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- Summary

This dissertation consists of five self-contained chapters on fiscal policy within a

two sector endpgenously growing economy. The main focus of the dissertation is on

educational and environmental issues and in particular on the optimal subsidy to ed-

ucation and the optimal environmental policy. The frameworks, which are used to

ihvestigate these issues, are all extensions of the Uzawa-Lucas model of endogenous
growth. Chapter 1 and 2 investigate the effects of factor income taxation and subsi-
dization of educational effort, whereas Chapter 3,4 and 5 investigate the transitional
dynamics and the long run effects of environmental policy. ) -

The first chapter examines the effects of factor income taxation and subsidization
of educational effort in a two sector model of endogenous growth. There is an educa-
tion externality in the final goods sector and a public input in the education sector.
The main result is that labor income taxation as well as subsidization of educational
effort have positive effects on the balanced growth rate in the market economy, ceteris
paribus. Furthérmore, the optimal subsidy rate is unambiguously positive when there
are substitution possibilities between public- and private input factors in education.
Labor income §hould be taxed at a lower rate than capital income as long as there is a
positive education extefnality in final goods production. The bigger the externality is,
the bigger is the difference bety(r"een the two tax rates. Finally, welfare maximization is
not equivalent}to growth maximization. In fact, it is only welfare improving to increase
the labor incoine tax and the subsidy to educational effort as long as they are smaller
than their optimal levels.

Ji

The secon(& chapter analyzes the effects of a training leave benefit in a two sec-
tor model of endogenous growth, where unemployment is created by the existence of
monopoly labor unions. There is a final goods sector and an education sector that
provides the facilities to upgrade the skills of the labor force. The main result is that
it is optimal o charge a tuition fee instead of giving a benefit in an economy with
involuntary unemployment caused by monopoly labor unions. Furthermore, it is only
welfare improving to undertake growth enhancing measures as long as the tuition fee is
bigger than its optimal level. Moreover, an increase in the training leave benefit leads
to a higher rate of balanced growth and at the same time.to a lower rate of unemploy-

ment. Finallyj an increase in the training leave benefit leads to the same transitional



dynamics in the consumption—capital and the capital-labor ratio as an increase in the

labor income tax, but the latter has a negative growth rate effect.

i
|
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The: ithzrd chapter analyses the effects of env1ronmenta1 policy within a two sector

endogenously growing economy with pollution. Pollution is either generated by pro-

duction lor by the use of physical capital in production, and can be reduced by public

abatement activities. In this generalized Uzawa-Lucas model, the effects of fiscal policy
are derived for all core variables and ratios. In addition, the optimal taxation rules are
derived: If a pollution tax is not available it turns out that a first best solution may be
reached! by use of factor income taxation. Additionally, the effects and the possibility
of environmental policy are complemented for a small open economy.

Thel | fourth chapter simulates the transition path of environmental policy within the
two sector endogenous growth model, which was developed and analyzed theoretically
in Chapter 3. The policy change is either implemented suddenly, previously announced,
or gradually. From a strict welfare point of view, the best policy is the unannounced
policy scheme, but in our point of v1ew the best policy recommendation is a gradual
policy Scheme Firstly, it stretches out the adjustment process and secondly the asso-
ciated welfare loss in comparison with an unannounced policy is negligible. Another
main szult is that all of the environmental policy schemes only lead to a reduction
of the long term growth rate from 2% to 1.98%, when .the abatement-output ratio
doubles from 1.6% to 3.2%. Qualitative and quantitative results are robust to most
pammeter changes. However, transitional dynamics are sensitive to changes in the

~ shares of physical capital in production and education.

\

’I‘he ﬁfth chapter investigates the effects of an emission standard and taxation within
a two sector endogenous growth model with pollution. There are two regimes char-
acterized by a non~binding and a binding emission standard, respectively. The main
result is that sustained growth s possible, when environmental concerns are taken into
account. Furthermore, the outcome of a decentralized economy is inefficient, A capital
income tax or a pollution tax is therefore required to reachra first best outcome. If
the capital income tax is unavailable as an instrument, then the optimal pollution tax
equals the optimal marginal damage of pollution. However, the optimal pollution tax
may be below its Pigouvian level, when the optimal capital income tax is high, since a

tax on capital income works as an indirect tax on pollution.

Optimal Taxation in a Two Sector Model of
Endogenous Growth*

Minna Selene Svanef
‘Economic Policy Research Unit
University of Copenhagen
DENMARK

December 8, 1998

Abstract

This paper examines the effects of factor income taxation and subsidization
of educa}':ional effort in a two sector model of endogenous growth. There is an
educatio? externality in the final goods sector and a public input in the education
sector. The main result is that labor income taxation as well as subsidization
of educational effort have ‘positive effects on the balanced growth rate in the
market ei‘conomy,' ceteris paribus. Furthermore, the optimal subsidy rate is un-
amblguohsly positive when there are substitution possibilities between public
and priv e input factors in education. Labor income should be taxed at a lower
rate than capital income as long as there is a positive education externality in
final goods production. The blgger the externality is, the bigger is the difference
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1, Introduction

~ This paper analyzes the effects of factor income taxation and subsidization of educa-

tional effort in a two sector model of endogenous growth with public investment in
educatlon and a positive education externality in final goods production.

The relevance of such an analysis is supported by three recent empirical papers.

Firstly, |[4] Mendoza, Milesi-Ferretti & Asea (1995) show that there are significanit
neggitivé, investment effects from factor income taxation and that these are consistent
with small negative growth rate effects. Secondly, [2] Hansson & Henrekson (1994) show
that educational expenditure by the government has a positive effect on productivity

» growth,j while for instance government transfers and consumption have negative growth

rate effects. Thirdly, [1} Barro & Sala—i-Martin (1995) undertake an empirical analysis
of a crcéss section of 87 countries and also find that public spending on education has
a positive effect on the growth rate. i

The present paper is inspired by four papers, namely [7], [6] Roubini & Milesi-
Ferretti (1994a, b), [5] Pecorino (1993) and [9] S¢rensen (1993). The first three papers

present, models that deal with optimal taxation in endogenous growth models, where -

the taxE revenue is redistributed lump sum to consumers. The last paper presents a
model, Which incorporates government spending on education and training. Thus in
contras# to the first three papers, the [9] Sgrensen (1993) model uses the tax revenue
for a pﬁ'oductive purpose.

The first three papers reach different conclusions about the growth maximizing
tax_stricture. The [7], [6] Roubini & Milesi-Ferretti (1994a, b) models have three
sectors; a final goods sector that producés both cbnsumption goods and capital goods;
an edudation sector; and a leisure sector. With respect to the latter sector, the authors
conside:r different models of leisure, namely home production, leisure as quality time

and no! leisure at all. They assume that factor income only arises in the final goods
sector, which implies that the optimal taxation rule is to set the capital income tax
equal to the labor income tax in a version of their model with no leisure and a balanced
governr:nent budget. The reason behind this result is that the sectorial allocation of
factors lis unaffected by taxation as long as both input factors are taxed at a common
rate. The only implication of a comprehensive tax is that’the interest rate is reduced
by one minus the tax rate and that the growth rate is reduced by the fall in the interest
rate multiplied by the intertemporal elasticity of substitution. The [5] Pecorino (1993)

model also has three sectors; a consumption good sector; a physical capital sector; and .

an education sector. But in contrast to Roubini & Milesi-Ferretti he assumes that

2

production in all three sectors give rise to factor income. As a consequence, the factor
income from all three sectors is taxed. The implication of this assumption is that

“the optlmal capital income tax is different from the optimal labor income tax except

when the factor intensity in the two capital goods sectors as a whole equals the factor
mtensﬂ:y in the consumption good sector, Thus, the optimal taxation rule given a
balanced budget in the Pecorino (1993) model depends on the relative factor intensity

“in the three sectors. Thus, a critical assumption is whether factor income arises in all -

three sectors of just in the final goods sector. Both the [5] Pecorino (1993) model and

* the [7], [6] Roubxm & Milesi-Ferretti (1994a,b) models assume that the government
. has to raise a.revenue in order to finance a lump sum transfer to consumers. As

a consequence, factor income taxes neither have to correct a market failure nor an
externality in any of these models.

The [9) Serensen model has two sectors; a final goods sector and an education sector.
As‘in the Roubini & Milesi-Ferretti models, factor income is assumed only to arise in
the final goods sector. -Compared with the other three models, the Sgrensen model
assumes that the raised tax revenue is used to finance a public input in education,
which is a plausible reason for introducing factor income taxation. Thus, the optimal
capital income'tax equals the fraction of output which is used on public expendlture on
education. Fulthermore, the optimal labor income tax depends on the subsidy given
to educational effort and is consequenﬂy different from the optimal capital income tax.
Finally, the o ltimal subsidy to"human capital investment.in education can either be
positive or negative,in the Sgrensen model. Unfortunately, these results depend to a
large extent oh the specification of the production function in the education sector, .
which is assunied to be of the Leontief form with complementarity between the public
and the prlvat‘e input in education.

The model presented in this paper is an extended version of the Uzawa-Lucas
model' of a closed econiomy which allows for productive use of the collected tax rev-
enue. Several assumptions are made. First, the representative household is assumed
to allocate its‘::entire time between work and education, which means that there is no
labor-leisure cihoice in ﬁhe model. Second, the government is assumed to be restricted
in its ability t6 borrow and lend, which means that the government budget is balanced
every period. Third, factor income is assumed only to arise in the final goods sec-

tor, because the human capital input in education usually is left untaxed. Fourth, a

1The reproducible input factors ~ human and physical capital - are used in the final goods sector,

whereas the education sector only uses human capital as an input factor, see (3] Lucas (1988).



positive externality due to the level of education is assumed to be present in the final

goods sector. Fifth, the tax revenue is used to finance a public input in education and

a subsidy to human capital investment in education.

{In'a large part of the theoretical literature on optimal taxation in endogenous growth
models, the tax revenue is redistributed lump sum to consumers, see (7], [6] Roubini

|

. & Milesi-Ferretti (1994a, b) and [5] Pecorino (1993). However, this paper presents a
) mo:del,j where the obtained tax revenue is used productively, namely to finance a public

input in education and a subsidy to human capital investment in education. Thus,

" this pé,per considers the case where government spending affects the productivity of

the education sector, whereas previous models typically restrict government spending
to be fan input in the final goods sector.? In addition, the paper allows for a broader
set of tax instruments, namely a subsidy to educational effort in addition to factor
incoméé taxation. Finally, the paper extends the Sprensen (1993) model by allowing for
substi?ution possibilities between the public and private input in education.

Thﬁe major conclusions to be drawn are firstly that the growth rate in the market
economy is higher when the opportunity cost of education is lower, namely the higher
the subsidy rate to educational effort is and the higher the labor income tax rate is.
In adéition, capital income taxation has no effect on the growth rate in the steady
state. lSecondly, the optimal subsidy rate is unambiguously positive when the public
and prlvate input factors in education are substitutable. Thirdly, human capital grows
at a slower pace in the steady state than physical capital as long as there is an educa-
tion e%temahty in the final goods sector. Finally, labor income should be taxed at a
lower tate than capital income when there is a positive spillover from the average skill
level to final goods production. Recall that the optimal taxation rule in the Roubini
& Milgsi—Ferretti models is to set the rate of capital income taxation equal to the rate
of laer income taxation.

| ;
The basic model is presented in Section 2. Section 3 and 4 derive the balanced
growth equilibrium in a centrally planned economy and in a decentralized economy,
respeeltively Section 5 finds the optimal tax—subsidy structure and Section 6 con-
cludeJ the paper. The Appendix analyzes an eqmvalent model Where human capital

is assumed to give rise to income in the education sector.

2See for instance [1] Barro and Sala-i-Martin (1995), p. 158-159.

2. The Model

- This'section presqhts a two sector endogenous growth model of a closed economy. The

production side of the economy consists of a large number of identical and perfectly
competitive firms. A final goods sector produces consumption goods and physical
capital, while an education sector produces human capital. Human capital is assumed -

" to be embodied in people and is consequently a pri\}ate good, which is both rival -

and excludable. ‘The final goods sector uses physical capital and human ca'pital as
input factors, while the education sector uses human capital and a congested public
good. Human capital is assumed to move freely between the two sectors within each’

“period and there is a positive spillover from the average level of human capital to the

production of final goods. - The government is assumed to tax factor income in order to
finance the public input in education and a subsidy to educational effort. Moreover, the
government is assumed to balance its budget 'every period such that total tax revenue -
equals total government expenditure. The consumption side of the economy consists
of 'a 'large number of identical infinitely lived households that own the input factors
and rent them out to firms. Households are asst}med to choose consumption and the

allocation of hitman capital between sectors in order to maximize their life time utility.

2.1. The Finil Goods Sector

Firm ¢ producl‘as final goods lg,,;'“by use of both physical and human capital according
to the following Cobb-Douglas production function:

i ‘ Vg = AKS (wH,)' ™ Hy (2.1)

where 0 < @ < 1 is the exogenous physical capital share, & > 0 reflects a positive
extérnality in ?roductidn that arises from the work force’s average level of education
H,, which firms do not take into account, A is a productivity parameter, K; (Hy)
is the stock of physical capital (human capital), and 0 < 4, < 1 is the fraction of
human capital that is devoted to the production of final goods. Throughout the paper,-
depreciation of the physical capital stock is neglected for expositional convenience.
Note that duel‘ito the presence of the positive education externality, there are constant
returns to scale at the firm level, but increasing returns to scale & la Marshall at the
aggregate level. Since all firms are identical, the subscripts 4 may be dropped in the
following.

In order to produce final goods, firms rent physical capital from households at the
interest rate m and hire human capital at the wage rate w;. Firms are assumed to

5
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maximize their profits:

uH\ o .
| re=aA ( ;Q‘) H (22)
| . K, a .
I w = (1-a)A (LT;) HE (2.3)

Acco'rdirllg to equation (2.2) and (2.3) profits are maximized, when the marginal cost of
each‘ factor equals its marginal product. Both factor rewards are seen to increase with
the s1ze ,of the education externality. Note that the private return to human capital

s lower 'than its social return, since firms do not take the positive human capital

externality into account. Thus, the smaller the labor share in final goods production

“and the greater the education externality, the bigger is the difference between the

private and the social return to human capital.

2.2, Tl;e Education Sector -
i .

Produc‘éion in the education sector is assumed to use two kinds of input factors. These
factors are respectively human capital representing students’ time?® and a public good
representing buildings and professors. The public good is congested in the sense that
it has t0 increase relative to total output in order to raise the level productivity in
education.

In tins paper, the production technology in education is assumed to be of the
Uzawa—Lucas type with constant returns to human capital, Furthermore, the produc-
tion fuﬁction assumes that there is a certain degree of substitutability between the
effective labor input u;F; and the public input I';.° This implies that a small effective
labor input, e.g. less qualified students, and a large public input, e.g. a large number
of profeissors lead to the same accumulation of human capital'as would a large effective
labor input, e.g. well qualified students, and a small public input.

The|production technology in the education sector is given by the following func-
tion:®

= B(1—w) HT (G‘) (24)
i Y
3Recall that human capital is embodied in human beings and therefore is both rival and excludable,
“The public sector is assumed to rent the services from school byildifigs, which implies that the

public good in this paper is a flow variable. Some authors have looked at the role of a public good as

a stock variable, see e.g. [10] Turnovsky (1996).

E‘Reca.yll that the public and private input factors in education are complements in the [9] Sgrensen
model. | )
8The [3] Lucas (1988) model is obtained by setting I'(G:/Y:) = 1.

|
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where a dot above a variable indicates its derivative with respect to time, B is a
product1v1ty parameter, 1 ~ u; is the fraction of human capital that is devoted to

' . education, G is the public expendlture on education, I'(G;/Y}) is the amount of public

input- in education, where I" > 0 and I'" < 0. Note that a constant growth rate -

" - of labor skills and thereby endogenous growth is obtained, when the time fraction

spent in education (1 — ) and the public input in education I (G/Y}) are constant.

" According to equation (2.4), there is a certain need for infrastructure such as school -

buildings in the education sector. In the present model, this input is assumed to be
publicly financed, but it could just as well have been privately financed. Depreciation
of the human capital stock is neglected for expositional convenience.”

2.3. The Government

The government taxes households’ factor income in order to finance both a subsidy to -

human capitalfzinvestmént in education, a public input in education, and a lump sum

- transfer to consumers. The government is assumed to be restricted in its ability to

borrow and lend, which implies that it runs a balanced budget in every period. Thus,

total tax revenue equals total government expenditure:

ForireKy + mhwu Hy = Gy + spwy (1 — w) Hyo + T (2.5)
i
where T is the tax rate on capital income, 7, is the tax rate on labor income, Gy is
public expendfture on educatfgn, s is the subsidy rate on the average level of labor
income wy (1 L ;) Hy, in the economy which is foregone when households invest in
education, ancj, Tiis a lump sum transfer to consumers.® The subsidy to educational .
effort is assumed to depend on the average level of labor income w; (1 — u) Hyq, be-
cause it probably is the easiest policy to implement in practice. When the subsidy to
educational eﬁ'ort depends on the average wage level, the individual household does
not take into account that its choice of time spent on education affects the subsidy rate

it faces in the future. Alternatively, the subsidy could be assumed to depend on the

individual wage level wy (1 — w) H,.

"Since older éenerations are replaced by younger generations and since certain skills deteriorate,
if they are not used on a regular basis, it is clearly more realistic to assume that the stock of human

capital depreciates.
8 An implicit assumptlon in the human capital accumulation function is that taxable income earned

by the public input is so small in comparison with the income foregone by students that it is safe to
ignore. In Appendix A.1, human capital is treated as a market good that give rise to income in the
education sector;

|



The resource constraint of the entire economy is given by:

| o Y, = C + Gy + K (2.6)

which étaixtés that income should equal private and public consumption expenditures
and investment in physical capital.

2.4, Households

Households choose consumption C; and the allocation of human capltal between the

two seqtgrs u, in order to maximize their life time utility:

00 Ctl"o
o= — —pt
U /t=o<1—e 1) et @7

where 6 1s the inverse of the intertemporal elasticity of substitution, and p is the rate’

of time preference. Note that the instantaneous utility function is assumed to take
the Constant Intertemporal Elasticity of Substitution (CIES) form, and that there
is o ”leisure activity” in the model.® Households maximize their life time utility
(2.7) subject to the human capital accumulation function (2. 4) and their instantaneous

budget constramt
‘ KL 1 - Tk)TtI(L (1 - Th)’wt’uLHt =+ SpWy (1 - ut) Ht,u + T‘t bt Cg (28)

which sqys that consumption and investment in physical capital have to be financed
by the n‘et capital and labor income, the subsidy obtained by investing time in educa-

. tion ancl the lump sum transfer. In the following, time subscripts are left out where

unnecessary.

This'section has briefly described the model, which is used in the following analyses.
Before the growth rate effects of taxation and subsidization are calculated, it proves
convenient to solve both the central planner’s and the representative agent’s problem.
This is QOne in section 3 and 4, respectively.

|
3. Theé Planned Economy i

Gimges

This section focuses on the central planner’s problem and derives the first order con;

ditions f‘or an optimal growth path given the human capital accumulation function.

In thé [7), {6, (8] Roubini & Milesi-Ferretti papers (1994a, b, and 1995) several different specifi- -

cations of leisure activity are considered.

The central planner maximizes the life time utility of the representative household

(2.7) subject to the constraint on human capital accumulation (2.4) and the resource

" ‘constraint of the economy (2.6). The first order conditions with respect to C, K, H,

G,.and u are given by:

C % = 7 (3.1)
—% - (1 - g) oA (EI—?)]_& He (32)
[ €
_% - ( £ qu) BT | (3.3)
,;hB (1-u) HI"% — | (3.4)
wBL = (1 - g-) (1-a)A (1{—;)&115 - (35)

where g, (w) is the shadow price of physical capital (human capital) in the central
planner solution. Note that equations (3.1)~(3.5) describe the first best 6ptimal growth
path of the economy. Equation (3.1) implies that the marginal utility of consumption in
every period should equal the shadow price of consumption (physical capital). Equation
(3.2) implies that the rate of change of the shadow price of physical capital should equal
the marginal product of capital. Equation (3 3) implies that the rate of change of the
shadow price of human capital should equal the marginal product of human capital
in the educanon sector. Equatlon (3i4) describes the optimal allocation of resources
between pubhc expenditure on ¥ducation and production of physical capital.'® Thus, if
the value of the marginal product of public expenditure on education were higher than
the shadow prite of physical capital, then it would be optimal to reallocate resources
towards the education sector until equality between the two is obtained. Equation
(3.5) describes the optimal allocation of human capital between the education sector
and the final goods sector. Thus, the value of the marginal product of human capital
should be the $ame in the two sectors. If the marginal product of human capital were
higher in the eﬁucation sector than in the final goods sector, then it would be optimal
to reallocate h+man capital to the education sector until the marginal products in the
two sectors were equalized.
The transversality conditions to the maximization problem are:
lim K = 0

t-00

immd = 0

10The margina* cost of G in terms of foregone output is 1.

9



These conditions rule out explosive paths by requiring that the present discounted

value of each capital good equals zero in the long run. This is a reasonable require-

" ment since optumzmg agents do not want valuable assets at the end of their planning
, horlzonl Consequently, the first transversahty condition requires that the real interest
rate should be positive.

This! section solved the central planner’s problem. Thus, the following section solves

the representative agent’s problem.

4. ’I‘hé Market Economy

This se‘lction focuses on the representative agent’s problem. Firstly, the first' order
condltlons for a balanced growth path in a market economy are derived. Secondly, the
balanced growth rate is determined.

The representative household chooses its consumptlon C and the allocation of hu-
man capital © in order to maximize its life time utility (2.7) subject to the human
capital accumulataon function (2.4). and its instantaneous budget constraint (2.8) tak-
ing 7, T'” Sp, and T as given. The first order conditions with respect to C, K, H and

u are given by:

E CeP = N ' (d.1)
| S '

} “‘“%‘\; = (1 - Tk) T ' (42)
| M (1+—S"——-u) BT ' (4.3)
; . )\h 1-— Th — Sh - . '

! ’ MBT = /\k(l —Th — sh)'w (44)

r
where /J\k (An) is the shadow price of physical capital (human capital) in the represen-
tative Household problem. Equation (4.1) is identical to equation (3.1). Equation (4.2)
impliesithat the rate of change of the shadow price of physical capital should equal the
after—tax marginal product of capital. Equation (4.3) implies that the rate of change
of the shadow price of human capital should equal the marginal product of human
capital in the education sector adjusted for the labor income tax and the education
subsidy. Bquation (4.4) describes the optimal allocation of human capital between the
two sectors. Thus, human capital is optimally allocated between the two sectors when
the vahfxe of its marginal product equals the opportunity cost of education, which is the
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difference between the after—tax wage rate and the education subsidy which is foregone

while working.

In the following, the balanced growth rate in the market economy is calculated in
three steps: Firstly, two steady state relatlonshlps are derived. Then, a semi-reduced
expression for the balanced growth rate is determined in which the growth rate is
a function of the fraction of human capital allocated to final goods production. -And
'ﬁnally, the steady state fraction of human capital in final goods production and thereby
the balanced growth rate is obtained.

The first step is to derive two steady state relationships, which are used in the _
derivation of the balanced growth rate. Note firstly that all endogenous variables
should grow at constant rates in the steady state.!! According to equation (4.1) and
(4.2), this implfés that a constant steady state growth rate of consumption requires
a constant intefest rate. Thus, logarithmic differentiation of equation (2.2) yields a
relationship between the growth rate of human capital and physical capital, which
holds in the stéady state: ) i 7

' H l—a K
H (1—a+a)f (45)
According to eqfiation (4.5), human capital grows at a slower pace than physical capital
as long as therelis an education externality in the final goods sector. In absence of the
externality, theitwo types of capital grow at the same rate. A further steady state

relationship is obtained by logarithmic differentiation of (4.4) and use of (4.5):
! ¥ :

}\k i }\h € H '
",\k“ w T aH (46)

Equation (4.6) ;implies that the shadow price of physical capital must decline at the
same rate as the shadow price of human capital plus the growth rate of the wage
rate. Or equivalently, that the after-tax marginal product of capital should equal the
marginal produ;ct of human capital in education adjusted for the labor income tax and
the education subsidy plus the growth rate of wages at each skill level, see equation
(4.2) and (4.3).

The second‘;step is to derive a semi-reduced expression for the balanced growth
rate in the mafket economy. This is done by noting that consumption and physical
capital must grow at the same rate in the steady state, while human capital grows at a
different rate due to the externality. A semi-reduced expression for the balanced growth
rate of consuthtion and physical capital in the market economy is then obtained by

INote that thisj rate could be zero.
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logarithmic differentiation of equation (4.1):

. ) . 9055=E=§[—)‘—k—p] 47

and‘intll‘oduction of equation (4.6), (4.3) and (2.4):

_1 . 3 Sh . £ e
gu—9_[BP<1+l—a—,}‘(1—1-h_sh l—a)u) P] (4.8)

_ where a/variable with a * indicates its steady state value. As can be seen from equation

(4.8), the balanced growth rate depends on the fraction of human capital, which is
.'allocate;fd to the final goods sector in the steady state. It is immediately seen that an
increasé in the fraction of human capital allocated to education has a positive influence
on the growth rate as long as 17:;.":3—; < 7%=, which happens to be the case whenever the
subsidyito educational effort and the tax on labor income are smaller than their optimal
levels.’? In this case, too much human capital is allocated to final goods production,
which means that an increase in the time fraction spent in education (1 — u*) is growth
enhancing. Equivalently, an increase in (1 — »*) has a negative growth rate effect,
whenever the subsidy to educational effort and the tax on labor income are larger than
their optimal levels. ' '
Thethird step is to derive the steady state fraction of time spent at work u* and
thereby the balanced growth rate. In the following, the fraction of human capital
allocated to the final goods sector is derived by use of three steady state properties.
Firstly,| the interest rate must be constant in the steady state, which implies that
the growth rate of w = K"*H~(~+) must be zero, see equation (2.2). Secondly,
consumption and physical capital grow at the same rate in the steady state, which
implies| that the growth rate of x = C/K must be zero. Fina]ly,'the fraction of

human |capital used in the final goods sector must be constant in the steady state,
since 0i< u < 1. These steady state properties yield three equations in w, x and u,
which determine the steady state fraction of human capital allocated to final goods

production as:'®

L (4.9)

| -
t

i e
According to (4.9), the time spent at work increases; whenever the marginal product
of human capital in education falls due to a decline in the level of productivity in

12The ‘optimal factor income taxes and the optimal subsidy to educational effort are obtained in

Section 5. ]
138ee Appendix A.2 for the derivation of u* and the steady state values of x and w.

|

|
i
i
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TaBle 4.1: Effects of changes in tax and subsidy rates, and parameters.

-education B or in the public input in edﬁcatipn I'; whenever the opportunity cost of

education increases due to a decline in the tax on labor income 74 or in the subsidy to
educational effo;‘t sp; and whenever the difference between the private and the social
return to human capital in final goods production increases due to an increase in the
education externality € or a decline in the labor share in final goods production (1 — ).
In the latter case, more human capital must be allocated to the final goods sector in °
order to exploit the positive externality stemming from education. In addition, the
fraction of timé spent at work is higher, the less willing households are to substitute

present for future consumption 1/8 and the less patient they are p. Note finally that

the tax on capital income 7 and the level of productivity in the final goods sector A
have no influerice on the time fraction spent at work in the steady state. All of the
above—mentione%d results are summarized in Table 4.1.

The reduce(ill form of the balanced growth rate in the market economy can now be
determined by ?ntroduction of (4.9) in (4.8):

1 Bl"il+ € +(»5;_" sh I > LB id ) L o
ge = § l-a l—7mhi—sn l—o/1+% S + 520
h a h=Sh
o = L] 1+1*‘ {BI‘(1+————1 h >—, p} , (4.10)
6 1_Hi(_L:1r_’1L_1) . ~Th = Sh
lo \ TTies

In the following, the growth rate effects of changes in the taxes, the subsidy and the
parameters of t':he model are determined by use of equation (4.10) and summarized in
Table 4.1. Insﬁection of the semi-reduced expression for the balanced growth rate in
the market ecojpomy (4.8) reveals that there are two effects at work, namely a direct
»growth rate effect” and an indirect "human capital allocation effect”. These effects
work in the same direction as long as the subsidy to educational effort and the tax
on labor income are smaller than their optimal levels, while they work in opposite
directions whenever s;, and 7, are larger than their optimal levels. However, the direct
effect always outweighs the indirect effect and the growth rate effects of changes in the

tax and subsidipl rates and the parameters of the model are determined unambiguously.
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According to equation (4.10), the balanced growth rate therefore rises; whenever the

marginal product of education increases due to an increase in productivity in education

. Borin the public input in education T'; whenever the opportunity cost of education

falls duk to an-increase in the labor income tax 7, or in the subsidy to human capital

invéstrr ent in education s;; whenever the difference between the social and the private -

rate of return to human capital in goods production increases due to an increase in the

edu'catl on externality £ or a decline in the labor share in final goods production (1 — a),
and_ whenever households become more patient p and more willing t6 substitute present
for futtire consumption 1/0." Note that an increase in the incentive to accumulate
humam capltal leads to an increase in the balanced growth rate, becausé education is

" the engme of growth in this model.

Propofsition 4.1. Both an increase in the labor income tax and an increase in the
subsidy to educational effort reduces the.opportunity of education, and therefore lead

to'an increase in the balanced growth rate in a decentralized economy, ceteris paribus.

Furthermore, it is immediately seen from eqﬁation (4.10) that the balanced growth
rate eﬁects of the capital income tax 74 and the exogenous level of productivity in
the finhl goods sector A are zero. The reason behind the zero balanced growth rate
effect of capital income taxation is that physical capital not is used as an input factor in
edvucatlon. Thus, an increase in the capital income tax leads to an offsetting increase in
the preﬁ:mtax interest rate such that the after~tax interest rate and thereby the balanced
growt | rate are left unaltered. However, the physical capital intensity in final goods
pro“ducltion is reduced by an increase in the capital income tax.

In addition, the balanced growth rate effect of labor income taxation becomes 7610
in the %tbsence of a subsidy to educational effort (s, = 0). The reason behind this result
is that the opportunity cost of education becomes equal to foregone wages when s; = 0.
Thus, a change in the labor income tax affects the opportunity cost of education and
the after—ta.x wage rate by the same amount. This implies that the allocation of human
capitai between the final goods sector and education is left unaltered by a change in
the lal!>or income tax, which means that the growth rate also is left unaltered. In
the presence of a subsidy to educational effort (s, > 0), the’fg;emh rate effect of labor
income taxation becomes positive, because the opportunity cost of education is reduced

less by an increase in the labor income tax, than the after-tax wage rate earned in the

1“Th(% partial derivatives of the balanced growth rate are given in Appendix A.3.
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final goods sector. This leads to a reallocation of human capital towards education and
thereby to an increase in the growth rate.

Note that changes in the tax and subsidy rates and in public spending on educatlon
result i in changes in the tax revenue, which are captured by the lump sum transfer to

¢onsumers, see equation (2.5). Section § therefore derives the optimal tax and subsidy

rates. f

Tﬁis section has obtained the balanced growth rate in the market economy and

- analyzed the Balanced growth rate effects of changes in the tax and subsidy rates
- and the parameters of the model. In the followmg sectxon, the optlmal tax-subsidy

structure is derived.
i

5. Optimal Tax and Subsidy Rates

This section’ derives the optimal tax and subsidy rates in the model. Throughout the
section it is assumed that the government runs a balanced budget every period, where
the tax revenue is spend 6n the subsidy to education and the public input in education,
see equation (25) ’

The optimaﬂ tax and subsidy rates are derived by comparison of the first order con-
ditions to the (;ientral planner’s problem (3.1)-(3.5) and the representative household’s

problem (4.1)-(4.4): ‘ y

| G\ CPS
opt (1

; o e = (Y) 61
i . G CPS .
e o
| : G\CPS\ ¢
| opt = - | — .
| o (1 (Y) ) l-a , (5:2)
: 4, CPS
" p’l u L (5.4)

‘ wePs T G\CPS

i (1-a) (1 -(§)
where the superscript.CP 5 denotes the central planner solution, and the obtained opti-
mal tax and subsidy rates are welfare maximizing. Note that the optimal tax-subsidy
structure (5.1)~(5.4) holds both in the steady state and outside the steady state. Note
furthermore that; the optimal fraction of output which is spend on education is constant

along the balanced growth path
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Tt is immediately scen that 7{ = 777’4+ s*. This implies that it is optimal to

reduce the social rate of return to physical and human capital by the same amount

" " in the presence of a public input in educatlon, namely by 1 — (G/ Y)CPS Thus, the

optima] rate of capltal income taxation 7} * equals the fraction of output, which is used
as g‘ovemmént spending on education. The optimal rate of labor income taxation ’szt
" equals public expenditure on education relative to total output less the optimal subsidy

" to education. The optimal subsidy rate on education s;’ft is positive and larger, the

smaller the optimal public input in education (G/Y)°F®, and the bigger the difference
between the social and the private return to human capital in production. Finally,
the optimal fraction of output, which is used as government spending on education
(G/Y)F"® is determined in equation (5.4).)% It is seen that the more human capital
is allocfated to the education sector (1 ~ yCF S), the-higher is the marginal product of
public spending in education and thereby the bigger is the optimal fraction of output
spent on public input in education. v
Wﬁen the public input in education increases it becomes possible to .lower the sub-
sidy to educational effort, because human capital investment and public investment in
educatjon are substitutes. The higher the human capital share in final goods produc-
tion (1’-— ) is and the lower the education externality ¢ is, the smaller is the difference
betweéh the private and the social marginal product of human capital in final goods
produo‘tion. As a result, the subsidy to educational effort does not have to be so big
in ordjr to exploit the positive externality stemming from the average level of human
capital. , »
jAcqlording to equation (5.3), the optimal subsidy to educational effort is unam-
bighou:sly positive in a model with substitution possibilities between input factors in
education. In contrast, the optimal subsidy can either be positive or negative in an
equjvaient model with no substitution possibilities between the public and the private
input in education, see [9] Sgrensen (1993). Due to the complementarity between the
public and the private input in education in the Sgrensen model, a high requirement
of the bublic input relative to human capital makes it optimal to charge a tuition fee

in ordt:ar to finance the public expenses associated with the input in education. In

15Tntroduction of the optimal labor income tax and the optimal educition subsidy in equation (4.9)

yields the optimal fraction of time spend at work:
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the presented model, a high input of the public good in education just leads to a low
subsidy to educational effort due to the substitutability between the public and the

. 'pnvate input in education. As a consequence, it is never optimal to charge a tuition

fee when there a.re substitution possibilities between the input factors in the education
sector and a posmve education externality is present in final goods production.
Implementation of the optimal policies (5.1)(5.4) means that the government has

 to resort to lump sum taxation in order to achieve the first best allocation of resources, -

since the optimal factor income taxes cannot fully cover the expenses on the optimal
subsidy to educational effort and the public input in education. However, both factor
income. taxation and subsidization of educational effort are needed to achieve the first

best optimum éven in the presence of a lump sum tax instrument.

