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Risk-Taking, Global Diversification, and Growth

By MAURICE OBSTFELD*

This paper develops a continuous-time stochastic model in which international
risk-sharing can yield substantial welfare gains through its effect on expected
consumption growth. The mechanism linking global diversification to growth is
an attendant world portfolio shift from safe low-yield capital to riskier high-yield
capital. The presence of these two types of capital captures the idea that growth
depends on the availability of an ever-increasing array of specialized, hence
inherently risky, production inputs. Calibration exercises using consumption and
stock-market data imply that most countries reap large steady-state welfare
gains from global financial integration. (JEL F21, G15, 016, O41)

Standard models of international asset
trade lack mechanisms linking an economy’s
long-run output growth rate to its financial
openness.! Within such models, the gains
from asset trade, at least between industrial
economies, typically are estimated to be
modest under common specifications of in-
dividuals’ preferences. The contribution of
this paper is a simple model of global port-
folio diversification in which a link between
growth and financial openness emerges very
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nia, Berkeley, CA 94720. I thank Matthew Jones for
expert research assistance. In preparing this version of
the paper I have had the benefit of detailed sugges-
tions from three anonymous referees. Helpful com-
ments were made by participants in research seminars
at the Federal Reserve Bank of Minneapolis, the Na-
tional Bureau of Economic Research Summer Insti-
tute, the Kiel Institute for World Economics, the Uni-
versity of British Columbia, UC-Berkeley, UC-Santa
Cruz, the Wharton School, and the University of
Michigan. All interpretations and any errors are, how-
ever, my own. The National Science Foundation and
the Ford Foundation (the latter through a grant to
CIDER at UC-Berkeley) provided generous financial
support.

TAlternative theoretical models are proposed by
Robert E. Lucas, Jr. (1982), René M. Stulz (1987), and
Lars E. O. Svensson (1988). Recent attempts to quan-
tify the welfare gains from international asset trade
include Harold L. Cole and Obstfeld (1991), Enrique
G. Mendoza (1991), Eric van Wincoop (1994), and
David K. Backus et al. (1992).
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naturally. Within that model, an economy
that opens its asset markets to trade may
experience an increase in expected con-
sumption growth and a substantial rise in
national welfare.

Recent analyses of economic growth due
to Paul M. Romer (1986, 1990), Lucas
(1988), and others explore mechanisms
through which growth rates are endoge-
nously determined by technological param-
eters, intertemporal preferences, market
structures, and government policies. Exten-
sions of these mechanisms to multieconomy
frameworks, notably those contained in the
treatise by Gene M. Grossman and Elhanan
Helpman (1991), show that international
trade in goods may accelerate or slow growth
by shifting resources among alternative pro-
ductive uses. The model set out below pur-
sues this line of analysis, showing that a
pure expansion of opportunities for trade
across states of nature may itself promote
resource reallocations favorable to long-
term economic growth.

The paper’s model supposes that each
country can invest in two linear projects,
one safe and one risky. This setup is a
stylized rendition of the idea, developed
by Romer (1990) and by Grossman and
Helpman (1991), that ongoing growth de-
pends on investments in supplying special-
ized, hence inherently risky, production in-
puts. Because risky technologies in my
model have higher expected returns than
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safe ones, international asset trade, which
allows each country to hold a globally diver-
sified portfolio of risky investments, encour-
ages all countries simultaneously to shift
from low-return, safe investments toward
high-return, risky investments. Provided
risky returns are imperfectly correlated
across countries, and provided some risk-
free assets are initially held, a small rise in
diversification opportunities always raises
expected growth as well as national welfare.?

The basic theme of this paper recalls
Arrow’s (1971 p. 137) observation that “the
mere trading of risks, taken as given, is only
part of the story and in many respects the
less interesting part. The possibility of shift-
ing risks, of insurance in the broadest sense,
permits individuals to engage in risky activi-
ties that they would not otherwise under-
take.”

Several recent papers have explored ideas
related to those illustrated below. Jeremy
Greenwood and Boyan Jovanovic (1990) de-
velop a model in which financial intermedi-
aries encourage high-yield investments and
growth by performing dual roles, pooling
idiosyncratic investment risks and eliminat-
ing ex ante downside uncertainty about rates
of return. The analysis below shows, how-

2With its linear technologies, this paper’s model is a
special case of the continuous-time stochastic model of
John C. Cox et al. (1985). Their focus, however, is on
asset pricing rather than on growth, and their assump-
tions on preferences are more restrictive than those
entertained here. Similar stochastic models have been
used to study effects, including growth effects, of fiscal
or monetary policies (see Jonathan Eaton, 1981; Mark
Gertler and Earl Grinols, 1982; Giancarlo Corsetti,
1991; Grinols and Stephen J. Turnovsky, 1992). Explicit
production externalities of the type first posited by
Kenneth J. Arrow (1962), and featured in much of the
literature on endogenous growth, are not modeled
here. Instead, endogenous growth springs from a con-
stant private marginal product of investment, as in
work of Hirofumi Uzawa (1965), Robert G. King et al.
(1988), Robert J. Barro (1990), Larry E. Jones and
Rodolfo Manuelli (1990), and Sergio T. Rebelo (1991).
In endogenous-growth models based on Arrow-type
externalities, the social marginal product of investment
is effectively constant. Obviously, nothing in the pres-
ent paper depends on the existence of literally risk-free
assets; all that is needed is that relatively safe assets
have relatively low expected returns.
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ever, that even the former role of financial
diversification can be an important spur to
growth. The much simpler framework I
choose allows closed-form solutions for an
unrestrictive class of isoelastic preferences.
As a result, quantitative welfare compar-
isons become simple, and links between
preferences and growth are clarified.?

Valerie R. Bencivenga and Bruce D.
Smith (1991) assume that financial interme-
diaries, by providing liquidity, encourage
savings to flow into relatively productive
uses. The random element in their model is
not investment productivity, as below, but a
preference shock that creates a demand for
liquid assets. Because the payoffs on liquid
assets, by definition, are relatively nonspe-
cialized across dates and states of nature,
the role of intermediaries in promoting more
productive illiquid investments is another
example of the mechanism emphasized in
this paper.

Finally, Michael B. Devereux and Gregor
W. Smith (1994) examine an explicitly multi-
economy model of diversification and growth
and illustrate how the risk reduction im-
plied by diversification may promote or re-
tard growth, with the outcome depending
on assumptions about intertemporal con-
sumption substitutability and the nature of
uncertainty. Their analysis does not, how-
ever, allow for aggregate shifts in the global
portfolio of risky assets. A special case of
this paper’s model, one in which countries
initially hold no riskless assets and asset
returns are symmetrically distributed, yields
some of the main conclusions reached by
Devereux and Smith.*

3The Greenwood-Jovanovic assumption of a sunk
cost of entering the financial intermediation network
leads, however, to much richer dynamics than those
that emerge from my model.

