even in the alpse of an environmental tax. To be
concerned with practicality, since firms usuallypont petroleum from abroad at a
price that they can not bargain for, we believe tha assumption of a given price of
polluting inputs is not very far from the real wabrl

Now we turn to welfare considerations. Figureah@ Figure 2.4 show that the
welfare level is increasing with the environmentak, regardless of whether a
positive environmental externality is present ot. neAs discussed earlier, in the case
of y=0 a tighter environmental policy has no effect omgderm growth.
However, it can still influence the level of wekar More specifically, with the
growth rate unchanged, a higher environmental ¢éaixices pollution to improve the
environmental quality, and thus unambiguously eobkarthe welfare level. If the
representative household does not care about theoemental quality = 0, it is
our conjecture that environmental policy cannotypény role in governing the

balanced growth rate and the welfare level.

2.5. Concluding Remarks

This chapter develops an endogenous growth meaélifing an environmental
externality, abatement R&D, and market imperfectionThe salient trait of the
model is that it is able to deal with three distiregimes including public abatement,
private abatement without tax recycling, and pevabatement with tax recycling.
Some main findings are obtained from our simulatoalysis. First, there exists a
trade-off between economic growth and environmemality in a “regime selection”
sense. Second, the benefit arising from the private condifcabatement becomes
larger the greater the degree of the firms’ mongpawer. This potentially implies

that antitrust policies might in some way reducewgh and welfare in a private
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abatement R&D model. Third, if the government mdey the environmental tax
revenues to subsidize private abatement R&D, thertly rate and welfare will almost
be higher than those in any other regimes. Fodini,beneficial effects of public
abatement policies will be eroded when governmeending on transfer payments
increases.

The effects of environmental tax policies are afs@stigatedr. We show that a
rise in the environmental tax could possibly sirmanéously reduce pollution and
stimulate growth if the intermediate firms impoxlipting inputs from abroad at a
fixed price. However, care should be taken regardine implications because such
a desirable result is in part due to the rigidifytlee polluting input price. If the
import price can be adjusted endogenously, the elesult should be modified as
well.

Although our model indicates that an environmetaal policy is beneficial to
economic growth, we would like to mention that tresult should be accepted with
some caution. In fact, our main intention is remphasize the beneficial effect of
an environmental tax on economic growth, but tdinggnt the importance of distinct
pricing between pollution and polluting inputs. iBg so will be helpful for us to
clarify the two channels through which an environtaétax influences the long-term
growth rate, i.e., the (negative) traditional proulity effect and the (positive)
Bovenberg-Smulders environmental quality effect.

Some extensions could be considered in futureareBe First, R&D firms can
extract all their buyers’ profit via their unilaggrdetermination of the license fee. It
would be interesting to consider the case where litense fee for abatement
knowledge is decided by a Nash-bargaining processvden R&D firms and
intermediate firms instead of by R&D firms only. e®nd, the price of polluting

inputs is not internalized in this analysis. Itnatural to extend our model by
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proposing a channel to endogenize the pollutingitingice. For instance, we can
introduce an additional domestic energy sectogssume a nonlinear adjustment cost
of polluting inputs. These extensions inevitablymplicate the model, but they

deserve future study.
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Appendix
This appendix provides a detailed derivation 0842.and (2.36) in the main text.
In the PA regime, by substituting the intermedifiten’s first-order conditions
reported in (2.10)-(2.12) into the profit functiome obtain:
7 =[1- 1-0)(a+ B) - A-0)1-a)s]Y — A1-&)mHP?. (A2.1)
Based ong=H/H and (2.29), we haved /H =z/q,H . Then, putting (2.12),

(2.17), and (2.20) andd /H = /g, H together, we can derive:

H or
== (A2.2)
Substituting (A2.1) into (A2.2) yields:
. - @-0)a+p)-0-0)A-a)s], S@-e)mHP" (A2.3)

1-0)p - @

By substituting the relevant variables along théam@ed growth equilibrium into
(A2.3) and remindingh=H /K and w=w/K, we can obtain (2.34) in the main
text.

In the PAR regime, from (2.17), (2.30) and (2.3% have g=o7/(1-S)o .
Similar to the derivation of (2.34) in the PA reginwe can obtain (2.36) in the main

text.
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Figure 2.1. The effect of monopoly power
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Figure 2.2. The effect of increasing other goveminspending
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Figure 2.3. The effect of an environmental tax( 0.77)
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Figure 2.4. The effect of an environmental tax<0)
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Chapter I11

Intergenerational Welfare and Pareto-improving Environmental
Policies
3.1. Introduction

One important feature of environmental issues & the degradation of the
environment requires a period of time. The exigtigenerations who create
pollution today may not live long enough to bear tonsequences of environmental
deterioration in the future. Environmental polgi¢herefore, shdd be responsible
for internalizing bothintratemporal and intertemporal environmental externalities
(Heijdra et al., 2006). As heterogeneous generatare considered, the following
questions naturally arise: What is the environmembdicy impact on the welfare of
different generations? Does an intergenerationalfare conflict emerge from
raising an environmental tax? Is it possible for environmental tax to be
Pareto-improving (i.e., to improve the welfare df generations)? This makes an
attempt to deal with these questions.

To this end, we set up an overlapping generafi@hs5) growth model building
on the work proposed by Samuelson (1958) and Didm@d965), and use it to
examine the welfare effects of an environmentalaaxdifferent generations. Based
on this OLG growth model, several main results g@dérom our analysis. First, the
pattern whereby tax revenues are distributed toeeithe young generation or the
elderly generation plays an important role in daiamg intergenerational welfare
and economic growth. Second, the growth effecten¥ironmental policies is
governed by evaluating the welfare changes of #eegtions born in the endless

future. Third, the diverse environmental policyfeefs may emerge from the

39



environmental utility of the existing generations. Finally, we show that a
Pareto-improving environmental policy is achievaliethe presence of positive
environmental production externalities.

Two studies closely related to the present chapterBovenberg and Heijdra
(1998) and Heijdra et al. (2006), who build on G model proposed by Yaari
(1965) and Blanchard (1985) and study the intenggiomal welfare effect of an
environmental tax. It is therefore worthwhile dissing the major differences
between our analysis and theirs. First, they stiwt, in response to a rise in the
environmental tax rate, the returns of producti@etdrs decline so that the existing
older generations who have accumulated a huge amounhydigal capital must
accordingly suffer from an immense non-environmieritsss. The newborn
generations, on the contrary, have not yet accueullavealth and thus enjoy a
welfare gain from the distributed tax revenues. isTRsult is the basic spirit of the
Yaari-Blanchard OLG model in that the older gerierst are inevitably the richer
generations (by accumulating more wealth). Basethigrfeature, in their analysis the
environmental tax is essentially more harmful te tither generations than to the
older generations. To escape from such a rigid and whiae unrealistic
intergenerational linkage, in the present we edtese the Samuelson-Diamond
OLG model to deal with the intergenerational wedfatistribution effect of the
environmental tax.

Second, the Yaari-Blanchard OLG model assumesdihatxisting generations
face the same mortality and thus expect the samaining life time (the so-called
“perpetually youth” assumption). Based on this tidtive trait, as the
environmental tax rises, the changes in the enmmmral utility of all existing
generations- no matter how old or young, are entirely equivalenin reality,

however, the existing old generation who may havéunther remaining life time can
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hardly wait for the reaping of environmental fruitsFrom this perspective, raising
the environmental tax should affect only the (emwimental) welfare of the existing
young generation rather than of all existing getr@na. While the Yaari-Blanchard
OLG model can not reflect such an intergeneratiomalfare contradiction, our
analysis can escape from this drawback and prandasight for this issue.

Moreover, in Bovenberg and Heijdra (1998) and ¢Heijet al. (2006) featured
with Yaari-Blanchard OLG, the asset stock of thdeolgenerations is greater than that
of the younger generations. Then, in responseriedn the environmental tax rate,
the older generations must bear a higher part efethvironmental tax burden and
their welfare level is certainly lowered. Theiso#t essentially stands in line with
John and Pecchenino (1994), who argue that witprivate maintenance investment,
an environmental policy can hardly be Pareto-impmgpy® Our analysis instead
possesses an advantage in that it assigns a sgaafportion of government transfers
to each generation. In particular, we introdueeghsitive environmental externality
in production, and hence are able to show thatn ewvea quite reasonable way to
distribute the tax revenues, an environmental takdcbe Pareto-improving.

