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Abstract

We analyse o model of overlapping generations in which clean ain, a pure public goasd,
is used as & private iput inlo prodaction, Although production exhibits constan returas
te scale, endopenous growth can ocowr, In 8 Talssez-fwre cquiiibriuem, firms gencrate
renis (hat are the valwe of the pollution fey create. These rents crowd oot investment
apd slow economic growth., Such zn equilibrivm may not support Paveto optimal
allocations. bl a Pigouvisn tax does. Henee, a pollution tax can viekd 2 double dividend
because it reduces polhition and inoreases growth,
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1. INTRODUCTION

What Hauts 10 econoric growth does a concern for the environment entail?
The popular press often implies that growth causes environmental degrada-
tiop. Some gothors emphasize that pollution is an inexorable by-product of
industrialization and that increasing matenal afflucoce will entail a decreas-
ingly attractive workl, Views like these were fueled by the gloomy piclure
presented in Meadows et al’s (1972} The Limits to Growth. Others claim that
countries imposing high environmental standards spur research in pollution
shatement, develop himan capital, and Increase growth. Indeed, the World
Bank's (1992} report Development and the Envivonment emphasizes that care
for the biosphere will reguire economic growth and that growth cannot take
place m a deteriorating environment,

The purpose of this paper is to show that appropriate eavironmental
policies might actually spur growth. Feonomists often think of a clean
environment as & luxory. Thus, as a couptry becomes richer, Hs citizens
demnand that greater atiention be paid to the habitat, and they are willing to
impose environmental taxes and regolations as pablic policy, The model
presented below shows that these taxes and regolations might aclually pay a



‘double dividend'. This bonus arises twongh a mechanism that has been
overlooked: an cavironmental tax dissipates the reats associated with
polhation and mitigates the extent to which they crowd out investment.

The mode! we use bukds on the work of Fisher (1992}, who discusses the
general properties of an overapping generations model with constant refums
to seale. He shows that the assumption of finite Hves makes it necessary for
the current price of an investment good Lo decline as the economy grows.
Hence, if apents do not Hve forever, prowth cannot occur in a one-secior
ecopomy, and @ two-sector mode] describes the ssympiotic behaviour of a
wide ¢lass of growing econories.

We utilize the model of overlapping generations since it lends itself
naturally 1o the analysis of the effects of governments’ environmental policies
when sgents’ actions have conseguences that endure beyond their own
lifetimes. Several muthors have analysed similar issues. Mourmoaras {1993}
studies a mode] of renewable resowrces and shows that eguilibriem may entail
perprtuslly declining standards of living. Using a model with finitely many
generations, Howarth (1991} explores the trade-off between economic
efficiency and social equity i & model with exhanstible resources. Howarth
and Norgaard (1992} mpue that sustainable economic development is
exsentially 2 matter of mter-generational equity, We show that this issue, in
the guise of the distribotion of poliation rights, has important effects for
economte growth and thus influences the well-heing of those not yet bom.

We demonstrate that Pigoovian pollution taxes with compensating humgp-
suin transfers can represent & Pareto improvement over the iailssez-faire
eguilibrinn, Batina {1990) argues that 1t is not realistic to assume that 2
govermment has this kind of control in a dynamic economy. Siill, we describe
a simple role that can be implemented in part by wsing publicly available
information: the government should compensate the owners of firms for the
capital losses arising from pollution taxes. There is no simple mie for these
taxes because the pablic’s willingness 1o pay for pollugion abaternent may
depend, in general, upon mterest rates and the prodile of aggregate income,

The second section describes the model and #ts Jaissez-faire eguilibrium.
The third analyses properties of this laissez-faire equilibrium and i
mefficiencies. These distortions arise because envirommental externalities
have pot been internalized. The fourth section analyses a dynamic profile of
Pigouvian taxes and shows that such taxes, coupled with a sequence of fumgp-
surn transfers, cap entail a Parete improvement over the laisgey-faire
equilibrivmn, The fifth section presenis a simple analytical example, while the
sixth presents our conchisions.

2. THE MODEL AND ITS LAISSEZ-FAIRE EQGUILIBRITM

There is an infinite sequence of generations with one person born in each
period. The inmial "old” agent lives for only one period, but every other person



hves for two pertods. We shall use the convention thal o subscript refers 1o
a dated commodity and a superseript o an ageml. We assume that the
population and Jabour foree are constant, although our resulis generalize
eastly when population growth is exogenous.