The foregoing capsule review lists only a few pa-
pers that are especially relevant to the approach taken
here to model the effects of uncertainty and financial
markets on growth. A number of other related studies
have appeared. See, for example, Giuseppe Bertola
(1991), Thomas F. Cooley and Bruce D. Smith (1991),
Harris Dellas (1991), Ross Levine (1991), and espe-
cially Gilles Saint-Paul (1992), who presents a formal
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The paper is organized as follows. Section
I describes a closed economy in which tech-
nological uncertainty follows a continuous-
time diffusion process. Section II studies the
closed economy’s competitive equilibrium
and shows how a reduction in uncertainty
can spur economic growth. The section also
explains the relationship among growth,
consumers’ risk aversion, and consumers’
attitudes toward intertemporal substitution.
The impact of global financial integration
in a multieconomy world is studied in Sec-
tion III. This section contains the paper’s
central results concerning international di-
versification, growth, and real interest rates.
Section IV presents a pair of simple two-
country examples to illustrate how some
structural assumptions can lead to large
welfare gains from financial integration,
while others result in smaller gains of the
type often found in contexts where long-run
growth rates are exogenously determined.

Examples calibrated to international con-
sumption and stock-market data are ex-
plored in Section V. Even when the reallo-
cation of international capital stocks must
occur gradually, the estimated gains from
moving to a regime of perfect global finan-
cial markets can be large. Limitations of
Section V’s calibration exercise suggest,
however, that the numerical welfare gains it
implies should be viewed only as tentative
indicators of the potential strength of en-
dogenous growth effects. Section VI sum-
marizes what has been learned.

I. Individual Choice in a Closed Economy
with Uncertainty

The closed economy is populated by iden-
tical infinitely-lived individuals who face the
choice between consuming or investing a
single good. The economic decision interval
has length A. At time ¢ a representative

model of the link between technological specialization
and markets for risk. Marco Pagano (1993) surveys this
literature. Raymond Atje and Jovanovic (1993) present
evidence of a positive cross-sectional association be-
tween national output growth rates and proxies that
measure levels of domestic financial intermediation.
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household maximizes the intertemporal ob-
jective U(t) defined by the recursion

(1) f([1-R)U(1))

1-R 1-(1/¢€)
= (—1—1/5)C(t) /9p
+e f([1- RIEU(t + h))

where the function f(x) is given by

2 f(x)= (—1_—1;%);((1-1/@/(1—1%).

In (1), E, is a mathematical expectation
conditional on time-t information, C(¢) is
time-¢ consumption, and & > 0 is the subjec-
tive rate of time preference. The parameter
R>0 in (1) and (2) measures the house-
hold’s relative risk aversion, and the param-
eter € >0 is its intertemporal substitution
elasticity. When R=1/¢, so that f(x)=x,
this is the standard state- and time-sep-
arable expected-utility setup, which does not
allow independent variation in risk aversion
and consumption substitutability over time.

The more general preference setup as-
sumed in (1) was proposed by Larry G.
Epstein and Stanley E. Zin (1989) and by
Philippe Weil (1989, 1990). There are two
main reasons for considering such prefer-
ences. First, dynamic welfare comparisons
that confound risk aversion and intertempo-
ral substitutability can be misleading.’ Sec-
ond, one would like to answer the positive
question of how preference parameters
influence growth. The effects of intertempo-
ral substitutability on growth have been
analyzed extensively (e.g., Romer, 1990;
Grossman and Helpman, 1991; Rebelo,
1991); the effects of attitudes toward risk
have not.®

SFor further discussion, see Obstfeld (1994).

This paper will focus on the economy’s behavior in
the limit as h becomes infinitesimally small. When
R=1/¢, (1) implies that as h — 0, U(t) approaches the
familiar expected-utility form,

U(e) = E,{(l—R)-l J ”C(S)I-Re—w—»ds}_
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Individuals save by accumulating capital
and by making risk-free loans that pay real
interest at the instantaneous rate i(z). One
unit of consumption can be transformed
into one unit of capital, or vice versa, at
zero cost. Capital comes in two varieties,
however: riskless capital offering a sure in-
stantaneous yield of r (a constant) and risky
capital offering a random instantaneous
yield with constant expected value a>r.
Therefore, individuals face a portfolio deci-
sion—how to allocate their wealth among
the two types of capital and loans—as well
as a saving decision. The fact that there is
no nondiversifiable income (such as labor
income) means that asset markets in this
closed economy are complete.

The analysis is simplified by observing
that, when i(¢) > r, individuals wish to hold
no safe capital and cannot go short in that
asset. The opposite configuration i(z) <r is
inconsistent with equilibrium because it im-
plies a sure arbitrage profit from borrowing
for investment in safe capital. Finally, if
i(t) = r, the division of an individual’s safe
assets between safe capital and loans is in-
determinate.

‘Given this behavior of the interest rate,
the individual’s portfolio problem reduces
to a choice over two assets only: risky capi-
tal and a composite safe asset offering the
sure instantaneous real return i(¢). To sim-
plify the derivations, I assume that the real
interest rate is constant at level i. As the
next section shows, the economy’s equilib-
rium is indeed characterized by a constant
real interest rate.

Let VB(¢) denote the cumulative time-t
value of a unit of output invested in safe
assets at time 0 and V' X(¢) the cumulative
time-¢ value of a unit of output invested in
risky capital at time 0. Clearly VB(0)=
VK(@)=1. With payouts reinvested and
continuously compounded, V' B(¢) obeys the
ordinary differential equation

3 dVB(t)=iVB(t)ds.

The stochastic law of motion for V¥(¢) is
described by the geometric diffusion process

(4) dvi(t)/VE(t) = adt + odz(t).
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In (4), dz(t) is a standard Wiener process,
such that z(¢)= z(0)+ [{dz(s), and o? is
the instantaneous variance of returns.’

Per capita wealth W(t) is the sum of per
capita holdings of the composite safe asset,
B(t), and per capita holdings of risky capi-
tal, K(¢):

(5 W(t)=B(t)+ K(t).
Equations (3), (4), and (5) imply that

(6) dw(t)=iB(t)dt+aK(t)dt
+oK(t)dz(t)—C(t)dt.

Let w(t) denote the fraction of wealth
invested in risky capital. An alternative way
to write (6) is as

(7) aw(t)={w(t)a+[1-w()]}W(t)dt
+ w(t)aW(t)dz(t)— C(t)dt.

Epstein and Zin (1989) and Weil (1989,
1990) assume that time is discrete in their
expositions of nonexpected-utility prefer-
ences. But continuous-time extensions by
Svensson (1989) and Darrell Duffie and
Epstein (1992) provide formulations that are
readily applied to the problem of maximiz-
ing the continuous-time limit of U(¢) in (1)
subject to (7) and an initial wealth endow-
ment W(t)=W,.