This chapter is also related to the strand of iteeakure on the linkage between
environmental policies and endogenous economic trowMost of these studies
confine their analysis to the model with the indhy-lived household (e.g.,
Bovenberg and Smulders (1995), Mohtadi (1996), 8ersl and Gradus (1996),
Byrne (1997), Bovenberg and de Mooij (1997), Stok&998), Grimaud (1999),
Nakada (2004), Itaya (2008), Fullerton and Kim @00° Others deal with an OLG

model either based on the Yaari-Blanchard framewBdutrel, 2008; 2009) or on the

> However, Bovenberg and Heijdra (1998) demonsttag if the government can implement an
intergenerational redistribution policy (public deto allow the future generations who enjoy madst o
the environmental gain to compensate the existenerations, then it is possible for all generatitins
benefit from the environmental tax.

16 See Xepapadeas (2005) for a survey of this litegat
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Samuelson-Diamond framework (John and Peccheni@84j]l John et al. (1995),
Ono (2003a; 2003b), Jouvet et al. (2010), Marianiale (2010)). Within these
existing studies, the model this develops is mdose to Ono (2003a; 2003b).
However, compared with Ono (2003a; 2003b), this s liae following major
distinctions.  First, we introduce the positive eommental externality in the
production function. Second, we do not consideivgbe investment in
environmental maintenandé. Lastly, Ono (2003a; 2003b) do not discuss the
possibility of Pareto-improving environmental pgligvhich is our main focus in this .
When heterogeneous agents are taken into consaterabw the environmental
tax revenues are distributed between generatiomyspln important role in
determining the tax effect on growth. More specifically, the transfer of income to
the young generation is divided into consumptiod aaving, while the transfer of
income to the old generation is totally expended@msumption. Given the fact that
saving is the main driving force for economic growthe transfer of income received
by the young is more beneficial to growth than tlegieived by the old. Our model
captures this feature by assuming that the govemnhoaa assign a different portion of
transfers distributed to the different generationks.is found that, as we expected, the
larger the proportion of government transfers disted to the young generation, the
more likely it is that the environmental tax wilhye a positive effect on economic

growth.

' In their models, the environmental externalities anitigated since young agents can invest in
environmental maintenance in order to enjoy a bettwironmental quality when they are old. The
intergenerational welfare conflict is also mitightesince investment in environmental capital
(maintenance) serves as a bequest to future gemeyat However, given the fact that each individual
is insignificantly small in the world, our assumimt no individual takes into consideration the
influence that his/her decision has on the envimmand hence will not invest in any environmental
maintenance activities.

'8 For example, Belan et al. (1998) and Gyarfas amdgMardt (2001) find that the types of social
security system financed by a wage income tax éfmetathe long-term growth rate. These studies,
however, do not deal with the issue of the envirentn Another related paper is Gutierrez (2008),
who considers environmental tax design to achidwe optimal allocation in a non-growing
overlapping generations model in which pollutiois@s from production.
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The remainder of this chapter is organized ag¥edl Section 3.2 describes the
economy. Section 3.3 characterizes the equilibraumd the balanced-growth path.
Section 3.4 analytically investigates the growthd awelfare effects of an
environmental tax in the absence of a positive remmental production externality.
Section 3.5 examines the possibilities of a Paimafroving environmental policy
with or without the positive production externalitia numerical simulation. Section

3.6 concludes.

3.2. TheModé

The general structure of our model incorporatesrenmnental elements into a
standard Samuelson-Diamond OLG growth model. Wisider an infinite-horizon
economy comprised of finitely-lived individuals, rfectly competitive firms, and the
government. Production creates pollution that dgsaenvironmental quality,
which is treated as a renewable resource and casibiyp be beneficial to both
individuals’ utility and productive activities. Mhat follows, we in turn describe the

structure of the economy.

3.2.1. Individuals

Time is discrete. A new generation (called getr@mat) is born in each period
t=1, 2,..., and lives for two periods. There is alsarahal old generation (called
generation 0) that lives only in period 1. For glicity we assume no population
growth and the size of each generation is normalimeunity. All individual agents
are identical except for their ages. Accordinghg representative generatidn has

the following utility function:

v :{mcty +nInE + p(nc, +nInE,;) for t>1 | (3.1)

Inc, +nInE,,; for t=0
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where ¢/ is consumption in youth age in peridd and c?, is consumption in old

age in periodt+ 1 E, is environmental quality in period; pe (01) is the
subjective discount factor; ang > @Genotes the weight in terms of the utility
attached to environmental quality.

All individual agents live for two periods. Ineéhfirst period (in youth age)
each of the agents is endowed with one unit ofrlatelastically, and it allocates its
total income (the sum of wage income and governrramisfer payments) between
savings and young-age consumption. In the secendd(in old age), each of the
agents is retired from the labor market and reseive return from savings and
governments’ transfer payments as its old-age copsan. Therefore, the budget

constraints of generation in youth and old age are respectively given by:

¢/ +s =w +1-0)g,, (3.2)

Cto+l = RS + 009, (3.3)
where § is savings,w, is labor income,R_, is the gross return on savings, and
g, denotes the government transfer payments. Eaqsa(®2) and (3.3) state that,
in each period, the government returns environnhéatarevenues to the young and
the elderly as lump-sum transfer payments accordiriige proportionsl—- 6 and &,
respectively’

Notice that, for generation 0, there is no saviagd consumption decision for
each of the agents since the agent only lives mogel. Each of the agents
possessess, as its initial asset and passively receives hathsfer payments and the
return from savings as its consumption in old agélthout loss of generality, we
assumes, = 1lin the following analysis. For generatidr> , dach of the agents

maximizes U, in (3.1) subject to (3.2) and (3.3), and yields tfollowing

% A more detailed discussion af will be presented in section 3.2.4.
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consumption and saving functions:

o1 {W+(l 0) 9 }
= +@-0)g + —— 04 | (3.4)
Ct 1+p I:\)t+l '
(o] pR[+1 9
=—= 1-60 — , 3.5
Ct+1 1+ p |:\Nt + ( )gt + RH_l gt+1:| ( )
1 0

= mvt+p(1—0)gt——gt+] (3.6)

S 1+p|: Rt+l '

3.2.2. Production
There is a continuum of identical and perfectlynpetitive firms. The number
of firms is normalized to unity. The representatfirm produces a single final good

Y, using the following production function:

Y, =AKPLY; 1>, 8,v>0, a+pB+v=1 (3.7)
where A, is the technology level that stands for the préidacexternalities, K, is
the aggregate physical capital, is the aggregate labor, anB is aggregate
pollution that can be regarded as a “dirty inputFirms hire labor, capital, and dirty
inputs to maximize profits taking all factor pricasd the technology level as given.

The representative firm’s problem can be written as

Max I1, =Y, —rK, —wL, — 1+7)p P ,%° (3.8)
t t t' Mt t t

KoliR
st. Y, =AK P’L’,
where TII, is the gross profitsy, is the capital rental rate, and>  @enotes the

environmental tax that the government levies otydimputs. The private price of

dirty inputs b, is assumed to evolve with the aggregate capitl, b, =bK, where

2 1t should be noted that the final good serveshasumeraire in this .
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b is a constant parametér. The first-order conditions for the firm’s optinfig

problem, in per-worker terms, are thus given by:

aAtkta_l ptﬂ =TI, (3.9
BAK P/ =@A+1)h, (3.10)
vA Kk p” =w, (3.11)

where k, =K, /L, and p,=R /L. (3.9)-(3.11) indicate that the firm equates the
marginal product of the capital, labor and pollatto their respective marginal cost.
We assume that there exist two kinds of positxeraalities in the production

sector. The first one is tloapital externality suggested by the standard literature of
endogenous growth theory such as Romer (1986) andd(1988). The second one
is theenvironmental production externality, which indicates that the output level can
rise with a better environmental quality (see, ,eBmvenberg and Smulders (1995),
Mohtadi (1996), Fullerton and Kim (2008}). Given these two positive externalities,

the technology level can be specified in the follayform:
A = AKTES, (3.12)
where A is a constant, andl (> 0)s a parameter that reflects the extent of the

environmental externality.