The inttial generation is endowed with the economy’s stock of capital, and
every other person is endowed with L units of 1abour in the first period of his
tHfe and nothing clse. This description of endowments shows that the path of
the economy describes per capita economic growth, Also, a worker must save
part of his wage to finance consumption in old age.

We model polution as a pure public consumption good thal is a private
nipu! inlo production. Just as labour is leisure used as an inpadt, $o is pollution-
clean air used in prodoction. The amount of clean air 10 the economy s in
Hmited supply in every period. A firm’s use of clean air is reflecied in its
produciion technique, and ope firm’s inputs cannot be used by another,
Aggregate environmental degradation is determined by the production
decisions of all firms in the economy,

Frns' production decisions give rise 1o a pellution profile descnbed by

SE{SI..Szi. . .}

a ppiformly bounded sequence. This description of the environment is quite
general, This specification can entall a declining, constant, or increasing but
bounded flow of clean air per period, The long-run charscteristics of the
epviromment and the prodoction processes will be deseribed by the limiting
behaviour of this sequence. Although we have not given an explicit law of
metion for ciean alr, the reader can think of #his segoence 48 4 reduced form
for a more comphicated dynamic speaificanon.

$etc’be agent s c{}mump{mﬂ at time 7. Then preferences are mpresamc{i
by the unhiy functions: 1 (¢S, =S, ) for the original genemmm and u'{c, €,

8, =3, ., } for the gencration + > {}. These fanctions are increasing in cach of
their arguments, showing that agents care about their own consmmnption and
the disutility they soffer from pollution during the course of their Tives, Note
that agents in gencrations ¢ - | and 7 suffer disutility from 5, the agpregate
amount of clean air used by all firms in period . Thas, clean air is 8 pure
public good, and aggregate poliution is global, not focal.

There are two scctors in the economy, each sector with 4 continuum of
Hrms. Firms in sector | produce final goods and services, and those in sector
2 produce intermediate investment goods. The production function for firm
Jjellllinsector fe {121 is

Qo= FAK AN L 30, S

where K, 7} is the firm’s input of capital, L {/) is that of labour, and S, {})
is that of clean air used as an mpuat, or polivtion emitted, all at time 1. We will
assumme that cach production function is homogeneous of degree one in Hs
iaputs and is weakly increasing in each of 18 arguments; thus there are no



increasing returns to scale, nor is there exogenons technical progpress.
Feonomic growth occurs because of capital accurnulation, bit one need not
think of the second sector simply as producer durable goods. Instead, one
nright consider capital as an aggregate reproducible factor whose private and
soeial rates of return do not differ. We assurme constant retums to seale in each
sector o order 10 isolate the effects of pollution as a negative externality in
the growth process. Moreover, receni empirical shudies do not support (he
hypothesis of increasing retams; see Benhabib and Jovanovic {1991) or
Mankiw e ¢l. {1992).

Each type of firm in each sector creates a fixed amount of pellution in each
period. Let p,{7) be a stationary measure desenbing the distribution of firms
m sector i ¢ {12}, Then the aggregate fow of pollution created in each period
is

$,= 08, Gyan, +15,, Gy,

where cach integral is taken over the relevant supporl and dy,; denctes the
obvious density. Each firm creates an infinitestimal amount of pollution, bl
firns create 8 pegative exiernality in the aggregate, A fmm’s pollution is
exactly analogous 1o the role of Iand in Ricardo's theory of rents. In particular,
firms” cholees of capital and lebour are determined on the intensive margin,
whereas which particelar Hirms operate is determined on the extensive margin.
Also, since the production functions are linearly homogepeous, if clean air is
a necessary inpuf, then a firm expeniences decreasing retums o scale in
capia] and labour, the marketed factors of production.

