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How Integrated are World Capital Markets?

Some New Tests

ABSTRACT

This paper presents some new 2mpirical evidence on the extent of
world capitai-market integration. The tirst set of testis carried nu*
uses data {from different countries to compare internatiorally ewpeciec
marginal rates of substitution between consumption on different dates,
I1¥ residents of different countries have access to a nominally risk-+free
bond dencominated in dollars, say, their common sxpected marginal rate of
substitution of future for present dollars should equal the gross
nominal return on dollar bonds. Tesis of the interpnational sauality of
expected marginal substitution rates yield evidence consistent with a
substantial degree of international capital-market integration after,
but not before, 1973, These tests are naturally based on a particular
model of intertemporal consumption choice, but direct estimation of the
inter-country relationships implied by that model lends support to :i1ts
assumptions. These last findings are relevant to the current debate in
macroeconomics about the role of intertemporal substitution. The second
set of tests conducted in this paper concerns correlations oetween
countries’ saving and investment rates. For a sample of ten countries,
correlations between annual changes in saving and investment rates over
the period 1948~-1984 look guite similar to those those found in guar-
teriy data. Surprisingly, however, the correlation coefficients are
often lower before the mid-1%960s than afterward. This finding throws
further doubt on the interpretation of saving-investment correlation
coefficients as structural parameters reflecting the reponse of domestic
investment to shifts in national saving.
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ring thase 10 the work of Larlos Diaz Alejandro. Simole microBCGRomic
theory Shawks n internatyonalliy intearated financial markeis can 1@
gighal re=zpurce aliocation oy channeling the world +low of saving
taoward i1ts most produciive uses. B @meior mEssage of Diaz's word
howWever, 18 ithat a realistig analvsis af the interpational capital

market must contend with the influence of {factors that sometimes are
gitficult to model formallv: moral hazards, political pressures. andg

even shifts in the prevarling paradigms of economic science. Over more
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o+ *hess tactors have helped produce a
series of booms ang busts ir International financial intermediation.
The booming worid capital market of the five decades ended by World

War I provides a benchmark against which econosists have ctiten measured

the adeguacy of contemporary ipiernational capital +flows. In that golden
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continuing and substantial resource transtfer

from develaoped to developing countries in spifie of occasional reverses,
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7 ld capital markst appears o have been less vigorocus op
the whole, Onlvy after the sarly 1970s did international lending expand

vels comparable with those of the pre-1%1i4 period. And since tne
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only throunh the fonstant involvement of official financial
ZOBENCLES,

dne ieportant indicator ot the cantrast between the pre-1914 and
post-1%4% capital markests has been the average magnituge of countries
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domestic invesiment, shows the ampunt of domestic savings
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abroag--2r, in the case of a deficit, the amcuni of foreign savings

being borrowed fo finance domestic investment. In 1945, copuntries class-

fi=d by the Horid Bank as middle-income oil importers financed a mere o

o

narcent of their domestic investaent by drawin

o3

on foreign savings. The

figure rose to 7.8 percent in to 15.4 percent by 198O, but
dropped sharply after 1?2*.2 Compare these fioures wiih the one-third ic
one-half af Argentins invesiment fhat Disz (1970, ©w. 31) reckoned was
financed by {foreign capital in the years (E8B0-1914! For develaped
countries in the postwar era, current accounts have tended to bs even
smaller i{as a percentage of GNFI than {for industrializing countries. The

recent United States current-zccount deficit, which in amopunted to

nearly 18 percent of U.5, domestic investgent, i3 an extreme autlier in

~t
or
1
N
]
w
3
li7]
"
"+

The fact that current accounts have on the whole =mall
since 1945 15 3 maior puzzle fof economisis hoping to agpiy ODER-RCONOWY
theory to open-sconomy policy problems, Dur predictions abous specific
poplicy measures, however, depend Crucialiv on whethsr the limited net
capital {flicw fova-
Tign., glven -




cpportunities, or arise instead 4rom such barriere to capitsl-markst
integraticn as ovficial controis and sSovereign risk, & growing empiricad

fi1terature has taken several routes in frving fo assess the {reedom with

which capital flows anross nationsl boundaries,
In an earlier paper (1%86!, 1 =surveved two importsnt approaches

4

taken in the empirical literature on world capiftal-markst integration.
The first of tne=ze aprnroaches attempis to compare the refurns available
on assets located in different countries. Because asset returns are
inherently uncertain, the conclusions drawn from an internatioral com-
parison of asset returns inevitably rest on an assumsd model of the
pricing of risk. To aveid taking a stand on the appropriate asset-
pricing model, my earlier paper restricted its discussiaon to assets
whose returns would be the same in all states of nature in & world of
perfectly integrated capital markets. Evidence on the interest paid by
onshore and offshore deposits denominated in the same currency seemed to
3
me consistent with a high degree of international capital mobility.~
The second empirical apprcach 1 reviewed 15 based on a direct
comparisan of divergences between countries’ saving and investment
rates., This second approach, due to Feldstein and Horioka (1980} ang
Feldstein {1983), argues that the small size of average current accounts
over long periods is indeed evidence that sizable barriers impede the
free international movement of capital. I suggested that this inter-
pretation of the data suffers from pofentially serious identification
problems, and presented guarterly time-series evidence with implications

apparently different from those Feldstein and Horioka drew from their

Researchers who have attempted to model risk explicitlyv have rsached
diftering conclusions. Two recent exampies are the papers 0f Wheat-
ley (1983) and Jorion and Schwartz (19861}.



