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1. Introduction

Why do some countries grow quickly while others do not? Why is it that some countries seem
endlessly mired in poverty while other similar oues suddenly take off in a period of exponential
development? Is growth affected by the taxation and foreign trade policies of governments? Can
a government, through appropriate choice of policy “trigger” a spurt of growth? To what extent
can we trace the success of certain countries in recent years to explicit policies on the part of their

governments?

These are important questions that have received considerable attention from scholars interested in
growth and development. Specifically, there is a wealth of evidence describing episodes of growth
and stagnation as well as the government policies in effect in each country. Corbo et al [1985],
Krueger {1978], {1986] and Reynolds [1985] document national growth experiences and present de-

tailed analyses of trade and macroeconomic policies.

In contrast, there is a refative paucity of purely theoretical studies of the causes of growth. The
reason for this neglect is fundamental. The standard version of the natural class of models to look at
have the property that in the long run there is no growth and that—under smal! discounting—output
per capita converges to its steady state level independently of initial conditions {see, for example,

Scheinkman [1976)].)

More precisely, the standard version of the natural class of models at which to look (i.e., those of
capital theory) have the property that the only potential sources of growth are sustained exogenous
increases in factor supplies (e.g., population growth) and exogenously given technological change
(see, for example, Solow [1957] and the resulting literature). Thus, except for the possibility of
exogenous technological change, these models of growth lead one to the startling conclusion that
there is no growth in per capita terms. Rather, depending on initial conditions, in simple versions
there is growth until the capital stock reaches a steady state where things settle down permanently.

This is true (roughly) independent of the discount rate and preferences.

In terms of the implications for croes country analysis, if countries are assumed to have the same
preferences and technologies but are allowed to differ in terms of their endowments (initial conditions
in this setting), the convergence results predict that country specific differences in output per capita

will tend to disappear in the long run.

The fundamental problemn with this literature is that when faced with the phenomenal sustained

growth in per capita output that many countries have experienced, the only explanation the models
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have to offer is exogenous technical change; and they are silent about cross country differences. Of
course, one cannot expect to obtain satisfactory answera to the questions raised above in this case.
The natural first step to remedy this problem is to try to endogenize the process of technical change.
Unfortunately, at least if this is done in the most obvious way (i.e., through the introduction of a

second capital good-knowledge), this avenue suffers from the same problems.

More recently, three different models of capital fermation have been proposed to deal with this
problem. These are the externality/increasing returns model discussed in Romer [1986], the model
of human capital forimation proposed in Lucas [1933], and the model of new goods introduction with
learning by doing advanced in Stokey [1983] and Schmitz [1989]. These are all variations on the
more standard (i.e., Solowian) miodel of capital theory. They all, however, depart from the usual
theoty in one important way. This is that in their specification of technology, the three models all

rely either on important nonconvexities in the production set or on the absence of fixed factors.?

Our purpose in this paper is twofold. We want to show that a natural generalization of the standard
convex technology used in the early aualysis of growth models is sufficent to generate long run
increases in consumption per capita. Additionally, we show how different government policies can
affect the long run behavior of the economy. In a multicountry setting different policies are shown
to induce enough heterogeneity so that in a free trade equilibirum it is possible for the growth rates

of consumption and output of any two countries to be permanently different.

In related work, Rebelo [1988] also analyzes a convex model of endogencus growth. He concentrates
on special forms of prelerences and technologies designed to give rise to optimal paths which have
constant growth rates. This necessitates an assumption that fixed factors {e.g., labor) do not enter
the production functions for investment goods. He also stresses the role that policy can play in
determining the long run (i.e., growth) properties of the model and gives closed form solutions for

growth rates in some cases.

To indicate why convex technologies are sufficent to generate growth, consider the savings decision
of a.n individual with preferences given by the discounted present value of instantanecus utility. If
the interest rate equals the inverse of the discount factor, the individual chooses a smooth pattern of
consumption over time. Because in a representative agent model individual and aggregate consump-
tion coincide, aggregate consumption is stable over time-that is, there is no growth. On the other

hand, if the interest rate exceeds the inverse of the discount rate there is an incentive to increase

2 These models are based on work done by Arrow {1962) and Uzawa [1965). For an early analysis
explicitly modelling the role of endogencus technical change see Shell (1967 and {1973].
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consumption in the future. The higher interest rate causes the time profile of consumption to be
upward sloping. Then, it follows that to guarantee unbounded growth it is necessary to prevent the

interest rate from falling to the level of the inverse of the discount factor,

A standard arbitrage condition is that the interest rate equals the marginal product of capital. It
is then clear why the standard version of the neoclassical growth model cannot deliver long run
growth: as the stock of capital per worker increases, its marginal product is assumed to decrease
without bound and, hence, for some level of capital, it equals the inverse of the discount factor. At

this point desired consumption is constant over time and the process of capital accumulation stops.

Note, however, that a convex technology requires only that the marginal product of capital is a
decreasing function of its stock, and not that it decreases to zero as the amount of capital per
worker grows without bound. The technologies that we study are generalizations of the idea that the
marginal product of capital remains bounded, and are extensions of the linear technology pioneered

by Gale and Sutherland [1968} and that were already considered by Solow {1956).

To understand how government pelicies can affect growth, consider a tax on saving (or mote generally
a tax on capital income}. This lowers the after tax rate of interest and, consequently, flattens the
desired time path of consumption. Of course, in a general equilibrium setting this results in lower

growth.

Because capital accumulation decisions are ultimately controlled by the after tax rate of return it
is possible for the growth rate of two countries—that have the same preferences and technology-to
differ. The intuition is simple. Cousider two identical countries—a high tax and a low tax country.
It can be shown that after one period the low tax country accumulates more than the high tax
country. It follows that this lower rate of accumulation translates—under some circumstances—into a

lower growth rate.

The analysis seems to suggest that any policy that increases the rate of return to capital must have
long cun effects. This, however, is not totally correct. The reason is that some changes can have
only short term effects without changing the long run prospects of the economy. A natural example
is given by considering an open economy. If trade policy has the effect of artificially increasing
the price of capital goods, trade liberalization must increase the rate of return on investment and,
hence, spur growth. Whether this effect is permanent or not depends on what other techneologies
individuals have access to in order to shift wealth over time. In particular, if there is international

capital mobility it ia possible that lowering trade barriers only results in growth up until the point
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where the domestic rate of return again equals the international rate of interest, with no long run

changes.

This simple analysis highlights the complexity of the effects of government policies, and it shows
that partially removing distortions need not increase the growth rate, even in cases in which the

changes are in the right direction.

In this paper we concentrate on the analysis of tax and foreign trade policies not because they are
the only ones that are relevant but because they seem a natural first step. As the paper shows,
any distortion that increases the price of the relevant capital goods will have a negative impact on

growth. Of course, monopoly power and a large number of regulatory policies can have this effect.

In the next section we introduce our notation and make a short digression on the standard version
of the model from capital theory. Section 3 contains the existence and characterization results
along with sufficient conditions for equilibrium with sustained growth. In section 4 we conduct a
preliminary detailed analysis of a special case. In Section 5 we analyze the effects of distortionary
taxes. Sections 6 and 7 contain extensions of the results to a simple dynamic model of international

trade. Finally, we offer some concluding comments in Section 8.
2. Notation and a Digression

We will follow the standard capital theory notation. At each time period ¢t = I,..., there are
n+2 goods available for use: labor, &, n types of capital, k;, and consumption, ¢,. There is a single
technology for turning capital and labor into output. This will be denoted by F(k,£). For simplicity,
we will assume that labor is supplied inelastically and that & = 1 for all t. Define f(k) = F(k,1}).