It )s Baportant 1o describe the pattern of ownership of the firms becanse
they geperate rents. We will asswme that the inisal generation owns the
cconomy’s entite stock of equity in al Arms i period 1. Hence, agent ¢ = |
will save some of his wage, invest v new capital, and purchase eguity. This
process repeats itself in cach period, as the older generation divests uself of
equity and the young use savings to purchase the investment good and equity
in both kimds of firms. In the absence of a poliation {ax, the ‘dividend’ from
having porchased a firm in peniod ¢ is the value of its output that is atributed
to the use of cleap airinperiod £+ 1,

The law of motion for capital is K|, = j 2 () du,, where we are
impheitly assuming that capital depreciates completely in each period; this
assumption undesscores the notion that a period corresponds to the economic
tfe of a worker, Of course, the cconomy satisfies the resource constraints

Tk, ram + 1K, (haw <K, and [L,, rap, + 0, (hdn, <0

We are now 1 4 postion o deseribe the decisions of frms and consumers,
fet P, be the present price of a claim against the good i € {12}, W, be the
analogous price of labour, and R, be the analogous rentals rate. We use the
nopmalization that 7, = 1; hence, P, /P, ;3% 4 commodity’s own rate of
miterest, and P, /P, | 1s the cument price of an investment good.



A firm's accounting profts at tme rare 1L, ()= P, Q, (3~ RK,  {f} ~
WL, . (/3. In each period, a firm takes prices as given and chooses mputs 10
nusimize profits. Of course, since cach production functon is linearly
homaogenecds, a finm’s accounting profis are the rents that accrue 10 1{s use
of clean air. Since there s a contimaum of {irms, shatting down any one firm
will entail a complete capital Toss for #s owners bul will have no effect on
aggregate polheion.

The value of a firm in sector it theend of tme 138 V,, () = E RSN

Fe=f

where we have imposed a ‘po-bubbles” condition op the asset markets. Thus
a firmy’s equity is equal to the present valoe of the resis it geserates from the
pollution it creates, Shares are sold ex dividend, and the present value of a
firm’'s equity satisfies ¥V, (Y =V, (73 # T%,, (7). the familiar condition that
a share of stock Is worth the present valne of the sum of dividends and
expected capital gains. Thus, profit maximization in cach period is equivalent
1o choosing a production plan that maximizes the value of equily al each point
i time, taking the use of clean aw as given.

etV :j V. diir-bﬂ' the pms&ut value of the equii}; in i;}dustr}ri gl 2}.

W L for £ > 0. Agent O has incomge accruing from the awncrshi;‘: {}f the initial
capital stock and the economy's stock of eguity. Any other sgent commands
the discoumed valve of labour income. Taking prices as given, cach chooses
# copsumption plan and asset holdings sobject to his present-value wealth
constraint. He uses claims on capital and shares of equity as stores {::f value
to finance consamption i the final period of his lfe.

Let (3, = = Q) (2. ; (j) dp;. Then, taking each firmm’s pollution profile as given,
a perfect foresight laisser—faire equlibrinm is a list of prices and correspond-
g aggregate guantities

{{Pr,! ' I}F,ﬁ’ R }E LE: and {{QI,E! Qr,ﬁ)}a;u!

satisfying six condittons, First, each consumer chooses asset holdings and a
consatnption profile to maximize vtlity, aking as exogenous (he steeam of
pollution he faces doring his 1ife. Second, frms magimize profits petod by
period, agsin taking their use of clean air as given, Third, the economy’s
resOurce constiaints are satisfied, Fourth, materials balances hold. Fifih, asset
markets ciear. Sixth, the initial stock of capital and ownership of equity 18
given.

The definition of a Iaissex-Taire eguilibrivm takes as given an arbitrary
pattern of pollugon amang all firms, This pattern matters hecause it does not
assume (hat clean air is rationed efficiently. We will show below (hat the
asymptotic share of pollution in the investmen? SeCiOr 18 2610 in a growing
economy, Hence, the long-run behaviowr of such an economy is influenced
largely by the use of clean air in the consumption seclorn. We now furn our



atlention to how the growth rate of the economy is affected when claims 1o
clean aiy have been allocated implcily through the ownership of firm equity.

3. PROPERTIES OF THE LAISSEZ-FAIRE EQUILIBRIUM

First, we state a result descobing the asymptosic share of pollution in the
investrnent sector,

Proposition I i the sapply of clean air is bounded, then the economy exhibits
sustained growth only if the asymptotic share of pollution in the investment
SECTOT 38 ZEr0.

FProof: See the Appendix for the proof.