3.2.3. Environmental quality
Following Tahvonen and Kuuluvainen (1991), Bovegband Smulders (1995)

and Fullerton and Kim (2008), the natural environiis treated as a renewable

2L If by is constant over time (i.eb=b), as time goes on, the aggregate pollution witldmee infinite
and nothing will survive. Hence, in the environt@nand endogenous growth literature (e.g.,
Bovenberg and Smulders, 1995; Nielsen et al. 1@@fslati, 2002; Fullerton and Kim, 2008; Pautrel,
2008) it is necessary for the price of pollutiome(price could be the private price or environmictabg

or both) to evolve with another growing factor. eSamulders (1995) for an excellent discussion.

22 See also, for example, Pearce and Warford (1993rhpirical evidences suggesting that pollution
can reduce productivities.
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resource. We specify that environmental qualigigr and declines in the following

manner:
E,=E+5E-E)-R” (3.13)

where § is a regeneration parameter, affl denotes the maximum level of
environmental quality (i.e., environmental qualiith zero pollution). We impose a
condition on (5,E) to assume that they are large enough to avoid tivega

environmental quality [, >0vt). (3.13) indicates that environmental qualitythe

next period is specified to be positively relatedtihe regeneration capacity of the

environment §(E — E,) and negatively related to the level of pollutioeated in

this period?*

3.2.4. Government

The government is subject to a balanced-budgetirEgent, which levies an
environmental tax on pollution and transfers theeneie to individuals. Letg, be
total transfer payments. In each period the young (generatiort) receive
(1-6)g, while the elderly (generatiom— )Ireceive g,. Hence, the government
budget constraint in period is given by:

P = (1-6)g, + 69, . (3.14)

The weight parametef) plays an important role throughout the analysi$.stands
for the revenue weight that the government asdigiise young and the elderly. As
we will see later,d is also a parameter that reflects the welfare lbrifetween

different generations. It can be seen from théviddal’'s budget constraint reported

% et J(E,P)=E., -E; denote the evolving function of the environmenheTfunction satisfies the
properties thafe <0, Jz <0 andJ(E, P )=0.

24 As in John et al. (1995) and Ono (1996, 2003a3B0we consider a linear evolving function of
environmental quality for the purpose of derivingaytical solutions. On the other hand, Tahvonen
and Kuuluvainen (1991) and Bovenberg and SmuldE995) consider a more complicated nonlinear
form of evolving function.
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in (3.2) and (3.3) that, whe@ = , ®he whole of the tax revenues are returned to the
young. However, wherd = ,%he elderly receive all of the tax revenues aedcan
treat this case as a kind of pay-as-you-go pubkospn system financed by
environmental taxes. In particular, we refer te ttase ofd = 05as anequal
transfer policy that indicates that tax revenues are equally idiged to each

generation.

3.3. Competitive Equilibrium

This section deals with the competitive equilibtivand characterizes the
balanced-growth path. We first deal with the maxdtearing condition for physical
capital. In line with the literature on the Sansagl-Diamond OLG model (see, e.qg.,
John et al., 1995; Agnani et al., 2005; HeijdraQ20 we assume that capital fully
depreciates in the process of production. Henmgngthat labor is stationary and
normalized to unity, the market clearing condittonphysical capital is written as:

S =Ky (3.15)

This condition indicates that savings from youngerdg determine the stock of
physical capital in the next period. In additione gross return on the individual’'s

savings is equal to one plus the capital rental iia¢., R =1+,

Definition 3.1. A competitive equilibrium is an infinite sequence of allocations
{c’,c,s, P Ky, Oty s prices {w,r,b,R};,, and environmental tax policies
{r,6}, such that, given theinitial condition s, >0, in each period:

(i). for generation t>1, agents choose {c’,c’,,s} to maximize utility taking

{Wt’ R 0 gt+1’9} asgiven,

(ii). firms choose {k,, p,} to maximize profit taking {w,r,,b,,7} and the technology
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level A, asgiven,
(iii). markets clear;

(iv). the government budget constraint is balanced, i.e., b,p, =9,.

3.3.1. The balanced-growth path

The balanced-growth path is characterized by afsatnstant growth rates of all
economic variables. Ley, denote the ratioz,, /z for all variables along the
balanced-growth path. In line with the environna¢rgrowth literature (see, e.g.,
Bovenberg and Smulders, 1995; Fullerton and Kin820we provide the following

definition that describes the balanced-growth patbur economy.

Definition 3.2. A balanced-growth path is a competitive equilibrium where (i)

pollution and environmental quality remain constant, i.e,, y, =y =1, and (i) all

other variables grow at a common endogenous growth rate, which implies that

7=7Y=7CV=7c°=7k=7g-25

We focus our analysis on steady-state solutioosgathe balanced-growth path.

Hence, it would be useful for us to define thedwling transformed variables. Let a

tilde denote the steady-state values. We defiiié = x*° /k, for growing variables

(x¥°=c’,c’%w,g), and X™" =x" for non-growing variablesx™" =r, p,E).

3.4. Policy Effectswithout Environmental Production Externality
In this section, we examine the growth and welfgffects under the situation

where environmental quality is not beneficial te firoduction process (i.e4= ).0

% It should be noted thay is the gross growth rate and —1 is what we all understand as the (net)
growth rate.
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We temporarily ignore this productivity benefit afcleaner environment due to the
following two advantages. First, doing so would lepful for us to obtain an
analytical closed-form solution. Second, and mianeortantly, it would enable us to
clarify the channels through which an environmem¢al influences the welfare of
different generations.

By imposing A= 0 and substituting the transformed variables and the
underlying technologyA, = Aktl“” into (3.9)-(3.11), it is easy to obtain the follogy

steady-state values of pollution and factor prices:

e
p—(b(lﬂ)j : (3.16)
* D
’r‘=aA{ PA jl_ﬁ, (3.17)
b1+ 17)
B
\T\/=VA{ a jl_ﬂ. (3.18)
b1+ 1)

Based on the above expressions, we have the folipprioposition:

Proposition 3.1. If 4 =0, an increase in an environmental tax reduces pollution and
the returns of both physical capital and labor inputs.

Proof. See the Appendixm

This result is quite intuitive. A rise in the émnmental tax increases the cost
of the dirty input, and thereby reduces the padluti Given less pollution in
production, the marginal product of the other tvemtdrs, capital and labor, must
decrease as well.

3.4.1. Growth effect
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To examine how the environmental tax affects ttoavgh rate, we first derive the

endogenous growth rate in the steady state.

Lemma 3.1. In the case of 1=0, all growing factors along the balanced-growth

path grow at a common endogenous rate, given by:

1+ p+0g/(1+T)’ '

y =
where g =rbp.

Proof. See the Appendixm

This lemma indicates that two important policy tinments, namely, the
environmental tax ratez() and the distribution of tax revenue® ) affect the
endogenous growth rate in our economy.

Before analyzing the growth effect, we first impa@ upper bound om .
Condition L. (the upward-sloping portion of the Laffer curve)< (1 8)/ 8 .%°
To be more precise, Condition L ensures that ther@mmental tax rate is not too
high to decrease the environmental tax revenuasothier words, it guarantees a tax
rate that lies within the interval where the Lafferve is upward sloping.

Equipped with Lemma 3.1 and Condition L, we camiveethe relationship
between environmental policies and the growth rat@ch is characterized by the

following proposition:

Proposition 3.2. Supposing that 2A=0, and that the growth effect of an

environmental tax crucially depends on the value of the distribution parameter

% The derivation of condition L is provided in thependix. This is quite a relaxed condition. Given
that § is about 5%~20% in the literature, Condition L giynimplies that the environmental tax rate
does not exceed 400%. Similar results regardirg abndition are reported by recent works:or
example, Agnani et al. (2005) shows thdtas to be high enough to satisfy the charactesisti their
growing economy.
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between different generations . Under such a scenario, two special situations may
occur. First, when tax revenues are returned to the young generation (i.e.,# =0), an
environmental tax enhances (reduces) the balanced growth rate if and only if the
initial tax rate is smaller (greater) than «/(1+«). Second, when tax revenues are
returned to the elderly generation (i.e.,8 =1), an environmental tax unambiguously
reduces the balanced growth rate.