Let 2o = (z14,..., To:) denote investment at time ¢,

We will consider a representative consumer formulation with utility function given by U(c;,...) =
Eg%u(cy).

Thus, the problem faced by the consumer (social planner) is to choose ¢, 4, & to maximize Z3%u(e),

subject to
(D) cet Y zan < Flke);
i=1
(2) kiegr S(1-)kin + 25 i=1,...,n;
(3) Zy, ¢, ky > 0;

{4) ko > 0 given,



where 0 € & € 1,i = 1,..., n, is the depreciation rate.

Assume that u and f are concave and C? and note that we have followed the industry standard .by

assuming that there is linear depreciation.

To explain a key aspect of the standard model let n = 1. Now assume that lim;_. ., f'(k) = 0 (e.g.,
F is any of the standard forms). Then the model is of the standard variety. If § > 0, and F0) > 8,
it follows that there is a (unique) k* > 0 such that §k > f(k) for all £ > £*. It follows immediately
that if &y < £* k¢ < k" and if kg > k*, that k; < kg for all ¢. In particular, k; is necessarily bounded.
Hence sustained growth is not feasible. (Actually, this only requires that lims_. f(£) < §.)

In contrast to the approach outlined above, we will not assume that the marginal product of capital

goes to zero as the stock of capital per worker increases without bound.
3. A Version of the Model with Growth

We now present conditions that guarantee the existence of a solution and then explore the possibility

of long run growth.

Let Y be the collection of feasible choices (i.e. infinite sequences of z's, ¢'s and &'s}. It follows from
(2)~(4) that there exists a sequence of nonnegative constants B; such that ¢, z;, k;; < B; for all ¢

and all sequences in Y.

Proposition 1:  Let U = £F*u(c:) and suppose that u is monotone increasing, continuous, bounded
below and that there ezists an a > 0 qnd I < co with afl < 1 such that u(B,) < U +at for all ¢,

Then the planner’s problem of mazimizing U over the sei Y has a solution.

Proof: Note that, by assumption, ¥ C [T72, [0, B,]*+2, which is compact in the product topology.
Since Y is closed (due to the continuity of £} it follows that it is compact.

It is then sufficient to show that U is defined on all of Y and that it is continuous in the product
topology. That U is well defined on Y is immediate given the bound B,. What is left to show
is that U has the requisite continuity properties. Let ¢ be a sequence of sequences converging
to ¢* in the product topology. It follows that ¢} — ¢, for all ¢ and, because u is continuous,
that u(c') — u(c;) for all £. Thus by the Lebesgue Dominated Convergence theorem (B:u(c?) is
dominated by 80 + (8a)* < ' for some v < 1) U(c") — U{c*) as desired. Q.E.D.

The condition on the maximal growth rate of output is similar to that presented by Brock and Gale

[1969] in the context of factor augmenting technical progress. Although it is possible to find a tighter
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bound than B, some restriction on the maximal growth rate of consumption is necessary, as the

following example indicates.

Example: Let f(k) = bk, u(c) = ¢!=?/(1 — ¢). Moreover, assume B[(1 — 8} +5]'~ > 1. It is
straightforward to verify that the sequence ¢; = ab[(1 — §) + (1 — @)b]* kg is feasible for all & (with
k= [(1=8)+ (1 — a)b)*ko) and that T3 u(c;) = oo if @ is sufficiently small.

Thus, as long as per-period utility cannot grow too fast things are okay. Note that there are several
obvious situations in which the conditions of the proposition are satisfied. First among these is when
 is bounded. Second is when the maximal feasible growth rate of consumption is less than 1/3.
Note that neither of these is essential, however. If u is of the form u(¢) = ¢'~7/(1 — #),& > 0, the
condition is satisfied as long as the maximal feasible growth rate in ¢ is less than (1/8)/(1-¢). (This
example plays a central role in Lucas [1988].) Although we assumed that v is bounded below, this

is not necessary for the argument.

The next issue to examine is under what conditions the solution to the planner’s problem displays
long run growth. To do this we present a condition on the technology and the discount factor that

is sufficient to generate long run growth.

Condition G
(i) Consider the model descrilbed by (1)-(4). In addition, assume that f(k) > h(k), where h

is concave, homogeneons of degree one and C* Yk € R}.

(i)  Assume that there exists a vector izeR’_"_,E # 0, such that if k; > 0
BBy +1=§&]>1 i=1,...,n

In the special case n = 1, the production function must be of the type f(k) = bk + g(k) with
Blb+1—8] > L. Then the simplest example of the type of technologies we have in mind is that
studied by Gale and Sutherland [1968] who considered f(k) = bk.

Conditicn G wﬂl not be satisfied if the representative consumer is very impatient (low 3} or if the
economy is nat praductive (f;(k) must be bounded below along some ray). Next we prove that if

condition G is satisfied, consumption grows without bound.

Theorem 1: Assume condition G is aatisfied. Then: any oplimal solution {c}} is characlerized
by

{a) If there is a single capital good {n = 1), limcf = oo, and investment is positive for all t.
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(b} In the case of multiple capilal goods lim sup c; = co.
Proof: To shorten the proof we first establish (b) and then indicate how to prove (a).

(b} It suffices to show that liminf u’(c}) = 0. Suppose to the contrary that liminfu’(cf) =% > 0. A
standard manipulation of the first order conditions for the planner’s problem shows that if {¢, &7}

is a solution it must satisfy

u'(cf) 2 Zﬁ'(l -6 (), ) filkiy,) o foralltandi=1,2,..., n.

3=l

Given the assumption that u'(c;,,} > @, we have that

u'(cq) > ﬁZﬂ'(l = &) fulkiy,)

=l
Since liminf u’{c}) = &, it follows that for all €:> 0 there exists ¢ such that u’(¢f) < (1+ €)&. Then,
for all such %, '

1+ €2 8'(1 - &) filkly,)

=1

Let the right hand side be dencted d;, where d; < 1+ € .

We next show that this inequality contradicts condition G. From condition G it follows that there
exists a > 0 such that if &; > 0, lhi(k;) +1-6) > 144, i=1,...,n. Let €< min; a/2[1-A(1 —&)}.
Consider the following function H

oq 1—1
H(k,z) =Y B f[(1 - AV + Y (1 — AV eioa) - ) diks
=1 =1

where ¥ € R? and (I — A)® is the diagonal matrix that has elements equal to {1 - §;)*. For any

fixed nonnegative sequence (z;), H is a concave function of & and, given z; = zj, the equality

oo =i
S =&Y = AT + 3 (1= Al = di
=1 i=1

indicates that it attains a maximum at k& = &;. Thus,

El

H(k},z%) > H(k,z") > H(k,0) for all k € R}.