Rebelo (1991) and Fisher (1992) have argued that it is appropriate to think
of the investment sector as the engine of growth for this economy. I the
amount of pollution that the economy can sustain is bounded, then it is
necessary for that engine to be green. The same conclasion, however, may not
be true in the consumption sector. where the asymptotic share of poHution
may be greater than zor0,

Since capital must be strongly productive” for this economy 10 grow, we
will assurne henceforth that Eim& s 2o aF, (K, Lo S, M0K, , =T > 1,
The asymptone marginal product of capital is mdependent of the Iabour force
and the supply of clean air because both are bounded by asswmption. In
equilibrium P, ,/P,,, ; 15 the margmal rate of transformation of cusrent into
future capital. This assumption sboui the second sector implies that
iRy e Py ofPy 0 = T in s growing cconomy. Alse, in such an economy
fim, .. P,o/P,; = 0. Our assumption sbout production in the investment
sector 1 necessary for growth, but it is not sufficienl. We need to describe the
agents’ savings decisions more fully.

Tothatend, letus define 1 + 4§, = P, /P, , ;. the only relative price that
matters [or savings, Then the consumer’s decisions are summarized by a
fanction o’ (¥', £, -8, =S,,;), where savings depend upon income, the rea
interest rale, and the apgregate profile of covironmental degradation facing
t > §. Equilibriem in the market for the investment good is expressed by

Y
ﬂr (Wﬂ[‘! fwi! '"Sr! _S:H) = Pr,zxmi + 2 Vr+},¢' {}}
i=3

which states that agents must use claims on capital and firms’ shares a8 stores
of value. Equation {17 states that agent ¢ > 0 acquires foll ownership of both
firms at the end of the first period of his Iife,

Now consider a balanced growth path, Since heterogeneous savings
decisions will surely complicate the analysis, we will impose that these
generattons have identical preferences and drop the superscript modifying the



savings function. Then {1) implies that sech a balanced path is characterized
by an mcreasing aggregate capital stock with constant physical shares
sllocated to each sector. The gross rate of growth of the physical capital stock
B =K K

Since the production functions for the (wo sectors are different, they may
have Jisparate physical rates of growth, But, on a balanced path, the relative
price of the investment good offsats this differential. The consumption sector
grows ot the rate Hm, . Q.. /0, ; = &, which depends upon the rate of
accinulation of capital and the profile of polhstion abatement. Since Hm,
Poya K /P2 K = GIF and the marginal propensify to save is constant,
equation {1} describes balanced growth ondy o bm, P, /P, | = I'G,/G.
Henee, 1 + { = I'G/G 15 the real interest rate, and the value shares of
consmption and mvestment i pational income are constant.

Also, we will assume that the asymptotic shares of capital, labour and clean
air in the first sector are all well defined. Lot these shares be B, ., 6, , and @ 4
respectively. They may depend upen the pollution per worker generated by
that sector, but postlating that they are well defined is largely eguivalent o
assuiming that the pollation genersted by the consumption sector displays no
cycies and that the production function in that sector is otherwise weil
behaved.

Finaly, since we are inlerested in studying balanced growth paths, it seems
muocuoss epough to assume the marginal propensity to save from permanent
HWOMme converges 1o a constant. We will allow this rate to depend upon the
entire profile of environmental degradation that the economy faces. Recalling
that the long-run real interest rate is & constant and that each agent's
permanent income is the present valoe of his wage bill, we can define: lim,_,
Al Wl £ -8, -8, WLz o i, -8}, the asymptotic marginal propensity
w0 save, Using (1) and noting that a balanced path is characterized by constant
physical shares of capital in both sectors, we can solve for the growih rate of
the capital stock

Gor 8, , 0,0, -5 "
B+ 8,000 -5y + 8, ¢

Now we state the foilowing,

Fraposition 2. Assume that the long-ran marginal propensity o save is not
decreasing in the interest rate, Then a unique Jaissez-faire equilibrium exists,
and the growth rate of capital is describad by (23,

Progf: See the Appendix for the proof,

Along 2 balanced growth path the physical share of capital devoted 1o the
first sector is constant; then logarithmic differentiation of F (K, L. ,. §,,)



shows that its growlh depends positively upon the econormy s rate of capital
accumuiation and negatively upon the rate of pellution abatement in the first
seetor. Thus, the utility of a representative generation can become arbilrarily
large i both G > | and the effects of environmental degradation on ntility are
not oo deleterious. For any growth rates of the capital swock and (he
conswaption sector, the real interest rate adjusts so that (2) holds.