Proof. See the Appendixm

Proposition 3.2 shows how the growth rate depeamlow the tax revenue is
split out among young and elders. The intuitiorhibe Proposition 3.2 can be
explained as follows. In this OLG economy, thevgtorate depends crucially upon
the consumption-saving decision of young agentss indlicated in (3.6), there are
two forces that affect the young agents’ savinggi@c when the environmental tax
rate goes up. The first one is the negatage effect, which states that a higher
environmental tax rate reduces the young agentgéwacome (Proposition 3.1), and
therefore the young generation will tend to redboth consumption and savings in
response. The second one is the positiaasfer effect, which means that young
agents will save more with a higher environmendal $ince they can receive more
transfer income. Based on these two conflictifgot$, we can then deal with the
following two distinct scenarios to explain ho# influences the growth effect of
environmental taxes.

The first scenario is that the young generatioreixes all tax revenues (i.e.,
¢ =0). Under such a situation, when the young recall/¢ax revenues, they also
realize that they will not receive any transfethie old-age period; this gives them a
stronger incentive to save for old-age consumptiofhat is to say, the transfer effect

is greater with a lower value of. Supposing that the environmental tax rate is
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initially small, as it goes up, tax revenues wisler significantly and will therefore lead
to a greater transfer effect. Accordingly, whénis small and the environmental
tax rate is initially small enough, the positivaartsfer effect will dominate the
negative wage effect and so the growth rate wikkibeanced.

The second scenario, on the contrary, is thataltévenues are distributed to the
elderly generation (i.e./= )1 Under such a situation, the transfer effectpdym
vanishes since the individuals receive nothindhenytoung-age period. Furthermore,
the young are willing to consume more (save lesgheir young-age period because
they know they will obtain a large transfer of ino® when they are old. Hence, in
this case only the first negative wage effect wpeksd a higher environmental tax
always leads to a deterioration in the growth rate.

Figure 3.1 provides a numerical example regardiogyy the growth rate varies
with different combinations of policy instrumentsThe parameter values we utilize
are: = 03 =017, v=053, p=0.22, A=9.65, and b= 1 Some of the
parameters we use are close to those from Zendlaaug (2007), Fullerton and Kim
(2008), and Heijdra et al. (2010), while the partar&s A and b are calibrated so
that the balanced growth rate is around 2% in theeace of an environmental tax.
It can be seen in Figure 3.1 that, consistent VAthposition 3.2, if¢ is small
enough, the relationship between growth and thé&r@mwiental tax can be described
by an inverted U-shaped curve. On the other hianassociation with a higher value
of @, a negative relationship is exhibited betweenkihkanced growth rate and the
environmental tax rate. Moreover, in associatiath ihe given environmental tax

rate, the balanced growth rate decreases With

3.4.2. WHIfare effect

Now we turn to investigate the effect of the eammental tax on the welfare of
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different generations. We first examine the wefaf the initial old generation.
Note that in our model all variables are jump Malea except for the capital stock and
the renewable environmental quality. Supposing tha government raises the
environmental tax rate in periotl, the consumption, savings, and pollution will
change instantaneously, while the capital stockemdronmental quality will adjust

over time. Therefore, we have the following lemma:

Lemma 3.2. For theinitial old generation, an environmental tax increases (decreases)
their welfare level if and only if the tax increases (decreases) their present

consumption. That is,
sign[222] = sign[ %% (3.20)
dr dr

Proof. See the Appendixm

Although the welfare of each individual is compbsef two parts (i.e.,
environmental utility and non-environmental utijityor the initial old generation, the
change in the welfare level stemming from an emrrental tax is entirely measured
by the change in non-environmental utility. Lem#2 is quite straightforward yet
successfully captures the idea that the accumulaticdegradation of environmental
quality needs to take time, while the initial ofalividuals have no time to wait for it.
More specifically, since there is “no next periddi the initial old generation to enjoy
a better environment, all their welfare concernsixedrom the consumption in their
present period.

Turning now to the environmental tax effect on ggation t > 1 we have the

following lemma:
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Lemma 3.3. Supposing that 4 =0, the welfare effect of raising an environmental

tax rate for generation t>1 can be described by:

dU, _(t-D+ptdy 1 pdE° n+p)dE
dr 12 dr ¢’ dr c° dr E dr
U, _pdy 1A pde® npdE
dc ydr ¢ dr c¢c°dr E dr

for t>1, (3.21)

for t=1, (3.22)

~

where E=E-p/J.

Proof. See the Appendixm

In contrast to the initial old generation, the tikect on the welfare of other
generations is much more complicated. As showieinma 3.3, an environmental
tax influences the existing young and all futurengyations via the channels of
affecting the growth rate, young-age consumptiofg-age consumption, and
environmental quality. For simplicity we would riide to analyze the welfare effect
of each generation one by one. Instead, to prosaee useful hints concerning
how to compare the relative extent between diffectiannels, we turn our attention
toward the change in the welfare level in assammatwith the generation born in the
endless future (i.e.t=o). To this end, based on Lemma 3.2 and LemmatBe3,
conditions regarding how an environmental tax affeébe initial old generation and
the generations born in the endless future can umemarized by the following

proposition:

Proposition 3.3. Supposing that 4=0, the intergenerational welfare effects of
raising the environmental tax rate have the following properties: (i) The initial old
generation has a welfare gain (loss) if 7 is smaller (greater) than
(@-6B—-a)l(x+86p); (ii) the generation born in the endless future has a welfare

gain (loss) if environmental taxes enhance (reduce) the balanced growth rate.
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Proof. See the Appendixm

The first part of Proposition 3.3 expresses theddmn that an environmental
tax can improve the welfare level of the initiadojeneration. It reveals that a
smaller initial = or a larger @ increases the possibility for the elderly to enpy
welfare gain. The reasoning behind this resulery clear. Starting from a smaller
initial 7, raising the environmental tax rate results inernax revenues, and a larger
¢ means more revenues are transferred to the elddryparticular, in the extreme
case where the elderly receive nothilg= ), @ > (-6 —a)l(a+68)=-1 is
always true, indicating that an environmental tdwass lowers the welfare
(consumption) level of the initial old generationdeducing their savings income.

The result reported in the second part of Promosi8.3 can be interpreted as
follows. Provided that an environmental tax bodsis balanced growth rate, all
generations (except the initial old) are definitbbtter off by enjoying both a better
environmental quality and more consumption. HoweWean environmental tax
depresses the balanced growth rate, the generdtosnsn the future will suffer from
a loss in non-environmental utility (since they some less with a lower growth rate)
and thus the overall welfare effect is uncertaihe further away the future they are
born in, the larger the loss in non-environmentdltyy In the endless future, the
loss must eventually exceed the environmental gaiAs a consequence, such a
welfare changes of the generations in the endigssef are governed solely by the

growth effect (i.e.sign[dU_] = sign[dy]).

3.5. Environmental Production Externality and Pareto-improving Policies
In this section, we deal with the growth and wefaffects in the presence of the

positive environmental externality in production.e(j 4> 0). Substituting
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A, = AK™E” into (3.9)-(3.11) and implementing some calcukaiothe economy

along the balanced-growth path can then be destribe the following set of

non-linear equations:

cY =L[W+(1—9)‘g*+i~'g*7] (3.23)
1+p 1+r

c° =M[W+(l—0)§+i~§7] (3.24)

1+p 1+r

- 1] - _ 0 -

Y =1—[ﬂW+ pA-0)g-——=a7 |, (3.25)
+p 1+r

aApP(E-plo) =1, (3.26)

BAPH(E-plS)" = (L+1)b, (3.27)

vAp?(E-pl8) =W, (3.28)

g =7bp. (3.29)

The non-linear system expressed in (3.23)-(3.2%rdenes seven unknowns, i.e.,

~ o~ ~

c’,c’,y,w,r,p,and g.