If the subsidy alternatively is assumed to depend on the individual wage level
w (1 —u) H, then the optimal subsidy would be given by s in equation (5.3) multi-
plied by the optlmal fraction of human capital devoted to final goods production u¢%.
This means that the optlmal subsidy rate is lower, when households take into account
that its choice of time spend on education affects the subsidy rate it faces in the fu- .
ture. In Appendix A.1, the optimal tax and subsidy rates are derived in an equivalent
model, where human capital is treated as a market good that give rise to income in
both sectors. Th this case the optimal capital and labor income tax rates are unaltered,
but the optixnaﬂl subsidy to educational effort becomes negative. When agents earn the
same wage rat? in education %sf‘in final goods production,. then they tend to allocate
too small a f1e£ction of their time to work in the final goods sector. Thus, in order
to exploit the ;pos1t1ve education externality it becomes optimal to charge a tuition
fee, which mdpces agents to allocate more human capital to final goods production.
However, the assmnptlon that human capital is a market good is unrealistic, since the
implicit labor 1;ncome in the production of human capital usually is left untaxed.

!

Proposition 5.1. In the presence of a positive education externality in final goods
production, labor income should be taxed at a lower rate than capital income. The
bigger the extérnality is and the smaller the labor share in final goods production is, the

bigger is the difference between the optimal rate of capital and labor.income taxation.

In Table 5.1, the optimal tax and subsidy rates are given for several special cases of
the presented model Recall that the [3] Lucas (1988) model is obtained, when there is
no public 1nput in education I' = 1. Firstly, Table 5.1 reveals that it is optimal not to
impose any taqces or subsidies in the Lucas model without an education externality in
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the final goods sector (¢ = 0). Secondly, in the Lucas model with a positive education
externality (¢ > 0) it is optimal to subsidize education and human capital investment in

: ﬁna.l goods production at the same rate, because it leads to an increase in the marginal -

prohud of human capital adjusted for the labor income tax and the subsidy, see (4.3),
while leaving the opportunity cost of education unaffected. In this case, the first best
optimum can only be achieved, if these subsidies are financed by lump sum taxation
T<0. Thjrdly, in a version of the presented model with a public input in edm\:ation

(T # 1) and no education externality in the final goods sector (¢ = 0), the optimal

tax structure is to set a comprehensive tax on factor income in order to finance public

-'sp.endllr‘lg and a zero subsidy to educational effort. In this case, the first best optimum

can beiiobtained without the use of a lump sum tax instrument. Recall fourthly that
the first best optimum in the presented model only can be achieved, if a lump sum

~ tax is imposed in addition to the optimal factor income taxes. Hence, the presence of

productive public spending' (I # 1) suggests the efficiency of non-lump sum taxes.

‘ TPt o sj’ft T
i I'=1l,e=0( 0 0 0 0
I'=1,e>0| 0 —siP e -
F#l,e=0| < ¢ 0 0
T#Le>0] & |- |(1-§) 5| -

Table 5.1: Optimal tax-subsidy structures
Now the steady state growth rate in the centrally planned economy is obtained by
introdtction of the optimal policies (5.1)~(5.4) in equation (4.10):

1 €
cps _ _
g =3 BF(1+1_a) ] (5.5)

where the optimal growth rate is seen to depend positively on the size of the education
externality and the marginal product of human capital in education. Comparison of
the ba‘ianced growth rate in the centrally planned economy and the market economy

reveald that:

Graaie
c ¢ ,
ge < g°F%, when s, < s and 7, < T

g > ¢°S, when s, > s{'ft and 74 > T;',pt (5.6)

Since t:;hé central planner growth rate is welfare maximizing, welfare is rising (falling)
for increasing growth rates below (above) the optimal growth rate (5.5). The balanced
|
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growth rate in the market economy is lower (higher) than the optimal growth rate,

. '_whenever the subsidy to educational effort and the tax on labor income are smaller
. (bigger) than their optimal levels. Thus, growth maximization is not equivalent to

welfare maximization except in cases where the balanced growth rate in the market -

' - economy equals the optimal growth rate.

This section derived the optimal tax and subsidy rates that should be imposed in -
a market economy in order to achieve the first best optimum. The following section

summarizes and concludes the paper.

6. Summarjy and Conclusion

This paper has'examined the effegts of capital and labor income taxation and subsi-

dization of educational effort in a two sector model of endogenous growth, where the

_‘ta‘x revenue is used to finance a congestéd public input in education.

Households| were assumed to allocate their time between work in the final goods
sector and education. The analyses revealed that households allocate more time to
education, the higher the marginal product of human capital in education is, ‘the lower
the opportunit& cost of education is, the more willing households are to substitute
present for futiire consumption and the more patient they are.

In addition, the growth rate-effects of changes in the tax—subsidy structure were
found. On the bne hand, it wa"g shown that a change in the capital income tax has no
effect on the balanced growth rate in the market economy even though it reduces the
physical ca.pitail intensity in final goods production'. On the other hand, the growth
rate effects of 4 labor income tax and a subsidy to educational effort were found to be
unambiguously; positive. In fact there were two effects at work behind these results.
The first effect is a direct "growth rate” effect, which is positive because both an
increase in the labor income tax rate and the subsidy rate tend to increase the tax and
subsidy a.dJustéd marginal product of human capital in education. The second effect is a
”human capxta& allocation” effect, which is positive whenever the labor income tax and
the subsidy aré below their optimal levels, but negative when they are above. It turns
out that the ”growth rate” effect always dominates the "human capital allocation”
effect, which means that both labor income taxation and subsidization of educational
effort have positive effects on the balanced growth rate. Furthermore, the balanced
growth rate wés shown to increase with the growth rate of wages at each skill level, or
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put differently with the education externality in the final goods sector and the physical

capital share in production.
~The paper shows that the optimal subsidy rate on education is unambiguously

positivé, when there are substitution possibilities between public and private input

factors|in education. A bigger optimal subsidy to educational effort-is required, the -

smallerl the public iriput in education is, because more human capital is needed as an
input in education in order to exploit the positive education externality. In order to give
hodseh(fl)lds the right incentives to allocate enough human capital to'education, a bigger
optimal subsidy is also required, the higher the growth rate of wages at each skill level
is. 'The optimal capital income tax was shown to equal the fraction of output which the

' g_overn'hmnt spends on the public input in education, while the optimal labor income

tax was shown to be lower than the optimal capital income tax due to the pi'esence
of the positive education externality in the final goods sector. If the optimal policies
were irinposed, the government would have to resort to lump sum taxation in order
to achieve the first best allocation of resources, since the optimal factor incqine taxes
cannot, fully cover the expenses on the optimal subsidy to educational effort and the
public 1input in education. .

Fin\ally, it was found that it is not necessarily welfare improving to achieve a higher
balanced growth rate through an increase in the labor income tax and the education
subsid)i/. In fact it is only welfare improving to increase the labor income tax and the
sub‘sid;f/ as long as they are smaller than their optimal levels.

There are several ways in which the present paper can be extended. Firstly, the
governTlent could be assumed to have no borrowing constraints. This would probably
lead to| high taxation in the short run in order to build up sufficient assets to finance
governﬁnent spending in the long run. Secondly, -the dynamic adjusﬁment to the bal-
anced growth path could be derived in cases, where the initial physical to human capital
ratio int the final goods sector either is higher or lower than its steady state value.

! .
A. Appendix

!
A.1. Human Capital as a Market Good e

! s
This appendix considers the case, where human capital is a market good that gives rise
to income both in the final goods sector and in the education sector. This assumption
changes the household budget constraint (2.8) as follows:
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K=(1-m)rK+Q-m)wH+s,w(l -u)H+T~C (A1)

An implicit assumption in equation (A.1) is that agents take into account that their
choice of time spent in education affects the subsidy rate they face in the future.

" The representative household maximizes its life time utility (2.7) subject to the

constraint on human capital accumulation (2.4) and its budget constraint (A.1). The
first order conditions with respect to C, K, H and u are given by:

C P = 1, (A2)
_Efﬁ = (1 — Tk) T (A3)
P, _ {_ 1—-74 p . )
- ( - )BI‘ (A4)
W BT = (= sn)w . - (AB)

where 1, (t,,) is the shadow price of physical capital (human capital) in the represen-
tative household problem. - : ‘ )

Now, the optimal tax and subsidy rates can be derived by comparison of the first
order conditions to the central planner’s problem (3.1)-(3.5) and the representative
household’s problem (A.2)-(A.5). The resulting optimal policies are:

7Pt = g o | | (A-G)

kt '(Z)CPS | G\P\ e ops
) -_(;; ® ) a0
o - -(1-(5) ) ' (A8)

As before, the optimal rate of capital income taxation equals the fraction of output,
which is used \as government spending on education, and the optimal labor income
tax is also unejt‘ltered.16 However, the optimal subsidy to educational effort becomes
negative, which means that it is optimal to charge a tuition fee. This result hinges on
the fact that h?useholds now earn the same wage rate in both sectors. Thus, household
maximization leads to a too small fraction of time spent at work in the steady state
given the posii;ive education externality in the final goods sector. Thus, in order to
induce agents ;to allocate more human capital to final goods production it becomes

optimal to charge a tuition fee.

16Compared to the optimal labor income tax in an equivalent model, where education is a non-

market activity. .
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A.2. Derivation of the Steady State Values of u, and w

... Inthe steady state, the values of w = K1~*H~-(1-a+¢) » = C/K and u are constant.
i U 'Flrstly, the growth rate of w is derived from the household budget constraint (2.8) and
' the human capital accumulatxon function (2.4):

S (=) [(alt— )+ (1)1 =)+ (1 - @)ar ) dutow ]
j (1 —a+e)BT(1—-u) ’ | . (A.9)

: Secondly, the growth rate of x is derived from equation (4.7), (4.2), (22) and the
household budget constraint (2.8): .
D (=) =0 (a(l =)+ (1= a)(1 =) + (1 — )5
Ix . = [}
"y ' , o
+ 7 e (A.10)
Thirdly, the growth rate of u is derived by logarithmic differentiation of (4.4) and use
of equation (4.2), (4.3), (2.8) and (2.4):

Sh
= —-B 14—
Gu - @ P( +1—Th—shu)

+ (1-a) (—(1 —7e)+ (1 —74) + shl ; u) Aur%w!

Aul——awl—l

~ x- (1—u) (A.11)

l
!
|
)
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Now, t j;e steady state values of u, x and w are derived by solvmg the system of three
|
l
|
|
I

equations (A.9)-(A.11), where g, = gx =g, =0
| M
| R (A.12)
(et (=) - ) F (L -a)snlT ) p
?‘ ) o{i=74) -
‘ ol —7,) =6 (a(l -+ (l—a)l—Tp)+(1— a)shlzl")
; B a(l —7%)
i l—a+e *
* *(1—-a) p- 6 l-a+e ¥
w* = Au (a(l-—‘rk) + ai-m) 1-a BT(1 —u") (A.14)

{
!

Note t[ilat u* is bounded between 0 and 1, which requires that p < BT’ (1 —_;shh_—s':)
! .
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A.3. Balanced Growth Rate Effects

- The balanced gro'wth rate effects of changes in the tax and subsidy rates and the

parameters of the model are:

0go/0Tr =0

_oh BI‘—- 8 )p
890/0Th =} p+ ) S P

R e (1-52; +,, —_— .
L P
8gc/8sn = § = p+ ) —¢| >0
o (e ) Hms wﬂmﬁr
8ge/0A =0 ‘
3 6B‘-1-1 1 ——b—tLJ“ﬁh*T 1 l1“1 0
9/ =35(1+3% + 1—n.-s,,) >
0g.jor | =1 (141 +T"% “)|Bl+=2)>0
9/ =5|lto ( T Th—sh) >
- 2
Dao/oa - < ”"*h ) e() Br>0
. 9 1-—7,,—;,, a)

l+l-—r =3 1
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N e a(x ThoSh )
! e
894/ 00 =—[9+—1‘1% 1] BL (14 =) <0
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1. Introduction

- This paper analyzes the effects of a training leave benefit in a two sector model of

endogeribus growth, where upemployr'nent' is created by the existence of monopoly

" labor unions.

~ The main question addressed in this paper is inspired by one of the general policy

problems in Western Europe today, namely how to increase economic growth and at
the same time reduce unemployment. In order to deal with these two problems, the

. Danish ‘government introduced a training leave scheme with a leave benefit on the labor

market 1 1n 1992. The group of persons who can obtain training leave under this scheme
inctudes persons above the age of 25, who are either unemployed, employed or self-
emplqud. In order to obtain training leave, it is required that the person is a member
of an unemployment insurance fund and is qualified for unemployment benefit. The
leave béneﬁt which is granted during training leave amounts to up to 100 per cent of
the ma.x}imum rate of unemployment benefit, see [6] the Danish Ministry of Labor. The
philosophy behind the implementation of such a training leave scheme is three fold.
Firstly, education is an important instrument, when it comes to increasing economic

_growth.; This is supported by [1] Barro & Sala-i-Martin (1995), who in an empirical -

analysis|of a cross section of 87 countries find that male secondary and higher schooling
has a hfg]ﬂy significant positive effect on the growth rate. Secondly, education is an
importa;nt instrument when it comes to ensuring the upgrading of the qualifications
and skills of the labor force on a current basis. Moreover, the idea of a training leave
benefit i)aid by the government is also supported by the empirical study by Barro &
Sala‘i-Martin, who find that public spending on education has a positive effect on the
growth ;ra.te. Thirdly, the existence of unemployment gives an even stronger argument
for subsidizing education, simply .because the opportunity cost of education for an
unempl(:)yed person is practically zero when the training leave benefit is close to the
unemployment benefit. The analyses undertaken in the present paper suggest that
a training leave benefit is both growth enhancing and unemployment reducing, but
paradox‘:ically also suggest that the consequence might be a reduction in welfare.

In order to address the question posed above, an endog,‘gpous growth model is
developed with a separate education sector and an imperféét #labor market in which
unemployment is created by the existence of monopoly labor unions. As a consequence,
the paper deals not only with the particular effects of the Danish training leave scheme,
but alsc{ with the general question of setting an optimal subsidy to education in an
econom):l with an imperfectly furictioning labor market.

2

Two strands of theoretical literature have been used, namely the literature on factor

income taxation in endogenous growth models and the literature on monopoly labor

" unions. In particular, the endogenous growth models by [3] Lucas (1988), [2] King

& Rebelo (1990), [7] Rebelo (1991), and (9] Roubini & Milesi-Ferretti (1995) have

been a source of inspiration. These models typically have two sectors — a final goods _

sector and an education sector — and factor income is assumed only to arise in the

'final goods sector. The main result in these papers is that factor income taxation -

is growth reducing, because it leads to a reduction in the after-tax rate of return

to capital investment. With respect to the integration of monopoly labor unions mv

endogenous groWwth models, only a few attempts have been made. One of these, the

' [5] Nielsen, Pedersen & Sgrensen (1995) paper, has been another source of inspiration.

Their model is 4 one sector model of endogenous growth, where final goods production
uses capital, effective labor and effective pollution as input factors. Endogenous growth
in their model is driven by private capital accumulation and productive government
spendmg on education and abatement activities. In their model, public spending on
e.g. education immediately raises the productivity of labor in final goods production
and thereby the growth rate.

The present;paper firstly contributes to the existing literature by introducing mono-
poly labor unions into an endogenous growth model with two sectors. In this model
endogenous growth is driven by the accumulation of human capital in a separate educa-
tion sector andjthe household ch01ce of allocating time to education is strictly private.
Secondly, the paper mvestlgates the positive consequences of introducing a subsidy to
education in order to reduce unemployment and at the same time increase econormic
growéh. Finally, the papéer investigates the welfare effect of such a training leave benefit

scheme. i

In order to investigate the above-mentioned issues, the Uzawa-Lucas model® is

extended to in,!corporate‘ monopoly labor unions. A final goods sector produces con-

sumption goods and physical capital by use of both physical capital and labor with

different skills. iMonopoly labor unions determine the wage rate for each skill. In order

to maximize the life time utility of its representative member, labor unions set the wage
rate as a markLup over unemployment benefits. Taking this wage rate as given firms

then set the fraction of time households spend at work. Households are assumed to be
divided into groups with different labor skills and to arbitrage between unemployment

1Both reprodu‘gible input. factors — human and physical capital — are used in the final goods sector,

whereas the education sectot only uses human capital as an input factor.
I




and training leave in their remaining time.? Households choose to take training leave

in the education sector in order to increase their skill level, because they expect to

earn higher wages in the future. Endogenous growth is driven by the accumulation

of v}‘lum‘lem' cépital in the education sector.- Finally, the government sector is assumed
to Ieyyifactor income taxes in order to finance both a training leave benefit and an
unemployment benefit. _ \
As mentioned earlier one of the hypotheses put forward in this paper is that training
leave vx}ith a benefit leads to a lower rate of unemployment and at the same time to a
' higher rate of growth. On the one hand, training leave is expected to have a positive
effect on the growth rate, because it raises the level of human capital in society. On
theiother hand, the training leave benefit is expected to have a negative effect on the
growthi;rate, because it has to be financed through taxation. According to several

studiesf"by [8], [9] Roubini & Milesi-Ferretti (1994, 1995) factor income taxation has

a negative effect on the growth rate. However, in the present paper the first effect

is dominant, which means that the balanced growth rate in the market economy is
increasing in the training leave benefit, see Table 3.1. Furthermore, the analyses reveal

“that a };ﬁgh rate of balanced growth is associated with a low rate of unemployment, see
Proposli.tion 3.1 ’

Tha; main result obtained in this paper is that the presence of labor unions makes
it optimal to charge a tuition fee both outside and along the balanced growth path
of a giving benefit. This is in stark contrast to the philosophy behind the
training leave scheme. The reason behind the result is that labor unions set

instead
Danish
an inogtimally high wage rate which makes the expected future wages too high and

thereng':training leave too attractive even without a training leave benefit. This re-
sults in]‘ an excessive growth rate which makes it optimal from a welfare perspective
to charge a training leave fee. The imperfect labor market furthermore implies that
the opportunity cost of education is the difference between the unemployment benefit
rate an? the training leave benefit instead of the competitive wage rate as it would
be in an economy with a perfect labor market and thereby full employment, In the
decentrfl.lized economy, the rate of employment is therefore too low due to the inopti-
mally hfigh wage rate set by labor unions, and the fractioncymoifftime spent in education
is too high as long as a benefit is given to educational effort. Note that the optimal

allocation of time between education and unemployment is obtained when the oppor-

%In equilibrium it turns out that households choose the same allocation of time irrespective of their
labor ski!l.

i

tunity cost of education is set equal to the income that a household could obtain, if

it does not spend any time in education at all. Another result is that it is welfare
: .improving to uridertake growth enhancing measures only as long as the tuition fee is

bigger than its optimal level, in which case the balanced growth rate is lower than -
its optimal level. Finally, the dynamic analysis reveals that the transitional dynamics

' of the consumption—capital ratio and the capital-labor ratio caused by respectively
"an increase in the labor income tax and an increase in the training leave benefit are -

similar, but that the growth rate effects of these two policy changes have opposite signs.

The model is presented in Section 2. Section 3 derives the balanced growth rate in
the market 4ecor"10my and determines the effects of ‘a training leave benefit on the rate
of unemploymeht and the rate of balanced growth. Section 4 studies the transitional .
dynamics of theé market economy, while the optimal growth rate and the optimal train-
ing leave benefit are determined in Section 5. Section 6 summarizes and concludes the

. paper.

2. The Moﬁflel

The model consists of a large number of competitive firms, a large number of infinitely
lived householdp with different labor skills, a monopoly labor union for each of these
skills, and a goyernmentl ) . o

The produdtion side of thé economy consists of two sectors. The first sector is
a final goods sector that produces consumption goods and physical capital by use of
both physical tapital and human capital. The stock of human capital is assumed to -
equal the la.bor!‘force measured in efficiency units. In the following, the stock of human
capital is there‘fore referred to as the effective labor force. Firms are assumed to have
a "right to manage”, which means that they choose how much labor to employ at the
given wage rate, where the latter is determined by the labor unions. The labor union
for each skill is jassumed to'set the wage rate in order to maximize the life time utility of
its representative membér. The second sector is an education sector offering education
which generate{]s an increase in the skill level of households.

The consumption side of the economy consists of a large number of infinitely lived
households with different labor skills i. The total time endowment of each household is
set equal to one. Each household works at the wage rate w; set by their labor union in
a fraction of t}fleir time u; set by firms. Furthermore, households determine how much

| .




- time to spend on training leave v;, whereby they arbitrage between being unemployed

at the unemployment benefit rate b and taking training leave at the leave benefit rate
(1=p)b, where the size of the leave benefit 0 < p is decided by the government. Thus,

the tre'[lnihg leave benefit rate is set as a percentage of the unemployment benefit

rate. Training leave leads to the accumulation of human capital and takes place in-

the education sector. Thus, households choose to study, because they expect to earn
higher wages in the future due to an increase in their level of human capital. '
I on the one hand, the training leave benefit equals the unemployment benefit
(p = (), then it would always be beneficial to take training leave instead of being
unemp'loyed since there is no utility from leisure. This means that p = 0 is inconsistent

" with the existence of unemployment. However in the present model, the labor unions

gener a{;e involuntary unemployment, which means that-the model only is consistent, if
p>0. fo on the other hand, there was no.benefit given to training leave in this model
(p= 1), then households may still choose to take training leave, because they expect
to earﬁ higher wages in the future due to an increase in their skill level. ;

The government is assumed to levy factor income taxes on capital and labor in
order to finance the training leave benefit and the unemployment benefit.

2.1. Ffrms

The re[presentatlve firm produces final goods Y accordmg to the following constant

: returnT Cobb-Douglas production function:

{ Y = AK*(uH)}™® (2.1)
|

where b < @ < 1is the physical capital share, A is a productivity parameter, K (H) is
the, sto‘ck of physical capital (human capital) and u is the fraction of human capital that
is devoted to the production of final goods. Human capital is assumed to be embodied
in people and is consequently a private good, which is both rival and excludable. In
the followmg, the stock of human capital is therefore also referred to as the effective
labor force.

Th competitive representative firm is assumed to maximize its market value at

Qs

V(s)= /m {Y —wuH - K} e~ Ji kg (2.2)

time s:

where w is the wage rate for unskilled ("raw”) labor, r(y) is the interest rate at time

u and ‘!a. dot above a variable indicates its derivative with respect to time.

| ;
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The total input of labor in final goods production consists of the following Constant

- Elasticity of Substitution (C.E:S.) aggregate of different labor skills:

e (i(u,.H,.f-s)f% o e

i=1

where -E > 1 is the elasticity of substitution between any two different skills of labor

*.and n is the number of different labor skills.

Thus, the répresentative firm chooses K and wH in order to maximize its market

. value (2.2) given (2.1) and (2.3). The resulting first order conditions for profit maximum

L e i ulH Y.
u =0l ( 7 ) =oagp - (24)
| w=(1-a)A (%)a —(1- )L% (25)

Wthh imply. that the margmal cost of each factor should equal its margmal product.
Firms are assumed to have "a right to manage”, which means that they choose how
much effective Tabor to employ according to their labor demand function (2.5). The

relevant wage %pdex is given by the following cost minimization rule:

e

while the deménd for labor gige;l by (2.5) is allocated across different skills ¢ according
to:

i A —F
uiHi = (1—01> }'L"}{ (2‘7)
| w n

Derivation“of the latter two equations is given in Appendix A.1.

2.2. Households

The household sector consists of a large number of infinitely lived households with
different laboriskills i. The representative household 4 derives utility from consumption

of final goods ‘L*Ci:

1--60
\ _ oo (C _ —pt .
, o /0 ( T 1>e dt (2.8)

where 6 is the inverse of the intertemporal elasticity of substitution and p is the rate

of time preference. ‘
Householdg are assumed to arbitrage between being unemployed at the unemploy-
ment benefit rate b and taking training leave at the leave benefit rate (1 — p)b, where
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0< p is set by the government. Households choose to study, because they expect to

earn higher wages in the future due to the resulting increase in their level of human

- capital.\ As a consequence, household #’s dynamic budget constraint becomes:

A K i[ - Tk)TK +(1- 'rh)wlu,H + (1= p)bv;H; + b(1 — u; — 'u,)H G (2 9)

l
where 7y, is the tax rate on capital income, 7, is the tax rate on labor income, r 1s the

interest|rate, w; is the wage rate for unskilled ("raw”) labor, 1; is the fraction of time

spent at work and v; is the fraction of time spent on training leave. The representative
household s time endowment is assumed to be constant and equal to one.

Accordmg to (2.9), consumption and investment in physical capltal have to be
financed by net capital and labor income and the net benefits obtained, while on
trammg leave and during unemployment. Both benefits are assumed to depend on
the fraction of time spent in the relevant activity (education or unemployment) times
the household s individual skill level H;. This assumption implies that households are
com_per‘}sateci for their individual income loss. Alternatively, it can be assumed that
both b(ianeﬁts are related to the average skill level in the economy H,, which means
that ho;useholds do not take into account that their choice of time spent in education
affects the benefits they face in the future. Probably the easiest policy to implement
would l?e to relate the benefits to the average skill level in the economy.

Note that the trade off between training leave and unemployment would cease to
exist, 1f the training leave benefit equals the unemployment benefit (p = 0). In this case
it is always optimal for households to take training leave instead of being unemployed
due to qhe expected increase in future wages. However, as noted above the case of p = 0
is inconsistent with the existence of the involuntary unemployment which is created by
the labor unions in the model. In the following it is therefore assumed that 0 < p.

When a household is on training leave it accumulates human capital in the education
sector. | The production technology in the education sector is given by the following
linear fnction:®

" H; = Bu;H, (2.10)

where B is a productivity parameter. The production of human capital is assumed
to exhibit constant returns with respect to human capitals= Thus if the time fraction
spent in education is constant, then the growth rate of labor skills is constant and
endogenous growth is obtained.

3This|is an Uzawa-Lucas type specification of the education sector, see [3] Lucas (1988).

t
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2.3. Labor Unions

- In the labor market, households are organized in labor unions accordmg to their skill 4.

Thus, the number of labor unions equials the number of labor skills 7. Labor unions are
assumed to choose the wage rate w; and the time fraction households spend at work
u; in order to maximize the lifetime utility of its representative member.

. The labor union for households with skill i chooses u; and w; in order to maximize )

its representative members utility (2.8) subject to his/her budget constraint (2.9) and
the demand for labor with skill ¢ (2.7). Thus, the labor union enforces the division of
labor in (2.7) by setting the wage rate for households with skill ¢:
. = b (2.11)
where 0 < (E - 1)/E < 1 indicates the degree of monopoly power of individual labor
unions. The smaller the elasticity of substitution between labor skills is and thereby
the smaller (F ~ 1)/E is, the greater is the labor unions’ monopoly power and thereby
the higher a wage rate they can set. According to equation (2.11), the wage rate is
set as a mark—up over the unemployment benefit. Note that the wage rate i is the same
for all workers,isince the unemployment benefit rate is assumed to be the same for all
households irréspective of their labor skill. As a consequence, the wage rate set by all
labor unions 1s the same and thereby the choxce of all households is the same. This
implies that al* subscripts ¢ cap. “and will be dropped in the following.
Imagine that the monopoly power of labor unions vanished E — oo, then the wage

b
1- Th
In which case, ‘the after-tax wage rate would equal the unemployment benefit rate.
|
i
2.4. Governn;'lent

rate would decﬁine to:
i ‘ w =

P

I )
The government is assumed to levy taxes on factor income in order to finance expen-

ditures on trai?ing leave benefits and unemployment benefits. Throughout the paper,

the government is assumed to run a balanced budget every period:
7K £ TpwuH = (1 — p)bvH + b(1 —u — v)H (2.12)

where the trairing leave benefit rate is set as a percentage of the unemployment benefit
rate. Furtherl:L-:)re, the government is assumed to allow unemployment benefits to rise



|
!
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‘
|
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with income per unit of effective labor. This indexation rule is juetiﬁed by the length
.of the horizon in the following analyses and the fact that social security systems tend
to increase compensation as the economy gets richer:?
’ -Y
b= b}I_ - (213)
where 0<b< 1 The government chooses both the size of the unemployment beneﬁt
parameter b and the training leave benefit 0 < p.
The resource constraint of the entire economy is:
| : .
; Y-C-K>0 . (2.14)

which states that income should equal or exceed expenditures on consumptlon and

mvestment in physical capital.

3. Th:e Market Economy

j
This séction derives the balanced growth rate and the steady state allocation of time
between work, education and unemployment in the market economy and investigates
how these are influenced by changes in the tax and benefit rates and the parameters
of the rjnodel In addition, the relationship between the rate of unemployment and the
rate of Ebalanced growth is determined.

The: representative household chooses consumption C"and the time fraction spent on
training leave v in order to maximize its lifetime utility (2.8) subject to the household
budget | constraint (2.9). and the human capital accumulation function (2.10). The
necessajry first order conditions with respect to C, ‘v', H and K become:®

Cl%? = N - - (3.1)
MB = Apb (3.2)
e pl=muut b1 —u)
w o8 b (3.3)
N :
: -5, = (A=mr (3.4)

| .
19f b élternatively is interpreted to include income earned in the informal sector,ithen it is further-
more reasonable to assume that this income follows the average incofiid in the formal economy.
$The equivalent first order conditions in the case, where both benefit rates are tied to the average
level of human capital in the economy are (3.1}, (3.2), (3.4) and:
i ) _&=B(1—T;‘)wu+pbﬂ
/\h pb

| | 10

where A (M) is the shadow price of physical capital (human capital) and the wage

rate w is set by labor unions (2.11). Equation (3.1) implies that the marginal utility of
_consumption in every period should equal the shadow price of consumption (physical
capital). Equation (3.2) describes the optimal allocation of human capital between -

education and unemployment Thus, equation (3.2) says that the value of the marginal

product of human capital in education should equal value of the opportunity cost of
“education, whlch equals the value of the net rate of return to unemployment, namely -

b—(1—p)b pb Equation (3.3) implies that the rate of change in the shadow
price of human; capltal should equal the marginal product of human capital in the
education sector adjusted for the labor income tax, the training leave benefit and

the unemployment benefit. Finally, equation (3.4) says that the rate of change in the

|

shadow price of physical capital should equal the after—tax marginal product of capital. .
In order to derive the balanced growth rate in the market economy it proves nec- .

essary to determine the fraction of time households spend at work. Recall therefore

that firms have a "right'to manage”, which means that firms determine the rate of

employment by use of their Jabor demand function (2.5) and the marginal cost of labor
w, which is set by the labor unions, see (2.11) and (2.13). Thus, the rate of employment
set by firms is: | . '

u=(1-0)(1~m) 0 g
According to equatxon (3 5), the rate of employment u is lower, the smaller the labor
share in final g()ods productiop (1 — ), and the higher the wage rate set by unions,
namely the hlgher the labor income tax rate T, the higher the unemployment benefit
parameter b, the lower the elasticity of substitution between labor skills E and thereby

(3.5)

the larger the rponopoly power of labor unions. .

In the remalnder of ;thlS section, it is assumed that the capital income tax Tp
adjusts endogejr'musly in order to balance the government budget (2.12) for a given
labor income téx Th, a given training leave benefit (1 — p) and a given unemployment
benefit pararne%er . Note that this assumption implies that the time fraction spent at
work is constant over tirne.

Now, a se i~reduced express10r1 for the balanced growth rate in the market economy
with labor unions can be derived by logarithmic differentiation of (3.1) and use of
the fact that the shadow -price of human capital declines at the same rate as the
shadow price orf physical capital in the steady state.5 Thus, the balanced growth rate

6This is seen By logarithmic differentiation of (3.2) and use of (2.13).

|
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of consumption in semi-reduced form equals:

L el ] e

whe‘re aT variable with a * indicates its steady state value. Note the positive relationship

between u* and the balanced growth rate. The higher the steady state fraction of
time splent at work is, the higher is the income that a household can obtain, if it
does not spend any time in education. Or equivalently, the expected future income is
hlgher,‘whlch means that the incentive to invest time in education is greater. As a

result households allocate more time to education, whereby the balanced growth rate

. 1ncreases since human capital accumulation is the growth engine in this model.

Fmally, the balanced growth rate effects of changes in the tax instruments and the
parzime:ters of the model are derived by substitution of the steady state fraction of time
spent at' work u* (3.5) into equation (3.6):

| ., L[B(l—al-m, . '
; gc—g[p( 78 1)—/)] - (387
Thus, ﬁhe balanced growth rate is higher, the more Willing agents are to substitute

presentifor future consumption 1/6, the higher the level of productivity in the education

sector B, the greater the training leave benefit (1—p), the larger the labor share in final

goods p{roduction (1 — ), the smaller the elasticity of substitution between different
labor s]T‘ills E, and thereby the greater the monopoly power of labor unions, the lower
the Jabor income tax rate 7, the smaller the unemployment benefit b and the more
patient ‘égents are p. All of these results are summarized in Table 3.1 at the end of
this section. Note furthermore that the capital income tax has no influence on the
bala‘nce’d growth rate. The reason behind this result is that physical capital not is used
as an input factor in human capital accumulation, which is the engine behind growth
in the present model. Thus, an increase in the capital income tax leads to an offsetting
increasé in the pre-tax interest rate such that the after-tax interest rate and thereby
the balanced growth rate is left unaltered. However, the physical capital intensity in
final goods production is reduced by an increase in the .capital income tax.

For the interpretation of the results derived later on It proves convenient to see
what happens, if there were no labor unions (NLU) in the model. Thus, the balanced
growth rate in a market economy with zero monopoly power of labor unions (E — oo)
is obtained from (3.7):

p

12

gV % [E - ] 3.8)

In such an economy it turns out that households allocate their time between work,

education and unemployment in such a way that the after—tax competitive wage rate

(r-T)w equals the unemployment; benefit rate b; and the value of the marginal

product of human capital in education B equals the value of the opportunity cost of
education pb, which again equals the after-tax return to work minus the training leave
benefit. As a result, the balanced growth rate increases, when the opportunity cost of

“education falls e.g. through an increase in the training leave benefit rate (1 — p).

3.1. Growth and Unemployment

" So far the balanced growth rates in a market economy with and w1thout labor unions

have been deterrmned In the following, the steady state allocation of time between
work, educatxon and unemployment is derived in order to determine the relationship
between growth and unemployment

Firstly, the .growth rates of consumption, physical capital and human capital are
determined. The growth. 'rate of consumption is obtained by logarithmic differentiation

of (3.1) and use of (3.4) and (2.4):

: | . v |
c 1 : uH\"®

‘ ===-|01- — - 3.9

“ =7 9[(1 Tk)aA(K) ”] (3.9)

The growth rate of physucal capital is derived from the resource constraint of the

economy (2. 14) l;a,.f

K uHN\'"* ¢ -
i . =Y A(K) K (310)

while the growﬁil rate of human capital is derived from the human capital accumulation
function (2.10)‘!

9n = Bv (3.11)

[
© o

Then, the steady state values of the time fractions spent on training leave and at
work, the ratiolof consurmption to physical capital, and the ratio of physical to human
capital can be 1determjned by use of four steady state relationships.

In the steady state, all endogenous variables should grow at constant rates.” This
implies that a ‘constant growth rate of consumption requires a constant interest rate,
which is achieved when human and physical capital grow at the same rate. Further-
more, consumptxon and physical capital must grow at the same rate in the steady state.

Thus, in the dgnvatlon of the steady state relationships it proves convenient to define

"Note that thl‘S rate could be zero.
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. state. The growth rate of the ratio of physical to human capital then becomes:

“while the growth rate of the ratio of consumption to physical capital becomes:

- In addi?ion, the fraction of time spent at work « must grow at a zero rate in'the steady

the ratios w = K/H and x = C/K, since these ratios grow at zero rates in the steady

B 312
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state, gince 0 < u < 1. In the previous section it was shown that the time fraction
spent at work is constant over. time, whenever the capital income tax is assumed to
adjust endogenously in order to balance the government budget, see equation- (3.5).

