IIEH[]I:M

SPONSORSHIP

P A O0OGHRA ABM

How
diversified
are
International
portfolios?

Correlations between
mternational equity
markets increase with
the level of shock
expericnoed by the
market, reducing the
bhenelits of internatonal
civersification.

By Sawjiv Ranjan Das

AND Raman UrprPalL

ortlolio allocation sirategmes vpi-
cally employ, as o basic input, the
variance<covarinee (nsk) matrx
of returns from candicdate assers in
the portfolic. This approach is sta-
te as it asswnes thal tdos matris
does not change over time or, al
s valid for some ading horizon
The ohjectve here is 1w study the dme
aned state vamation inthe risk mateix,
aned analyze how this variation affects an
investor's optimal porifolio,

Fhe andlysis of the effect of varia-
thont 1 the correlition beoween inter-
national asset retrng s importan|
hecanse the absolute amount of
mvestnent in inlermational assers s
extremely large. For example, LS.
pension fund assets in non-ULS. eoqui-
ties exceed 3140 hillion, compared 10
SH00 billion in TU8E; international
equity flows are in excess of £1.5 tril-
liom per year; and, cross-horder enquiry
flows exceed 20% of wtd world equi-
ry rrading.’ The riskiness of E'r.rrci}_jn
exchange positions is illustrated by
the fact that m recent times the
volatility of the LS. Dollar/ Deusche
Mark rate has excecded that of the
sgep nog, and the volatlity of monthly
toreign exchange rates is four tmes
that of interest rates.

Becent research’ finds that correla-
fion bemween returns on international
equities have been im:n_';Ll;iul.; over
tme, and also tend o be higher in
periods of high market volatlit. The
purpose here is to extend this work in
three directions: (i) o show, using a
simple frmework, that correlations
between international equity returms
vary with size of the shock in the econ-
omy; (1) o characterize the npu'mn]
portfolio allocation when correlations
increase with agpregate market shocks:
and (7il) to demonstrate that the posi-
tve relation between shock size and
the correlation of retums is also pre-
sentin LS. equity and bond markets.

feas

Correlation Between Returns
The relation between the corvelations
of asset returms and the shock o the
market return is puﬁhiw
The nu'll:ma waas carred ot from the
perspective of a LLS. investor. The data
on international equities consists of

monthly returns between August 1976
o july 1992 on the value-weighted
stock indices reported by the New York
Federal Reserve, Tor six countries:
Canada (0A), Germany (GE), Traly
(1T, Japan (JA), Switzerband (527, and
the United Kingdom (UK}, and an
aggregale measure,  the  Morgan
Stanley World Index (MSCIL For com-
parison  purposes, twoo portfolios of
only LS. assets were analyveed: the first
portfodio was allocated across only US,
:-:tuitiua (deale size-hased portiolios),
while the second portfolic consists of
investment in the ser st index, a small-
stock index and a governmeni-hond
indes, The data for these portfolios,
covering the period Januwary 1971 to
December 1994, was obtined from the
CRSP mapes,

Fhe data on international  equly
indices wsed was in U5, dollar terms
where the foreign indices were convert-
edd it ULS, dollass a the then prevail-
iy exchange rate. To obtain the retim
series, log differences of the dag were
taken, Consequentdy, the renums are
monthly returns rom- investing a dollar
in an overseas equity index and convert-
ing the renam back into LS. dollars at
the end of the month. Thus, the retiims
are sensitive o changes in the index in
local currency and o changes in
exchange rates.

Table | (page 8) indicares that the
major markets in the word  demon-
strate a reasonshle 1l|:gm.' ol correla-
tion with cach other. The objective is o
exinine whether this level of correla-
ton increwes significantly with the size
af the shock to the coonomy, where the
shock is defined as the change over the
last time imterval in the level of the
mezsire nf the shock.

Shocking The System

The shock w the cconcmy is mea-
sured in two ways, The first measure i
hased on the absolute value of the sum
of the shocks in the prices of the secu-
rities in the portfolio being considered.
Thus, this measure is limited 1o the
markets for the assets being considered
in the portfolio. To capuure more than
just the shock in a few asset markets, a
hroader  measure is the  absolue
change n the Morgan Stanley Capital
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Index (MSCI).