Running in sharp contrast to our analysis in thevipus section, introducing a
positive value of A complicates the model enormously such that noeddsrm
solution is attainable. We thus present our restik numerical simulations. In a
relatively quantitative study by Fullerton and Ki@2008), the extent of the
environmental externalityl is chosen to be 0.77, but is allowed to vary 81 the
sensitivity within the range of [0.3, 1.2]. In oonodel, we choose the lowest value
of A1=03 exercising caution not to overstate the positivetemality of
environmental quality. We also follow Fullerton darkKim (2008) to set the
parameter of environmental preferenog= 0.7 Moreover, the parameters
associated with the regeneration function in (3d@)set to beE =2.82 and 6 = ],
which are jointly calibrated so that the balancedwgh rate is around 2% in the

absence of environmental taxes. Other parametertha same as in Section 3.4.1
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for consistency.

3.5.1. Growth effect

Figure 3.2 depicts the growth effect of an envinental tax with or without the
environmental externality in production. It is&tdrom Figure 3.2 that the positive
externality in production, as we expected, bendfies growth effect of raising an
environmental tax. The intuition behind this reégslquite straightforward. With
A >0, a higher environmental tax improves environmegqtallity and in turn leads to
a higher technology level, thereby causing an esxein the marginal product of

capital and labor.

3.5.2. WHIfare effect and Pareto-improving policies

This subsection makes an effort to examine thsipiiies of Pareto-improving
policies. By definition, an environmental tax iarto-improving if it improves the
welfare of at least one generation without worsgrime others. One implication
exhibited in Figure 3.2 is that, in associationhaét larger environmental production
externality, an environmental policy with a high@obability is Pareto-improving.
To see this, let us consider the case okgual transfer policy (i.e., = 05). In
Figure 3.2(a) we can observe that the growth ratdirtes with environmental taxes in
the absence of the environmental production exliégyrial =0), while in Figure 3.2(b)
the growth rate may increase as long as envirorahémtes are not too high in the
presence of the environmental production extemndlit= 03). That is to say, in
association withA = 0Qif the government implements an equal transféicpothen
any rate of environmental tax can never be Parafaving since it will certainly
worsen the generations in the endless future \dadiag growth. Nevertheless, an

equal transfer policy is not necessary for a detation in growth in the presence of
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the environmental production externality ¢ ) 8o that a Pareto-improving policy
can possibly be achieved under such circumstances.

Figure 3.3 illustrates the overall welfare of gextens 0-5 before and after
raising the environmental tax rate from 0 to 0.Some main findings that are
consistent with our expectations can be summa@azaddllows. First, as¥ goes up,
the generation O is better off while all other gatiens are worse off. Second, &s
goes up, generations born in the more distant éultibse more than generations born
earlier. Third, a positivel increases the welfare effect of environmental saxe
all generations. Fourth, in the presence of emwrental production externalities, it
is possible with an environmental policy combinatiof & and r to achieve a

Pareto-improvement, as illustrated in Figure 3.2} 3.3(ef’

3.6. Concluding Remarks

This chapter sets up the Samuelson-Diamond OLCGehfedturing two kinds of
externalities. The first is capital externaliti@®posed by Romer (1986) and Lucas
(1988), and the second is environmental exterpaliproposed by Bovenberg and
Smulders (1995). Based on the model, we examimeehbigher environmental tax
influences the balanced growth rate and interg¢ioai welfare. In particular, we
focus on how the government’s transfer policy betveurrent and subsequent
generations affects the efficacy of the environraktaix policy.

Several major findings are summarized as followsirst, the growth effect of
environmental policies is dominant when evaluatthg welfare changes of our

children born in the endless future. This growfteat is ignored in previous studies.

2" We cannot conclude whether a Pareto-improvingrenmental tax is attainable in the case #£0
due to the lack of a mathematical proof. Howevgrumning a number of simulations and varying the
parameters within a reasonable range, we find éxisemely hard, if not impossible, to implement a
Pareto-improving environmental tax in the abserf@neironmental production externalities.
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Second, how environmental tax revenues are trapsféo different generations may
be irrelevant in an infinitely-lived agent modelpwever, in an OLG model the

transfer policy plays an important role in detenmgnnot only the intergenerational
welfare level, but also the balanced growth raté/e show that an environmental tax
is not necessarily harmful to economic growth ewenthe absence of positive
environmental externalities in production. Thiadir model is capable of capturing
the fact that an environmental policy has divens@renmental utility effects on the

different existing generations. Fourth, we nunahc illustrate that a Pareto-

improving environmental policy might be achievalotethe presence of a positive
environmental externality in production.

Two extensions may be worth-mentioning. Firstt owodel assumes that tax
revenues are transferred to the households. Aereisting extension would be to
consider that the revenues of environmental taratice used to finance public
abatement or environmental maintenance. Second aermative analysis, one
could think of setting up and solving the maximiaatproblem of a forward-looking
social planner who takes into consideration thétyif all generationg®  Fruitful

results might be obtained if future studies wereeaed to include these issues.

% See, for example, Ono (1996).
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Appendix
Proof of Proposition 3.1. It is straightforward to take the differential q¥, r, and

W in (3.16)-(3.18) with respect ta to derive the results.

Proof of Lemma 3.1. Combining (3.6) and (3.15) and dividing both sid®y k,,

we have:

Using Definition 3.2, R, =1+r,,,, and substituting the transformed variables into

(A3.1), on the balanced growth path we then have:

v ko 1 { L - 0 ..ﬂ
S TR 1-0)g-—2 57 | A3.2
7 =7 K 1rp oW+ pd-60)g =9 (A3.2)

Rearranging (A3.2) yields (3.19) in the text.

Derivation of Condition L. The upward-sloping Laffer curve means there exasts
positive relationship between the tax rate and texenues, i.e.,og/dr> 0

Rearranging (3.16) and differentiating = zbp with respect tor yields:

+7-—

a_g_b{(—ﬂ A yen o (A yea AL }

or | b(l+7) 1- 8 'b(+7) b A+7)?
~ 1
=bpil———+. A3.3
p{ 1-p41+ z‘} ( )
It is easy from (A3.3) to obtain the following exgsion:
S8 >y (A3.4)
> p or <

Condition L also implies that the tax revenue iximmazed at 7 = (1- 5)/ 5.

Proof of Proposition 3.2. We first prove Proposition 3.2(i).Substituting &= 0
into (3.19) yields/ (z,0) = p(W+7bp)/1+ p ) Using (3.16)-(3.18) and differentiating
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7 (z,0) with respect tor , we obtain:

FEO) _ p | B s PACY s, 1 i BA (D)
or l+pl1l-p b (L+7)2 1- B b

ZLQM{LMZM (D, ps b o PA <—1>2}
1+ p 1-p b (1+7)° 1-p b 1+7)

=L 11ﬂ _£+b_—1‘b
1+p 1-p (1-A)A+7)

:b_pgzl—lﬂ{_ @+ + Q- p)i+o) —f} , (A35)

1+p (1-p)1+7)
where Q= pA/b(l+7)> Q Imposing the conditionr + f+v = Jand rearranging

(A3.5), we can infer the following result:

< @ <36}/(1’,0)30
>l-«o or <

(A3.6)

The proof of Proposition 3.2(ii) is much more cdicgted mathematically. We
first substitute # = 1linto (3.19) to obtain
7(r) = pvAQPEPIAT (A3.7)
where A =1+ p+7bQ" 1+ AQP P11 > 0. Then, differentiatingy(r J1)with

respect tor yields:

F@Ey 1 1oy
or { 04— pbw (1+r)
X(_LQM_A LT f oA 1 m
1- 8 b (+7)? 1-8 b (1+7)?
) PO [ S S
_AZ{ OA =P O R )2

b 2B 2 A2 28
| PR s gt |- PR i
@-p)b 1- )b
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%3 -t
Az{ OA- pbw{lﬂ (1+r) (1+7)?

(o
@-p)b b

B 2B
~ 1 1+ 1-8 1-8
L) oa- PN i | gaqre AT rapNO™
A2 1+7)2 1-p)1+7)’b  (+7)%b

1 { on P [ PO P01 oy aptt in}}m_g)
TA @+7)?| b+ o)A p) 1+7)%b

pVIBZAZQ(Z,B—l)/(l—ﬂ)
b(L+7)* (L~ )
from (A3.8) we can obtain the resufty (r 1)/dr < . 0

where® =

>0. Since Condition L implied(1- g)1+7)-7]> 0

Proof of Lemma 3.2. The utility of the initial old generation i&), =Inc’ +7In E,.
Given that the environmental quality is a pre-deieed variable E, is given in
period 1), by differentiatingU, with respect tor, we can easily obtain the

relationship reported in (3.20).

