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ABSTRACT

This paper preserves many of the primary features of the standard neo-
classical framework while introducing some modifications that transform it
into an open economy endogenous growth model with knowledge accumula-
tion. The accumulation of knowledge is determined in part by the extent
of knowledge spillovers from abroad which, in turn, are affected by commer-
cial policy that regulates the extent of trade between countries. The model
predicts that trade liberalization (even if it is unilateral) will increase steady-
state output growth in all countries while benefitting the liberalizing country
(or countries) the most in terms of relative income levels.




1. INTRODUCTION

This paper examines the impact of unilateral trade policy on output levels and growth rates in the

steady state. The objective is to formulate an open economy endogenous growth model based upon the

standard neoclassical growth model of Solow (1956), Cass (1965), and Koopmans (1965). That model,

which is essentially a closed economy model, is characterized by exogenous technological growth. We
show how the technology variable, specified here as knowledge and which would grow at a fixed rate
were the economy to be closed (2 la Solow-Cass-Koopmans), instead grows at a rate that is endogenous
when the economy is open. Thus, in the context of this modified model, a country’s trade policy may
influence both the rate of growth of its economy and its steady-state level of income vis-3-vis the other
countries.

Why do we return to the Solow-Cass-Koopmans model when there have been so many recent
developments in growth theory that endogenize the growth process in other ways?' The primary reason
is that the standard neoclassical growth model appears to be consistent with a considerable number of
empirical observations such as income convergence between U.S. states and regions (Ben-David, 1990;
Barro and Sala-i-Martin, 1991; and Loewy and Papell, 1996), conditional convergence among countries
(Barro, 1991; and Mankiw, Romer and Weil, 1992), as well as unconditional income conve;gence among
developed countries (Baumol, 1986). Furthermore, as Mankiw, Romer and Weil (1992) note, the model
correctly predicts the directions of the effects of saving and population growth. Yet, as Mankiw, Romer
and Weil also point out, "all is not right for the Solow model." By virtue of its being dependent on an
exogenous growth rate, the standard model is unable to account for the substantial postwar increases in
growth among developed countries that have coincided with trade liberalization in those countries.
Hence, the focus in this paper is on the impact of trade on the growth process.

Maddison (1982) calculates the average productivity growth rates of the leading countries — that

is, countries with the highest output per hour worked — over a span of nearly three centuries and shows

! Within the trade-growth context, see, for example, Rivera-Batiz and Romer (1991a,b) and Grossman and Helpman (1991).
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that they moved from virtual stagnation in the 1700s to annual growth of over 2% in the 1900s. Ben-
David and Papell (1995) search for a structural trend break in the long-run growth paths of real per capita
output in 16 OECD countries since 1870. In their calculation of steady-state growth rates along the pre-
and postbreak paths, they find that countries grew along their new, postbreak, paths at steady-state rates
that were, on average, over twice as high as their prebreak steady-state growth rates.

Table 1 illustrates the long-term behavior of trade and growth by providing some postwar-prewar
comparisons for the 16 OECD countries in the Maddison (1991) sample. Each country exhibited
increases in their average postwar growth rates (in comparison with their average prewar growth rates).
These ranged from a 38% increase for the United States to increases exceeding 200% for five other
countries. At the same time, average ratios of exports to output were higher during the postwar for all
but one of the countries.>

Can the growth increases depicted in Table 1 actually be tied to a greater openness among these
countries? Ben-David (1993 and 1996) examines subsets of these countries that are formed on the basis
of trade ties and finds substantial evidence that movement towards trade liberalization led to heightened
trade flows and was accompanied by significant convergence in per capita output among the trading
countries.> Hence, increased openness does appear to affect output. Furthermore, when these trade-
related convergence findings are combined with Ben-David and Papell’s (1995) findings of faster growth,
the evidence appears to suggest that the convergence did not come at the expense of the wealthier trading
countries, but rather that all of the trading countries experienced faster growth — with the poorer traders
benefitting the most. This is consistent with the findings in Sachs and Warner (1995) who find that trade

liberalization is related to faster growth. The model developed in this paper represents an attempt at

2 The lone country not experiencing an increase in its export-output ratio is Australia. While this ratic remained relatively
unchanged following World War II, Australia experienced a massive population inflow that provided many of the same benefits
that trade in goods provide in lieu of such migration flows.

3 Ben-David (1993) examines the evolutionary periods of the European Economic Community (EEC), the European Free Trade
Association (EFTA), and the US-Canada trade pacts within the framework of the GATT Kennedy Round Agreements while Ben-
David (1996) focuses on the general relationship between trade and convergence.
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explaining these stylized facts within a theoretical framework that tries to maintain the spirit of the
standard neoclassical growth model.

