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Abstract

We use the Ramsey model of growth elaborated by Bliss [1995] and
VéﬁtTiTeT[1997] to show how international integration results in long-run
persistence of GNPs distribution, while allowing, under certain conditions
on parameters, for convergence during the transition. First, we provide re-
lationships which explicitly relate, in the neighborhood of the steady-state,
the magnitude of conditional convergence or divergence to the fundamentals
of the economies. Second, we present an analysis of the Cobb Douglas case
with a broad class of utility functions and show that there is always tran-
sitional convergence with this technology. Third, directions for testing the
model against the traditional closed-economy setting are proposed. These
lead to adding specific and world-wide regressors to traditional growth re-
gressions.

1. Introduction

Absolute convergence, when it exists, appears to be gradually slowing down. Mar-
tin [1997] reports that the speed of convergence among European regions fell from
2% to 1.3% in the 80’s. Similarly, Barro and Sala-I-Martin [1995] (chap. 11) have
evidenced a significant fall in the speed of convergence among Japanese prefectures
after 1955.
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Interestingly, this empirical phenomenon is particularly clear in economies
which interact strongly with one another. However, the importance of openness
and integration has been downplayed or overlooked by the traditional convergence
literature (see for example Barro and Sala-I-Martin [1995]). Regions (e.g. US
States, Japanese prefectures, Europeans regions, etc.) have all been singled out
in this literature because a similar steady state level was a plausible assumption,
not because they were integrated. Nevertheless, they are integrated, in the sense
that we can expect that factor prices are equalized across regions.

The objective of this article is to assess how important economic integration
~ globalization — is for the convergence of real wealth and real income among
regions or countries. How does factor price equalization shape the dynamics of
income distribution across regions or countries 7 The approach developed in this
article is a contribution to a better understanding of the relationship between
interdependence, convergence and growth.

We use the neoclassical model that was constructed by Chatterjee [1994] and
Caselli and Ventura [1996] to study distributive dynamics among infinitely lived
individuals in a particular economy. We follow Bliss [1995] and Ventura [1997],
who have-applied the model to study inequality among conntries. Qur basic frame-
work 1s a general equilibrium growth model, as this is a simple and natural way
to deal with interactions among economies. Factor price equalization is achieved
without any restrictions and the optimal behavior of Ramsey savers determines
the dynamics of wealth and income.

Bliss [1995] has shown that in this setting, globalization promotes long-run
income 1nequality. More precisely, factor price equalization deters convergence
so that initial differences in income persist forever. However, Caselll and Ven-
tura [1996] and Ventura [1997] have shown that convergence may exist during
the transition of the aggregate economy toward its steady-state. In contrast with
the closed model, conditional convergence is due to the homothetic properties of
intertemporal demand — not diminishing returns. These authors focus on the case
where the technology is CES and the instantaneous utility function is logarithmic.
Unfortunately, these articles do not indicate exactly how these theoretical results
can be confronted with empirical evidence on the distribution of income across
regions or countries. There remains an important gap to bridge between these
theoretical criticisms and their empirical counterparts. An important preoccupa-
tion of the paper is therefore to provide an empirical strategy for testing the effect
of integration on convergence.

The findings of this paper are as follows. First, we provide one possible expla-
nation for the deceleration of convergence reported above, as we simultaneously
have a model that can display convergence during the transition and long-run per-
sistence. The relationship between the dynamics of cross-section inequality and



ageregate growth is made explicit by a linearization around the steady-state. This
local characterization makes it possible to relate the magnitude of the convergence
or divergence effect to the parameters describing the fundamentals of economies.
Second, we complete some results obtained by Caselli and Ventura [1996] by us-
ing a broad class of utility function. More precisely, we show that conditional
convergence occurs as soon as technology is Cobb-Douglas and utility is CRRA.
Third, we develop testing strategies that are based on the linearized version of
the model. A panel data study, which consists to estimate an “extended” system
of growth rate regressions with fixed effect, can potentially discriminate between
the model of the integrated economy presented below and the traditional model
of autarchic economies.

The paper is organized as follows. In the second section, we present the basic
setup adapted from Caselli and Ventura [1996]. The third section contains the
core results of the article. We detail how the distribution dynamics displays both
persistence and conditional convergence or divergence. Section 4 provides a testing
strategy. We conclude in the last section.

2. Basi¢ framework

2.1. Structure of the world economy and technology
2.1.1. Static structure

The world economy consists of a collection of countries indexed by their rela-
tive labor productivity 8 €]0,0max]. In per capila terms, the aggregate national
technology is given by:

Y (6) = [ [K(6), A9) + Ag(0), (2.1)

where Y (¢) and K(f) are respectively the domestic product and the domestic
capital stock of country 6, both in per capita terms. A is the worldwide level
of technological efficiency growing at a constant exogenous rate x and f(-) is a
neoclassical production function. ¢(8) is a constant parameter, either positive or
negative. ¢(f) < 0 means that a subsistence consumption level absorbs part of
the output. ¢(f) > 0 can be viewed as a fixed rent increasing output, for example
some production using only specific factors that country 6 alone possesses.

(6,¢(8)) is therefore time-invariant and characterizes the technology used by
country f. To do away with certain technical difficulties, these quantities are
specified in intensive terms!. We will use lower-case letters to denote intensive
variables: for all per capita variable Z, = = Z/A.

! Ben-David [1998] studies the case in which the subsistence level is not indexed on techno-
logical change. Interestingly, endogenous formation of clubs may arise.
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We therefore have three sources of country heterogeneity: capital stock K(6),
labor productivity 8 and the parameter ¢(f). We note ¢(B) the number of conn-
tries with produ(:tivity index # € B. We normalize # and the size of the world
economy so that f3™ 0q(df) = [J™ q(df) = 1. It is assumed that the world
population grows at the exogenous rate n and that the population is identical in
any country”. In this context, A4 is the average labor productivity in the world
economy. We note the average value of the ¢(8)'s as ¢ = 3™ ¢(8)q(df). Under
the condition ¢ # 0, we then define the relative value of ¢(8) as ¢pg(6) = @(8) /.