cross-sactional findings,

this paper develops additional evidence on the integration of world
capital markets. The firsf set of tests 1 carry out is based on an
international comparison of marginal rates of substitution betwsen
consumption on ditferent dates., If residents of twe countriss have
access to a nominally risk-free bond denominated in dollars, say, their
comman expectsd marginal rate of substitution of future for present
gollars should egual the gross nominal return on dollar bonds, Tests of
the intermational =gquality of supected intertempa(al marginal substitu-

tion rates yield evidence consistent with a substantial degree of inter-

sumption tnoilce, but direct estimation of the inter-country relation-
ships 1mplied by that model lends support to ite assumptions. These last
tindings are relevant to the current debate in macroeconomics about the
role of intertemporal substitution.

The second set of tests conducted here esxtends the work reported in

my 1984 paper. For a sampie of countries somewhat larger than the one |

gxamined earlier, correlations between annual changes in saving ang
investmant rafes aver the period 1943-1984 look guite similar to those

those found in guarterly data. Surprisingly, however, the correlation
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coefficiants are often lawer before
argue that this finding tnrows further doubt on the interpretation of

zaving-investment correlation copefficients as strurtural parametsars

zaving,
The paper ic oraanized as focliows. Section  exasminze the relation




rares, Germany, and Japan. Ssction (D discusses
the data and methods uszed. 45 a partiazl check on
conciusions drawn 1n sectian 1, section 11 estimaves the model underiv-
1ng that secyicp s tests., Sertion [V contains the new time-series es-
timatez of saving-invesitment correslations for the posiwar periog.

i, A Test pf World Capital-Market Integration
Recent work in finance and macroeconcsics has drawn on concsumption-

based models o+ asset oricing developesd by Breeden (197%), Lucas {197B),

and nthers. These models extend te a stochastic setting Irving Fisher's

{15501 celebrated account of choice under

certainty.
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This eouation reduces to Fisher & maraoinal eocuality in the

In a world of inftegrated capital markets,
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implications about the ey ante relationship between consumption growth

. 4 .
in dif+erent countries. Lonsider two countries, a “home" couniry and a
“toreign® country {which we make notatiocnally distinct fram the home
country by using asterisks), Let F, be the price level in the home

country ard 1 the nominal interest rate on a risk-free one-period bond

{such as a U.5, Treasury billi, Then 4or this particular asset, sgui-

ppresentative home consumer, A similar relationship naturally

b
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he corresponding foreicon variables. Forsignervs consume 3 basket
of commoditiss which may differ from the one consumed at home. Let the
currency exchange rate X, dencte the heme-currency price of foreign
currency. Then the home-furrency price of the characteristic forsion

consumption bundle 1s X F_, and for a foreign consumer, the ex post real
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Becausze the nominal intersst vrate 1, 1% part o+ the time-t inforea-
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Eguation {5} states that i4 residents of tne home and foreion coguntries

o

can invest in the szame nominally risk-free asset, then their expectec
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home currency must be egual. 0f course, if reszidents of both countries

alsoc have access t

L]

a nominally risk-free foreign-currency bond paving

*

P then the home and foreign expected marginal rates

the interest rate i1
of substitution between current and future units of the foreign currency

must also be egual:

. ko o S , e

(6) 1/7(1 + ltJ = EtL{\Ft/nt)/(Ft+1/Xt+1;] b3 BU'(Ct+1)!U (Ct}}
= rp¥ip® . P P ,—*)"-
EtL(Pt’Ft+1) = BRUs (Ct+1lIU* (-t.f.

Under the rational expectations assumption, equations (5} and (4}
provide the testable predictions about consumption, price-level, and

exchange-rate movements that upderlie the statistical tests carried out

3

in this section and the next one.
Before going on to assume the addifional restrictiocns needed to

infer testable implications from (3) and (6}, | want to make two points

1 am assuming that domestic and foreign agents have identical infor-
mation sets., (Ciearly, nominal interest rates at which both sets of
residents can transact are common information.) The tests carried
out below do not require this assumption provided they are hased on
common lagged information. Interest taxes are ignored. This omission
should have little effect on the tasts if tax rates are similar
acrpss countries.



sbout theze relationships. First, if the interest rates in eguations (5)
and {4} are offered by assets issued in the same locaticn {(for example,
14 they are London ERurocurrency deposit rates), the model yields exores-
sions for the forward foreign-exchange premium, which is related to the
nominal interest-rate differential through covered interest parity. The
intertemporal consumption allocation conditions have been used in this
way by Hansen and Hodrick (19833, Mark (1983), Campbell and Clarida
(1785}, and Cumby (1986) in attempts to model forward premia. In my 198é
paper. 1 observed that tests which do not involve.assets lpcated in
dgifferent political or regulatory jurisdictions are uninformative about
capital mobility between countries. Nonetheless, the same basic
theoretical {framework can throw light on questions about international
capital mobility 1+ they are used tc compare consumption paths in dif-
ferent countries. The marginal egualities in (3! and (&) do not reguire
any particular location for the assets being considered, but they do

reguire that residents of different countriec be able to trade the same

m

asset.