An expression for the zero growth rate of the time fraction spent at work is derlved by
Iogarlthrmc differentiation of (3.2) and use of (3.3), (3.4) and (3.12):

a1 B 1 ; o —(1—a
== 0= {—; (E — 1u+ 1) — arpAut—ew=( )+a(x+Bv)} (3.14)
The fotrth relationship holds both outside and in the steady state and is obtained by
rewriti{’ng the balanced government budget constraint (2.12):

[ v o= SQ-‘u

| PP ,

| where @ = 1— 2T T Th (3.15)
1 .

where it can be seen that a constant u is equivalent to a constant v, whenever Q is
constar?t. Since 7, changes over time, the time fraction spent on training leave is only
constant in the steady state.

Now, the steady state values of u, v, x and w are derived by solving the system of
four eqltlations (3.12)-(3.15), where g, = gy = gu = ¢g» = 0, assuming for now that Q
is constant. The resulting steady state values of the time fractions spent on training
leave v;a.nd at work u, the ratio of consumption to physical capital x, and the ratio of
physical to human capital w are given below:

1(1+;Q*)_£ N
o= 2P/ 8 3.16
o +0 (519)
| (1+ 55Q) - p%

[ = =g~ B 3.17
| 7+ (8.17)
i 14

. _ P a(l—'rk)—ﬂ i(l‘*‘ﬁl_ﬁ‘Q*)_}%
R o e = 19
.w* = Alzx(__Q* —1+pB> .
ﬁ+0
b (0 \p(+eh@)-£) T
(a(l - Tk) +B (a(l - 'rk)) ﬁ +6 (8.19)

In the following, the steady state value of 7 is derived. Recall that the capital income

tax rate is assuined to adjust endogenously in order to balance the government budget

(2.12) for a gi\‘l/en labor income tax 74, a given training leave benefit (1 ~ p) and a
“given unemployment benefit parameter b. Equation (3.5) shows that the time fraction

spent at work in this case is constant over time. Furthermore, the time fraction spent
at work in the steady state is given by equation (3.17). Thus, the capital income tax
rate can be derived by equating (3.5) and (3.17) using (3.15):

T,c-l__<1_b<9—g-+p;;)—Q—g—l(l—a%(l—m) © (320)

According to (3.20), the capital income tax is constant in the steady state for given
values of the labor income tax, the benefit rates, and the parameters of thé model 8
The negative ¢ffect of an increase in the training leave benefit (1 — p) on the steady
state capital income tax may immediately seem counter-intuitive. However, an increase
in the trammg‘ leave benefit rediices the time fraction spent in unemployment without
changing the t1me fraction spent at work. Expenses on unemployment benefits therefore
fall and since the capital income tax has to balance the government budget is must be
reduced in thelsteady state.

The stead;i state values of the ratio of consumption to physical capital and the
ratio of physical to human capital can be obtained by substitution of the steady state
capital incom | tax (3.20) in (3.18) and (3.19), respectively.

Since the ohpital income tax is constant in the steady state and the time fraction

spent at work is constant over time, so is the steady state time fraction spent on training '

leave and thereby the steady state time fraction spent in unemployment. The steady

state time fraétlon spent on training leave can now be determined by substitution of

the steady state capital income tax rate (3.20) in equation (3.16):
11 L-e

%(14-@_—1{5— p+ (1+Ol )(1—Th)}> ;,%

w7 +0

(3.21)

vt =

8This implies ‘that the steady state value of Q* is constant as well.
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while the steady state rate of unemployment is derived from equation (3.5) and (3.21):

l-u—-v" (3.22)

b1t 9-11 1
= 1-—5{'9——175‘54-——1‘)—“(1-" T'E‘+(1+p)——>(l—Th)}

Acqordilng to (3.22), the steady state rate of unemployment falls; whenever the op-

portunity cost of education falls due to an increase in the training leave benefit or a

fall in the unemployment benefit; whenever the marginal product of human capital in

’ edpcatipn increases due to an increase in the level of productivity in education; when- -
Cever the expected future after—tax wages increase due to a fall in the labor income tax;

and wH‘enever agents become more patient. The results for the time fraction spent on

trammg leave are exactly the opposite. All of these results are summarized in Table
3.1.° i

g [ [ [u[v [ —u—o)
Th — 0 il Bl +
l-p|+]| + | ~|0]+ -
5 b - 0 |+*]|=|- +
e [+ + [2]o]? ?
p - — + 10| - +
E || - 0 | —*|+|7? -
A 0 0 0j0]0 0
B + + - 10]+ -
l—al + 0 | ?2+]7? ?
Table 3.1: The steady state effects of changes in taxes, benefits and parameters

Recé]l that the government is assumed not to have a lump sum tax instrument.
The implication of this assumption is that changes in either the labor income tax, the
benefit :rates or the parameters of the model result in an immediate adjustment in the
capital income tax in order to balance the government budget at each point in time.

Fmally, inspection of Table 3.1 reveals that there is a negative relationship between
the balanced growth rate and the rate of unemployment®“The intuition behind this
results is that all the policy instruments at the government’s disposal 74, (1 — p) and b

have effects on the time fraction spent in unemployment and on training leave that are

] i . . . .
The results indicated with a ’+’ only holds for an intertemporal elasticity of substitution 1/8 below
one (@ >|1), which is normally assumed to be the case. ’
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opposite in signs. Thus, the implementation of a policy that reduces unemployment

'1s growth enhancing, because it increases the time spent in education at the same
time.'® However, an important exception from this result is that both growth and

unemployment increase, when the monopoly power of labor unions increases.

" Proposition 3.1. A high unemployment rate is associated with a low balanced growth
- rate in the market economy for a given elasticity of substitution between labor skills.

The hypothésis that an increase in the training leave benefit leads to an increase
in the b,alanced:‘ growth rate and thereby to a lower unemployment rate is therefore
confirmed. However, it is not necessarily welfare improving to reduce unemployment
and at the same time achieve a higher growth rate. In fact the analyses in Section 5 -
reveal that it i$ only welfare improving to undertake growth enhancing measures as
long as the tuition fee is bigger than its optimal level. In which case the market growth

-rate is below it§ socially optimal rate, see (5.10).

This section determined the effects of changes in the tax and benefit rates and the
parameters of the model on the balanced growth rate and the allocation of time between
work, educatioﬁl and unemployment. Furthermore, the relationship between the rate of
unemployment |and the balanced growth rate was determined. In the following section,
the transi'tiona}‘ dynamiés of the}nodel are characterized.

;‘ V ¥ .
4. 'I‘ransmlq)nal Dynarnlcs

This section ﬁ.rstly derives the transitional dynamics of the market economy given
a balanced goyernment‘budget. Then, it investigates how the economy adjusts to
changes in the‘ training leave benefit, the labor income tax, and the unemployment
benefit pararneter

The dynam‘lc evolution of the economy is determined by the system of equatlons
(3.12)—(3.14) Whlch were derived in the previous section.. Thus, the capital income
tax is assumed‘ to adjust endogenously in order to balance the government budget for
given values ofgtthe labor income tax, the training leave benefit and the unemployment

benefit throughout this section.

10Recall that human capital accumulation is the engine of growth in this model.
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In the following analyses, it proves convenient to rewrite the dynamic system in

terms of the average product of physical capital, which is defined as:!!

,' i a Y

z =5
Insertion of (4.1) in (3.12)—(3.14) and use of (3.15) and the fact that the time frac-
tion spént at work is constant over time yields two equations in z and ) that describe

— Aulmoy~0=a) : @)

the: tranmtlonal dynamics of the market economy.!? The first equation describes combi-
natlons of the average product of capital z and the consumption—capital ratio x, which

" yield ajiconstant average product of physical capital in the steady state and thereby
- a consii,ant physical to human capital ratio. This is called the 2 = 0-schedule and is

given by:

i x=z—-(%)2%‘<El_lu+l)é+§l—;(1—(—1_—01)};(/;1———22‘5> | (4-?)

see equation (A.16) in Appendix A.2. Several properties of the schedule are revealed
by inspection of equation (4.2). Firstly, the Z = O-schedule approaches a "45-degree”-
line from below that intersects the x-—axis at ﬁ (1 - gl—"—EMEl_—T") — I_)), when the average
product of physical capital approaches infinity (z — co). Secondly, the schedule ap-
proach([as minus infinity, when the average product of physical capital tends to zero
(z — 0). And thirdly, the Z = 0-locus is shown in Appendix A.2 to be stable and glob-
ally i 1noreasmg, which means that z is a state-like variable and thereby predetermined
in the &hort run.'?

Thé second equation describes combinations of z and x, which yields a constant
ratio oJf consumption to physical capital in the steady state. This is called the X = 0-
schedu.!e and is given by equation (A.17) in Appendix A.2:

1 2 Ba a 1. 1 Ba '
=— —= - D - —= .
.X z+§9‘b—9—§;<z+<pb -« +9——ap>z+6’—apbp) (4.3)
whereg B 1 ) 1 -
. - -
D”Z((EE—l“)“J-F a T3 T")>0

The %= O-schedule has several properties. Firstly, it is seen to approach a 45—
degree’|-line from above with an intersect point of 0, whei the average product of

Recall that w = K/H and x = C/K and note that g, == — (1 ~ @) g,

128ee Appendix A.2 for the derivation of these two equations.

13A state-like variable is defined by {4] Mulligan & Sala~i-Martin (1993) to be a transformation
of state ivariables only, which remains constant in the steady state. They also define a control-like

variable 'as a transformation of control variables that remains constant in the steady state.
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physica,l capital approaches inﬁnity (z — 00). Secondly, the schedule approaches infin-

ity, whenever z approaches —~ " — from the right. Thirdly, the % = 0-locus intersects

" the x—axis at §. Fourthly, the schedule_ls shown in Appendix A.2 to be unstable, which
means that  is a control-like variable that can jump in the short run. Both the z = 0~
schedule and the % = 0-schedule are illustrated in a (z,x)-diagram, see Figure 4.1.

X

Figure 4.1: The balanced growth equilibrium
|

In the follong analyses it proves convenient to focus on the transitional dynamics
in an area around the steady state, see Figure 4.2. In order to do that the dynamic
system is lmear;zed around its steady state by means of a first order Taylor expansion,
see Appendix A.3. The systemsturns out to be saddle-path stable for an intertemporal
elasticity of substitution below one (f > 1) and a plausible value of the steady state
capital income tax 0 < 7§ < 1.

The stable saddle path (the dashed line) is upward sloping!, which implies that
both the average product of physical capital and the ratio of consumption to physical
capital dechne]towards their steady state values, if they both start out above their
steady state valLueS From equation (4.1) it is immediately seen that the average product
of physical capltal is inversely related to the ratio of physical to human capital. Thus,
the ratio of physwal to human capital increases towards it steady state value, when it
starts out belo‘%v its steady state value.

In the following, it is analyzed how the economy adjusts towards a new steady state
in case of a change in the training leave benefit (1 — p), the labor income tax 74, and

the unemployment benefit parameter b, respectively.

14The negative jeigenvector associated with the stable arm is given in equation (A.24) in Appendix
A3. '
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| Figure 4.2: Transitional dynamics around the steady state.

In case of an increase in the training leave benefit (1 — p); an increase in the labor

ncome tax 7p; or a fall in the unemployment benefit parameter b, the 2 = 0-schedule

shifts upwards and to the left, while the x = 0-schedule moves downwards to the right,
see Flgure 4.3. In the resulting new balanced growth equilibrium at point C both the
ratio of consumption to physical capital and the average product of physmal capital
have fallen. In the following, the transitional dynamics of each of the above-mentioned
policy changes are treated separately.

|

| 2 7

Figure 4.3: Transitional dynamics of an increase in the training leave benefit.

Firsétly, an increase in the training leave benefit (1 — p)' leaves the fraction of time
spent at work u unaffected, while the fraction of time spent in education v increases,

, 20

t t time

Figure 4.4: Transitional dynamics of core ratios, growth rates and variables.

see Figure 4. 4 | This results in a higher growth rate of human capital g,. This leads
to an mcrease\m the marginal product of physxcal capltal in final goods production
and a resultmgﬁ increase in physical capital investment. Figure 4.3 illustrates that the
immediate reaction to an increase-in the training leave benefit is a discrete fall in the
ratio of consu.mptlon to physical. capltal from its original steady state value at point A

_to point B in order to obtain #in equivalently higher rate of physical capital accumu-

lation gi. Subsequently, there is a gradual adjustment from point B towards the new
balanced growth path at point C, where the ratio of consumption to physical capital
is contmuously falling, while the ratio of physical to human capital is continuously
increasing. Re_é:all from the previous section that the balanced growth rate in the new
steady state CX is higher than in the original steady state A.

Secondly, an increase in the labor income tax rate 7, results in an immediate
negative 1nc0nie effect due to a drop in disposable income. The immediate reaction is

|

therefore a dlscrete fall in the ratio of consumption to physical capital from A to B.

Subsequently, there is a gradual adjustment towards the new steady state C, where
the ratio of consumption to physical capital is continuously falling, while the ratio
of physical to human capital is continuously increasing. The ratio of consumption to
physical capltal is continuously falling along the transition path, because the fraction
of time firms employ households declines and thereby results in a drop in consumption.

The ratio of physical to. human capital is continuously increasing towards the new
|
l
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steady state, because households reallocate their time away from education due to the

_drop in.expected future wages. _This results in a slow down in the accumulation of
‘huméan ¢apital. In the long run, these reallocations of effective labor lead to a new
balanced growth rate at point C, which is lower than in the original steady state A. -

It is intufar'esting to note that the transitional dynamics of C/K and K, /H caused by

respectively an increase in the labor income tax and an increase in the training leave

Co
benéfit are similar, but that the growth rate effects of these two policy changes have

opposite signs. The reason behind this result hinges on the fact that these two policies
affect tl:}e allocation of time between work, training leave and unemployment differently,
see Table 3.1, An increase in the training leave benefit leaves the fraction of time spent

at ‘work unaffected and increases the time fraction spent on training leave, whereas an
increase in the labor income tax reduces the time fraction spent both at work and on .

training leave. Since human capital accunqulation is the engine of growth in this model,

naturally an increase in time spent in education v enhances growth, whereas a decline
1

_in v reduces growth.

Thirdly, a decline in the unemployment benefit parameter b leads to a reallocation
of hundan capital towards the final goods sector. This implies that physical capital
suddenly becomes a scarce input factor in final goods production relative to human
capital. The immediate reaction is therefore a discrete fall in the ratio of consumption
to phfsical capital in order to invest more in physical capital accumulation. Subse-
quently, there is a gradual adjustment towards the new steady state, where the ratio
of ¢on qumption to physical capital is continuously falling, while the ratio of physical
to huran capital is continuously increasing. In the new steady state, the balanced
growtl} rate is higher than in the original steady state.

Tﬂis section described the transitional dynamics of the model and determined how
the ecbnoxny adjusts in case of changes in the training leave benefit, the labor income
tax rate, and the unemployment benefit parameter. The following section derives the
first drder conditions to the central planner’s problem and determines the optimal

policiés in a decentralized economy with and without labor unions:

B ST

5. The Planned Economy

This Section firstly derives the first order conditions for an optimal growth path and
determines the balanced growth rate in a centrally planned economy. Then, the optimal

|
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tax-subsidy structures in a decentralized economy with and without labor unions are
determined.

-The central planner is assumed to choose consumption C and the fraction of time
spent at work- 4 in order to maximize the representative household’s Vlifetime utility
(2.8) subject to the resource constraint (2.14) and the human capital accumulation -
function (2.10). The necessary first order conditions with respect to C, v, H and K

"become:
Ci%e™ = (5.1)
mB = (o) o 62
—z—: = B . (53)
—Z—: = a% (5.4)‘

wherg e (W) is the shadow price of physical capital (human capital). Thus, the
centrally planned solution is characterized by full employment u®PS in the sense that
households spei}d their entire time either at work uCPS or in education (1 —uCF S).
Equation (5.1) is seen to be identical to (3.1). Equation (5.2) describes the of)timal al-
location of humwlan capital between education and work. Thus, the value of the marginal
product of human capital in education should equal the opportunity cost of education,
which in the c%antrally planned “economy is the marginal product of human capital.
Equation (5.3) ;implies that the rate of change in the shadow price of human capital
should equal _’ct‘ife marginal product of human capital in the education sector. Finally,
equation (5.4) says that the rate of change in the shadow price of physical capital
should equal th;e marginal product of physical capital. . :
Once rnore,J the balanced growth rate is derived by logarithmic differentiation of
(5.1) and use of the fact that the shadow prices of human and physical capital decline
at the same ratle in the steady state. The balanced growth rate in the centrally planned

economy withofut labor unions and unemployment therefore becomes:

0P8 = é (B - 4] . (5.5)

while the marginal product of human capital in final goods production in the centrally
planned econotny is obtained by use of (5.4), (5.3) and (2.5):

| N
C emaeaa()” oo
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Note that w*CF$ is equal to the steady state competitive wage rate in a market economy
without, labor unions and unemployment. According to (5.6), the steady state marginal

'_prodnct of human capital in final goods production rises with the productivity in the

final go‘ods sector A and declines with the productivity in education B.

5.1 Optlmal Tax—Subsidy Structures

The quelstlon addressed in the following is whether a first best outcome cha.ractenzed by

full. employment and optimal growth can be implemented in a decentralized economy.

In a, :market economy with no labor unions (NLU), the optimal value of the training

" leave beneﬁt (1' — p) is immediately seen by comparison of the market growth rate (3.8)

and thé optimal growth rate (5.5) to equal zero, see also Figure 5.1. Comparison of

| L o %CP
: g CPS

W o 1 L

-pl0,

I Figure 5.1: The optimal training leave benefit

the first order conditions to the market solution and the planned solution furthermore
reveals that the labor income tax 7, and the capital income tax T4 should be zero
in order to reach the first best solution. This policy (1 — p)——Th—-‘Tk— 0 results in an
optlma allocation of time between work and unemployment, when the unemployment
benefit {rate b equals the competitive wage rate w®PS. Note that the optimal tax—
subsidy structure holds both along and outside the balanced _growth path and that

a lump sum tax instrument is required to finance u.nemployment benefits. However, :

implementation of the above-mentioned optimal policy leads to an indeterminacy in the
model, since households become indifferent between working and being unemployed.
As a consequence, the following analyses focus on cases that are consistent with a
solution to the model, namely a solution where the unemployment benefit rate b is less
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than the competitive wage rate w®FS, see Figure 5.2. 15
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Figure 5.2: The relationship between wages w and employment u.

Figure 5.2 also illustrates that the existence of unemployment in a market economy
with labor umohs reqlllres that the wage rate (2.11) is larger than or equal to the com-
petitive wage rate This yields a second constraint on the value of the unemployment
benefit, which means that the results of the analyses below hold for the following values

of b:
wlP <b (5.7

(l—Th)E

lv

Now, the optimal policy in t;he market economy with an imperfect labor market can
be determined. In order toreach a first best solutlon three conditions should be fulfilled.
Firstly, the capltal income tax should be zero 7x= 0. This is seen by comparison of
(3.4) and (5.4). Secondly, full employment should be ensured by giving labor unions
the right mcent;ves to set the wage rate (2.11) equal to the marginal product of human
capital in prodlllctnon (5.2). Thus, the optimal labor income tax is:

! BuCPs

‘ A
| 3 =l Erg Ty (58)

where 7,< 1, if b < Z52wOP5. And thirdly, optimal growth should be ensured by
giving households the right incentives to allocate time optimally between education
and unemployment. This is done by setting the optimal training leave benefit such

15Tyis is the case when the labor income tax rate is less than 1, which is a reasonable assumption

to make.
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that the market growth rate {3.7) equals the optimal growth rate (5.5):

o A l—al—%, _
| : (1=p)=— 55— <0 (5.9)

i

where 7}, is given by (5.8). According to equation (5.9), the optimal training leave

|
benefit | Is negative - even when work effort is subsidized. This implies that it is optimal

" to chaxge a tuition fee both outside and along the balanced growth path in a market

economy with an imperfect labor market. Setting the tuition fee at the level in (5.9)
| .
implies| that the 6pportunity cost of education pb equals the income that a household

can obﬂain, if it does not spend time in education at all, namely (1 — 75) wu+ b (1 — u),
see ‘equjation (3.3). According to (5.9), the optimal tuition fee is smaller, the bigger

the opb;imal labor income tax rate 7, the higher the unemployment benefit parameter
b, and the smaller the labor share in ﬁna} goods production (1 — ). Moreover, in a
situation where labor unions have no monopoly power (F —» co), the optimal training
leave b;eneﬁt équals zero. Thus, the greater the monopoly power of the labor unions is,

the laréer is the optimal tuition fee. The reason behind the latter result is that when

the unemployment benefit rate is sufficiently high (5.7), then the existence of labor
unions Jeads to a wage rate, which is higher than it would have been in a competitive
economly. This gives households an extra incentive to allocate time to education due to
the expectation of an even higher future income. In order to counteract the tendency
to allodate too much time to education, it becomes optimal for the government from a
welfare| perspective to charge a tuition fee.

Proposition 5.1. It is optimal.to charge a tuition fee in an economy with involuntary
unemployment caused by monopoly labor unions.

This result solely hinges on the fact that labor unions set excessive wage rates and
thereby give households a too large incentive to spend time in education. Even if

unemployment benefits were constant over time instead of being indexed to average

income, it would still be optimal to Vcharge a tuition fee. However, an important as-
sumpti(‘)n is that the existence of monopoly labor unions leads to a division of labor,
ployment. In the present model, all households therefore face the same opportunity
cost of education, namely the difference between the unemployment benefit and the
training leave benefit. However, if households instead were divided into two groups
depend:ing on their employment status, then the opportunity cost of education for the

l
} 2
1
&

group of employed households would instead be the difference between the wage rate
and the training leave benefit plus the possible risk of becoming unemployed at the end

of ;a training leave period. Due to the risk of becoming unemployed, the incentive for
-employed households to take training leave would probably be too low, which would

tend to modify the strong result in Proposition 5.1.
The relat10n$}up between the growth rate in the market economy with labor unions

"and the tuition: fee is also illustrated in Figure 5.1. The balanced growth rate in -

the market ecoﬁomy g: is seen to approach infinity, when the training leave benefit
approaches the unemployment benefit (p — 0). The reason is that households allocate

. more and more time to education as the opportunity cost of education approaches zero.

As a result, the growth rate approaches infinity, because human capital accumulation

is the engine of growth. 'Moreover, the balanced growth rate in the market economy

approaches —3, when the tuition fee approaches infinity. This implies that there is
a lower bound for the negative growth rate in the economy, no matter how large an
amount is charged in tuition fee. Finally, the optimal tuition fee is seen to approach
zero, when the gc—schedule moves towards the g*¥'U-schedule, which is the case when
labor unions lose monopoly power F — co.

Comparison! of the balanced growth rate in the market economy (3.7)' and the

centrally plannéd economy (5.5) furthermore reveals that:
! . R
1‘ gc>g*CPS, when — (1 —p) <-1;3—"‘1JbljL
i gt < 99", when — (1—p) > L5else
According tP (5.10), the balanced growth rate is higher (lower) in the market econ-
omy than in a (Tentrally planned economy, whenever the tuition fee is smaller (greater)

‘than optimal in the steady state. A too small tuition fee therefore leads to an inopti-
mally high grov‘rth rate in the market economy, which implies that the market economy

(5.10)

is not welfare optmnzmg
Thus, therelare two important consequences of introducing a tranmng leave benefit
in an economy Wwith involuntary unemployment created by monopoly labor unions. On
the one hand, | training leave benefit enhances growth, since households allocate more
time to education and thereby accumulate human capital at a faster rate. On the
other hand, a training leave benefit reduces welfare, since too much time is allocated
to education in the first place due to the inoptimally high wage rate set by labor unions.
i |
This sectioxIL derived the balanced growth rate in the centrally plannéd economy,
and determine(itl the optimal tax—subsidy structure in an economy with and without
i
i
i
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unemployment caused by the existence of monopoly labor unions. The following section

"summarizes and concludes the paper.’

6. Surinmary and Conclusions

Thng pa;'>er_ has examined the problem of increasing economic growth and at the same
time reduce unemployment by means of a training leave benefit. At the same tifne it
has glven an answer to the question of the optimal tmtlon fee in an economy with an
lmperfectly functioning labor market.

In orger to investigate the effects of a training leave benefit, a two sector endogenous

growth model with monopoly labor unions was used. The first sector was assumed to

producé both consumption goods and physical capital by use of physical and human:
capital.| Firms in the final goods sector chose how much labor to employ at the wage

rabe that was determined by mondpoly labor unions. A labor union for each household
_ skill maximized the life time utility of its representative member by setting the wage
rate as a mark-up over unemployment benefits. Each household was assumed to arbi-

trage bétween being unemployed and taking training leave. Households chose to take -

training|leave in order to study in the education sector, because they expected to earn
higher wages in the future. Finally, the government levied factor income taxes on both
capital and labor in order to finance the training leave benefit and the unemployment
benefit. In order to analyze the balanced growth path and transitional dynamics of the
market economy, the capital income tax was assumed to adjust in order to balance the
government budget. '

Several analyses were undertaken in the paper. Firstly, the allocation of the repre--
sentative household’s time between work, unemployment and education was revealed
to be affected both by the tax rates 4nd the benefit rates. The time spent at work was
shown to fall, whenever the labor income tax or the unemployment benefit increases.
In addition, the time spent in unemployment was shown to fall and the time spent on
trainingileave to increase; whenever the marginal product of human capital in educa-

" tion increases due to an increase in the level of productivity in education; whenever the

opportunity cost of education falls due to an increase in the training leave benefit or
~a fall in the unemployment benefit; and whenever the expedted future after—tax wages
increase due to a fall in the labor income tax.

Secor}ldly, the balanced growth rate in the market economy was shown to increase

with the level of productivity in education, and decline with the opportunity cost of
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training leave and the labor income tax rate. In addition, the analysis revealed that
the balanced growth rate increases with the monopoly power of labor unions, because

‘a low substitutability between labor skills leads to a high wage rate -and thereby to

a ]argér allocation of time to education, which is the growth engine in the presented

model.
Thirdly, the relationship hetween the rate of unemployment and the balanced

' growth rate was shown to be negative such that a high rate of unemployment is asso-

ciated with a low rate of balanced growth in the market economy.
The dynamic analysis concentrated on the economic adjustments in case of changes

in the training leave benefit, the labor income tax rate and the unemployment benefit

" parameter. The main result of this analysis was that an increase in the training leave

benefit left the fractlon of time spent at work unaffected, while it increased the fraction
of time spent in education. This firstly resulted in a higher growth rate of human capital
and thereby in an increase in the marginal product of physical capital, which led to
an immediate discrete fall in the ratio of consumption to physical caplt‘,al in order
to obtain a higher rate of physical capital accumulation. Subsequently, there was a
gradual adjustment towards the new steady state, where the ratio of consumption to
physical capltaﬁ was continuously falling, while the ratio of physical to human capital
was continuously increasing. In the new steady state the balanced growth rate was
greater than inithe original steady state. It turned out that the transitional dynamics
of the consump?ion—capital ratig'and the capital-labor ratio were the same in case of an
increase in the Jabor income tax, but that the latter had a negative effect on the growth
rate. The reason being that an increase in the training leave benefit left the fraction of
time spent at ‘ork unaffected and increased the time fraction spent on training leave,
whereas an m:I'ease in the labor income tax reduced the time fraction spent both at
work and on training leave. Since human capital accumulation is the engine of growth,
a decline in the fraction of time spent on training leave naturally reduces growth.
One of the |main resulté of the paper is that it is'optimal to charge a tuition fee
instead of giving a benefit in an economy with involuntary unemployment caused by
monopoly labo& unions. ' The reason behind this result is that labor unions set an in-
optimally high‘! wage rate which makes expected future wages too high and thereby
training leave too attractive even without the training leave benefit. In order to coun-
teract the resulfing excessive growth rate, it becomes optimal from a welfare perspective
to charge a tuiftion fee. The optimal tuition fee was shown to be smaller, the smaller

the ‘monopoly power of the labor unions, the higher the unemployment benefit, and -
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the bigger the labor income tax rate.

Another main result is that it is not necessarily welfare improving to reduce unem-
ployr;iq}nt and at the same time increase economic growth. In fact it is only welfare
improving to undertake growth enhancing measures as long as the tuition fee is bigger
than its.optimal level. Thus, the introduction of a training leave benefit leads to a

|
higher balanced growth rate, but at the same time to a reduction in welfare.
o

i
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A. Appendix
' i
ALl I{he Wage Index and the Labor Demand for Skill i

This appendix derives the relevant wage index given by (2 6) and the demand for labor -

with skill ¢ given by (2.7).
Deﬁne the expenditure function for labor as:
’ n

min Y wiuH; (A1)

wli i

I

e(wy, ..., Wn, ¢)

|
i s.t. L(u Hy, o unHy) = ¢

where :.J[: is a constant. Cost minimization results in the following first order condition:
| 1
; L (3 B-1) B-1 1

i w; = AnT-F ( E (’u,'H,‘) B ) (U,‘ ,') B (A 2)

i=1

where A‘\ is the shadow price. Multiplication by u;H; on both sides of (A. 2) and sum-
mation

over all ¢ yields: .

-~
Ity

N
;

o() = dnrE* (; (u,.H,-)%‘-‘)E_‘ ¢ (A3)

' o
1

Divide j(A.3) through by w,u,H, and solve for u, H,
| U Hy = e(-)Pw Bl Bnl (A.4)

Mulﬁ:ipliication of (A.4) by w, and summation over all ¢ and use of (A.1) yields:

| | e<~)=6(%Zw%‘E)ﬁ (A5)

1=1

Thus, the relevant wage index is given by the following cost-minimization rule:

= (&)™ (Sur)” (a0

Define the indirect cost function as:

S(wiy e Wn, R) = IB%;(L(ulHl,.‘.,u,,Hn) ’ (A7)
st Y wwH = R
i=1
: : Now define 2 as follows: .
| e{wy, .y Wy, @) = R=1dw (A.8)
i S(wy, .. wn,R) = @

From (A.8) and (A.6) we know that:
\

S() = R_ R(l)—" (iwf—l)ﬁ " : _V (A.9)

Furthermore, .we know that:

_98(:)/0w; A.10
Li(’wl,..;,"me) = 6S()/6R ( . )
Thus, the demand for labor of skill 4 is derived from (A.10) and (A.11) as
‘ ‘ N —E
| | wiH; = (ﬂ) ul (A11)
P w n

\‘ : s
A.2. The Non;«Lmear Dynamic System
The dynamic eLolutlon of the economy is determined by equatlon (3.12)—(3.14), which
can be rewntten by use of (3.15) and (4.1) as

B 1l B aB ( ark+(1—-a)'rh)
[ PSS - = otz — — {1 = ———————— (A.12)
p(E_‘l-l-a)u p-l-ax QT 7 5 A

|

- o B 2) )

6 = _i:g_(;_ﬂzz_.g.*_x ’ (A.14)
where g, = — (1 — &) g Throughout the analysis 8 > 1, which is normally assumed.
Solve (A.lzl) for T4 .
| Th=—55 (x— D) (A.15)
{ : z+ e
i
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where D = % ((i—ﬁ + 1) ut ey l%E'rh) >-0. It can be seen that an increase in
the average product of physical capital leads to a decline in the capital income tax,

'whillea an‘increase in the ratio of consumption to physical capital leads to an increase
in the olapital income tax.

|

Introduce 7 in equation (A.13) and set g, = 0 in order to derive the Z = O-schedule:

"x;=z—(-?)2%(-E—l_—lwrl)ﬁ—f(l—u—%mﬂl—a)u)) (a9

The locus is seen to have two asymptotes. One with slope one and intersect point

(1 fu—t(a+(1-a)r )) for z going towards infinity and another, which is the
'X—ams for z going towards minus infinity. Furthermore, the locus is stable, since z > 2*

leads tQ a fall in z for a given x. The slope of the # = O-schedule is characterized by
the paxﬁl‘tial derivatives of x with respect to z:

dx B\’1/ 1 1\2

S | Z) s ——u -

9z +(p> b(E 1 +1><z> >0
which reveals that the z = 0-schedule is upward sloping globally.

Similarly, the ¥ = O-schedule is obtained by introduction of 7 in equation (A.14)
setting ng =0 '

| z v9—a d-aBa «
| = Be_ap, )l Bar Ly’
X = 2%‘”?%( 0 +< 8 pb 9D+9>z+pb9 “
= 1 2 Bo a 1 1 Ba
XIM z"‘f‘%L (z +<p5 9~GD+€—aP>z+0—ap§p> (A.17)

This lol‘cus also has an asymptote for z going towards infinity, which happens to be the

"45~degree”-line. In addition it has a vertical asymptote for z ‘approaching ——;9%

Furtherrmore, the locus intersects the x—axis for x = £. The locus is seen to be unstable,

since x > x* leads to an increase in x for a given z.
The slope of the ¥ = 0-schedule is characterized by the partial derivative of x w1th
respect ! to 2 i

E Bx_ 1 (0—0: §—-aBo « p79—ax>

0 Ty B3\* 0 T e 53 60w e

Thus, the ¥ = 0-schedule can both be upward and downward sloping.
A unique solution requires:

‘gv(l““*%(“(l—am)) 5,(1—5(1— )(l—fh)—5)>o (A.18)

|
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which means that the positively sloped asymptote of the 2 = 0-locus has a positive

intersect point with the x—axis.

Now the steady staté value of z, x and 7, are derived by use of (A.15)—(A. 17) :
Solve (A.16) and (A.17) in terms of 74:

e e - Ll__)_) TH I S—"

a(l — Tk) P b b _
6 B (1= a)'rh> Ba p) :
= | =|l-u—"—"— | ——5Tkt+ 7 (A.20)
g a(l - Tk) (p ( b pb 6
* and then substl‘tute these into equatlon (A.15):
Te = 1-a Ba 7. Ba
o (B (1w B - Rgna )+ 0

1 B 11 1- 1—0!)
_1 ,-= ———+1) =222 (a2
+a(1—'rk)p p((aE—l T )]

The solutions to this equation are:

1 1 6-1 11 16—1)\
T 1——(1—b( 7 +p93>—(1—a)(1—m)§~§—

1 ' T (A.22)

I —F

or Tk
see equation (3“20) for cornparggén .
The second jsolution for the capital income tax rate is immediately ruled out, since
is does not ma&ce sense to tax all capital income away. Furthermore, introduction of
T, = 1 in the zjand the x expressmns implies x — oo and z — oo.