One simple and informal approach to
study if the correlations between returns
increase with the size of the shock is to sort
the sample by the size of the shock and divide
it into two parts with an equal number of
observations in each of the two subsamples.
The correlation matrix of returns was then

Table |

Country

Good correlations

The correlations between the monthly returns,

translated into U.S. dollars, on seven country equity

indices are reasonably good.

Italy Canada Germany Japan Switzerland UK US

computed for each subsample. The correla-
tions in the high-shock subsample were exam-
ined to determine if they were higher than
those for the lowshock subsample. In the
case where the measure of shock is the MSCI,
this analysis was repeated by sorting the data
on the basis of the absolute change in the
MSCI index.

From Table 2 (page 9) it can be seen that
splitting the sample on the basis of the size of
the absolute shock to the portfolio returns results in a clear
dichotomy of correlation levels between the low-shock and
high-shock states. In fact, the differences between the cor-
relation levels in the high shock state and those in the low
shock state (the third number in each cell) are all positive.
The results on the correlations between returns on a port-
folio diversified over only U.S. assets are similar.

Italy
Canada
Germany
Japan
Switzerland
UK

us

Table 3

More general system shocks

Even when more widespread shocks are examined (here the
shock to the Morgan Stnaley Capital Index) the

correlations in the high-shock state are larger than those

in the low-shock state.

Country IT CA GE JA

1.00
032
035
0.40
039
042
0.24

1.00
0.38
036
0.59
051
0.72

1.00
038
0.69
047
039

190 observations between August 1976 and July 1992.

Wider Shocks

The results for the case where the data on international
equities is split on the basis of the absolute change in the
MSCI are reported in Table 3. As would be expected with
a measure of the shock that is more general, the relation
between the shocks to this aggregate measure and the cor-
relation between the returns on a small subset of securities
is weaker. However, even these results indi-
cate that the correlations in the high-shock
state are typically larger than those in the low-
shock state.

While the results in Tables 2 and 3 are based
on an informal analysis of the data, this evi-
dence on the relation between the size of the
absolute shock to returns and the correlations
between them is supported when a formal

1.00
1.00
0.00

0.26
038
0.12

0.07
0.53
0.46

031
0.49
0.17

0.16
0.56
0.40

039
046
0.07

0.12
036
0.24

IT: low

IT: high

IT: high-low
CA

CA

CA

GE
GE
GE

JA
JA
JA

Sz
LY 4
SZ

UK
UK
UK

us
us
us

1.00
1.00
0.00

032
045
0.13

0.40
038
-0.02

0.49
0.70
0.21

0.29
0.75
0.46

0.12
0.13
0.01

Data is from August 1976 to July 1992.
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econometric approach, the Generalized
Method of Moments, is used to analyze the
data.!

Portfolio Impact

The implications for portfolio choice, of the
relation between shocks to returns and the
correlations between asset returns, were
examined by considering the portfolio deci-
sions of an investor who is optimizing over a
single period and who uses the results in
Table 2 to calibrate the portfolio choice
model.?

The problem of the investor is to choose a
vector of portfolio weights to maximize
expected utility, subject to the constraint that
the portfolio weights sum to unity and (possi-
bly) subject to a shortsales constraint. The
test consisted of comparing the optimal port-
folio of an investor who ignores the relation
between market shocks and the correlations
between the returns on the risky securities
(Investor I), to a portfolio of an investor who
accounts for this relation (Investor A). When
choosing the optimal portfolio, Investor A is
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asstnner] 1o ko that there exiss o rela W—I' —

fion hetween the sige of marker shoeks anie i

anil the correlatons ol asset returns: . ﬂﬂ"ﬂlﬂnﬂns H“n s"slem sn“cns

thus, in choosing the pordelio the The carvelation changes depend on the level of the shock.