The standard model is modified here with the addition of knowledge as a factor of production
along with physical capital and labor. While preserving the standard growth model’s assumption that
each country produces one good, it is assumed further here that these goods are distinct and that
consumers derive utility from the consumption of all goods.

The assumption that each country’s knowledge stock accumulates at a fixed rate in a closed
economy preserves the exogenous growth aspect of the standard model. However, given our form of
consumer preferences, the countries in this model will be open. Since each country’s good is exposed
to competition (both domestically and abroad) from other countries’ goods, there is an impetus to learn
and obtain foreign knowledge. This pressure increases as the extent of exposure to foreign goods
increases. As in Grossman and Helpman (1991), it is assumed here that trade in goods facilitates the
diffusion of knowledge. The premise here, as in Grossman and Helpman, is that knowledge is non-
rivalrous and is also non-excludable in many respects. Under these conditions, a country’s commercial

policy leads to dynamic terms of trade effects that can have an impact not only on its level of income,

but more importantly on its steady-state growth rate which now becomes endogenous. Moreover, the

impact of unilateral trade liberalization improves the steady-state growth rate of per capita output for each
of the country’s trade partners.

The next section details a two-country version of the model while Section 3 describes the
equilibrium. Section 4 extends the model to a multi-country world and simulates the model within a

three-country setting. Section 5 concludes.




2. THE MODEL

Following Dollar, Wolff, and Baumol (1988), Rivera-Batiz and Romer (1991a, b), Grossman and
Helpman (1991, 1994), and others, the primary thesis of this paper is that trade serves as a conduit for
flows of knowledge. To the extent that increased knowledge acts to raise the productivities of physical
capital and labor, it follows that heightened trade has the potential to increase the growth rate of per
capita income. In Ben-David and Loewy (1996), we show that a simplified version of the model
presented below is consistent with the observation that higher ratios of exports to output tend to coincide
with faster growth. However, inasmuch as no physical capital is included in that model, it is not possible
to consider the effects of trade on the link between the marginal product of capital and the process of
knowledge accumulation.

The world economy is assumed to be comprised of two countries. For each country i = 1, 2,
let good i be the distinct output of country i. As a justification for trade, agents in each country are
assumed to derive utility from the consumption of both goods and the marginal utility of consumption of
each good satisfies the usual Inada conditions. In order to concentrate on the growth and level effects
of commercial policy, in what follows we assume that both countries are identical save for their distinct
outputs, their initial conditions, and a possible difference in their tariff rates.

Let n be the population growth rate in each country. For simplicity, the time ¢ population size
and labor force in couﬁtry i are assumed to be equal and are denoted by L(f). Define real per capita
consumption in country i of good j at time ¢ as c,{¢). Then the preferences of each agent in country i are

given by

fe ‘(/”"‘[lnc“(t) + lnciz(t)]dt
0

where p is the common rate of time preference and the initial population in both countries has been

normalized to one.




Each good i is produced using the physical capital, labor, and knowledge available in country i.
Assuming that the production function is linear homogeneous in capital and labor, we write this

relationship in per capita terms as

y,0) = Ak,PH ) )

where y,(t), k(t), and H,(¢) are per capita output and capital, and the aggregate stock of knowledge in
country i at time ¢, It is assumed that 0 < 8 < 1 and ¢ > 0.

Given that the only use for good j in country i is in private consumption, any output from country
j allocated to "net foreign lending" is, from the standpoint of counfry i, equivalent to an import.*
Consequently, we can, with no loss of generality, assume that there does not exist an asset market.
Hence, per capita expenditures in country i are simply the sum of per capita consumption of each good
plus domestic investment. These expenditures are financed out of per capita income which we define as
the sum of per capita net output plus per capita government tariff revenue, g(#), an amount which is
transferred back to private agents lump sum. Let p,(r) be the price of good i with good 1 being the
numeraire and let 7; be country i’s tariff on imports from country j (7; = 0 by deﬁnitipn). Tariffs are
assumed to be determined exogenously and are constant over time. Given these definitions, country i’s

budget constraint is given by

N pi®)-(1+7;)
P,‘(t)

c;® c;®) + k@) +nk(t) < AKEPH® +5,0)

where the rate of depreciation of capital has been set to zero and

_ Pj(t)""g'cg(t)

(t
&® Y0

“Furthermore, since we show in Section 3 that in steady-state equilibrium the marginal product of capital in countries 1 and 2
are equal, it follows that "net foreign lending” would equal zero in such a case.
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Following Lucas (1988), per capita growth is obtained by supposing that the technology of
knowledge accumulation in country i is constant returns to scale in the level of knowledge of country i.
However, in order to provide a means for knowledge dissemination to affect growth, it is assumed further
here that this technology is also constant returns to scale in the level of knowledge present in other
countries.” Furthermore, the share of country j’s knowledge that affects country i’s rate of knowledge
accumulation depends upon i’s degree of openness towards j and on country i’s ability to absorb and
utilize country j’s stock of knowledge.