Before we proceed to integrate the world economy, let us first recall that in
autarchy the quantity f[K(6),0A] + ¢(6)A is both the GNP and the GDP of
country . From this point on, we assume that the world economy is integrated
through perfect capital mobility. It is now necessary to distinguish between the
capital owned by a given country, noted k(9), and the capital used by that country,
noted k(@). The quantity k(6) — k(8) is accordingly the portion of country #'s
capital installed abroad. The gross rental rate of capital is noted 7+ 8, with § > 0
the capital depreciation rate. With an integrated world market for capital, r 4+ 6
must be identical across countries. In each country, competitive firms equate the
gross marginal productivity of capital to the-weorld gross rental rate:

Fi [k(0),6] =7 +6. (2.2)

With f(-) homogeneous of degree one, equation (2.2) implies k(6) = 0k(1). With
our normalization, world and average quantities are equal:

k= / k(8)q(dd) = / k(8)q(d6) = k. (2.3)

k is the world capital stock, the average installed capital stock as well as the
capital stock installed in the average country. The capital stock installed in 6
therefore satisfies:

k(0) = 0k = Ok. (2.4)
We can now write the GNP of country 8 as
y(0) = 0f(k) + $p(0) + (v + 6)(k(F) — 0k), (2.5)
where f(k) = f(k,1).

The real wage in country @ satisfies:

w() = Ofy(k,0) = 0fa(k,1) = Ow. (2.6)

>This does not imply any loss of generality, while it simplifies the notation. Our results obtain
with any distribution of the world population.



Hence, in the integrated economy, factor prices (r(t) and w(t)) are identical in
anv country, for all t.
The world ontput is:

y= [ (£[k©0).6] + 6(6)) ad8) = (k) + 6.

As is well known, the complete integration of the world economy implies instan-
taneons condilional convergence (at the precise moment when the world economy
is integrated) of the gross domestic product (adjusted from ¢(8)):

y(0) — ¢(0) = 6(y — ¢), for all 0. (2.7)

In contrast, there is no instantaneous convergence effect affecting the GNP y(8).
This quantity depends on country #'s wealth, as is shown in equation (2.3).

2.1.2. Capital mobility and trade

One could argne that this representation of the world economy is irrelevant for
analyzing real world dynamics simply becauseitTelies on the unrealistic assump-
tion of perfect capital mobility. One way to address this difficulty is to realize that
this 1s equivalent to assuming international trade in goods. So long as countries do
not specialize, trade would still result in complete integration, that is, in a unique
set. of factor prices in any country. This result is long known to trade theorists.
In essence what is traded through goods are the factors embodied in them. It 1s
therefore easy to formally show that the model above is observationally equivalent
to a two-sector model (one good by sector) in which goods are traded in the world
economy - provided that there is no specialization in any country. Integration
explicitly based on trade is presented in Ventura [1997]. In this article, a critical
assumption concerning the factor intensity in each sector ensures that complete
specialization is impossible.

As a result of this equivalence, most of our findings will be valid in the two
economic structures - capital mobility and international trade. We have to point
ont, however, that the GDP () has no meaning in an economy without capital
mobility. In this case, both GNP and GDP are equal to y(9).

2.1.3. Dynamic structure

Time is continuous. The national capital of country # is driven by:
E(0) = 0w + Tk(6) + ¢(8) — c(6) — (n + 2)k(8), k(6,0) given, (2.8)

with ¢(f) the consumption level of country 6.



We rule out Ponzi games by assuming:

lim e~ R0Del+n)tr g 4y > ¢ (2.9)

t— o0

where R(0,t) = [ r(s)ds.
Aggregating these equations over countries yields the law of motion of the
world capital stock:

k= fB)+¢d—(6+z+ n)k — ¢, k(0) given. (2.10)

2.2. Households

The representative household of country § maximizes:

_ b C(()’ t)l_a —1 nt_—pt .
(o) _/0 e, (2.11)
subject to constraints (2.8-2.9) and taking the time paths of world prices as given,
C(0.1) is per capita consumption in country 6 at time £, ¢ > 0 the inverse of the
constant intertemporal elasticity of substitution, and p > 0 the utility discount
rate. In contrast with autarchy, the assumption that households maximize in-
tertemporal utility — as opposed to the choice of some exogenous saving rates —
15 central to the convergence results of the integrated model’. This pont will
become clearer later.

With these preferences, it is possible to interpret ¢() as a measure of intertem-
poral fexibility: the larger ¢(8), the more fAexible is country 6 in its intertemporal
allocation of consumption. With a negative ¢(0), country @ will not be able to
snbstitute consumption through time above a certain level. Conversely, a positive
$(¢) means that there is at any time a constant source of output which is by defini-
tion completely independent of country #'s time allocation problem and therefore
raises its ability to substitute consumption intertemporally. A significant. analyt-
lcal advantage of dealing with an heterogeneity in &(6) over an heterogeneity in
0 — another measure of intertemporal flexibility - is to facilitate aggregation® .
Note that by simply defining Cs(0) = C(8) — (8)e* together with technology
y(0) = f[k(0).6], it is possible to rewrite the maximization problem above with a
standard Stone-Geary intertemporal utility function. This setting is fully equniv-
alent to the one used here, but makes the economic interpretation of a positive
#(8) more difficult.

It is a well-known fact that the key convergence properties of the Solow model are preserved
in a Cass-Koopmans setting: the economy converges to a unique steady-state; the transitional
growth rate is decreasing in the stock of capital at any time.