ivestor  accounts e the  cuwrrent Tl fivse enery dn the cell pives vorvelarions in the fow

ephine, which could either be o "high” shack itates. the second enery pives corvelations fn the bigh thock

shock ora “low” shock regine. states andd the thivd entry depices the difference (high-low) becwveen
Fhe only difference between the thi fiise pion cotrelstnns,

compuiations for the investors is that

ti Investor 1, the mean. vartance and Country Italy Canada Germany Japan Switzerland UK U5

correlations of the processes for the IT: fow o0

risky assels are culibrited wsing the IT: high LoD

eutire time sercs of ceams, while for IT: high-low | 90

[nvestor A, the data is Dirst sorued by E: ;:]I: :gg

aperesate shock siee, and then sepa- CA 016 i1

rate means, viarances and correlatons | ge 0.10 010 .00

are computed for the dara in the high- GE o 045 108

shock stares and thar Tor the low-shiock GE :Ilf 03¢ 0.00

states fas in Table 2, dght)” The esu- {i gls g:: gﬁi :g:;

mates from ecach subsample were then 1A 0.4 .30 0.5 .08

piedl 1o calibrate the retwrn distribng- 57 s nie 030 .05 | o0

ton lor the ligh shock states and the  § 52 044 1.8 073 a2 .00

Iow shock states, and the [mrtf't:-]i-:n are i fou E” [I.-IH 3 s

LI}[I]P';I:lt'E].l_I'}[: each regime. Given that 3& gg; g:. 35; .[]IE; Eli :EE.

the ohjective is to compare the portlo- LK 053 040 3% 1.4 0.4 0.0

lios ol insvestors who account for the LS. 0,07 48 61 .05 005 L [.on

varation o the correlations  and u.s 0.20 g 4] 14l 0.45 B4l 100

BSOS L g . e LLE, 0. [EE] 44 ! .40 .55 0.0

investors who ignore this, no attempt

5 |:1..'L-:l{- i impose any additonal con- Bata it from Augst 1976-uly 1992,

strints i order o generate portfolio

1"'-{_'i51’l'”5 that are “reasonable” from a Correlations between returns on a (L5, portfolio only are similiar,

client’s perspective. Decile-]  Decile-4 Decile-7 Decile-10
The results Tram the above experi- P heciect: law 1.0

ment are reported in two tables: Table  f Decile- 1< high .00

| {page 1101 where short sales are pro- D“E'E": hi-la “-[":' .

hibited, and [ahln: 5 (page 10} w Ihf:t’t‘ g:::::j 3:; :ag

shorr sales are allowed. In the high  § picite-s 136 a0

shock state (in Tahle 4p the nvesto Decile-7 58 DEI .06

tends o hias the portfolio towards the Decile-T 045 0.7 1.0a

less risky asset, the US. cguity index, Decile-7 '“":’ I8 u':':'

whitle 1 IJ'I.t‘ |t?w .~'-r.]I[_|- ﬂ:[-n-_ ir;.mr:]'r: g:;”;‘:g Ei: g;g [I;:l :gg

investmnent in the Ialian equiny index. Decile-10 04 0.34 e.1% f.e

For example, for the case where rela-

Live risk aversion is equal o two, in the Date it lrem Januzey 1370 oo Decesiar 1994

low shock state the pordolio weight on

the U5 index 1s zero and the entire Carrelations between different 105, asset classes show the same pattern.

portfolio s invested in the halian $ &P 500 Small Stocks Govt. Bonds

index, but in the high shock state the FSaF s00: tow 0

investment in the labian index drops || 5&F 500: high 103

and that in the 1.8, market increases | $4F 500: hi-lo ?E? :

141 H.E‘:H.H. The 1r|ill::7:1'l.k.f'111'|f' i |_t“-' i:::: zﬁﬂit: ::ﬂﬁ: ;!él :;g

change in the porifolio increases with small Stocks Index o 0.00

risk aversion. Comparing the po ol Govt. Bonds Index 0.1% 0.0z 1,00

wetbehits of Investor 1 oo that of the Govt. Bonds Index 0.40 0.24 1.0¢
5 Govt, Bonds Index 025 02l 0.3

Investor A, il can be seen that when
risk aversion 1s ]?Il;fh the Investor A Data w fram |anuary 1971 0 December 1554
ftolds much more of the LS. asset.