Let J(W,) denote the maximum feasible
level of lifetime utility when wealth at time
t equals W,. Itd’s lemma shows that in con-
tinuous time the stochastic Bellman equa-
tion resulting from maximizing U(¢) in (1) is

"Equation (4) implies that VX(¢) is lognormally
distributed: by 1t6’s lemma,

VE(t)=VX(0)exp{ (e —30>)t +o[2(1)— z(0)]}-

Since Var|z(¢)— z(0)] = ¢, the expected growth rate of
VK@) is a, that is, EgV*(t)/V¥(0)=e*. The as-
sumption of independently and identically distributed
uncertainty is analytically convenient, but it compro-
mises the model’s empirical fit. For example, log U.S.
consumption does not follow an exact random walk, as
the model will imply. Independently and identically
distributed uncertainty is in part responsible for the
extreme equity-premium and risk-free-rate puzzles
noted in Section V. Potentially, a linearized model
such as the one proposed by John Y. Campbell (1993)
could be used to approximate the effects of serially
correlated shocks.
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(8) 0=max, {[(1- R)/(1-1/£)]C*~"/* = 8f([1- RIJ(W))

+(1=R)f'([1- RUW))[ 7' (W) (waW +[1- w]iW - C)+ 31" (W)W ?]} .

given by equation (8), above. [Recall the
definition of f(x) in equation (2). Time
indexes henceforth are suppressed when
they are unnecessary.] From (8), the first-
order conditions with respect to @ and C
follow:

(9)  T(W)(a—i)+T'(W)wo?W=0
(10) C~Ve=f([1-RU(W))T(W)=0.

Equation (1)’s form suggests a guess that
maximized lifetime utility U is given by
J(W)=(aW)' "R /(1 - R) for some constant
a > 0. Given this functional form for J(W),
(9) and (10) simplify. Equation (9) now im-
plies that demand for the risky asset is a
constant fraction of wealth:

(11)

Equation (10) becomes C = a'!~*W, so that
the consumption—-wealth ratio also is a con-
stant, denoted by wu. Substitution into (8)
shows that

(12) u=C/W
=s{8—(1—1/e)[i+(a—i)2/2Ra2]}

and confirms that the value function is

w=(a—i)/Ro>.

(13) J(w)=[u-ow]' " "[a-R).

Consumption behavior depends on atti-
tudes toward intertemporal substitution as
well as toward risk, whereas portfolio choice,
given the independently and identically dis-
_ tributed uncertainty assumed, depends only
on risk aversion. When R =1/¢, (11) there-
fore is unchanged, while (12) reduces to the
formula derived by Robert C. Merton (1971)
in the expected-utility case:

n=(1/R)
X{‘o‘—(l—R)[i+(a—i)2/2R02]}.

II. Closed-Economy Equilibrium

Equilibrium growth in this closed econ-
omy can now be described. Because the two
capital goods can be interchanged in a one-
to-one ratio, instantaneous asset-supply
changes always accommodate the equilib-
rium asset demand given by (11). There are
two types of equilibrium: one in which both
types of capital are held and one in which
only risky capital is.

The first type of equilibrium occurs when
(e —r)/Ro?<1. In this case the interest
rate [ is equal to r, and the share of the
economy’s wealth held in the form of risky
capital is, by (11), o =(a —i)/Ro? < 1.

An alternative possibility, however, is that
(a—r)/Ro?>1. Given this inequality, an
interest rate of i = r is impossible: it would
imply that the closed economy, in the aggre-
gate, wishes to go short in risk-free assets.
The second type of equilibrium occurs in
this case of an incipient excess supply of
risk-free assets at an interest rate equal to
r. In this equilibrium, the interest rate i
rises above r until the excess supply of
risk-free assets is eliminated, that is, until
w=(a—i)/Ro?=1. The implied equilib-
rium interest rate is i = a — Ro? > r. (This
confirms the constancy of i that was as-
sumed in the last section.)

The equilibrium interest rate helps to de-
termine an equilibrium rate of economic
growth. Equations (7) and (12) imply the
wealth-accumulation equation

(14) dW=|wa+(1—w)i—p|Wdt
+woWdz.

By (12) and (14), per capita consumption
follows the stochastic process

(15) dC=[wa+(1—w)i—p|Cdt

+ woCdz.
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Define g as the instantaneous expected
growth rate of consumption:

E, dC(t)]

4

|

Equation (15) shows that g is endogenously
determined as the average expected return
on wealth, wa +(1— )i, less the ratio of
consumption to wealth, u.® Combination of
this result with (11) and (12) leads to a
closed-form expression for the expected
consumption-growth rate,

(16) g=¢(i—9)
+(1+¢)(a—i)’/2Ro.

In an equilibrium in which no riskless capi-
tal is held, the growth rate g can be ex-
pressed as

(17) g=e(a—8)+(1—¢)Ra?/2

which follows upon substitution of @ — Ro?
for i in (16).

To gain some preliminary insight into the
determinants of growth, consider the effects
of a fall in o. If the economy holds some
risk-free capital, so that { may be held con-
stant at 7 in (16) for small reductions in o,
the growth rate rises unambiguously. Equa-
tion (12) discloses that the effect of the fall
in o on the consumption-wealth ratio is
ambiguous. The dominant effect on mean
consumption growth, however, is that of the
induced portfolio shift from risk-free to risky
capital [equation (11)], which increases the
average return to saving sufficiently to
swamp any increase in the propensity to
consume out of wealth. [The dominance of
the portfolio-shift effect results from the
specific isoelastic class of preferences as-
sumed in (1).]

81t6’s Lemma, applied to equation (15), reveals the
time-t consumption level to be

C(t) = C(0)exp{ (g — 30?0 )t + wa[2(t) - z(0)]}.
Note that for any ¢ >0, E,C(¢)/C(0) = e4".
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When all of the economy’s capital is al-
ready in risky form, however, there can be
no equilibrium portfolio shift for a closed
economy. In this case equation (17) applies;
it shows that a fall in o raises growth when
e >1 but lowers it when & <1. This is the
result found by Devereux and Smith (1994).
With the economy’s production side held
fixed, a fall in o raises growth if and only if
it lowers the consumption-wealth ratio. But
a fall in o now affects consumption by
pushing up the real interest rate, i=a —
Ro2. Since ¢ is the elasticity of intertempo-
ral substitution, a rise in the real interest
rate lowers C /W (and raises growth) when
e>1, but raises C/W (lowering growth)
when € <1.

The preference setup used in this paper
allows an evaluation of the separate impacts
of intertemporal substitution and risk aver-
sion on growth. Consider intertemporal sub-
stitution first. In deterministic growth mod-
els, the rate of growth is determined by

1 [dC(t)
g=

Tt) dt }=8(i—5).

Thus, a rise in the intertemporal substitu-
tion elasticity & raises growth provided i
(the private rate of return to investment)
exceeds & (the rate of time preference).

In the present model with uncertainty,
however, equation (16) can be written as

(18) g—3Rw%s?
= s[wa +(1- )i —3Rw?0* - 8]

The left-hand side of (18) is the risk-
adjusted expected growth rate the negative
risk adjustment, — —Rw o?, is proportional
to the degree of rlsk avers1on and to the
instantaneous variance of growth. The
right-hand side is the difference between
the risk-adjusted expected rate of return to
investment and the time-preference rate.
We therefore have a result analogous to the
certainty case. Since the portfolio weight
is independent of intertemporal substi-
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tutability, a rise in the elasticity & raises the
expected growth rate whenever the risk-ad-
justed expected return on the optimal port-
folio exceeds é.

Equations (16) and (17) also reveal how
the degree of risk aversion influences ex-
pected growth. The effect of lower R paral-
lels that of lower o. If some riskless capital
is held, lower risk aversion is associated
with higher expected growth; but if only
risky capital is held, the effect of R on g is
proportional to 1— &.

In either case expected economic growth
is decreasing in the impatience parameter &
and increasing in a. The effect of a rise in
the return on safe capital, r, is ambiguous
when the economy is nonspecialized, be-
cause a rise in r diverts investment away
from more productive risky capital.® Of
course, a small rise in r has no effect when
i>r.