Hence, to obtain a contradiction it suffices to show that H(,0) cannot attain a maximum. Let ke

be given by km = m -k where m € R, and & is as in condition G. It follows that

H(km,0) =38 3 ML — AV km) - m D diks.
i=1

=1 i=1i



Using homogeneity of degree one of A and exchanging summation signs,
n oo n
Hkn,0) = 3" D" 8711 - &) Bhi(ymb — m Y~ diks.
=t =1 i=l
Given that
Bhi(k) 2 (1 +a) - B(1 - &)

H{km,0) 2 Y (1+a) - 81— 8)(D_ A" (1 — &)~ ymhi - m >~ dik;
i=1

i=t s=1
_m2(1+ ;3(1 - di)k;
>’"§ M-7 (1—6)1E

Given that not all k;’s are zero, #(km,0) goes to infinity as m goes to infinity. Since for all
k, H(k,0) > H(k,0), this implies that H(k,,0) goes to inﬁniﬁy as well. This completes the proof of
(b).

(a) Under standard Inada conditions it follows that a policy of zero investment (and decreasing
consumption) cannot be optimal. Therefore, assume that investment is not zero in some periods.

Specifically, let # be the first period such that 2, > 0. Then,

w(ci-1) 2 u'(ce)BLF (k) + 1 — 6],

However, given z(-t = 0, it follows that ¢,_; > ¢, and w'(¢i-1) < ¥(¢i). The two inequalities
combined imply that
Biftk)+1-8=d<1

Construct, as in the proof of (b), a function H (k) given by
H(k)=3[f(k)+1-8]~dk

By the previous condition this function has a maximum at k.. Using the same arguments as in the

proof of (b), it is possible to show that H(£,,) is unbounded, giving rise to the desired contradiction.

Note that if 2; > 0, for all ¢, the Euler equation and condition G show that the sequence u'(¢,) is

decreasing and, hence, that ¢; increases monotonically to infinity. Q.E.D.

The Theorem implies that for the one capital good case it is legitimate to use the Euler equation at

equality to characterize optimal paths.
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4. A Specific Example

In the rest of the paper we concentrate on the one capital good case. Condition G then takes the
form b+ 1—6] > 1, where b = *li_r& F'(k}. 1n this section we will explore a specific example of the
model outlined above in some detail. OQur aim here is to explore the intricacies of the model more
completely to see what determines the growth behavior along the optimal path. In section 5, we

will conduct some preliminary analysis of the predicied effects of policy on growth rates.

We will first restrict attention to preferences given when the period utility function, u, is of the form
ue)=cl"?/(1-0),c 20.

The first question to be addressed is that of existence. As noted above, for this type of utility
function existence is guaranteed as long as the maximum feasible growth rate in consumption is less
than (1/8)/1~¢_ Clearly this necessitates a joint restriction on 8,6 and o, where b is the limiting

marginal product of capital. We have:

Proposition 2t Assume that 8(b+1—6)'"? < 1 and thet u(c) = !~?/(1 — o), then an optimel

program ezists,

Proof: Choose ¢ > 0 sothat 3{b+1—6+¢)'~7 < | and & such that f'(k) € b+ ¢ for k > k. Then
by concavity of f it follows that

(k) S f(R) + f/(RY(E = &) € f(E) + (b + )k — k)
for k > .
Let @ = f(E) ~ (5+ ¢)k and v = b+ ¢. Then, for k£ > £ we have that output is bounded by
fk)<a+k
Thus for &, > £ consumption is bounded above by
& =a+k

Il-l-l =a+4 7I‘ -+ (1 - 6):;
Because utility is increasing in the initial capital without loss of generality we assume k;, > En

follows that

H
Fe=(y+1-86fk,+ad (y+1-8)71)
i=1
and
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t
+ylko+a) (y+1-8)=(r+1-6)z.

i=1

= (-9 g

Therefore u(®) < (¥ + 1 — §)(1=My(z,), where u(z;) is bounded. Thus, convergence of
T3'u(T,)
is guaranteed if 8(y + 1 — §)!~° < | by Proposition 1. Q.E.D.

Note that this proposition taken togethier withh Theorem 1 can put reasonably tight restrictions on
the parameters of the model such that we have hoth existence and growth. Of course, if ¢ > 1 and

the growth condition is satisfied, Proposition 2 puts on no restrictions whatsoever,

As far as optimality of sustained growth is concerned, an appeal to Theorem 1 gives the result
that growth will occur along the optimal path as long as ﬂ(b + 1 = 4) » 1. Moreover, an analysis of

the Euler equation allows us to say much more given our choice of utility functions.

In this case, the Euler equation gives

e 7 = e Bl k) + 1 - 6}

or

b = ceprfee = [B(S (ki) +1~ L)) i

Since k¢4 is increasing over time and f/(00) = b, we see two important facts immediately.
First, we see that along the optimal path, growth rates are declining over time (& > 8,,1).

Second, note that although 8 decreases. it is bounded away from zero and converges to §* =

{B(b+1—8)]*/. Thus, the model predicts sustained growth with a long-run exponential component.

Note that, quite naturally, this steady-state growth rate is increasing in § and &, and decreasing
in 4 and o (since B{b + 1 — 8) > 1). Thus, the steady-state growth rate is higher if capital is
more productive, the agent is more patient, depreciation is less, or the intertemporal elasticity of
substitution is higher. It is interesting to note that although the form of the period utility function
does not determine whether or not there is growth, it does determine what the asymptotic rate of

growth is.

The existence of an asymptotic growth rate that is consistent with exponential growth is somewhat

special. With sufficient curvature in the utility function, it is possible to have consumption growing
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over time at ever decreasing rates, with the asymptotic rate equal to zero. To see this consider the

exponential utility function u(c) = —e~*¢ [n this case the relevant Euler equation is
i1 — € = AT en{B(f (k7 y) + 1 = 8)].

It follows that c;,, — ¢; converges to a constant as k{ goes to infinity, with the asymptotic growth

rate of consumption equal t0 zero and the leve] of consumption going to infinity.

One implication of the one capital good model with fixed labor supply is that capital’s share of
output approaches one asymptoticatly. Using condition G it is possible to study multiple capital
goods models in which one of the stocks is interpreted as human capital. In that case examples can
be constructed such that the share of output corresponding to labor and human capital does not

converge to zero.!
5. Taxation and Growth

In this section we will begin our attempt to answer some of the policy questions raised in the
introduction. [n particular, we will consider the effects on growth rates of various taxes. As we will
see, whether or not tax policies affect growth depends on the exact form of the policy, but some
indeed do. That is, static distortions of certain types affect not only levels of output but also can

have significant impacts on growth rates.

Of course, the difficulty here is that while it is standard that an optimum is equivalent to a com-
petitive equilibrium in models without distortions, this no longer holds (in general) when taxes are

introduced.

We concentrate on the study of capital income taxation. To simplify the analysis we will assume
that firms do not face dynamic problems. That is, in every period firms rent capital and hire labor
in spot markets. Because of the assumption of constant returns to scale, factor payments exhaust
output. From the firms maximization problem it follows that each input is paid its marginal product.

The rental price of capital, g, is simply q; = f'(k,) while the wage rate is w, = f(k} — kf'(ke).

The representative consumer solves the following problem

maxZﬁ'u(c.)

