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1. Introduction

Since late 1980, real interest rates around the world have risen
and remained at levels unprecedented 1n the postwar Era.j While the
increase in real rates awaits a full explanation, the worldwide nature
né the phenomenon is itself less of a puzzle. Both widespread financial
deregulation and modern communication technologies have created close
linkages among the financial markets of the industrialized countries.
Economic theory suggests that if capital 1is internationally mobile,
rates of return in different countries will tend to move in a
synchronized fashion as investors continually shift their portfolios
toward ascets offering relatively high yields. Capital 1s said to be
mobile between two regions if some of their residents may engage 1in
inter-regional asset trades. Correspondingly, the degree of capital
pobility is measured by the scope for such trades, a scope which might
be limited by transaction tosts, taxes, or official regulations.

How mobile is capital in the world economy? Empirical research
into this guestion has proceeded along two major lines. The first line
of research is based on the comparison of expected yields on alternative
accets. The second, and more novel, line of research, originated by
Feldstein and Horioka {(19B0), is baced on the comparison of national
saving and domestit investment rates. In an eCconomy that is closed to
intertemporal trade with the outside world, overall national saving and
domestic investment must be equal, that is, the current account of the
balance of payments must be zero. The Feldstein-Horioka approach is
baced on the premise that the deqree of correlation between saving and
investment rates is therefore & barcmeter of the extent of capital

mobility.



This paper 1s a critical assessment of some recent empirical
evidence on the extent of i1nternational capital mobility. free capital
mobility is in ogeneral a necessary condition for the efficient i1nterna-
tional allocaticon of the world’'s saving.z The efficient allocation of
riskes in the world economy reguires international asset trade and the
portfolio diversification it allows., Further, the extent to which capi-
tal 1s mobile is important in assessing the efficacy of financial
policies in open economies, the incidence of certain taxes, and the
impact on capital accumulation of changes in government and private
saving. The discussion emphasizes that conclusions about efficiency
cannot be drawn from any set of empirical results unless some benchmark
model of an "efficient” world economy 15 specified in advance.
Eimilarly, positive ac well as normative conclusions are extremely
sernzitive to the empirical assumptions embedded in the benchmark model.

The remainder of this paper is organized as follows:

Section Il describes recent work on the relation between measured
rates of return on assets denominated in different currencies. It 1s
argued that in models of any generality, the observed international
linkages between these rates may be loose even if there are no serious
imperfections in world capital markets. The discussion suggests that the
tests most likely to be informative abput the extent ot capital mobility
involve assets denominated in the same currency but issued in different
political or regulatory jurisdictions., Available evidence 1s consistent
with strong cross-border linkages between DECD-country capital markets,

Section !11 describes the Feldstein-Horioka approach and results,
and then presents a life-cycle model in which countries’ saving and
investment rates are correlated even though capital 1s perfectly mobile.

A simulated regression using data generated by the model yields ez-



timates quite similar to those found by Feldstein and Horioka and
others. However, the policy implications of the estimates are very
different from those that are usually drawn., For example, fiscal
policies that encourage saving have no effect on domestic capital stocks
in spite of the strong statistical correlation between long-run saving
and investment rates,

The empirical findings of Feldstein and Horioka are for the most
part based on cross-sectional comparisons of countries’ saving and
investment rates over periods of five years or more. Sections 1V through
VI of this paper explore the saving-investaent relation in a short-run,
time-series context.

Section IV develops a simple open-economy model suitable for
analyzing comovements between innovations in saving and innovations in
investment. Both Feldstein (19B3) and Murphy {(1984) have used aggrega-
tive IS-LM models for this purpose, but the modelling strategy here is
different in that the possibility of a saving-investment correlation 1s
derived explicitly from the maximizing behavior of households and firms
rather than imposed a priori,

The model of section IV highlights the fact that data from na-
tional income accounts do not yield an accurate representation of na-
tional saving in & world where shares in the ownership of domestic firms
can be held by foreigners. Section V shows how this problem can increase
measured correlations between saving and investment.

Section VI presents estimates of the time-series correlation
between quarterly changes in saving rates and in investment ratec for
seven OECD countriecs. Although these estimates need to be interpreted
with caution, they provide empirical facts with which macroeconomic

theories must be consistent. The estimated correlation ctoefficients turn



out tc be highest for economies which are either very large (the United
Statec) or have had extensive capital controls over much of the sample
period {(Japan). They are smaller for medium-sized countries, and may be
insignificantly different férom zero for the smallest economies. In all
caces but those of the U.5. and Japan, the estimated saving-investment
correlations over the entire sample period considered differ sig-
nificantly from the value of { that would obtain under complete capital
immobility. Further, for six of the seven countries, the measured cor-
relation drops in the period after 1972, An interpretation of the data
consistent with these findings is suggested. This interpretation, which
postulates substantial and increasing capital mobility among OECD
countries, receives indirect support from evidence on the United Kingdom
under the pre-1914 gold standard.

The paper 's main conclusions are summarized in section VII,

I1I1. Interest, Exchange Rates, and Inflation

The international integration of national financial markets im-
pliec important linkages between the returns offered by assets issued in
different countries. These links can be weakened by transaction costs,
taxes, capital controls, sovereign risk, and other market imperfections.
Even in the absence of imperfections, the nature of the linkage depends
on investors  preferences and the stochastic structure of the world
economy. The most straightforward approach to evaluating the mobility of
capital is the direct comparison of rates of return on physical capital
in variouc countries, Although such comparisons have been attempted [(for
example, by Harberger (1978)3, the problems of ameasurement, of diverse
tax treatment, and of converting measured returns into a common

numeraire, are severe. Much recent research has therefore limited itself



to comparing returns within a rather narrowly delimited group of rela-
tively homomgeneous financial assets.3

It is convenient to motivate some of the recent empirical tests on
international rate of return linkages by developing a simple two-good
model of internaticnal nominal interect rate differentials with risk-
averse investors.4 The model makes the point that many of the empirical
tests have unambiguous implications about capital mobility only under
some rather stringent assumptione, It is concluded that the comparisons
most likely to be informative about the extent of international capital
mobility involve assets denominated in the same currency but issued in
different countries.

There are twp countriec in the world, & “"home” country and a
“foreign" country, each with its own, country-specific currency. On any
date t, the domestic-money price of a unit of domestic currency to be
delivered with certainty on date t+1 is just 1/(1 + Rt), where Rt is the
domestic nominal interest rate. The foreign nominal interest rate R: is

similarly detined, and the spot exchange rate, X gives the prite of a

£
unit ot foreign currency delivered at time t in terms of a unit of home
currency also delivered at time t. Note that the nominal interest rates
thet have just beern defined are risk-free nominal rates. EBach country is
specialized in the preduction of 1ts characteristic output. The
domestic-money price of home output at time t is denoted Pt’ while P:
denotes the foreign-currency price of foreign output.

Individuals in the two countriee have identical, time-separable

vt:lity functicns of the form



v 1 is a fixed subjective time-preference rate, ct (c:) is time-t con-
sumption of the home {(4oreign) good, and the instantaneous utility
function u(.,.) is strictly concave. Given these preferences, what
conditions will characterize asset-market equilibrium in the absence of
imperfections? Consider the position of a representative i1nvestor. It
there are no tash-in-advance constraints, he may use a domestic currency
unit to increase consumption of the home good teoday, to increase con-
sumption tomorrow after a one-period i1avestment in domestic-currency
loans, or to increase consumption tomorrow after a one-period investment
in foreign-currency loans; and in equilibrium, he must be indifferent
aaong these three alternatives. Define u = u_(c .c:), u =

c,t c t c*,t

*
Uti(ct'ct)' Then the implied intertemporal arbitrage conditions are

2
(1) u /F't = ﬂEt[(1+R Ju F l = ﬂEt[(1+Rt)X

c,t t c,t+1/ t+i MX

bV, tet P %

Eecause the marginal rate of substitution between current consumption of
home goods and current consumption of foreign goods foreign goods always

equals the relative price of those goods,

*
(2) = X P IF
D ouy e T R PP

(1) 1aplies that the individual is also indifferent between consuming
the foreign good today and shifting that consumption forward a period
through an investment in domestic or foreign bonds.5

The second eguality in {1) may be rewritten in a way that 11-
lustrates the link between nominal interest rates and the exchange rate,

Let Envt(.) denote a covariance conditional on time~-t information. Then

{1) impliec that

{ + R E (X ) Cov, (u /F

t t t e, tl



Expression (3) reveals that, absent imperfections, the nominal interest
differential between the home and foreign currencies i1s determined by
two factaors. First, there is the expected depreciation of the domestic

currency against the foreign currency, E_ (X Y £X

t Piat £ Second, there is the

covariance term, which may be interpreted as a risk premium.