A.3. The Linearized Dynamic System
The dynamic system is given by (A.13) and (A.14), where (A.15) have been used:

. 1—a)T Ba 1 !
g: = _(]—a)(X—z+g<1—u~(—~5—)—'l>—;;z—r§—%(x—D)>

g = — 0 z—§+x

The system is linearized around the steady state by means of a first order Taylor

9 | _ | ¢n1 O12 z-z
gx ag1 Q22 x—x
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expansion:




Ba
an=— (1-a) ap= 1~a)( z—i’;_,—%)
5
621=—9-9LQ 022—1—9—;’5—5 (A.23)
Ba -
Q_"l—_Lr‘_'_b T

i

" and the signs holds for § > 1 and 0 < 7§ < 1. The determinant of the Jacobian is

given bEy . . ‘,
|

i —(1-
! -~

s |
R

-1 <0

+
=3 Joo
iR

which 1s negative for 0 < 73 < 1. Thus, the system has saddle-path properties, and
the elgenvalues are determined by the following characteristic equation:

' I (a1 + a22) € + a1z — ana2 =0

The two eigenvalues are:

i
i

1 :
& = 3 [(au + ag) + \/(‘111 + (122)2 + 4”'210’12] >0
1

3

il

[\

| [(an + ag) — \/(an + 1122)2 + 4a21f112] <0
The eiéenvector associated with the negative eigenvalue corresponds to the stable arm

and is !given by:
|

. 0—af} X )
(V12y V22) = 1, 'i“:""""“zq';—_éz' . (A24)
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]
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derived f(&r all core variables and ratios. In addition, the optimal taxation rules
are derivéd. If a pollution tax is not available it turns out that a first best solu-

- tion mayfbe reached by use of factor income taxation. Additionally, the effects
and the possibility of environmental policy are complemented for a small open
economy.‘f 5 v
JEL clasbification: D62, E62, F43, H21, 041, Q28
Keywords: Endogenous growth, environmental externality, optimal taxation, in-

ternational capital mobility

* Financial [assistance by the Danish Social Science Research Council and the Deutsche

Forschungsgemei’hschaft are gratefully acknowledged. We are indebted to Bernd Genser, Lucas
Bretschger, Knud Jgrgen Munk, and Peter Birch Sgrensen for helpful comments and discussions.

All deficiencies and errors are ours.
t Mailing address: Frank Hettich, Sonderforschungsbereich 178, Universitét Konstanz, Box D 133,

D-78457 Konstanz, Germany. Email: frank.hettich@uni-konstanz.de
t Mailing address: Minna Selene Svane, Economic Policy Research Unit, University of Copen-

hagen, Studiestrzede 6, DK~1455 Copenhagen K, Denmark. Email: Minna.Selene.Svane@econ ku.dk



1. Introduction

By analyzing the effects of environmental policy on growth this paper considers an

) _incréasi_ngly important topic throughout the industrialized world. It contributes to the

literature by analyzing the effects of environmental policy in a fairly general two sector

endbger,ous growth model. This is important, since the results crucially depend on

the model specification. Our model is an extension of the generalized Uzawa-Lucas -
“model! j§used by [10] King & Rebelo (1990), which additionally allows for disutility of

pollutiQn and public abatement activities that are financed by tax revenues. To keep
the anélysis general, we investigate two sources of gross pollution, namely pollution
.generatfed by final goods production and pollution generated by the use of physical
capitalgin final goods production. The emission of gross pollution can be reduced by
public abatement activities. The positive analysis in this paper not only examines
the long term growth effects of taxes on consumption, gross pollution, .capital and
labor i%lcome and their channels, but also their influence on all core variables and
ratios. The normative analysis addresses the question of the optimal taxation scheme.

Furthermore, we investigate the effects and the possibility of environmental policies

in a closed economy and a small open economy setting. The analysis of the closed

economy is a dynamic general equilibrium analysis, whereas the investigation of the
small open economy starts out from conventional assumptions in international trade
modelsl thereby simplifying the analysis by an exogenously given world interest rate,
but bnjédenjng the analysis by assuming perfect international capital mobility.

In the following, the literature on fiscal policy, environmental policy, and inter-

nationa‘:l capital mobility in human capital growth models is reviewed. Several au-

" thors, [10] King & Rebelo (1990), (21] Rebelo (1991), [6] Devereux & Love (1994), and

[16] Milesi-Ferretti & Roubini (1995), analyze the consequences of tax rate changes
for ecohomic growth with production specifications similar to this paper. However,
they do not consider the environment and redistribute the tax revenues lump sum to
consumers. By incorporating the environment, this paper is able to analyze a broader
set of tax instruments, namely a tax on gross pollution in addition to the value added
tax and: the taxes on labor and capital income. Like in [17] Nielsen et al. (1995), the
tax revenues are used to finance public abatement activitiés.”

The effects of environmental policy on economic growth are ambiguous in the liter-

1The reproducible input factors human capital and physical capital are used as input factors both

in the ediucation sector and in the final good sector.
]
i
\

)

ature of endogenous growth with human capital.? In the simplest endogenous growth
model, the AK model, the growth effect of environmental policy is negative. This

' is shown both by [8] Gradus & Smulders (1993) for a centrally planned economy by
varying the weight on pollution in the utility function and by [11] Ligthart & van der

Ploeg (1994) for a decentralized econonty. However, (8] Gradus & Smulders (1993)
show in a variant of the two sector Uzawa—Lucas model that environmental policy does

"not affect long term growth. Furthermore, [9] Hettich (1998) shows in a Uzawa-Lucas -

model with pollution and leisure that the growth effect of a tighter environmental pol-
icy depends on the pollution specification. If pollution is caused by the physical capital
stock, then hlgher abatement activities stimulate growth®, whereas if pollution is com-
plementary to ’che output level, higher abatement activities does not affect long term
growth. This paper shows that a tighter environmental policy has a negative effect on
growth in a generalized Uzawa-Lucas model irrespective of the pollution specification.

Finally, [10]‘ King & Rebelo (1990) and (15] Milesi-Ferretti & Roubini (1994) con-
sider the effects of tax fates on growth in small open economies with international
capital mobility.* In their models, international growth rate differentials can be ex-
plained in a residence-based capital tax system, but not in a source-based system.’
The productioni‘ processes are similar to those in this paper, but these contributions do
not consider an'environmental externality.

Irrespectwe‘of the chosen pollution specification the major conclusions of our paper
are firstly that factor income tz;a,(es and the pollution tax are growth reducing, whereas

2In the followmg, we formally neglect that a better environment in principle could have a positive
effect on the productivity of inputs. Environmental quality in such cases not only acts as a public
consumption good, but also;as a productive public capital good. -It has been shown that a better
environmental quality may have a stimulating growth effect in the presence of positive environmental
spillovers in productlon, see [8] Bovenberg & Smulders (1995), 7] van Ewijk & van Wijnbergen (1995),
and (28] Smulders‘& Gradus(1996). Such productivity spillovers are certainly conceivable in the field
of agriculture and tourism, but it is questionable whether they exist in an aggregate pro‘duction
function.

3 A higher pollution tax gives rise to more abatement which crowds out consumption. This makes

leisure less scarcejwhich stimulates studying and therefore growth.

4[22] Rebelo (1992) and [12] Long & Wong (1997) survey the literature on endogenous growth in
i

open economies.

3Tn overlapping generation models of the Uzawa-Lucas type [5) Buiter & Kletzer (1995) explain
persistent growth rate differentials independently of the international taxation system. In a variant of
the Uzawa-Lucas,model augmented with endogenous population [20] Razin & Yuen (1996) find that
the growth rate effect of taxes depends on the principle of international taxation and the preference

bias between chilé:l quantity and child guality.




the consumption tax is a lump sum tax. Secondly, the market allocation without

government intervention is inefficient due to the presence of the environmental exter-

: nahty Thus, there is too much pollution, too little abatement and excessive economic

growth‘ in an unregulated market economy. The first best solution can be achieved ‘by
setfmg an optimal pollution tax equal to the marginal damage of pollution. It turns
out that an optimal solution instead may be reached by certain combinations of factor
incomé taxes, if the pollution tax is unavailable as an instrument. Thirdly, under a
re_siderjfceﬁbased tax system, a small open economy can choose its own fiscal policy and
hence 1ni:letermine its long term growth rate. As long as the environmental problem is
a national one, the government can choose the level of pollution and hence the envi-

" ronmental quality, However, under a source-based tax system, a small open economy

is pa.rt[ially restricted in its fiscal policy and can as a consequence only lead a second
best environmental policy. -

Thie paper is organized as follows. The model is laid out in Section 2 aﬁd the first
order conditions of the representative agent p‘roblem and central planner problem are
derived. Section 3 determines the optimal tax rates. Furthermore, the balanced growth
rate is derived and the effects of tax and parameter changes on all core variables and
ratios are determined. Finally, the small open economy version of the model is analyzed.
Section 4 considers an alternative pollution specification and Section 5 concludes the
paper.

2. The model

This section presents a two sector endogenous growth model of a closed economy and
derives‘j the first order conditions of the representative agent problem and the central
planneg" problem. The first sector produces universal goods which can be used for
consumiption, abatement activities, and physical capital accumulation, while the second
sector is an education sector in which human capital is accumulated. 6 Human capital
is assurned to be embodied in people and is consequently a private good, which is both
rival arld excludable. Both sectors use physical and human capltal as input factors and
factors move freely between the two sectors. The productlon of the final good causes

a negative environmental externality in form of pollution. The government is assumed

GThelspemﬁcatxon of the two production sectors is similar to [10] King & Rebelo (1990) and
[21) Rebelo (1991).

’ market; value.

to engage in public abatement activities, which are solely financed by tax revenues.
The economy consists of a large number of identical and infinitely lived households

" that own the factors of production and rent them to firms. Households are assumed

to maximize thelr discounted life time utility and firms are assumed to maximize their

1

T 2.1, Technology

In the first secé;or, final goods Y; are produced with a constant returns to scale tech-

nology using pIW)ysical capital K; and human capital H; as inputs. The technology is
assumed to take the Cobb-Douglas form:

i )

|
i }’i =A (’UgKt)a (U;Ht)l—a (21)

P

where A, Hi, Ii{t, Y, > 0,0 < o, ug, v < 1. Parameter A reflects the exogenous level
of the technology, « is the exbgenous physical capital share in final goods production,
and v; and u, are the endogenous shares of physical and human capital devoted to final
goods production, respectively. Human capital is assumed to be a private good, which
is embodied in people.” In the following, u,H, is referred to as the effective labor force.

The flow resource constraint of the closed economy is:®
|

where Ct, Z; ,,0 Final output Yt is a universal good since it can be used either for con- -

sumption C, mvestment in physical capital K, or for public abatement activities Z,.9
The second sector is an education sector that produces human capital by use of

physical ca.p,itai,l representing facilities like school buildings and human capital repre-

senting education time and knowledge. The human capital accumulation function is

assumed to be‘?a constant returns to scale technology:

|
|

= B[~ v) K [(1 - ) H)'™P (2.3)

where B > 0 [reflects fhe exogenous level of the technology and 0 < 8 < 1 is the
exogenous physical capital share in education. The specification of the final goods

TUnlike [13] Lucas (1988), we neglect the possibility of an externality from the average stock of

human capital to final goods production.
8For mmphmtj;' human and physical capital are assumed to depreciate at a zero rate. However,

this assumption does not change the qualitative results.
9 A dot above|a variable indicates its derivative with respect to time.
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production function (2.1) and the human capital accumulation function (2.3) ensure
that diminishing returns do not arise, when physical and human capital grow at the
same rate. Since both inputs H, and K; can be accumulated infinitely, the rates
of return remain constant along a balanced growth path and unlimited growth is in
principle possible.

Final goods production is assumed to cause a negative environmental externality as
a side Product, which harms utility.!® The externality is assumed to affect individual
utility f)nly and not to harm the production processes, i.e. there is no positive spillover of
a bettejjr environment to production of goods or human capital accumulation. Of course,
it is conceivable that pollution directly affects the productivity in the final goods or the
educatlfon sector. However, this is an aspect not being analyzed formally in this paper,
but there is a discussion of the issue at the end of Section 3.2. Aggregate pollution F;
is a public ‘bad’, which can be reduced by means of public abatement activities Z,
that consume a part of output, in line with the flow resource constraint (2.2). Public
a.batenflent can be interpreted as knowledge about clean production methods. Both P;
and Z; are modelled as flow quantities, which is justified as long as the balanced growth
path is analyzed. If public abatement Z, increases, the output pollutes less. The net
pollution function P, is assumed to be given by the following functional form:

| b= (%)X (2.4)

where )y > 0 is the exogenous elasticity of pollution P, with respect to the output—
abatenjent ratio Y;/Z,. According to equation (2.4) pollution is increasing in final
gookls sroduction and decreasing in public abatement activities. Section 4 analyses an
alternative specification of the pollution function, where pollution instead is generated
by the ‘use of physical capital in final goods production.

i

2.2, Ff[rms
| v
The economy consists of a large number of identical and competitive firms. They rent

physical capital from households at the interest rate 1y and hire human capital at the
wage rate w;. Firms use these input factors to produce ﬁnal goods with the technology

described by equation (2.1). Firms must pay a pollution tax Tp according to their gross

107 ke [19] van der Ploeg & Withagen (1991), (8] Gradus & Smulders (1993) and [11] Ligthart &
Ploeg (1994) pollution is modelled as an ’output’ factor in this paper. Alternatively, pollution could
be modelled as an input factor, see [17] Nielsen et al. (1995) and [2] Bovenberg & de Mooij (1997).
Both modellmg approaches are equivalent, see (23] Siebert et al. (1980).

\ .6

~3

pollution. Since pollution is complementary to output, a pollution tax is equivalent
t0 a tax on output. Firms are assumed to maximize their cash flow by choosing uH;

B _and v, K, given the pollution tax 7, levied on total production Y;:

Ty = (1 - TP) Yt — Uy (’U,tHg) - Tt ('UtKg) . (25)

_Profits are maximized when the marginal cost of each factor equals its after—tax mar- A

ginal product:

w = (1-7,,)(1—a)A(Z‘f;)a=(1_TP)(1_'a e
ri = (1—71p) a4 (vtléi) = (1—-17p,) a% (2.7)

2.3. Households

Households a‘re:assumed to be identical, atomistic agents with perfect foresight over an
infinite time hoﬁzon Preferences are restricted to ensure the existence of a sustainable
balanced growth path. The necessary conditions imply a specific functional form of the
utility function, where consumption is multiplicatively separable from net pollution.!!

For simplicity, e assume an additively separable instantaneous utility function.!? The

corresponding é1scounted life time utility is given by:

1‘ Up & ft_ (InC, — nln B ePdt (2.8)

where C; is co>nsumpt10n, P, is aggregate net pollution, 7 is the positive exogenous
margmal dlsumhty of pollutlon, and p is the positive exogenous rate of time preference.
Utility is seen to bei mcreasmg in consumption at a decreasing rate, Ug > 0 and Uge <
0, while it is decreasing in aggregate pollution at an increasing rate, Up < 0and Upp >
0.3 Households choose consumptlon and the allocation of human and physical capital

HFor the necessary condltlons on the utility function, see [25] Smulders & Gradus (1996).

c.p;)' :
12A more general instantaneous utility function is Uy = K—L—_)g—_, where @ is the inverse of the
intertemporal elaishclty of substitution. Since this function does not change the qualitative results

concerning the gljowth rate effects, but complicates the analysis, we use the simplified function (2.8),
|
where the intertemporal elasticity of substitution is equal to one.

13A more realistic utility function would allow for increasing marginal disutility of pollution
Upp < 0, but thls only changes the optimal allocation of resources between abatement and final
goods produchon (2.22). All other first order conditions of the central planner are unaffected and so

are the obtained [i‘esults




between the two sectors in order to maximize their life time utility (2.8) subject to the

' human capital accurmulation constraint (2.3) and the flow budget constraint:

H . I'(t = (1 - 'Tk) Tt’Uth + (1 - 'Th) ’LUtUth - (1 + Tc) Cg (29)

where 7j. is the tax on consumption (value added tax), 7 is the flat-rate tax on labor

income; 7 is the flat-rate tax on capital income, w, is the wage rate, and r; is the
rate of ‘return to physical capital. Education is assumed to be a non-market sector
-which does not glve rise to dlrect income, it can consequently not be taxed by means
of i mcome taxes.!
|

2.4. Government

The gofvernment levies a pollution tax!® on final goods production, a capital income
tax, a labor income tax and a consumption tax in order to finance public abatement
activitiFs. Public spendirig has to be financed solely by taxes, since the government
does not issue bonds. Hence, the government.is assumed to run a balanced budget in

every period, which is given by:
Trrie Ky + Thwgus Hy + 7.0 + Yy = Zy © o (2.10)

In the following, time indices of variables are neglected where unnecessary.

2.5, 'I‘k}e Market Solution

The rexlresentative household choosgs its consumption and the allocation of its physi-

, cal and[human capital to final goods production and education, respectively, in order

to ma:c%nﬁze its life time utility (2.8) subject to the human capital accumulation func-
tion (2.3) and the budget constraint (2.9) taking the tax rates 7, 74, 7k, and 7, as given.

« Since pollution is a public ‘bad’, economic agents take as given in their maximization

| . .
problem. The first order conditions with respect to C, K, H , v, and u become:

Nltr) = -2 ¢

| -ae""‘ = “3"0 +p (2.11)
/\: = (L=m)r v (2.12)

14For human capital as a market good, see [16] Milesi-Ferretti & Roubini (1995) in a similar model
without gnvlronment

1
5In fact, the pollution tax is a tax on output, since pollutlon is assumed to be complementary to -

output. |

|
\
|

o (I—U)Kﬂ .
- T @085 219
. . : —w -1
\\ ')\k(].—Tk)T = /\hﬁB l:g—l—uz)——g‘:l (214)
B
M- = Ah(-l—ﬁ)B[g—j%fl—] (2.15)

where A, and )\;‘1 are the shadow prices of physical capital and human capital in the
market solution, respectively. Equation (2.11) implies that the mérginal utility of
consumption in évery period should equél the after—tax shadow price of physical capital.
The first Euler ‘condltlon (2.12) implies that the rate of change in the shadow price
of physical capltal should equal the after—tax marginal product of capital in the final
goods sector. The second Euler condition (2.13) says that the rate of change in the
shadow price of human capital should equal the marginal product of human capital
in the education sector.! Finally, equations (2.14) and (2.15) describe the optimal

- .
allocation of physical and human capital between the two sectors.

The transve#sality conditions to the maximization problem are:'®
\ Jim A =0 and  Jim MH =0 (2.16)

|

Equations (2.14) and (2 15) yleld the sectorial allocation of resources as a function

|
of the tax rates[‘and the paramgters of the model:

L v (o 1-B\(l-T, 1-v

: u (1 —a ) (1 —»¢h> l-u (2‘17_)
[: ' .

where equations (2.6) and (2.7) have. been used. According to equation (2.17), the

after-tax rates 'of technical substitution between capital and labor must be equalized

across sectors in order to achieve an optimal intersectorial allocation. of capital and
hours. ‘The incbme taxes on capital and labor affect this allocation in different ways.
According to equation (2.17), the capital-labor ratio in the final goods sector v/u
increases relatlL/e to the capital-labor ratio in the education sector (1 — ) /(1 =),
whenever the C;Lpltal income tax declines or the labor income tax increases. In addition,
an increase (a decline) in the capital share in final goods production (education) leads to

16T hese condmons rule out explosive paths by requiring that the present discounted value of each
capital good equa\s zero in the long run. This is a reasonable requirement, since optimizing agents do
not want valuabli assets at the end of their planning horizon. Consequently, the first transversality

condition requires that the real interest rate should be positive.

|
| 9
|
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an increase in the capital-labor ratio in final goods production relative to the education
sector. Note that the sectorial allocation of resources is unaffected by income taxation,
when taxation is comprehensive 74 = 7. In addition, the sectorial allocation of factors
is unaffected by a change in the pollution tax, since it affects the return to the two
input factors in the same way.

Finally, the Keynes-Ramsey rule describing the optimal consumption path for the

market economy is derived by use of equations (2.11) and (2.12), where r is replaced
by equatlon (2.7):17 :

‘ C=1-m)(1-1))e = R-p (2.18)

J;w‘ ok P

- For further analysis it seems to be useful to define R as the return to capital investment

net of tax. ) )

It is obvious that the consumption tax 7. is a lump sum tax, since it is absent
in the first order conditions of the market solution (2.11)~(2.15) and hence does not
distort the economy. However, all other taxes have effects on the economy: The taxes
on capital income and pollution affect the inteftemporal incentive to invest in physical
capital,| described by equation (2.18). In addition, both factor income taxes affect the
secterij] allocation of factors, described by equation (2.17).

2.6. The Planned Solution

In cont’fast to the representative household, a benevoleﬁt central planner takes the
negative side effects of production into account. Consumption, the amount of public
abatement activities, and the allocation of physical and human capital between the
two secItors are chosen in order to maximize the discounted life time utility of the
representative household (2.8) subject to the human capital accurnulation function (2.3)
and :thefresource constraint of the economy (2.2). The first order conditions with respect
to C, K, H, Z, v, and u become: '

| : 1 i _C
= ZePt o _IkE_Z
| mo= g =gy (2.19)
: i AYR S
= (-g) e (2.20)
o (1-vK]?
o ¢! ﬁ)B[—————-(l_u)H} (2.21)

17A hat above a variable indicates its rate of growth.
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2|

e = xn%e“" (2.22)
p(1-5) e = mfB [E—i—:ﬁrl S en)
S n(-D) e #h(l—ﬁ)B[g—:Z—;%r (220

" where 1 and g, are the shadow prices of physical capital and human capital in the '

central planner solution, respectively. Note that equations (2.19)-(2.24) describe the
first best solution of the economy. Equation (2,19). implies that the marginal utility of
consumption in'every period should equal the shadow price of physical. The first Euler
condition (2.20)‘! implies that the rate of change of the shadow price of physical capital
should equal the marginal product of capital in the final goods sector. The second Euler
condition (2.21) is identical to equation (2.13). Equation (2.22) describes the optimal
allocation of rebources between public abatement and production of physical capital.
According to equation (2.22), the marginal utility of public abatement activities should
equal the shadow price of physical capital. Finally, equations (2.23) and (2.24) describe
the optimal allocatmn of physical and human capital.
After elmunatlng the shadow prices, equations (2.23) and (2.24) yield the optimal
sectorial allocation of resources in the centrally planned economy:
“ ‘ ' 3;":‘(__0.‘___1;@> l-v (2.25)
! w \l—-a B J1-u
Finally, the Ke&ifnes—Ramsey rule for the centrally planned economy is obtained by use
of equations (2 ‘19) and (2.20):

G (1—5) Qg = Rg—p | (2.26)

where Rg is défined as fhe social return to éapital investment. As can be seen, the

social return equals the private return to capital investment o (Y/vK) corrected by the
optimal marginal damage of pollution Z/Y, which is external to firms in the market

economy.

3. The Balanced Growth Path

In this section,u the optifnal tax rates are derived. Furthermore, the reduced forms of
the balanced growth rate and all core variables and ratios are derived. Finally, the
small open economy version of the model is considered.

|

|
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- Along a balanced growth path, the variables C, H, K, Y, and Z grow at the same
constant rate, whereas u and v are constant over time. Therefore, the balanced growth

Tate’ g can be defined as follows:

!

|
l 0 -
where a‘ hat above a variable indicates its rate of growth and ¢ = &, h. _Aécording
to condition (3.1), the ratios C/K, C/Y, K/H, Z/K, and Z/Y are constant along
a b_alanic_ed growth path. " This implies that the level of net pollution P is constant
along tfxe balanced growth path. A constant level of P is in accord with sustainable
enviro: 1 ental development if the ecosystem is assumed to be a renewable resource and

the Ieveil of pollution does not exceed the natural regeneration.!8

3.1. O[‘[)timal Tax Rates

This seg;ction derives the optimal tax rates in the model. In order to derive the first
best tax rates, the first order conditions of the market solution are compared with
the cor ivesponding first order conditions of the central pla;;ner solution. Comparison
of eé;ualions (2.15) with (2.24) and (2.12) with (2.20) using equation (2.6) and (2.7)
reveals @he following two conditions for a first best solution:

7 ) cPS 32)

(-m-r) = (-m-r) = 1-(g
where the superscript 5 denotes the central planner solution. Recall that the abate-
ment to output ratio is constant along a balanced growth path. Note that there
are more than one possibility to achieve a first best solution in a market economy.
Condition (3.2) can be fulfilled in at least three ways, see Table 3.1.

Casé 1: A first best solution can be reached by setting tax rates on labor and

capital équal to zero and the pollution tax equal to the optimal marginal damage of
pollutidn. In this case, the pollution tax corresponds to a Pigouvian tax. Note that
the first best solution can be reached without the use of a lump sum instrument in all
three cases. Hence, in Case 1 the pollution tax fulfills twoftéglzs at the same time. It
corrects the inefficient input ratio and generates the exact amount of public revenues
to provilde the optimal level of abatement. But additionally, there are at least two other

18gece [24] Smulders (1995) for a survey on environmental sustainability in endogenous growth
models. |

12°

Th Tk Tp
Gase 1] | 0 0 (%)CH)
CPS CP3 -
Case 2’ ] Z 0
o @G
Cm31—ﬁ—— 1—w- 1’W'G)

Table 3.1: Optimal tax rates, when P = (Y/Z)*

ways to reach a first best solution without setting the pollution tax at its Pigouvian
level. Case 2: A first best solution can be reached by setting both factor income taxes

. equal to the optimal marginal damage of pollution and the pollution tax eqﬁal to zero.

Hence, a compréhensive income tax (7, = 7x) works in the same way as a pollution tax.
Therefore, setting a comprehensive income tax equal to the optimal abatement—-output
ratio is equivalént to a Pigouvian tax. Case 3: A first best solution can be reached in
many other wa}:'s by setting a comprehensive income tax and using a pollution tax in
addition. One Of them is represented in Table 3.1 for 71, = 7¢ = 7,. In all three cases,
the optimal tax structure holds both along and outside the balanced growth path.
Outside the balanced growth path, the tax rates change over time since the optimal
abatement—out“ ut ratio is not constant. Howeéver, along the balanced growth path the
tax rates are co tant, since the abatement-output ratio is constant. Finally, it can be
stated that the non-lump sum income taxes may be efficient, when the tax revenues
collected by thé government are ‘spent on abatement activities.

3.2. The Marﬁ(et Economy

In the followiné;, we anai_yze the effects of tax and parameter changes on the reduced
forms of all cor% variables and ratios. At the end of the section, the results are summa-
rized in Table 3,2. Along a balanced growth path, the first order conditions of the mar-

ket economy (2:.13) and (2.18), the human capital accumulation constraint (2.3), and
the resource cohstraint of the economy (2.2) can be rewritten by use of condition (3.1):
! vK a-1
o= a-ma-ra(ly) -p = R-p (3:3)
. (1—-v)K :
= (1= A4
g = ( mBhluﬂ, -p (3.4)
o a-wK)” ’
g = B [—————(1 mnyi (1-—u) . (3.5)
i .
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vK N\ Cc Z
g = A(ﬁ) v L (3.6)

In order to derive the reduced form of the physical to human capital ratio in the

final good sector (vK) / (vH), we substitute the term (1 — v) / (1 ~ ) i in equation (3.4)

|
by (2.1‘7) and set it equal to (3.3):

)

|

K _[ oA a~1—ﬂﬂ(1—'r;)(1’—7)“+"’m |
ﬁﬁ{(l—ﬂ)B[l—a B ] (l_Th); ) (3.7

_ According to equation (3.7), the physical to human -capital ratio in the final goods
* sector|(vK) / (uH) depends positively on the tax on labor income and negatively on

the taxes on pollution and capital income. It is obvious that a higher labor income

tax leads to a more capital intensive final goods production, whereas studying becomes
more jlabor intensive. The opposite is true for a higher pollution tax and a higher
capita] income tax. The effect of a change in the comprehensive income tax on the
physicial to human capital ratio is identical to that of a change in the pollution tax.
This i$ the reason behind the equivalence of a compreherisive tax and a pollution tax for
internalizing the external effect of pollution. Although, the pollution tax is equivalent
to a tax on output it does reduce the ratio of physical to human capital in final goods
production. The intuition behind this is that an output tax reduces the return to
physicfal capital net of tax rate directly, whereas the rate of return to investment in
human capital is left unaffected, because education is a non-market activity. Since
the rtjm'n to capital investment should equal the return to human capital investment,
final goods production must become more human capital intensive in order to leave

- the refurn to capital investment net of tax unaffected.

The reduced forms of the return to capital investment ne’c of tax and the growth
rate, siee equation (2.18), can now be obtained by introduction of equation (3.7) in
(3.3):

R = [DU-m (- - [ 3y

o = [PA-T PP 1T (39)
T \aeap

where D = (ad)l’[(1 - 8) B4 (%%) (3.10)

Accoréiing to equation (3.9), the balanced growth rate in the market ecoriorny depends
positively on the levels of the technology in the final goods sector A and the education

| 14

sector B, while it depends negatively on the capital income tax 7y, the labor income

" tax 71, the comprehensive income tax 7), = 7%, the pollution tax 7, and the rate of
_ time preference p. It can be seen that a tax on consumption 7. does not affect the long

term growth rate. Furthermore, the value added tax has the characteristics of a lump-
sum tax, since it does not distort the economy. 19 The result that non—environmental
taxes reduce growth has been already shown by [16] Milesi~Ferretti & Roubini (1995)

" in a similar model without pollution. Furthermore they state that growth and welfare

are -ma.ximized‘; when factor income is taxed at a zero rate. Hence, in their model
the outcome o% the unregulated market economy is a first best solution. However, we
consider the ehvironment in addition and show that the long term growth rate and
I unregulated market economy is too high from a welfare perspective,

when pOlluthH‘ harms utility. R
In the following, the reduced forms of the fractions of human and physical capltal

that are devoted to final goods production are determined. The fraction of human

pollution in a

' capital allocaté;d to final goods production is derived by use of equations (3.4) and (3.5)

and introductfpn of (3.9):

u =} B+A=B)p[DA TP (-7 (1~ )T (31
It can be seen jimrnediately that the fraction of human capital allocated to final goods
production deﬁends positively on both factor income taxes, the comprehensive income
tax, and the pollutlon tax. If seems cortra-intuitive that an increase in the labor
income tax mcluces agents to spend more time at work. However, the capital-labor
ratio v/u and tot the absolute value of u is relevant for the allocation of physical and
human capital ‘
tax also increases the fraction of physical capital allocated to final goods production.
Howevet, v riéés more than u, since a labor income tax increases the capital-labor

etween the two production sectors. As we will see below, a labor income

ratio in the finhl goods sector v/u relative to capital-labor ratio in the education sector

(t-2v)/(1- 1’/,), see equation (2.17).

Now,-the fraction of physical capital allocated to final goods production is derived
|

i . - . cp-1)'"-1 |
197 case the more general instantaneous utility function U = -(—l_ls———— is used, the reduced

form of the growth rate (3.9) changes to: g = 3 [D A=) —r)P (- Tk)""] TeF p} .

Obviously, an intertemporal elasticity of substitution 1/6 unequal to unity does not alter the qualitative

growth rate effects of parameter and tax rate changes.
i
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by use of equations (2.17) and (3.11) and introduction of (3.9):
. l—al-
e[ a-—Th ! . — (3.12)
[ S« 1-— Tk 1+ .
) {[Du—rh)(‘-"ﬂ’u—rp)”(l—rk)"'ﬁ]ﬁLﬂ’—p}

‘where t;he fraction of physical capital allocated to final goods production depends
. posmvely on the labor income tax, the comprehensive income tax, and the pollution
tax, whlle the effect of the capital income tax is presumed to be negative, but cannot
be sxgned unambiguously.

In i:}jie following, the reduced form of the abatement-output ratio is derived. There-

fore, th(;; budget constraint of the government (2.10) is rewritten as:
[ (I—T,,)[Tka+7'h(1—a)]+T,,+Tc§-=§

Introduction of the resource constraint of ‘the economy (3.6) in equation (3.13) yields

(3.13)

either: r

g -m)matm(l-a)) 4Tt [1—{;(%)1_"]

Y ixr, (3.14)
or : .

| 11— 4 (=K 1~a ’

i c ~ A (m) —(=mp)rra+ra(l—a)] —7p

‘ Y~ : (3.15)

1+7,
It can be seen that a consumpclon tax increases the abatement—output ratio. However,
the exclusive use of the consumption tax cannot yield a first best solution, since it does
not ‘corject the sectorial allocation of factors. For the derivation of the other effects
we hav‘ to set the lump sum consumption tax equal to zero, otherwise the effects
cannot be signed. Due to tax interaction effects, a higher pollution tax erodes the tax
bases ofl: the non-environmental taxes, which finally could lead to a lower abatement—
output ratio and thereby to higher pollution. - An increase in the pollution tax raises
tax revénue directly, but lowers the factor income tax revenue indirectly through a
drop in‘the returns to capital and labor. However, an increase in the pollution tax
mcreases the abatement—output ratio and hence reduces pollution as long as the taxes
on ca.plbal and labor are between zero and one. The effects of a comprehensive i income
tax are eqmvalent to a pollution tax. Isolated increases in elther the labor income tax
or the capital income tax raise the abatement-output ratio without eroding any other
tax bases

Even though a consumption tax is a lump sum tax, it has a negative effect on the
consumption—output ratio, since resources are reallocated towards public abatement

| 1

|

aﬁtivities, see equation (3.15). However, the effects of all other taxes and parame-
ters on the consumption—output ratio-cannot be signed unambiguously. The effects
of changes in-the tax rates and the parameters on the core variables and ratios are

summarized in Table 3.2.% -
; TelTh | Te |Th=Tk | VA|B| p
i g_g ol = | - — —l+14]|-
Gu 0|+ |+ + +1-]=-1+
;2 o+ || + + | +{+][-
18'1“31 < o [+ | = _ B I I
e B R e i L KO N

v

Table 3.2:i The effects of changes in taxes and parameters on core variables

By means of the Keynes-Ramsey rule (3.3) and the results in Table 3.2 (second and
fifth row), the channels through which taxes affect long term economic growth can be
shown. The du‘ect effect. of higher taxes on capital and pollution is to reduce the net
interest rate R‘afor a given physical to human capital ratio. From equatlon (3.3), we
know that this }single effect reduces growth. Due to the indirect effect of these taxes,
final good prod]uction becomes more labor-intensive, which ceteris paribus stimulates
growth due to a higher marginal“product of physical capital. Table 3.2 shows that the
direct effect dorhmates the indirect effect. A higher labor tax leads to a more capital-
intensive final good production, which lowers growth indirectly, see equation (3.3).

In the precq“jdiﬂg analyses, the case of productive environmental spillovers have not

been taken into}j account. However, an improvement in the quality of the environment
may increase the productivity in the final goods production or in the education sec-
tor.2! Formally, these cases could have been analyzed in the present setup by adding a
multiplicative term P~ on the left hand side of the production function (2.1) or the hu-
man. capital ac¢umulat10n function (2.3). However, it is possible to discuss productive
environmental %pillovers‘without a formal analysis. Along a balanced growth path, a
better environmental quality is namely equivalent to higher levels of the technology A

or B, because the level of pollution is constant along a balanced growth path. From

2015 table 3.2, the results indicated with a ‘x* are obtained by setting 7, = 0, whereas ‘*’ cannot be

signed unambiguously, but is expected to be negative.
218ome empmcal evidence suggests that pollution may cause productivity loses, see e.g. [14] Mar-

gulis (1992), (1] Ballard & Medema ' (1993), and [4] Brendemoen & Vennemo (1994).
. |
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Table 3.2, an increase in productivity is seen to increase economic growth. Hence, en-

vironmental improvements stimulate economic growth, ceteris paribus. Whether, this

_positivejgrowth rate effect dominates the above-mentioned negative growth rate effect -

depends|solely on parameter values.