When the economy holds both types of
capital, the technological parameters a and
o influence the individual’s lifetime utility
only through their effect on the growth rate,
g. This property of the model turns out to
be useful in evaluating the growth effects of
international asset-market integration. To
prove it, I use (12) and (13) to calculate
J(W), the maximized value of the intertem-
poral objective U in (1):

(19) JOw)

1-R

1-¢

_ WL Ry\ (28 +(1-e)(g+i)
_(1—R)( 1+e )

Notice that because i is constant at r when
some risk-free capital is held, the technol-
ogy parameters a and o influence lifetime
utility only through their effects on g in that
case.!® Clearly an increase in g due to a rise
in a or a fall in o raises lifetime utility.

°For plausible parameter values, however, dg/dr
is positive.

Equation (19) follows from the observation that
u=[2e8 +(1—eXg +i)l/(1+¢). The condition x>0
is required for the existence of an individual optimum.
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For an economy specialized in risky capi-
tal,

J(W) =( R )(a_g)(l—R)/(l—s).

Given a and the preference parameters,
changes in g can come about only through
changes in ¢ when no riskless capital is
held [see (17)]. As I have shown, a fall in o
may stimulate or depress growth in this
case, despite its unambiguously positive wel-
fare effect.

1-R

II1I. Growth Effects of International
Economic Integration

All of the results above can be extended
to a multicountry world economy. This ex-
tension yields predictions about the effect of
economic openness on growth.

Let there be N countries, indexed by
j=12,...,N. Each country has a represen-
tative resident with preferences of the form
specified in (1). However, preferences may
be country-specific. Country j’s representa-
tive individual has a relative risk aversion
coefficient R}, an intertemporal substitution
elasticity ¢;, and a rate of time preference
5.

! The rate of return on safe capital, r, is
common to all countries (a condition re-
laxed in Section V). The cumulative value of
a unit investment in country j’s risky capital
follows the geometric diffusion

(20) aVK(t)/ V(1) = a;dt + 0;dz,(1)
j=1,2,...,N.

Country-specific technology shocks in (20)
display the instantaneous correlation struc-
ture

(21)
The symmetric N X N covariance matrix
Q =[0;0,p;,] is assumed to be invertible.

My goal is to characterize a global equi-
librium with free asset trade. The first step
is to describe individuals’ decision rules
when they can invest in the N risky tech-
nologies described by (20) and (21) as well
as in safe assets.

Let 1 denote the N X1 column vector
with all entries equal to 1, let « denote the

dede=pjkdt.
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N X1 column vector whose kth entry is a,,
and let w; denote the N X1 column vector
whose kth entry is the demand for country
k’s risky capital by a resident of country j.
A generalization of the last section’s argu-
ment (as in Svensson [1989]) shows that an
individual from country j has the following
vector of portfolio weights for the N risky
assets

(22) ;=07 (a-i*1)/R;

where i* is the world real interest rate that
all countries face.

The task of describing individual decision
rules is simplified by the availability of a
mutual-fund theorem identical to the one
provided by Merton (1971) in a similar set-
ting. Asset demands of the form in (22)
imply that every individual will wish to hold
the same mutual fund of risky assets. The
ratio of risk-free wealth to wealth invested
in the mutual fund is, however, an increas-
ing function of investor risk aversion. What
is convenient about the mutual-fund theo-
rem is its implication that (11) and (12)
remain valid, with a replaced by the
weighted expected return on the risky mu-
tual fund and o? replaced by the variance
of that weighted return.

Equation (22), as noted above, implies
that the proportions in which individuals
wish to hold the risky assets are indepen-
dent of nationality. The N X1 vector of
portfolio weights for the resulting mutual
fund is

(23) 0=0"'(a—i*1)/1'0 (a—-i*1)

where a “prime” (') denotes matrix transpo-
sition. Since the portfolio weights in (23) are
constants, the analysis can proceed as if
there is a single risky asset in the world with
mean return a* = 0'a and with return vari-
ance o*? =0'Q0."!

To envision equilibrium, imagine that N
autarkic economies are opened up to free

Ugor example, let the scalar quantity w}“ denote
l'w;, the share of country j’s wealth invested in risky
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multilateral trade. Since all types of capital
may be freely transformed into each other,
there can be no changes in the relative
prices of assets, which are fixed at 1. In-
stead, available quantities adjust to balance
demands, given the world real interest rate,
i*, and the technological parameters in «
and ). For example, there may be an initial
global excess demand for country 61’s risky
capital, in which case risky capital resident
in country 61, K, expands under foreign
ownership, while other countries’ capital
stocks shrink.

It will generally turn out that world in-
vestors desire to go short in some countries’
risky capital stocks. Since this is not possible
in the aggregate, these capitals will be
swapped into other forms, and the associ-
ated activities will simply shut down. In
equilibrium, the remaining M < N risky
capital stocks make up a market portfolio
whose proportions are specified by the
mutual-fund theorem.

Notice that individual countries can now
go short in risk-free capital, that is, can
invest a share of wealth greater than 1 in
the global mutual fund of risky assets. They
do this by net issues of risk-free bonds to
foreigners. It may happen as in the closed-
economy analysis above, however, that there
is an ex ante global excess demand for the
mutual fund. In this case, the world real
interest rate, i*, rises above r until the
global excess demand for risky capital dis-
appears.

More formally, assume that M < N risky
capital stocks remain in operation after

assets. Then by (22),
wf =107 (a-i*1)/R;
=107 (a-i*1)/R;}]

(a=i*1)yQ ! (a—i*1)
(a—i*1)07'0Q  (a - i*1)

_(a=)[Q (a=i*1) /107 (a - i*1)]
B R;6'00

=(8'a—i*)/R;6'00

=(a*=i*)/R;o*%
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trade is opened and that they are available
in the positive quantities K, K,,...,K,,.
To conserve on notation, let a now denote
the M X1 subvector of mean returns and Q
the associated M X M covariance matrix of
returns. Define the M X1 vector of
mutual-fund weights 8 by equation (23), 0 =
Q Ya—i*1)/1'Q (a—i*1), and denote
the fund return’s mean and variance by a*
and o*?, respectively. Then an equilibrium
must satisfy the conditions
M
K/ ‘ZlKj=0j>0
j=

forall j=1,2,....m

M N
L K= L (a* i)W /R0
i= i=1

where 6, is the jth component of 8 and W
is country j’s wealth.

In an integrated world equilibrium, na-
tional consumption levels can grow at dif-
ferent rates on average despite the single
risk-free interest rate i* prevailing in all
countries. Country j’s mean growth rate is

(24) g =¢(i"-9)
+(1+¢;)(a*—i*)?/2R,0*2.

Given the world interest rate, country j
grows more quickly the greater its tolerance
for risk and the lower its degree of impa-
tience. Subject to the condition discussed in
the last section, an increase in willingness to
substitute intertemporally also is associated
with higher growth. Provided any risk-free
capital is held in the world, i* =r; but if
not, a decrease in all countries’ risk aver-
sion implies a higher world interest rate and
an ambiguous effect on growth.