The general idea behind the openness variable, which we denote as v, is that countries must
absorb foreign knowledge in order to compete successfully against foreign goods, both domestically and
abroad. In our definition of v; below we make the simplifying assumption that knowledge spillovers
derive solely from exports rather than from total trade volume as Grossman and Helpman (1991) suggest.
While the inclusion of imports in v; would be quite intuitive as well (because of knowledge gained by
reverse-engineering, for example), we make our modelling choice for two reasons. First, by defining

v; in this way, it follows that each country’s problem dichotomizes into a static allocation problem and

a dynamic accumulation problem. This substantially simplifies the analysis without affecting the

qualitative behavior of the model.® Second, suppose that the numerator of v; is defined either as imports

or adds imports to exports. Then a reduction in 7; would increase c;, and also lead to an increase in v

Hence, by excluding imports from the numerator of v,, we remove from the model an obvious positive

ij>

effect of trade liberalization on per capita growth. Indeed, since we show below that the overall growth

5 Lucas (1993) suggest a related technology of knowledge accumulation. In his model the level of knowledge in other countries
affects knowledge accumulation in country i through the average level of knowledge worldwide.

6 This is shown in Ben-David and Loewy (1996) which considers a simpler version of this model.
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effects of a unilateral liberalization are positive, this effect would only be further enhanced by the
substitution or inclusion of imports in v,.”

In line with the preceding discussion, we define vy(#), j # i, as country i’s total exports to
country j divided by country i’s aggregate output. Hence,

Lo

i Loy

while the accumulation of country i’s stock of knowledge is defined as

H®) = ¢la;v;OH®O +H®)] , (©

where ¢ represents a cross-country productivity parameter and a; is a constant representing the share of
country j’s knowledge that is applicable for use in production in country i.® In some respects, a; captures
Abramovitz’s (1986) notion of "social capability," or the ability of a country to utilize existing
technologies. Henceforth, we set a; = 1 to conserve on notation.

Equation (6) implies that if no country were to trade (an outcome that is ruled out by the form

of the utility function), then each country’s growth rate of knowledge would simply be ¢. This rate

corresponds to the exogenous growth rate of technology found in a closed economy Solow-Cass-
Koopmans model. In the present model, however, ¢ represents the lower bound on th;a growth rate of
knowledge. To the extent that countries do trade and are able to absorb each others’ knowledge, then
each country’s stock of knowledge grows at a rate that exceeds ¢. As will be shown below, in steady

state this growth rate is common to both countries.

7Admittcdly, in a two-country world the assumption of trade balance renders the choice of exports versus imports innocuous.
This distinction only becomes meaningful in economies with three or more countries in which multilateral trade balance is
assumed. In such a case, a reduction in a single tariff raises the steady-state value of certain v;’s and lowers others. See Section
4 below.

8 The assumption that the a;’s are constant is made for simplification purposes only.
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3. EQUILIBRIUM

This section begins with a definition of an equilibrium for the representative economy. It is
followed by a series of propositions regarding these equilibria which provide the paper’s main results.
First, the existence of a unique steady-state equilibrium is established. In particular, it is shown that such
an equilibrium is characterized by the knowledge stocks in each country growing at a common rate that
is a decreasing function of each of the two tariffs. Given the assumption of identical economies (save
for tariff rates and initial conditions), it follows that output and consumption of the two goods all grow
at a common rate as well. Next, it is shown that in addition to its growth effects, a unilateral change in
tariffs also produces the expected level effects. Finally, under the analytically useful assumption of equal
tariff rates, it is shown that the steady-state equilibrium is locally stable.