:_3.3. Thfe Small Open Economy -

So far we have analyzed the effects of environmental policy in a closed econonty setting.
In this ﬁection; we complement the analysis by investigating the .possibilities for a
smaI:l opien economy to lead an independent environmental policy. Throughout, the
conveht%bnal assumptions of international trade models are made: Domestic capital
goods and foreign assets F are perfect substitutes, there is international borrowing and
lending, and international trade in capital and consumption goods, but international
immobifity of labor i.e. human capital. The latter assumption ensures that the small
open ecglnomy will not specialize over time in either final goods production or education.
Furthermore, the world interest rate r; cannot be influenced by a small open economy
and is therefore exogenous. This implies that the after-tax return to capital invested
- domestigally and abroad is the same, if a residence-based (world wide) tax system??
. is assumed. ‘In addition, we assume that the environmental externality is national
in sc':ope‘.")3 Given these assumptions, the flow resource constraint of the small open
economy becomes: .

Y4rF=C+K+F+2Z (3.16)

where 74F' is the interest payment earned on foreign assets and F is investment in

foreign éssets. In the small open market economy, the first order conditions of the
represenﬁ;ative agent’s maximization problem are still given by equations (2.11)-(2.15), -

but in addition the after-tax return to domestic capital should equal the after-tax
return to investment in foreign assets:?*

i .
‘ : R = (I-m)r = (L-7g7s (3.17)

22This is the prevailing taxation system, see e.g. [18] OECD (1991). Agents pay taxes in their home
country on capital income from foreign investments, but receive a tax credit for any taxes paid abroad
on this income. gene

1y cas‘;e of global environmental problems like the anthropogenic greenhouse effect or the destruc-
tion of the ozone layer, a small open economy has no influence on the pollution level at all.

24Note that in a pure residence-based taxation system domestic and foreign capital income would

be taxed at the same rate.
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The small open économy can still determine the domestic interest rate net of tax by use
of its tax policy. But at the same time the domestic interest rate net of tax should equal

" the net of tax world interest rate. As a consequence, the only difference between the

- closed economy and the small open economy is that the government must accommodate

the tax on forefgn capital income in order to fulfil equation (3.17). Thus, the tax on

foreign capital income 7y is not a real decision variable of the government. In case

“the after—tax return is higher on foreign assets, there will be a permanent outflow of -
-capital from the domestic economy. In case the after—tax return is lower on foreign

assets, there wiil be permaneht inflow of capital. Obviously, both of these cases are
unstable: The endogenous determination of the tax on foreign capital income is derived
by introduction, of the after-tax interest rate (3.8) in equation (3.17):

! 1 1
T = 1+ E = 1--= [D (1= 'rh)(l_a)p 1- 'rp)‘B (1- Tk)“‘}] = (3.18)
brg Tf

| . . ,
Tt can be seen that for given taxes on labor income, capital income and pollution, there

exists a unique feasible value of the tax on foreign assets that equalizes the returns to
domestic and qureign investment. Since the equilibrium interest rate net of tax R, see
(3.8), is a negaﬁ:ive function of the taxes on capital, labor and pollution, the tax on
foreign assets is a positive function of these taxes. This result is similar to the result
obtained by [15] Milesi—Ferretti & Roubini (1994) except for the effect of the pollution
. |

The key i ‘:ight from the ¥bove analysis is that a small open economy under a

residence-based tax system can determine the after-tax return earned by domestic
residents as lor:ig as the tax rate on foreign capital income is set according to condi-

" tion (3.18). Tﬂus, the after—tax return on domestic capital equals the world interest

rate net of the tax on foreign capital income levied on domestic residents. Hence,
a small open economy can decide its own growth rate through taxation of factor in-
come. In fact, ;che balanced growth rate is the same in the small open economy and
in the closed e‘(‘:onomy (3.9).%5 Furthermore, a small open economy can use efficient
instruments toginternalize the pollution externality.

As a conse(%uence, the optimal taxation results of Section 3.1 are still valid. How-
ever, the goverr:lment in the small open economy obtains an additional revenue from the
tax on foreign Assets. This tax revenue must be redistributed in a lump sum manner to
guarantee a first best solution. The main difference between the closed and the open

25The papers by [10] King & Rebelo (1990) and [22] Rebelo (1992) also show that a residence-based
taxation system épllows for a wedge between both domestic and world interest rates and growth rates.
|
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economy is that the latter will exhibit no transitional dynamics as long as there are no

'_ investment costs present. The domesti¢ capital stock can be changed immediately by
. borrowihg or lending in the international capital markets.

If in| contrast capital income is taxed according to the source-based tax principle;’

the govgz['mment becomes partially restricted in its tax policy. Under such a system the

net of te‘ax interest rate in the small open economy must equal the world interest rate:

| R o= (-m)r = . (3.19)

Thus, the growth rate of the small open economy is determmed by the world interest
rate. If! on the one hand, the technology of the production processes are identical at
home and abroad, the government of the small open economy cannot levy positive taxes
on botH labor, capital, and pollution, since this would violate condition (3.19) which
ensures|a stable solution. However, an independent environmental policy can still be

. lead by ‘the small open economy by setting two of the tax rates and tying the last one

accordmg to equation (3.19) given that both taxes and subsidies are available.?® Thus,
the revenues of certain combinations of taxes and subsidies, which does not alter the
return to capital net of tax R, and the revenue of the lump sum consumption.tax can be
used tojincrease abatement activities and thereby lower pollution. But note that this
is a secé)nd best environmental policy. Hence, should the EU decide to move towards
a sourcé-based income tax system, then a common EU environmental policy might be
necessaljy, since individual member states no longer can ledd an effective environmental
policy. %f on the other hand, the technologies are different then the government must
use at Iiast one of the above-mentioned tax instruments to fulfil condition (3.19). As
long as the interest rate of the small open economy r is larger than the world interest
rate 7y there is a possibility for environmental policy. If the interest rate is smaller
than the world interest rate, the small open economy must subsidize the interest rate
and finance it by a lump sum tax.

28]f all{foreign tax rates are zero, then 7; = DT=o¥ and the restriction on domestic tax rates
becomes: ’
(A=rp) = (1 =)0 (1 )

see equation (3.8). Thus, pollution can e.g. be taxed at the rate 7, =;*/Zl + s), if factor income is
subsidized at the comprehensive rate 74 = 7 = —s. The revenue from such a policy is negative, which
implies that consumption has to be taxed at an appropriate rate in order to balance the government
budget and still engage in public abatement activities, see equation (2.10).

4. Capital as the Polluting Factor

~ After having discussed the possibilities of a small open economy to lead an independent

environmental policy, we now turn back to a closed economy setting. In the preced-
ing sections, pollutxon was assumed to be a function of output and public abatement
activities accordmg to equatlon (2.4). In this section, we assume an another plausible

. pollution specification. Pollution is now assumed to be a function of physical capital

used in the final goods production and public abatement activities. The alternative
sﬁeciﬁcation of the net pollution function is:

. where pollution is seen to be increasing in the use of the dirty factor and decreasmg in

public abatemént. In contrast to the pollution function (2.4), the alternative specifica-
tion allows for a reduction in pollution without lowering output, through a substitution
of physical by ! Ihuman cé,pital in production. This would lead to a cleaner and a more
labor-intensivé final goods productlon

In the following, we derive the growth rate effects of changes in the tax rates and
the parameters and compute the optimal tax rates for this pollution spec1ﬁcat10n given
that all other|things are equal to Section 2.1. In contrast to the setup above, the
pollution tax is now lev1ed on the use of physical capital in the final good production.
Therefore, the:iafter—tax margg)al products of labor and capital change as follows:
‘ Y

w o= (1-0) (42)

\ : .Y .
: : = g— — 4.3
“ T a'UK TP ( )

Tﬁe wage ratei is seen to be unaffected by a pollution tax, while the interest rate is a
negative functjon of the pollution tax. The first order conditions of the market solution
(2.11)~(2.15) ire unchanged. But due to the changes in the wage and interest rate, the
sectorial allocation of factors is no longer unaffected by a pollution tax:

" v_[_«@ 1-8 (1—Tk) a%;r,,)l—'u (4.4)
u 1-a B 1—7h azy 1—u
where equations (2.14), (2‘ 15), (4.2) and (4.3) have been used.

The alternsa,tlve specification of the pollution function changes the differential equa-
tions, which gJovern the balanced growth path. Thus, along the balanced growth path
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equations (3.4)—(3.6) still hold, while ‘the Keynes-Ramsey rule (3.3) of the market
economy changes to:

| o= Rep o= efaeen) -0 @)

Lo .
IH order to determine the growth rate effects of changes in the tax rates and the

. ! | : .
~ parameters, we derive the reduced form of the growth rate by using equations (3.4),

{
(4.4) and (4.5). The implicit function of the reduced form is called F:

Il

i F 1-6 o 1-7\"
B l—al—-T1,

L1 (g+p s rg+o\|”
' {aA[aA(l——rk+TP>] (:.;)} -p—g = (46)

The effects of parameter and tax rate changes can be derived by using thé implicit

0=(1—ﬁ)B(

fu'nction,i rule.?” The growth rate is negatively affected by taxes on labor income, capital
income®, and pollution, and by the rate of time preference. Also in this specification,
a consurpption tax is a lump sum tax and therefore has no effect on economic growth.
Growth js stimulated by increases in the levels of techhology in both sectors, A and B.
These results are similar to the second row of Table 3.2 in section 3.2. .

In the following, the optimal tax rates are found by a comparison of the first order
conditions of the representative agent problem (2.11)-(2.15) and the central planner
problem (A.."3)~(A.8).?'9 This comparison yields the following two equations that must
be fulfilled in order to achieve the first best optimum:

(1—74) <at—% - Tp) - o (%{)CPS ~ (é)g@ )
* (1-m)(-a) 2 = (1-a) (;%)CPS (48)

Equatioﬁ (4.7) can be fulfilled in at least two ways, see Table 4.1. And inspection of
equation% (4.8) immediately reveals that the optimal labor income tax is zero.

Casej 1: A first best solution can be reached by setting taxes on labor and capital
income equal to zero and the pollution tax equal to the optir};@l marginal damage of
pollution. Such a pollution tax corresponds to a Pigouvian‘i‘;é’b;(r.‘ Case 2: Another way

27See Appendix A.1 for the partial derivatives of F.
ZzWe ca}nnot sAign the growth rate effect of the capital income tax, but we expect it to be negative.
See A_ppendlx A.2 for the first order conditions of the central planner solution with this pollution
specification.

Th Tk Tp
] Casel | O 0 (;,%)CP‘S
omez| o] (&) [a (%)C*’S]~1 0

Table 4.1: Optimal tax ratbes, when P = (vK/Z)*

" to achieve a first best solution is to set the labor and pollution tax equal to zero and the -

capital tax.equ“‘cxl to the optimal marginal damage of pollution divided by the optimal
marginal prod%ct of capital. It can be seen that the effects of a capital income tax
are similar to ﬁ‘he effects of a tax on pollution. This is not surprising since the use of
physical capitai in final good production is the dirty input factor. However, there is one
difference: the j;ax base. A tax on capital is levied on the capital income which consists
of the marginal product of capital times the use of physical capital in production
[aY/ (vK)]vK ; whereas the tax on pollution is levied solely on the use of physical
capital in production vK. Therefore, it is necessary to correct the optimal marginal
damage of poliution by [Y/ (vK)]™" in order to equate the tax base differences of
the two taxe,s,iwhen a capital income tax is used. Note that both the pollution and
the capital inc?me tax lead to a more labor intensive and thereby a cleaner .ﬁnal goods
production. Furthermore, there is a rationale for capital income taxation, when capital
is the dirty ingut factor and the pollution tax instrument is not available.
Comparisor‘li of Table 3.1 and Table 4.1 reveals that the optimal labor income tax
becomes zero, jionce human caﬁaital becomes a clean input factor in production. The
discussion of t ’e small open economy version for the alternative pollution specification

is similar to t}}e one in Section 3.3 and is therefore neglected.

5. Conclusions

This paper hai examinéd the effects of fiscal policy in a two sector endogenous growth
model with p \llution, where the tax revenues are used to finance public abatement
activities. We‘| investigé,ted two plausible pollution specifications: Pollution is either
generated by final goods production or by the use of physical capital in final good
production. In both cases, the decentralized outcome is inefficient without government
intervention. From a welfare perspective there is too much pollution and economic
growth is too (high in an unregulated market economy, since economic agents do not

take the environmental externality into account. Both factor income taxes and the pol-
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. quality. |

‘ Further

lution tax reduce economic growth whereas a consumption tax has the characteristics

of a lump sum tax. 30, The tax on pollution improves welfare as long as the level of

' pol]utlon is above the optimal level. If productive environmental spillovers are consid-

ered addltlonally there may be a stimulating growth effect of a tighter environmental

, pohcy depending on the strength of these spillovers. At least productive environmental

spillovers partially offset the negative growth effect of providing a better environmental

'

Wheﬁ pollution is complementary to final goods production, the government can
reach a ﬁrst best solution either by setting the pollution tax equal to the optxmal

margmal damage of pollution or by setting a comprehensive income tax at the same

level. Fu_rthermore a combination of the comprehensive income tax and the pollution
tax can b:e used to reach a first best solution. The optimal tax analysis implies that non—
lump sum taxes may be efficient, when the tax revenue is spent on public abatement
activities{. Concerning the growth rate effects of taxes on capital income and pollution,
there are two effects at work: Both taxes reduce the growth rate directly through a drop
in the net of tax interest rate, but stimulate growth indirectly through an increase in the
interest fate, because final good production becomes more labor intensive. However,
the diredt effect dominates the indirect effect. A higher labor income tax leads to a
reduqtioﬁ of the interest rate solely through the indirect effect. Although the pollution
tax is equivalent to a tax on output, it does affect the physical to human capital ratio
in final l.‘%oods production, since education is assumed to be a non-market activity.
1ore, we have shown that a higher pollution tax erodes the tax bases of both
factor inéome taxes. Nevertheless it increases the government revenue and theéreby the
abatemeflt—output ratio, which'is accompanied by a better environmental qﬁality.

_ When pollution is caused by the use of physical capital in production, the first best
solution once more can be reached by setting the pollution tax equal to the optimal
rnarginal-i damage of pollution. However, the negative externality can also be inter-
nalized by a capital income tax that equals the optimal marginal damage of pollution
divided By the optimal marginal product of capital. The latter correction is necessary
to equaté the tax base differences between the capital income tax and the pollution
tax. Thus, capital income taxation is well-founded, when capit:%}_ is a dirty input factor,
because it induces firms to use more of the clean input fact6t in production.

In addition, we investigated a small open economy version of the model with perfect

3Tn a model with identical production processes but augmented by leisure, a consumption tax is
growth reducing as well, see [16] Milesi~Ferretti & Roubini (1995).
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international capital mobility. We found that under a residence-based income tax

" system that discriminates between domestic source and foreign source income, a small
' oben economy can lead an independent first best environmental policy, where it chooses

- its own fiscal policy and thereby determines its own growth rate. However, in order

to rule out a permanent inflow or outflow of capital and hence the unstable solution,
the tax on foreign capital income is no longer a decision variable of the government.

" Instead, the government must accommodate any domestic tax rate change by changing -

the foreign income tax such that the domestic after—tax interest rate equals the after—

tax world mter‘ t rate.

Under a source—based tax system, the government is partially restricted in its tax
policy since the latter must be constrained in such a way that the after-tax interest
rate equals the' ‘world interest rate. However, in order to lead a first best environmental
policy the govejrnment'must be able to determine its interest rate. Nevertheless, there
is still room for an independent second best environmental policy. By means of certain
tax-subsidy combinations and the use of the lump sum consumption tax the level of the

abatement activities and hence the level of pollution can be varied without changing
the interest raﬁe.

1
A. Appencilx

A.1. Partial Derxvatxves ofyF
Partial derivat wes of the reduced form of the growth rate F

B = -00-9)5 (- m) -0 <o
2 =l — BN 2 05 [ L5 <0
or =1 1400777 08 [1 - L] >0 "
% - joo’ >0
o =E O e e {1——Ar,,93 }-1 <0
B _ o L 0T (1- 40t} -1 <0

where the following definitions are used:
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o = 1-0B(Famiz)” >0
1 o= L [HA(_”MP)]T“:(T«;;&) >0 (A2)
1' Qs = alA (l Tk+Tp) >0

- To show} that the term in the square bracket of the second and third line of equa-
‘ tlon (A. 1) is positive we substitute Q3 by ( )a see equation (4. 3) Therefore:

l
ii - 1 /vK vK vK
i AT”Q Y ('u?) [O‘A (ﬁ) - T”J ey, (ﬁ) r>0

where ml‘ has been used that a positive interest rate is a necessary condition for the
existenc%z of a balanced growth path. Then it is straight forward to see that the curly.

bracket in line fifth and sixth of equation (A.1) is positive as well:

; 1 1 KN, ruK\*?
i 1=’ = (og) [A(ﬁ) ‘TP]>°

.
A.2. First Order Conditions of the Central Planner Solution

When pollution is caused by the use of physical capital in final goods production, the
- first ordgr conditions of the central planner problem becomes:

; Ve = éE"”t _ o (A-3)

| vg = xn%ff”‘ - (A.6)

uh(l—ﬁ)B[%—:—Z%—}-;—r - uk(1—a)£fﬁ | (A.8)
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1. Introduction

- The main purpose of this paper is to simulate the transitional dynamics of environ-
_mental policy within a two sector endogenous growth model, which is developed and
ahalyzed theofetically by [9] Hettich & Svane (1998). We investigate the adjustment
processes| and the related welfare implications of implementing an increase in green
taxes eit?!ler suddenly, announced or gradually. By calibrating the model realistically
we get both a qualitative and a quantitative impression of the consequences of a tighter
environmental policy. . ‘ »

The [Q] Hettich & Svane (1998) paper determines the long run effects of environ-
mental policy on growth and all core variables within a generalized Uzawa~Lucas model
that allows for both disutility of pollution and public abatement activities, which are
financed through taxation. However, when it comes to the determination of the welfare
implications of environmental policy it proves necessary to have knowledge about the
transitioflal dynamics caused by such a policy. Due to the complexity of the model,
welfare effects might be positive in the long run, but négative in the short run such
that the overall discounted welfare effect of environmental policy might turn out to be
negative.. Moreover, policy makers normally want to introduce a policy change gradu-
ally or announce it in advance in order to avoid huge costs in the adjustment processes.
It is th'eljefore interesting to compare the transitional dynamics of an unanticipated,
an anticibated, and a gradual introduction of environmental policy and in particular

. to deter & ine the welfare effects of these different policy schemes. The present paper
simulateg numerically the transitional dynamics of the above-mentioned model from
an initial balanced growth path to a new balanced growth path for all three policy

" schemes. In all of these cases, the economy ‘approaches' a new balanced growth path
asymptol‘iica]ly‘l Furthermore, we undertake a sensitivity analysis of the exogenous
parameters chosen for the simulations.

Wherpas almost the entire literature on environmental policy and growth examines
the long run effects, little has been done so far to analyze the short and medium term
effects. However, there are a few excéptions in the literature. [16] van der Ploeg &
Ligthart (1994) derive the transitional dynamics of a linear growth model extended by
a renewable environmental resource. By increasing the disutility parameter of pollu-
tion of the representative agent they find that the fall in the short run growth rate of

1The simulations cover 150 periods. Within this period of time the difference between the simulated
growth rates and the balanced growth path values becomes negligible (10~19),

the centrally planned economy is bigger than in the long run growth rate. Note that

" the evolution of the environmental stock is responsible for and solely determines the
" transitional dynamics of the economy in their linear model. [15] Perroni (1995) gets

a similar result in a two sector growth model, where a composite of two final goods-
can be used. for consumption, and investment in both physical and human capital. In
such a model, an environmental tax is growth reducing in the long run. By means of

..a numerical simulation he finds that short run growth losses are even bigger. Finally,

[4] Bovenberg & Smulders (1996) analytically compute the transitional dynamics of a
two sector model consisting of a consumption/capital goods sector and a research and
development sector that generates knowledge about pollution-augmenting techniques.
The renewable environmental resource acts both as public consumption and as a pub-
lic input into production, where the latter is identical to a productive environmental
spillover. They?‘ﬁnd that if the environment acts mainly as a consumption good, then

a’tighter envifc‘mmental i)olicy reduces growth in both the long run and the short run.

" But if the environment acts mainly as a public investment good, then long run growth

rises, while short run growth declines.?

There are several conclusions drawn from the analyses undertaken in the present
paper. Firstly,ljfrom a strict welfare point of view, the best policy is to introduce the
optimal polluti‘on tax unannounced. However, in our point of view, the best policy
recommendation is a gradual environmental policy scheme. Under such a scheme, the
adjustment prc?cesses are less sgvere than under the other schemes simply because a
gradual increase in the poltutigh tax stretches out the adjustment process over several
years. Moreov‘fr, the welfare loss of a gradual instead of an unanticipated implemen-
tation of the‘pblicy is negligible. Even though this paper does not take investment
costs into account in any of the undertaken analyses, we expect that costs of invest-
ment do not h%uve to be very big, before it pays in terms of welfare to implement the
policy change ; adually. Secondly, the long term growth rate only falls from 2% to
1.98%, when the abatement-output ratio doubles from 1.6% to 3.2%. This result holds
for all of the realistically calibrated environmental policy schemes. Thus, a tighter
environmental | policy leads to a relatively small reduction in the long term growth
rate. Thirdly, L previously announced environmentzal policy just postpones the adjust-

2Related papers investigating transitional dynamics within similar models, but without taking the

environment intct account, are! [5) Caballé & Santos (1993), (6] Chamley (1993), [7] Devereux &
Love (1994), (8] [Faig (1995), [L1] Ladrén-de-Guevara et al. (1997), and {13] Mulligan & Sala-i-

Martin (1993).
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ment process until after the pollution tax is actually increased instead of leading to a

smoothing of consumption over time. Thus, welfare declines when an increase in green
taxes is z%nnounced in advance instead of being implemented immediately. Note that
this rgés@t probably hinges on the fact that the intertemporal elasticity of substitution
equafs is,assumed equal to one. Finally, the sensitivity analyses reveal that the shares
of ph‘ysidféll capital in the two sectors are the key parameters to the understanding of

. the txfanS}tional dynamics in the simulated model. The more similar the two produc-

tion progesses are, the more severe is the adjustment process, since an increase in the
pollution;tax leads to bigger movements in output and consumption.
i

The structure of the paper is as follows. The theoretical model is briefly described

‘in Section 2. The model is calibrated to capture the growth rate and abatement ex-
penditurg'as of industrialized economies in Section 3. Section 4 analyses the transitional

dynamics of a centrally planned economy, when environmental care suddenly increases.
Section 5 simulates the effects of both an unanticipated, an anticipated and a gradual
implemeﬁtation of a tax on the emission of pollution in a decentralized economy. Fi-
nally, Se(::tion 6 undertakes sensitivity analyses of the chosen parameter, while Section
7 concludes the paper.

2. Model
This sectjon briefly describes the discrete time version of the [9] Hettich & Svane (1998)
two sector endogenous growth model. :

In the final goods sector a large number of identical and competitive firms produce

universal| goods ¥; with a constant returns to scale technology using physical capital
K, and hlluman capital H; as input factors:

!

Y, = A(vK)* (UtHz)INQ =Ci+ 2+ Ky — K + 6. K, (2.1)

Parameter A is the level of the technology, « is the physical capital share in final
goods production, and 0 < v, <1 (0 < u; < 1) is the fraction of physical (human)
capital d?voted to final goods production. Universal goods are used for consumption
C,, abatément activities Z;, and physical capital accumulition. Physical capital is
assumed to depreciate at the rate 6y, while costs of investment are assumed to be zero.

Firms are assumed to rent physical capital from households at the interest rate 7;
and hire human capital at the wage rate w;. The objective of the representative firm’

4

is to maximize its proﬁté by choosing the input of capital and labor:

g = Yi — ’w;'(’UtHg) - T (’Uth) —Tp (’Uth) . (22)

' where Tp is a pollution tax levied on the use of physical capital, since pollution is
-assumed to be caused by the use of physical capital in production. Firm’s maximization

results in an optimal input mix, where the marginal cost of each factor equals its

- marginal return:

i Y:

I - —— 2.3
" Ts a’UtKg e ( )
‘ = —a) —— 2.4
i Wy (1 @) wH, . (24)

" The educatigm sector provides the facilities to accumulate human capital. Education
is assumed to ble a privately financed activity, where both human capital and physical

capital such as school buildings are used as input factors: ,
z Ht+1 - Ht =B [(1 - ’UL) Kt]p [(1 - 'u.t) Ht]l-p — 6th ) (25)

Parameter B is'the level of the technology, 3 is the physical capital share in education,
and 6, is the r: ;te of depreciation of human capital. Both input factors are assumed to
move freely and without' costs between the two sectors.

The use of ihysical capital in final goods production is assumed to cause a negative
environmental i‘externaulit;y in the form of poltlution, which can be reduced by means of
public abateme“ﬁt activities Z; gﬁch as knowledge about clean production methods:

Ay @9
where x is the glasticity of pollution with respect to the ratio of physical capital in the
final goods sect‘%or to abatement. The resulting net emission of pollution P, is assumed
to harm utilitﬁ. Note that there are no positive spillovers of a better environment to

final goods prolduction.

The consuniption side of the economy consists of a large number of identical agents.

[ . .
They maximize their life time utility by choosing consumption and the fraction of
physical and htlrnan capital allocated to final goods production subject to the household

budget constra!int (2.8) and the human capital accumulation function (2.5):

A T _
, onax U = Y. [(ln C,~nlnF)(1+p) t] (2.7)
1y Uty Vi t=0
S.F. Kt+1 — I(t = Tt’UgKt + ’LU;’LLLHt - Ct -— 5ng (2.8)
‘ = B[(1—v)KJP[(1 —w) H)" - 6,H, (2.9)

.s.t. HH-l - Ht
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where nP; ! is the marginal disutility of pollution and p is the rate of time preference.
Finally, the government is assumed to levy a pollution tax 7, on the use of physical
capital 1ﬁ production in order to finance public abatement activities:

L

Tp’UgKt = Zt . (210)

. The Corresponding maximization problem of -the central planner and the first order
condltlons for both maximization problems are given in Appendix A. '

The long term effects of environmental policy within this model are-described in
detail byg [9] Hettich & Svane (1998). However, it proves convenient for the interpreta-
tion of tlixe policy experiments undertaken here to mention two main results. Firstly, an
increase in the pollution tax leads to a reduction in the long term growth rate. There

o are two effects at work behind this result. On the one hand, a pollution tax leads to

a direct ;eductlon in the return to capital-investment net of tax, see equation (2.3),
which tejnds to reduce growth. On the other hand, a pollution tax leads to a more
labor intensive final goods production and thereby to an increase in the return to cap-
ital investment, which-indirectly tends to increase growth. However, the direct effect
outweighs the indirect effect, which means that a tax on pollution is growth reducing.
Secondly;, a first best outcome can be obtained by setting the pollution tax rate equal
to the rabio of public abatement to physical capital used in final goods production that
would have been chosen by a central planner. It can be shown that the optimal pollu-
tion tax fulﬁlls two tasks at the same time. It lowers the inefficient high rate of return
to capital investment and generates the exact amount of public revenues to provide the
optimal level of abatement activities. The centrally planned solution can therefore be
obtained| by setting the pollution tax at its Pigouvian level without the use of a lump
sum tax instrument.
?
3. Calibration
| .

This section describes the calibration of the model. We calibrate the parameters so as
to captu%re empirical stylized facts of industrialized countries. Additionally, due to the
lack of data we also use parameter values suggested by the literature. In spite of the
fact that the model is calibrated, it should be taken into account that the quantitative
results of the numerical simulation depend on our choice of exogenous parameter values.
As a consequence, a sensitivity analysis is carried out in Section 6.

The calibration is made in order to capture an approximate equilibrium growth rate

in Western Germany of 2%° per year (g = 0.02), and pollution abatement and control
expenditures in the private and public sector as a percentage of GDP of 1.6%* in the

" years 1987-1990. (Z/Y = 0.016).

Our choices of exogenous paranieters closely follow the literature on simulations
of two sector ehdogenous growth models that are similar to ours. Thus, the share of
physical capltal in final goods production a = 0.25 is taken from [12] Lucas (1988).

- When it comes: to the physical capital share in education 3 several different levels are .

used for simulation purposes in the literature. In models with production structures
similar to ours, [10] King & Rebelo (1990) set either & = = 0.33 or § = 0.05; whereas
(7] Devereux &'Love (1994) simulate the transitional dynamics for either o' = § = 0. 36,
B = 0.26, or #'= 0.05; and [1] Barro & Sala-i-Martin (1995) vary 8 between 0.4 and
0.1 in their sin:iulations,‘5 As a consequence, we choose something in between, namely
=01 | ‘

According to [1] Barro & Sala~i-Martin (1995, p. 37), the measured depreciation
rate for the overall stock of structures and equipment is around 5% per year for the
U.S. economy.! Taking thlS as a proxy for the industrialized economies, the rates of
depreciation of the physical and human capital stock are assumed to be 6, = 8, = 0.05.
In addition, we set the rate of time preference to 2% per year and thereby follow Barro &
Sala-i-Martin, who use a base line value of p = 0.02. Note finally that the intertemporal
elasticity of substitution is assumed to equal one, see equation 2.7).5 -

Given the above-mentioned choices of exogenous parameters, the value of the tech-
nological leveli}‘in the two sectrs A = B, the exogenous disutility of pollution as re-
flected in 7, ald the elasticity of pollution x are calibrated in order to obtain a rate of

grow)vth of 2% and an abatemerit-output ratio of 1.6% in the business as usual scenario .

.3The actual ¢omputed value is 1.969%. For the computation we use the annual statistics of
the OECD main! indicators. 13100310 (FDR GDP, current prices, million DM, Western Germany),
13102512 (FDR GDP implioit price level, 1/90, Western Germany), and EUROSTAT 123000000 (to-
tal working popu‘_la.tion/male and woman, Western Germany, 1000 Source). Also [10] King & Rebelo
(1990) and [7). Dévereux and Love (1994) calibrate their models in order to obtain a baseline growth
rate of 2%. |

1[14] OECD (1993), table 14.24, p. 204.
57 Devereuxl& Love (1994) follow [17) Prescott (1988) and set the value of & = 0.36. They then

follow [10] King and Rebelo (1990) and set o = f initially. Furthermore, they calibrate their model
such that agents spend about 30% of their available discretionary time working i in the final goods

. sector following both [17] Prescott {1988) and [2] Benhabib et al. (1991).

6 According to (3] Blanchard & Fischer (1989, p. 44) the empirical estimations of the intertemporal
elasticity of SubSthuthn vary substantially, but usually lie around or below unity.
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(BAU)." In the increased environmental care scenario (IEC), 7 is calibrated such that
the abatement—output share is twice as high as in the BAU scenario, namely 3.2%.
The values of the parameters are summarized in Table 3.1.

| [A=B| a | B [6=06] n Pl x g Z/Y
BA‘U 0.1289 | 0.25 { 0.1 0.05 | 0.3056 | 0.02 | 0.08 0.02 0.016
: IEC 0.1289 | 0.25 | 0.1 0.05 0.6142 | 0.02 | 0.08 endogenous | 0.032'

Table 3.1: Exogenous and calibrated parameter values

~ In the following sections, three policy experimeﬁts are simulated and described,
namely‘an unanticipated, an announced, and a gradual increase in env1ronmental care
through an increase in the pollution tax. These experiments are undertaken in order
to illustrate the fact that policy makers normally want either to announce a policy
change m advanqe or ‘to implement it gradually in order to avoid harmful-adjustment
processés that may be associated with huge capital losses. Comparison of the tran-
sitional’ dynamlcs and the welfare implications of these experiments then provides us
with 1nformat10n about the most desirable way to implement an increase in green taxes.
Thevﬁrst experiment illustrates the optimal response of the economy to a sudden
m(;rease1 in environmental care. The increased environmental care (IEC) scenario there-
fore simulates the transitional dynamics of the centrally planned economy in case of
an unar;tlcipated increase in the disutility of pollution as reflected in . Recall that
7 was calibrated in order to obtain a growth rate of 2% and an abatement-output
ratio of 1.6% in the business as usual scenario (BAU), whereas in the IEC scenario, 7
' is calibrated such that the long run abatement—butput ratio is 3.2%. Recall, at this
point that the first best solution can be obtained by setting the pollution tax equal
to the optimal ratio of abatement to physical capital in production. The transitional
dynami(is of the centrally planned solution in the IEC scenario therefore corresponds
to the adaptation process caused by an unexpected increase in the pollutlon tax in the

decentrallzed economy, if the pollution tax is set at its optlmal level in every period.
The latﬁer experiment is called the environmental policy scenario (EP). The second
experlment illustrates the transitional dynamics of an mcrease in the green tax, when

s

the pohcy action is announced 5 years in advance (EP _5).. A8"4 result, this experiment

7 -

A is set equal to B, because a difference between the two only affects the units in which the
physical to human capital ratio is measured. Furthermore, 7 and x are interdependent such that any
change in|x implies'that 7 must change in order to maintain an abatement-output share of 1.6% or
3.2%. |

|
J
i
[

investigates to what extent households choose to smooth consumption when they take
the knowledge of a future policy change into account. The third policy experiment il-
lustrates the transition path of a gradual increase in environmental policy (EP_grad).
In this experiment, the pollution tax is increased linearly within a time span of 10 years
and the time path of this tax policy is known by households from the beginning. Since
the quantitative results of the three policy experiments may be sensitive to the choice

- of parameter values, we undertake a sensitivity analysis in Section 6.

4. The Cen::‘tral Planner Solution

The expe'rimeq‘*; undertaken in this section is called the increased environmental care
(IEC) scenario) It illustrates the optimal response of the economy to a sudden increase
in environmental care. Thus, this experiment simulates the transition path in a cen-
trally planned economy when the disutility of pollution as reflected in 7 increases, see
Table 3.1. The simulation of the transitional dynamics starts in period 1, where the
central planner suddenly faces a higher value of 7. The stocks of human H and physical
capital K are fixed in period one and correspond to their initial optimal BAU level.
In the following period the capital stocks adopt gradually to their new optimal values
through changfgs in investment.®? The simulated dynamic equations are the first order
conditions of the central planner solution, namely the resource constraint (2.1), the
human cap1tal|‘accumulat10n function (2.5), the Keynes-Ramsey rule (A.4), the Euler
equation for hjtman capital (A 7), the optimal allocation of factors between sectors
(A.8) and between consumption and public abatement (A.9), see Appendix A.

Faced with/an unanticipated increase in the disutility of pollution, the central plan-
ner chooses consumptlon C, abatement activities Z, and the fractions of time spent
at work u andithe fraction of physical capital allocated to final goods production v in
order to maxirhize the life time utility of the representative household.