Consider next the impact of economic
integration on growth. The most straightfor-
~ ward case is that in which all countries hold
riskless capital before integration and some
continue to hold it afterward. In this case,
countries share a common risk-free interest
rate, r, both before and after integration.
Equation (19), shows that the expected
growth rate must rise in all countries. Why?
Economic integration does not change any
country’s wealth because different types of

DECEMBER 1994

capital are costlessly interchangeable. In the
present distortion-free setting, however,
trade must raise welfare; and equation (19),
shows that at an unchanged interest rate,
welfare rises if and only if growth rises. The
intuition behind this result follows from the
discussion in Section II. International port-
folio diversification encourages a global shift
from (relatively) low-return, low-risk invest-
ments into high-return, riskier investments.

A similar argument, again based on equa-
tion (19), shows that any country whose
risk-free interest rate falls upon integration
with the rest of the world must experience
increased expected growth. Growth can fall
only in a country whose real interest rate
rises. For such a country, however, the risk-
reducing benefits of diversification necessar-
ily outweigh the adverse welfare effect of
lower expected growth. (Once again, the
specific class of preferences assumed here is
responsible for the strong predictions about
growth described above.)

IV. Two Simple Examples

This section works out two numerical ex-
amples to show how the growth effects of
international diversification can imply a
large welfare payoff from financial inte-
gration. A number of applied studies (e.g.,
Lucas, 1987, Cole and Obstfeld, 1991;
van Wincoop, 1994) take consumption
growth to be exogenous in their evaluations
of the costs of income variability. By com-
paring the welfare effects in the examples to
the numbers a researcher would find if con-
sumption growth were assumed to be exoge-
nous, I can quantify the difference that en-
dogenous consumption growth makes.

Example 1: Imagine a symmetric two-coun-
try world (N =2) in which r=0.02, a,=
a, = 0.05, o, = 0, = 0.1, and returns to capi-
tal are uncorrelated, p,, =0. Preferences
are the same in the countries, with ¢ = 0.5,
R=4, and 6=0.02. Under financial au-
tarky, residents of each country hold a frac-
tion of wealth w=(a—r)/Ra?=0.75 in
the domestic risky asset. Equations (11) and
(16) imply a mean consumption growth rate
of g=1(1+eXa—r)o—e(6—r)=16875
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percent. In both countries the risk-free real
rate of interest, i, is equal to r (i.e., i = 0.02).

Now let the two countries trade. The
optimal global mutual fund is divided
equally between the two risky capitals. This
portfolio’s mean rate of return is a* = 0.05
with instantaneous return variance o*2=
(0.1)?/2=10.005. Each country’s total de-
mand for risky assets will now be w*=
(a*—i*)/Ro*?; it is simple to check that at
aworld real interest rate of i* = 0.03, w* = 1.
Thus, financial integration leads to a rise in
the real interest rate, from 0.02 to 0.03, and
an equilibrium in which risk-free assets are
no longer held. The increase in the world
real interest rate reflects lower precaution-
ary saving due to a reduction in the variabil-
ity of wealth.!?

From (24) one can calculate the expected
consumption growth rate g* in the inte-
grated equilibrium. Equilibrium growth av-
erages 2 percent per period, as compared
with the rate of 1.6875 percent per period
characterizing the situation prior to trade.

The present value of the welfare gain
from economic integration can be calcu-
lated as an equivalent variation: by what
percentage A must wealth be increased un-
der financial autarky so that people enjoy
the same level of utility as under financial
integration? Using (19) and (24), one finds
that A =0.371, or 37.1 percent of initial
wealth.!® This is a very large welfare gain. It
is derived from two sources: the opportunity
to trade consumption risks given the
stochastic process governing consumption
growth, and the endogenous effect of this
risk-sharing on the consumption-growth
process itself.

" 2The instantaneous variability of wealth falls from
(0.75)%(0.1)% = 0.005625 to (0.1)% /2 = 0.005.
For country j, the welfare gain A; is given by

A= /)=

[ meaer s
_{ [26;8;+ (1 ¢)) (8;+i))] } -1
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Notice that this example assumes an in-
stantaneous reallocation of capital from
risk-free to risky uses. Such speedy adjust-
ment would not be observed in practice.
Instead, the shift in relative capital stocks
would be spread out over time; the after-
trade portfolio proportions just described
would be reached eventually, but not in the
short run. The welfare gain just calculated
thus is more realistically viewed as the
steady-state increase in wealth due to diver-
sification; it provides no more than an up-
per bound on the short-run income effect.

Example 2: Consider an example in which
(i) the induced growth effects of financial
integration are essentially zero, and (ii) the
variance of consumption is closer to the
type of number characteristic of the richer
industrialized economies. In this case, the
welfare effects of financial integration will
turn out to be much smaller than above. Let
all parameters be as in the previous exam-
ple, with the exception that now o, =0, =
0.02. Given this change, both countries hold
only risky capital in the before-trade equi-
librium, and their real interest rates will
coincide at i=0.0484. In each country,
therefore, equation (16) or (17) gives g =
0.0154 as the expected growth rate of con-
sumption.

Under financial integration, people hold
a risky asset, the equal-shares mutual fund,
with return variance half that of either
country’s capital and with a mean rate of
return of 5 percent. In the pooled equilib-
rium the real interest rate is i* =(0.0492,
slightly above its level under autarky, and
the growth rate of consumption declines
very slightly, to g*=0.0152 percent. The
equivalent-variation measure of the welfare
gain from financial integration is now A =
0.0116, or 1.16 percent of initial wealth.

The only difference between Examples 1
and 2 is that the variance of the risky-capital
shock is 25 times larger in the first case than
in the second. This leads to a welfare gain
from financial integration that is about 32
times larger in the first case. Without know-
ing about endogenous growth, one might
have guessed naively that the welfare gains
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TABLE 1 —ENDOGENOUS GROWTH AND WELFARE COMPARISONS

Welfare gain assuming

exogenous growth

Welfare gain assuming
endogenous growth

Example (percentage of wealth) (percentage of wealth)
1 215 37.1
2 1.1 1.2

would be 25 times as great in the first exam-
ple, not 32 times as great. The resulting
underestimate of the gains from financial
integration is economically substantial.

A more rigorous way to assess the contri-
bution of endogenous growth is to ask what
conclusion a researcher would reach in the
examples above if he took the observed
growth rate of consumption to be exoge-
nous. The assumption that reducing eco-
nomic variability does not greatly affect the
growth rate of consumption has been typical
in recent applied studies of the cost of con-
sumption variability.

Equation (15) and It6’s lemma'* imply
that, under financial autarky, a researcher
using annual data would observe the per
capita consumption process

logC(t) —logC(t —1) =0.0141+ v(t)
o2 =0.00563

given the assumptions of Example 1, and
the process

log C(t)—logC(t—1)=0.0152+ v(t)
a2 =0.00040

given those of Example 2. Taking the con-
sumption growth rates as exogenous,
the researcher might suppose that interna-
tional diversification would halve each of
the two variances above, leaving expected
growth—which equals the regression con-
stant plus 302 —unchanged. It is easy to
compute the implied equivalent-variation
measures of welfare gain, which are re-

4See footnote 8. In what follows, v(¢) equals
wolz(t)— z(t -1)).

ported in Table 1 (left-hand column) beside
the true gains calculated earlier (right-hand
column).