The intuition behind the covariance term in (3) is as follows. The
quantity u:,t+1/Pt+1 measures the marginal consumption value of the
domestic currency at time t+l, the utility obtained then by spending
another unit of home money to consume the domestic good. [By (2), this
is the same as the utility that would be obtained by spending the money
to raise consumption of the foreign good.] The greater is the covariance

between the future exchange rate Xt+ and the marginal consumption value

{
of domestic currency, the more effective is the foreign bond relative to
the domestic bond as a hedge against consumption risk. This is because
the stochastic payoff on foreign assets, in terms of domestic currency,
tends to be surprisingly high when the consumption value of the currency
is surprisingly high. A rise in this covariance therefore leads to a
fall in the nominal interest rate on {foreign bonds relative to that on
domestic bonds,

#hen the risk premium in (3) is zero, interest rates are linked by

the uncovered interest parity condition

* *
(4) (Rt - Rt)/(l + Rt) = [Et(xt+1) - Xt]/Xt

which relates the interest differential exclusively to expected
depreciation. Under the assumption that expectations are rational,
approximations to condition (4} have been tested extensively on recent
data. These tests are unanimous in rejecting the condition as a charac-

terization of asset-market equilibrium [see Cumby and Obstteld



(1981,1%84), Hansen and Hodrick (1980,1983}, Hodrick and Srivastava
(1584,1%E%), and the references thereinl., Eut it should be clear that
the ascumptions reguired to proceed from (3) to (4) are noct innocuous,
Moct authors have therefore regarded rejections of (4} as indicating the
presence of a time-varying consumption risk premium rather than ir-
rationality or market imperfections. Because expectations f{and, by
implication, risk premia} are not directly ohservable, this is just one
of ceveral possible interpretations. Only after making some strong prior
assumptions on expectations and the nature of the risk premium can one
extract conclucions about the functioning of international asset markets
from tests of (4).7

It 1 noteworthy that the concept of uncovered interest parity may

not always be well defined. By using (2), one can manipulate (3} to

ghtain
RN E (1/%, ) Cov, { Y2 TR

. t £ e Y e e ke e g

(5) -----% I x | ---2--2-2222 goooTmmm s + 1},
L+ R 1/X, By (g g /Pray B /%)

which 15 just equation (3) viewed fram the perspective of the foreign
currency. [f the risk premium in (5) 1s zero, (4} will not generally

hold because, by Jensen’s inequality, Et(ilx need not equal

t+1)

IlEt(Xt+1). In fact, uncovered interest parity can be uniquely defined
only 1n a nonstochastic environment, This +act 1s sometimes called
"Siegel ‘s paradox™ [Siegel (1972)1].

Tectz of uncovered interest parity typically use interest rates on
Eurocurrency deposits, which, unlike U,5. Treasury bills, are not widely
believed to be free of default risk. This raisec two further problems of

interpretation. The first of these arises from the assumption underlying

(3) that interest rates are risk free-rates. The second problem, which



ie more serious, involves the question of whether inferences coOncerning
international capital mobility can in fact be made from the tests.

The presence of default risk indicates that the reasoning leading
to (3) or (S5) is not valid when applied to Eurocurrency rates. The use
of Eurocurrency rates is typically justified, however, by the argument
that Eurocurrency deposits have identical risk characteristics tat least
when issued by the same bank). And indeed, a particular formalization of
this idea does yield {3} and (5). Suppose that the Eurobank honors its

deposite with probability ¢ on date t+1 but defaults with probability

t+l

1 - Ciag? paying depositors no compensation in that case. Let Qt+l be a
random variable that assumes the value 1 with probability Ciay and the

value 0 with probability | Then the stochastic payoft on home-

- Et+1.

currency Eurodeposits is Q (1 + Rt), with an expected value ot

t+1

E.[Q

t t+1(1 + Rt)] = £

(1 + Rt), while that on foreign-currency

t+l
. . ¥ ) ¥
Eurodeposits is Qt+1‘1 + Rt+1)' with an expected value of Et+1(l + Rt).
1¢ Qt+1 is distributed independently o$ all other relevant variables,

then conditions (3} and (5) follow exactly as before, Of course, a
failure of the foregoing independence assumption makes it even more
difficult than otherwise to interpret rejections of condition (4},

The second problem of interpretation is that tests of interest
parity based exclusively on Eurocurrency rates simply may not yield any
information about the extent of capital mobility among countries. These
tests typically asseszs the efficiency ot arbitrage among deposits 1ssued
in a single locality {(for example, London). Unless tests involve assets
jcsued in different countries, they can tell us little about the ease
with which residente of those countries can engage in intertemporal
trades. This point would be irrelevant if nominal yields on assets

dernominated in the same currency but issued 1n different political
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jurisgictions were equal. But casual observation reveals discrepancies,
for reacsons that may involve heterogeneity in terme of default risi,
sovereign risk, and tax treatment, as well as existing capital controls
and other financial regulaticns [see Aliber (1973) and Doolev and Isard
(IGBOJJ.B

Indeed, any attempt to measure capital mobility using rates of
return must be based, not on a comparison of Eurocurrency rates, but on
a comparison of nominal yields on "onshore" and "offshore” assets
denominated in the same currency--for example, large dollar certificates
of deposit issued by New York banks and those issued by London banks.
These rates generally do differ, as noted abave, but for many currencies
they have tended to move together in recent years [see Fieleke {(1982),
chart 11.

Johnston (1979) finds that after correction for differential
financial requlations, Eurodollar and Eurodeutschemark rates are always
quite tlose to the interest rates paid on comparable liabilities of
"pnshore banks {(at least after 1975 for dollar rates and after mid-1973
for DM rates). In a very careful study accounting for bid-ask spreads
and the cost of deposit insurance as well as differential reserve re-
quirements, Kreicher (1982) finds that over the 1975-19B80 period, the
difference between Eurcdollar and U.S5. certificate-of-deposit rates
afforded banks little or no opportunity for arbitrage.q Hartman (1984)
presents evidence of significant two-way feedback between Eurodollar
deposit rates and interest rates on commercial paper issued in the U.S.

#hen capital controls are known to have been important, there are
sti1ll links between onshore and offshore interest rates, but also some
important discrepancies. Giavazzi and Pagano (1984} show that for france

and Italy, these discrepancies have been largest around the time of
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exchange-rate realignments within the European Monetary System (EMS!). In
contrast, these authors find a close connection between onshore and
offshore rates for Germany and the Netherlands, two EMS countries with
pcsentially open capital markets. Rogoff (19B3) also presents evidence
that capital controls have helped the French and Italian authorities
maintain EMS-linked exchange rates., Ito (19B3) documents the existence
of apparent arbitrage opportunities between Japanese Gensaki repurchase
agreements and Eurocurrency deposits during the 1970s, when Japanese
capital controls were stringent. However, he cshows that these oppor-
tunities became very infrequent once Japanese capital markets were
effectively opened in December 1980.10

Dn the whole, therefore, data on onshore-offshore interest dif-
terentials imply a substantial degree of capital mobility among OECD
countries. In the face of this strong evidence of efficient interna-
tional portfolio allocation at each point in time, 1t is difficult to
understand assertions that the allocation of portfolios over time 1is
somehow consistent with substantial arbitrage opportunities,

No explicit sention has been made of the international linkage
among expected real rates of interest, defined as nominal rates cor-
rected for expected local price-level inflation. The reason 1s that the
theory outlined above makes no strong predictions about real interest
rates so defined. This point is illustrated through the assumption that

the interest parity condition (4) holds. Define the domestic inflation

. E *
rate as ﬁt+l = (Pt+1/Ft) - { and the foreign inflation rate as Ht+1 =
¥ * * .
(Pt+1/Pt) - 4, 1 Tt denotes the terms of trade XtFt/Ft' and 14 Ty and

Pt/P: are distributed independently, then (4) can be written

* *
t) = [Et(7t+1)/7t]Et[(1+ﬂt+1/1+ﬂ 'l -t

L
(&) (R, - Rt)/(1+R te

t
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Note that if, in addition, the terms of trade are expected to remain

constant over time, (&) assumec the form

% * * *
(7 (R, - ﬁt)/(l+ﬁt) = E {tﬂt+ -1 )I(HEt+

t t i t+i '3,

i

which explains relative nominal interest rates by expected relative

inflation rates. A very crude approximation to (7) is

* *
Rt - Et(nt+1) = Rt - Et(nt+l)’

the usual stateament of the international equality of expected real
interest rates. But even when (4) holds, the equality (7) leading to
this approximation follows only if one makes some exceedingly strong
assumptions, including the assumption that the relative price of na-
tional outputc follows a martingale process. This last assumption is
sometimes called ex ante purchasing power parity, and while there is
some support for it in the data, it can be statistically rejected in
many cases¢ [see Cumby and Obstfeld (1984)7].

The equality of expected real rates has been tested, for both
onshore and offshore nominal rates, in a series of papers by Hodrick
(197%9), Howard (1979), Cumby and Mishkin (1985), Cumby and Dhstfeld
(1984), and Mishkin (1984a,1984b). In light of the rather strong rejec-
tions of uncovered parity and ex ante purchasing power parity, is it is
not surprising that most of these tests reject the hypothesis that
expected real rates are equal across currencies. Nonetheless, the
bilateral correlations computed by Cumby and Mishkin (1985) show that ex
ante real rates tend to move together, even when defined using onshore
interest rates. Their finding reinforces the impression of significant

capital mobility among DECD countries.
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ITl. Saving, Investaent, and Capital Mobility

While international comparison:z pof interest rates yield indirect
evidence on the mobility ot capital among countries, the connection
between a tountry’'s income and its expenditure yields a direct measure
of the extent of its intertemporal trade with the rest ot the world.
#hen a country is completely closed to capital movements, its income
necessarily eguals its spending on consumption and investment goods. In
contrast, countries that are integrated into the world capital market
may finance discrepancies between income and spending through interna-
tional borrowing or lending.