As mentio §ed before, iricreased environmental care leads to a m_oré labor intensive
final goods préduction and to a reduced growth rate in the long run. The immediate

[
response to the increase in the disutility of pollution as reflected in 7 is therefore

|
a sectorial reallocation .of resources. The central planner reduces both the fraction
of time spent at work v and the fraction of physical capital allocated to production

v in period 1, see Figure 4.1. Note however that v is reduced more than u, which

8Recall at thls point that the allocation of factors can be altered without any frictions in the
simulated model| but that we expect costs of factor mobility between sectors to prevail in practice.
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. Figure 4.1: Levels of u (solid) and v (dashed)as a % of BAU.
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indicatei that the capital-labor ratio in final goods production v/u declines relative
to the capital-labor ratio (1 —v) /(1 — u) in education. The combined fall.in = and v
directly causes a fall in output in period 1, see Figure 4.4. In the following periods, the
fractiong of human and physical capital allocated to final goods production gradually
increase towards their new steady state levels. Along the new balanced growth path,
the timei fraction spent at work is slightly bigger than before, whereas the fraction
of physi¢al capital allocated to production has been reduced, since physical capital
is the dirty input factor in production. Comparison of this result and the evolution
of the hl%.man and physical capital growth rates reveals that increased environmental
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Figfure 4.2: Growth rates of human (solid) and physical (dashed) capital.
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care leads to a more labor intensive and thereby a cleaner final goods production. As
can be seen from Figure 4.2, the growth rate of human capital increases and reaches a

" maximum of 2.3% in the second period as a response to the shock, while the growth rate

of physical capital declines and actually becomes slightly negative ~0.1% in the second

-period.? Over time, the return to human capital investment gradually declines, while
_the return to physical capital investment gradually increases due to the reallocation of

- resources between the two sectors. Thus, during the transition to the new balanced -

growfh path, tt;le growth rate of human capital slows down to 1.98%, while the growth
rate of physical capital rises to 1.98%.

T LA LI SR L LA SN S LI
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~0.02 :
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—008- .
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Figure ¢.3: Growth rates of output (solid) and consumption (dashed).

Before the;unanticipa,ted increase in environmental care takes place in period 1,
the balanced érowth rates of output and consumption are at their business as usual
(BAU) levels of 2% per year, see Figure 4.3.- However, like the stocks of human and
physical capital, output and consumption also grow at a rate of 1.98% along the new
balanced growth path a result of the increase in 7. Due to the sudden increase in the
disutility of pallution as reflected in 7 in period 1 it becomes optimal to increase abate-
ment activities Z dramatically in order to equate the marginal utility of abatement
and consumption, since the optimal allocation of resources between abatement activ-
ities and consumption is determined by Z = nxC, see equation (A.9). Actually, the
central planner almost doubles pollution abatement in the first period. The increase

9Recall that the stocks of human and physical capital only can be altered gradually by changes in

investment and }herefore are unaffected in the first period.
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in resources used for abatement activities crowds out both consumption and phyéical

.capital investment. In addition, final goods production becomes more labor intensive

" in the long run, since the use of physical capital is responsible for pollutlon In order

to decrease the physlcal to human capital ratio in final good production (vK)/ (uH ),

E human capltal grows above its balanced growth rate and physmal capital grows below
T its balanced growth rate both in the short and medium term. This is a result of the
‘ temporar]y increase in eduction time and the fraction of physical capital allocated to
‘ eductlon*; see Figure 4.1. As a consequence, the growth rate of output declines and

actually | becomes negatlve in period 1, namely —7.1%, while the growth rate of con-
sumptlon drops to 1.1%. In practice, the drop in output growth would be less severe
due to costs of reallocating resources from one sector to another. However in the
present setup, factors are assumed to move freely and without costs between sectors
also in the short run.'® The evolution of the levels of output ¥ and consumption C'
as a percentages of the business as usual scenario (BAU) is illustrated in Figure 4.4.

|
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3 Figure 4.4: Levels of ¥ (solid) and € (dashed) as a % of BAU.
The level of output is seen to drop dramatically in period. 1, whereafter it increases
for a period of time: In contrast, the level of consumption as a percehtage of BAU
scenario gradually declines over time. Although the growth rate of output is above
its businéss as usual (BAU) rate between year 2 and 11, the level of output is always.
lower than its BAU level. Therefore, the existence of growth rates above 2% is solely

10Ad‘just‘men{: costs of capital investment are not taken into account, since the main purpose of
the presenfl. paper is to simulate the model presented by [9] Hettich & Svane (1998), where costs of
adjustment; are absent.

a base line effect, which is due to the negative growth rate in year one. The results of
the simulation of the IEC scenario are summarized in Table 5.1 at the end of Section

5, where the‘pr‘esent discounted welfare is seen to be higher in-the IEC scenario than

under a business as usual policy (BAU), where abatement activities are unaltered even
though the disutility of pollution has increased.
The main conclusions to be drawn is that an unanticipated increase in environ- '

* mental care only leads to a slight reduction in the growth rate in the long run, but -

to a negative output growth rate in the period of the shock. Due to the lack of costs
related to the Feallocation of factors in the short run, the adjustment processes look

more severe in ithe present paper, than they would in practice.

5. The Market Solution

In this section; we analyze the effects of two announced tax policy experiments. Be-
fore we snnulate announcement effects of these policies, we describe the environmental
pohcy scenario (EP) of the market solution, where the pollution tax is increased unex-
pectedly. The EP scenario corresponds to the IEC scenario provided that the pollution
tax is set optir‘nally in every period, and serves as a base line for the two announced
tax policy expe%riments analyzed in this section. The first announced tax policy exper- ’
iment. illustratés the transitional dynamics of the market economy, when an increase
in the pollutxoxﬁ tax is 1mplemented 5 years after it has been announced (EP_5). This
experiment 1nVest1gates ‘to whht extend households smooth consumption when they
take the know edge of a future policy change into account. The second experiment
illustrates the [transition path of the market economy, when the pollution tax is in-
creased gradually over d period of 10 years (EP_grad). This experiment investigates
how a gradual implementation of the pollution tax performs relative to the two other
policy alternatives EP and EP_5. In both experiments, the disutility of pollution once
more is assumed to incrlease to the higher level already in the first period, see Table
3.1. However, this does not affect the behavior of the representative agent as long as

the governmejt does not change its environmental policy. The results of the different

environmentall:policy scénarios will be summarized at the end of this section in Table
5.1. .
The optimal pollution tax is seen from Figure 5.1 to be 0.62% in the business as
‘(BAU) and increase immediately in period 1 to 1.36% in the increased
care scenario (IEC). The long run level of the optimal pollution tax is

usual scenario ||

environmental
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| Figure 5.1: The optimal path of the pollution tax.

the goveil‘nment chooses the optimal time path of the pollution tax pictured in Figure
5.1, thenj the market economy would reach a first best outcome. In the following, we
choose to let the pollution tax jump to its long run optimal level already in period 1 in
the unanticipated environmental policy scenario (EP). This simplifies the simulation
of the transition path, because it is much easier to deal with only two values of the
pollution tax instead of 150. However, the simplification does not alter the qualitative
results and only have a slight effect on the quantitative results, since the variations in
the optixJpal pollution tax are negligible after period 1, see Figure 5.1. Once more, the

simulaticTn of the transitional dynamics begins in period 1.

5.1. An‘{icipated Environfnental Policy
|

This secl‘iion investigates the transitional dynamics of a decentralized economy, when
an increase in the pollution tax is announced 5 years in advance. This anticipated
environnilental policy scenario (EP_5) illustrates to what extent households choose
to smooth consumption when they take the knowledge of a future policy change into
account. EPolicy makers normally want to announce a change in green taxes in advance
in order to avoid large swings in output and consumption. Sl‘l"é}'ign announcerment gives
economic agents the opportunity to reallocate resources prior to the policy change and
thereby take some of the adjustment in advance such that the drop in consumption
becomes less severe when green taxes actually rise. The latter is more likely to happen
when households have a low intertemporal elasticity of substitution and therefore dislike

14
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1.32%, vy}hich means that there is a slight overshooting of the optimal pollution tax. If
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Figure 5.2: G}owth of output in the EP (solid), and the EP_5 scenario (dashed).
I ° .

huge swings in§consumption. An announcement of a future increase in the pollution
tax (EP_5) -maly therefore improve welfare compared to an unannounced policy change
(EP), if consmﬁption is smoothened sufficiently over time. However, it is definitely not
optimal to postpone the policy change, if households do not mind large swings in
consumption ox}er time as we will see is the case in the model under consideration. The
consequence is ja lack of adjustment prior to the tax increase.

In the decei tralized economy, households faced with such an anticipated increase
in the pollutioxi tax choose co%sumption C, and the fractions of time « and physical
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Figure 5.3: Gr(;wth of consumption in the EP (solid), and the EP_5 scenario (dashed).
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capital v allocated to final goods production in order to maximize their life time utility,
see equation (2.7). Note that pollution is a public bad, which households take as given

" in their maximization problem. Figure 5.2 depicts the growth rate of output in both

- the alntickp.ated environmental policy scenario (EP_5) and corresponding unanticipated

scenario l(EP), which is equivalent to the increased environmental care scenario (IEC).

|

Looking fxt the anticipated scenario EP _5, it can be seen that output growth increases
slightly prior to the policy action, see Figure 5.2, whereas consumption growth is prac-
tically unaltered, see Figure 5.3. Thus, there is no substantial consumption smoothing

effect when the policy change is announced in advance.!!
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| Figure 5.4: Levels of Y (solid) and C' (dashed) as a % of BAU.

» FigurJe 5.4 shows that the level of consumption is unaltered prior to the policy
action, vllhereas the level of output is above the business as usual level. After the
: pollutiow tax has been increased the levels of output and consumption behave like in
- the EP scenario, see Figure 4.4. Thus, households allocate greater fractions of human
and phyéical capital to final goods production prior to the policy change. As a result,
the declix{le in output growth once the policy change is implemented has to be bigger in
the anticiipated case (EP_5), than in the unanticipated case (EP). At the same time,
householfls choose to postpone the drop in consumption until after the implementation
of the pqlicy change, see Figure 5.4. Overall, consumption growth exhibits the same
pattern a:s in the environmental policy scenario (EP), but on g slightly smaller scale and

. URecall that the intertemporal elasticity of substitution is assumed to be equal to one. A lower
intertemporal elasticity of substitution would probably lead to a decline in consumption and output
growth already within the announcement period, because consumers are more motivated to smooth
consumption,

16

with the modification that the drop in consumption growth occurs in the period of the

* policy implementation, see Figure 5.3. In both scenarios EP and EP_ 5, consumption
) growth drops once the new policy is implemented, and thereafter converges back to

1.98% per year. Note that the drop in consumption growth is less dramatic in the-
anticipated casé, than in the unanticipated case. In the anticipated case EP_5, public
abatement activities increase in the periods prior to the policy change even though

" the pollution tax rate is unaltered, see Figure 5.5. The reason behind this is thét tax -
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Figure 5.51: Growth of Z in the EP (solid), and the EP_5 scenario (dashed).
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revenues and tf;;hereby public g{)atement activities increase due to an increase in the
level of the taf< base, because vK increases.!? Once the government levies the new
and higher p‘o‘lution ta;jc, public abatement activities increase dramatically. In fact,
the level of abAtement activities increases by around 95% in both cases compared to
the business as usual scenario, see Table 5.1. This results from an increase in the
pollution tax Aate and a practically unchanged tax base. During the transition to the
new balanced ?growth pé,th, the growth rate of public abatement activities begins to
decline, because the level of the tax base becomes smaller, when labor is substituted for
physical ca.pitaixﬁl in final goods production as a reaction to the imposed environmental
policy. J

Since the need for consumption smoothing is practically absent in our model, the
present discoupted welfare in the unanticipated scenario (EP) is naturally higher than
under the annimnced policy scenario (EP _5), see Table 5.1. In addition, the pollution

12Recall that 1:fhe government runs a balanced budget every period.
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tax rate is unchanged and abatement measures only change through tax base changes
during the announced span of time, whereas the abatement measures have been in-
- creased already during this period of time in the EP scenario. Thus, pollution is too
high in the EP_5 scenario from a welfare point of view during the announced period.
For t}lese reasons and since the increase in output growth prior to the policy implemen-
: tation results in a high level of pollution between the period of announcement and the
i perlod of 1mplementatlon of the policy, the result is a reduction in welfare. Thus, in
the announced scenario there are hard times, because welfare as a percentage of BAU
decreasels during the periods of announcement. Nevertheless there are overall welfare
gains-corinpared to the business as usual scenario, where public abatement activities are
kept at the low level even though the disutility of pollution has increased. The main
“conclusion to be drawn from the EP_5 scenario is that the consumption smoothing
effect is|practically absent and there is consequently is no argument for postponing

the i increase in the pollution tax rate. - Note that this result probably hlnges on the

assumptlon of an intertemporal elasticity of substitution of one.
. } .

5.2, Gradual Environmental Policy

This secltion simulates the transition path of the market economy, when the pollution
tax is infcreaséd gradually over a period of 10 years. Such a gradual implementation
of a polifcy change is commonly proposed by policy makers that aim to avoid severe
reductions in output growth like the ones we have seen in the previous scenarios. Even
though the simulations do not take investment costs into account, it is interesting to
seé the magnitude of the welfare loss, if the policy change is phased in over 10 periods
instead of being implemented immediately. The EP_ grad scenario, therefore gives us
an idea Qbout how large investment costs should be, before it pays in terms of welfare
to implement the policy gradually instead of immediately (EP).

In th%a gradual environmental policy scenario (EP_grad), the pollution tax is lin-
early inc'reased by the government every year within the first 10 years. This gradual
envnronmental policy is known by households from period 1. The transitional dynam-
ics of output and consumption growth in this gradual environmental policy scenario is
111ustrated in Figure 5.6. The paths of the growth rates are qulte similar to that of the
EP and EP 5 scenarios, however the departures of the growth rates from their steady
state values are much smaller and stretched over the first 10 years reflecting the gradual
increase i;n environmental costs during this period. Once again output growth falls and
reaches a low of 1.3% in period 2, see Table 5.1. Note that output growth graduallyA
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Figure 5. 6 Growth of Y (solid) and C (dashed) in the EP_grad scenario.
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rises prior to the full implementation of the new and higher pollution tax. Just as in
the scenarios dj;escribed in Section 5.1, output growth rises above its long run level orce
the increase inl the pollution tax is fully implemented in period 11. But in contrast
to these scenatios, the minimum output growth in the gradual environmental policy
scenario is muéch bigger and in fact both positive and close to its long run rate. Thus,
output growth|rates are below their equilibrium values not only in the first period as
in the EP scenario, but also during the first 10 years and without being negative, see
Table 5.1.13 Ei/en though the growth rate of output increases a lot between period 10
and 11, the adjustment in the¥fevel of output as a percentage of the business as usual
scenario (BAU) is smooth, see Figure 5.7.

~Table 5.1 a‘kso reveals that the level effects as a percentage of the business as usual
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Figure 5.7: Levels of Y (solid) and C' (dashed) as a % of BAU.
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13The minimux;'n output growth rates are negative in the EP and EP_5 scenarios.
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scenario are much smaller in the gradual environmental policy scenario. Thus, a gradual
iritroduction of an increase in the pollution tax has the nice property of smoothing the
" adjustment of all core variables. This is seen for the level of output and consumption
.by comparison ‘of Figure 4.4, 5.4 and 5.7. In addition, discounted welfare under a
gradual environmental policy scheme is larger than under an anticipated increase in

Scenario BAU | IEC EP EP_5 | EP_grad :
mounced span of time = = . 5 5 " \ t‘he pollution tax. The reason behind this result is that the pollution tax is-raised
Lovel offects as a percentage of BAU , : " from the beginping in the EP_grad scenario. This gives households an incentive to -
¥ in the yoar of announ, | 100 | OL1 oo o0 99."7 reallocate physical capital towards the education sector already from the beginning,
KY i the year of shock 700 oLt 919 90.7 0.7 which means that the emission of pollution is reduced already from period 1. Thus,
— the levels of pollutlon during the period of gradual implementation of the policy are
!C’ in the year of announ. | 100 99.1-| 99.1 99.98 99.9 4 much lower than under the EP 5 scenario.

C'in the year of shock | 100 | 99.1 | 99.1 | 99.3 99.9 | h

Z in the year of announ. | 100 | 199.2 | 1952 | 100.3 110.9 __ Cod 4;-_

Z in the yeu ofshock | 100 | 1992 | 1952 | 1947 | 110.9 : , e

ax+p~"' iy 100 | 972 | 972 | 97.3 97.3 027

1+ )“‘ 235"1 C, 100 | 969 | 969 | 97.0 97.0 ' 0-103 ]

A+p)7t i 2, 100 | 194.7 | 194.6 | 191.6 1920 | . g 008

Welfare eﬁ'ects as a percentage of BAU 0.06!:

: ear of announ. 100 | 100.68 | 100.66 | 99.995 100.10 » , 0.04 ]

year after announ. 100 | 100.57 | 100.67 | 99.997 100.18 . b

year of shock 100 | 100.68 | 100.66 | 100.68 | 100.10 B

year after shock 100 | 100.57 | 10057 | 100.58 | 100.18 20 2% 6 8 10 12 14 16 18 20 2 2
(1+p) I8 U, 100 | 100.23 | 100.23 | 100.21 | 100.22 | ¢

Macro economic indicators (period) ' : ' ‘ '

long torm growth rate 2.0 1.08 108 198 198 Figure 5.8: Growth of Z in the EP _grad scenario.

‘;l:: )C: i::}:z: zg 222(2); 228; 25:1((72)) 2280((101)) : ' ‘ Accoyding to Figure 5.6,.consumption gr(.)wth slows down a little during the .period
———— 70 |70 [ o) [ 906) | 150 of the gradual ‘impleme.ntatmn of the -pollutlo.n tax. But once the new policy is fully
in. C growth 20 (110 |11 | 16 | 1800) » implemented consumption growth begins to rise to 1.98%. This pattern was also seen
‘ - in the anticipated scenario EP_5, but note that the drop in consumption growth in
! Table 5.1: Results of the numerical simulatgigp; the EP_grad ‘scenario is negligible in comparison. Figure 5.8 reveals that the level

g of public abattlament activities Z increases gradually during the first 10 years in the

EP_grad scenario. This is.in contrast to the previous scenarios EP and EP_5, where
public abatement jumps discretely to a new and higher level, when the pollution tax is
increased in perlod 1 and 5, respectively. In the EP _grad scenario, the level of the tax
base gradually}decreases during the first 10 years, because human capital is substituted
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for physical capital in final goods production. As a result, the growth rate of public ’
abatemént activities decline over time and drops to 2.1% already in period 11. Scenario I EP l S5_al I 5_a2 | s_A1 | 5_p2
; Recall that one of the implications of announcing a future increase in the pollution Parameters . .
- tax (EP -15) is a welfare loss, because abatement activities are below the optimal level, e (%) 13 . |25 0.8 13 L3
when; the; pollution tax is below its Pigouvian level. However, when the pollution tax A= B 0.1289 9'1266 0.1318 | 0.1129 | 0.1516
! is increased gradually, the pollution tax rate is closer to its Pigouvian level and the o 0.25 0.15 04 0.25 025
welfare 101[ss much smaller as a consequence. Since we expect costs of factor mobility to B 0.1 0.1 0.1 0.05 020
preva.ll 1n practlce, the best policy recommendation in our point of view, but certainly 6 : ' 0.05 0.05 0.05 0.05 0.05
not from’ a strict welfare point of view, is therefore a gradual environmental policy P 0.02 0.02 0.02 0.02 0.02
" scheme. Both because its performance with respect to the policy indicators in Table Tpav, 0.3056 | 0.2809 | 0.3521 | 0.2786 | 0.3531
5.1 are tfhe best of all the considered policy scenarios, but also because the welfare Nep 06142 | 0.5642 | 0.7081 | 0.5600 0.7094
. lossin C(%mpari'son with an unanticipated policy scheme is negligible. The adjustment ' Rati«?s on the new balanced growth path
processes are simply not as tough under a gradual environmental policy scheme. c/ Y! 0.65 0.71 0.56 0.71 0.56
' ) : Y/K 022 [027 017 |028 |o017
6. Sen%itivity Analysis /Y 0.09 |0.07 011 [007 o011
! : K/H 012 |0.10 0.15 007 |0.24
This section investigates how sensitive the results obtained in Section 4 and 5 are to - . o Ju 1.76 1.16 2.33 2.51 1.09
changes in the parameters chosen for. the simulations, see Table 3.1. One of the main : (vK )1 / (uH) 0.21 0.12 0.36 0.18 0.26
questlons posed in this section is by which of the parameters the transitional dynamics Level effects as a percentage of BAU
of the mbdel are driven. A Y. | 91.9 | 815 966 | 945 | 824
For the sensitivity analysis we carry out simulations of several different scenarios. 1oy | 99.1 08.4 99.8 99.7 98.6
Firstly, the capital share in final goods production is set either close to the level in the 7 ‘ o 195.2 | 172.7 202.1 | 203.2 11717
education sector @ = 0.15 (S_al) or at o = 0.4 ‘(S_oe2). Secondly, the capital share 1+h) =Y, 97.9 97.2 96.8 97.6 | 965
in educa?ion is set either at 8 = 0.05 (S_B1)" or close to the level in the final goods 1+ p)-t T 969 | 96.9 964|973 | 962
sector 8 = 0.20 (S_/32). Thirdly, the rates of depreciation of the physical and human 1+ )—t T 7, 1946 | 194.6 1940 | 1955 | 193.0
capital stock are set either at 65 = 6, = 0.04 (S_481) or at 0.06 (S_62). Fourthly, the 4 Welfare offects as a percentage of BAU :
:te ofhtigme preference is Tet either at p = Oﬁlbfs_pl) 0(1; Zt 0.‘(;3 (S_p2). :‘he results ' U | 100.66 1 100.43 1 101.00 1 100.65 | 100.74 ‘
om ‘these sensitivity analyses are given in Table 6.1 and 6.2. Just as in the previous : i p i 3
sections the model is calibrated to capture a growth rate of 2% and an abatement— Eflz +p)” 2150 1232; 1282(1) iggzz iggi: 122;
output rﬁtio of 1.6% initially and 3.2% along the new balanced growth path. Note Pohg cal indicators (pe.rio d) : : : :
however Jthﬁt the changes in the exogenous parameters affect the calibration of the long {erm growth rate | 1.08 198 198 1.99 197
model and thereby the technological levels A and B and the- dlsutlhty of pollution as max. Y growth 1902) | 193(2) | 23(2) |32(2) | 17902
reflected in 7. Thus, the above-mentioned changes in the exogenous parameters have N "
max. C growth 2.0(0) 12.0(2) 2.0(0) | 2.0(0) | 2.0(2)
“This value is also used in sensitivity analyses in [10] King & Rebelo (1990) and [7] Devereux & min. Y growth 26.3(1) | -16.8(1) | -1.5(1) | -3.601) | -15.9(1)
Love (1994). ;
! min. (C growth 1.1(1) | 0.3(2) 1.6(2) | 1.5(2) |0.6(1)
. 99 Table 6.1: Results of the sensitivity analysis, part 1. |
h 23 |
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[s_61 [s 62 [s_p1 |S_p2

Scenario | EP
Parameters
7p (%) 1.3 1.2 1.5 1.2 1.5
A=B 0.1289 | 0.1147 | 0.1432 | 0.1144 | 0.1435
o 025 [025 |02 -|025 [0.25
8 0.1 0.1 0.1 0.1 0.1
6. 005 |004 J006 |005 |0.05
| p 002 |002 |002 |001 |[003
1 nav 0.3056 | 0.2932 | 0.3179 | 0.3896 | 0.2762
| nep 0.6142 | 0.5895 | 0.6386 | 0.7816 | 0.5559
Ratios on the new balanced growth path
{c/y 065 |068 |063 |051 |o0.72
1V Y/K 022 021 |o023 |o015 |0.28
1 /)Yy 0.09 0.10 0.08 0.13 0.07
! K/H 012 012 . 012 |01l }0.13
| v/u 176|171 |179 | 1.94 | 163
(vK) [ (uH) 021 o021 |o21 |o21 |o0.21
Level effects as a percentage of BAU
Y, 91.9 917 |920 |903 |928
Gy 99.1 {992 [991 |99.0 [99.2
| 2z, 195.2 | 1055 |195.0 |[1904 | 198.2
] (14p) "'oY, o2 |94 | 970 969 | 975
o +p) ', |99 |970 [967 [967 |97.1
| (1+0) " i 2, 1946 | 1950 |1943 |194.0 {1953
| Welfare effects as a percentage of BAU
U 100.66 | 100.64 | 100.68 | 101.02 | 100.55
f Us 100.57 | 100.55 | 100.59 | 100.93 | 100.45
| (14 )t T8 U, 100.23 | 100.22 | 100.24 | 100.42 | 100.18
Political indicators (period)
[ long term growth rate | 198 [ 198 [198 [198 | 1.8
1 max. Y growth 492) |47(2) |49 |52 |47
max. C' growth 2.0(0) |[2.0(0) | 2.0(0) | 2.000) |2.000)
| min. Y growth -6.3(1) | -6.5(1) | -6.1(1) | —7.8(1) | -5.4(1)
| min. C growth 111 | 1201) |1.1(1) |100) |1201)
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Table 6.2: Results of the sensitivity analysis, part IL

implications not only for the transitional dynamics of the model, but also for welfare.

As a result, the undertaken sensitivity scenarios cannot be compared with the original

" BAU scenario, since they have their own BAU scenarios.

There are several implications to be drawn from the sensitivity analysis. Firstly, the

- effects of an increase in the physical capital share in final goods production ¢ from 0.15
“t0 0.4 can be seen by comparison of S_a1, EP and §_a2. The first major observation
' is that an increase in « leads to a decline in the optimal pollution tax rate from 2.5% -

to 0.8%. The reason behind this is that the return to physical capital is low, when «
is low. As a result, less physical capital is allocated to final goods production, which
means that the pollution tax base is low. Consequently, the optimal pollution tax has
to be higher, t{le lower the physical capital share in production is, since it has to raise
enough revenue to cover expenditures on pollution abatement as a percentage of GDP
of 3.2%. Thus, the decline in the optimal pollution tax, when  rises is primarily caused
by an increase ]m the tax base. The second major observation is that the transitional
dynamics of aq‘ unanticipated environmental policy are dampened by an increase in c.

Secondly, the effects of an increase in the physical capital share in education §
from 0.05 to 0.20 can be seen by comparison of S_ 1, EP and S_ 2. In this case, the
optimal pollut;,on tax rate is practically unchanged, since the tax base is not directly
affected by chahges in 4. But in contrast to an increase in «, the transitional dynamics
becomes more lextreme with a minimum growth rate of —15.9% in period 1 and a
maximum grovth rate of output’of 17.9% in period 2, when 8 increases to a level close
to . It can therefore be concluded that the closer o and 8 are to each other, the
more severe is 'he adjustment to the new balanced growth path. Thus, the transitional
dynamics of the model are fairly sensitive to the choices of & and 8 and that the more
so the closer they are to each other. The reason behind this result is that reversed
factor intensities & < 3 leads to an unstable behavior of the physical to human capital

ratio in final goods production, which transmits to the interest rate and thereby to the

growth rates. Thus, the: closer the model is to a situation, where factor intensities are
reversed, the larger are the swings in consumption and output growth.!®

Thirdly, it ;turns out that the transitional dynamics of the model are more or less
insensitive to (g)hanges in the rate of depreciation § and the rate of time preference p.
Thus, all ratios along the new balanced growth path are almost unaltered by changes
in these two parameters and so are the level effects on output Y, consumption C, and

abatement Z. ‘IOver all, the effects of changes in p are a little bigger than the effects of

158ee [1] Barro & Sala-i-Martin (1995), p. 197.
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cnanges in 6.

Finally, an unanticipated environmental policy has a greater positive effect on wel-
fare, the larger the shares of physical capital in both sectors are, the higher the rate of
deprec1at on of physncal and human capltal is, and the more patient agents are.

i
!

7. Conclusion
Lo ‘
This pape1 has analyzed the transitional dynamics of environmental policy in a two

'

sector endogenous growth model with pollution. In particular, the undertaken analyses
exammed the differences between an increase in the pollution tax, which was either
unannounced, announced five years in advance, or implemented gradually over a period
of ten yejars.

- From a strict welfare point of view it is optimal to introduce the inc¢rease in the
pollutionf tax unannounced. However, in our point of view, the best policy recommen-
dation iSE a gradual environmental policy scheme, since we expect investment costs to
prevail in practice. Firstly, the adjustment processes are not as tough as under the two
other environmental policy schemes, because a gradual increase in the pollution tax
stretches| out the adjustment processes over several years. Secondly, consurner welfare
is higher|under the gradual environmental policy scheme, than under the announced
policy scheme, because abatement activities can be increased already within the first
five time periods. In addition, the welfare loss of a gradual implementation of the
policy is negligible in comparison with the first best policy. Even though, the simula-
tions iin this paper do not take investment costs into account, we expect that costs of
adjustment do not have to be very big, before it pays in terms of welfare to implement

the polic‘y change gradually.
Furthermore, it is interesting to note that the long term growth rate only reduces

from 2% gto 1.98%, when the abatement-output ratio doubles from 1.6% to 3.2%. This -

result holds irrespective of the way the increase in the pollution tax is implemented.
Thus, the loss in terms of a reduction in the long term growth rate is re]atlvely small,
when en\(lronmental care increases.

Moreover, it turns out that an announced policy change does not lead to any sub-
just postpones the adjustment processes to the actual nnplementatlon of the pohcy.
Note ho i_ever that this result probably would be modified in an equivalent model with

an intertemporal elasticity of substitution below one.

26°

Finally, the sensitivity analyses reveal that the shares of physical capital in the two
sectors are the key parameters to the understanding of the transitional dynamics in

_ouf two sector endogenous growth model. The more similar the production processin -
the final goods sector is to the production process in the education sector, the more
severe are the adjustment processes, since an increase in the pollution tax leads to

bigger movements in output and consumption.

A, Appendlx

The central planner chooses consu.mptlon C, the shares of u and v, and abatement

* activities Z in order to maximize life time utility subject the resource constraint (2.1)

1

and the human capital accumulation constraint (2.5). The maximization problem of

the central planner is:

T
o max Uy = Y (InC—qinP)(1+p) T (AD)
Gty Lty Uty Y =0
s.t. K¢+1 - Kt = },t Ct Zt _ 6ng (A2)
s Huya—Hy = B[(1—v)KJ° (1 —w) H]"™? - 6,H, (A.3)

Cy, Hy, Ky > 0 Vt, and Hyp, Ky are given

Note that a benevolent ;plan_n%,r" in contrast to a representative household takes the
negative side effects of production into account. Additionally, a central planner uses
public abatement activities as a control variable.

The Keynes—«Rarnsey‘rule is:

|

a . :
(—-'-f—j—"l - 1) (1 + p) =1}, — 6k — p, where i = market, social (A.4)
Gt

where the interest rate in the market economy and the planned econorny are given by:
market uHy e y

- () .
7 a Wk, Tp - (AB)

. H, I—a z

pocial A (ut t) _ t .

t @ ’UtK t ’Uth (A 6)

The Euler conjition for human capital is:

(1 — ver) K h

) (1—ve41)Key B
(1-B) S G 1= (14 p) Tt ) (g
(1“Ut+1)Ht+1 h =ty Weat (A7)

Cg W1 (1-ve)Ke

(1—~u)He
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where the wage rate w; is given in equation (2.4).

The optimal allocation of factors between the two sectors is determined by:

| -‘ ' w_1-(1-w)K,

Tg - —ﬂ— (1 - ut) Hg, (A8)

' and the pptimal allocation of resources between consumption and public ai)atement

|

‘ activitiesi in the centrally planned economy is determined by: '

Zy =nxC; ' (A.9)
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characteriz‘jd by a non-binding and a binding emission standard, respectively.
The main zesult is that sustained growth is possible, when environmental con-
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1. Introduction

This paper deals with two important topics in the ongoing debate on environmental

‘policy. Fﬁstly with the prospects for sustained economic growth and whether environ- -

mental concerns eventually limit growth. Secondly with the implementation of a first

" best enviJénnﬁental policy in a decentralized economy such that an optimal evolution

of outputgrowth and environmental protéction is achieved. In order to deal with these

topics?, this paper extends the Uzawa-Lucas model! to allow for disutility of pollution
caused by the use of physical capital in production. - .

The fitst source of inspiration for the analyses in this paper is the empirical evidence

presentedj3 by [6] Grossman & Krueger (1995), which shows that there is an inverted

U-shape relationship between per capita income and various types of pollution e.g. air -
" pollutionisuch as sulphur dioxide and smoke, and water pollution such as oxygen loss '

and concentration of several heavy metals.? The second source of inspiration is the -

‘theoretical work by [16] Stokey (1998), which aims to capture the above-mentioned
empiricaﬂ evidence of an inverted U-shape relationship. Stokey develops both an ex-
ogenous and an endogenous growth model. The latter model is an AK-model®, where
growth is;assumed to be driven by constant returns to a broad measure of capital that
includes l%oth human and physical capital. Stokey then introduces a pollution function
in both models that is in line with the empirical evidence! and describes pollution as a
side prod{xct of total production. Thus, pdllution is assumed e.g. to be caused by waste
products ifrom final consumption.’ Finally, Stokey introduces a standard of emission
iinto the two models in order to analyze whether there are limits to economic. growth.
It turns o]ﬁt that sustained growth only is possible in the presence of pollution in the

!The refaroducible factors human and physical capital are both used as input factors in final goods
production{ There are constant returns to human capital in the education sector, see [10] Lucas
(1998). '

2[6] Grossman & Krueger examine reduced-form relationships between national GDP and various
indicators of local environmental conditions using panel data from the Global Environmental Mon-
itoring Sys?em (GEMS), which is a joint project of the World Health Organization and the United
Nations Ex‘]‘\‘/ironmental Programme. The measures of pollution pertain to specific cities or sites on
rivers, while GDP is measured at the country level.

3See [14] Rebelo (1991). )
4[1] Andreoni & Levinson (1998) show that an inverse U-shaped féléitionship between pollution
and income (the "environmental Kuznets curve”) is obtained, when the abatement technology exhibits

increasing returns to scale.
5Note that [19] the World Bank (1992) finds a positive relationship rather than an inverted U-shape
relationship between municipal waste per capita and growth in GDP.

exogenous growth model. Thus, a main result in [16] Stokey (1998) is that environmen-
tal concerns in the form of emission standards limit growth within an AK-framework.

" The reason beliind this result is that-the return to capital falls as the capital stock

grows and the é&mission standard becomes stricter. Over time the emission standard
becomes so strict that there is no further incentive to accumulate capital. This means

that growth eventually ceases. Note however that this result hinges on two critical

" assumptions. .

One criticéul‘j a:ssmnption is that pollution is generated by total production, since
it is highly quéstionable, whether waste products from final consumption is a major
source of the t§pes of air and water pollution described by [6] Grossman & Krueger.

It is much more likely that the above-mentioned types of pollution are caused by the

use of physical jcapital in production provided that this-is appropriately interpreted to
include the use]bf consumer durables like cars and houses. Hence, in line with this view
the present pai)er' assumes that pollution is generated by the use of physical capital
in final goods ﬁroductioﬁ, and introduces a pollution function, which is still éonsistent
with the empitical evidence of an inverted U-shape relationship between per capita
income and pollution.

Another critical assumption in the Stokey paper is that capital is broadly defined to
include both p]‘['lysical and human capital. This is problematic, since one would expect
that human capital contributes less to pollution than physical capital. Furthermore,
the very idea lﬁf a broad definition of capital is that endogenous growth is possible
in the long rum, if one believeé that there are constant returns overall to both kinds
of capital; The introduction of an emission standard in an AK-framework therefore
indirectly imposes restrictions on human capital. In order to deal with this problem
a natural extension of the Stokey model is therefore to develop an endogenous growth
model, where l,ﬁlman and physical capital are accumulated in separate sectors and the
emission standlard is imposed specifically on the use of physical capital in production.
This paper develops such a model and shows that environmental concerns do not limit

growth in any way when the intertemporal elasticity of substitution is smaller than or
equal to one, vahich is normally assumed. ’

One of the features of the Stokey model and the model presented here is that in-
come eventually reaches a critical level, where pollution is so hampering that it becomes
optimal to intensify environmental regulations through a binding emission standard,
and thereby rrJéderate economic growth. This results in two regimes characterized by

a non-binding}and a binding emission standard, respectively. The present paper not -
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only determines the long term growth rates in these two regimes, but also analyses the

transitional dynamics of the model analytically instead of simulating the model like
' 'Stokgy. lﬂurthermore, it is investigated whether the government should use tax instru-
ments in'a decentralized economy in order to implement the first bést environmental
policyi, Wlllich is characterized by the optimal path of the emission standard. Finally,
the model is extended to include productive public spending.