* One such example is presented in Jones and Manuelli [1988], where it is shown that by choosing

the parameters of the model labor share can be any number between zero and one.
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subject to
G+l - Sk +w+T,. t=0.1..., with ko > 0 given,

In writing the budget constraint we have already set the price of capital equal to the price of
consumption. Of course this requires that z, > 0 in equilibrium. TF either the relevant version
of the condition G of section 3 is satisfied or the initial capital kq is sufficiently smail this is not
restrictive. We have also assumed that the tax is levied on the returns of capital net of depreciation
costa. It is possible to show that this is equivalent to a tax on dividends it firms are allowed to
deduct depreciation. The depreciation rate, §,, need not coincide with the “true” depreciation rate
5.3 We have not allowed the consumer to borrow or lend. This is not restrictive in the framework
of a representative agent. Moreover, we can read off the implicit equilibrium interest rate from the
first order conditions of tlie consunet’s maximization problem. Finally, the term T; corresponds to
transfers received from the government that the consumer considers independent of his behavior.
In equilibrium, the requirement of a balanced budget corresponds to r{g, — §:)k; = Te. With this

condition it will follow that, in equilibrium, ¢ 4+ £, < f(ke).

To establish the existence of an equilibrium we take an indirect approach. We construct a series of
modified economies with no government sector. Ve then show that the equilibrium prices for one

such modified economy can be used to construct the equilibrium prices of the economy with taxes.

We first consider the sequence of economies indexed by z = (z) ¢t =0,1,..., with planner problems

given by:

maxZB‘u(c,)
=0
e+ 2 S flky)+ 2

by = (1= 8)ky + x4,

where f(k) = (1 — 7)f (k) + 76, k.

§ This does not correspond to “accelerated depreciation” {if §, > §) because it does not affect the
value of the remaining stock of capital. In this sense, it tends to overstate the effect of an accelerated
depreciation scheme. It can be shown that this is equivalent to the introduction of an investment tax
credit such that the household/firm receives a refund of §, dollars per dollar spent on new capital

goods, this will have the same impact on growth as has in this interpretation.
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At this point {2} should be interpreted as an endowment sequence. For any sequence 2 satisfying
0 <€ z, € B¢, where B is as in Proposition 1. the moldiﬁed planner's problem is well defined and
the solution is unique due to strict concavity. Denote the optimal sequence of capital by k(). We
fitst need to show that there is a sequence = such that a fixed function of k,(z) reproduces the same

sequence z. Formally, we Lave:

Lemma 1t  Consider any z = (2;) such that 5,¢[0. B¢] and fet k (s} be the solution to the planner’s
problem for the modified economy. Let G{z)¢ = {f(ki(z)) —Ske(:)). Then there exzists z° such that
G(z")=z".

Proof: For any sequence k = (k) ¢=0,1,2,... define A(k, z) by:
Ak, z) = i,’i'u(ﬂk;) 4304+ (1 = )k = keya).
=0
Far any fixed : define the correspondence I'(z) by
[(z) = {(k;) such that &y > (1 = 8}k and kyyy < fike) 4+ (1 = 8)ky + 2}

Finally, define the space ¥ = [[72,[0. B:). where By is an upper bound for any feasible capital stock
sequence. For example, B, = f(&;) with Fy, = (k) + (1 — 6)F, satisfies the assumptions. The
set Y is compact in the product topology. The correspondence G(z) is continuous and, for each z,
a closed subset of ¥ and, consequently, compact. Moreover, given zeY all ke['(z} also belong to Y.

The social planner’s problem for the modified economy can be described as:
max Ak, z).
kel(z)

By the Theorem of the Maximum the set of maximizers is an upper hemicontinuous correspondence
of z. Because the objective function is strictly concave, this set is a singleton and the maximizer,
{ki(2)}, is & continuous function of z. By construction, the mapping G is a continuous function of
k and, consequently, of z. G maps the compact, convex set Y into itself and, thus, it has a fixed
point z* QE.D.

If we index modified economies by sequences z, it is standard to use the results from Debreu [1954]
to show existence of a cotnpetitive equilibriuni. Moreover, the results of Prescott and Mehra {1980
show that we can support the same allocation by just looking at a sequence of markets for capital

and labor. If the solution is interior the prices should be given by

@i(z) = flke(=)) = (1 = 1) (ke(2)) + 785
15



welz) = flh(2)) ~ kl2) f'(ke(2))

Note also that, at the fixed point =", the feasibility constraint for both the original and the modified
economy coincide. That is f(k(z*)) + z; = f{k:(27)).

We are now ready to establish existence of an equilibrium.

Theorem 2: Assume tha! the existence condilions of section § are satisfied. There erisis an
equilibrium for the economy with distortionary tazes. The equilibrium prices are given by ¢ =
FlEe(2*)) and wi = f(k (")) = Be(2°)f'(ke(=")), and the equilibrium allocation corresponds to thai

of the planner’s allocation for the modified economy when r = 2°.

Proof: For z = z* the planner’s allocation solves the representative consumer’s competitive prob-
lem

ma.xZﬁ'u(cg)

t=0
subject to

et 2 S qolz7 )by + wnl=2") + 37
Epr=(1-8)k+z;

By definition of ¢ and w; and letting T7 = (¢ ~ b Jks(z"), we have that gi(z*)ks + Un(2") + 2} =
{1~ r)g k; + T8,k + wi + T7, where the equality holds identically in ;. Given that the right hand
side determines the budget constraint for the representative consumer in the original economy, it
follows that the two budget constraints are identical. If ¢;(z"), z¢(z*), k{z°*) is the sclution to the
competitive problem faced by the representative consumer in the modified economy when z = z°,
it must also solve the equivalent problem for the consumer in the original economy. The firm’s

problem, being static, is automatically satisfied by our choice of prices. Q.E.D.

To characterize the equilibrium with distortions we use the first order conditions for the modified

planner’s prohlem at z = z*. The Euler equation (that always holds if k; is sufficiently small) is:
w(c;) = w(cr JBF (kip ) + 1 = 6+ 7(6, = PR .

Notice that if &, < f'(k) for all k, the asymplotic growth rate of the marginal utility is given by
max{l, 8(6 + 1 — § + r(&, — })].

It follows that if 6, = § and if 7 is sufficiently large the economy will converge to a steady state.

In general, positive s will result in a decrease in the asymptotic growth rate relative to the no
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tax situation. The case §, = & results in an asymptotic growth rate that is similar to the no tax
situation. This case corresponds to a situation in which all the additional income generated by

capital (b) is not taxed because it is considered equal to depreciation (4,).

The case #(b+ 1 =& 4+ r(8; — b)) < 1 is interesting to illustrate the difference between “growth” and
“level” effects. In this case the economy reaches a steady state with the steady state capital stock
satislying

Bk +1 =6+ (8 — k)] =1

Where k, indicates the steady state capital stock when the tax rate is r.

I[, starting at the steady state, the tax rate is lowered while still keeping the expression for the
discounted marginal return less than one, the impact of this change is to generate growth until the

economy reaches a higher steady state. In this case changing v only has leve! effects.

If, on the other hand, b + 1 — & + r(6; — b))} > 1. a decrease in r has the effect of increasing the
asymptotic growth rate of the marginal utility. 1t then follows that changes in taxation may have

level or growth effects depending on the importance of the initial distortion.
To summarize this discussion we have

Proposition 31 Proportional tazes on capital income can affect both whether sustained growth will
occur in equilibrium and its asymplotic level. In particular, the imposition of such a tax could move
the economy from the region of suslained equilibrium growth 1o one where there is no growth in the

long run along the equilibrinm path.

We must point out that to emphasize the impact of capital income taxation we have assumed
constant marginal tax rates. Qur approach to existence is robust to tax rates that depend on both

aggregate capital stock and that vary over time.