In Example 2 the growth effects of inter-
national financial diversification are mini-
mal. Thus, assuming exogenous consump-
tion growth makes little difference to the
answer. However, when larger growth ef-
fects are present, analyses that fail to ac-
count for them can be misleading. Under
the parameters of Example 1, the true gain
from financial integration is 73-percent
higher than the number one finds ignoring
the endogeneity of growth.

V. Examples Based on Global Consumption
and Stock-Market Data

This section is devoted to two final exam-
ples of the gains from international financial
integration. One example is based on actual
consumption-growth data as reported by
Robert Summers and Alan Heston (1991) in
the Penn World Table (Mark 5), and the
other is based on international data on
stock-market returns. The welfare effects
reported below should not be taken as a
literal prediction about reality; they simply
indicate that, when matched to some realis-
tic parameters, the preceding model could
imply very large gains from asset trade.

The first example considers an eight-
region world consisting of North America,
South America, Central America, East
Asia, non-East Asia, Northern Europe,
Southern Europe, and Africa. Within each
region, real per capita consumption is a
population-weighted average of national per

5The formulas for computing the welfare gains can
be found in Obstfeld (1994) (see equation 11 in that
paper).
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TaBLE 2—GLoBAL REGIONS AND THEIR CONSUMPTION PROCESSES, 1960-1987

A. Mean and Standard Deviation of Annual Per Capita Consumption Growth Rate

(Percentages):
Region
NAm SAm CAm EAsia NAsia NEur SEur Afr
g: 235 3.11 1.68 3.64 0.91 2.87 313 131

0, 1.76 4.57 2.96 2.12 3.02 131 3.03 359

B. Correlation Coefficients of Regional Per Capita Consumption Growth Rates:

Region

Region SAm CAm EAsia NAsia NEur SEur Afr

NAm —-0.248 -0.113 0.393 0.117 0.366 0.118 -—0.415
SAm 0.147 0.134 —0.467 0.440 0.391 0.139
CAm 0.365 —0.136 0.289 0.115 0.525
EAsia —0.048 0.753 0.369 0.074
NAsia -0299 -0.166 —0.299
NEur 0474 -0.035
SEur 0.321

Note: The regional groupings are as follows:

North America (NAm): Canada, United States.
South America (SAm): Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador,

Paraguay, Peru, Uruguay, Venezuela.

Central America (CAm): Costa Rica, Dominican Republic, El Salvador, Guatemala,

Honduras, Jamaica, Mexico, Trinidad.

East Asia (EAsia): Hong Kong, Japan, South Korea, Malaysia, Philippines, Thai-

land, Australia, New Zealand.

Non-East Asia (NAsia): India, Israel, Pakistan, Sri Lanka, Syria.
Northern Europe (NEur): Austria, Belgium, Denmark, Finland, France, West Ger-
many, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Sweden, Switzer-

land, United Kingdom.

Southern Europe (SEur): Cyprus, Greece, Malta, Portugal, Spain, Turkey, Yu-

goslavia.

Africa (Afr): Cameroon, Cdte d’Ivoire, Kenya, Morocco, Senegal, South Africa,

Tanzania, Tunisia, Zimbabwe.

capita consumptions. I use data spanning
the period 1960-1987. Only countries with
data available over this entire period, and
with data quality of at least C— according
to Summers and Heston (1991), are in-
cluded.!®

Equation (15) implies that the logarithm
of per capita consumption follows a random

16National consumption per capita is measured at
1985 international prices as Penn World Table variable
3 times Penn World Table variable 6 (see Summers
and Heston [1991 p. 362] for exact definitions). Con-
sumption of nondurables and services would be a supe-
rior consumption measure for the purpose at hand, but
data are unavailable for most countries.

walk with drift:
log C(t)—logC(t—1) =g — 3072+ v(t)

where v(t) =wol[z(t)— z(t —1)] and o, =
wa.'” Table 2 reports the information one
extracts by fitting this equation to the data:
estimates of g and o, for the eight regions,
as well as an estimate of the correlation
matrix of regional consumption shocks. Be-

7Recall that investments in a country’s risky capital
have cumulative payoffs that follow (4), and that
denotes the share of risky capital in the optimal
portfolio.
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TABLE 3—INITIAL PORTFOLIO SHARE OF RisKY ASSETS (w), EXPRESSED
As A FRACTION, AND STANDARD DEVIATION OF THE ANNUAL RETURN
TO Risky INVESTMENT (o), As A PERCENTAGE
Region

NAm SAm CAm EAsia NAsia NEur SEur Afr
w: 0.14 0.94 0.40 0.20 0.41 0.08 0.41 0.58
o 12.60 4.86 7.50 10.47 7.35 16.98 7.34 6.19

cause production shocks are the only source
of consumption uncertainty in the model,
the matrix in Table 2 is also the correlation
matrix of regional productivity shocks,
z(t)— z(¢t —1). With perfect risk-pooling, all
entries in this correlation matrix would be 1.
The goal is to assess the welfare gains that a
shift to perfect pooling would yield.

The moments in Table 2 provide a basis
for calibrating the model empirically. How-
ever, any such attempt runs immediately
into two well-known problems: the equity-
premium puzzle of Rajnish Mehra and
Edward C. Prescott (1985) and the risk-
free-rate puzzle of Weil (1989).

To appreciate the equity-premium puzzle,
let i again be a country’s risk-free rate. By
(11), the equity premium can be expressed
in terms of the consumption variance o> as

(25)

a—i=Ro’/w.

Table 2 shows that, in most countries, the
variability of consumption growth is too
small to generate equity premia on the
plausible order of 5 percent per year with-
out some combination of extremely high
risk aversion and a very low portfolio share
for risky assets. In an attempt to meet the
data halfway, I will assume that R = 18 and
that the equity premium is 4 percent per
year in all regions. Under these assump-
tions, (25) yields the estimates of w re-
ported in Table 3. (The w values in Table 3
describe an initial allocation in which lim-
ited trade may occur, but in which economic
integration is incomplete.) With the excep-
tions of South America and Africa, where
the variability of annual consumption growth
is exceptionally high (standard deviations of
4.57 and 3.59 percent, respectively), these

portfolio shares for risky assets seem im-
plausibly low. I nonetheless use them to
infer estimates of o =0, /w, the standard
deviation of the underlying annual produc-
tion shock. These, too, are reported in
Table 3.1

Table 3 highlights a counterintuitive em-
pirical implication of the model. Equation
(11) implies that, for given values of the
equity premium and R, there is an inverse
relation between the observed variability of
consumption growth, o, = wo, and the vari-
ability of the underlying technology shock,
o: 0 =(a—1i)/Ro,. Thus, Table 3 suggests
that in those regions where the variability of
consumption growth is lowest, the variabil-
ity of technology shocks is greatest. In
Northern Europe, for example, the stan-
dard deviation of the annual consumption
growth rate is only 1.3 percent (Table 2), yet
that of the return to risky capital is reck-
oned at 17 percent. Conversely, the corre-
sponding standard deviation for risky capi-
tal held by South Americans is estimated to
be only 4.9 percent. The result could be
overturned if the equity premium had a
sufficiently strong positive cross-sectional
correlation with consumption variability; but
the empirical basis for such an assumption
has not been established. Risky nontradable
income, which is important in reality, would
also break the tight link between consump-
tion variability and the riskiness of capital
investments.