In a pair of stimulating papers, Feldstein and Horioka (19B0) and
Feldstein (1983) have attempted to use measured discrepancies between
national incomes and expenditures to assess the degree of international
+inancial integration. To motivate their approach, let Y denote naticnal
income, ¢ private consumption, I domestic investment, and & government
consumption. In an economy closed to international capital movements,
total natioral saving § =Y - € - 6 necessarily eguals domestic invest-

ment 1. The current account of the balance of payments, given by

CA=Y-(C+1+86)=5~-1,

is necesarily zero in this case. For an economy open to external asset
trade, & and ! need not coincide and therefore can vary independently in
gquilibrium. For example, when national saving exceeds domestic
investment,the economy is running a current-account surplus and ac-
tumulating net claims on the rest of the world’'s future output. The
Feldstein-Horioka analysis is predicated on the contention that 1in a
world of perfect capital mobility, movements in domestic investment and

movements in national saving will be approximately uncorrelated. As they
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put 1t, "With perfect world capital mobility, there should be no rela-
tion between domestic saving and domestic investment: saving in each
country responds to the worldwide opportunities for investment while
investment in that country 14 financed bv the worldwide pocl of

capital." {Feldstein and Horioka (1980¢), p. 317.1]
The statistical analysis in these papers is based on regression

equations of the form

{8} (I/BDF). = v_ + (5/GDF) _,
1 U i

Yy
where BDF 15 nominal gross domestic product, the left- and right-hand
side variables are averages of annual ratios of gross nominal investment
and saving to GDP over periods ranging in length from five to twenty
years, and the index i ranges over a cross-section of GECD countries. A
finding that Yy differs significantly from O is viewed as being incon-
sistent with perfect capital mobility, while a value of Ty 1 is taken
to represent the case of complete capital immobilxty.11
Over the period 1960-1974, for example, the least-squares estimate

reported in Feldstein and Horioka (19B0), table 2, is

o T ¢,035, Ty ® 0.887, R2 = 0.91.
(0.018) (0.074)

Regressions using net, rather than gross, saving and investment yield
estimates of T even closer to 1. Eecause Ty is repeatedly estimated to
be significantly different from zero but not significantly different
from 1, the authors conclude that capital mobility is not perfect and
that most of any increment toc naticnal saving ends up augmenting the
domestic capital stock. The ectimated value of "y is interpreted as

measuring the effect of =2 sustained increase in a country’'s saving rate

on i1ts investrmert rate. The strong policy implication drawn from this
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interpretation is that policies to encourage domestic saving will have
an effect on domestic investsent that is essentially une-{or-one.12

The balance of this section argues that the results reported in
Feldstein and Horioka (19B80) and in Feldstein (1983) do not necessarily
have any implications regarding the extent of capital mobility. Common
factors affecting both saving and investment rates may cause these
variables to be highly correlated in cross-sectional data. But such high
measured correlations do not imply that any shift in national saving,
regardless of its source, affects domestic investment, as would be the
tase under capital immobility. A corollary of this argument is that
policies that increase domestic saving rates may have no effect on
domestic investment rates even if regressions like (B) yield large and
statistically significant least-squares estimates of vl.iz

These points are established within the context of a life-cycle
sodel of saving and growth in the world economy. The model is designed
to capture forces influencing saving and investment over the longer
term. First, the theoretical predictions of the model are established.
These include a possibly positive cross-sectional correlation between
investment and saving rates, but a zero effect on investment of policies
that encourage saving within an individual country. Second, it 1is
demonstrated through simulated regression analysis that the thearetical
model is capable of preducing empirical results similar to those
reported in the Feldstein-Horioka studies.14

Consider a small open economy which produces and consumes the

single consumption good available in the world. Individuals live for two
periods and are endowed with a unit of Jabor which is sald in the first

period of life at a real wage w. The labor endowment of an old in-

dividual is zero, so all old-age consumption is financed through wealth
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accumulated while younag., Wealth may be held in the form of domestic
capital or 1n the form of an internationally-traded bond which costs one
unit of the consumption good and pays its owner p unite of consumption
after a period. ¢ is just the world rate of interest, and it is a
parameter from the standpoint of the small economy.

Qutput Yy is & function f(kt,nt) of domestic capital and labor.
fl.,.) exhibits standard properties, including constant returns. The
labor force is assumed to equal (1+g)t, and therefore grows at rate g.
Labor cannot migrate across national boundaries. A unit of saving may be
costlessly transformed into a unit of installed capital a period later,
and capital depreciates in use at rate §. Equilibrium is characterized
by the conditions p + § = { (kt,n

Y, W, = +n(kt,n

t
t ), and n, = (1+g) . I{

k t t

the production function is taken to be of the form kunl-’, these

equalities imply that for all t

(9) K, = (14g) Simspany 11TR
(103w, = w = (1-g)tasped) */ 170,
() y, = (g arpen) /178,

Let c, denote an individual ‘s consumption in period t. Then the

lifetime problem of an individual young at time t is to maximize

(12} u(ct) + ﬁu(ct+1)

subject to the constraint

(13) c, + ct+ll(1+P) = W.

1f it 15 assumed that the subjective time preference factor § equals

1/i+p, maximization of (12) subject to (13) results in a preferred



1ng1vidual consumpticn path that 15 flat at the level
(14) ¢ = (1+p)w/(Z+p)

and the same for each member of each generation.

Aggregate net saving 1n thics economy, S consists of the saving

t 1

ot the younp plus the (negative) saving of the old:
(15) s = Gt tw - o)+ et e - 0 - ca.
Equations (14) and (13) imply that

(161 8, = g+ Vs (2o

and equations (10) and (1!) may be combined with {(16) to obtain the

ratio of net saving to gross domestic product yt (= BDPt),
(17 St/GDF't = (g/i+g) [ (1-a)/{24p) 1.

Net investment It 15 given by

L L = t 1/1-u
(18) It = Lt+1 kt gll+g) {a/p+b)

according to (9}. By (11),
119) It/BDF’t = gla/p+l).,

The most important fact to note i1s that because a rise in the
population growth rate ¢ causes both the saving rate given 1n (17} and
the investment rate given 1n (19} to rise, these variables can be corre-
lated 1n & cross-section of countries, in spite of the perfect mobility
ot capltal.15 faving rates are increasing tunctions of population growth

rates for the standard life-cycle reasons f{as set forth i1n Modigliam

(187¢), for examplel: the more quickly the economy grows, the lower the



weight 1n the aggregate saving ratio of dissaving by tne oid., Invest-
merit, however, depend:s on population growth for reasons that are uncon-
nected with caving behavior: as the etfective labor torce increasec, the
capital stock must increase in proportion to maintain the eguality
between the net marginal product of capital and the world rate ot
return, It i1s really the international immobility of labcr that is
behind the saving-investment correlation in this model.

Note, however, that saving and investment rates will be negatively
correlated in a ctross-sectional sample 14 growth rates are fairly
uniform across countries but there are wide disparities in the values of
capital ‘s share «.

Can the theoretical model developed here yield regression results
similar to those found by Feldstein and Horipka (1989) and Feldstein
(198317 To answer this question the model was calibrated using data on
growth rates and the functional distribution of income for the seventeen
0ECD countries listed i1n table | of Feldstein {1983). In this model
world economy, the lifespan of a generation was taken to be a year, p
was set at .1, and [ was set at § (implying that capital is used up
completely in production), R scatter diagram for the saving and invest-
ment rates generated by (17) and (19) 1s shawn 1n figure 1.16

Estimation of (B) by ordinary least squares using the simulated

data set yields
Yy, = 0.006, y, = 0,858, RS = 0.07,

O (0. oo b (6. 808y

While the estimate of the slope coefficient v, is very cleose to those

i
obtained in the literature, this parameter is imprecisely estimated, and

doee not differ significantly from O or 1. However, figure | indicates

that "Greece” 1s an extreme outlier in this sample (largely because of
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the unusually low share of employee compensation in national income, an

artifact ot severely distorted dats). Omitting that observation yields

"~
o= 0.000, vy o= 1.422, RS = 0.41,
(0.004) (0.458)

In this eguation the estimated slope coefficient is significantly dif-
ferent from ¢ and insignificantly different from 1, The egquation is
therefore quite close to the type of result found in the Feldstein-
Horioka literature, although the R2 is only about half as large as those
typically reported there.

The preceding simulated regressions show that the Feldstein-
Horioka findings are consistent with perfect capital mobility. They also
show that i1t is hazardous to make predictions on the basis of such
regressions without #nowledge of the economic model underlying the
measured correlation. It is true, in the theoretical model, that an
increase in the saving rate caused by an increase in the economy's
growth rate will be associated with a rise in the domestic investment
rate. This fact lies behind the large and significant slope coefficient
in the regressions. But 1t does not follow that any rise in saving will
be accompanied by an increase in investment. For example, a rise in the
saving rate induced by tax policies that do not affect firms will leave
the investment rate unchanged: any increment to saving will indeed flow
abroad in that case. The example warns us that the regression results,
taken by themselves, are an insufficient basis for policy formulation.