On the other hand, our description of the tax code was kept very simple to emphasize the role of
capital income taxation on growth. Due to the convexity of the problem it is possible to analyze
more comiplex tax policies as in Brock and Turnovsky [1981], and Judd [1985}, [1986], (1987]. This
paper is complementary to those studies in the sense that it provides an existence result that extends
to arbitrary time varying tax rate. A similar approach can be used to study differential taxes on

specific forms of capital as well aa labor income.

Finally, it is possible to obtain the same qualitative results il instead of taxing capital income,

the government levies a tax on nonhuman wealth. In this case Becker [1985) has shown that the
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competitive equilibrium allocation is the solution to & planner’s problem. In this case, the problem
being solved has the lower discount factor, 3{1 - r). Our analysis of section 3 applies directly, and
it follows that taxation may reduce the asymptotic growth rate even to the point of causing the

economy o converge to a steady state.
8. Growth and International Trade

To this point, the results, although suggestive, do not really answer the questions put forth in the
introduction. That is, although we have sliown that government policies can impact growth rates
in nontrivial ways (if they affect intertemporal margins), this has been in a closed-economy setting.
Our goal in this and succeeding sections is to begin to analyze these questions in a world with
international trade. To accomplish this we will hegin by considering the simplest generalization of

the economy analyzed to this point which admits ini=epretation as being with many countries.

Consider an economy with two consumers with utility functions given by

Uile) = iﬂ}u;(c’;). i=1,2

They are endowed with laboe & = 1 for all i and ¢ and initial capital stocks kj and k. We
will assume that the two individuals “live” in distinet locations. Formally, there are two types of
consumption goods, two types of investment goods, and two types of labor. In what follows, we will
assume that the consumption and investment goods are (reely substitutable while labor is not (i.e.,
transportation costs are zero for consumption and investment goods and infinite for labor). Thus, a
country is defined by the lack of labor mobility.

In each country there is one Arm with production function given by yi = Fi(k, fi),i = 1,2. As
above, we will assume that F is homogeueous of degree one and define b; = limg — codFi(k, 1)/8k.
Again, labor is assumed to be inelastically supplied.

We consider a setting in which country one taxes the return on capital in place irrespective of
ownership, that ia, country two’s residents have to pay country one’s taxes if they rent capital to
firms in country one. Country two imposes no taxes, but residents of country one are taxed by their

own government on the income generated by their capital which they rent to firma in country two.

Free trade guarantees that the price of consumption and investment goods is equal in both countries.
In this simple setting there is only one good that can be traded; capital. The reason for this is
simple: differences in (after tax) rates of return generate offsetting capital fows. The key price that

determines the allocation of world resources is the rate of return in each country.
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[n order to make our point that differences in country policies can induce differences in long run
growth even in the absence of any barriers to trade, it is sufficient to show that autarky is an
equilibrium. {f this is the case the analysis of the previous section shows that country one's growth

rate is lower.
In Proposition 4 we formalize this idea.

Proposition 4: Let the lar on capital income in couniry one be v and assume 6, = 6. Assume
wW{0)=o0c and by = by =b>0,2[(1-1)(b—5)+1] > 1| and Sa[b~ 6+ 1] > | and that the existence

conditions are satisfied country by country. Then,

(a) If f*(k) = f3(k),B: = B2 and u; = u3, there exzists k* such that if k3 > k) > k*, the free
trade equilibrivm allocalion corresponds to autarky.

(5) If fi{k) = F3(k) = bk, then the equilibrium allocation is aularky, independent of initial

conditions.

Prooft The proof strategy is simple: compute the autarkic allocation for each country and then

show that residents of country one do not wanl to invest in country two and vice versa.

Let (ci, ki,z1) be the solution to country s planuning problem (a modified planning problem for

country one) and let the gross before tax rate of return be given by
l+re=F)+1-6 i=12

This simply refiects a standard arbitrage condition that equalizes the rates of return within & country

between holding real and financial capital.

(a) Proposition A.l in the appendix shows that &7 > k! for all . Thus the after tax rates of return

faced by residents of country one are given by

(1= )[F'(k})—6) + 1 and (1 ~ 7)[f'(k7) — 8] + 1.

-

Therefore, given concavity of f, f/(k}) > f'(4}) and residents of country one will never choose to

invest in country two.

To complete the proof we need to show that residents of couutry two will choose not to invest in

country one. This will be the case if and only if

FRD+1-62 (1 =1 (ki) =8+ 1.
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Note that the left side converges to b+ I — & and hence for k* large we have
b41-62(1=n[f (k) =5]+1

Because the capital stock in each country increases, if k§ > k° the rate of return in country one is
bounded above by (1 — 7)[f’(k*) — 8] + L and country two’s residents do not invest in countty one.

This completes the argument.

(b) The argument is similar to (a} with f'(k) replaced by b everywhere. As f'(k) is independent

of k, initial conditions play no role in this case. : : Q.E.D.
There are several things to note about this result.

First, as promised, under the stated conditions. we are able to give a very precise characterization
of the competitive equilibrium with taxes-it is antarky. This will allow us to make very strong

statements about the effects of taxes on growth below {in country 1}.

Second, note that in the absence of government distortions, autarky is not a competitive equilibrium.
In case (a), countries trade to equalize rates of return on capital if k3 > k). In case (b), there is
trade due to differences in discount rates and utility functions (rates of return are automatically
equalized here due to the special form of the production function). Thus, it is immediate that the
government policies have effects since they move us from an equilibrium with trade to one without.

What is missing still is that the effects are on growth rates (i.e., not just on levels).

Third, note that we have assumed that physical capital is perfectly mobile in our formulation.
It is straightforward to check that the result remains true in a world in which investment goods
are perfectly mobile but physical -capita.l in place cannot be moved so long as consumers initial

endowments of capital at time zero were located entirely in the “home” country.

Fourth, note that we have continually renormalized prices so that consumption costs one (unit of
account). Alternatively, one could normalize all prices in teams of time zero consumption goods. It
is straightforward to check that the proof given will not work in this case. This is nothing but the
standard diffculty in determining what constitutes investment income {or saving) in a world with
forwazd contracts. Basically, the problem is that autarky gives rise to different time paths of prices
in the two countries so that consumers in the high price country would not want to buy their own
output. In this case, one can still get the conclusion of the proposition by, in addition to having
taxes on capital, introducing tariffs on imports. With the appropriate choice of tariffs, autarky will
again be the equilibriurn and the basic conclusion (ihat policies have growth effects) will still be

valid. This is, of course, the nonrecursive analog of our assumption about taxation of capital income.
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Fifth, note that the only way we used our assumptions that w;, = uz and ) = 43 in the proof of
part {a) was to guarantee that k7 > &} for all ¢. Alternatively, one could obtain the same result by

having country 1 tax foreign investments at a different (higher) rate than domestic ones.
Finally, note that the analog of our Proposition 3 generalizes in this case as well.

Proposition 5: Assume that Ji{(L —r){b—0)+ 1] < 1, that Ja(b+ -6} > 1, that the assumplions
Jar existence are satisfied country by country and that f' = f*. Then, if uy = un, there is a k* such

that if k3 > k} > k", the equilibrium is autarky.

Proof: Choose &* so that #[(1 — 7){f'(k*) — 6} + 1] = 1. [t is a standard argument to show that
the autarkical values of & in country 1 converge monotenically to &*. Given this, the arguments
of Proposition 4 can be used to show that the rates of return in the taxed country are never high

enough to justify investment there by residents of the untaxed country. Q.E.D.
We turn now to the question of characterizing the social optima in our two country world.