We conclude this section with the observation that 2 laissez-faire equilib-
rium may not support Pareto optimal allecations, Consider the static
eHiciency criternon

¢
- @t achyT w08, = B, 1S,
LIS
Since the amount of clean air used by cach firm is arbitrary, this equation may
not hold. Ag long as the total marginal disiility of polhsion is great enongh,
people will be willing to give up consumption uni the shadow value of clean
air m production is safficiently high. We have just shown the following,

FProposition 3: 1n a laissez-faire equilibrinm, the ecopomy may not support
Pareto optimal allocations.

4. POLLITION TAXES AND ECONOMIC GROWTH

A market for pollution rights is imssing in this economy. Since fixed amounts
of pollution are created by each firm, such rights fall by default 1o their
cowners. Thus, frms shares have positive value, and {1} shows that they
crowd oot mvestraent. A conventional market for pollation rights cannot exist
because clean air is a pure public good. Thus, there is a compelling case for
& Pigouvian pollution tas,

Consider a pollution fee whose present price is A, Then

T
AP, = 5 (Qu" i3ty DS, = oF /195, (3)
frmg—]

describes the slatic optimality enterion for this shadow valae, Eguaton (33
states that a Pigouvian tax eguates the maginal willingness to pay for
pollution abatement and the marginat product of clean air

If pollution abatement is a huxury, then (3) states that the currenl value of
clean air rises, i agents’ uiility fanctions arc separable in clean air and
consunption, then (3} deseribes a simple ke for the imposition of the
Pigouvian pollution tax. The pollution tax 18 Ingh when the marginal disutility
of poliution is high. ¥ pollolion is pecessary in the production of the
consumption good, then the marginal product of clean air and the pollution
tax will become arbitranily Jarge.

Consider a govemment imposing pollution taxes {A) 7. Now finn



Fefdlmsector ief{l2thasrents 15, (= P04y - RK () - WL,
{51y — A5, (7). Smce the input of clean air is priced explicitly, it is chosen
endogenonsly by the firrn. Since each sector exhibils constant relurns 10 scale,
any Hrm pow earns zero profits in equilibrivrn. Hence, the aggregate value of
firm cquity is zero. Also, the choice of nputs that masimize profits 1s
independent of the type of firm, and there is an immediate increase in the cutput
of both sectors a8 firms switch to prodoction fechniques where all inputs are
chosen on the intensive margin. Thus, introducing pollution taxes inereases the
tevel of gross national product becanse i rations clean air efficiently.

Again, a perfect foresipht equilibrium 15 a Hst of prices and taxes and
ageregae guaniities

P Fra WoRLADE L, and {{Qr.;*Quz}ﬁm

satisfying six conditions apalogous to those describing the laissez-faire
equifibrinm, The only dfference is that firms do oot take their use of clean
alr as given exogenopsly; instead the use of clean air i determined
endogenously by the firms” profit maximixa;ion decisions,

Since firms now earn no profits, Y V... = 0 m each pentod. Thas, the

fu b

analogue of (11 is now o (WL, 7., =S, —S,.1 ) = P, . K,,,, and a given profile
of real income and environmental degradation allows more of the reproduci-
ble factor o be accumulated in cach period. Alse, the logic leading Lo (2D
shows that the Pigouvian tax increases the economy’s rate of growth most
dramaticatly if the asymptotic share of potlation is large. The Pigouvian taxes
hurt the owners of firms, but may benefit both current and future consumers.
They beneflt future consumers in two ways. First, they increase the rate of
accumnulation of capital and thus the future real wage. Second, they induce an
efficient amount of pollution in each period. Thus, polution taxes can indeed
yield 4 double dividend.

In the preceding paragraph, we assumed imphcitly that these taxes simply
crealed a4 swplus for the government budget, Thas, the Pigowvian taxes
sssentially usurp the value of the equity owned by the ongina] generation, Of
course, the impesition of these taxes s not necessarily a Pareto improvement
since it may decrease the utility of this generation. However, there may be a
seH-financing sequence of lump-sum taxes that cnables the govemment (o
anplement a Pareto improvement.