While the foregoing counter-example is driven entirely by economic
growth, 1t is not clear that growth alone can account for the saving and
investment rates seen in the real-world data. Modigliani (1970), in a
cross-country study, finds that growth rates are an important deter-

minant of saving rates. However, there is an increasing body of evidence



-Z0-

that li1te-cycle consideraticns alone are insufficient to explain na-
tional saving behavior in the U.S5. and elsewhere [see, for example,
betlikots and Summere (19B81)3. Feldstein and Horioka (1980) test for the
importance of growth by adding the rate income growth to their basic
eguation (B!, But while the t-statistic for the new regressor is {.45, a
high correlation between saving and investment rates remains. Summers
{1985) finde a highly significant coefficient on population growth when
that variable and the rate of income growth are added as regressors. An
investment-saving correlation of 0.B! remains, but the Summers result
contradicts the hypothesis that domestic investment depends only on
domestic saving in the long run. It is an open question whether aore
realistic intergenerational models, incorpearating bequests as well as
country-specific demographic and institutional factors, can explain the
observed behavior of current accounts over long periods. The preceding
simulation example should not be taken as an explanation of the
Feldstein-Horioka results. It should be taken as evidence that explana-
tions other than capital immobility are guite possible. Future research
should aim at identifying and testing the potential alternative
Ewplanatlnns.l7

Anpther guestion that has not been answered 1s why DECD current
sccounts have been so small relative to saving over most of the post-
1960 period [csee Feldstein and Horioka (1980) and Fieleke (19BZ)1,
fecall that the current account measures the net flow of capital between
a country and the rest of the worid. Both the results aof this section
and the fact that groce capital flows have been large suggest that saall
current-account imbalances are not evidence of capital immobility. A
further reazon why small current accounts need not imply capital iemobi-

lity 1¢ that a country’'s tilateral current account with respect to an
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1ndgividual trading partner not infreguently exceeds the difference
between its total saving and 1nvestment.18 Section ¥V, below, points out
that definitions used 1n national income statistics may artificially
reduce the measured variability of current accounts. However, the em-
pirical importance of this dicstortion is unknown at present. Tobin
(1983), Westphal (1983), Summers (1985), and others have suggested that
governments may target the current account over the long run through
tiscal measures designed to offset changes in private spending. The
extent to which endogenous fiscal policy reaction is responsible for the
small size of current-account imbalances is, again, an open guestion;
Summers (19B5) presents sompe instrumental-variable estimates that appear
to support this explanation. It should be reiterated, however, that the
simulation results reported above show that a strong cross-sectional
saving-investment covariation is consistent with perfect capital

mobility even in the absence of such current-account targeting.

IV. Time-Series Covariation between Saving and Investaent: An Example

Section IIl explored the interpretation of cross-sectional cor-
relations between long-run average saving and investment rates. The
Feldstein-Horioka reasoning implies also that the time-series correla-
tion between changes in saving rates and changes in investment rates
should be zero as well if capital mobility is perfect. This section
discusses this proposition at a theoretical level, showing that its
validity will depend on the nature of the shocks impinging on the
economy., The discussion serves as a background for the estimation of
time-series saving-investment correlations in section VI, below.

A simple i1ntertemporal model of 3 small open economy 1llustrates

one channel leading to a positive time-series correlation tetween in-



novations in saving and innovations in i1nvestment. That channel 1s the
response of both saving and investment to temporary shifts in the
productivity of domestic capital and labor. Saving and investment may
move together in the short run even if domestic firms are entirely
foreign owned. The essential reason for this comovement 1s again the
tact that labor is not mobile across national boundaries. An increase in
domestic factor productivity therefore entails an increase in the domes-
tic wage; and if this increase is sufficiently transient, saving will
rise as suppliers of labor spread it over all future periods.

The model 1s deliberately kept as simple as pbpssible; in par-
ticular, a nonstochastic environment is assumed. While a stochastic
setup would of course be necessary to develop rigorously the model ‘s
empirical implications, my goal here is merely to illustrate an aspect
of the saving-investment link in open economies.iq The possibly dif-
ferent i1dentities of the agents who make saving decisions and those who
make investment decisions is highlighted below by the presence of a
stock market and value-maximizing firms. However, the competitive equi-
librium naturally leads tp the same allocation of resources that a
tentral planner would choose.

A small open economy faces a perfect world capital market. In-
dividuals consume a single good which may also be transformed into a
unit of cépital or lent abrocad at the interest rate p. The world capital
market is perfect in the sense that individuals may lend or borrow any
amount they wish at the rate p, subject to a lifetime budget constraint
to be discussed below. All loans are again denominated in units of the
single consumption good.

The representative immortal consumer hac a fixed labor endowment

(normalized at unity) which he sells domestically at the wage rate LI at
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time t. He holds his nonhuman wealth at time t in the form of claims on

forelaners {possibiy negative) and shares ht (0 g ht &« 1) 1n the profits

cf the single domestic firm. Shares pay dividends (and bonds pay inter-

est) atter a pericd., Let dt dencte the dividends the domestic firm pays

out in period t and qt the firm's ex-dividend (or end-pf-period) market
value. Necessary conditions for the optimal individual consumption plan
under perfect foresight may be derived by maximizing the consumer's

objective function

o © t-1
(20) Etzlﬂ u(ct}

subject to

(21) qtht + b, = w, + (qt + dt)h

LR $ (t+pdb, | - C (t 2 1),

t-1 1 t

An 1implication of the necessary conditions is that in a perfect-
foresight equilibrium, shares in the domestic firm offer a rate of

return equal to the world interest rate:

(22} (qt+1 - qt + dt+1l/qt = P,

The simplifying assumption § = 1/(l+p) yields the further implication
that individuals choose a perfectly flat consumption path.
Consumption is 4lat at the highest constant level that allows the

lifetime budget constraint

(e~ P o

(23) L ¢

te ) & (g, +d dh 4 (14p)b

t 0 0

to hold as an equality. The implied consumption function is

© =)
FL IR Tw T,

(24) c, = (p/1+p)[(qt+dt)h + (1+p)b t4)

t t-1 t-1

for all ¢ ; 1,
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Consider next the behavior ot the representative domestic firm,
The firm 15 latelled "domestic® not because it is owned entirely or even
in part by domestic residents, but because its capital cooperates with
domestic labor in the production of output. The firm chooses a program
6f production and investment that maximizes its beginning-of-period
value v, equal to the discounted present value of current and future
dividends. In the Modigliani-Miller environment that has been assumed,
it makes no difference how the firm finances its investment. It is
convenient to assume that the firm does so entirely through retained
earnings.

Output at time t, Vi is a constant-returns function etf(kt,n ) of

t

domestic capital & labor n and a factor-productivity disturbance Bt'

"t t
Capital may be installed costlessly, and it depreciates in use at rate
§. Installation takes a period, however, and installed capital may not
be removed {from production until the following period. (In other words,
the stock of capital, unlike the labor input, is a predetermined
variable.) The firm’'s maximand, the present discounted value of its

stream of dividend payments {dj};_ may therefore be written:

=t
(25) v. = 1Y (14p) T4
t =0 t+)
— -] - - Bk
= Ej:0(1+p) [et+j{(kt+j’nt+j) "t+jnt+j kt+j+1 (1 S)kt+j].
Equation {(ZZ) impliec that v, = + d

S T
The problem’'s solution calls for investment and employment paths

such that

2 3 = p o4
&) etfk(Lt,nt) £ i,

(27) 6 1

t n(L:t,nt) = W



tor all t (although the i1nitial capital stoct 1s not subjlect to choice).
Notice that when rules (Z6) and (27) are followed, the ex-dividend value

of the firm is given by

(28) qt = kt+1'

At the end of the market period, the firm’'s value must equal the stock
ot capital that has been put in place to participate in next period’'s
production,

In equilibrium, the firm's demand for labor equals the available

domecstic labor force:

Ta be concrete, take once again the Cobb-Douglas case f(k,n) = k n

Then the equilibrium capital stock and wage in each period are given by

(30) « 11w

¢ [uet/p+S]

4
—
St
x
1

(1—«)[u/p+33“’1'“<et)1’1'“.

