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ABSTRACT
International CAPM: Why Has It Failed?*

Previous empirical studies of international CAPM medels have not found much
supperting evidence. In this paper we suggest reasons why this might have
happened and perform new tests using improved models and data.

A range of monthly CAPM models are estimated for 1973-87 for aggregate
equities and bonds in Germany, Japan, the United States and United Kingdom.
The models are an improvement on earlier work in that we integrate equity
markeis into the analysis instead of focusing exclusively on government bond
stocks, and we carefully measure the rates of return for both bonds and equities.
In particular, bond returns reflect changes in the price of bonds as well as
coupons. Despite this wider portfolio and the introduction of ARCH effects in the
conditional covariance matrix of errors, our model still yields unlikely estimates
of the coefficient of relative risk aversion and provides very litle explanatory
power for expected relative rates of return. Correcting the ICAPMfor these major
deficiencies does not reverse earlier conclusions in the literature.
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NON-TECHNICAL SUMMARY

Risky assets offer a higher expected rate of return than the safe (or riskless)
asset, otherwise risk-averse investors would not hold risky assets. The difference
between this expected return and the return on the safe asset is called the risk
premium. In our paper we look critically at the literature which seeks to explain
the foreign axchange risk premium within a simple economic framework known
as the International Capital Asset Pricing Model (ICAPM). This risk premium is
intended to refer to the expected reward for holding assets denominated in one
currency relative to the return on the safe asset. The ICAPM approach relates
the expected relative return over, say, a one-month period on a given asset to
the stocks of assets at the beginning of that month in the investor's portfolio.
Typically researchers have considered the outstanding bond stocks of the major
industrialized countries as the constituents of their investment portfolios,
including Germany, Japan, italy, France, Canada, Switzerland, the United States
and United Kingdom. In other words, they have omitted equities and other
financial and physical assets. Also they have used Eurodeposit interest rates to
reflect the return on the various government bonds.

The major empirical conclusion of these studies is that they do not provide a
good explanation of foreign exchange risk premia. We suggest that researchers
should make a number of simple empirical improvements before rejecting
completely these ICAPM models:

(i) A more complete portfolio should be specified, including equities, and focusing
on the major markets alone (say United Kingdom, United States, Japan and
Germany), to make difficult estimation problems more tractable.

(iiy One should exercise greater care when constructing rates of return for the
various assets considered; e.g. ¥ government bonds are the assets considered
for investment purposes then their rates of return should reflect bond price
changes and coupons as well as exchange rate changes. Researchers have
thus far used Eurcdeposit rates adjusted for exchange rate changes, which are
much less variable than those which include bond price changes.

(i} As part of a progressive research strategy one should check for signs of
statistical misspecification in individual equations as a guide for further improving
our models. A basic statistical problem with this empirical area is that we are
trying to explain highly variable relative returns by stocks of financial assets which
change little. Researchers have introduced time-varying variances and
covariances (ARCH) into models in an attempt to rectify this, but with little
success. We suggest from misspecification analysis that such added
sophistication may be inappropriate.



(iv) We should consider what we mean by the risk premium in the context of the
representative international investor considering an international portfolio and
consuming a ‘representative’ basket of international goods. Is there such a thing
as a safe asset in this context? If there is no safe asset, what is it we are trying
to explain? In this paper we refer to this as the relative risk premium, in so far as
it represents the expected return for holding one risky asset relative to another.

In our paper we estimate a series of monthly ICAPM models for government
bonds and equities from 1973-87 for Germany, Japan, UK and US using a new,
carefully constructed data set with special emphasis on calculating appropriate
bond returns. We still find little explanatory power for relative risk premia in our
models, even when we introduce ARCH processes in the equation errors: we
also find that CAPM models for different assets and within separate countries
yield conflicting inferences. The estimates of the coefficient of relative risk
aversion are also highly variable and frequently ill-determined, as in earlier
studies. Overall we would have to conclude that rigk neutrality seems to be a
better description of the data in this context.

We conclude that it is unfikely that the variation in risk premia can be explained
by the ICAPM approach.