1The case of heterogeneity in o is analyzed in Béraud (1993].
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As pointed out by Caselli and Ventura [1996], these preferences thus make it
possible to describe the aggregate world economy as a hypothetical representative
country endowed with exactly average world characteristics. Aggregate paths are
found by solving the usual autarchy problem, which leads to:

b

2)
3)
This system is appended with the transversality condition, that is, inequality

(2.9) taken as an equality. As is well known, we need the following condition on
parameters so that this condition always holds in equilibrium:

o= ¢ [(T_l (f'(k)y=6—p)— ;1:} , (

1
k= fR)+o—c—(n+6+ x)k, k(0) > 0 given. (2.1

[N

p>n+(l—o)z. (2.14)

In the rest of the paper we will find convenient to note the discounted flow of any
variable z as: (1) = [ (7)o~ RO o(r-0(@+n) g

Becanse of the homothetic properties of preferences, the consnmption of any
country @ can be written as a linear fnction of its total wealth, for all £

c(6,t) = v(t)a(8,1), (2.15)
where
a(f.t) = k(0,1) + 0i(t) + 4(6)1(t). (2.16)
and iy
W) = [ I cn(m)(l~a>/a—(r-t)<p/a—n)dTJ _ (2.17)
t

The key point in (2.15) is that v(t), the propensity to consume out of total
wealth, is the same for any country 6, depending only on the aggregate behavior
of the world economy. This fact implies that the total wealth of any country grows
at a rate given by the world economy alone. A simple expression for that growth
rate can be found by taking the time derivative of (2.16)% and substituting from
(2.8):

E—(—H-) =r—v-—n-—zx. (2.18)
a(6)

This is a crucial feature of the model. In a world where factor prices are

equated across countries by factor mobility and/or international trade, and where

®Combine the intertemporal budget constraint &(t) = a(t) with the integral version of (2.12).
®Notice that T = (r —n — z)z — 7.



preferences are homothetic (in total wealth), all countries accumulate total wealth
at precisely the same rate - regardless of relative levels at any time. Remember
that a(f) is national wealth, which is the sort of wealth that matters in a world
where countries may export capital - if we want to be able to interpret the in-
tegration as capital mobility. This obviously is an important departure from the
vision of the world economy as a collection of neoclassical closed economies. In
that sort of economy, poor countries always grow faster that rich ones, both in
terms of total wealth and in terms of capital. We will now turn to the growth
rates of national stocks of capital in the integrated economy.

3. Transitional convergence and long-run persistence

3.1. Transitional convergence

An interesting form of the law of motion of country §'s capital obtains by substi-
tuting (2.15) into (2.8):

k@) =(r—v—x— n)k(0) + (w — vi)0 + (1 — v1)e(8). (3.1)

Let h(0) = k(0)/k denote the relative capital of country ¢. Equation (3.1)
and its aggregate version then imply:

0) = =ty +1,)h(8) + 1,0 + b (6), (3.2)
where ¢ and 1, are two measnres of convergence defined as

w — vw 1-01
and 1, = ¢

k k

Yy =

Note that both 9, and 1, are invariant across countries. Relationship (3.2) shows
how the distribution of financial wealth changes over time. This expression is
Interesting because the three sources of heterogeneity are clearly isolated. What
do we learn? First, note that the value of Y = 1y + v, determines the extent of
the conditional convergence effect. Imagine that countries do not differ in their
fundamentals 6 and ¢(f). Then, from (3.2), it can be seen that the distribution
of financial wealth will shrink if v is positive and will expand if ¥ is negative. v
is thus the instantaneous speed of conditional convergence. This speed applies to
any country of the world economy.

Second, absolute conwvergence can also be analyzed throngh equation (3.2).
These dynamics can be visnalized with fignre 3.1. Let the position (h(0), 6, ¢5(8))
of a country @ be represented as indicated in this diagram. Assume that the
fandamentals 6 and ¢ () are located on a vertical straight line. Assume further
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Figure 3.1:

that there is some heterogeneity in the fundamentals of the world economy, so that
0.¢,(0) # 1. It can be seen from figure 3.1 that there is absolute convergence
if and only if h(6) approaches the value 1 on the vertical straight line (8, $(9)).
Equation (3.2) informs us that h(8) approaches the segment [0, ¢ (0)] if and only
if ¥ and ¢, are positive.

Others situations can be described by noting that the two straight lines (h(8),6)
and (h(0), $(8)) divide the plan in four areas. One can see that the distributions
of  and ¢ (h) are repulsive or attractive depending on the sign of ¥, and Uy,

For a particular country, the ocenrrence of absolute catching-up depends on
both the sign of v, and 5 and the position of its fndamentals on the vertical
line.

Knowing the time paths of the world-wide values Yy and 1, one will know
how countries move toward their long-run position. In the subsection 3.3, we
study how these coefficients change in the neighborhood of the world steady-
state. The occurrence of local conditional convergence or divergence depends on
the parameters describing the fundamentals of the economies. In the subsection
3.4, we study the Cobb-Donglas case and show for a broad class of utility functions
that conditional convergence holds globally during the transition. But this is by
no means a general result of the model. Caselli and Ventura [1996] have shown that
the model with a CES production function can display transitional divergence or
even successive periods of convergence and divergence, a phenomenon reminiscent
of a Kuznets curve.