Net saving in period t, denoted St, 1s given by

ks = - -
(32} St wt + (qt + dt qt_l)ht_1 + Pbt—l €, -
_ al/1-x . -

Let v = @ . Equations (22), (24), and (32) imply that along a
perfect-foresight equilibrium path,
- - _ ® -+ 1)
122) St L pEj=0(1+p) ut+J

_ _ a/1-ua _ @ ={)+1)

= {1-0)[e/p+f] [vt pEj=0(1+p) vt+J]'

Equation (30} implies that the perfect-toresight level of net invectment

in period t, It‘ is
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S = K -k, = [u& - .
(34) lt kt+1 Lt [u/pel] (vt+1 vt)

Consider now an unanticipated rise in the productivity parameter,
which had previously been expected to te constant at the level v. The
shock occurs in period 1, and, as will be shown, it generally causes
both national saving and domestic investment to causes in that period.
Equations (33} and (34), which presuppose perfect foresight, are ap-
plicable after period 1 provided no further unanticipated disturbances
occur. But because kl is predetermined and was chosen on the basis of
mistaken expectations, Sl and Il must be calculated from first prin-
ciples. 1 will assume that from period 1 onward, the productivity dis-

turbance follows the path

(35) v, = v + AU - ) (0 ¢ A s 1),
For A < 1, (35) represents a transitory increase in productivity from v
to v/ that decays at rate A. For A = 1, the productivity increase is

permanent.

In period 0, $ires choose kl s0 that the expected net marginal

product ot capital equals the world interest rate, v‘-uf (kl,l) = p + 1§,

k
This leads to kl = v[u/p+8]i/l—u. Atter v rises to v/ in period 1,
however, the capital stock must remain fixed at kl even though the the
capital stock desired for period 2 rises, Net investment in period 1,

equal to k2 - kl, is therefore given by

I = ta/ps5 3 V%0000 < vy > 0.

Investment in all future periods is negative (when A < 1) or zero (when
A= 1) 14 there are no further shocks. According to (24) and (35}, the

time path of investment from period 2 on is
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| . -
It = [u/p+K3*’l u[\l~1)%t 1(v“‘v)J £ 0 (t 2 2).

~

Figure Z illustrates the response of domestic investment to a temporary
productivity increase.

What about the behavior of national saving? First-period consump-
tion jumps to a level fully incorporating the information embodied in
(351, while kl {as noted earlier) remains at its predetermined level.

Feried | saving S1 1s therefore equal to Wy + (q1 + d1 - qo)h0 + pbo -

Cyy or, using (24), (26), and (28B),
- ® -j
a - - {1+
(36) 5, (L/14p) CLw, PLI. (14p) Wil * Lo rd -0 Pra lh,)
- - ap® -1
= (1/1+p){[u1 ptj=l(l+p) wj+1]
+ (P+F)[(v’/v)1—c-1]k1h0}.

The first term in the braces in (34) is the component of saving due to
deviations between the current real wage and the discount-rate weighted
average of future wages. When the current wage exceeds the "permanent”
wage, for example, households will tend to accumulate wealth in order to
smooth their consumption over time. The second teras in the braces in
{J6) reflects the wingfal} gain to stockholders caused by a temporary
deviation between the net marginal product of capital and the world rate
of return p. Because ki cannot be adjusted until period 2, an unan-
ticipated productivity shock in period 1 leads to a deviation from the
perfect-foresight arbitrage condition (22)., The resulting abnormal
profits are expected to disappear next period, so only a fraction p/i+p
of the windfall is consumed in period 1.

To understand the recponse of aggregate saving, it is useful to
consider each of the terms in (3&) separately. The effect on saving of

temporarily abnormal profits is unambiguously positive, and its mag-
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nitude 15 1ndependent of the persistence parameter A, Equation 30)

shows that this effect is given by t1/1+p)(p+8)[(v'/v!1mg-1]k1ho} =

o (l-u) «
v

Crtepratus/pes 1%V 00 T

0

However, the persistence parameter ) plays a key role in determin-
ing the impact of wage movements on saving. When A = i, so that the

productivity shock is permanent, the period-1 wage rises to the level

tl—m)(v’)l_“kq = (1-n)[u/p+5]“ll-a(v’)l_ava, which lies between the pre-

shock wage and the wage (1-n)[u/p+8]u/1'“v’ expected to prevail in all

future periods [see equation (31}J. Since the wage in period 1 it there-
fore below its permanent level, the #irst term in {(Z4) is negative and

n/l-u {l-g) «
v

egual to (1/1+p)(i-uw)la/p+dl [(v') - v/')l. 1+ h, =1, so that

Q
all shares in the domestic firm are domestically owned, net first-period

saving when A = 1 isg

s, = (/iepterpss 1™ 7000 RS iy -,

a negative (and probably small) number. Period-! saving is even lower 1if
h0 ¢ 13 and saving is zero from period 2 on [see (33)]. If the only

shocks hitting the economy are productivity shocks which are perceived
as permanent, the time-series correlation between saving and investment

changes is likely to be negigible.

In the general case the time path of saving is

5, =
(1/1+p)[u/p+8]u/l—u{[l-(l—ho)u][(v’)l—uvu-v}-(l—u)[ph/(i+p—Z)J\v'—v)}.
5, = U/ tep Ta/peB 3™ V% - it el s o (t » 27,

where the second equality follows from (33). Notice that if A is small

encugh {(so that the disturbance is sufficiently transitory), S, may now

1

be positive. Since wages are expected to decline aover time, the increase
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in W, Oover o may be sufficiently large to 1nduce saving even though w

i i

is lower than it would have been i1f the firm had correctly foreszeen the
period-! productivity increase in period ¢. Figure 3 depicts a saving
path in which first-period saving is positive. This may occur even if
all shares are owned by foreigners (hD = 0), although 51 1s increasing

in hO'

-

Figures 2 and 3 together make the point that investment and saving
innovations can be positively correlated when both are caused by tem-
porary shifts in the domestic production function. Shifts in produc-
tivity alter saving as well as investment incentives by conferring a
windfali gain or loss on domestict shareholders and changing the path of
real wages. When shocks to the production function are sufficently
transient, saving and investment will move together in the short run.

The purpose of this section has been to provide a single illustra-
tive example, but it is clear that factors other than productivity
shocks can induce a positive ctorrelation between saving and investment
innovations, Suppose, for example, that production requires as an input
an imported good that is distinct from the output of the domestic firm.
I+ imports and capital are complesents in production, a temporary fall
in the relative price of imports will spur investment and also encourage
saving as households spread the temporary increacse in their real incomes
over all future periods. Temporary changes in the world interest rate p
(the intertemporal terms of trade) also cause simultanepus movements in

saving and investment.21

V. A Problem with National Income Account Data
National income account (NIA) data provide notoriously poor

proxies {fpr the economic concepts of saving and investment. For example,



Figure 3

Time



- %0-

purchases cf consumer durablec, which really represent 1nvestment, are
treated 1rn the accountse as current consumption. Since national product
tigures represent the nominal value of goods and services produced by a
country s factors, as measured by realized financial flows, exchange-
rate induced redistributions of wealth between nations do not enter into
the NIA defipition ot pational income or saving. Also ignored are the
changes 1n the real value of net external debtcs due to inflation [see,
for example, Freedman (157931,

The previous section’'s theoretical model suggests an additional
data problem which 15 related to those assoriated with exchange-rate and
price-level variation. This problem 15 most acute for economies in which

a substantial share of domestic industry is foreign owned, or in which

T
L

much of domestic wealth is held as shares in foreign firms, In the
former case, that i1n which {foreigners own domestitc shares, the correla-
tion between the NIA measure of saving and investment will tend to be
higher than that between the true value of saving and investment.

Continue to assume there is no government, as in section IV, and
recall the definition of npet saving in that section’'s model [eguation
(22)1:

Sy ToWp tlap v d s Oh g P RR g T oy

The definition of dividends dt and the fact that qt = kt+1 [equation

(¢8)3 1mply that aggregate net saving may be written as

(27) & =y, - Bk - (g +d

Y(1 - + y
¢ ' ¢ 1 h ) pb

t By t-1 Cee

t-1 “t

Since 8y +d, - = f (K, 13k, - bk (27) states that net saving

t 7 Sy Kt t ¢’

equals net output plus net factor payments from abroad minus consump-

tion.
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In contrast tc (37). the NIA definition of net saving, NIASt,
lgnores the capital gains on foreign securities accounted for by (37)

and inctead sets

s = - - - -
(38} N]QSt yt SLt dt(l ht‘l) + Pbt—l Ct

= ; + - : - k. ).
N L T PR

The second line of (38) shows that NIAE is the sum of two components,
the NIA concept of personal saving (which also ignores capital gains)
plus what is usually defined as corporate saving, i.e., retained earn-
ings. Regrouping the terms on the second line of {(3B) shows that in the

aodel of section IV,
{39} NIQSt = 5, 4+ (1-h )k - k),

ieplying that the NIA definition of saving equals actual saving plus a
term proportional to net investment.

When h = 1, so that all shares are domestically owned,the N1A
concept of saving and true saving coincide in this model. The reason is
that corporate saving just equals the incréase in the firm’'s ex-dividend
market value, so that when no shares are owned by foreigners, the addi-
tion of corporate saving to personal saving corrects the latter measure
tor the omission of capital gains from personal incame. But when h ¢ 1,
the addition of corporate saving to personal saving inflates aggregate
saving by incorrectly counting as part of domestic income capital gains
that actually accrue to foreigners. The error equals the fraction of
toreign-owned sharec times the firm's net investment.