A& second point about esguations (5} and (&) i3 that they are not

based on any assumpt:ion of purchasing power parity or parfect goods-
maruet integration. The derivation ot these ecuations reguires only that
measured exchange rates and price indexses reflect the true prices at

which residents of the two countries can transform home or foreign money

into the QQDES they dsually CORtUume.
T __1___,.,.'. Py - W < 1~ =1 1wy h =R t s ctermann Aacoiimn -
PDol@piement (O ang (&) emf_“lrll_nl;y‘ gWever, LWl =Ti Sngd assump
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tigns must now be made. First, it is assumed that consumers in

counfry are alike with respect to endowments and preferences, so that



cal 1n the twd Countvries, such that the marginal utiiilty 07 3 CONSURE-
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assumpticn one other tnan thne absence of practical aiternstives. The

next section provides partial svidence that the data are consistent with
; )
assumpricn two.

ade, together with (5@ apd (&Y, lead f{o the

=
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fccording to (7} and (Bi, international discrepancies between @i post
marninal rates of substitution are unpredictable on the basis of time-t

information 1f evervone can trade the same nominally risk-free home- and

A . .. . L. . *
foreign-curvency bonds. Define the random variables L and et oy
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Then (7} and (B fan be supressed compactiy as

Both n { would be observable ex _post 1 the preference

¥
., and n,
t+i T+

parameter o were known., In the tests conducted in this section, [ ex-

amine conditions (7} and (B) aover a3 wide grid of possibie values for .
In principle, conditions {(9) and {10} canp be talsified empirically

if any informaticn kpown at time £-1 or earlier i1s useful in forecasting

* L, . ..
values of n and n dated t or later. In practice, however, attention

3 i

must be restricted to some subset of the intormaticon agents presumably
use In forming their expectations. Because the factors that give risg to

bond-market segmentation are likely to thange only gradually over tinme,

I foilow the "efficient-markets" tradition of festing whether past

crepancies, For different assumed valuss of &, [ thus estimate regres-

sion eguations of the form
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tests whether people in different countries eguate ey ante marginal
rates of substitution of present for future units of home currency
through intertemporal trading at the same home-currency interest rate.

Similarly, given &, a test of the hypothesis

tests whether people in different countries eguate ex ante marginal
rates of substitution of present for future units of foreign currency
through intertemporal trading at the same foreign-currency interest
rate.

The data used were guarterly series drawn from the International

Monatary Fund’'s International Financial Statistics data tape. The per

capita consumption series were defined as nominal consumpticn divided by
population and deflated by the consumer price index {(CFI}., Price levels
are CPIs and exchange'rates are guarterly averages. 0Over a grid of ten «
values ranging from « = 0.5 to « = 25,0, these data were used to con-
struct n and n* series between the United States and Germany, and be-
tween the United States and Japan. Table | (United States-Germany) and
-Table 2 {United States-Japan) report significance levels for F-
statistics under the null hypotheses H0 and H; over the entire sample
period 1962:11 to 1985:I1. The lag length for the test was zet at N = B
qu;rters.7

The results in Table 1 are on the whole unfaverable to both null
hypotheses. For all but the three highest vaiues of &, both HG and H;

The raw data run from 1940:1 to 1985:11, but after first-
differencing and then allewing for sight lags, only observations
from 1962:I1 onward can be used in the regressions.



. Table 1
Tests of H. arnd H] between the United States and Germany

Sample: 1962:11 - 1985:11

%
H 0 H(}

o Significance Bignificance
0.5 L0933 051
3.75 L0074 . 075
1.0 L0360 A2
i.5 042 LG46
2.0 035 LOEG
3.0 L 040 . . 045
S.0 ) . 089
7.0 117 121
12,0 L1582 . 135
25,0 284 L2591

g oistribution of the test statistic is F(9,B4) under either null
is. The significance level is the probability under the null.

is of drawing a reslization of the test statistic at least as high
alculated value.
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hypothesis.
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The distribution
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Tests of H_ and H, between the United and Jdapan
it

s
5,

Sample: 19&2:1I1 - 1985:11

Significance Eignificance
L02E .18
.38 L 025
045 L0731
L 040 L 3¢
L0024 L0179
L Q08 iy
005 004
012 L 305
L1106 . 087
. 850 .B&S

of the test statistic is F{%,84) under either null
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capital market has expended dramatically since the early 1670s,

onal
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When a

. . . . . . . 3
marksd liberalization of industrial-~country capital markets began. Ore

o

ossible explanation of the rejections is

refliect the

S

fluence of the earlier shservations, which come from a period when

international financial markets seem to have been less interdependent

than they are today.