As a first step towards defining an equilibrium, briefly consider the problem being solved in each

country. Fixing attention on country 1, agents solve the following problem:

Problem C1: Choose {H,(?), k,(1)}%-, and {c,,(?), c.(0)}7 >, to maximize Equation (1) sﬁbject to

Equations (3), (5) and (6) given {cx(?), Hy(®), P2} »0-

Defining Problem C2 in a symmetric fashion, an equilibrium for this economy is defined by time paths
for all of the endogenous variables such that Problems C1 and C2 are solved and commodity markets

clear. Placing the last condition within the context of good 1, this entails that

L,®
cn® Lo

@ + K, =y,

Note that market clearing, together with the private and government budget constraints, implies that trade

is balanced. In other words, Equations (7), (3), and (4) imply that




L ®p,®Oc,(® = L,@®)c,,©)

The definition of an equilibrium now follows immediately:

Definition 1: Given H,0) and k,0) for i = 1, 2, an equilibrium consists of time paths {H(?), k(£)}% o
and {c;(1), p,()}5 5 for i, j = 1, 2 such that Problems C1 and C2 are solved and Equation (7) holds for

allt = 0.

A. Existence

In what follows, we concentrate solely on steady-state equilibria. Consider first then the
implications of Problem C1. Let z, = y,/k, and x,, = ¢,,/k, where the time argument is dropped both
here and below to simplify the notation. In the Appendix, we show that the Euler equations for H, and

k,, the transversality conditions, and the first-order condition for c,;, imply that in a steady state

(Y, - 9)

},:ll = le* 1 - *
p-n+1 +&)(yy -9

where * denotes steady state and v, denotes the growth rate of x. By the definition of a steady state, it

follows that z; equals a constant. Hence, y, = y; and by Equation (2), these in turn equal & Vil (L-B) .

Next, after substituting Equation (4) into Equation (3), dividing both sides by k,, making use of the first-

order conditions for consumption, and rearranging, one obtains

r
5 - 12

}/k :Zl—n"
' 1L+,

Au




Since this expression holds for all ¢, and z," and 71:[ are constant in steady state, it follows that 7, is
constant. Hence, ¥, = ¥ Wwhich in turn implies that the left-hand side of Equation (9) may be written
as ey, [(1-P).

Using the trade balance condition and first-order conditions for consumption, one can write

Vi, = xu/lz;(1 + 7). Substituting this expression into Equation (6) implies that in a steady state

* H*
Vi = 1V S ) R 11
2y (1 +7,) HY

This in turn implies that H,/H; equals a constant. Thus, the steady-state growth rates of the two
knowledge stocks must be the same. As this implies that the left-hand side of the two versions of
Equation (9) are equal, it follows that z; = z, = z". Hence, the steady-state marginal products of capital,
fBz;, are the same in both countries and are constant over time.

Next, solve for H,/H; by eliminating v, between Equation (11) and its counterpart for country 2.
Using Equation (10) to substitute for the two x;,/[z"(1 + 7;)] terms which appear in the expression for

H,/H; and then substituting back into Equation (11) implies that this expression reduces to

Z*

* _ -1+
- :¢[(1-87H“ B) nT”} |

where T =[(2 +7)2 + 7)1 2
Equation (12) provides one equation in v, and z". To obtain a second equation, substitute

ey5/(1-B) for y:“ and vy, for yf,l in Equation (9), an expression which for completeness is repeated

as Equation (13):

®Note that the term inside the parentheses on the right-hand side of Equation (12) is simply one minus the common steady-state

savings rate, (k" + nk;)Jy,", fori = 1, 2.
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e(yy - P
p-n+(+e)(yy -9

Using these two equations, we can prove the following:

Proposition 1: There exists a unique steady-state equilibrium. Furthermore, o € (¢, ¢(T + 1)).°

Proof: Solving Equations (12) and (13) for z as a function of vy, and denoting the resulting functions as

G(y,) and E(y,) (for the growth rate of H; and the Euler equation for k), one obtains

S Td’ [8 }/H + n(l - ﬁ)]
G =
(Ya) (1 -BT +1) - ¥

E(yyp =

g€Yy + p ‘B)} ll . (711 - ¢l

(1 -B)B (p-n+yy-9)
To prove existence and the restriction on v, it suffices to show that 3y, € (¢, ¢(T + 1)) such that
Equations (14) and (15) hold simultaneously. To see that this is indeed the case, note that these
expressions imply that G(¢) = e¢/(1 - B) + n < [ed/(1 - B) + pl/B = E(¢), 1im7H*¢(T+1). G(yy) =,
and E(@@(T+1)) < «. Since v, = ¢ when trade yields no spillovers, the continuity of G(°) and E()
establishes these results.

To prove uniqueness, note first that dG/dy, JE/dy, °Glay* > 0V v, € [¢, (T + 1)) (see

Appendix). Since lim, _ . E(¥y) = «, the result follows directly by continuity if 0’Eldy* < 0. As
Yu H

10 Given our choice of utility function, the restrictions on parameters such that Proposition 1 holds are quite weak: 0 < 8 < 1,
€ > 0, p > n by the transversality conditions, and 7; = 0 which is necessary given the absence of any source of government
revenue other than tariffs.