Equation (I9) makes clear that NIA conventions may artficially
increase the correlation between measured national saving and domestic

investment., Faradoxically, the magnitude bf this distortion is greater



the larger the share of domestic firms owned by foreigners, that is, the
more open 1s the etonomy to foreign portiolio investment. lndeed, in an
integrated world economy with full international portfolio diversifica-
tion, we would expect domestic residents to own a negligible share of
the domestic firm when human-capital risk is approximately uncorrelated
with the firm’'s profitability. But if h = 0, national income data for
the economy of section IV would nonetheless show NIA net saving and
investment as being perfectly correlated precisely when investment 1s
totally uncorrelated with the eccnomically relevant measure of saving.
The prevalence of earnings retention as a means of financing
corporate investment lends empirical significance to this problem.23 But
the magnitude of the errors involved is unknown. Brpss capital flows
between countries are very large even though net flows, as measured by
current account imbalances, have been small (see section I11I). So while
the problem may be of minor importance for the U.S., where the ratio of
foreign-owned capital to total capital ic low, it may be of greater
importance in other economies. It should also be remembered that in
reality, NIA saving differs from true saving not only because of cap:ital
gains on foreign-owned shares but because of unobserved capital gains on
tforeign shares owned by domestic residents., The effect of this addi-
tional discrepancy on the correlation between NIA saving and investment

it theoretically ambiguous.

VI. Saving and Investment in the Short Run: Time-Series Evidence
This section presents estimated correlations between guarterly

cthanges in saving and investment rates, for seven OECD countries, over
the period since the restoration of currency convertability 1n late

1958, Confidence intervals for thece ecstimates are also calculated. The



Bmpirical resulis are consistent with a significant and ancreasing
degree of capital mobility over the sample period.

There are at least four reaseone why short-run time-series carrela-
tior coefficients between changes in saving and investment ratec are of
interest. First, and most important, they provide a set of eEmpirical
regularities with which theoretical open-economy models must be concis-
tent. These empirical regularities also suggest hypotheses that may
inspire more powerful tests in the future. Second, estimation of the
toefficients and their asymptotic distributione permits an assessment of
the significance of their difference from the value of | that would
cttain under complete capital immobility. Third, the results can provide
scme guidance on the appropriateness of pooling time-series observations
en different courtries, as in Feldstein (1983). In fact, the data give a
strong 1ndication that such pooling is not appropriate. Fourth, even
though (as was shown in section IV) short-run saving and investment
cthanges need not be uncorrelated under perfect capital sobility,
measures of their correlation are likely to be unaffected by some of the
the forces that may limit protracted current-account imbalances over
longer periods. This 1s still insufficient to allow rigorous inference
cancerning a country’'s openness to capital movements. But once the
saving and investment rate data have been purged of movements caused by
known common factors. such as‘effective labor-force growth, the iden-
tifying assumptions needed to permit such inference become more
plausible. Of course, additional tests may ultimately lead to the rejec-
tiocn of some or all of these identfying assumptions.

The data used in estimating the correlations are nominal quarterly
national-account data from the International Monmetary Fund's Interna-

tional Financial Statistics data tape. The sample 0f countries was




dictated by the availability of quarterly data over a reasonably long
sanple peripd; it ronsiste pf Australia, Austria, Canada, the Federal
Republic of Germany, Japan, the United kinodom, and the United States.24
For the sake of comparability with the Feldstein-Horioka results, no
attempt was made to adjust the data tc account for any of the potential
problems discussed in section V, In addition, gross rather than net
saving and investment series were utilized. Saving § was defined as
gross nationa! product (GNF) minus private plus government
::onsu.lma‘tion.z5 investment 1 was defined as gross fixed capital formation
plus the change in stocks. The correlations that were computed were
between a(S5/G6NF} and a{l/GBNF), where A denotes & quarterly first dif-
ference. The population value of this correlation will be labelled Poye

Obtaining point estimates 0f the contemporaneous correlations PS]
presents no difficulties. Under conditions spelled out in Fuller (1976,
chapter &, which imply joint covariance stationarity of the A{5/BENF} and
A(T/BNF) series, the sample correlations el provide consistent es-
timates of the population correlations PSI'

Statistical inference based on the estimated correlations requires
an asymptotic distribution theory, however. Assume that the A(S/GNF) and
{3

A(I/BNF) series are jointly normal, let e, j) denpote the

P Ergle

urconditional population covariance Cnv[A(S/BNP)t,A(I/GNP) .}, and let

t+]

cc](j) derote the corresponding sample covariance based on a sample of T

w

observations. Denote the population autocovariances for the series by

ucs(j) and ul

o

(j)y of course, 0y = Var[a(S/GNFY), o, (0O} =

"sg 11
Var[a(I/B6NF)Y ], and ey = wCI(O)/[JUSC(D)Ivll(O)]. I+ the autpcovariance

1

functionz pf the two series are absolutely summable, then

. .’ 1‘1 4 - i {; + [ ] ) . =H
{40 llﬁTﬂn1 ar[cSl(L)] EJ=-mUSS(J)UII i) £j=-oUSI(J e, (1)

]



[Fuller (197&), theorer 6.5.13. It can be shown that the random variable
{T[cql(Ol - USI(O)] has a limitino normal distribution with mean 0 and

variance equal to M [Hannan {1970¢), theorem 14, chapter IV]. Therefare

; B ; . .
{a1) JT(rSI FSI) L N[O,HJFSS(U)EIl\U)]

in cistribution. From (41), the asymptotic standard error of rSI 1s just

iy / ) ( .
(42) JIM TUSS(D E][(U)]

The variances nSS(O) and ulI(O) in (42) can be consistently es-
timated by sample variances. It is alsp possible to estimate M consis-
tently 1n the time domain by truncating the infinite sums in (40) at
some )} that increases sufficiently quickly with sample size and sub-
stituting sample ctovariances for their population counterparts. However,
Singletor (19B0) and Hodrick and Srivastava (19B85) have suggested a
tregquency-domain procedure for estimating M that is more convenient from
& computational point of view. That procedure is iaplemented in obtain-

ing the standard error estimates reported below.

Define the autocovariance matrix

{(43) o(j3) =

) v

1Y

T1g)
Then the spectrai density matrix for the vector process

{AtS/GNP)t,A(I/GNF)t} at frequency v is given by

“h s = a2 18 erpe Y s




where 1 = J-1. Direct computation using (43) and (44) showe that M can

be written in the form

. PN | z
(45) M Lnf_n[sss(u)sll(w) + SS](m) Jdw.

Consistent estimates of the spectral density matrix s{w) may be used 1in
formula (45) to obtain a consistent estimate of M.zé

The results, for the entire sample available since the return to
convertibility, are presented in table 1!.

A pronpunced pattern emerges from these estimates. For the smal-
iest countries, Australia and Austria, the contemporaneous correlation
between A(S/GNF) and A(I/GNF) is low. In the case of Austria, Fey is
statistically insignificant. For Canada, Germany, and the United
Kingdom, the correlation coefficients are statistically significant put
lower than the cross-sectional coefficients reported in the Feldstein-
Horicka papers. Dnly in the cases of Japan and the United States, with
rS] values of 0.B446 and 0.90B respectively, are the correlations of the
same order of magnitude as the coefficients estimated by Feldstein and
Horioka. Also, it is only in the rases of Japan and the U.5. that the
estimated coefficients do not differ significantly from 1, the theoreti-
cal value under complete capital immobility. However, the U.5. is the
largest country in the world economy, while Japan has had extensive
capital-account controis until very recently.

The results of table ! therefore suggest that the measured saving-
investment correlation 15 an increasing function of country size. Except
where capital controls were an important factor, the correlation is low
for small countries, moderate for medium-sized countries, and high for

the largest country. Harberger (19B0C) and Murphy (19B4) have argued that

the link between saving and investment will 1ncrease with country size



Table 1

Estimated Correlations between Changes in Saving and Investment Rates

Country

Australia

Austria

Canada

Germany

Japan

Urnited Eingdom

United States

{Quarterly Data)

Sample Period

60:1 ~ B3: IV

70:11 - B4, 1

9%9:1 - B4:ll

60: 111 - B4:11

S9:1 - B3:1V

89:1 - B4:11

S59:1 - B4:ll

§1

0.194

{.132

0.649

0.84¢

0.604

0.908

Standard Error

¢.106

0.195

0.125

L]
—
(2]
(%]

0.140

0.166

0.143
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berause & COun atiii1ty to intluernce the world interest rate and
siher world prices growes a3 1ts shere 1n worlce output arows. The es-
timstes presented here are consistent with this interpretation, and
certainly carnct be interpreted as evidence apainst perfect capital
smcbility. Inceec, the evidence it fully consistent with & world 1n which
capital mobility 1s substantial, but in which saving and i1nvestment
thanges tanh be sigrnificantly cerrelated for reasons like those discussed

27
in section 1V and because of country size,

It 12 interesting to compare the results of tabtle ! to a pooled
time-serie:z cross-section regression in Feldstein (1982}, p. 136, which
correlates vear-to-year changes 1n the investment rate with year-to-vyear
changez in the saving rate. The slope coetticient in that regression 15
O.Be3 (with a stancgard error of 0.0480), from which it is concluded that
“even year to year increases in saving tend to be associated with an-
creases in domestic investment in the saving country by approximately
gegual amounts.® The evigence in table | zhows that on a guarterly basis
there ic conpciceratle heterogeneity actrose countries with respect to the
rsonitude of this association. The assumptior of uniformity 1mplicit an
the pooling procedure 1¢ theretore 1mplavsitle. It as also cifficult to
interpret tho reported standsrd error of estimstion without a discussion
i the serial-correlation propertiec of the regressicn & error terms.