To check this possibility, I split the sample at 1973:7 and con-
ducted separate tests for the resulting subsamples. The results are
reported in Tables 3 {(Unifed States-Germanv! and 4 (United States-
Japan). The striking feature of the results in Tabie 3 is that For all
values of the inverse intertemporal substitution eslasticity, the aull
hypotheses 15 alwavs rejscted at lower significance levels in the first
subsample fhan in the second. This finding is comsistent with the
hypothesisz fhat capital-market integration has increassd since the early
197Gz, In most cases, however, relection of fhe null hvpotheses in the

i51an 1n internaticnal ial interwmzdistion iz docu-
id analvzes by Bryant |




Table 3
Subsample Tests of G and H: :e;ween the Lnited 5tates and Sermany

1964211 - 197211V 197331 - 1985:11

H HY H. MY

0 3] 0

o Eignifirance Eignificance
0.5 074 . 069 e ShZ . 266
0.75 L0 . 108 . 920 026
1.0 135 138 479 43¢
1.5 213 228 414 LA29
2.0 235 . 256 . 2b9 . 588
3.0 190 210 . 347 367
F.0 . 149 160 497 . 507
7.0 146 . 153 674 . 6BQ
12.0 Y- 166 .B4Z . BS3
25.0 228 . 235 . B99 L G20

Note: Under either null hypothesis, the distribution of the test statistic is
F(9,34) for the first subsample and F(9,41) for the second.



Table 4
Subsample Tests of Hﬁ and Hﬁ between the United Statesz and Japan

1962:11 - 197251V 1973:1 - 19B5:11

H, N H, HY

] Significance Significance
.5 000 . 000 . 654 A0S
4,75 L 000 L 000 773 723
1.0 . 000 000 .B66 .824
1.5 L 000 L 000 950 .928
2.0 L0000 . 000 9355 . 940
.0 . 000 .00 L8695, .B43
5.0 000 L0060 . 747 . 709
7.0 L0000 L0010 776 .748
12.0 L0601 001 .B74 .B49
25,0 L002 .002 . 985 L 983

Note: Under either null hypothesis, the distribution of the test statistic is
F{(9,34) for the first subsample and F(9,41} for the second.



ercent. This result suggests that the test may be weak, so conclusicns

about the second subsample cannct be drawn with confidence 1n the U.5.-

The subsample tests comparing the United States acd Japan tell a
somewhat straonger story., Table 4 reports that for the period ending in
197%: 1%, both null hypotheses are rejected at extremely low significance

levele {which in most cases are essentially zerc). Nonetheless, the

w0

signifcance levels of the test statistics are all extremely high for the
pericd beginning in 1973:1. The results suggest that in the recent
period, U.5. and Japanese consumption have behaved as i+ residents of
the two countries had access to the same risk-free borrowing and lending
opportunities in both dollars and ven. This was decidedly not the case
bhefore the early 1970s.

Another interpretation of the results comes from the fact that the
ex post internationai differences betwean marginal rates of substitution
berome substantially more variable aftter 1973, Op this interpretation,
the hiogher test significance levels found in fthe second subsanmple
refiect a drop in the test’'s power tausad by additional noise in the
data, not an increase in world capital-market integration. 'In principle,

v can be resolved in the future when more data are avail-
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11. Discussion

Some important caveats apply to the interprstation of iths previous

-5
o
[y}
fond
fout
-+
1y}

gction’'s

[}

{. The rconsumption series 1 have used include espenditure on
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durable goods, Most recent studie
on non-durabies or exzpenditure2 on nop-durables plus services. FHoth of

these me are only partial measures of consupption: implicit for
Yy B ! !

[

Suye

s

explicit! in fhe use of these assasures iz the arbiirary assumption that
the excluded porticn of consumpticn enters the utility functicn in a
separable manner, As Mankiw, Rotesberg, and Summers (1983) argue,
however, the separability assumption is implausible. Since some degree

1

-t

of misspe

1

ication seems likely no matter what consumption aesasure i

[N
o

u

chosen, results based on the consumption measure utilized above are of
interest. Future research should svwamine the sensitivity of the results
tc aliernative consumption proxises.

2. Available published consumption data are seasonally adjusted.
The first-order Euler condition (2} 4rom which the tests are derived,

however, applies to seasecnally unadjusted data. Mirorn {1985) has con-

structed

m

easonally unadiusted data for U.35. consumption and shown that

the estimation of egquations like {Z) may be guite sensitive to the use
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3. The theorv underlving egquation (2! assumes that consumptfion is
upnitorm over the fime period beginning on date t, with the consumption
decision msde ai the beoinning of t and all variables dated t in the

consumer = ftise-t information set. In reali
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terly averzges, so messured consumption over the quarter starting on
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Hall (1935} has raised this point in connection with empirizal studies

of the intertemporal elasticity of substitution in the U.S.: since the

1]

tion, I discu

wm

issue i5 also iaportant in the neyt se

5 it at greater

in

4, 1+ ithe conditional distributions of economic variables change
over time, estimation in a finite zample may yield misleading infarences
even if unconditional distributions are constant., This problem iz essen-
tially the “peso problem® discussed in the literature on exchange market
efficiency. At the very ipast, shifting conditional distributions willi
induce canditisnal‘heterascedastitity into estimatien problemz, and
econpometric technigue should take this feature of the data into account.
Although Cumby and I (1984} present evidence of conditional heteros-
cedasticity in data on exchange rates, interest rates, and prices, the
estimates in the present paper assume the problem is unimportant.
Clearly, future work will have to check on the validity of that asssump-
tion.