11




shown in the Appendix, this inequality holds V vy, € [¢, ¢(T + 1)) if &(¢ + n-p) + p(1 -8) = 0.
Shoulde(¢p + n — p) + p(1 — B) < Osothat3°E/3y* > 0 over the relevant domain, then continuity, the

limiting behavior of E(9), and 8°G/ay*> > 0 > 3°E/dy’ (see Appendix) imply the result. H

To gain some further insight into the determination of 7, note that vy, corresponds to the
maximum eigenvalue of the 2 X2 system defined by Equation (6) when all of the endogenous variables

are evaluated at their steady-state levels, namely,
. +  x\05
Yy = d)[l + (vlzvm) ] , (16)

which shows that the steady-state growth rate is an increasing function of the v;;’s. Since each of the vj;’s
is itself a function of v;, (because x;; and z; are), Equations (14) and (15) effectively solve a particular

fixed point problem. By the same token, the steady-state relative level of the stocks of knowledge

corresponds to the ratio of the elements of the eigenvector associated with vy, namely Hy/H; = (v,i/v,)"°.

B. Productivity, Growth and Level Effects of Trade Liberalization

The emphasis now shifts to a description of the effects of trade liberalization on the steady-state |
magnitudes of the marginal product of capital, the growth rate of output, and relative levels of output
across countries. The following proposition addresses the question of the effects of changes in tariffs on
productivity and output growth. Specifically, we show that a unilateral reduction of a single tariff raises
the steady-state marginal product of capital and the rate of growth of knowledge. The latter in turn
implies that the steady-state growth rate of output rises. Since the steady-state growth rates of
consumption and capital are also so affected, it follows that the growth effects of even a unilateral tariff

reduction are widespread.




Proposition 2: 8z/d7; < 0 and dy,4/d7; < 0.

Proof. Recall that T = [(2 + 7,))2 + 7,)]1°°. Hence, without loss of generality, it suffices to show

that 8z/0T > 0 and 9v,/dT > 0. Totally differentiating Equations (14) and (15), applying Cramer’s

Rule, and noting that G'(y,) > E'(yg), the results follow. H

The next proposition shows that the level effects of a tariff reduction coincide with the growth
effects just established. Hence, the liberalizing country experiences an increase in its steady-state level
of output relative to that of its trade partner. This occurs not just because the level of knowledge in the
liberalizing country rises relative to that of its trade partner, but because the same also holds for the
relative level of capital. Therefore, during the transition to the steady state it is possible for an initial
income gap to be increased, eliminated or reversed depending upon the pre-liberalization and post-

liberalization relative magnitude of the tariffs.

Proposition 3: 8(y;/y})ldr; < 0.

Proof: 7, = z, implies that y)/y; = (Hy/H)"® ~P. Since Equations (10) and (11) imply that

H/H, = [(2 + 70)/@2 + 7,)]°°, the result follows. &

Proposition 3 and Equation (13) provide some insight into the question posed by Lucas (1990)
on why capital doesn’t flow from rich countries to poor countries. To the extent that countries differ
from one another in their commercial policies, Proposition 3 implies that the country with the higher
tariffs will be the poorer of the two." However, while the two countries may be at different stages of

development, Equation (13) implies that their steady-state returns to capital, Bz;, will be the same.

"This outcome is consistent with evidence reported by Easterly and Rebelo (1993).
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Finally, since the real wage for a given level of knowledge is (1-8)y, it follows that labor will seek to

migrate from the poor to the rich country.

C. Stability

As the discussion following Proposition 1 suggests, the dynamics of the economy are described
by Equations (6). However, because in the transition to the steady-state these equations represent a pair
of differential equations with time varying coefficients, it is not possible to describe the transition path
of the ecorllomy.12 Despite this analytical limitation, it is possible to study the local stability of the steady
state. While the usual means for doing so entails writing down and then linearizing the laws of motion
for the endogenous variables used to solve for the economy’s steady-state, such an approach does not
work well here since one of these variables, v, is itself a growth rate. Hence, it is necessary to alter
the choice of variables used in Subsection 4 and choose instead a set of variables whose laws of motion .
can be described as functions of themselves. Our choice of variables is z; = y/k;, x; = ci/k;, for i =
1,2, and ¢ = HJ/H,.