Propoasition 6: Asssme thaf i(b+1-6) > 1,i = 1,2, and thal the other assumptions of Theorem
I are satisfied. Then, in any social optimum (with positive weights on both individuals) consumption

of the i-th individual satisfies
wi(ep) = Buuilci HFP (k) +1-8}  i=12 |
where ey = (1/2)(k} + £3).

Proof: Consider the problem of maximizing
Y [ Blus(el) + azByus(cd))
=0

subject to the obvious technological constraints. It is immediate that optimality requires equal split

of the capital stock across the two countries.
Further, it is straightforward to show that at the optimum
ﬂlﬁ{“i(c:) = “23;“5(932)-

Finally, note that the results of section 3 can be generalized to show that the Euler equation holds

in this case. Thus it follows that

a1 Biu(ef) + azfyud(c]) = (a1 B ul e}y ) + aafyt ua(ely I (kg ) + 1 - 6).
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Substitution and simplification give the desired result, Q.E.D.

Taken together, Propositions 4, 5, and § allow us to make simple direct comparisons about growth
rates of consumption in country | with aud without distortions. In particular, the results allow us
to conclude that the difference between growth rates in the tax and no-tax competitive equilibrium
in country 1 correspond to a reduction in the marginal product of capital from Fiky—6+1to
(1 — 7){f'(k) — 6) + 1. In particular, with preferences of the form ui(c) = ¢!~ /(1 — o;), the
asymptotic growth rate of consumption is lower with taxes than without in an internationsl setting.
Moreover, if 8, = 52 consumption grows at a slower rate in country 1 than in country 2. Similarly,
under the conditions of Proposition §, it follows that if #,(#+1-6) > 1 and H(l-7)}b-8)+1) < 1,
the competitive equilibrium without taxes has growth in both countries while that with taxes has

growth only in country 2.

As a final comment, note that Proposition 6 shows that the results of Becker {1980] concerning the
asymptotic distribution of consumption when 1 and B, ate different do not generalize to a growth
setting. In particular, although it follows (from the fact that o Biui(c}) = anfiuh(c?)) that the
ratio of marginal utilities goes to zero, this implies that the consumption of one agent goes to zero
only if aggregate consumption is bounded. In our case, the ratio of consumption goes to zero while

both grow without bound.
7. Growth with Tariffs

In this section we begin to explore some of the implications of the model for the analysis of trade
policy and of policies that tax international flows of capital. We need to modify the basic one good
model in order to explt;re the effects of import tariffs. 'I:he simplest way of doing this is to consider
a Ricardian model of trade in which differences between the home and the foreign country are due

to different technologies.

We will show that, depending on other restrictions, changes in trade policy may have permanent
effects (effects upon the asymptotic growth rates) or just temporary effects ( effects on the level but

not the growth rate of the economy).

We modify the basic model of Section 3 to allow for a different marginal rate of transformation
between investment and consumption. The technology is given by

¢t +azy < fke),

ki = (1 - 8)ky + x¢,

(i, z)20,a2 1.
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To describe the path of this economy in autarky we can follow the same argument as in Section 3.
it is a straightforward extension to show that the relevant “growth condition” is g[(4/a+ 1 —§] > 1.
it then follows that if the country is sufficiently inefficient in the production of investment goods
{a is sufficiently large), the competitive equilibrium will converge to a steady state. Specifically, an
argument similar to Proposition 3 shows that if 3[b/a + 1 — §] < 1, output converges to a steady
state, with the steady state capital stock &* given by the solution to A[f'(k*}/a+1=6]= 1. In
general, the higher the value of a the lower the asymptotic growth rate and the welfare of the
representative agent. {It is simple enough to consider the case where the technology is given by
ayc + axxy < f(k:). for {ay,a+) > 1. In this case the size of «, does not affect the asymptotic
growth rate, although it does reduce welfare. Basically, to affect growth rates we need to distort the
marginal rate of substitution between consuinption at different dates. while an inefficiency in the

consumption sector simply makes consumption equally niore expensive in every period.)

For simplicity we assume that the rest of the world has a = 1. As in any Ricardian model, under
free trade there is specialization. The home country produces only consumption and it imports
investment. If the initial capital stocks are the saine for all countries, there is no international
borrowing and lending and the trade balance is zero in every period. Note that even in a world in
which all countries have access to the same technology, there could be international trade if initial
capital stocks were different. This, of course, corresponds to the equilibrium of a closed economy
with heterogeneous agents that we studied in section 8. Qur results about asymptotic growth rates

remain unchanged but trade is in general not balanced.

If we assume S[(bf/a) + 1 — 8] > 1 our argument is Section 3 shows that the international price
of the investment good relative to the consumption good is one. Suppose that the home country
prohibits international borrowing and lending and that it imposes a tariff on imports of investment
equal to r;. That is, if investinent goods are purchased abroad, their domestic price (in terms of

consumption) is 1 + 7.

Without going over the details of the argument, it is easy to see that if 1 + 1z > o the equilibrium
is autarky. This is because it is more expensive to purchase the good abroad than to produce it
domestically. The asymptotic growth rate of marginal utility of consumption is, simply, 8[(8/a) +
1-4).

Keeping the assumption that there is an infinite tax on international borrowing and lending, assume
that the import tariff is lowered so that 1+ r; < a. The representative household solves the following

problem:

23



max E5'u(c;)
st. op+pT Syt tht +T:
kiy: =(1—6)ki + 1y

where py is the relative price of investment, ¢, the rental price of capital, wy the wage rate, and T} a
transfer from the government. Of course, although the household views the transfer as independent
of its own actions, in equilibrium we mwust have r,z; = T, , i.e., the government has a balanced

budget.

If z; > 0, we must have p; = 1 + 7. It is possible to show that the equilibrium allocation solves
a modified planner’s problem {in essence the argument is similar to the one used to establish the
existence of equilibrium with distortionary taxes), that z; > 0, and that the first order conditions
are given by

wic) = Ju'lerm W k) /(M + e} + 1 = 6}

In this case the asymptotic growth rate of the ratio of marginal utility is 3[4/(1+ 7=} + 1 — é] which

is greater than S8{(4/a) + | ~ 8]. Therefore, in this case, trade liberalization has “growth effects.”

Consider next an economy where international capital flows, although not prohibited, are subject
to a tax 7i. Specifically, let L; be the amount lent by the home country to the rest of the world. If
(1 + r¢) is the world interest rate, the representative agent faces the following decision problem:
max E4°u(c,)
st. aq+pme+tLiSw+qhe+{1+r(l—n)lici+ T
(Leye 2z} 2 0.
The interpretation is simple: households have to pay the government a tax of 1 per dollar of interest

received. In equilibrium, we must have ez + e Ly = T

Notice that, as stated, residents of the domestic country can lend to the rest of the world but cannot
borrow from it. This assumption simplifies the analysis of the recursive problem. As it is well known,
if borrowing is allowed we need to supplement the standard sequence of budget constrants so as to
prevent individuals from borrowing infinite amounts. [n the version with borrowing allowed, and
if domestic residents have to pay a tax on international borrowing, it must be the case that, for
large k, the rate of return on domestic investment is less than the rate at which households borrow.

Therefore, at least for large £, the optimal amount of borrowing is zero.