We will show how 1o derive such a sequence. Consider an arbitrary
distribution of clean air and a corresponding laissez-faire eguilibrivsn {(P, ;.
P W R and (40, Q0015 Leta® = ufch, Sy and o = (¢,
Crops =5y =S4 ) if + > 0, where (hese wility functions are evaluated at the
cquilibrinm allocations and the given profile of environmental degradation.
Since iabm]r is supphied inelastically, the expenditure function for agemt
i>fis
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This is the minimal amount of money that agent ¢ = { seeds {0 achieve utility
!
o

Now let {a"}%,q describe the profile of utiliies in a benchmark laissez-

faire equilibrium. Recali that ¥” is the %reseni value of an agent’s income.

Then the sequence {t'17_, is defined by’
T "'"?{‘Ffi" ME.!*"“SUWSHE*G}MM? )

We are looking for a seguence of compensating hurmp-surmn translers such thal
10 agend would object to leaving the laissez-fair equilibrivm with the
appropriate compensstion. These lump-sum taxes and wansfers do not
comespond 1o halanced budgets in every generation, Instead, they entail
runing generational defictls w compensatwe those hurt by the Pigouvian taxes
and using the surpluses generated by the pollution taxes to service the interest
burden on the national debt. 'This deficit crowds out growth, but i is less than
the value of firms’ shares i their owners are willing 10 pay for pollution
abalement.

The miormational requirements needed 1o mmplement this policy are
formidable, but a good rule of thumb for the government is: (1) impose a
big wx on pollution when society’s willingness to pay for poilution
abaternent is high; and {2) compensate the owners of firms for any capital
losses that these pollntion taxes entail. This techaigue is already in use! It
s now commmonplace m the United States to charge households mmargina
cost for solid waste disposal and also to compensate land-owners for capita
osses i a now landfll is located near the site of thelr propesty. These policies
can yield a double dmécnd they help abate polhation and increase economic
growth.

5. A SIMPLE EXAMPLE

This section gives a sampie parametric qpae;ﬁmtnm of t’nL mmie] We assurme
the ui:iat}f functions u {cg, $y = loge'| — w8, and w'{el, €l ,, $) = (1 - 0)
(oge!l — ES Y + elloge,,, — ¢S, ,} for agent ¢ 2 1. The parameier 0 < o < |
denotes the marginal propensity fo save from permanent income. The
important aspect of this vtility function is that the marginal willingness 1o pay
for pollution absternent can be determined n 4 Sil‘ﬂp}L way. ® Also, SEVINE por
worker satishies a(W,, 7,,, -5, -3,,,) = oW, We impose Cobb-Douglas
production functions, with capital’s share being unity in the investment gonds
sector. These asspmptions aboul preferences, production, and pollation s
such that the economy is on a balanced path from is first period, and ity
asymptotic properties describe the actial egodlibrium.

Using the atility function and the production function for the hrst seoid,



We St‘:f: that the rule for the pricing of the pellation tax 8 AJP, 1;154

Eep = 8, @, /5, where all the economy’s pollution oceuts in {iIC first sector.
(i 4 halanced path, the terms in this equation grow at the rate G 1 ; thus the
profile of pollution 1s constant. The poBution (ax rises af the same rate as the

real wage.
Of course, the pollution tax now imphes that V,_, = 8 for all + + 1. The
o
algebra leading (o (2) shows that the growth rate pow s G =T S S—

an increase from the rate in a Iaissez-faire equilibrivm. In dedving this growth
rate, we used the fact that the government bas a mrplm of 8, 47, ,, the entire
revenane of the poliution tax in each period, Since & J"Q; i = 8 g+ 08, , and

Y I ~0)8, , onabalanced path, we may wnciﬁdﬁ" the constant amound
of pollution is § = 8, 5!111;{9, xF G‘E] o)+ E(E — o}, L Thus, steady-state
pollution is decreasing in society’s marginal willingness to pay for its
abatement.

Droes the npew growth trgjectory represent 4 Parelo im;&r:}vement’? ina
faissez-faire equilibrivom, outpust of the c::rm:xmpimn sector is J, , = [{8, , +

G MWD, .+ 8, o+ b, L}}ﬂ] X G] 8 LS L here we are ASSUENING AN
wlentical distnbution of pﬂiiuhﬂﬂ among the farm*& in the firgt sector In the
equiibrivm waih the Pigouvian tax and a govermnent surpius, the analogous
cutput is 0, , = [8, A8, . + 00, 07K K7 3 1P Shere again § i
the optimal constant level of pollution. Since the 2&155{32 faire level of
poliation was arbitrary, this difference can represent an increase of decrease
in the outpul of the first sector. 1f the level of polletion 1s unchanged, outpot
rrest decrease, since fewer resources are devored 1o current consumption and
more to investment. Of course, if the original equilibrivm had an ineffcient
distribution of pollution among firms, output may rise onace the Pigouvian tax
Is in place, even if the aggregate pollation is curtailed.