A more fundamental guestion is whether the model underlying the
tests in this section has any claim to empirical validity. Because the
tests are joint tests of certain propositions about capital mobility and
a particular model of consumer behavior, test results have no implica-
tions about capital mobility if the model is wrong. It is therefore
important to examine independent evidence on the adeguacy of eguations
(1} and (2) as descriptions of economic behavior in the real world.

Much of the evidence on this guestion iz discouraging. Studies of
U.5. consumption by Hansen and Singleton (1982) and by Mankiw, Rotea-
berg, and Summers (1983) reject the model in many cases, often obtaining
negative point estimates of the intertemporal elasticity coefficient «.

Mark (1985) obtains estimates of o« which, while positive, are in most
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Some countervailling considerations suggest, however, that complete
abandonment of the model given by {1} and {2) may be premature. In the
study mentioned above, Miron (1985) finds that the model cannof be

rajected for U,5. data if seasonally unadjusted data are used. As I

are based on inter-country differences, may be less sensitive to
problems of seascnality. In addition, tests of Euler conditions that use
gata from only a single country must find apprnpr?ate data series on
rates of return. Some researchers, such as Summers (1984), suggest that
this is a major difficulty.

Several studies point to liguidity constraints as a possible cause
of deviations from (&) in the aggregate., Zeldes (1%985), for example,

analyzes data from the Michigan Fanel Study on Income Dynamics and finds

T

that tne Euler condition is rejected for families with low ratios of
liguid wealth to income, but not for the others. From that finding, and
from direct estimates of the Lagrange multipliers associated with bind-
ing borrowing limits, he concludes that liguidity constraints may lie
bhehind the rejections of (Z} by U.5. aggregate data., International

ynchronization of monetary conditions couid give rise to & high posi-

in

tive correlation between the fractions of houssholds that are liguidity
-

constrained in different countriss. In this case, agoregate tests com-

paring consumption growth in different countries might be less sensitive

L

than single-couniry tests to the presence of some lipuiditv-constraine

households.
Another possible cause of the disappointing results repoarted by
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Hansen and Singleton (198Z% and oths tence of preference

hocks or other random factors that are unobserved by the econosetrician
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out prevent (2} from holding exactly., To the ssutent that diszturbances
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cordition as mizsd at best. In the neut section, 1 therefocre reporit ay

3

awn attempt to estimate the model using inter-country differences of

4.5., GBerman, and Japanese data. The model imposes several straon

=}

restrictions on thes data, Rejection of these restrictions would call
into gquestion the interpretaticn given to the results of section I,

Con

it

glv, results that are reasonably in accord with the model’'s
predictiocns would suggest that the results of section I are relevant for

evaiuating world +inancial-market integration.

I[11. Cross-Country Tests of the Consumption Model

A test of the consumptien model used in section I can be based on
equations (7) and (8). 7o derive readily estimable equations, I follow
Hansen and Hodrick (19831, Hansen and Eingleton {1983), and Hall (1985}
in assuming that per capita consumotion levels, price levels, and the
exchange rate are lognormeally distributed in eguilibrium, that is, that
the natural logarithms of these variables are normally distributed. No
attempt will be made to write down a general-eguiiibrius model tha!

expiicitly derives a lognormal distribution for these endogenous vari-



1s generated by the aitoregressive process

Bl = ALYIy, = 4, + p_,

t i 7

where I 15 the 5 » 3 is a3 5 S-matriw ot constants,
and mil) is a poivromial in positive powers of the lag operator L. A
lognormal medel results from assuming that fhe vector By of pisturbances
i3 covariance stationary and normally distributed, Thus, the conditional
mean of ¥y may vary over time, bui because iy is distributed idepen-
dently of the information set et—l = {?_-1’}t—2"'=:’ the covariance
matrix of I conditional on 9t~1 is a time-independent constant matrix.

The restricted information set Gt is a subset pf the Groader infor-
mation available to agents in the economy. Lot E;i.} denote a condi-
tional 2xpectation with respect to the restricted information set,; that
1s, E;{.} = E{.!Bt3. Thern egquations (7) and {8} continue to hold if
Eti,} is replaced everywhere by Eia.}.

For the empirical exercise of this section, I drop the assumption
. .y . A . . 1o
that & = % s0 that it ran be tested against the data. If the

restrict

results

,.-.
p—
[

i
oy
(31}

w1

ed expectations operator is applied to (7), the eouation that
is therefore
- Ff # L2
5.2 - A - Y Soup i —n 4 —a - 3
2HPL “‘-t‘;'l A}J +1.:1 _t.:rx!_i[ '.'X*ALtJ‘_l u:t+1 ﬁ;}t*j.J-:
= 1 - L. tognormality now implies that (11} zan be wriftten as
—- AD NN
._1'41‘_‘.(»1./;..\
k ¥
T =AM, ., < AR,
t+i t+1
L. 18 A varlance condif on ©_. As noigd esrlier, these
& alsn inessential st fhis coint. Relawirng
/ the interpretation of the constant
5 gstimated heipw.
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conditional variances are time-independent constants. Define the per-

centage change 1in the real excnange rate of the home currency as
Ag = AXx + Ap¥ - Ap.
Then (12} implies