Using Equations (9), (10), and (11), it is possible to write down the steady-state laws of motion
for each of these five variables (see Appendix). Linearizing these expressions around their steady-state

values yields the following system of equations:

(zlz1 Zn 0 0 z, ¢

Ya Xz Xudn 0 0 ¢
Yz, 0 0 2z, 20y 27¢

Y 0 0 MnZy Xoodor Xmf
t Ve { &1 S &z, '52'22 44 ]

2Such a description is possible in Ben-David and Loewy (1996) since in that paper the absence of physical capital implies that
the coefficients of the dynamic system are constant.
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where the terms wx correspond to the partial derivatives of v, with respect to the variable x evaluated
-at the steady-state.

Unfortunately, one cannot usually say much about the roots of the characteristic equation of a
5x5 system without the aid of some simplifying assumptions. In the present case, it is sufficient to
assume that 7, = 7,, = 7. While this assumption effectively implies that both countries are
parametrically identical, doing so has the useful effect of reducing the number of distinct non-zero
elements in the Jacobian which in turn permits the characteristic equation to be factored and therefore

analyzed.

Proposition 4: Given that 7, = 7,, = 7, the economy is locally stable.

Proof: Under the assumption of equal tariffs, it follows that z; = z;, Xj; = Xa», and §* = 1. Therefore,

22y = 22, LXu = Xz 0f = —2§, Xu?i = XzZo XuXn = XzXz» Xub = —Xné, §2, = —iz,

£xy; = —£Xx, and £ < 0. These results imply that the characteristic equation of Equ;'ntion (17) can be

factored into the product of a quadratic defined by the 2X2 system in the upper left-hand corner and a
third-order polynomial defined by the rest of the matrix.” It is sufficient to show that one of the roots
of the quadratic is a negative real.  Direct calculation shows that this is the case if
(X1 (Xuz) > (@2)(X:y)- Since algebraic manipulation of this inequality shows that it is equivalent

to G'(yy) > E'(vy), the result is established. H

While the above proof implies that the stable manifold is one dimensional, numerical simulations
suggest that in practice it is likely to be three dimensional. In particular, the third-order polynomial

referred to above typically possesses two negative real roots and one positive real root. These values

BCopies of this factorization and of the expressions for the elements of the Jacobian matrix are available from the authors upon
request.

15




roughly correspond to the same two roots as above plus £# which is known to be negative. Finally, while
a stability proof for the case where 7, # 7, is not possible, continuity and Proposition 4 imply that such

a case will also exhibit local stability as long as the two tariff rates do not differ too much. As for cases

where the tariff rates differ a great deal, the numerical simulation below shows that the system is again

locally stable.

D. Example

Let (¢, B, ¢, Tiay Tar» 0, 1) = (0.3, 0.4, 0.05, 0.75, 0.75, 0.04, 0.02). Then the unique steady-
state equilibrium is v}, = 0.064, z* = 0.201, x}, = x5, = 0.095, vj, = v}, = 0.270, and y;/y; = 1. In
this case the eigenvalues of the Jacobian of the linearized system are 1.030, 1.029, —0.541, —0.540, and
—0.027. Hence, the stable manifold is three dimensional as suggested above.

To illustrate Propositions 1-4, suppose that country 1 unilaterally liberalizes trade setting 7, = 0
while all other parameters remain unchanged. The associated steady-state equilibrium is vz = 0.066,
Z = 0.207, x;, = 0.077, x, = 0.098, v;, = 0.372, v, = 0.271, and y;/y, = 1.083. Hence, the rate
of growth of output and productivity of capital both increase while country 1 opens up an income gap
of 8.3% with country 2. The eigenvalues of the linearized system are now 1.403, 1.400, — 0.517, —0.501,

and —0.041.

4. THE GENERAL CASE

In the above numerical example, a reduction in either or both of the tariff rates leads to an
increase in both of the v's, and from Equation (16), to a subsequent increase in the steady-state growth
rate of both countries. However, when the number of countries in the model increases beyond two, then
the outcomes become a bit less straightforward. In particular, unilateral liberalization leads to dynamic

terms of trade effects and the resultant changes in relative prices cause some of the V’s to rise and others




to fall. Hence, the overall impact of trade liberalization on steady-state growth is not immediately
~ obvious.

Furthermore, a model of a world with many countries enables an analysis of the impact of a
regional trade agreement by a subset of countries on the growth rates of the signatory and non-signatory
countries as well as on the change in the income gap between the two groups of countries. Thus, the goal
of this section is to briefly present the general multi-country version of the model and examine its
implications.