Foor tlee case where shorl sales are e
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Table 4

Portfolio Weighting
Risk aversion = 1 Risk aversion = 4
Asset Inv. | High Low | Inv. |  High Low

Gonstructing a portiolio, with no shorting

I bigh shack state the aptimal parefolio is biased
rowards the less risky ULS. equity index, while in a low shock state

the bias is towards rhe fralian equity index,

Inv. | High Low

adjustment leads to an increase in
investment towards the less risky
assels—the rskless asset and U8
equities. We find that the correla-
tion between returns on only ULS,
assels also tends o incresase with
the size of the global shock,

From a practiioner’s point of
view, hedging is mandated for plob-
ally diversified portfolios: no longer

Risk aversion = &

Riskfrees f.00 [0 {60 o4l 0.00 a0
IT f.20 071 100 0l oA (K]
CA [.00 0,00 T 000 o0 (1]
GE 0.0 0,00 nog 0.00 0.0 0.00
JA ool oon 0.00 o 0.00 0.00
NE oon .00 000 0.0 ) 0.00
5 0.0 (1] 006 oen 0.00 .00
UK 02 (1] 0.0 [E 0.00 b.oo
us. 053 01 .00 0.3 0.5% 0.00

permitted (Table 5) the investment in the LS, asset is larg-
erin the high shock state compared to the low shock state,
and it inereases with risk aversion, Compared to the pon-
folio of Investor [, the portfolio of Investor A in the high
risk state has substantally more invested in 1.5, equitics,
Tables 4 and 5 indicate that the imvestor who accoinis
for the reladon between market shocks and the correlation
belween asset returms, tends o bias the pot tholio towards the
less misky assets in the high shock state; Also note that the
portfolio of Investor Lis quate different from that of Investor
A {in either state), and the nave investor's portfolio is not
simply an average of the portfolio in the high and low state,

When It Is Needed The Most

The correlation across returng from international
equity indices tends to increase with the size of the glob-
al shock. This variation in correlations points to reduced
diversification benefits at tmes of high uncertainty, and
is an important aspect to be con-
sidered by any individual, firm,
or financial institution exposed
to foreign assets or liabilities:
This source of additional nsk
compounds the loss of diversifi-
cation from increased correla-
tions in the exchange rale mar-
kets over the last twenty years, as
well as from increasing volaality

Table 5

LR 000 0.0g
war 0.35 .09
L] woo 0.00
002 200 0.00
0.03 .00 .00
.00 (] .00
0.00 000 oo
0.0¢ 0.08 LR
0l .65 L]

can intemational asset managers
exprecta large proportion of sk to
be neutralized by pure diversifica-
tion. Moreover, the analysis sug-
gests an important mole for active
portfolio management. The results
obined in this study are refevant
for short-horsen investors such as
managers of international money
market funds, internatonal munal
fund managers who have longer
mvestment horizons, central bankers who hold their
reserves in a portfolio diversified across different curren-
cies, corporate treasurers exposed to exchange rate risk,
and wniters of complex options whose exposure is a fune-
tion of the covanation between different currencies
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This variation in correlations points
to reduced diversification benefits at times
of high uncertainty.
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v Acsimilar-anabis can be plso be carried out in contimuous time

Consider the problem of an invesior who wishes o maxinize
her expected uibity of wealth pext period by choosing the
wetghtsto allocate o the N rsky dssets and a riskiess asset. The

inwestor s assummed o hove a distiking for nskoand a preference

wedghts for the M orisky securities are denoted Ty W L ...’ N

while the weighil on the riskless ksset s gven by

N ar
W=l 2w
Aasme that the set of |'l|.-\'-|!l’|' CEINET olleoanes s dscrene, and
denate the return for the riskless asset as r, while thar for the
risky securine 1oin state ¥ is Tik Then, one can generate the
processes for the nsky assets so that they match the moments in

the data

We use the approach in He, Hu, “Convergence from
Mscrete- o Continuous-Time Contngent Chams Prices,”
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for return, which can be represented by a standard uilivy fung
tiom, LW =W/, where W denotes wealth and (1-x) is the fi The resubs are similar when the portfolie comgrumnons are

aefficient of comstant relatve nsk aversion, The partfolio calibrated we the results in Tables 2 for U8, assers
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