; = #
;- x*E

(13) E. ¢ ) = { 1S
(13} Et Aqt+1 T + ®E t'ACt+1 s

where ¢ 135 a constant that depende on the time-indepsndent conditianal
covariances in (12).11

The ecornomic intuition behind (13) is standard. In a deterministic,
continuous-time analogue of the present model, the marginal utility of
consumption in each country grows at a proportional rate equal to the
difference between the rate of domestic time preferance and the domestic
real interest rate. By interest parity, the international difference
between home and foreign real interest rates is the percentage change in
the real exchange rate} g. Thus, the difference between the derivatives
al{dc/dt) and a%{dc¥/dt} is dg/dt plus a constant refiecting any interna-
tional time-preference difference. Equation (i3) is the same condition
in expectation, adjusted by a constant risk premium.

Equation {13) must be expressed in terms of observables before it

can be estimated. Define the expectational errors

g - e 1
Viey T Mgy T Eptan i h,
c Ir ",
Vieg T Act+1 - EtxAct+1;,

tH Df course, if (8) also holds, it can be used to derive an eguatian

that differs from (13) only because of a different constant term,
r¥. The condition v = ¢% is, however, an eguilibrium condition of
the model if (7) and (8) both hold. This equality provides an addi-
tional restriction on the model which should be tested in future
work.



Substitution of these expressions into (13) leads to

¥
(14} & = 0+ Kac - K%AC v, L,
B4y TS t+1 1
0 C C¥* . . .
where Ve T vy T Vi v By constructicn, vt is serially uncorrelated

and uncorrelated with any variables in the information set @ These

t-17

properties of \" imply that the parameters of {(14) may be estimated by

3

. . . . L . . 1
instrumental variables, with variables in 8§ serving as instruments, =

t-1
In a multi-country framework, there are also cross-equation
restrictions that can be tested as an additional check on the model.

Take the “starred” country in {14) to be the United States. Then for

Bermany and Japan, {(14) implies the relationships

G s L e L, ac S, BUS
AT T Ty T O Rghty T Ryghty Vi
L e ) us . Jus
ey ag’ = oa, 4 ¥, ACD - ghCy Tt vy .

Equatians {13} and {(1&) zan be estimated jointly under the restriction

g be the same i1n both equations, and that restriction can be
tested. ’

Hotice inat tne disturbances VSUJ and viUS in {13} and {1&) are
likely to be highly correlated contemporansously, if only because both

inciude as an adéitive component the inmovation in U.5. consumption. The
two-eguation systsm can thersfore be estimated most efficiently by

three-stage least squares, which takes the contemporanecus error

covariance into account. The inmstrumental variables used in three-stage



ieast squares estimatlon were a constant and the #irst through third
/% i U5 “ J
tags of Ag 7, Aq*’ s AT T, ACT, and AcT.

ith three lags ot the variables used as instruments, the remaining

sample period ic 19461:1-1985:11. Over that period, the estimated

LT 2. 6869 ac = -, 432 x, = 0,808,
\'_ - - j [ a3 1 R -
(0,778} {(0.741) 0. 438

that the coefficient of Ac

3

S

rejected by the data: the significance level of the X {1} test statistic

ie 353,

The results are somewhat favorable for the model, but not com-
pletely so. For the United States and Japan, the parameter estimates are
of reasonable magnitude and guite significant. They are roughly consis-
tent with the magnitudes found by Hansen and Singleton (1983), who also
used & logarithmic specitication but estimated Euier eguations like {2)
imintly with consumers’ linear forecasting eguations. In addition, the
key cross-equation restricticon implied by the model appears consisternt
with the dats. The estimated intartemporal substitution parameter for
Germany 1s negative, however. implying a copvex utility function. Even

though the German estimate 15 insignificant, its incorrect sign 1s
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I 1ight o put in section I, it is of interest
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io test the restriction g = ¥, = md was assumed there. The

.3 percent significance level.

ra

restriction can be rejected at tne
& problem with the foregoing results arose already in section 1: we
have good reasens for pelisving that the structure of world capital

markets changed dramatically aftter the eariy 19



change say be behind fhe model 's uneven empivical performance, so it 1s

it the sample and perform ceparate sub-
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Estimation over the subsample 19&i:] - i%72:1V yields ihe estimates

g = G,897 | a, = 0,175 g = 0,467
Us e £} A do T
(0,501 (0,301 (0.262)

when the cross-equation restriction is imposed. The significance level
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all correctly signed, but smaller and less significant than those found

over the complete sample. These characteristics of the estimates is

-

unsurprising in view of the low variability of resl exchange rates aver
the first subsamplie period compared Lo the second. The restriction that
all the a's are egual cannot be.rejected tor this sample; the point

estimate for the common value of & is €¢.244, and its standard error is

0,164,

{-1%85:11 the results are

Whern the model is estimated over 19

¥yg = .2.%534‘ B = '0.§?§], %y =.%.Q7ﬁ:
(1.015} (1,298} (3,611
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the cross-egguation restriction cannot be rejected. (The szignit

level +or the test statistic iz .759.) These resuits are closer to the

full-zample results, except that the German preference parameter is
correctly signed. The parameter estimate is, howsver, insigrificantly
di+ferent fram zero. The 17(3) test statistic for the fivpothesis that

all the a's are =2qual has a significance leval of .¢

restriction is 1,240, with a standard error of 0.373. On the whaole, the

upport the model, as well as the interna-
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tional eguality of intertemporal substitution elasticities that was
assumed in section I.