Formally, the decision problem faced by the household is how to allocate investment to the two

possible intertemporal technologies: the domestic technology that has rate of return equal to
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(F'(k)/(1 + 2} + 1 — 8), and the international technology that has 1 + r{l — 7) as its rate of
return. We assume J{l + »(1 = r)] > 1. For this problem it is possible to show that the equilibrium
allocation is the solution to a modified planner's problem. To map this economy into that of section
5. notice that this is an economy that has two technologies for capital accumulation: the standard

technology given by f and another lizear technology given by 1 + (1 — ).

Consider first the case bf(L+ )+ 1—48>1++(1—r). This says that the domestic technology
dominates, and that the optimal solution simply has L, = U for all {. Of course, the asymptotic
growth rate of the marginal utility is given by J[6/(1 + r;) + | — &]. Consider a policy that lowers
7r but that still leaves the domestic rate of return higher than the after tax rate of return in the
international market. This change will have no effects upon the equilibrium decisions. In this case
decreasing taxation of capital flows has no impact while a decrease in 7; has, as we argued before,

“growth” effects.

However, the case b/{1+r:)+1-8 < 14r(1—r;) is different. In this case the domestic technology is
eventually dominated. A standard no rate of return dominance argument establishes that domestic

output will never exceed f(k%) where kL solves:
S/t +re)+l=6=1+r(1=-7)

Because we assume J(1 + r(1 — 7)) > |, we can argue that consumption must be increasing at
a faster rate than in the case of portfolio autarky. Qutput, however, remains bounded. In this
economy households save in international markets and use the proceeds to finance an ever increasing

level of consumption.

In this case, trade policy can have only “level” effects. Cousider two countries that are identical

except for import tariffs; let r! < 3. Moreover, assume that
A+t +1~8<cl+r(l=-1)
The argument we used above shows that output will eventually converge to f(kf) where kf solves
FED/A+H)+1-86=1+r(1=-7)

Clearly kf > &%, and a decrease in 7; can temporarily increase output but it will eventually level
off at a higher value. (We have not shown convergence but equilibrium for each economy solves a

"modified” planner’s problem. We cau then use the miethods of Section 3 to establish convergence.)
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It is also interesting to study the impact of a decrease in ry. Specifically, let r} < r¥ and assume that
B/(1 +7:)+1 -8 <1+ r(1 ~7}). Consider a country that has a tax equal to ¢ and has reached a
steady state level of output f(k;), where k1 solves the obvious equality of rates of return equation. If
the tax is lowered to 7}, this will imply that the new steady state must have f(k,) < f(kz)(the new
steady state has a higher rate of return). and this is accomplished by reducing domestic investment
and increasing savings in international markets. This behavior would look like a classic instance of
“capital flight” triggered by the lowering of the barriers to capital Hows. OF course, this change will
also result in a higher growth rate of consuumption and higher weifare. In this instance capital flight
is beneficial because it corresponds to a shift in the composition of national savings toward; a larger

share of it invested in the “foreign technology” that has improved.

Although in the model it is clear what we mean by taxation of capital flows, it is not obvious
how such a policy can be implemented. In particular, what prevents individuals from exporting and
impotting the consumption good (that has a zero tarilf) in such a way as to mimic the intertemporal
fiow of income generated by borrowing and lending? The simple answer is that nothing prevents
them from getting around the system in tlie context of the model. In the real world, however,
exchange controls can serve as an effective way of enforcing the policy. Whether they are encugh to

replicate our setup is a question that deserves further attention.

We think that this exercise is valuable. It shows that in a very simple model with a trivial laissez
faire equilibrium the eflfects of removing distortions one at a time are not obvious.. The growth or
level effecta of a change in trade policy or barriers to capital mobility depend on the levels of the
other policies. There is a sense in which it indicates Lhat one must “look at everything® before
reaching policy conclusions and it highlights the not so obvious interrelations between trade regimes
and international capital flows. 1t indicates that “comprehensive” studies of policy changes (Krueger
[1978], [1986] and Corbo, et. al [1985]} are more approptiate than sharply focussed investigations
that ignore the policy package in place.

8. Concluding Comments
To finalize the paper we offer some comments on the results, related literature, and future research.

1) Our goal in this paper has been to develop and analyze a model in which the growth rate of
output and consumption are both positive and endogenous. In so doing, we have implicitly provided

answers to the questions raised in the introduction.

The analysis implies that principal determinants of growth rates include both economic fundamentals

(parameters of tastes and technology) and government policy variables. In particular, because
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of the relatively simple structure of the key equation to understand growth, the mode! suggests
concentrating on the factors affecting the rate of return on investment. Besides the obvious preference
and technological parameters. it indicates that government policies that affect the rate of return on

capital have an impact on growth,

It is tempting to attribute the bulk of recent differences in growth histories between countries (e.g.
Korea and Japan versus the U.S.) to differences in tastes {i.e., betas) rather than differences in
policies. Although this is in principle consistent with the model, the difficulty with this view is in
rationalizing the apparent changes in growth rates across time in a given country (e.g., Korea pre

and post 1959—see Krueger [1986]).

For this reason, it is compelling to concentrate on government policies as the primary explanation
for differences in growth. In this regard, it is of interest to interpret the recent work of Makin and
Shoven [1987]. Their study indicates tlhal marginal income from capital is taxed at much higher
rates in the U.5. than in Japan. Within the context of the model, this is perfectly consistent with
identical tastes in the two countries and the observed growth patterns. {See comments 4 and 5 below

concerning the welfare effects of different growth rates.)

2) The presence of increasing returns to scale is neither necessary nor sufficient to generate sustained
growth. That it is not necessary follows from the arguments of section 3. That it is not sufficient
follows from the conditions imposed by Romer [1986)] or, more directly by considering the following
technology F(k,£) = £*18%7 with a3 + a2 > 1 and 0 < a; < 1. The arguments of section 3 can be
applied to show that for this economy sustained growth is not feasible. Similarly, the existence of
growth does not depend on exact linearity, the lack of fixed factors or the specific form of the utility
function. The crucial feature to attain sustained growth seems to be that the marginal product of
capital remain bounded away from zero. Whether this is generated by a convex technology or not is
not essential. In the example of increasing returns we need a; > 1 to guarantee that this marginal

product remains bounded away from zero.

3) The model is a useful vehicle for discussiig wiether specific policies have “level” or “growth”
effects. This, however, should not be read as iniplying that policies that have growth effects have
a larger impact upon the representative agent utility. The reason for this is that our existence
condition essentially implies that growth has a small impact upon utility. For utility to be defined,
it is necessary that the growth rate of instantaneous utility does not exceed 1/8. Therefore, the
importance of consumption growth is bounded. Put differently, the model is continuous in all

parameters including policy parameters. We have shown that small changes can result in movemnents
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from sustained growth to a region where there is a steady state. By continuity, these small changes

cannot have large effects on the utility of the representative agent.

4) Given the convex structure of our model and the lack of extern alities, the competitive equilibrium
is Pareto optimal. Therefore, the model gives too siniple an answer to the question of which is the
optimal policy. It is simply laissez fatre. In models with increasing returns/externalities it may well
be the case that some of the policies that we find distortionary are optimal. For example, in the
presence of externalities generated by the stock of capital, it is likely that the optimal policy requires
subsidizing investment. In the model of this paper this policy will also increase the growth rate to

a suboptimal {too high) level. See comment 5.