Consider next the implications of the
risk-free-rate puzzle. Equation (16) can be

18Many would regard a value of R=18 as being
unrealistically high. Shmuel Kandel and Robert F.
Stambaugh (1991) marshall arguments to the contrary.
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TaBLE 4—RIskKLESS AND Risky RATES OF RETURN, AS PERCENTAGES PER YEAR

Region
NAm SAm CAm EAsia NAsia NEur SEur Afr
i 3.60 1.25 2.02 4.54 1.26 432 3.28 0.98
a: 7.60 5.25 6.02 8.54 5.26 8.32 7.28 498

TABLE 5—CHARACTERIZING EQUILIBRIUM UNDER GLOBAL FINANCIAL INTEGRATION:
FirsT EXAMPLE

A. Equilibrium Shares in the Risky Mutual Fund:?

Region
NAm SAm CAm EAsia NAsia NEur SEur Afr

Share: 0.105  0.225  0.098 0.101 0.205 0.000  0.207  0.058
B. Other Characteristics of the Financially Integrated Equilibrium:

Expected annual return on the risky mutual fund (a*), percentage: 6.31

Standard deviation of mutual-fund annual return (¢ *), percentage: 3.41

Share of mutual fund in total wealth (w*), fraction: 0.85

World annual real rate of interest (i*), percentage: 4.54

Expected annual growth rate of consumption (g*), percentage: 4.37

#Shares sum to 0.999 because of rounding.

rewritten in the general form

(26) =3(1+¢)Ra? —e(8 —i).

Given the low values for o-U2 suggested by
Table 2, however, the mean growth rates g
in the table cannot be matched unless some
combination of the following is true: R is
very large, ¢ is very large, & is negative, or i
is high. Maintaining the assumption that
R =18 and setting §=0.02 and ¢=1.1, I
compute region-specific risk-free interest
rates that generate, through (26), the mean
consumption growth rates reported in
Table 2.

Table 4 reports these rates. Even though
an unrealistically high intertemporal substi-
tution elasticity (¢ =1.1) was assumed, the
interest rates in the table are still on the
high side for some of the regions, in line
with the risk-free-rate puzzle. Notice that
the risk-free rate is calculated to be rela-
tively low in countries where consumption
variability is relatively high. This pattern

results mainly from the low risk tolerance
assumed earlier and reflects the precaution-
ary motive for saving.!” Mean national rates
of return to risky capital are calculated as
a = 0.04+ i. For convenience, I report these
rates in the second row of Table 4.

The numbers reported in Tables 2—-4 al-
low computation of the covariance matrix of
risky capital returns, and hence of the global
equilibrium that would obtain after financial
integration (recall Section III). Table 5 re-
ports the equilibrium portfolio shares in the
optimal global mutual fund of risky assets,
along with the mean and standard deviation
of the fund’s annual return (a* and o *), the
share of the fund in global wealth (w*), the

19Consumption variability is highest in less-devel-
oped regions of the Western Hemisphere and in Africa.
The low real interest-rate levels that these regions
therefore display are consistent with the “financial
repression” hypothesis of the economic development
literature.
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TABLE 6—GAINS FROM INTERNATIONAL FINANCIAL INTEGRATION,
AS A PERCENTAGE OF WEALTH
Region
NAm SAm CAm EAsia NAsia NEur SEur Afr
Gain: 124.5 237.6 299.1 22.6 478.4 61.1 98.8 463.4

prevailing world interest rate (i*), and the
common new world growth rate (g*). No-
tice that Northern European capital disap-
pears entirely from the world portfolio, es-
sentially because it is highly correlated with
East Asian capital (the correlation coeffi-
cient is 0.753 according to Table 2) but has
a slightly lower expected return (Table 4).
Equilibrium holdings of risk-free capital are
located exclusively in East Asia.

A note of interpretation is in order at this
point. The 1960-1987 data are already based
on some international risk-sharing. For ex-
ample, the high correlation between East
Asian and Northern European log-con-
sumption innovations probably reflects some
cross-holding of capital. The nonappear-
ance of Northern Europe in the optimal
global portfolio therefore does not really
mean that no Northern European capital is
held in equilibrium. Prior to full market-
pooling, East Asians already hold a portfo-
lio that includes some Northern European
capital; after pooling, it is this portfolio,
rather than the one Northern Europeans
hold, for which demand is positive. Nothing
in the calculations requires literal autarky in
the before-integration equilibrium.

Although the expected return on the
global portfolio is significantly below that on
East Asian capital, for example, global pool-
ing does lead to a substantial reduction
in risk (refer back to the second row of
Table 3). In addition, the expected con-
sumption growth rate rises everywhere. At
4.37 percent per year, equilibrium growth is
substantially above even East Asia’s initial
high of 3.64 percent (Table 2). This sharp
increase comes partly from a drop in the
consumption-to-wealth ratio, but primarily
from the shift of world wealth into riskier
high-yield capital.

The gains from asset trade, reported in
Table 6, are very large, ranging from 478.4
percent of wealth for non-East Asia to
“only” 22.6 percent for East Asia. The un-
even regional distribution of trade gains is
easy to understand. Areas where returns
initially are low gain disproportionately from
access to more productive investment tech-
nologies. (These gains are especially large
because of the assumed absence of dimin-
ishing returns to investment.) Naturally, the
gains in Table 6 also reflect the advantages
of worldwide risk-sharing.

For a given country, what share of the
gain in Table 6 is due purely to the adop-
tion of a new production technology, as
opposed to the channels my theoretical
model stresses? A simple measure of the
gain from pure international technology
transfer is the welfare effect, in a determin-
istic setting, of changing the average rate of
return on domestic investment from wa +
(1-w)i to wa*+(1 - w)i*. This experi-
ment holds fixed the allocation of inputs to
risky and riskless activities but moves the
rates of return on those activities to ex-
pected world equilibrium levels.

Table 7 reports the resulting measures of
welfare gain.?® These gains are large in most

20Optimal consumption in a deterministic model
with rate of return p = wa +(1— )i is given by C/ W
=pq=[6 — (g —1)p]. The coefficient w¥, in which p
is replaced by p*=wa*+(1— w)i*, governs optimal
consumption after the technology transfer described in
the text. The measure of welfare gain reported in
Table 7 is A = (¥ /)~ — 1. A more exact mea-
sure of the technology-transfer effect than the one
used to construct Table 7 would be based on defining
p* = wa* + (1 — w)i* + (0* — w)(a* — i*) — (a — 0)).
Making this change only reduces the numbers in Table
7, given the assumptions of the present example.
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TABLE 7—GAINS FROM SWITCHING DETERMINISTIC TECHNOLOGIES,
AS A PERCENTAGE OF WEALTH
Region
NAm SAm CAm EAsia NAsia NEur SEur Afr
Gain: 433 106.7 154.4 —-23.4 2742 2.9 223 262.6

cases, but they are all far below the total
gains shown in Table 6. The present exam-
ple therefore implies large gains from diver-
sification even after subtracting the gains
from technology transfer.