Circe the breavrcown of tre postwar systen of fiued e«Change rates
ir 1577, there hac heen an apparent increcse 1n the integration of world
capirtal marbetsz. Four sets of resscns ere usually given tor this
develcpment, The f1ret involves the diemantling of the widespread bar-
rierz to capital movement that hag impeded 1nternaticnasr money tlowe
urder fised eschange rates bit appesreo cuperflucucs under jlenitle

ratez, The =ztond C

I

crterz on the emergence of the OFEC surpluses after
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erg tre arowth of warie trade generally, developments thet raeicec
gemeand for the services oi internaticnal financial ihtermecraries, The
third set of reazons is related to techrnological charge in the com-
municaticrne and data-processing arees, The fourth corcernc Intreased
multinaticnal corporate activity.
These considerations suggest that the stochastic properties ot the
savfng-:nvestment process may have changed over time. To investigate
tris possibility the samples were split at 1972:1IV and the correlation
coefticients were estimated separately over the sub-samples., (The proce-
dure was not carried out for Austria because the data on that country
are avallable only from 1970.}) Table 2 reports the results, In all cases
e:.cept that of Australis, rSI drops--sometimes dramatically--between the
earlier and later peripds. Thie eBvidence it ronsistent with the
widespread belief that the degree of international capital mobility

Increased after 1972:1V. Note that for the csecond sub-sample r rerains

SI
more than two standard deviations below | for all countries other than
Japan and the U.S. But once again, the high estimated rorrelations 4or
these two countries can be ascribed to capital controls 1n the Japanese
cace and country size in the U.5. case. Eetause the estimpated correla-
tions are higher before 1972:]1 and becsuse cmaller cample si1ze results
in lesc grecise estimates, Foy lies within two standard errors of | more
trequently 1n the firest sub-sample than over the complete sample.

Une further test can be concucted to help evaluate the argument
that high valuez of rSI for the United Statec are a consequence pf its
€178 rather thanm capital imeobrlity, The United Fingdom ciCupled a
similarly dominant positicn in the worle economy durirng the pre-World

Wer | gold-standard era, particularly from 1E70 cnward, and 1ts exn-

perience then is often cited zz the prinme example 0f unfettered capital



Estimated Savinpg-Investment Lorrelations up to and after

Country

Australis

Canada

Bermany

Japan

United Kingdom

United States

Table 2

(Quarterly Dats)

r

51

0,095

0.716

0,747

0.BBS

0.962

up to 72:1V

(G, 147)

(0.193)

{0.198)

(0.184)

(G.196)

(0. 191)

Note: 5Standard errors appear in parentheses.

Ms1

0.399

0.723

<=
.

n
0
[#2

G.B70C

19700 1V

after 7231V

(0.1

n
n

(0,143

(0.168)

(0. 190)

(0.235)

{0.207)



mobllyte, F bagt correlation between changes 1n U.hk., saving and invest-
mEnt ratec cvir the gold-standard period would therefore provide in-

direct evigence that the U.S. results are consistent with substantial

=0
P

cepital motility,

Rionual dats fer the Uk, covering the pericd 1B71-1912 were taken
from Feinzteln (1972), table 7. Saving and investment were defined as in
tre postwar tests, and rSI snd 1ts asymptotic standard error were calcu-
lated. The ectimated correlation coefficient is 0.72Z, with a standard
Error of €.19%9. Thiz ccefficient is not quite as high as that for the
U.S. cver the floating exchange rate period, but it exceeds many of
those reported in tables 1 ang 2. In addition, the coefficent does not
giffer significantly from 1, in spite of the undeniable mobility pf
tapital during the gold-standard period. It follows that the high value
of rSI tor the postwar U.S. provides no evidence that it is clopsed to
international capital movement.

Tne picture that emerges from these time series tests is consis-
tent with substantial and increasing capital mobility amang OECD
countries, In most cases saving-investment correlations are quite far
from the value of ! implied by complete capital immobility. When they
are nct, high correlation can be ascribed either to large-country ef-
ferts or to bnown official restrictions on internatianal asset trade.

VII. Conclusions

Capital mobility in the world economy has been measured by compar-
1ng asset yields acroee countries and, more recently, by studying
cumovements between saving and i1nvestment., The secand approach, intro-
duced by Feldetein and Horicka (1980) and by Feldstein (19B3), may
Encounter severe i1dentification problems. But the approach has the

coneiderable merat of focusing attention directly on the determinantc of
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intertemporal trade patterns.

Eath international interest-rate data and data on national saving
arnd investment patterns are concistent with a worid in which capital
mobility is substantial, at least among DECD countries. In particular,
guarterly time-series correlations between changes in saving rates and
changes in investment ratec are in most cases significantly distant from
the value of | that would prevail were capital entirely immobile across
national boundaries. The data are also consistent with the hypothesis
that capital mobility haz increased in recent years. Future research
chould aim to sharpen our knowledge by explaining both the time-series
correlations reported above and the cross-sectional correlations em-

phasized in the Feldstein-Horioka studies.

Notes
+ 1 thank Michael W. Klein for excellent research assistance and sugges-
tions. Helpful comments were made by Robert Cumby, Michael Edelsteln,
flberto Giovannini, Robert Hpodrick, Fhilippe Jorion, Laurence kotlikodd,
Allan Meltzer, Frederic Mishkin, Kenneth Singleton, Rene Stulz, and
Lawrence Summers. All errors and opinions are my own responsibility.
Financial support was provided by grants from the National &cience

Foundation and the Rlfred F, Slopan Foundation.

. The synchronized nature of the rise in world real interest rates is
documented, for varipue measurec of expected domestic inflation, by

Elanchard and Summers (1984) and by Cumby and Mishkin (1985).

2. As noted by Kotlikoff (19E4), there are special circumstances (such

as those assumed in the static Heckscher-0Ohlin trade model), i1n which
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the internatioral allocation of a given stock ot productive factors can
be efficient even in the absence of capital mobility. 1n the Heckscher-
Ohlin madel, this occure when no country is specialized in production,
so that factor prices are equal everywhere. But when capital i1s iemobi-
le, factor-price equalization at a point in time does not imply that the
world allocation of resources is intertemporally efficient, 1n additicn,
dynamic Heckscher-0Ohlin models may entail optimal capital-accumulation
paths leading to a steady state in which one of the countries is spe-

cialized (or both are) and factor prices differ internationally.

J. Some policy implications of this line of empirical research are
discussed in Obstfeld (1982}, Froblems connected with the taxation of
interest payments remain relevant even when the group ot assets studied

is narrowed; see Howard and Johnson {1982,1983).

4. Bimilar analyses appear in Hansen and Hodrick (19B7), Hodrick and
Srivastava (1984, 1985), Kouri (1983}, Lucas {1982), and Stockman and
Svensson (1984), Stulz (1984) provides a useful survey of the theory of
asset pricing from an international perspective.

5. In models with cash-in-advance constraints, (1) and (2) will not hold
in general 1f nominal consumption expenditures cannot be predicted with
certainty a period in advance. Stockman and Svensson (1984) analyze a
model of that type. In contrast, (1) and (2} always hold in Lucas's
(1982) cash-in-advance model. Because the present discussion is il-
lustrative, I make no attempt to motivate the existence nof national

mbnies,



6. Uncovered interest parity follows from (2! 1f the marginal consump-
tion value ot domestic currency 15 distributed independently ot the
exchange rate, While it 1s difficult to assess this poscibility 1n the
present, partial-equilibrium setting, general-equilibrium models of
Lucas (19B2) and Stockman and Svenssor (1984) suggest that (4) is un-
likely to hold when there are output shocks or domestic monetary shocis,
Hansen and Hodrick (1983) show that (3) leads to a log-linear approxima-
tion to (4) involving a time-invariant risk premium when all relevant
variables are jointly lognormally distributed., (They reiect this model
empirically.) If agents are risk neutral, (4) holds 1f the price level
and exchange rate are independently distributed [see Engel (1784) and
Frenkel and Razin (19B0)]. The assumption of risk neutrality may have
implausible consequences in general equilibrium, however. If the instan-
taneous utility function is linear and the same in each period, for
example, marginal rates of substitution in consumption, and hence the

terss of trade, sust be fixed.

7. There is relatively little empirical work that attempts to model the
risk premium explicitly. Hansen and Hodrick (1987) test, and reject,
some simple models of intertemporal equilibrium (see the previous
footnote). Frankel (1982) is unable to reject a two-period mean-variance
mode! based on a portfolioc of six currencies. Hodrick and Srivastava

{1984,1985) disruss emprical aspects of Lucas’'s (1982) amodel.