Consider then, a J-country world of nonidentical economies. While Equations (2) and (5) are

unchanged, the analogues of Equations (1), (3), (4), and (6) are

- J
j‘e -(P;"”i)‘Li(O)Z aijlncii(t)dt
0 /A

J
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After optimizing and making use of these expressions and market clearing,
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one obtains a distinct version of Equation (9) for each country plus the following analogues to Equations

(10) and (11):
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where ¥; = (7,; +n))/z; is the steady-state savings rate in country i and market clearing implies that

7, = 1 while the remaining J - 1 scalars = are functions of the J(J - 1) terms ¢;;Q,/(1 + 7), i # j, with

H(I +7',.j)
Qi - J#1
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By the definition of a steady state, it is immediate from Equation (24) that the steady-state
equilibrium will again exhibit a common growth rate of knowledge. After substituting &:y,/(1 - 8, for yc
in each of the J country-specific versions of Equations (9), for y,:,_ in each of the J steady-state versions
of Equation (23), and for the ; and y; terms in the J versions of Equation (24), then these three sets of
equations yield 3J equations in the 3J unknowns {y, z;, x;, H;/Hi}, i=1,..,J;j=2,...,J. Asin
Section 3, it is again the case that the steady-state growth rate of knowledge corresponds to the maximum
eigenvalue of the JXJ system defined by Equation (21) evaluated at the steady-state and the H/H; to the
ratio of elements of the associated eigenvector. While the existence of this growth rate typically cannot

" be established analytically, it can be solved for numerically.
To get a sense of the terms of trade dynamics — and the subsequent growth and level effects — that

result from trade liberalization, consider a three-country world and suppose that country 1 reduces its




tariffs on imports from country 2 (i.e., 7,, is reduced). In this case, since the gross of tariff price of
good 2 in country 1 falls, country 1’s imports from country 2 rise while ifs imports from country 3 fall
due to import substitution. These two effects imply that v;, rises while v;, falls.' The increase in the
demand for country 2’s good causes its price to rise. This improvement in country 2’s terms of trade
implies that it imports more of both good 1 and good 3. Therefore, both v}, and v, increase. On the
other hand, the rise in the price of good 2 causes country 3’s imports of good 2 to fall resulting in a fall
in vi,. Finally, note that Equation (21) implies that the increase in v}, causes an increase in H;, ceteris
paribus. This in turn causes an increase in the supply of good 1 and a fall in its relative price. The
decline in the price of good 1 causes an increase in the import of good 1 by country 3 thereby causing
an increase in v;,. Of course this effect only strengthens the growth in the supply of good 1 and the rise
in country 2’s imports of good 1. With four v,fj’s increasing and two falling, it is not possible to
determine the effect of the reduction in 7,, on v} without the aid of a numerical simulation.

Therefore, consider a three-country analogue of the example in Section 3D, namely,

(¢, B, ¢, p, n) = (0.3,0.4,0.05, 0.04, 0.02), o; = 0.33 fori,j = 1, 2, 3, and 7;; equal 0.75 for i # J.

Then the unique steady-state equilibrium is v, = 0.070, z" = 0.215, and x;;, = 0.075 for all i, and

v; = 0.198 and y;/y; = 1 for all i, j, i # j. Now, to simulate the unilateral tariff reduction by country
1 on imports from country 2, let 7, fall to 0, with all other parameters being unchanged. The directions
that the individual v;’s take as a result of the reduction in 7, are as noted above, with v;, = 0.248,
v, = 0.207, v5, = 0.231, v;; = 0.165, v;; = 0.159, v, = 0.238. The resultant impact on steady-state
growth is positive with +y}, rising to 0.071 and z" to 0.217 while x;, = 0.063, and x;, = x3; = 0.075.
Furthermore, relative gaps in income levels are created. The liberalizing country, while raising the

steady-state growth rates of all three countries, benefits the most in terms of level effects. The ratio of

its per capita income to that of the other two countries rises to y;/y, = 1.044 and y;/y; = 1.049. Country

14 Recall that the v;; are functions of exports. Hence, an increase in cj, raises vj,.
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2, the beneficiary of the unilateral liberalization by Country 1, sees its income rise relative to Country
3 with ys/y; = 1.006.

As Easterly and Rebelo (1993) show, developing countries tend to tax trade more than do
developed countries. This is consistent with the predictions of the model. Thus, suppose that the initial
tariff policies of the individual countries in the simulation had been different — with the resultant negative
relationship between tariff rates and the levels of development of the three countries. Then a free trade
agreement between the top two countries that coincides with the imposition of an equal external tariff by
both countries on the third country (where the external tariff now equals the minimum of the tariffs
previously levied by the two on the third country) will lead to an outcome of faster growth for all three
countries, a result which is consistent with the long-run increases in growth rates reported by Maddison
(1982) and Ben-David and Papell (1995). The faster growth by all will be accompanied by income
convergence among the top two countries and a persistent, and possibly larger, gap between the two
leaders and the third country. The latter outcome, that of non-convergence, or even of temporary

divergence between the leading countries and those that are less developed, is one of the empirical

regularities that has characterized the postwar world."