This ;}I)aper is closely related to the literature on environmental policy and 'en-
dogen}c.)us;i growth. Several authors analyze the consequences of environmental policy
- for econo‘;mic growth, but the results are ambiguous. [9] Ligthart & van der Ploeg
- (1994) sﬁfow that the growth effect of environmental policy is negative in the AK-
model, whereas [5] Gradus & Smulders (1993) show that a larger concern for a clean
. environment has no effect on long term growth in a variant of the two sector Uzawa-

Lucas model. Moreover, [4] Bovenberg & de Mooij (1997) present a Barro type model®
of endogtfanous growth and-explore the link between environmental externalities and
distortioﬁaryincome taxes in a second-best world. They show that an environmen-
tal tax réform, which shifts taxes away from output towards pollution, may increase
growth through two channels. Firstly by improving the efficiency of the tax system as
a revenuéﬂ‘aising devise and secondly by increasing the productivity of capital when
‘ aggreigate! pollution declines.” This paper does not focus on an environmental tax re-
form, bu! shows the growth rate of physical capital is declining, while the growth rate
of human capital is increasing during the transition towards the balanced growth path
provided {that the benevolent central planner imposes an increasingly strict emission
standéxrdglb when pollution becomes too hampering. Along the balanced growth path,
human cépital grows at a faster rate than physical capital.

The major conclusions to be drawn from the analyses in this paper are firstly that
it 4s possible to allow for environmental concerns and at the same time have sustained
growth provided that there are constant returns to educational effort; that human
capital is a clean input factor in production; and that physical and human capital
are substitutable in final goods production. Secondly, the specification of pollution
as genera:ted by the use of physical capital in final goods production agrees with the

empirical evidence of an inverted U-shape relationship between income and pollution

giramnn

6See [2] Barro (1990). ' .
7If substitution between pollution and other inputs is difficult, then the pollution tax is less powerful
in cutting pollution, but more effective in generating revenues to reduce distortionary taxes on output,
This tends|to increase growth. Moreover, if the positive externality of a better environmental quality
on productivity is relatively large, then an increase in the pollution tax also tends to increase growth.
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found by [6] Grossman & Krueger. Thirdly, the outcome of an unregulated market
economy is inefficient, since pollution is a public "bad” that households and firms take

" °. as given in their maximization problems. Final goods production is éonsequently too

capital int_ensiVé and the emission of pollution too high from a welfare point of view.
In a decentralized economy it therefore proves necessary to tax either physical capital

" or the emission 'of pollution in order to enforce the optimal path of the technical envi-
* ronmental standard. Fourthly, the optimal pollution tax equals the optimal marginal -

damage of pollution when the capital income tax is zero and the government does not
have a revenue requirement. Fifthly, the optimal pollution tax might turn out to be
below its Pigoq‘vian level, when the optimal capital income tax is high, since a tax on
capital income jworks as an indirect tax on pollution. Finally, the absence of a pollu-
tion tax combiixed with a comprehensive income tax results in a too capital intensive
final goods production and an inoptimally high emission of pollution in a second-best
world, where th;e collected tax revenue finances a productive public input in production.

The model iis presented in Section 2. The balanced growth equilibrium in a centrally
planned econorhy is derived in Section 3, which also describes the transitional dynamics
of the model aﬂglytica]ly. Section 4 focuses on the market economy and determines the
optimal tax ra ‘es. Section 5 extends the model to include productive public spending
in order to talje into account that the government may have a revenue requirement.

Section 6 concludes the paper. «
i W

2. Model "

The model pre‘sented iﬁ thié section is an extended Uzawa;Lucaé model that allows
for disutility of pollution caused by the use of physical capital in production. On
the production|side of the economy, a final goods sector produces consumption goods
and physical capital by use of both human and physical capital. Firms rent these
factors of prod{lction from households and maximize the market value of the firm. In

addition, an education sector ensures the upgrading of the skills of the labor force

through the accumulation of human capital. Education time and human capital are
both input factors in this education process. The use of physical capital in final goods
production causes a negative environmental externality in the form of pollution, which
harms utility.“};n a mafket economy, the representative firm therefore chooses to set
a technical environmental standard on its use of physical capital, since a pollution




tax is levied on its emission of pollution. The government is assumed to have several

instruments at its disposal, namely a labor income tax, a capital income tax, and
a pollution tax. Collected tax revenues are assumed to be redistributed lump sum
to consumers. In a centrally planned economy, the government imposes a technical

environrji;ental standard on the use of physical capital in production in order to limit the

: emjséion‘of pollution, when pollution becomes too severe from a welfare point of view.
On the (':onsumption side of the economy, a large number of identical and infinitely
lived hotiseholds maximize their discounted life time utility by choosmg ConSuInpthn
and the allocat)on of time between the two sectors.

I

2.1, Te(jﬁhnology

In the final goods sector, a large number of perfectly competitive firms produce ac-
cording é;o the following Cobb—Douglas production function: '

f

- Y, = A(Kuz)® (uwH,)' ™ (2
where ztj € [0; 1] is a technical environmental standard on the use of physical capital in
production. Both physical capital K; and human capital H; are used as input factors
in production, A is the exogenous level of the technology, o is the exogenous share of
| physical éapital in final goods production, and u, is the fraction of time spent at work.
Human capital is assumed to be embodied in people and is consequently a private
good. In the following, u,H, is therefore referred to as the effective labor force.

An example of a technical environmental standard z could be a certain filter that
limit$ the emission of polluted smoke from production enterprises. In practice it often
turns out that such a technical environmental standard is easier to implement for the
goVernmgnt than a conventional emission standard, where actual emissions have to
be measured on a current basis in order to ensure enforcement. Thus, z; is not an
ermssnom standard in the conventional sense of a maximum limit on the actual emission
of po]lumon Nevertheless, z is referred to as an emission standard in the following,
because it indirectly limits the emission of pollution via a technical standard on the
use of pflysical capital in production.

When 2 = 1, then the dirtiest production method is-used. Section 3 on the
centrally planned economy shows that the government begins to introduce a technical
env1ronrnenta1 standard on the use of physical capital 7z <1 in order to limit the
emission; of pollution, when income reaches a certain level. This standard applies to
the use of physical capital, because pollution is assumed to be generated by the use

] | 6
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of physical capital in production. As argued earlier, the major contribution to air and
water pollutlon is probably the use of physical capital in production and not total

'output as assumed in [16] Stokey (1998). As a consequence, labor is assumed to be a

-clean mput factor in the following.

The flow resource constraint of the economy is:
Kt-—_—)/g—-Cg ’ (22) . :

which states that physical capxtal is accumulated as long as income Y; is greater than

consumption Og

. In the edu?atlon sector, human capital is produced according to the following
Uzawa~Lucas functlon

’ H, =B (1 —w)H, . (2.4)

where B is the'exogenous level of the technology and (1 — ) is the fraction of time
devoted to edué:ation. Human capital is assumed to move freely and costlessly between
final goods pr(iduction and education. Note that constant returns to human capital
ensure endogenous growth, when the fraction of time spent in education is constant.
Human capltal accurnulation is therefore the engine of growth in this model..

The use of physmal capital in final goods production is assumed to cause a negative
environmental gxternality, which harms utility. This implies that the marginal cost of
pollution begin‘é to outweigh the marginal benefit of a higher output, when production
reaches a certain level. As a regnlt it becomes optimal for thie government in a centrally
planned econmlhy to set standards of the use of physical capital in production in order
to limit the emission of pollutlon In addition, it proves necessary in a market economy
to tax either q‘apltal income .or the emission of pollution in order to induce firms to
choose the opﬁlmal path of the emission standard, see Section 4. Thus, aggregate
pollution is a pubhc "bad”, which can be reduced either by a technical environmental
standard or th&ough taxation. :

Pollution 1s! assumed to be increasing in the use of physical capital in final goods

production, and declining as emission standards becomes stricter:

. P, = K2}, §>1 (2.5)

8 Section 5, the model is extended to include productive public spending G;. This changes the

flow resource constraint to:

Ky=Y,~Ci~G A 23)

%See [10) Lucas (1988).
P




where z € [0;1] is taken as an index of the rate of emission of pollution, and § is the

" elasticity of pollution with respect to the emission standard. As emission standards
_'become stricter, § > 1 ensures that pollution is decreasing for a given capital stock.

As a consequence, pollution is an increasing and convex function of the actual use of -
- physical '(dpital given a fixed potential use of physicél capital K;. According to (2.5),

the abatement technology exhibits increasing returns to scale, since 2K and %z creates

* less pollution than K and 2.!0 . '

As meéntioned earlier, the pollution function in [16] Stokey (1998) depends on total
output ar:‘;d is consistent with the empirical evidence of an inverted U-shape relationship
between per capita income and certain types of pollution. It turns out that the pollution
function lin- (2.5) also is consistent with this evidence, see Appendix A.1.

|
2.2. Firms

. The production side of the economy consists of a large number of identical and per-
- fectly cor:npetitive firms. Firms are assumed to maximize profits by choosing the input

of physi(':él and human capital, and its technical environmental standard given the pol-
lution tax Tp levied on its emission of pollution.’? Thus, in a decentralized economy
the gover;nment can regulate the emission of pollution by setting the pollution tax 7.

Capital is; rented from households at the interest rate r;, while "raw” labor is hired at

the unskilled wage rate w,. The representative firm’s maximization problem is:

{ . . .
‘ Klm’?,txn Ut = A (ng’g)a (uth)l"a — TtKg —_ wt'LhHg - Tp;Kng
s.t. K, > 0,H>0,and z; <1 (2.6)

10Note that the relationship between pollution and income is inverse U-shaped if and only if the

abatement | technology exhibits increasing returns to scale, see {1] Andreoni & Levinson (1998). An
example of such a technology is the technolgy of sweeping a floor. The inputs to abatement are a
floor with a layer of dust one centimeter thick and a person providing one hour of sweeping. Now
consider a 'doubling of the two inputs to abatement, namely a dust layer of two centimeters and a
person }proﬁ/iding two hours of sweeping. Provided that the person can sweep just as fast in both cases,
four times ;the dust is cleaned up in the latter case, which implies increasing returns to scale.

"Like [11] Nielsen et al. (1995) and [4] Bovenberg & de Mooij (1997) pollution is modelled as
an ’input’ ;factor in this paper. Alternatively, pollution could be modelleg as an 'output’ factor, see
[13) van def Ploeg & Withagen (1991), [5] Gradus & Smulders (1993), [9] Ligthart & Ploeg (1994), and
[8] Hettich & Svane (1998). Both modelling approaches are equivalent, see [15] Siebert et al. (1980).

12This is a constrained maximization problem with an inequality constraint. See Appendix A.2 for
the derivation of the first order conditions.
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The first order conditions for profit maximization are:

Y P

' Tt .f—“ QE —Tpt-},? 7 (27)
! Y
= (1-a)— 2.8
w = (1-0)=x | (28)
1Y
.’Tpt S Ea—ﬁ (29)

where equation‘ (2.9) holds with inequality, if the techrical environmental standard is '

non-binding z.= 1. If the technical environmental standard turns out to be binding
z < 1, then the marginal cost of pollution 7 should equal its marginal return. Note

~ that an emission standard of z = 0 implies that the marginal returns to capital, labor,

and pollution are zero.

\
2.3. Households

A large numbeir of identical, atomistic households with perfect foresight over an infi-
nite horizon choose consumption C; and the allocation of time between work u; and

education (1 —/u,) in order to maximize their discounted life time utility:
1

1-6

| oo [ (11~0 '
‘\, Up = / (C‘ - %P{') e~Ptdt, 7>1 (2.10)
: t=0

where @ is the fnverse of the intertemporal elasticity of substitution, p is the rate of time
pfeference, nPl'j’_l is the margihal disutility of pollution, and v > 1 ensures that the
marginal disut%lity of pollution is increasing in pollution, which is realistic to assume.
Note that the ﬁisutility of pollution is related to the flow of new pollutants and not
to the stock.)3| As a consequence, the following analyses are concentrated on forms of
pollution that ¢an be reduced quickly in the absence of new inflows. The instantaneous

budget constraint of the representative household is:
Kt = (1 - 'Tk) ’I‘tKg + (1 b Th) ’ll)guth + T‘t - Cz (211)

where Ty is the capital income tax, 7, is the labor income tax, and the revenue from

taxation is redistributed to consumers in a lump sum manner T;. Section 5 alterna-

tively assumes that the collected tax revenue is spent on a congested public input in

production.

13T order to capture types of pollution such as deforestation and depletion of the ozone layer (16]
’ model with exogenous technological change, where pollution accumulates as a stock -

Stokey analyzes
that affects utility.



Thus, the representative household chooses C; and u; in order to maximize life
time utility (2.10) subject to its budget constraint (2.11) and the human capital ac-

- ‘cumulation function (2.4) taking the time paths of taxes 74, Tk, 7 and the technical

.environmental standard z as given. Since pollution is a public ”bad”, households take

_lit as givén in their maximization problem.!* The first order conditions with respect to

‘C’t, Uy, Ht, and K; are:
!

J Crle™ = A ‘ (2.12)
‘ T — (2.13)
' fe Mt '
| M _ (2.14)
AM ’ .
/\MB = )\kg (1 — Th) Wy (2.15)

where )\kt‘l and Ay are the shadow prices of physical and human capital in the market
economy, respectively. Equation (2.12) implies that the marginal utility of consumption
in every f;eriod equals the shadow price of physical capital. The first Euler equation
(2.13) imf)lies that the rate of change in the shadow price of physical capital should
equal the after-tax marginal product of capital in the final goods sector. The second
Euler equatlon (2.14) says that the rate of change in the shadow price of human capital
should eqhal the constant marginal product of human capital in education. Finally,
equatlon (2.15) determines the optimal allocation of human capital between the two
isectors. Note that the labor income tax has lump sum characteristics if it is constant
over time, since it affects the opportunity cost of education in the same way as it affects
the net of| tax wage rate.!® This means that taxation of labor income has no effect on
the sectoleal allocatlon of human capital and thereby no influence on the dynamic
evolutlon of the economy.,

2.4. Government

The government levies taxes on both the emission of pollution and factor income ac-
‘cruing fro%n capital and labor, and the collected tax revenue is redistributed lump sum
to consun@;ers. The government is assumed to be restricted in its_ability to borrow and
M As a result, the first order conditions are independent of the level ;f yl‘);ollution, since pollution is

assumed to enter the utility function additively.
: 151f the labor income tax e.g. increases over time, then it works as an indirect tax on education and
therefore nd longer has lump sum characteristics.

t
i
|
i
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lend, which means that it runs a balanced budget every period:!®
Tire K+ ew He + P = 1o ' (2.17)

Tn the following, time subscripts are left out where unnecessary.

" This section has briefly described the model: The following two sections describe

 the outcome of.a centrally planned economy and a market economy, respectively. -

3. The Planned Economy

This section derlves the outcome of a centrally planned economy. The followmg sec-
tion, then 1nvest1gates whether it is possible to implement this first best outcome in
a decentrahzed economy. In the following, the first order conditions to the central
planner problem and the reduced forms of the balanced growth rates of all endogenous
variables are éléarived. In addition, the transitional dynamics of the centrally planned

economy are in[vestigated.

The central planner chooses consumption C, the allocation of human capital be-
tween the two s‘ectors u,'and the emission standard z in order to maximize the life time
utility of the rlapresentatlve consumer subject to the resource constraint of the entire
economy (2.2), 1 the human capital accumulation function (2.4), and the constraint on
the emission standard z< 1. I;lence, the central planner faces a constrained maximiza-

tion problem with an 1nequa11ty constraint. The first order conditions WIth respect to

C, z, K, H, and u are: '
Ot = 3.1)
. 1Y
et < o 3.2
T]P e < /.Lk&OZP ( )
e _ l) Y ) 3.3
he - (1 5) o (33)
~E B (3.4)
P
mB = m(l-0)— (35)
h k uH
16The government budget conistraint changes to:
l Tire Ky + Thwp Hy + T P = Gy + Ty . (2.16)

when the model is extended to include-productive public spending G in Section 5.
| 1
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where p, and g, are the shadow prices of physical and human capital in the central

planner solution, respectively, and equation (3.2) holds with inequality (equality) for
z=1 (z‘< 1). Equation (3.1) is equivalent to (2.12). Equation (3.2) determines the
optlmal value of the emission standard: .

Z : : . K1 1lert
: : z = 1, if B > IL—H—I__“ y

1 . 1—a —'{‘_'E

! _ ﬂk%aA (%) " if < nK’Y"leTPt
. — - k —_— -
! e ) bod ()

x
I

o

'Accordiné to (3.6) and (3.7) there are two regimes. Before the critical date t*, the
 marginal htlhty of consumption g, still outweighs the dxsutlhty of pollution caused
by an extra unit of production (nK*'e=*")/(3 aA( ) “), which means that the
emission standard equals one (regime I) and is non-binding. After the critical date

¥, 1t becomes necessary to impose an increasingly strict emission standard (regime

II) in mdqr to equalize the marginal disutility of pollution and the ma.rglnal return to

pollution, :see equation (3.2). The first Euler equation (3.3) implies that the rate of
change in|the shadow price of physical capital should equal the marginal product of
capital in!the final goods sector. Using (3.6) and (3.7) this implies that the shadow

price of plilysical capital evolves over time according to:

i

B (1) (ﬂ)“’ e
p " 1 3 aA % , ifz=1 (3.8)
oy 72 |
i 1 A (ﬂ)l—a a
By _ 1y | Fs (a X . ;
= (1 - 3-> YT , ifz<1 (3.9)

i

which means that the social return to capital investment equals the private marginal
product of physical capital corrected by the optimal marginal damage of pollution.

The second Euler equation (3.4) is equivalent to (2.14) and equation (3.5) describes

the optlma,l allocation of human capital between the two sectors.
The remainder of this section firstly derives the long run growth rates of consump-

tion, the two capital stocks, the emission standard, and the level of pollution in regime . -

II. Then, the balanced growth rate effects of changes in the parameters of the model
are detern;xined. And finally, the transitional dynamics of the model from the first to
the seconc;i regime are described. :

\ 12

(36) -

3.7)

Several conditions must hold along a balanced growth path, namely the first or-
der conditions of the planned economy (3.1)—(3.5), the human capital accumulation

constraint (2.4), and the resource constraint of the economy (2.2):'7
‘ _C 1/, 1Y
%= 53 [(1 5) o - p] (3.10)
1 .
go = gB+alge+g:~gn) 0l @11)
i g = % =B(l-u) (3.12)
K_Y ¢

[
}1 (3-13)

: *=KTK K
Along the balahced growth path all variables should grow at constant possibly zero
rates. In orderi to obtain a constant growth rate of physical capital both the output
to capital ratio and the consumption to capital ratio must be constant, see. equation
(3.13). In addition, a constant growth rate of human capital requires that the fraction
of time allocated to production u grows at a zero rate, see equation (3.12). In the
second regime,?the first condition for balanced growth is obtained by use of equation
(2.1) and (3.7):

[ l-a 6
—ﬂ—p=(1—7~——57)gk+—7(1~a)9h (3.14)
P . (67 (3
which ensures that physical cg,ﬁital and output grow at the same rate. The second
condition for balanced growth is obtained by use of equation (3.1):

B g, , (3.15)
Hy :

which ensures ithat consumption and physical capital grow at the same rate. The
relationship between the balanced growth rates of physical and human capital can now
be derived by use of these two conditions:

a 0+v-1
gh=(1+1 a——gy >gk (3.16)

According to (3.16) human capital grows at a faster pace than physical capital in the
-second regime (z < 1).18

1"Bquation (3.11) is obtained by logarithmic differentiation of (3.5) and use of (3.1).
180bviously, t le emission standard grows at a zero rate in regime 1. Thus, a constant output to
capital ratio is obtained, when human and physical capital grow at the same rate.
li 13
!
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Now, the production function (2.1) is rewritten in order to obtain the emission

% a
- o 3.17
(rtar=) (317
" The rate at which the emission standard improves along the balanced growth path can

" now be:obtained by logarithmic differentiation of (3.17) and use of the fact that output
and physiczla.l capital grow at the same steady state rate:!® '

‘standard:

H 1-«a

il
(SRS

9z (Qh - Ok) o (3.18)

Accordlng to (3.18), the emission standard declines along the balanced growth path in
reglme 11, dince human capital grows at a faster rate than physical capital.
Flnally,l the level of total pollution is derived from (2.5) and use of (3.17):

. - P =K, ifz=1 (3.19)
!

Y
Kl—X )", ifz<1 3.20
(AKG(’U«H)I_Q)‘ 1 2z< ( )

Logarithmic differentiation of (3.20) and use of (3.16) implies that the growth rate of
total pollu{lon along the balanced growth path is given by:

2o

P

ﬁP g1 :

According gto (3.19)—(3.21), total pollution increases at the same rate as the physical
capital sto:ck before the critical date ¢*, and declines afterwards, if the intertempo-

ral elasticif[y of substitution 1/6 is below one (# >'1), which is normally assumed.? .
Another realistic situation arises, if § = 1, then total pollution is constant along the

balanced gLowth path, while the emission standard is still declining. The final possi-
bility 6 < 1 is ruled out in the following analyses, since an ever increasing level of total
pollution would be problematic in practice.?! .

In the sécond regime, the balanced growth rate of consumption, output and physical
capital in the centrally planned economy is determined by use of (3.11), (3.16) and

19The emlssmn standard improves at a rate that offsets the difference between the rate of human
capital accumu]atxon and the rate of physical capital accumulation such- that output and physical
capital grow at the same rate in the steady state.

20 According to {3] Blanchard & Fischer (1989, p. 44) the empirical estimations of the intertemporal

elasticity of substitution vary substantially, but usually lie around or below unity.
21 An intertemporal substitution elasticity 1/8 below one ensures that the marginal return to pollu-

tion is decreasing in Y for incomes above the critical level ¥;-, see also Appendix A.1.
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(3.18):
1
9e =9y =gk = (———-———-1 Tl _L_) [B—p| (3.22)
: 0l-a by
and the balanced growth rate of human capital is derived by mtroductlon of (3.22) in
(3.16): : :
14 g8l (3:23)
=(—te b (B .
o 1+ %lfa 6+§’y g [ - p] '

Furthermore, the balanced growth rate of the emission standard is derived by use of
(3.22), (3 16) and (3.18):

\‘ 04y-1 )
i 9= == (*—1?T1 ) [B -0, (3.24)
; 1+ 11— by .
£
and the balanced growth rate of pollution is derived from (3.21):
= o1 .
:gp=- (——I—Z_B:—Tl)—é[B_p]<0’ o ife>1 (3.25)
1+ 81— by ) .

There are four main conclusions to be drawn at this point. Firstly, there is a critical
date t*, before kvhich the emission standard is non-binding z = 1 and after which the
emission standa}’.ijd becomes increasingly strict z < 1. Secondly, total pollution increases
before the crit;'!‘cal date t* and declines thereafter, if the intertemporal elasticity of
substitution 1/‘Q is below one. ,Thirdly, human capital grows at a faster rate than
physical capital along the balaniced growth path in regime II. The intuition behind this
is that the leveliof total ﬁollution becomes so hampering at time t* that it is optimal to
intensify environmental regulations and ihereby substitute human capital for physical
capital in production. Thus, it is possible to find ways to take environmental concerns
into account in an endogenous growth framework and at the same time have sustainable
growth prov1ded that there are constant returns to human capital accumulation; that
pollution is cafised by the use of physical capital in final goods producmon instead
of total output} and that physical and human capital are sufficiently substitutable in
production. Fourthly, the rate of return to capital is constant in regime II, while the

rate of return tb human capital is declining. The reason behind this result is that even

though skill levels increase over time, the stock of human capital becomes less and
less productive, because ever stricter restrictions are imposed on the use of physical

capital.?? How%iver, real wages are still increasing over time, because the rate of increase
i

22Recall that human and physical capital are complementary as input factors in final goods

production.
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} Table 3.1: Balanced growth rate effects “

in the skiil level of households outweighs the rate of decline in the rate of return to
;human capital. o .

The qomh'rate effects of changes in the parameters. of the model are summarized
in Table 3.1 for # > 1. Note that the parameters «, <, and § have effects on the
" balanced growth rates in regime IL. Thus, an increase in the share of physical capital
ain prodimtion leads to a reallocation of resources from production towards education
and theréby_to a higher growth rate of human capital and a lower growth rate of
physical capital. This results in a decline in the marginal disutility of pollution caused
by an extra unit of production, which tends to reduce the rate at which pollution
declines. iAt the same time, the rate of decline in the emission of pollution is also
'reduced, Hecause the emission standard becomes stricter at a slower pace, see equation
(3.18). | _

Table ?.1 also reveals that the growth rate effects of § are similar to «y except for the
ieffect on the rate of decline in pollution. On the one hand, an increase in the elasticity
of pollution with respect to the emission standard 6 leads to a direct increase in the rate
of decline :in pollution g, = gk + 8., see equation (2.5). On the other hand, an increase
‘in ] resul%s both in an decline in the marginal return to potlution and in an increase
in the marginal return to capital, see equation (3.2) and (3.3). The consequence is
a higher érowth rate of physical capital gi, and thereby a smaller rate of decline in
the optimal emission standard g, because the growth rates of the two capital stocks
‘become cljloser to each other, see equation (3.18). This leads to an indirect reduction in
the rate of decline in pollution. However, the direct effect outweighs the indirect effect
implying $hat an increase in the elasticity of pollution with respect to the emission
standard ¢ leads to a faster rate of decline in pollution. g

In contrast, inspection of Table 3.1 reveals that an increase in the marginal disutility
of pollution as reflected in vy leads to a slower rate of reduction in pollution solely
through the 4ndirect effect. Hence, an increase in the marginal disutility of pollution
results in an equivalent increase in the marginal return to pollution through an increase

16
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in the accumulation of physical capital. This reduces the rate of decline in the optimal
emission standard g, and thereby the rate of decline in pollution.

31 Transitionél Dynaﬁics

In the following, the transitional dynamics of the centrally planned economy from
* régime I to the balanced growth path in regime II are investigated.” In order to do

that the dynamic systems in regime I and II are rewritten in terms of the consumiption—-
capital ratio CVK , the average product of physical capital Y/K and the time fraction
spent at work o), which is convenient since all these variables have to be constant along
a balanced grolwth path, see Appendix A.3.

The two dynamic systems are illustrated in Figure 3.1,* where point C is the long
term equjlibril‘im in regime IL% Firstly, the go/x = 0-schedule was derived by use
of the Key‘nes%Ramsey rule and the resource constraint of the economy. Note that
the go/x = 0—;schedule, which describes combinations of C/K and Y/K that yield a
constant consumption—capital ratio, is unaltered by a shift from the first to the second
regime, see eqélation (A:3). Secondly, the gy;x = O-schedules were derived by use of
the resource constraint of the econiomy and the human capital accumulation function.
The gy/x = 0“ schedule, which describes combinations of C/K and Y/K that yield
a constant average product of capital, is vertical in regime I, but becomes positively
sloped in regin!ne 11, see equation (A.6) and (A.12) respectively. Finally, the g, = 0-
schedule was gbtained by usegggf the condition for an optimal sectorial allocation of
human capital]; The g, = O0-schedule, which describes combinations of C/K and u that
yield a constant time fraction spent at work, is less steep and has a higher intersection
point in regime I than in regime II, see equation (3.26) and (A.10).%

Figure 3.1 Fllustrétes the transitional dynamics of an economy with initial endow-

23(16) Stokey (1998) simulates the transitional dynamics of both the endogenous and the exogenous

model.
24Both systems are shown in Appendix A.3 to be saddle path stable. Superscripts 1 and IT on the

schedules in Figure 3.1 refer to regime I and II, respectively.
25The long tertn equilibrium in regime I is given by the intersection of the gk = O~schedule and

the g{,/ x = O-schedule, but is never reached by the economy.
20The gl* = O—Lschedule holds in regime I, when the average rate of return to capital investment is

at its long term regime I value (A.9):
1-~a 1
= e ——— 3.26
9u x + Bu+ > +a(6—1) B (3.26)
see equation (A.4).
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Figure 3.1: Transitional dynamics from regime I to regime II.

ments of physical and human capital of Ky and Hy, respectively. The dynamic system
in regime {I (0, t*) describes the time paths of the consumption-capital ratio C/K,
the averaée product of capital Y/K and the time fraction spent at work u until the
cntlcal pomt in time t* is reached where the emission standard imposed by the gov-
ernment becomes binding. The dynamlc system in regime II (¢*, co) then describes the
evolution of the economy when the emission standard becomes increasingly strict over
time, At time 0 it is already known that an increasingly strict emission standard will
be imposed — in order to equalize the marginal disutility of poltution and the marginal

t
return to pollution — once pollution becomes too hampering. This means that the v

| .

endogenous variables must change continuously at time ¢*, since no new information
is revealed at this time. As a consequence, the economy follows an unstable path in
regime I from point A to B, which exactly reaches the stable saddle path in regime

II at time ¢*. From point B the economy then follows a stable saddle path in regime -

IT towards its long term equilibrium at point C. The expressions for the endogenous
variables at each point in time along the transition path are derived in three steps, see

‘ o .
Appendix |A.4. Firstly, the stable saddle path in regime’II is derived: Secondly, the
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values of the endogenous variables at time ¢* are determined. And finally, the unstable
path in regime I'is derived by determining the initial value of the consumption—capital

ratio, which will ensure that the economy arrives at the stable saddle path for regune

Il exactly at time ¢*.%7
At time 0, the economy is at point A on the unstable path in regime I, where the
initial average product of physical capital is assumed to be higher-than its long run

‘regime I value indicated by the gy;x—schedule. This could for instance be the case .

in a pre-industrialized economy, where the effective labor force probably is abundant

" relative to the éhysical capital stock.2® At time 0, it is already known that it becomes
optimal to inteﬁsify environmental regulations at time t*, and thereby moderate eco-

nomic growth and consumption. In order to take this information into account, the
time spent at work w in regime I begins to decline from point A to B in order to re-
allocate resourdes towards education.?® This speeds up human capital accumulation.
Moreover, the consumpt10n—capxta1 ratio and the average product of physical capital
are contmuously declining in regime I between time 0 and time ¢* towards point B due
to the accumulatlon of physical capital, but also in order to avoid a sudden decline in
consumption at time t*. As a consequence, a part of the substitution of human capital
for physical capxtal in final goods production has already taken place when the emission
standard beco! ; es binding. Environmental concerns are taken into account through a
stricter emissioh standard when the marginal disutility of pollution has become so high
that it is necess‘,ary to slow down-physical capital accumulation, because physical capi-

tal is a dirty input factor in pr'y duction. In the second regime (t*, c0), the adjustment
which was alref?,dy begun in regime I is continued and C/K, Y/K, and u are declining
further from pomt B towards their new and lower balanced growth path levels at point
C. Along the transxtlon path the growth rate of human capital is increasing while the
growth rate of physxcal capltal is declining, since Y/K is declining at a faster rate than
C/K, see equalmon (3.13). Recall that physical capital accumulation is high initially,
because the initial marginal product of physical capital is high. Along the balanced

27The consump[tion—capital ratio is a control-like variable, while the average product of capital is a
l

state-like variable, which is predetermined in the short run.

28 A nother situation arises, if the effective labor force is low initially relative to the physical capital

stock. In this caée, the initial average product of capital might be lower than its long run regime I
value, which means that the average product of physical capital would be increasing until the regime
shift takes place at time t*, where the emission standard becomes binding.

29The unstable path ﬁ'om A to B in the (u, C/K)-diagram is drawn given the time path of Y/K

in regime I (A.17).




growth path in regime II, the growth rate of human capital is higher and the growth
rate of physical capital lower than their initial growth rates, and human capital grows
at a faster rate than physical capital.

The tur‘xe paths of pollution P, and the emission standard z can also be illustrated
graphloallyl using a calibrated discrete time version of the model,3

! : “ Pollution The optimal emission standard

It can be seen that total pollution increases until the critical time ¢* is reached.
After ’cirne; t*, total pollution begins to decrease as the emission standard becomes
stricter. Thus, the evolution of total pollution in the centrally planned economy is in
line with the empirical evidence of an inverted U-shape relationship between income
and pollution. This indicates that it might be possible to implement the first best
outcome in a decentralized economy.

This section derived the long run growth rates of all endogenous variables and
analyzed the transitional dynamics of the centrally planned economy. The following
section concentrates on the market economy and investigates whether it is possible to
implement'the first best outcome through taxation.

4. The Market Economy

This sectlon focuses on the market economy and determines the optimal tax rates.

Recall at this point that the representative household chooses consumption and the .

fraction of time spent at work in order to maximize its life time utility subject to its

30The discrete time version of the model was simulated for A = B = 0.111208, o = 0.4, 5 = 0.05,
(? =10, 6, = 6 = 0.05, v = 1.1, 8 = 2, and p = 0.02, where 8§, () is the rate of depreciation of
human (physical) capital.
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budget constraint and the human capital accumulation function taking the time paths
of the tax rates and the technical environmental standard as given. The resulting first

. order conditions (2.12) and (2.13), where r is replaced by (2.7), can then be used to

derive the Keynes-Ramsey rule that describes the optimal consumption path in the

decentralized economy:

QT PR P 4 an

In the decentra.ﬁzed economy, the transitional dynamics towards the steady state may
differ from the optxmal path, if taxes are not set at their optimal rates, because neither

firms nor households take the negative environmental externality into -account. Hence,

the question addressed in the following is whether the optimal environmental policy,
which is determmed by the time path of z set by the central planner, can be enforced
through taxatlon in a decentralized economy.