B. The argument made above to justify ignoring default risk on Eurocur-
rency deposits is inapplicable here because the deposits being compared
are not issued by a single bank. Even when there it no currency risk,

nominal interest rates can therefore differ across national boundaries.
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Y. However, he detected an increase 1n potential arbitrage profits over
the period from the end of 1580 to early 19B2. He attributes this in
part to increased concern about default rick on the part of banks and

treir requlatore.

f0. Frankel (19B4) discussec recent measures opening Japanese capital
markets, and also presents evidence on interest differentials. Both the
Giavazzi-Fagano and Ito papers, like Kreicher's, account for bid-ask
spreads 1n calculating potential arbitrage profits. Ito also accounts

tor domestic transaction taxes,

11. Since the least-sguares ectimate of " is not, strictly speaking, a
correlation coefficient, there is no reasocn for it to be less than 1.
Thie 15 borne put by the simulated regressions reported later in thic
section. In what follows I sometimes refer to Yl as a "correlation,” but

it should be understood that this is an informal usage of the word.

12. Feldstein and Horioka {1980) alsp present instrumental-variable
estimates based on an explicit model of aggregate saving. They regard
those results as supperting the conclusions reached earlier in their
paper. However, interpreting (8) as a structural investment equation
1nvolves some potential specitication errors. A number of studies have
purzued the approach outlined in the text. Fenati and Dooley (1984) and
Fieleke (1982) obtain results consistent with those reported by
Feldstein and Horipka. Capric and Howard (1984) find that the results
are guite sersitive to the period pver which saving and i1nvestment rates
are averaged, while Summers (1985) finds that the correlation between

caving and investment ratec falle dramatically when less-developed
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cuntriec are included n the cample. Sachs (1981,1983) carriecs oput
cross-sectional regressions involving CA/Y and 1/Y, concluding that
tchanges in domestic investment have had large, negative effects on OECD
current accounts, in apparent contradiction of the Feldstein-Horioka
findinge of limited capital mobility. However, Sachs’'s empirical results
are subject to the difficultie=z of interpretation outlined below in
connection with the Feldstein-Horioka findings. DOn the basis of an
empirical simultaneous-eguation model of saving and investment, von
Furstenberg {(19B0) concludes that the United Gtates is guite open to
international capital movement. Another related approach is that taken
by Milne (1977), who performs time-series regressions of trade balances
on fiscal deficits for a large sample of countries. Several papers in
the development literature attempt to measure the impact of capital
inflow on saving and investment by regressing those variables on the
current account. Leff and Sato (19B4) discuss some econometric biases

that may arise.

1Z. Feldstein and Horioka (19BG) recognize the potential importance of¢
common factors affecting both saving and investment, but assert (p. 319)
that their strong results place "the burden pf identifying such common
causal factors” on proponents of the hypothesis that capital is interna-
tionally mobile. The democnstration in this section that equally strong
results can emerge in a world with perfect capital mobility hopefully
redistributes the burden more equitably. The empirical relevance of the
forces driving this section’'s simulaticn example is discussed below.
Summers (1985) points out that leazst-sguares estimates of Ty do not

measure the effepct of aggregate saving on investment when fiscal policy

cystematically courteracte shifts in private spending. The thecretical



,QS.A

poseibility that Ty exceeds 1, noted above, seems 1nconsistent with the
interpretation of this coefficient ac the traction of any increase 1n

saving that 1s reflected in domest:c investment,

14, Buiter (1981) has studied a twe-country version of the model

emploved here.

15. Labor-augmenting technical thange would have a similar effect in the
model. I concentrate here (and in the theoretical model of section IV)
en net saving and investment, rather than on the gross concepts em-
phasized by Feldstein and Horioka (1980} and Feldstein (19B3), betause
net concepts are the economically meaningful ones. As remarked above,
those authors found even higher correlations between saving and invest-
ment ratios constructed 4rom net measures. They ascribed the higher

correlation to a common error in measuring depreciation.

16. Growth rates g were taken to be average annual real GDF growth rates

over 1970-1979, as reported in the United Nations Statistical Year-

book, 1981, table 20. (The GDF growth rate fpr New Zealand was calcu-
lated from data reported in the International Monetary Fund's Interna-

tional Financial Statistics.) Labor ‘s share, !-u, was calculated as the

ratio of employee compensation to national income in 1970, These data

were taken from OECD, National Accounts o4 OECD Countries, vol. II,

1974, No attempt was made to correct tor the labor income of the self-
employed, so the estimate of i-a used 15 an underestimate of labor's
share. This bias redures saving rates relative to 1nvestment rates in

the simulated economy.
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17. Qne alternative explanation involves the economy’'s i1ntertemporal
budget cornstraint, which states that current accounts must sum over time
to the change in the economy’'s net external assets. 1f there 15 a ten-
dency for the economy’'s external assets to approach some steady-state
level, as a result of residents’ consumpticon preferences [as in Obstield
(1981)]1 or of the pattern of shocks disturbing the economy, saving ang
investment will necescarily tend toward eguality over long periods.
Features of the tax system simultanecusly affecting saving and invest-

ment rates could also be part of an explanation,

{18, For example, Germany s current account balance in {982 was DM B.¢
billion, but it ran a bilateral current-account surplus of DM 14.7
billion against France alone in that year. In all of the three years
1979-1981, Germany ran historically large current-account deficits, yet
it was a net lender to France and other ceuntries. [See Deutsche Bundes-
bank (19B3).]1 This type of current-account behavior 1s inconsistent with
the ides that overall current-account imbalances are limited by con-
siderations of sovereign-risk exposure. ! am indebted to Larry kotlikoff

for this observation.

19. Stockman and Svensson (1984) analyze a stochastic two-country
monetary model in which the investment decisien 1n one of the countries
is explicitly modelled. They also find that saving and investment may be
positively correlated, but the mechanisms operating 1n their mocdel sten
from terms-pf-trade effectes and are different frpm the one emphasized

here.

20. Taken literally, this asszumption may require that divadende be



regetive 1n come perieds. The poselbility of negative dividends raises
RG conceptual difficulties, but for the sake of realism one might want

to acsume that =

-

wicks to technelegy, antd hence perind-to-period changes

1n the capital stock, are "small.®

1. Fersson and Svencson (1585 use ap overlapping-cenerations framework
toc study the effects of various terms-of-trade shocks on saving and
invectment.

22, The problem is alsc discusses by Stockman and Svensson (1984), who
show how it distorts reported current-account data.

23, The analysis would he modified i+ the firm financed some investament
tnrough debt issue. In this case the difference betweem NIAS and § would
be proporticnal to net investment minus torporate borrowing. The problem
does not arise here when investment is financed exclusively through the

15suance of new shares,

Z4. These data, with the exception of the Austrian data, were available
only in seasonally-adjusted form. The estimates for Austria reported
below are based on the theoretically preferable seasonally-unadjusted

data.

25, In the U.S, data, the government consumption variable includes
government investment. This is not the case for the other countries,
whose national-income data are compiled according to the United Nations

System of National Accounts.
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26, formula (45) appearc 1n Fisnman (1%e6%9), p. 121. In the present
application, the spectral density matris was ecstimated at T egually
spaced freguenciecs between -w and w, where T 1s the number b+ observa-
tionz., A triangular smoothing window of width seven was used. An es-
timate of K wae then calculated by summing the integrand in (45) over

"~

the T 4regquencies and multiplying the result by 4n’/T.

Z27. Summers (1985) performs a cross-sectional regression on a sample
including small, lese-developed countries in addition to the JECD
countries included in the Felgctein-Horioka studies. His estimate of the
parameter Ty 1z prly 0,311, This evidence lends support to the view that

jarge-country effects are in part responsible for the Feldstein-Horioka

+indings.

ZB. Eryant (19B%) reviews the postwar growth bpf internaticnal financial

intermediation.

29. Hetween 1870 and 1913, U.#. net foreign lending averaged o.Z percent
ot GNF, a figure that is enormous by postwar standards [Edelstein
(196231, The temptation to quote Keynes's description of the period 15
irrezistibles "The inhabitant of London could order by telephcne, sip-
ping his morning tea i1n bed, the various products ot the whcle earth,
and in such guantity atz he might see fit, and reasonably expect the:r
early delivery upon hic doorstep; he could at the same moment and by the
same means agventure his wealth in the natural resources and new en-
terprices of{ anhy guarter of the world, and share, without exerticrn or
even trouble, 1n their prospective 4ruite and advantages:; or he could

decide to couple the security ot his fortunes with the good 4aith of the



townepeople of ary subctant)al muricipality 1n any continent that tancy
or ainformatigr might recommend. He could secure forthwith, 14 he wished
1t, cheap and comiortable means o4 transit to any country or climate
without passport or other tformality, could despatch his servant to the
neightouring office of a bank for such supply pf the precious metals ac
might seem convenient. and could then proceed abroad to foreign guar-
ters, without knowledoe of thesr religion, language, cor customs, bearing
coined wealth upon his person, and would consider himself greatly ag-
grieved and much surprised at the least interference. But, most impor-
tant of all, he regarded thic ctate of zffairs as normal, certain, and
permanent, except in the direction of further improvement, and any
deviation from it as aberrant, scandalous, and avoidable." [kKeynes

(1919), pp. 9-10.13
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