Proof of Lemma 3.3. Using the transformed variables and evaluatingbtilanced

growth path, we can rewrite the utility functiong#nerationt > 1as follows:

=In(k7C) + pIn(k 7€) + 7L+ p)INE . (A3.9)

Differentiating U, with respecttor yields:

du, 1

_ ~t-2 d?/ ~t-1 dc’
dT - k1}7t_16 |:k1(t 1) + kl :|

[kly c’+ky' }+ @+ )l% (A3.10)

k1~t~0

which reduces to (3.21) in the text. As for getieral, the utility function can be
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rewritten as:

U, =In(kc") +7E, + pIn(kjT°) + o INE . (A3.11)

Then, by differentiatingu, with respect tor , we can derive (3.22) in Lemma 3.3.

Proof of Proposition 3.3. The initial old generation only live in period 1 dn
receive transfer payments and the return from gavas their consumption in old age.
This can be expressed by:

c®=(+T)s, +647 . (A3.12)
Note that since we assumg = , the tax effect on the consumption of the iniaki

is thus:

de; :iam% PA_ Lona-r -t o PA | (A313)
dr 1-p4 b(+17)?

_ bglfﬁ[(e—ﬂe—a)—(awmr}
- p)a+)

Equipped with Lemma 3.2, Proposition 3.3(i) is grdv

The proof of Proposition 3.3(ii) is straightforwlairom (3.21) when evaluated at
t—>ow. Sincedy, dc’, dé°and dE are finite, ast —» oo the first term on the

right-hand side of (3.21) must exceed other terms.other words, we have the result

signfdU_]=sign[dy] provided thatdy is not equal to zero.
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Figure 3.1. Growth effects of environmental policie
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Figure 3.3. The intergenerational welfare effedtaroenvironmental tax
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Chapter IV

Endogenous Time Preference Depending on the Environmental Quality:

Economic Growth and Policy I mplications
4.1. Introduction

In the literature on environmental economics, esvinental externalities mainly
affects the economy via two channels. First, iécs the households' welfare. A
better environment undoubtedly brings us more heggs (see, e.g., Bovenberg and
de Mooij, 1994; Ligthart and van der Ploeg, 199%geg et al., 2003, Itaya, 2008).
Second, it may be related to the firm’s producgivitFor example, a cleaner water
quality improves workers' health; a better air guatlows the depreciation of
equipments, both of which makes the production ggeanore productive (see, e.g.,
Bovenberg and Smulders, 1995; Smulders and Graig5; Fullerton and Kim,
2008; Chang et al., 2009).

Compared with the impact of environment on welfanel production, what is
not so widely noticed is that thiame preferences of agents can also be influenced by
environmental quality. For example, suppose therenmentalists declare that the
problem of global warming will become very seveirethe near future, one would
expect that consumption will increase and savink) fail, because now that saving
(for future consumption) become more uncertain. is Theans that fears of climate
change may alter people's time preference to p@iement consumption. By the
same token, we can also imagine that a betteraiity may cause agents to be more
willing to save for the future.

Despite the sensible logic, existing studies on lkeowironmental quality affects

agents’ time preferences are very scarce and ihesise. Pittel (2002) would be
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the first attempt to develop a model in which thvieonment can, negatively or
positively, influence the society’s discount ratéyong Le Kama and Schubert (2007)
consider a discount rate that is positively asdediavith the environmental quality.
The basic idea is that the society chooses to digcat a lower rate when the
environmental quality is low, because in this dageenvironmental problem becomes
more pressing and doing so can help to prevenhdurdeteriorations of the
environment. On the contrary, Yanase (2011) ubesassumption that a better
environment can cause patience. His justificaisotmat, intuitively, lower pollution
implies better health and thus a lower mortalitie ravhich makes households more
patient and willing to trade current consumptionfidure consumption.

On the other hand, perhaps due to analytical soyplimost theoretical studies
on the interaction of growth and the environmesuage a constant time preferefice.
However, as emphasized by Weitzman (1994), thengstson of a constant time
preference may be inappropriate especially in ddweith increasing environmental
concern. Accordingly, once we take into considerathe effect of environmental
quality on people's patience, the following natuyakstions arise: What are the
consequences of environmental policies on econgmuath? What are the policy
implications? What is the optimal rate of the eonmental tax? Owing to the fact
that all the abovementioned articles with environtalty endogenous time preference
do not deal with these issues, we aim to explaet this chapter.

To this end, we develop a simple endogenous grovatiel featuring the capital
externality suggested by Romer (1986) and Luca88),9n which time preference is
endogenized in the sense that it will be influenibgdhe environmental quality. As

in Pittel (2002), we will not restrict the direatiaf such an effect. We allow three

? See, e.g., Ligthart and van der Ploeg (1994), Bogsy and Smulders (1995), Chen et al. (2003),
Hopkins and Kornienko (2006), Itaya (2008), anddftbn and Kim (2008).
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possibilities to occur, that is: the environmergadlity may positively, negatively, or
not affect the agents' time preferences. Our rehidws that, in the absence of an
endogenous time preference, there will always existde-off relationship between
the environmental protection and economic growtHowever, in the presence of an
additional external effect arising from environmenquality on time preference, a
higher environmental tax may boost the balancedavijraate. Although there are
already numerous studies that advocates a pogitoxeth effect of the environmental
tax° our analysis can contribute by focusing on thetiveseffect resulting from an
endogenous time preference depending on the emveon

Another interesting finding concerns the optinaérof environmental tax. The
well-known Pigouvian tax requires the optimal eomimental tax rate being equal to
the marginal social damage of pollution. Our reshiows that, when agents' time
preferences can be influenced by the environmdéet,Rigouvian tax rate may be
inefficient because it fails to internalize the aidehal environmental externality on
time preferences. Furthermore, the optimal envirental tax rate could be higher
than, lower than, or equal to the marginal damaigeatiution, depending on the
distinctive feature of time preference.

The rest of this chapter is organized in the fellg way. Section 4.2 presents
the basic growth model with endogenous time prefee Section 4.3 shows our
main results. We focus on the policy implicatiaisan endogenous time preference
on growth and the optimal environmental tax. Sec#i.4 discusses some extensions

of the baseline model. Section 4.5 concludes.

%0 For the positive growth effect of the environmértax, see, for instance, van Ewijk and van
Wijnbergen (1995), Bovenberg and Smulders (19996}, Bovenberg and de Mooij (1997), Smulders
and Gradus (1996), Hettich (1998), Chen et al. 0®no (2003a, 2003b), van Zon and Yetkiner
(2003), Nakada (2004, 2010), Ricci (2007), Itay@0@), and Aloi and Tournemarin (2011).
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4.2. TheMode

We consider an infinite-horizon economy comprisé@ continuum of identical
households, a polluting firm, and a government. e Tim produces a single final
good y using the technologyy = Ak*z’ («,f >0)%" where k is the capital
stock and z denotes a “dirty input®> The term A represents the positive capital
externalities. To ensure sustainable growth, vseime A = Ak™* where A>0 is
a constant technology parameter. For the basicemed will assume that there is
no environmental externality in the production @e& The positive externality of a
better environment on production will be introdudadSection 4. Letr, and T,
denote the capital tax rate and the pollution tbe,randr the capital rental rate.

The firm’s profit can then be expressed as follows:

r=y-1+7)k-T z. (4.1%°
To prevent pollution from continuously growing, weust assume thal, evolves

with the aggregate capital stock, i.el, =z k where 7 ;>0 is a policy

parametef’ It is quite easy to derive first-order conditidns k and z:

ahk™Zf = U+ 7,)r, (4.2)

BAK P =T . (4.3)

p
The use of the dirty input generates pollution ssins, which affect both the
household’s felicity and time preference. A reprgative household’s instantaneous

felicity function is given by:

%1 To ensure zero profit, we assupiwel-a.

%2 The time arguments are omitted for notational $iitp.

% We assume the capital tax is levied on firms dng is not into the households budget constraint.
Changing the tax burden from the firms to the hbokis will not alter our results.