In fact, in this economy, a key determinant of transitional convergence is the
elasticity of substitution between factors. Consider (2.16) and (2.18): regardless of
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the share of financial wealth in its total wealth, any country will find it optimal to
accnmulate the latter at the same rate. Think of a high elasticity of substitution.
As the world economy accummlates capital, the demand for labor will tend to be
relatively low because the economy will increasingly substitute capital for labor.
So will be the discounted fow of wages, a component of total wealth (”human™
wealth). Finally, one sees that to keep total wealth on an optimal path, countries
poorly endowed with financial wealth will need to accumulate it at a quicker rate
than the financially rich. An alternative expression for ¢ illustrates this point.
From (2.13):
w=t_28 (3.3)
k a
This relationship shows that if, in aggregate terms. the growth rate of capital is
higher than that of total wealth, there will be transitional conditional convergence.
Another point is worth emphasizing here. The important underlying mecha-
nism for transitional convergence is the homothetic property of household pref-
erences, not diminishing returns to capital like in the autarchic model. In this
economy, transitional divergence in capital stocks is plausible even though tech-
nology 18 one with diminishing returns.

3.2. Long-run persistence of the cross-section distribution

Integrating (3.2) vields:

MO, £) = Ay (0,)h(6,0) + Ay(0, )8 + A4(0, t)or(6). (3.4)
where
A(0,t) = exp[—/otw(s)ds], (3.5)
2(0,¢) = [)t@/)l(.s)Al(.s,t)d.s, (3.6)
(0,8) = /Otw2(s)/\1(s,t)ds. (3.7)

What is interesting in this relationship is that, again. Ar(0.2), A2(0.¢) and
A3(0,1) are independent of 6. This equation therefore provides a very transparent
decomposition of the distribution of financial wealth at any point 1 time, making
explicit the respective contributions of the initial financial wealth distribution,
the distribution of labor productivity and the distribution of the ¢(0)'s. Not
surprisingly, given the construction of (3.4), the As sum up to unity, for all (¢,¢)7:

M) + X6, ) + A3t t) = 1. (3.8)

“One way to do this is to sum (3.4) over the #'s.
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The variable A, (¢, ) is a measure of enmulated conditional convergence between f
and ', as opposed to ¥(t'), which may be viewed as the instantaneous conditional
convergence at instant ¢. It can be seen by direct examination of (3.4) taken
between ¢ and ¢ that if AL(E, ) is less that unity, then there will be cumulated
conditional convergence over that period of time.

What does (3.4) tell us on the asymptotic distribution of financial wealth? In

the long run the distribution reads:

There are no particnlar reasons why A, (0, 0o) should be equal to zero. Evidently,
the distribution of long-run financial wealth will be also influenced by the other
two sources of heterogeneity, respectively in 8 and #(6). But the Important fact is
that we have a situation of long-run persistence of the financial wealth distribution.
In other words, there may well be transitional convergence ~ or divergence -, as
was shown in section 3.1, but in all cases these dynamics will come to an halt as
the world economy proceeds towards a steady-state. This resnlt is in line with the
one obtained by Bliss (1995]. ’

Note that long-run persistence of initial distributions applies in exactly the
Same Way to consumption: just consider (2.15) and (2.16). Income distribution
dynamics are slightly more complex because the shares of respectively capital
and labor incomes in tota] income may vary over time. It is nonetheless not
difficult to show that long-run persistence also applies. Defining the share of
capital income in total income aft) = r(1)k(£)/y(t) and the share of labor income
as B(t) = w(t) /y(t), an expression for the relative income of country ¢, yp(6.£) =
y(8.£)/y(t), can be found by substitution into (3.4):

?/R(er I/) =" (tv tl)yR(O’ t) + ﬂ/‘l(tv //)0 + ’71(,’ t/)(bR(g)! (310)
where

ntt) = %%I)—/\l(t, t), (3.11)

Tt ) = B + all ) (t, t) - %,ﬁ(t)/\l(t. t. (3.12)

Ya(lt) = 1=t 1) = (1, ). - (3.13)

A different way of writing equation (3.10) is to make explicit the income “tar-
get” of country 6:

YR(0,1) =71 (t,t)ya(8,1) + (1 — , (&€ )yr(@.t.¢)), (3.14)
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where the income target y5(0, [¢,#]) is defined as:

WE) L )
Yo (t. t') + Ya(t, L) Yo(t,t') + Ya(t. t)

On the one hand, these results are reminiscent of the autarchic model. in the
sense that the dynamics is still guided by a gap between the current value of the
variables (e.g. relative income yr(t)) and some long run “target”. On the other
hand, observe that in the integrated economy, this target is time-varying and,
more Importantly, can never be attained. The model contrasts sharply with the
long-run behavior of economies in the autarchic model. One key resnlt of that
setting is that any economy converges to a unique steady-state level of wealth and
mmcome — conditional on structural parameters such the labor productivity and
preferences. This process will eventually iron out initial income differences. Here,
on the contrary, the effects of initial wealth will be felt forever. Each country will
reach its own particular steady-state level of financial wealth and income — even
if conditioned on structural parameters. Put differently, there are no stationary

br(0).  (3.15)

yr(0. 6. 1]) =

wealth and Income distributions.

It is important, however, to remember that these results obtain in a utility-
maximizing environment. In the absence of any externality, any country in this
model always achieves a higher intertemporal utility level in an integrated world
economy, even if its steady-state wealth and consumption levels would have been
higher in autarchy.

3.3. Characterization around the world steady-state

One way to nnderstand how the distribution of financial wealth changes as the
world economy grows towards its steady-state is to linearize equation (3.4) around
the aggregate steady-state. To do this, we need to study the coefficients A;(¢, '),
»=1,2,3, or alternatively w(t), 1, (t) and 1,(t), around the steady-state.

Note that for this purpose it is easiest “to eliminate time” and to work with
agaregate quantities as functions of the capital stock &, not t. A well-known ex-
ample of this are the policy rules c(k), a(k), w(k) etc. Similarly, we define A, (k. k')
as the value taken by the coefficient A; when the world economy starting from k
moves to k'. In the same fashion, we can define Xk K'Y, 1=2,3, ¥,(k),i=1,2
and v (k).