The model unrealistically assumes that
capital can relocate immediately; but allow-
ing gradual adjustment could reduce the
gains in Table 6 dramatically. A crude way
to capture gradual adjustment is to suppose
that after financial integration takes place,
the current annual welfare gain converges
toward the long-run annual gain implied by
Table 6 at an instantaneous rate of y per-
cent. This convergence assumption means
that the actual capitalized welfare gain, A’,
is related to the measure A in Table 6 by
N=[Fix(d—e e "dt=yAr/(i+y) Asa
numerical example, suppose that the world
real interest rate is 4.54 percent per year
and that the annual rate of convergence, as
suggested by the work of Barro et al. (1992),
is 2.2 percent per year. Then the welfare
gains from financial integration would be
just under a third of those in Table 6 (and
higher for lower interest rates). Such gains
remain large.

A major shortcoming of this first example
is that it must assume preference-parameter
values that may seriously overstate both risk
aversion and willingness to substitute con-
sumption over time. Welfare gains even a
twentieth as large as those in Table 6 would
be significant, however, particularly for
countries in the developing world.

A second numerical example of gains from
financial integration is based on data on
stock-market rates of return. As before, it is
difficult to reconcile these data with aggre-
gate consumption data within the class of
models explored here. My procedure also
assumes that stock-market returns are an

TABLE 8—STOCK-MARKET RETURNS AND IMPLIED
GrowTH RATES FOR GERMANY, JAPAN,
AND THE UNITED STATES, 1976-1992

A. Mean (a) and Standard Deviation (o) of Annual
Risky Return and Implied Expected Annual Per
Capita Consumption Growth Rate (g), as Per-
centages, and Implied Portfolio Share of Risky
Assets (w), Expressed as a Fraction:

Germany Japan United States
a: 9.10 12.79 6.72
o: 28.35 28.07 12.41
g: 0.78 1.85 1.81
: 0.15 0.23 0.51
wo: 4.25 6.46 6.33

B. Correlation Coefficients of National Stock-Market
Returns: .

Country
Country Germany Japan
United States 0.554 0.284
Germany 0.420

C. Actual Annual Mean Growth Rate (g) and Standard
Deviation (a,) of Consumption Growth Per Capita,
1976 - 1988:

Germany Japan United States
g: 2.09 3.06 2.49
o, 1.80 1.40 1.82

accurate measure of the returns to risky
Ivestments.

In Table 8 I have used data on total
annual stock-market returns, 1976-1992, to
estimate a;, o, and Q for a world of three
countries: Germany, Japan, and the United
States. The periodical Morgan Stanley Capi-
tal International Perspective publishes U.S.
dollar indexes of stock-market value, includ-
ing reinvested dividends. I deflated the dol-
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lar indexes for Germany, Japan, and the
United States by the U.S. consumer price
index (CPI) and used these data to estimate
expected annual returns and return vari-
ances, along with the covariance matrix of
annual returns.?! Also shown in Table 8 are
the before-integration mean consumption
growth rates and portfolio proportions that
(16) and (11) imply. The values shown for g
and w were derived on the assumptions that
in all three countries, R=6, £=0.5, and
d=r=i=0.02.

The implied average per capita growth
rates in the table’s upper panel are underes-
timates of the true growth rates, especially
in the cases of Germany and Japan. The
implied consumption-growth standard devi-
ations (wo) exceed the actual ones (o,) in
the bottom panel by very wide margins in all
three cases.”? These results suggest that
stock-market returns may be poor proxies
for the aggregate returns to high-risk but
productive investments.

In Table 9 I report the effects of full
financial integration. If the data sample used
here were typical, people would want to
concentrate their stock portfolios (69 per-
cent) in low-return but low-risk U.S. assets.
The intermediate mean German risky re-
turn, coupled with the relatively high corre-
lation of German with both U.S. and

21By using the U.S. CPI to deflate dollar returns, I
am implicitly assuming that German and Japanese
investors evaluate the real returns on dollar assets as
Americans do. The failure of the implicit assumption
of relative purchasing-power parity (PPP) and the high
correlation of nominal with real exchange-rate changes
contribute to the spurious impression conveyed by
Table 8 that all investors find German and Japanese
real equity returns much more variable than American
ones. A more detailed treatment would allow for devia-
tions from relative PPP and thereby would recognize
that investors in different countries may perceive dif-
ferent real returns on the same asset. In my 1989 paper
I present evidence that international differences in
consumption growth are systematically related to PPP
deviations. The annual CPI data I use in Table 8 come
from the first column of table B-56 in Economic Report
of the President (Council of Economic Advisers, 1992).

Empirical properties of per capita consumption
growth rates were derived from the 1976-1988 data in
Summers and Heston (1991). (See footnote 16 for
details.)

DECEMBER 1994

TABLE 9— CHARACTERIZING EQUILIBRIUM UNDER
GLoBAL FINANCIAL INTEGRATION: SECOND EXAMPLE

A. Equilibrium Shares in the Risky Mutual Fund:

Germany Japan United States

Share: 0.00 0.31 0.69

B. Other Characteristics of the Financially Integrated
Equilibrium:

Expected annual return on the risky
mutual fund (a*), percentage: 8.60

Standard deviation of mutual-fund

annual return (o*), percentage: 13.84
Share of mutual fund in total wealth

(w*), fraction: 0.57
World annual real rate of interest

(i*), percentage: 2.00
Expected annual growth rate of

consumption (g*), percentage: 2.84

C. Gains from International Financial Integration (1),
as a Percentage of Wealth:
United States

Germany Japan

Gain: 70.3 27.2 28.3

Note: The values reported above are based on the
assumptions that R=6, ¢ =0.5, and i =6 = 0.02.

Japanese returns (see Table 8), leads to an
incipient negative demand for German as-
sets. In equilibrium, therefore, no risky
German assets are held. Average consump-
tion growth rates increase in all regions.

The gains from trade remain substantial
in this example; they are around 28 percent
of wealth for Japan and the United States,
and around 70 percent for Germany, which
experiences the largest growth increase. Ob-
serve that the gains in Table 9 are expected
to be smaller than those in Table 6 because
I have now assumed smaller values of both
R and e. (Earlier I assumed R=18 and
£ =1.1.) Realistic adjustment costs would
suggest scaling down the gains in Table 9, as
before.

VI. Conclusion

This paper has demonstrated that inter-
national risk-sharing can yield substantial
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welfare gains through its positive effect on
expected consumption growth. The mecha-
nism linking global diversification to growth
is the attendant world portfolio shift from
safe, but low-yield, capital into riskier,
high-yield capital.

The model makes this theoretical point
cleanly, but its empirical applicability is lim-
ited by several factors. One set of factors is
related to the equity-premium and risk-
free-rate puzzles familiar from U.S. data.
Another, not entirely separate, issue is the
probable importance of nontradable income
risk. The model assumes a single consump-
tion good and ignores the role of goods that
do not enter international trade and the
role of variation in real exchange rates. Fi-
nally, the absence of -capital-adjustment
costs and related capital-gains effects are
drawbacks, except, perhaps, for analyzing
comparative steady states. Further empiri-
cal and theoretical work is needed before
accurate welfare evaluations can be made
using models based on the one presented
here. However, even welfare gains much
smaller than those found in Section V above
would be important.
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