% In the environmental endogenous growth literatfme sustainable growth it is necessary that the
(private or public) price of pollution evolves wietmother growing factor (see, e.g., Fullerton amu,K
2008). See Smulders (1995) for a discussion @npibint.
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_ (Cz—n )1—0‘

,o0>0, (4.4)
1-o

u

where ¢ is the consumption an@d the intertemporal substitution elasticity. The

parametern >0 measures the negative impact of pollution on itglic

The representative household’s lifetime utility dsnwritten as:

U= j:u(-)exp[—jge(zs)ds]dt, 9'(2)20, (4.5)
As revealed in (4.5), pollution not only has a riegaimpact on the level of utility,
but also influences the household’s time preferedescribed by the tern# - ()

The sign of &'(z ) is crucial throughout the analysis. To reflecffedent
specifications in the existing literature, we aseuthat the sign of¢'(z )can be
greater than, less than, or equal to zero. Theifggion 6'(z) < O reflects the
Ayong Le Kama and Schubert (2007)-type time prefegerate. Given that
0'(z) <0 implies that the environmental quality and curreadnsumption are
complementary, in the following analysi®#'(z)< (@s referred to as the
eco-complementary time preference. By contrast, the specificatiof(z) > 0
reflects the Yanase (2011)-type time preferencee. rat Following a similar
interpretation, we can refer t6'(z) > 8s theeco-substitutionary time preference.
Finally, 6'(z)=0 represents the traditional approach of an exogentine
preference.

Tax revenues are rebated to the household asna ddrlump-sum transfer

R(=rrk+T,z). The household thus faces a budget constraiatk+R-c.*

We can then define the Hamiltonian for the hous#baptimization as:

_ (Cz—n )l—o‘

H" exp[—jgg(zs)ols]ﬂz(rkJr R—c)-6(2), (4.6)

where ¢ and y are the co-state variable associated with, resjeégtthe capital

35 A dot denotes the time derivative.
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stock and the “stock of accumulated impatience” gt@abd, 1990). Note that the
atomistic households choose and k to maximize (4.4) while treating pollution as
given. The first-order conditions are

cz" ) =g, 4.7)

ro=-9+0(2)p, (4.8)

where ¢ = gBexp[J'QH(zs)ds !

4.3. Policy Implications
4.3.1. The growth effect of the environmental tax

Now we are in a position to examine the growth ctftgf the environmental tax
in the presence of an endogenous time prefereréalowing the literature on the
environment and growth, we assume that in the gtestdte the total pollution
emissions are limited in a physical sense, andthkr economic variables grow at a

common constant endogenous growth rgte That is, the balanced growth path
(BGP) in the steady state is characterizeddy= ar@l k/k=¢/c=y/y=g (a

tilde denotes the value along the BGP, hereaftdBpsed on this feature and the
first-order conditions, we can obtain the balangeowth rate in the decentralized

economy, denoted byj®, as:

gd=1[ ! Aazﬂ—é?(Z)] (4.9)
o|l+7,

where Z=(BA/z,)/“").
The relationship between the environmental tax @wedlong-term growth rate

can be derived by differentiating]® with respect tor,, which is:
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W' ___PA 4 [— il +9'(2)] (4.10)
dr, or,”(1-5) +7,

The result reported in (4.10) leads to the folloyyproposition:

Proposition 4.1. In the case of exogenous and eco-complementary time preference,
raising the environmental tax reduces the growth rate. However, if the households
have an eco-substitutionary time preference, the growth effect of environmental tax is

uncertain, implying that a rise in the environmental tax may boost economic growth.

Proposition 4.1 indicates that if people becomeat@nt due to their experience
of a worse environmental quality, any policies thaitect the environment can also
contribute positively to economic growth. In othetwords, it suggests that a
broadly-defined “double dividend hypothesis” maycuarc if the agents have an
eco-substitutionary time preference. The exissigdies on the double dividend
hypothesis focus on a reduction in other distortiakation (Pearce, 1991; Oates,
1993), or on the assumption that a cleaner enviemiman benefit the production
(Bovenberg and Smulders, 1995, 1996). We insteadige another possibility of a
dividend that arises through the endogenous pmteref the agents.

This finding can also be correlated to the fam@mironmental Kuznets curve”,
which indicates that per capita income and enviremiad degradation have an
inverted-U relationship (see, e.g., Selden and S@8§4; Grossman and Krueger,
1995). In our analysis, with the traditional exoges time preferences, pollution
and growth must be monotone, meaning that the teddyd relationshigannot occur.
However, Proposition 4.1 delivers an important ragesthat, with endogenous time

preferences depending on the environmental qualitiution and growth need not be
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positively related. On this ground, it is possiliéeexplain the phenomenon that
pollution decreases with income at the later stdggeonomic development.

To see this, one can imagine that at the earbyestd economic development, it
is more likely that people do not alter their tipeeferences duo to the change in
environmental quality because the environmentakcimusness is usually quite low
at this period. Thus based on our theory, poliuticreases with economic growth
because agents have a constant time preferencethe Adter stage of development,
pollution problem becomes more severe, which magt te two consequences. First,
policymakers may tighten the environmental policigga an increase inz; ).
Second, people begin to increase the environmeatalern, and accordingly changes
the time preferences. Suppose people follow arsabstitutionary time preference
(i.e., a worse environment causes impatience),teigknvironmental policies can
simultaneously reduce pollution and boost growtlhhe underlying changes may
therefore result in an inverted-U relationship bew environmental degradation and
economic growth. Noticeably, it is the endogentie preference that lead to such

a non-monotone relationship.

4.3.2. The optimal environmental tax

Now we turn to study the optimal environmental takn particular, we focus on
whether the Pigouvian tax rate is first-best wheretpreferences can be influenced
by environmental quality.

Under the first-best tax policy, the social planmeaximizes (4.5) subject to the
resource constraintk = y—c, which can be derived by combining the household’s

budget constraint, the government’s budget comgirand the firm’s profit function.

Thus we first solve the social planner’s optimiaatproblem. The Hamiltonian for
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the social planner’s optimizatiotd ® is given by:

cz "y

1 ={Z ) el [ 0z, )+ A(y-0)- 0(2) (@.1)
-0

where 1 and 4 are the co-state variable associated with, resedgtthe capital

stock and the stock of accumulated impatience. fireeorder conditions for this

problem are:
c7z") = 2, (4.12)
AL =-i+6(2)1, (4.13)
—nc 7z " ABAKZ" T + 10'(2) =0, (4.14)

— it ub(2), (4.15)
l-o

where A = iexp[J‘;G(zs)ds], U= /}exp[ﬁé’(zs)ds], and the transversality condition

limH® =0 must be satisfied. In contrast to the represmetabbusehold, the social

tso0
planner takes into account the capital externalig social marginal cost of pollution
when choosingz. By comparing (4.12) with the household’s firsther conditions,
we can derive the necessary conditidr= ¢ to reach the first-best outcome. In the
Appendix we derive the first-best tax rates on t@@nd the pollution input, which

are.
. =a-1, (4.16)

T A €] (Y B
7, _772+9(Z)(AZ +1—0XJ' (4.17)

where x=c/k is a transformed variable.
To examine the efficiency of a Pigouvian tax rate, first need to define the

marginal social damage of pollution (in terms o€ tmarginal utility of private

consumption), denoted by, as

_ouloz_ ¢ (4.18)

auloc Tz
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or, evaluating at the steady state

D=7 (4.19)

Nl|><z

By inserting (4.19) into (4.17), we can clearly $e&t 7" is higher than, lower than,

or equal to the marginal social damage&/i{z) is higher than, lower than, or equal to

zero. Hence we have the following proposition.

Proposition 4.2. In the case of an exogenous time preference, the optimal
environmental tax rate is equal to the Pigouvian tax rate. However, the optimal
environmental tax rate should be higher (lower) than the Pigouvian tax rate if the

households have an eco-substitutionary (eco-complementary) time preference.