Let £* denote the steady state aggregate level of capital. We want to show
how the coefficients \;, i = 1,2, 3, ¥;, 1 = 1,2 and ¥ behave when the aggregate
economy converges toward its steady-state. This requires a local study of the
functions A;(k, k'), ;(k) and W(k) around k*.

12
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First, these functions satisfy: A (k* k*) = 1, Ap(k* k%) = Xg(k* k%) = 0, and
U (k) = ay(k*) = w(k*) = 0. Second,we define 7}, i = 1,2.3 as the semi-
elasticities of the function Ai(k k*),i = 1,2,3 with respect to k. evalnated at

k= k* ( )
o\ (k. k*
A= N A i, 1 =1,2.3. 3.16
7]1 ( (K)lx )k:k. 1 7 1 H ( ))
‘Taking the first order Taylor expansion of A;(k. k') near the steady-state yields:
k—k~
k*

Ak kYY) = Ai(k* k7Y 4+ 7 [ J ,1=1,23. (3.17)

Moreover, since the coefficients Ai, i =1,2,3 sum up to unity, we have:
M +1s+n; =0, (3.1%)

Assuming that the initial world capital stock £(0) is not too far off k*. and
neglecting the second order terms, the long-run distribution of relative financial
wealth is given by:

k* k* k*
h(f,00) = [1 - <W - I)J n(0,0) — n3 (k(O) - 1) 0 —n; (W - 1) or(9).
(3.19)
This equation can be interpreted as follows. Imagine that the world economy
Is below its steady-state (ko < k), so that the world economy experiences an
episode of growth at a cummlated rate k* /k(0) — 1. Then, the initial distribution
of the h(6,0)'s shrinks or expands - depending on the sign of n- If 97 > 0,
aggregate growth implies a phenomenon of conditional convergence (in relative
terms). Relative productivity level § has a positive influence on long-run relative
wealth as long as 75 < 0. The influence of $(0) depends on the sign of 3.
In Appendices B and C, we show that the coefficients 7,7 = 1.2,3 can be
expressed as functions of the parameters of the model:

n = 1- (—*— [p+o(x+u) - (n+2)], (3.20)
k* *

Ny = —ou— li, (3.21)
c* (:*

Ny = —ﬁ, (3.22)

where 1 > 0 is the speed of convergence of the world economy toward its steady-
state (see Appendix A).
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Moreover, we show in the appendices that:

/ * 7’* ! * 7)‘* il * 7.* DAY
P (k*) = —,u#, Y (k) = /l,;f-, (k™) = p,l"—:‘ (3.23)

These equations provide a full characterization of the cross-section dynamics
around the steady-state. In particular, we see how the parameters describing
world preferences and technology influence the distribution of wealth across coun-
tries.

One of the most interesting results is the negative relationship between p. the
world-wide speed of convergence, and )7, a measure of the conditional convergence
effect. We see that a slow adjustment of the world economy translates into a
low long-run persistence of the distribution of financial wealth. Ventura [1997]
identified this property of the model, but without quantifying it. Knowing that
€. the elasticity of substitution of the production function, and o, the inverse
of the intertemporal elasticity of substitution, both impact negatively on u, one
can conclnde that the size of the long-run persistence effect decreases with these
parameters. By contrast, this size increases with ¢, the average level of the ¢(6)’s.

Fromi (3:20), one can see that the most realistic configuration of the parameters
leads to a conditional convergence effect®, i.c., that the world steady-state is
located on the decreasing part of an hypothetical Knznets curve. A conditional
divergence effect would take place only for high values of p and 0. Also, the
mfluence of #(f) on its long-run wealth is always positive. The inflnence of the
relative productivity level § depends on the sign of 75. Some kind of substitution
effect between financial and human wealths cannot be ruled ont. Indeed, 75 > 0
would mean that countries poorly endowed in terms of § make up for their low
labor productivity by accumulating financial wealth at a faster rate. It could be
the case for high values of o and p°.

Starting from (3.10), we can use the same analysis to study the behavior
of the distribution of relative gross income yg(6). Appendix D focuses on the
determination of the semi-elasticities w;,7 = 1,2,3 of the coefficients v;- The
results obtained for the distribution of relative wealth 1(4) must be amended so
as to take into account the fact that respective factor shares in total income may
be variable around the aggregate steady state. This exercise clarifies the influence
of a high elasticity of substitution on the income distribution. F irst, a high value
of ¢ tends to depress the growth of wages and hence favors conditional convergence
of relative wealth, as was noted above. But we have a second effect here. A high
alne of ¢ also implies a strong decrease of the share of wage in total income

¥[At this point, it is important to remind that p + oz is the net rate of interest.]
9Remember that the 7); relate to one another by (3.18). Consequently, conditional divergence
implies some substitution effect.
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when the world converges toward its steady-state. This second effect weakens
conditional convergence.

3.4. The Cobb-Douglas case

We now turn to some global properties of the model. Caselli and Ventura [1996]
have established the convergence property of the Cobb-Douglas economy with
logarithmic instantaneous utility. Using a different type of proof, we will show
that this property generalizes to the CRRA specification. Remember, also, that
our preference are equivalent to standard Stone-Geary preferences.