fis noted in the last section, Hall {1%B3) has argued that the tinme
aggregation probles inherent in sxisting consumption dafa may bias
results such as those reported above. He suggests lagging instruments an
additional period, and shows that the results of Hansen and Singleton
{1983) are quite sensitive to the timing of the instrument set. To check
whether the time-aggregation issue raised by Hall has an important
impact on the results, I now discuss estimates in which the first lag of
pach instrument used is omitted. Thus, the estimates below are hased on
an instrument set containing only a constant and the second and third
lags of AqDM/x, Aq¥j$5 ACUS, ACG, ang ACJ. The results are zummarized in
Table 3.

The full-sample results are guite similar to those found using the
original set of instrumental variables. Because of probable structural
shifts, however, the subsample findings are of greater interest. For the
1961:1-1972:1V sample, the model appears to break down completely when
the instruments are changed. All coefficients are incorrectly signed,
guite insignificant, and small in absolute value. Once again, however.
these results are to be expected in light of the relatively low capital-
market integratiocn and real exchange rate variability of the period.

The results for the second subsample, 1973:1-1985:11, are similar
to those found with the eriginal instrument set. The main differences
are that the point ectimate for Germany is once again negative while the
point estimate for Japan is substantially higher. The cross-eguation
restriction easily fits the data, as does the restriction that the three
#'s are the same. The sstimated common value of ® is plausible, and the

estimate is significant at the 5 percent level.



Table 35
Estimates of Freference Farameters for the United States, Germany, and Japan

Sample: 1961:1-19B5:11

Koo = 2.009 , wp = ~0.937 , g, = 0.9
(0.944) f1.111) (0.5

Test of cross-equation restriction: Xzil) = 1.179, significance = ,278

5 = = 1 2 ks = 63 i ifira =
Test of g L LOE X 3.363%, significance 147
& = 0,632
(0.5261
Sample: 1961:1-1972:1V
g = -0,091 e = -0.101 g = -0.037
- (0.757) (0,492} (0.313)

-

Test of cross-equation restriction: Xi(i) = 0,914, significance = .38

-
Test of &,, = #. = «_: X (3) = 0.932, significance = ,818
us G J “r mE
g = -0,062
{(G,238)
Sample: 1973:1-19B5:11
Ble = 2.594 ko = -0, 186 By = 1.949
o (1.363) {1.507) (0,896}
L2 C
Test of cross-eguation restriction: X7{(1) = $.0Z21, significance = .BE4
Test of &, = &, = & 1 X°{(I) = 1,685, significance = .597
s G J i ;
g = 1.374
0.7487}
{ote: Standard errors appears in parentheses. The o estimate reported after
the L oof o #. = &, = 4 is the estimated common value of

£ t ) .
i X EE LG
¥ under this Rypothesis.
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nificant and frecusntly incorrectliv-sioned German preference parameter

Another source of concern is

n
W
-
or
[1e]
e
13
[}
m
—
[1¢]
=2
3.
—
[}
i
it
=
0
bt
]
™
o
—
mn
o
-
]
]
=
—
e
Jui]

i
rm
<
m

evidence of some serial correlaticn in the egquation resldual:

thouoh the procedures suggested by Hall (198530 does not make a dramatic

diffsrence for the parameter sstimates, the timinog problem Hall diz-
cusses may induce serial dependence in eguation disturbances. ~ A more

getalled specification analysis is therefore needed before firm conslu-
sions can be drawn. Tentatively, howaver, it seems reasonable to view
the resuits of this section as generally supporting the model used to
construct the tests in sectian I.

A potential criticism of this view comes from the empirical litera-
ture on the determinants of forward foreign-exchange premia. As Hansen
and Hodrick {(1983) showad, the lognormal model isplies a constant ex-
pected return to forward speculation. Their empirical tests rejected the
resulting model of the forward premiuys. The evidence on conditional
heteroscaedasticity reported by Cumby and me (1984) also contradicts

lngnormality, as do Cumby's (19B6&) explicit estimates of forwarg-

o

, . _ . . . 14 :
exchange risk premia, which vary significantly over time. It 18 pos-
cible that the tests of thie section are lsss sensitive to deviatio

a

from lognarmality than testsz using forward-market data. A closely re-

'Y Hall's criticisa also appiies to the tests carried out in section I,
when those tests were re-run using regressions on lags two fthrough
nine of the dependent variable {ratner than regressions on lags one
through sightl, the results were gualitatively the same. Not
surprisingly, though, significance levels tended to be higher.

id - - . o . -

Fama (1984} and Hodrick and Srivastava (198&) report addltlenal test
resulte showing the variability of risk premia. Some indirec

evidence cComes from Hansen and Singleton (1983, pp. guz—sb»,, who
are able to reject a lognormal model in the closed-economy U.8.
context.
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tests can also be constructed by expanding the sample of countries,