In the decentralized economy, there exist thredkof externalities (distortions):
() the capital externality, (ii) the pollution ethality in felicity, and (iii) the pollution
externality in time preferences. It follows fronm#.16) and (4.17) that the
government should subsidize the use of capitakmorve the distortion (i) and the
optimal environmental tax should be utilized toreot distortions (ii) and (iii).
However, the well-known Pigouvian tax suggests thabx rate on the pollution
emissions is equal to MSD. As a result, it cana@yndistortion (ii) but fails to
correct distortion (iii). More precisely, our réisgshows that a Pigouvian tax rate
cannot remedy the inefficiency arising from thedipreference. Under the situation
where the eco-substitutionary time preference ésgmt, the eco-substitutionary time
preference rate can be thought of as a negativerrafity of pollution due to its
harmful impact on economic growth. This implieattthe level of emission exceeds

its optimal level even when a Pigouvian tax is iempénted. Therefore, to correct
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this negative externality arising from the eco-siibgonary time preference, the
optimal environmental tax rate should exceed tigoiian tax rate. With a similar
inference we can conclude that, under the situatibere the eco-complementary
time preference is present, the optimal environaleiai rate should fall short of the

Pigouvian tax rate.

4.4. Extensions

In this section, we consider two extensions of lihseline model. In the first
extension, we consider pollution as a stock vaeiaidtead of a flow variable. In the
second extension, we consider the case in whiclpribuction can be influenced by
the environmental quality. To be summarized, tla@nmesult of our baseline model

remains robust to each of these extensions.

4.4.1. Pollution as a stock

In the previous analysis we essentially treatytmh as a flow variable, which
means that it affects the environment only at thveent period. However, pollutants
such as C@emissions, nuclear waste, or non-biodegradabkipdacan accumulate
and harm the environment over time. Some studigs, (Byrne, 1997; Chen et al.,
2003; Goeschl and Perino, 2007) thus set up arytazslframework embodying the
stock of pollution. It is then worthwhile to codsr the setting of a stock pollution
and reexamine the growth effect and the optimal ohtan environmental tax.

In line with Michel and Rotillon (1995) and Goeband Perino (2007), we
assume that the pollution stock, denoted ®yaccumulates by the rul&=az-5S,
where a denotes the rate of accumulation on the basisno$ston input, ando
denotes the natural rate of decay in the stockadiifon. Also, the endogenous

time preference now depends on the pollution st&kather than the flowz, i.e.,
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0 =6(S), and the felicity function is related t8, i.e., u=(cS”)"°(1-o)". Note
that our analysis focuses on the steady-stateigofjtin which the total pollution

stock must be limited in a physical sense, i=0. Hence we haveS=az/§ in

the steady state equilibrium, or equivalently:

g2 S Apan, (4.20)
o T,

It can be easily seen that the pollution stock dame-to-one relationship with the
pollution flow. Therefore, replacingg by S in our previous analysis will not
change any of the results qualitatively. Thabisay, our results are still valid in the

case of a stock pollution.

4.4.2. Externalities on the production side

In our basic model setting, the environmental ipaloes not affect production.
A natural extension is to consider that the prodncprocess can benefit from a better
environment. To introduce such an externality tht® model, we follow Chang et al.
(2009) to assume the production technology: AXk*z” where X =z* refers to
the negative externality of pollution on production

We first reexamine the growth effect of the enmimental tax. Now that (4.10)

can be rewritten as:

dg® _ BA 566 [_er@} (4.21)
dr, ()'sz(l—ﬂ+¢) Ltz )8

Hence we have the following proposition:

Proposition 4.3. If ¢ < £, then Proposition 4.1 applies. If ¢ > £ ,an environmental
tax will boost growth in the case of exogenous and eco-substitutionary time preference,

but may deteriorate growth if the agents have an eco-complementary time preference.
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If the negative externality of pollution on prodion exceeds the return from
utilizing the polluting input ¢ > ), Chang et al. (2009) show that an increase in the
environmental tax will increase consumption ancpaut The intuition is quite clear
because in this case more pollution in fact contab to less output. Hence, raising
the environmental tax can both reduce pollution simulate the economy. In our
model, however, this result holds for certain onlyen the agents have an exogenous
or eco-substitutionary time preference. In theecakan eco-complementary time
preference, raising the environmental tax has tpmosite forces on growth. On one
hand, it reduce pollution and thus, given thiat g, is beneficial to production. On
the other hand, as pollution decreases, agents antheco-complementary time
preference will tend to increase consumption andige saving. As a consequence,
less capital is being used for production, whicthasmful to growth. The overall
growth effect thus is uncertain and depends omthgnitudes of the two effects.

As for the optimal rate of environmental tax, afteéroducing the externality in

production we can rewrite (4.17) as (detailed datoon is provided in Appendix)

7, =D+ gAZ +i~z)(Azﬂ-¢ +L>~<j . (4.22)
0(2) l1-o

Obviously, the second term on the right-hand sajgures the externality of pollution

on production. It shall not be surprising that tptimal environmental tax is higher

with the presence of the production externalityduse it has to correct this additional

externality.

4.5. Concluding Remarks
This chapter sets up a simple endogenous growthemod which time

preference is endogenously determined by the emwiemtal quality. Our model
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comprehends different types of time preferenceaberprevious literature. We show
within this framework that both the growth effedt environmental taxes and the
efficiency of the Pigouvian tax rate are cruciakyated to the distinctive feature of
time preference. In particular, we demonstratet thaPigouvian tax may be
inefficient in the presence of an endogenous tineéepence.

Regarding the future research, since our analgsisses mainly on the first-best
policies, it would be interesting to derive the @at-best policies and then compare
both outcomes. Additionally, it is also importaotexamine empirically whether the
public have an eco-substitutionary or eco-compldaargrtime preference. Another
interesting line is to examine whether countrigfedin the types of time preference
and, if they do, what causes the differences. @aseour theoretical analysis, we
believe that these empirical studies would be \@&ian designing environmental

policies.
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Appendix A: Derivation of Equations (4.16) and (4.17)
In line with the proof in Palivos et al. (1997) aAglong Le Kama and Schubert

(2007), along the optimal path we haw¢¥(t) =0Vt and thus

1| (ez")e 5
y_g(z)[ Ak c)] (A4.1)

By inserting (4.12) and (A4.1) into (4.14) we cat g

—ﬂ£+,3AZﬂ_1:m(LC+AZﬂJ, (A4.2)
z 0(2) \1-o
and evaluating at the steady state, we have
R I A (—" o+ Azﬂj. (Aa.3)
Z () \1-o

Then, utilizing (4.12) and (4.13) yields

5% =2 (Az" - 0(3)). (A4.4)
O

The first-best tax rates are derived by compariAg.J) and (A4.4) with the

decentralized decisions (4.3) and (4.9).

Appendix B: Derivation of Equation (4.22)

The social planner takes into account all the exgies (A and X ) when choosing

z. The first-order conditions becomes:

c7z"%) = 4, (A4.5)

AZ’ ) =—A+6(2)A, (A4.6)

_ﬂcl—az—ﬂ(l—a)—l+ ﬂ(ﬂ _¢) Akzﬂ—¢—1+ lue'(z) =0, (A47)
cz” 7 .

_%:_Mﬂg(z)_ (A4.8)

Following a similar calculation process as in Apgi&® we can obtain:

X - Nﬂ-ﬂf-l:@ T I
n 2+(ﬂ ¢)Az 2 [1_O_X+Az x] (A4.9)

Comparing (A4.9) with the steady-state level oflgtidn z=(BA/7,)"“"*" gives

the optimal environmental tax rate in the text.
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Chapter V

Conclusions

With rising concern over environmental quality, tingportance of reconciling
economic growth with limited pollution could nevée too emphasized. This
dissertation studies the interaction between enuiental policies and economic
growth. We provide some reasons for which we lkelighat an environmental
protection policy may also contribute to a higheovgth rate. In Chapter II, we
present the positive growth effect of environmengalicies by assuming that the
intermediate firms import polluting inputs from abd at a fixed price. In Chapter
[ll, we consider an OLG framework and show thathé portion of tax revenues
transferred to young generations is large, it issgme for an environmental tax to
boost the growth rate. In Chapter IV, it is shotliat when a cleaner environment
could induce people more willing to save for futlwensumption, increasing the
environmental tax may stimulate growth.

Nevertheless, it is worth noting that our result®uld not be pushed too far.
Any environmental protection policies will comesatme costs. For example, it may
increase the factor prices, lower the incentive ifmestment, or distort the firm's
behavior. As implementing the environmental taxmay be mistaken if we do not
fully consider both the beneficial side and thet@de of an environmental tax. Itis
important to keep this in mind when reading manpepa on a positive effect of

environmental taxation.
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