We now specialize the production fanction as

f(k) =k with 0 < a < 1. (3.24)

We further restrict the ¢(6)'s to be interpreted as country-specific production
only, that is, for all §: ¢(f) > 0. It is then possible to show that in this case,
under some mild condition on parameters, there is conditional convergence at any
time during the transition. To see this, expand () as

[ {((w(l,) + ¢)) eRtT)(1-0)/o—(T—t)(p/a-n) _ (w(T) + ) C—R(t.-r)] dr

vl = =IOP0

We show by reductio ad absurdum that 4(t) > 0. Suppose ¥(t) < 0. This
implies that there exists at least one time interval [Ta, Th[€ [t. o0[ such that for
all 7 € [ro. 7o, w(r) + ¢ > (w(t) + $)eBED/=(=0/7-1) This in turn implies
that there exist at least another time interval [Te.Tal€ [t 7o such that for all
T € [Te,74l, ;('%%h >Ih(r)—pl+z= (i((g This contradicts the fact that, nnder
the condition

a(z+n+6)/(p+ox+6)<1/o, (3.25)
a Cobb-Douglas technology implies E%% < % for all 7,'° which is turns implies
ﬁ% < :—((% for all ¢ > 0. We conclude that under (3.25) we have w(t) > 0 for
aﬁ t. that 1s, there is conditional convergence for all ¢.

Notice that condition (3.25) is not particularly strong. It is satisfied in most
calibrations of the model in autarchy, for example those of Barro and Sala-I-Martin
[1995].

This result is interesting because of the empirical relevance of the Cobb-
Donglas production function. Also, the Cobb-Douglas case illustrates how the

!"This result has been established by Barro and Sala-I-Martin [1995]. page 89. Under condition
A s, (1)

(3.23), they show that the consumption/output ratio always grows, which leads to e > wr)
for all 7.
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elasticity of substitution between factors Impacts on conditional convergence. The
elasticity is here exactly equal to unity, which is an upper borderline case for a
neoclassical production function. A higher setting would violate the Inada condi-
tions and result in perpetual growth, as was established by Jones and Manuelli
[1990)].

4. Strategies for empirical testing

In this section, we give directions along which the above results could be tested,
leaving actual estimations to further research. A key preoccupation is to focus on
the discriminating predictions of the model - particularly, on what distinguishes
the integrated world economy from a collection of autarchic countries. A pre-
diction of the model which clearly possesses this discriminating property is the
long-run persistence of initial conditions, in other words, that convergence, when
it exists, will never be complete. To simplify our exposition in this section, we
assume that 0 is the only source of heterogeneity in the fundamentals. More

precisely: ¢(6) = 0 forall 6.

4.1. Integrated economy vs autarchic economies

A natural route to explore the difference between autarchic and integrated economies
18 to express the distribution of relative incomes as a function of past relative in-
comes and relative fundamentals. In the integrated economy, relationship (3.14)
1s available. By contrast, such expression does not exist in the antarchic case as
the dynamics of world wide income depends on the distribution of capital across
countries.

A way to solve this difficulty is to linearize the autarchic dynamics around the
steady state, as the distribution of capital among countries is uniquely determined
near the steady state. For any country #, we have:

y(0,1) =y (6) = e (y(8,1) — y*(8)), (4.1)

with 4 the speed of convergence of a country toward its steady-state and y*(§) =
fy* the steady-state income of country 8. Note that we used the same symbol u
for the speed of convergence because such speed is exactly equal to the g charac-
terizing the aggregate dynamics of the integrated economy.

From this, we obtain:

Ya(6,1) = e M yp(0,8) + (1 — ) g, (4.2)
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The integrated-economy analogue to this expression, with #(0) = 0, comes
directly from (3.14):

Yyr(0,8) = 7, (t,)ya(0,1) + (1 = 7,(t,#))6. (4.3)

The comparison (4.2) and (4.3) is straightforward. The term e-#(t'~%) will
tend to zero as ¢ grows, whereas its integrated—ecx)n(')my counterpart, the quantity
Yi(£, ), will not. Initial conditions have a persistent effect in the integrated
economy. This persistence phenomenon does not exist in the autarchic economy
and convergence will always translate into complete catching-up.

Another way of comparing the respective predictions of the two models is to
look at growth rates. To do this, we now have to nse the linearized expression of
Y1 (£ ') (see Appendix D). We therefore assume that the world economy is not too
far from a steady state. From (4.2), an approximate expression for the distance
between national growth rates and aggregate growth rates in the autarchic model
18

ot 0
9(0.4,¢) = g(t,¢') = (1- e nt ") [— - 1} , (4.4)
yr(0,t) :

where!! o )
6,t') —y(B,t) y(t) = y(t)
y(0.t) y(1)

A linearized version of (4.3) provides an equivalent expression in the integrated

g(0.1.t) = y(

and g(¢,t') =

)
economy b2

, . 9
O4) =gt t) = (1—e " ) [ X3} Y _ | 45
o048 =l t) = (1 )i (?/(t) : yr(0,t) (49

The comparison between (4.4) and (4.5) is again quite transparent. The be-
havior of an integrated economy differs from its autarchic counterpart in one key
aspect: the term wi (y*/y(t) — 1), which is absent from equation (4.4) can be
viewed as an additional “convergence deceleration” term: as the aggregate econ-
omy proceeds toward its steady state, the deviation of the growth rate of country
f from the mean is clearly annihilated faster in the integrated economy than it is
In the autarchic model. '

'In the above expression and in the rest of the section, we use the approximation

, yr(f.t') — yr(8,t)
0,t,t"y = g(t,t") =
g( )= g(t,t) Jr0.0)

**This expression has been obtained using the fact that 1 — Tt ) = wy (14'—2 - 1) =

(D)
(1= el =0y (7(5—) - 1).