Using the utility of the representative agent in the origing] generation,
the production function in the first scctor, and the fact that ¢ = (B, . +
8,5 + 00, 30, in a laissez-faire eqailibrium, we can infer thal du®/ds,
= &, /8, ~ . Thus, if the laissez-faire equilibrium had, relatively, a lot of
pollation, the original peneration’s wtility is moreasing in pollution
abatement. Hence, 2 sufficient condition for unproving the welfare of the
original generation is that s marginal willingness t0 pay for pollution
abaterment in the laissez-faire equilibrium must be high. Finally, we note
that this mndx%nn dim suffmes for the welfare of every generation to risc,
stce ¢ P OF course, the parameter ' must be sufficiently
large so thal an ini{m‘i {fm;te} string of generations prefer the equibbriom
with lower pollution and higher investment. _

What about an equilibrium with national debt? The pricing of the pollution
tax is exactly as in the example with the govermnment surpius, and again the



polhution lax implies that ¥V, = 0 for all £+ 1. Consider first the case where
all firms are identical and are producing the optimal level of pollition S, Then
the laissez-faire equilibrnmm was ﬁiready Pareto optimal, and moviag 1o the
Pigouvian equilibiiom entails o merease 0 the static cfﬂcmnc}f of the
economy. In this case, we set 10 e V, for the initial peneration and ' = § for
every other agent 7 >, Thus, the Eqmiibnnm with national debt replicates the
ortginal (efficient) laissez-faire cguilibrium. Firms in the ecopomy use thest
erstwhile dividends 1o pay the new pollution tax, the government uses these
revenues 1o amortize the national debt, and government boads serve the same
role as a store of value as did fion eguity in the original equilibrism,

Now consider sn economy in which half the consumption firms create no
pollution and the other half created 25, Of course, the firms that do not polhite
wonild not be profitable, and their decisions on the exiensive margin would
keep them out of business. In the equilibriom with a pollution tax, new firms
enter the first sector and output expands there. Since the aggregate amount of
pollndion is vachanged, it satisfics the optimahiy criterion, but there is an
immediate increase in ocutput and no resources arg drawri away from the
investrment HL{Z'{{}I' This gain allows the government to set 1° < V|, and again
it can pot 17 = 0 for every other agent ¢ > (. Hence, there is Tess national debt
and an icipient increase in the growth rate, benefiting all current and future
generations. Again firms in the economy use their former dividends to pay the
pollution tax, and claims against the national debt have a competitive return,
But, on a balapced growth path, the present value of the pollution faxes is
G @, A ~ G}, which is greater than V, and is also increasing in the
grovwth rate, Since the pollution tax creates an incipient rise in growth, the
government can amorize the national debtn finitely many periods! Then, the
economy will be on a balanced growth path described by the case where it
runs perpetual sorpluses. Mence, the same sufficient conditions for a Pareto
improvement hold mn this case,

We have demonstrated that it is sufficient that the owners of fisms have s high
marginat willingness to pay for pollntion abatement For the equilibrivm with 2
Pigouvian tax 1o effect a Pareto unprovement. Also, even if the aggregate
amount of pollution is not excessive, the pellution tax will cause a Pareto
improvement if there is an inittally inefficient distribution of production. Hence
we conclade that a pollution tag canincrease growth, finance part of the national
debt, and improve the welfare of every generation in the economy.

6. CONCLUSIONS

We have described a model with endogenous growth where the environment
15 a pure public good that is used as a pnvate input into production. in a
Imssez-faire equilibrivm, the owners of firms reap rents hat are the entire
present value of the stream of pollutzon that their firms generate. Even thoogh
there is po technological progress, this cconomy can exhibi sustained growih



if the arginal propensity to save is high and if these rents do not represent
a# Jarge share of patonal income. W is also necessary that the asymptotic share
of pollution in the invesimen! goods sector be zero. This sector reprasents, in
a broad sense, & reproducible factor of production whose private and social
rates of retnrn are equal. One need pot think of the investment secior as heavy
Indusiny.