IV. More on the Correlation between Saving Rates and Investment Rates

in my 19B6 paper I reported time-series estimates, for several
countries, of the correlation between guarter-to-quarter changes in
saving and investment rates. The sample period ran from around 1560 to
the early 1980s. Those results were compared with the cross-sectional
tindings reported by Feldstein and Horioka {(19B0) and Feldstein {1983).
I argued strongly in the paper that serious identification problems make
it difficult to interpret saving-invesiment correiations as unambiguous

evidence about capital mobility, either in a fime-series or cross-

rt

sectional Context. Nonethelesc, the pattern of time-series correlations
I found in the guarterly data ceemed toc me inconsistent with the

Feldstein-Horioka conclusion that capital is essentially immobile in

scme long-term sense.
Im this section I extend my earlier work by presenting time-series

ment rates. There are four reasons why tests based on annual data are of
interest. First, use of annusl data allows me to expand the sample of
countries and tha sample period of the test. Second, annual data may be
more reliable than quarterly dats, which are often based on interpola-

tign and other approximate procedures. Third, annual data ars not sub-~



ject to sessonality. Fourth, short-ters capital movements that are
essentially self-reversing {such as trade credits} shouid be less imper-
tant in annual than in quarterly data. Thus, calculations basad on
annual dats may come closer to addressing the issues of “lopg-tera”
capital mobiiity that Feldstein and Horioka seem to have in mind.

The data [ use are nominal vearly naticonal account data from the

International Financial Statistics data tape. Saving, &, is defined as

gross national product (GNF) minus private plus government consumption.
Investment, I, is gross fixed capital formation plus the change in
stoci::s.15 The correlations computed are those between A(S/GNF) ang
4({1/GNF}, where A is now an annual first difference.

Table 6 reports the estimated correlation coefficients between
year~-to-year changes in the saving rate and the investment rate for ten
countries. The sample period runs from around 1950 to 1984 in most
cases, and because structural homegeneity is unlikely over such a lang
time span, I have split the sample period at 1967. The standard errors
of these coefficients were calculated using the spectral estimator
described in Obstfeld (19Bé).

Two major empirical regularities seemed to emerge from my earlier
guarterly estimates. First, the est{mated correlation coefficient My
between 4{(5/GNF) and A(I/BNF} seemed positively related to country size,
and was statistically insignificant for some small countries and sample

periods. Second, fell for all but one country between the {950-1%7%

Fs1

period and the period beginning in 1973, 1 noted thst the first

regularity was consistent with a high degree of world capital-market

Government consumption includes government investment in the U.S5.
data, while in the other countries government investment is included
in I. When the alternative accounting convention was applied to the
U.5., however, the estimation results were virtually the same.



Table 6

Saving-Investment Correlations Based on Annual Data

Australia
1953-1986

-0.419
(0,272)
Austria
1949-1966
U.645
(0,288}
Canada
1949-1946
0,403
(0.233)
France
1951-19466
0,251
(0.248)
Germany

1967-1984

0.420
(0.2546)

1967-1964

0,723
{(0.279)

1967-1984

0.792
{0.299)

1967-1982

0,520

{0.257)

1967-1984

0.789
{0.294)



T [}

fable & fcontinued)

Saving-Iinvestment Correlaticns Based on Annual Data
Italy
19535~19&6 19467-1984
G,401 0.74&
{G.3385 (0,284}
dapan
1953-1966 1%67-1984
9,912
{0,368}
flexico
1993-194&4 19647-1983
0,819 0.429
(0,323 (0,269)
United Kingdom
1949-1966 1967-1984
G.513 0.512
{0,258) (0.256]
United Gtates
1951~1964 1967-1584
0.946 0,923
(0.327) {0,316}

Note: Standard errors are in parentheses., The estimated coefficients
are correlation coefficients between the change in the saving rate,
A(S/GNF), and the change in the investment rate, A{I/G6NF), over the
sample peripds indicated. Details about the estimation method are given
in Obstfeld {1586},
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with an increasing degree of capital mobility atter 19

also supported by the earlier results of the precent paper.
Both ot these stylized facts are fo some extent overturned bv the
data in Table 4. For most countries, r actually rises between the

first and second periods in spite of the presumed increase in the inter-
national mobility of capital., Further, the association hetween country
size and ey iz much less striking. Austria, for example, which had a
very low rSI value 1n guarterly data, has a rather high one in Table 6.
In contrast, the correlation coefficients for France (which was not in
my earlier sample) are rather low.

The new estimates underline the pitfalls of drawing inferencas
about capital mobility from correlations such as those reported in the
table. The change in current account patterns between the two subsamples
probably has more to do with changing investment opportunities than with
the extent of capital-market integration. It is plausible that emerging
invesiment opportunities in Europe in the 19503 and early 1%60s raused =
pattern of investment increases financed by foreign {mostly American’

savings. A relative scarcity of such opporturities from 1967 on would

spite of increasing world 4inancial integration. The reverse story
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tially immobile. The tapital immobility hypothesis is impossible to
reconcile with many of the reported correlations, zome of which do not
differ significantly from zero at the 5 percent level and most of which
are comfortably distant from the value of unity that would -haracterize
a closed economy. The correlation coefficients furnish statistical facts

about saving and investment which future structural models will have to

explain.,
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