4.2. A modified growth rate regression

It 1s possible to construct a test of the model by including both equations (4.4)
and (4.5) in the following regression:

/ / L=t -t o
Q(Q,t,t)—g(t,t)zax{(l—e. =) [yﬁ(e,t)—l}}
=t =t ?/* _ g _ i
+ (1-a)x {u)l (1 — e )) <m 1) [—_—_——‘I/R(().t) 1}} (4.6)

The value a = 1 would corroborate the autarchic model while the integrated
economy would be excepted to yield the value a = 0 . Developing this formula
gives:

, 1
0.t.¢) —g(t.t) = (1—e ™) xp(a—(1-
(]( [ ] ) Q(, ) ] (1 € )X (l a)wl)’ljﬁ(()/)
1
P Gl -
+ (1- ) x0((1 awy)y(g,t)
—— , 1-
— (1= M=) ((1-a)wiy") —
( ) 0
+ ( e 't)) X ((1 - a)w]—a).
This implies the following reduced form:
1 1 1
g,t,t") — gt t") = O, —— + . 1 4.7
9( ) = g(t.t) al"/R(a P + Oay 70.9) +Ch7/(f) + (4.7)

In addition, we know that, in both the autarchic and the integrated models. the
world-wide cumulated rate of growth satisfies the follow1 ing reduced form:

g(t,t') = 51;(15 + B, (4.8)

where ) = (1 — e *"=D)y* and g, = —(1 - e =0y,

Equations (4.7-4.8) form a system of “angmented” growth rate regressions.
Namely, in equation (4.7), only two additional regressors, (y (8.t)) 'and (y(¢))7 !,
account for the relationship between growth in the aggregate and dynamics of
inequalities across nations. These equations have to be estimated using panel
data.

A first approach to the empirical testing of the model is to verify that coeffi-
clents ay and g are significantly different from zero. A second and more structural
approach would provide estimates of a and w}. The estimation of a will refine
the test on oy and a3, while the estimation of w} would provide information on
whether there is convergence or divergence of GNPs.
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5. Conclusion

This model provides a theoretical explanation for the deceleration of convergence
among integrated economies. When interactions are taken into account in a Ram-
sey model of economic growth, initial conditions durably influence long-run GNPs.
Since it 1s possible to simultaneously have convergence during the transition. con-
vergence will necessarily slow down as the world economy proceeds towards its
steady state. Using panel data analysis, our characterization makes it possible to
confront the model with empirical evidence.

This analysis highlights the importance of interactions among economies for
understanding patterns of convergence. We have shown that, in the long run, the
influence of integration may run contrary to the traditional notion of “equalizing
exchange”. Again, it is important to remember that in this intertemporal util-
ity setting and without any sort of externality, the counterpart of the long-run
persistence result is an improvement of dynamic utility for all countries.

In addition to the actual testing of the model, two directions can be outlined
for further research on integration and growth. First, less than perfect integration
shonld -be.analyzed, for example through adjustment costs or investment irre-
versibility, as in Vellutini [1997]. Note that the persistence result may be affected
by the presence of liquidity constraints as introduced by Huggett [1997]. These
extensions conld obviously bring additional realism to the model, especially when
applied to the world economy. Second, the result of long-run GNP persistence
could be offset by mechanisms of technology diffusion. This is clearly a very im-
portant extension of the model, as shown by the recent literature on the snbject,
for example Basu and Weil [1998] who explore the idea of gradual technology
diffusion through a mechanisms of “appropriate technology™, or Eeckhont and
Jovanovic [1998] who show how non-trivial external effects give rise to inequality
in productivity.
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Technical appendices

A. The world economy around its steady-state

Around the steady-state (¢*, £*), the world economy dynamics is characterized by
the Jacobian matrix:

O C*O'-If”(k*)

7= -1 flf(k*)—(+n+x) (A1)
The characteristic polynomial associated to .J is:
Plp)=p*—(p+oz—n+2))p+co f/ (k). (A.2)

It is well known that P(u) has two roots of opposite signs gy, > 0 and py < 0.
Moreover, we know that g, +pu, = Te(J) = p+ozx—(n+2z). p = | >0
is the speed of convergence of the world economy toward its steady-state. As
fy X py = Det(J) = c*a™! f"(k*), we obtain:

— plp+p+or—(n+1) =~ fl(kY). . (A.3)

4 can be expressed as a function of the parameters of worldwide preferences
and technology. Define € and « as representing respectively the elasticity of sub-
stitntion between factors of the world technology and the share of capital income

in total income'?:

__TBUE T e-kFR) ) A

k(f(k) + &) f" (k) flk)+¢

Let 7* = p 4 o2 be the (net) interest rate in he steady-state. The world speed of

adjustment i1s then given by:

Ve

—(* = (n+ 1)) + \/(r* —(n+1z))2+ 6—4(;(7«* +6)(1 - “)i_* . (AD)

1
=3

Moreover, with our definitions, the ratio ¢* /k* satisfies:

corr46

— = — (6 +n+2).

k* o
It is useful to study the local properties of the policy rule ¢(k) associated to the
competitive world dynamics. We eliminate time in the differential system (2.12,2.13)

so that:
G (R) = 6= p)elk) — welk) |
¢(k) = fe)+o¢—ck)— (6+z+n)k (8.6)

BIncluding ¢ in these expressions facilitates forthcoming algebrical manipulations.
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Since 0/0 is indeterminate, (A.6) is nninformative on the value of ¢ (k*). However,
by applying L'Hopital’s rule, it is easy to show that o (k™) solves P(u) = 0 with
P(p) the characteristic polynomial associated to .J. Consequently, there are two
candidates for ¢/(k*): the two eigenvalues g1 and p,, corresponding respectively
to the stable and unstable arms of the phase diagram. It is easy to see that the
stable arm is increasing in the (k, ¢) plan so that:

CEY=w=p+p+ox— (n+x), (A7)

is the relevant solution.