5) It is fairly simple to show that some policies may generate too much growth. Consider, for example,
the capital income taxation problem of section §. The two instruments that the government has
are the tax rate 7 and the depreciation allowance §,. If §, > b (of course this requires 8, > §), the
asymptotic growth rate of the marginal utility is higher than in laissez faire. In this case, for large &
the government’s transfer to the representative household is negative; that is, the government uses
lump-sum taxes to subsidize the returns to capital. Another more realistic fiscal policy is to tax
consumption and to use the proceeds to subsidize purchases of the investment good. In this case the
tax on consumption acts as a lump-sum tax, (The only taxes of consequence in this model are those
that change the relative prices of the different consumption goods; & uniform tax on consumption
does not affect the marginal rate of substitution between consumption at different dates and, hence,
it is neutral.)® The decrease in the effective price of investment (the after tax price) raises the rate
of return on capital, increases investment and, consequently, growth. In the context of our model,

policies that artificially increase the growth rate are detrimental to welfare.

6) The next step in this research program is to incorporate a realistic pattern of productivity shocks
to the model, as was done by Brock and Mirman {1972] for the standard one sector model. (We can
consider shocks that can take on a finite number of possible values within our framework without
any changes.) Allowing for variable labor supply will allow us to study a model that generates both
fluctuations and growth. In such a model we will not need to make any special assumptions about
detrending. This is particularly important because in its current nonstochastic version the model

does not predict that, asymptotically, all relevant variables will grow at the same rate. A specific

& In a version in which the supply of labor is elastic the consumption tax is distortionary: it
affects the trade off between consumption and leisure. Depending on preferences, the intertemparal

decision may not change, resulting in no effects on growth rates.

28



example is the laissez faire version of our two country world when the discount factors are different.
In that case output gtows at the same rate in both countries but aggregate consumption does not.
At a general level we cannot rule out differential growth rates and therefore the possibility that most

detrending procedures ate not appropriate.

The second reason why we thiuk this extensiou is inleresting is because it will allow us to evaluate
macroeconomic policies in terms of their “full™ eflects; that is both in terms of their stabilization
and their growth effects, Current miodels that abstract from the possibility of sustained growth must

of necessity concentrate on only one dimension.

Additionally, the role of taxation in multigoed multicapital economies needs to be explored. Qur
analysis shows that when there is more than one capital good (this is the case in our study of the
open economy) the details of the tax code and other distortions are crucial to understand the long

run effects.
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Appendix

In this appendix we prove that if we compare Lwo planner’s problems, one for the original economy
and one for the modified economy of Section 5, the latter has a lower investment rate. Consider first

the original problem
(OP) max E7.o0'%(ct)
subject to ¢ + z; < fke),
kepr = (1 — 8)ky + 2¢,

Let the optimal investment function be g,(k,0) (to indicate that the tax rate t is zero} when the
planning horizon is n periods and the initial capital stock is #. Denote the optimal consumption by
cn(k). Thus,

ca (k) = F(k) - gn{k,0)

A standard result for the one sector growth model is that c,(£) is an increasing function of & { see

Stokey, Lucas, and Prescott [1989).)
Next, consider the modified problem
(MP) max Zfof%u(er)
subject to ¢ + % < f(ke) + 2,
k1 = (1= 8)ky + 24,
where {2;} is taken to be exogenous, f(k) = (1 = 7)f(k) + ré,k, and §. < f'(k) for all k.

Let the optimal investment function for this problem, when z, is equal to its fixed point
[z¢ = 7(f(ke(2)) = &)] and the planning horizon is n periods, be g, (k, 7). We want to show that
gn(k,0) > gu{k, 7) for all k and n.

Proposition A.l: Assume that the conditions for existence are satisfied. Then for all n and k,

g“(biu) 2 gﬂ(bl 1’).

Proof: The argument is by induction. Consider the case n = 1 and suppose to the contrary that

g1(k,7) > gq1(k,0). Because investment is positive for the (MP) economy, the first order condition is

w'(cp) = B () (k)
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However, we have cf < ¢y and ¢] > ¢ because &7 > k;. Thus,
wW(eDBL (K]) = w(ch) > wico) 2 Bw (e} f (k1)
Because w'{c]) > u’(co), we must have FI(E]) > f'(k1). But fik) = f'(kY+r(6, = f(k)). Therefore,
the previous condition is equivalent to r{8; — f'(k}) > 0 which is a contradiction,
Next assumne that the statement is true for n and we show that it also holds for n + 1.
We need to consider two cases.
case a: k;gk, i=12 ..., n.

To ptove this, suppose to the contraty that gny((k,7) > gns1(k,0). Therefore, we must have

gn+i1(k, 7) > 0. Consequently, if we construct the function A(e) given by:

h(e) = wlf(kS)+20—gny1 (K}, TIHe]+OUlf(E] =€)+ 21—gn (K], 7))+, .+ 0" ulf (kT —(1-8)"""e)+20—go &7, 7).

it attains a maximum at € = (. The first order condition is simply

w(eh) = T, (1 - 8Y "' () (K])-

Notice that, for all &, f'(k) < f'(k). Therefore,

w(es) < S (1 - 8Y ' () (&),

By the inductive hypothesis we have that

€ (k]) = JUk]) = gasr1- (k] T} 2 S(k]) = Gnsr (K] . 0) = ¢;(k])-

4Thel~efone,
w(cq) < Eey B (1= 8Y ~''(e; (£])) 1 (k])

By monotonicity of ¢;, concavity of v and f, and the assumption that k] > k;,we have

w'(c]) < TfurP (1 = 8Y ™ v’ (ensra i (ks ) ' (kg).
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On the other hand, the optimal solution for the problem (OP) requires
u'(eg) 2 Il 8 (1 — 8Y 71! (e (k; )} (k5)
These two equations together imply that «'(ea) > u'(c§} or that F(E)=ga1(k1,0) < f(k)=gn4p1lk, T}
which is a contradiction.
case b: Forsome l <t <n, ki <k

Note that since ] > & by hypothesis this case requires that for some j +1 <1, z;4; > 0. We now
argue that if zj41 > Othen 2, >0 s= 0.f..... j. Without loss of generality assume that j +11is

the first time that z; > 0. Then a standard first order condition for the growth problem is
w'(e;) 2 v'le; )81 (ki) +1 = 8] > ¥'(544)

where the last inequality follows from condition G. Thus cj4y > ¢ and cjp1 + Tig1 > ¢ +

z; ot f(kj41) > f(k;). This, however, requires k;+1 > &; which contradicts z; = 0.
It then follows that z¢ and z, are positive. In this case the Euler equation is:
u'(co) = Bu[f(k1) — galkr, O[f (K1)} +1 -]
Because z > 0 by assumption, we have
w'(c§) = Bu'[F(E]) — g (K], TIILF(K]) +1 -]
By the inductive hypothesis ga(k],7) < ga{£7.0). Also, f(k]) < F'(]). Thus,
w'(cd) < Bu'[F(k]) — ga(R], QLA (A1) + 1 = ]
If &] > ky we have u'(co) < ¢/(c). These inequalities imply:
W) — galk], OLF(E]) + 1 — 6] > w'[F(k) = ga(kr, OJIF (11} +1 - 8]

Given that each term is monotone decreasing in &, the inequality implies ] < k;, which is a

contradiction.

To finalize the proof, standard arguments (see Stokey, Lucas and Prescott (1989]) can be used to
show that the infinite horizon investment rules for (MP) and (OP) are given by HiMpy oo In(k, 7)
and lim,— oo ga{k,0), respectively. : QE.D.
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