5. CONCLUSION

This paper considers a variant of the neoclassical growth model in which technological change
is assumed to be endogenous and directly linked to the extent of openness of an economy. Specifically,
technological change is modeled as the accumulation of knowledge. This accumulation process is
assumed to be driven by the degree to which each country is able to apply the knowledge spillovers

coming from its trading partners to its own knowledge stock. As Grossman and Helpman (1991) suggest,

15 For examples of countries where liberalization brings about income convergence and increased growth, see Ben-David (1993)
and Sachs and Warner (1995). For evidence of non-convergence between developed and less developed countries, see Baumol
(1986) and Ben-David (1995).
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knowledge spillovers are taken to be directly related to the degree of openness among countries. The

model provides an analysis of the impact of trade liberalization on the steady-state marginal product of

capital, the rate of growth of output, and the relative levels of income.

Assuming that economies possess similar technologies, it is shown that rates of return to capital
are the same in all countries, regardless of their level of development. Returns to labor on the other
hand, vary among countries — with the highest rates of return appearing in the most developed, and hence,
wealthiest countries. Countries that tax trade heavily will be poorer in the steady state than countries
adopting more liberal trade policies.

Commercial policy emphasizing trade liberalization should have a positive affect on knowledge
accumulation and as a result, on economic growth as well. The model’s implications are consistent with:
(1) the increases in economic growth seen during the postwar period among countries that have actively
sought to liberalize trade (even after adjusting for the slowdown in growth along the path to steady state);
(2) the income convergence among countries that engaged in extensive trade liberalization with one
another; and (3) a non-decreasing income gap between those leading countries that liberalized trade with
one another and the less developed countries that did not attain the same degree of liberalization with

either the leading countries or with each other.

APPENDIX

Derivation of Equation (9)
Letting 6,(Y) and \,(¢) be the co-state variables for physical capital and knowledge, the Euler

equations of Problem C1 are (after dropping the time argument)

6, = 0[P - Bizy] + A Bilky)dviHy




Ay = 4o ~n - ¢ - ev,HyH)) - 01y /H, . (A2)

Using Equation (6) to eliminate v,,H,/H, and the first-order condition for c,, to eliminate 6,, in Equation

(A2), this expression may be written as

/21 = l][ﬂ -n-¢ + (YH, - 43)8] ez /H ) - (A3)
Solving this differential equation and imposing the transversality condition p > n implies that in the
steady state

*

Jule —n + (v - &)1 + )]
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Next, multiply and divide the second term on the right-hand side of Equation (A1) by H, and
again make use of Equation (6) to eliminate the resulting term in v,,H,/H,. Imposing the steady state and

substituting Equation (A4) for A\jH, and the first-order condition for ¢, for 8,, yields Equation (9).
Derivatives of G(*) and E(")
Taking derivatives of Equations (14) and (15) yields
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Inspection shows that the first three expressions are strictly positive ¥V v, € [¢, ¢(T + 1) whereas the

sgn 0°E/dy,? = — sgn &(@ + n-p) + p(1 - B). The signs of the third derivatives follow immediately.

Derivation of Equation (17)

Using Equations (9)-(11) and the definitions of z;, x;, and &, we have fori = 1, 2 and j # i that

2 —{zi*—n—( i }r . (49)
1 -B)|za +1) L+

sb i Eillz'(L + 7)) L, [ .y ( 7 }r

1+1'i]-
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2, (1 +1)  z{(1 +7))

where & = ¢ . ,lf . 1. Linearizing these three expressions around the steady state for the case
et ifi=2 °

where 7,, = 7,, = 7, one obtains Equation (17) above.
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Table 1

Changes in Rates of Growth
and Changes in Export-GDP Ratio for 16 OECD Countries

Postwar (1950-1989) versus Prewar (1870-1939)

Ratio of Postwar Average
to Prewar Average

Country Growth Rates EX/Y

Australia 3.75 0.96
Austria 3.38 2.37
Belgium 3.12 2.63
Canada 1.74 1.24
Denmark 1.62 2.02
Finland 2.26 1.31
France 2.44 2.15
Germany 2.09 1.16
Italy 3.51 2.34
Japan 3.14 3.15
Netherlands 2.38 2.21
Norway 2.00 1.97
Sweden 1.64 1.94
Switzerland 1.66 1.48
U.K. 2.55 1.03
u.s. 1.38 1.31

Average 2.42 1.83
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