Any pollution tax increases the rate of cconomic growth and the current
level of output because i dissipates the rents that ¢rowd out the accumulation
of capital and rations the wse of clean air efficiently, A poliugion tax will lower
the wetfare of the owners of firms, so that there may be a peed o compensale
thent. Deciding on the correct profile of Pigouvian taxes is quite a daunting
task because it engails jndging the marging] benefit of poliution abatement for
gach agent of infinitely many generations. I a suitable policy can be
implemented, it entails an intaitive profile of national debt the government
runs a deficit to compensate the carrent owners of irms and amortizes the
national debt from the future receipts of pollution 1axes. Hence, an economy
can grow and sl be green, and M8 government can compensate those whe
suffer from poliution taxes, Such a policy need not increase the present value
of the national debt i it 15 implemented appropriately.
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APPENDIX

Proof of Propesision 1. Since the supplies of both clean air and labour are
hounded, the ecopomy displays sustained growth only if there is an £ > O such
that

Fre<k /K= !FE{Kr,E{f)s fu;,z{f}s S:,E{Ji}} du,/K,
Leming K, ;= f K, o47) dy, and using the fact that K, 5 K, we may infer
l+e< -E K UHFAE AL LGS, ANVK, (P du/K,

where now we are integrating over the sef of firms that ase strictly positive
amounts of capital. The torm in square brackets is the average product of



capital, and 1 is decreasing in the stock of capital. Using L'Hopial’s rule and
tetting Himy, . 0F (K, 5, Ly 5, S, 000K, , =T, we have

pre<t K () duy/K, =T

The result then follows from the linear homogeneity of the production
function, This completes the proof,

Proof of Proposition 21 Let the shares in the firs{ sector be 6, ., 8, and 0, ,
a3 in the text. We can now calculate the limiting valae of equity on a balanced

path. Since G < I, thus ¥ P,,K,, is bounded Bwt then {V, 17,

I
converges 1o zero at a faster rate than the other terms {1} because Lhe
asymptotic share of pollution 1 the nvestment goods sector is zero, Also,

since 1+ f =G, TG Y P2, is bounded too. Then the recursive formula
i=
for the present priceF of equity implies that lim,_, V., ,/F 0, =
B, G- G,
We can now calculate the growth rate smplicitly. Rewrite the left-hand side
of (1yas W Lo{W,L, . -5, =5, ¥ W L. Since the labour force is fixed, the
savings function satisfes

Hmr—mq- G{Wf"{ﬂ 'EH.; H ““S;, “’SH_! :l.l'rWrL m GY{E! S}

where we have used L HoOpital's rule. Also, we use the fact that the limiting
present valve of the wage hill is zero and we are allowmg this function to
depend upon the entire profife of pollution. Then (1) impiies that

B, 0l 5= {0, G+ 8, JGHWI -G} (A1)

which describes the growth rate of the capital stock impHeitly, The right-hand
side of {A1} is & mopotonically increasing function of G. ity greatest lower
bouml is €, and it has no apper bound as (7 tends towards the maximal feasible
growth raie I, Also, as long as higher interest rates do not decrease savings
for any &, the left-hand skde of (A1) does not inorease 1n &, since | + § =
(7, T/€7 and the physical shares of capital in each sector are constant on a
balanced path. This completes the proof.

NOTES

E This result stands in condrast 10 the work of Bovenberg and de Moodp {1994), whe
argue thal pothntion mxes tvpically exacerbate static eoonomic tistortions, and to that
of van der Ploeg and Withapen (1991), who find that concern for the environment
towers omiput i a waditional neackasstoa) growth model

2 This i the termipology of Gale and Sutherland {19650 It entails that the investinent
sectar is boik Huear homnogeneous and displayvs a sufficiently lgh marginal efficency
of investinent so that the cconomy's capital stock may become arbitrarily larpe,

3 This tax is qusite sindiar o that deseribed i Diamand (F9733



The fupction for agent {35 analogous.

Of course, the expression for sgenmt 03 1% =% (P, . 8,, % - 77

& Ao, since this fonction 35 separable, the profile of pollution toses avoids the dyeamic
eryopie that Serotz ( F956) deseribes for more general preferences.

i g
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