B. Properties of \,(k, ¥*) and v(k) around the steady-state

A1(t,t') can alternatively be expressed in terms of the aggregate capital stocks
k(t) and k(). Substituting (3.3) into (3.5) provides a convenient expression:

~ -~
- Mk k) = —‘_“(L‘k),;z(’“) | (B.1)
From this, we have
n=1—(k*/a")a'(k*). (B.2)
We need to characterize the policy rule a(k) near the steady-state k*. Knowing
that @ = (r — n — z)a — ¢ and using the expression of the ageregate dynamic

system, we have:

o' (k) (_(’(k,) =6 —n—x)alk) — c(k)

B fR)+¢—clk) = (6 +n+ )k’

Again, by applying L Hépital’s rule to this ratio of functions, we see that a'(k*)
satisfies:

(K)o (k*) — a* f"(k*) + ¢/ (k*) = 0,

so that:
. fll(k*
o (k*) ’

Further, knowing that ¢*/a* = p+ oz — (n + z) = v, we get:

—

d()=1-a

ou .
") =1 . B.3
a (k) +/)+(T.7:——(71,+.77) (B:3)

=From this last expression, we conclude that:

*

n=1- —(k: p+o(z+p)~(n+2). (B.4)
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The instantaneous speed of conditional convergence Y(k) relates to the function
A1(k, k') through the expression:
Olog M (k, k) Y(k)

Ok SR+ —clk)—(n+b6+ 1)k

In k = k*, we apply the L'Hopital’s rule once more, nsing (A.7) to show:

<alogA1(k,k*>) _ ) _ k)
k=k*

Ok Tk —u
Finally:

W (k) = —p”léf*) . (B.5)

C. Properties of A\;(k, k*) and 1,(k) around the steady-state

Remember that: y
Aa(t,t) = / hy($5)M (s, ')ds.
RO 2
Making the change of variable t — k, we obtain:

o[ Yo(u) A1 (u, k')
)\s(k,lw ) = & f(u) + - c('u,) - ((S +n + .1:)udu'

By differentiating this equality with respect to k:

sk, k*) — o (K) A (K, k%)

ok S fk)+ o —e(k) - (+n+a)k

Knowing that Ay (k*,£*) = 1 and v, (k*) = 0, we apply the L'Hépital rule to show
that: '

/\gx (k)

il

/ *
x(er) = L), (1)
7
We now turn to the evaluation of the derivative wy(k*). The function 1 (k)
satisfies ¥y(k) = @[l — v(k)I(k)]/k. Differentiating this expression with respect
to k yields:

kv (B)1(k) + v(R)T' (k)] + (1 — v(k)1(k))
k2 ’

This expression has to be evaluated at k = k*. First, we need /(k*). By definition,

v(k) = e(k)/a(k) so that:

wy(k) = —¢




It is easy to check that v* = v(k*) = p+ 0z — (z+n). Knowing (A.7) and (B.3),

one gets:
1
v (k) = ~—p(l - 0), (C.2)

with p the speed of adjustment of the world economy.
Second, we need 1'(k*). Using the expression:

'i'(t) — /O0 e j;r(r(s)—n——x)dsd,r’
t

By making the change of variable t — k:

5o (f(k)—n—2—8I1(k)—-1
Rty e 2y ¢ Srapearen T

For k = k*, we apply the L'Hépital rule to this expression:

T'(k*) _ f"(k*)I(k*) + I’(k*)(f’(k,*) —b6—x—n)
e T PR =) = (B +n)k)

Knowing that I(k*) = (p + 0z — (2 +n))~! and that the denominator is equal to
[, one can see that:

I *\ ap I
V() = Hp+or—(n+zx)) (€-3)

Using equations (C.1) (C.2) and (C.3), we see that:

e

Yo(k*) = "o (C.4)
Knowing that Aj(k*) = ¥, (k*)/p and 73 = k*X;(k*), we finally obtain:
= —¢/c". (C.5)

D. Properties of ~;(k, k)

Let v,(k. k), vo(k, k") and v4(k, k") be functions of capital stock, corresponding
to the coefficients v;,7 = 1,2,3 of equation (3.10). The objective of this section
is to find closed-form expressions for the semi-elasticities w},7 = 1,2,3 of these
functions around the world steady-state.
From (3.11) we have:
ok 1 Lk
wy =y = ) (D.1)

a*
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with a(k) = kf'(k)/(f(k) + ¢). The elasticity of o around the steady-state can
be computed using definitions (A.4). We obtain:

ko (k*)

= (1)1 - 1/e).

This equation, together with (B.4), implies:

.

wi=1- ; p+tolz+p)—n+z)]—(1-a")(1-(1/e)). (D.2)

Note that when ¢* = 1, which corresponds to the Cobb-Douglas case with ¢ = 0,
wi is equal to 7.

Despite its simplicity, an inconvenient of equation (D.2) is that it is not ho-
mogeneous in the parameters describing the world fundamentals. For instance, p
depends on €*. One way to circumvent this difficulty is to use (A.3) to show that:

o c+(n+x+6k p+aor+4

k*o/ (k*) . k*(p + oz + 6) k* ou(p + p+ oz — (n + x))

By combining this expression with (B.4), we obtain a homogenous expression for
w}. However, this expression is complex. It simplifies in the case 6 =n =z =0:

Wi = —— (D.3)

which is always positive. This means that in the absence of depreciation, demo-
graphic growth and technological progress there is always conditional convergence
in gross income around the steady state.

The expression of w} can be obtained from (3.13). It is easy to show that:

s *¢

wh =« ;—(l—a*—ﬁ*)[w’{—a*], (D.4)
where 3* = w*/y* is the share of wages in total income.
Knowing that the v.s sum up to unity, we have wj = —wj — w3. Hence:
o * (f) * * * * > o D -
u,.z——a;-i—(a + B w] — (1 —a" ~ 37). (D.5)
For ¢ = 0, this reduces to wj = —wj.
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