The first best tax rates are derived by comparison of the first order conditions to
the central planner problem (3.1)~(3.5) and the representative agent problem (2.12)-
(2.15). In order to reach a first best solution, tax rates must be set in such a way
that the evolut;on of the shadow price of physical capital is the same in the market
economy and inl the centrally planned economy. Thus, comparison of (2.13), (3.8) and
(3.9) reveals that the following conditions must be fulfilled:

Y. 1\ Y .
| (1—7k) (a—l&‘-— T,,) = (1 - 5) ag ifz=1
‘ Y P 1\ Y .
:(1 — Tk) (a-I—{— - TP-I?) = (1 - 3) age ifz<1
where the représentative firm chooses the time path of the technical environmental
standard given the tax on its emission of pollution levied by the government. Thus,

the tax instruments 7y, Tp; and the emission standard z are alternative instruments in
the present model.! Naturally, it is preferable to use an emission standard as long as
the government does not have a revenue requirement. However, direct regulation of
emissions implifas a private marginal return to capital of aY/K, which is higher than
the social marginal return to capital, and therefore gives households wrong investment
incentives. In order to attain a first best outcome it is therefore necessary to use the
available tax instruments instead. According to the above conditions, a first best solu-

tion in a decenltralized economy can therefore either be reached by setting an optimal

31 Another possibility is to allow for a market in pollution vouchers. [16] Stokey (1998) analyzes
such a voucher system and finds that it works essentially like 2 pollution tax.
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pollution tax; or an optimal capital income tax; or a combination of the latter two in
order to give firms the right incentives to choose the optimal technical environmental

- ‘standard, see Table 4.1.32 The labor income tax has lump sum characterlstlcs and is

sel; equal to zero in the following.

l Tk | Tt | T
[ | Case 1 _ -
! z= 0 %a (—}%)GPS %aY
2<1] 0 |la() | lay
Case 2
: z=1|} 0 lay
‘ z<1 % %aY

~ Table 4.1: Optimal tax rates

Case 1 - If on the one hand the capital income tax is unavailable as an instrument,
then a first best solution can be reached by setﬁng the pollution tax equal to the
optimal melrginal damage of pollution. In this case, the pollution tax corresponds.to a
Pigouvian Lix.33 Note that the optimal pollution tax is increasing over time along the
balanced glfrowth path in the second regime (z < 1) as the optimal emission standard
becomes st‘,ricter, Note furthermore that environmental taxation is necessary in the
first regimé even though the emission standard is not binding. The reason behind
this is that irrespective of the regime, the use of physical capital causes a negative
environmental externality, which harms utility. '

~ Case 27 If on the other hand the pollution tax is unavailable as an instrument,
then a first
inverse of the elasticity of pollution with respect to the emission standard. Hence, a

best solution can be reached by setting the capital income tax equal to the

capital income tax works as an indirect tax on pollution. Both in Case 1 and 2, the
collected tz{x revenue is redistributed lump sum to consumers.

Accbrdi}mg to the above, the effects of a capital income tax and a pollution tax are'
similar, which is not surprising, since pollution is assumed to be generated by the use of
physical capxtal in production. However, the tax bases of the two,.tax instruments are

gz
32Note that the government has two effective tax instruments at is disposal and only one externality

to correct.
33The first: best tax on pollution equals the optimal marginal environmental damage, when the

government has no revenue requirement or can use lump sum taxes and transfers to meet its fiscal
needs, see [12] Pigou (1947).
) {

‘ 22

|

A

different because the tax on capital is levied on capital income, which consists of the
marginal product of capital times the use of physical capital in productlon (eY/K)K

. while the pollutlon tax is levied on the emission of pollution K 25. As long as capltal

is-homogeneous both tax instruments can be used to obtain the first best solution.

However, in a world with heterogeneous capital it is no longer irrelevant whether the

" capital income tax or the pollution tax is at the government’s disposal. Imagine for
‘instance that some types of physical capital pollute more than others and thereby that

the marginal damage of pollution is sector specific. In such a case, a differentiated
capital income tax would be necessary to internalize the negative externalities from
pollution.: This| contrasts with the conventional arguments in economic theory for a
uniform capital }lncome tax in the presence of heterogenous capital, which say that the
return to capitam‘% investment should be taxed at the same rate in all sectors such that a
reallocation of capital from one sector to another does not lead to an increase in output.

This section showed that an optimal environmental policy could be enforced in a
market econonfy through taxation. In the following section, the model is altered to
include productive public spending.

5. Producti‘ve Public Spending

So far the analyses have not taken.into account that the government may have a need for
a tax revenue. The model is tHérefore extended to include productive public spending
in order to inveétigate whether it is still possible to implement a first best allocation
of resources between the two sectors.

In this section, the tax revenue obtained by the government is therefore alternatively

assumed to ﬁna,nce a congested public input in final goods production. Such a public
good could for ii_nstance be government services such as highways, water systems, police
and fire serviceé_, and courts, which are all subject to some degree of congestion. For a
given quantity ];f the public good, the quantity available to each user therefore declines
as other users start to congest the facilities. In the following, it is assumed that the
quantity of the|public good has to rise at the same rate as output in order to keep the
quantity available to each user constant.
The alternative production function is given by:

| Y = A(K2)" (wH)'™T (g) 6.1)
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where G are expenditures on government services, I' > 0 and I' < 0. According
to'(5.1) there is a certain need for infrastructure such as highways in the final goods
’ §ect6r; O'pcé more, all variables should grow at constant possibly zero rates along
the ba}ané'ed growth path. Thus, the consumption—capital ratio, the output—capital
;ratio,"andLhe fraction of human capital atlocated to production u should be constant.

In the‘lonlg run, I(G/Y) is also constant implying that the optimal growth rates of A

i
all varlables are the same as without productive use of public spending, see equation

‘(3 22)- (3 25) Furthermore, the first order conditions to the market solution are still

given by 82.12) ~(2.15) and the marginal products of capital and labor net of tax are

given by (2.7)—(2.9), when (5.1) is used.
. The optimal tax rates in this alternative setup can now be obtained by comparison
. of the first order conditions to the central planner problem (A.34)—(A.39) and the
representative agent problem (2.12)—(2.15). In the previous section, the labor income
tax had lump sum characteristics, which meant that it could take any constant value
without altering the outcome. However, comparison of (A.39) and (2.15), and use of
(2.8) and (5.1) now suggests that labor income taxation should be used to finance part
of the productive public input in production:
| Th = (g)m V2 (52)
The labor 1ncome tax instrument comes into action, because the government now has an
extra extef*na]ity to correct due to increased congestion for a given level of expenditures
on government services G when human and physical capital accumulates. This means
that the labor income tax no longer has lump sum characteristics, since it can éhange
over time ‘outside the steady state. An increase in the labor income tax over time
would for ;instance work like an indirect tax on educational effort, and therefore alter

the allocation of resources between sectors. Hence, it is necessary to use the labor -

income ta>;g instrument to attain the first best outcome, when the tax revenue finances
a public inbut in production. Furthermore, the optimal tax rates must ensure that the
evolution éf the shadow price of physical capital is the same in the market economy
(2.13) as 1n the centrally planned economy (A.40), which means that:3¢

i : e
L —-Tk) (a—;% - Tp) = (1 - %) a—f—};- (1 - —g), ifz=1

(1—Tk)<a—1)%—r,,§) = (1—%%%(1—5), ifz<1

34The ﬁrsi order conditions to the central planner problem, the evolution of the shadow price of

physical capital, and the time path of the optimal emission standard are given in Appendix A.5.
i
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Once more there are several ways that the above conditions can be fulfilled depending
on which tax instruments are available to the government. Table 5.1 summarizes three

" different cases, where the optimal labor income tax in all cases is given by (5.2). A-
lump sum transfer instrument T', which makes it possible to reallocate the tax revenue

to consumers i1l a non—distorting way, is assumed to be available in all three cases.

Tk | . Tot | T,

Case 1 “ } s
e I A O o Y O .

s<t| | 0 P e - () ey

Case 2 ;

-1 %‘I‘(i—%) (}Q,)cps 0 1_(g)CPS Loy

a1 |1 (1-D)(©)7 0 1- (97 ey

Case 3 7 a oPs- L /y\CP5 (] 1oy

z=1 ‘(7> 5% (F) Y)C < s

‘ P
<1 ‘(g)CPS %a(%z_s)CPS _(g) Loy

Table 5.1: Optimal tax rates

Case 1: II‘I agme first that the ca.pltal income tax is unavailable as an instrument.
In this smuatxon, the first beé(/ t outcome can be reached by setting the pollution tax
both to target 1the pollution objective }a (Y/ P)CPS and to finance part of the optimal
expenditures on the public input (1-1/6)(G/ Y)6PS o (Y/P)CFS. S35 Thus, the opti-
‘mal pollution [tax is above its Pigouvian level, when the government has a revenue
requirement and the capital income tax is zero.

Case 2: Imagine secondly that the pollution tax is unavailable as an instrument. In
this situation,|the first best can be reached by setting the capital income tax such that
it both targets‘ the pollution objective %’ and finances part of the optimal expenditures
on the public|input in production (1 —1/6)(G/ Y)"%. Once more the effects of the
pollution tax gnd the capital income tax are similar and the only difference between

the two are their tax bases.
Case 3: Imagine thirdly that capital and labor income are taxed at the same

comprehensivé rate. This means that factor income taxation fully finances expenditures

T Recall that {he remaining part is financed by the optimal labor income tax.
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on the productive public input and internalizes the congestion externality. Hence, the

pollutlon tax-solely has to target the pollution objective, which means that the optimal
) pollutlon tax should be set at its Pigouvian level, see Case 1 in Table 4.1.

In faLcﬁt a first best solution can be reached in many other ways by setting taxes on -

1cap1ta§ and labor income and using a pollution tax in addition. The higher the optimal

?capital income tax is, the more likely it is that the optimal pollution tax should be

;below ;its Pigouvian level. Summing up on Case 1-3, it can be concluded that any'of
the two tax rates can be set equal to zero, but that the practical implementation of
wone of the taxes might be easier that the other. :

Imaglne now a second-best world, where the government levies a comprehensive

income ta.x T = 75 = T¢ > 0 and for some reason is unable to use the pollution tax

. nstrument 7, = 0 and the lump sum transfer instrument 7' = 0. In practice it might

i
be reasonable to levy a comprehensive income tax, since it eliminates potential tax

_evasion problems that arise when one type of income can be redefined as another type

~ of income/ for tax purposes. Hence, in order to balance the government budget (2.16)

every period in this second-best situation, capital and labor income must be taxed at

‘the following comprehensive rate:
i _¢ '

. k . . .
which exactly covers the expenses on the productive public input in production. Since

pollution js caused by the use of physical capital in production and human capital is
'a clean input factor, it is obvious that capital income is taxed at a too low rate from
la welfare point of view, see also Case 2 in Table 5.1. Hence, final goods production

Ibecomes too physical capital intensive in this second best situation and results in a too

. ! . ’
‘high level jof pollution. On the one hand, the absence of a pollution tax combined with

-a comprehensive income tax leads to a direct increase in the after-tax private return
to capital|investment, because pollution is taxed at a zero rate. This tends to increase
‘growth. O;n the other hand, a too capital intensive final goods production leads to an
“indirect reduction in the pre-tax return to capital investment.which tends to decrease
growth. If the direct effect outweighs the indirect effect, then the growth rate in the
market edonomy is too high from a welfare point of view. Moreover, the adjustment
process from the first to the second regime may be affected, since taxes are not set at
their optimal rates.

The analyses in this section revealed that it is still possible to implement a first
best allocation of resources between the two sectors when the government has a revenue

P
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requirement as long as a lump sum transfer instrument is available.

© B, anc;lusibnS'

This paper has iexamined the effects of a technical environmental standard and taxa- .

tion in a two sector- endogenous growth model, where pollution is caused by the use

- of physical capital in production.‘ The first question was whether sustained economic

growth is poseible within an endogenous growth framework when environmental con-
cerns are taken%xinto account. The second question was whether enforcement of a first
best environmental policy is possible through taxation in a market economy.

The main pfoperty of the model, which was used to answer these questions, is that it
has two regimes. One which is characterized by a non-binding technical environmental
standard and aj,nother in which the emission standard becomes increasingly strict. In
the first reglme the economy evolves along an unstable path, where total pollution
is mcreasmg at the same rate as physical capital, because. pollution is assumed to be
generated by the use of capital in production. In the second regime, the economy
evolves along & stable saddle path towards its balanced growth equilibrium, where
total pollutxorj is declining over time. The unstable path in regime I exactly reaches
the stable saddle path in regime II when total pollution becomes so hampering that it
is optimal to i ntensify environmental regulations either through an increasingly strict
emission standgrd or an increasing pollution tax. Imagine an economy with a scarce
initial physmal capital stock vélative to its initial effective labor force and thereby a
high initial ma(rgmal product of physical capital. The growth rate of physical capital
in this economy will be hlgh initially and falling along the transition path in regime I
as physical capxtal is accumulated. Already from the beginning it is known that the
emission standard will become binding in the future. In order to take this information
into account, ‘he time fraction spent at work begins to decline already in regime I in
order to reallocate resources towards education and to smooth consumption over time.
As a consequelnce, the growth rate of human capital is increasing along the unstable
path in regimé I. At the time of the regime shift, a part of the substitution of human
capital for physxcal capital in production has therefore taken place already. In the
transition towards the new balanced growth path in regime I, the adjustment which
was begun in reglme 1is continued and the consumption to capital ratio, the average
product of capltal and the fraction of time spent at work are continuously declining

towards their lnew and lower steady state levels. Moreover, the emission of pollution -
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will be declining in the second regime due to the increasingly strict emission standard.
The pollution function specified in this paper is therefore in line with the empirical

o “evidence 6f an inverted U-shape relationship between income and pollution, see [6]

Gr,ossn;um ‘& Krueger. .

Hence in contrast to results obtained by [16] Stokey (1998), this paper shows that
it is indeed possible to find ways to take environmental concerns into account and
still have sustainable growth in an endogenous growth model provided that there are
constant r%sturns to educational effort; that human capital is a clean.input factor in

: ‘productioxi; and that physical and human capital are sufficiently substitutable in pro-
< . .
. duction.

In the ésecond regime both an increase in the elasticity of pollution with respect

. o the emission standard § and an increase in the marginal disutility of pollution as

reflected in y lead to a higher growth rate of physical capital, and a lower growth rate
of human %capital in the long run, which results in a smaller optimal rate of decline
in the emission standard. These indirect effects tend to reduce the rate of decline in
pollution and is the reason why an increase in <y leads to a slower rate of reduction in
pollution. ;However, there is an additional direct effect of an increase in the elasticity
pollution with respect to the emission standard &, which tends to increase the rate of
decline in Epollution‘ It turns out that the direct effect outweighs the indirect effect,
which means that a higher elasticity of pollution with respect to the emission standard
results in a faster rate of reduction in pollution.

In the thodel, pollution is seen by firms and households as a public ”bad”, which they
take as gi\len in their maximization problems. Hence, the outcome of an unregulated
market:-economy is inefficient, because the private marginal return to capital investment
is too h,ightwhen the pollution tax and the capital income tax are zero, Therefore, final

goods production becomes too capital intensive and the resulting emission of pollution .

is too high from a welfare point of view. The question is therefore whether a first best
environmebtal policy can be implemented through taxation in a market economy.

It turns out that the government can induce firms to choose the optimal path of
the technjo;al environmental standard in several ways. If on the one hand, the pollution
tax instrument is used, then the pollution tax rate should be set at its Pigouvian level,
namely eqt’lal to the socially optimal marginal damage of polliition, which is constant
in the first regime (z = 1) and increasing along the balanced growth path in the second
regime (z < 1) as the emission standard becomes stricter. Note that environmental

taxation is{necessary in both regimes due to the presence of the negative environmental
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ekterna]ity even though the emission standard is non-binding in regime L If on the
other hand, the capital income tax instrument is used, then a first best solution can be
o re.ached‘by setting the capital income tax rate equal to the inverse of the elasticity of
pollution with respect to the.emission standard. The difference between the two taxes

is that the capital income tax is levied on the marginal product of capital times the

" use of physical capital in production, while the pollution tax is levied on the emission
" of pollution. Furthermore, the implementation of one of the taxes might be easier than -

the other as a practical matter. However, a first best outcome can be reached in the
decentralized eq‘ionomy through taxation.

Finally, thei’model was éxtended to include a, productive public input. Two conclu-
sions can be drawn from this alternative setup. Firstly, the optimal pollution tax might
be below its Pig!ouvian level, when the government requires a certain revenue to finance
a public input m production and the optimal capital income tax is high. Secondly, the
absence of a pdllution tax combined with a comprehensive income tax results in a too
capital intensi‘},e final goods production and thereby in a too high level of pollution
in a second—beét world, where a lump sum transfer instrument is unavailable. Note
that the long term growth rate and the adjustment process from the first to the second
regime may Beilaﬂ"ected when taxes are not set at their optimal rates. '

g
A. Appendix

A.l. The Relrj' tionship betiVeen Y and P

In a static versfon of the model there is neither accumulation of physical capital nor of

human capital. This means that consumption equals produetion:

C=Y=A(Kz2)*H"

The central planner maximizes the representative agent’s utility by choosing the emis-

sion standard z:
-0

C™0 M py

s.t. z<1
1—-68 =«

max U =
z

where P is given by equation (2.5). The first order condition for optimum is:

oYl > psPY, if P=K
aY' - =nsPY, f P <K
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and the resulting relationship between per capita income Y and pollution P is:

a
]

where the dritical level of income above which emission standards come into play is

o 5 5;_:11—%7 : | '
() ] -
né .

P=K= (IHLI_;Y)% for Y <V
=)
P=(gy?)" forY >V

given by: ‘l
a |
| -

| {
1 I
i

! . 'y . > . « . .
At income levels below Y, pollution increases with income and no emission standards .

. are in place. At income levels above ¥, pollution is declining in Y if the intért;emporal

elasticity ofisubstitution is below one (8 > 1), increasing in Y if § < 1 and is constant

“when the utility function is logarithmic § = 1. Thus, the relationship has an inverted

U-shape if & > 1. The graph in Figure A.l is drawn for A = 0.111208, oo = 0.4,
n=0.05,6=10,y=11,0=2and H=1
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Figure A.1: Relationship between per capita income Y’ and pollution P -
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A.2. Firm Maximization

The represeintative firm is assumed to maximize profits by choosing the input of physical.

capital K a.ind human capital H, and the technical environmental standard z:
K‘m}%xz‘ Ht = A (ngt)a (’U;th)l_a - Tth —_ wtu,Ht-;'rpgKtzf
‘s.t. z <1

|
The Lagrangian for this problem becomes:

,C =A (Klz;)" (HLHt)l_a faad T‘gKg - ’LU{U,th — 'T'pt-Kth - Az (Z - 1)
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maximization are:

- mental standard are:

where A, > 0 is the Kuhn-Tucker multiplier. The first order conditions for profit

Y P
Ty = a? - Tpg'k'
: Y
Wy = (1 - a) uH
=15¥Y )\ 2z
Tot = 505 ~ As3p

where the complementa;y slackness conditions associated with the technical environ-

A, =0, ifz<1
A >0, ifz=1

“see (18] Varian, p. 502-505.

A.3. Stabilit}“'; of the Dynamic Systems in Regime I and I1

Along the balanced growth path, the average product of physical capital w = Y/K,
the cormumptiqn—capitél1 ratio x = C/K, and the fraction of time spent at work u have
to grow at zerd rates. The dynamic system in both regimes is therefore rewritten in
terms of these jthree variables and the stability of the two systems is checked.

Firstly, the dynamic equations (2.2) and (3.3) can be rewritten in terms of the

average product of physical capital and the consumption—capital ratio:3

G = wex (A1)
“ = _l.{_’g e — 1
gl?' = (1 6) ow . (A2)

and the grow’cﬂ rate of the consumption—capital ratio in bofh regimes can be derived

by logarithmic|differentiation of (3.1) and use of (A.1) and (A.2):

‘ E ' 1/, 1 '
gx=—[1—§<1~—3>a}w+x—§ (A3)

Regime I (0, t*) is characterized by a non-binding emission standard z = 1. In this

regime, the gréwth rate of the fraction of time spent at work is derived by logarithmic
differentiation 1of (8.5) and use of (3.4), (3.6), (A.2), (A.1) and (2.4):

gl = %wl —x'4+ Bu' + 1_;01_3 (A.4)

The average product of physical capital is given by:

sl w

38Note that these relationships hold in both regimes.
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Logarithmic differentiation of (A.5) and use of (2.4), (A.1), (A.2) and (A.4) yields the
“following gfr:owth rate of the average product of physical capital:

g;=—(1—a)(1-%)w'+1—;“—3 (A6)
' ~ The dynanﬁc- system in regime I can now be written in matrix form as:
Ll a0 o J[w'] [# \
! g% = al a§2 0 X; + | b} | (A7)
Gu a3 43z A3 u b
where Y
afy=—(1-0)(1-1), , bl =12p
“‘a§1=—[l—%(l—%)d, al, =1, b =—8
Cad = %, aly=-1, aly =B, b= =B

A first order Taylor expansion linearizes the system around the steady state:

| at alf, 0 0 w! — w!*
: I | — I I Tk
i gy | =1 6 ayn 0 X —X (A.8)
‘ I I 1 I I Ix
Gu G3; G3p G3g u —u

where the éteady state equilibrium solutions in regime I w’™, x'* and u!* are given by:

JB-4 (a9

The deterrrilinant of the Jacobian in regime I is:

~1-e)(1-%) o0 0
det| —[1-4 (1~ 5] 0 =—(1-—a)<1—5)B<0
. -1 B

1

s
where the éigenvalues are given by the diagonal elements, since the Jacobian is recur-
sive. Thus; there is one negative and tWo positive eigenvalues, which medans that the
dynamic sy;stem in regime I is saddle path stable.

Regime‘ II (¢*, co) is characterized by a binding emission stafidard z < 1. In this
regime, the growth rate of the fraction of time spent at work is derived by logarithmic
differentiat[ion of (3.5) and use of (3.4), (3.7), (A.2), (A.1) and (2.4):

i

i34 (5 Dy ¥ nm, l-a &
= — Bu .
9 By = Xt e 67—1B+6 —1 - (A10)
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The average product of physical capital is given by:

« l-a\ &#-=a
”—Y_A<UH>1 pubod () (A11)

YEE K nETleet

where equationl (3.7) has been used. Logarithmic differentiation of (A.11) and use of -
(2.4), (A.1), (A.2) and (A.3) yields the following growth rate of the average product of

. physical capital:
I

(1—a)5’y+(’7—1)a+a2(1—%)w” =1 g
oy — oy—17

a by
A2
o 67—IB+6'7—-1 ( )

|
%= -

\

|

1-

The dynamic system in regime II can now be written in matrix form as:

] et atto Jfwr] [
| gy |'=| i o3 O X"+ u - (A13)
; dr ] Lo o ey [lwr] [
where g
” (1 a)]6'y+(7—-1)a+a(1—%)a ol = =1 pil — 1= a_.r__B+
- by~ ! 12 by=1? 1 a 6y-1 6’1 1
off = [1-3(=3)e], di=1 bff = -4
, . o= Wl =B, b= e B+ gy

i v
A first order Taylor expa.nsioxf linearizes the system around the steady state:

" ool oIl
9w ay oip 0 W' —w
: = | g g o

g,’f = Gy azé 0 X =x . (A.14)

gl 0 afl aff ||t —ulte
where the steddy state equilibrium solutions in regime II w!™*, x'™* and u'* are given
by:

w*” 1za5yBy B3l

“11“22‘“21“12
X =[1-3(1-1%) a] I 48 (A.15)
wll* = 1 (6— 1) II* 1-a_b&y

B by—1 a 6y-1 B&'y 1
The Jacobian in regime II is seen to be block recursive, which means that one of the
eigenvalues ingiven by the last diagonal element ¢ = B, and the remaining two

eigenvalues aré determined by the following characteristic equation:

12 oo Mo I
13 (a + a22) £ +ayjap; —aga; =0
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The determinant of the upper block in the Jacobian matrix is negative, which means

that there is one negative and one positive eigenvalue:

| 5{1 = ; aff + aff — JaIl? + a2 — 2 (affal} — 2afall)|. < 0
, 1 = |oli + aff + /oIl + off? - 2 (uffff — 20f{alf)] >0
i
Hence, the dynamic system in regime II is saddle path stable. Note that the speed of
adJustmenH along the stable saddle path in regime II is faster, the larger |§f’ | is.

" A4 'I‘I:arilsitional Dynamics

» The method used in the following is briefly described on page 137-141 in [17] ’I‘urnovsky
[
and an example of its use is given in 7] Haufler & Nielsen.

Regime I (0, t*), where z = 1: The economy evolves along an unstable path, which

is derived by use of both the negative eigenvalue af, and the positive eigenvalue aly:

. I I ° p

X{ _ A[ a“t+ AI adyt +X*1 . (A16)

I I
ajq a —a 1
w{ — 11 7 22AI a“ + 22 Aéeazzt +w*1 e
an ‘121
1 afy — s 41 ol I ‘
Wy = TAIC n+w (A17)

where A! land Al are constants to be determined. Eliminating Aleohit from these
equations yields the unstable path:

I
Iy Al ekt @21 I A18
Xe-— X €7 + o, — al (wz w ) ( )

RegimTjII (t*, 00), where z < 1: The economy éwfolves along a stable path, which

is derived by use of only the negative eigenvalue £/

| .X:” = Al o1 (A.19)
thj _ fl - a22A” it o 1 (A.20)
ot

where A{! is a constants to be determined. Eliminating A}’ from these equations
yields the stable arm of the saddlepoint in regime II:

e
s

11 11 ag ¥4 11 E{I - aﬁ 1 I

*I1 __ * . *

i —xM =ty (wi' =@t = 32 (fF — 411 (A.21)
: 1 — Q2

ai2
Finally, thie constants Af, A} and Al are determined by use of the fact that the

solutions for X: and w; must be continuous at time ¢*. Hence, equating xh = xf
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and wh. = w!l in (A.16)~(A.17) and (A.19)~(A.20) yields two equations in the three

unknown constants A{, A} and Al

A” £”t‘ A{ eoht” Aé ettt = X*I _ X*II (A.22)
; 5{1 - a22 11 E”t‘ ‘1{1 - ‘152 I al t* o *I1 A.23
az

. A third equation must therefore be obtained from the first order conditions to the

central plarmer‘s problem in order to determine Al Al and Al!. Hence, use of equation
(3.1) and (3. 2) reveals tha.t the following relationship between w and x must hold at

I
time £*:37 i

\i Wi 776}{"*"‘ (A.24)
The physical capltal stock K at the crltlcal time t* can be obtained by use of the
resource constraint of the economy (2.2):-

N K = Koefﬂl (ws—x,)ds

where K is the initial stock of physical capital. This means that the constants Al AL
and A now éan be determined by use of equation (A.16), (A.17), (A.22), (A.23) and
(A.24). Thus,|at time ¢*:

X = Aletht 4 Alemnt 4y (A.25)
: : afy = ady 41 olee
: Wy =~ 2 pleont” M (A.26)
f o aby ]
which yields tile first constant:
| a} I
Al = 21 eyt Wy — w*I (A27)
! a{l — afy ( )

Substitution of this in (A.22) and (A.23) yields the remaining two constants:

i

47 1 a _ -
4 = £rr et (we —w'!l) - al ZIa e’ (we — ™)
! —a 11 — @22
| 1 22
_ e tht” (X*I - X*”) (A.28)
o o ele ol ' (A.29)
A= e Wi —w '
& - 022

The initial value of the control-like variable x is now determined in order to ensure
that the unst%;ble path (regime I) (A.18) just reaches the stable path (regime IT) (A.21)

37Recall that w = Y/K and x = C/K.
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at the critical time ¢*. Thus, the initial value of the consumption—capital ratio x is

detived by evaluating equation (A.16) at time 0:

X{ — AI al t AI a22t+x =
Al 4 AL 45 (A.30)

Il

Xo

where Al, z and x*! are given by equation (A.27), (A.28) and (A.9), respectively.
} The initial value of the time fraction spent at work is determined by the definition

dfw: |
‘ 1 ("’ —af A1+ ] l__l_a
s (RERae) st
| A(%) A(%)

where wp is|given by equation (A.17). The transition path of u can now be determined

“by use of the two dynamic systems (A.7) and (A.13) and the time paths of w and .

In regime I}(0, t*), where z = 1:
| gl = o + !+ a1

o | ’
which by us$e of equation (A.16) and (A.17) yields:
o = algul + [+l 8]

7 0l1 — A I ! I
+ g +aly | Alent? + al, Aletzt
21

This is a. first order differential equation with a constant coefficient and a variable term

and the:solution is:
t I
= I 1 e a I 1 —al
ul = CT¢%st et afy 2 ¢ ol | Aleoht 4 ol  Alen!| e®otdt  (A.32)
t A L 32 | 1 32412

where 07 ig a constant to be determined.
Tn regime II (*, c0), where z < 1:

I IT | TL T O]
gu azxX ' +azzut +by

|
which by use of equation (A.19) yields: ,
gil — aééu” + (a” Iy b ) + aé’A” el

The associated solution is:

s

ull = Ot 4 geitall Al / ol -iigt” - (A33)
0

The constants C7 and C7! can be determined by use of two facts. Firstly, the initial
fraction of tlme spent at work ug is given both by equation (A 31) and (A.32). Secondly,

the time path of u should be continuous at time ¢*, which means that /. = uf/.
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A.5. First Order Conditions of the Central Planner Solution

‘When tax revenues finance a productive public input in production, the first order

conditions to the central planner problem become:

' C e = p " (A34)
1Y G
Y—1l,=pt _— Ta—[1- 2=
nP" e = mzop (1 Y) (A.35) '
r A.36
| F = 1 7 (A.36)
- b _1) Z(;E) A7
| 2 = (1 5oz (1-5 (A.37)
b _ g : (A.38)
Hn
Y G
= —a)—|1-= A.39
mB = m(l-0) = (1-3) - (A3)
which naturally are quite similar to the first order conditions obtained in Section 3

except for the term (1 — G/Y) and equation (A.36) determining the optimal allocation
of resources between productive public spending and physical capital accumulation.
The evolution of the shadow price of physical capital in the centrally planned-economy

becomes: ‘
= (1-)ad () (1-9)T, itr=1
| (oA () (- ¢)r) 7 A.
5‘5‘:=(1—%)F pt A(,ﬁ)](l 20, Cifz<1 (A-40)

‘where equatioﬁ (A.37) and (A.41) have been used. The optimal value of the emission
standard is given by (A.36):

. KY~1e—pt
= > SR
1 A el 6_11—'3 . (A'41)
_ pk—ﬁ-aA! W 1-¢ !1" A if < Kv—1lg—pt
z = nK71-1e~pt y WM S %uA(%{-)‘_a(]—g)l"
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" Resumé

Denne afhandling bestar af fem selvstzendige kapitler, der alle bésko‘eftiger sig med
skattepolitik i endogene veekstmodeller med to sektorer. Afhandlingen beskzeftiger sig
med uddannelses- og miljgpolitik og i seerdeleshed med at bestemme den optimale ud-

-dannelsesstgtte og den optimale miljgpolitik. De gkonomiske modeller, der anvendes i
" samtlige kapitler, er alle udvidelser af Uzawa-Lucas modellen. Kapitel 1 og 2 under-

sgger effekterne af faktorindkomstbeskatning og subsidiering af uddannelse; mens kapi-
tel 3, 40g 5 un;,dersqager den transitoriske dynamik og langsigtseffekterne af miljgpolitik.
. i

Det fﬂrstei‘kapitel undersgger effekterne af faktorindkomstbeskatning og uddan-
nelsesstgtte i én endogen vaekstmodel med to sektorer. Der er en uddannelsesekster-
nalitet i faerdilgvaresektoren og et offentligt input i uddannelsessektoren. Hovedresul-
tatet er, at arbejdsindkomstbeskatning og uddannelsesstgtte har positive effekter pa -
den langsigtecie vaekstrate i en markedsgkonomi, ceteris paribus. Derudover er den op-
timale uddannelsesstgtte altid positiv, nar der er substitutionsmuligheder mellem det
offentlige og dét private input i uddannelsessektoren. Desuden er den optimale arbejds-
indkomstskat Javere end den optimale kapitalindkomstskat, sdleenge der er en positiv
uddannelseseksternalitet i fzerdigvaresektoren. Jo sterre eksternaliteten er, jo stgrre
er forskellen mellem de to skattesatser. Endeligt er det ikke ngdvendigvis velfserds-
maksimerende at maksimere veekstraten. Det er faktisk. kun velfeerdsforbedrende at
gge arbejdsinc.;komstskdtten OE uddannelsesstatten, saleenge de er lavere end deres op-

timale niveauer.

Det andet |kapitel analyserer effekterne af en uddannelsesorlbvsydelse i en to sek-
tor endogen vaekstmodél med ufrivillig arbejdslgshed, der er skabt af monopolistiske
fagforeninger. Der er en feerdigvaresektor og en uddannelsessektor, som sgrger for at
forbedre arbejdsstyrkens ferdigheder. Hovedresultatet er, at det er optimalt at op-
kreeve et und?rvisningsgebyr i stedet for at yde uddannelsesstgtte i en gkonomi med
ufrivillig arbej@sl¢shed, der er skabt af monopolistiske fagforeninger. Derudover er det
kun velfeerdsforbedrende at fremme veeksten, sdleenge undervisningsgebyret er stgrre
end dets optimale niveau. En stigning i uddannelsesorlovsydelsen medfgrer en hgjere
vaekstrate p langt sigt saﬁltidig med, at arbejdslgsheden reduceres. Endelig vises det,
at en stigningji uddannelsesorlovsydelsen medfgrer den samme transitoriske dynamik

som en stignixfg i arbejdsindkomstskatten, men at sidstnzevnte har en negativ effekt pa




veekstraten.

. Det Lfredile kapitel analyserer effekterne af miljgpolitik i en to sektor endogen veekst
model med forurening. Forureningen er enten et bi-produkt af feerdigvareproduktionen
eller af brugen af fysisk kapital i produktionen og kan reduceres ved hjelp af offentlig
formenmgsblekaempelse I denne generaliserede Uzawa—Lucas model bestemmes effek-
ten af forskelhge skattepolitiske tiltag pa de vigtigste variabler og forhold.. Desuden
findes de optlmale skatteregler. Hvis udledningen af forurening ikke kan beskattes, sa
er det stadlgt muligt at opné en optimal lgsning ved hjelp af faktormdkomstbeskat—
ning. . Derudover analyseres effekterne af og mulighederne for at fgre miljgpolitik i en
lille &ben gkonomi.

l

Det fjeﬂie kapitel simulerer den transitoriske dynamik i den to sektor endogene
vmkstmodeli der blev opstillet og analyseret teoretisk i kapitel 3. Miljgpolitikken ind-
fores enten pludsehgt, forudannonceret eller gradvxst Udfra et velfeerdssynspunkt er
det bedst a‘c indfgre politikken pludseligt, men efter vores mening er det bedst at ind-
fgre en esendring i miljgpolitikken gradvist. For det fprste bliver tilpasningsprocessen
udjeevnet over tid, og for det andet er velfeerdstabet i sammenligning med en pludselig
eendring i forureningsskatten forsvindende lille. Et andet resultat er at uafthengigt
af h'VOI’ledGSF miljgpolitikken indfgres, s& medfgrer den kun et fald i den langsigtede
vaekstrate fi ‘a 2% til 1.98%, nar forholdet mellem forureningsbekeempelsen og feerdig-
vareproduktionen stiger fra 1.6% til 3.2%. De kvalitative og kvantitative resultater er
robuste overfor eendringer i de fleste parametre, men den transitoriske dynamik er dog
folsom overf:or sendringer i andelen af fysisk kapital i produktion og uddannelse.

. Det femie kapitel underspger effekterne af en emissionsstandard og beskatning i en
to sektor, éndogen veekstmodel med forurening. Der er to regimer, der er karakteriseret
af henholdsvis en ikke-bindende og en bindende emissionsstandard. Hovedresultatet er,
at vedvarende veekst er mulig, selv nar der tages hensyn til miljget. Markedsgkonomien
er inefﬁcienﬁ og det er derfor ngdvendigt enten at beskatte kapitalindkomst eller at
palaegge v1rksomhederne en grgn afgift for at opna en optimal l¢smng Hvis det ikke er

muligt at beskatte kapitalindkomst, s& vil den optimale grgnne afglft veere lig med den - .

optimale marginale skade af forureningen. Imidlertid kan den optimale grgnne afgift
veere mindre end det Pigouvianske niveau, nir den optimal kapitalindkomstskat er hgj,
fordi beskatning af kapitalindkomst virker som en indirekte skat pa forurening.
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