Introduction

To say that estimates of the international CAPM (ICAPM) have been
disastrous for the model would only be a siight exaggeration. Iatroduced
initially as a way of filling the gap in the fundamentals' explanation of
the exchange rate left by the failure of models based on uncovered
interest parity (UIP), the CAPM has not translated to the intermational
contexXt in the way hoped. However, just as most of the empirical work on
models of the exchange rate are fatally flawedl_ that on the ICAQMZ,
whilst of higher quality, is sufficiently negligzent in some respects to
leave reasomable doubt about whether rejecting the model at this stage
would be premature. The purpose of this paper is to make a critical
re—examination of the empirical content of the ICAPM and to provide some
new estimates based on more appropriate data.

One criticism of previous studies is the data used. The problems
in obtaining appropriate date are enormous and many are insurmountable.
Nevertheless, we believe that we have constructed a data set which
incorporates a number cf improvements. A second ¢riticism is the choice
of assets and countries included in the ICAPM. In his work Frankel
(1982) has six countries (France, Italy, Japan, UK, US and West Germany}
but only one asset (government bonds) for which he uses euro-rates as the
rate of return; Engel and Rodrigues (1989%) and Giovannini and Jorion

(1989) use the same data. As we show later, there is little or ne

lgee Backus {1984) and Smith and Wickens {1986, 1989).

2see Engel and Rodrigues (1989), Frankel (1982, 1986) and Giovanninid and
Jorion (1989).



correlation between bond and suro-deposit returns. In an attempt to
rectify the omission of a larze share of the worid's finaneial wealth.
Gilovannini and Jorion (1989) include US equities together with government
bonds for four countries, but exclude Japan. which has one of the world's
largest steck markets. and include Switzerland. which has a tiny share of
the world's bonds. Also they use euro-rates instead of proper bond
prices.

Roll (1977} observed that an usambigucus test of the CAEM is not
possible unless researchers use the true market portfolio. However, the
addition of bonds, real estate and consumer durables to a portfolio of
Stocks or the addition of prior information does not affect inferences in
the US context (Stambaugh (1982), Shanken (1986, 1987}, Kandel and
Stambaugh (1987), though Kandel (1984) suggests that mean variance
efficiency is not really testable on a subset of assets even if bounds
can be placed on the market share and expected return of the missing
asset. No such empirical results have been noted in'an international
setting for CaPM (though See Cho, Eun, and Sembet {1%986) for the
international APT). Nevertheless. our ICAPM results, even when based on
a much wider market portfolio than used by Frankel (1982), Engel and
Rodrigues (1989), Giovannini and Jorien (1989), do not contradiet their
main conclusicns.

In his injtial, and picmeering, work on ICAPM Frankel used a
static model. Later3 he admitted this restricted the ability of the CAPM
to explain the vell-documented volatility of excess returns. One way of
generalising the static CAPM is to assume that the conditional covariance

matrix of returns is generated by an ARCH in mean modela. This is the

IFrankel and Meese (1988).

43ge Engle and Bollerslev (1987}, Engle. Liliem 2nd Robbins {1987) and
Bollierslev and Engle and Wooldridge (1983).
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approach adorted by Engel and Rodrizues. and Giovannini and Jorion. There
is a similarity in the results obtained; the estimates of the coefficient
of relative risk aversion (CBRA) are frequently large, negative and
insiznificant, the ARCH effects are not pronounced and, as we suggest
beleow, could be spurious, while the overall explanatory power of the
model is very low.

An insignificant CRRA implies that there is no well determined
risk premium in these models of ICAPM and hence, apparently, no risk
aversion. This result may be compared with those of Wickens and Thomas
{1989) who derive non-parametric estimates of the foreign exXchange risk
premium and of the equity risk premium. It is found that although the
average risk premium is quite small over the period 1973-1988 as a whole,
in some years it can be substantial and can explain a large part of the
variation in the excess return. Also, they find that the estimate of the
CRRA for the whole period is close to risk neutrality, which is
consistent with the findines on the average risk premium. These results
suggest that although the attempt to allow the ICAPM to exhibit more
short=run variability has not succeeded so far, this is the most
promising research direction to take.

The present paper is set out as follows. In section 2 we present
the meap-variance gptimisation theory, while in section 3 we discuss the
data in detail. Section 4 contains our empirical results.

2. ICAPM: Mean-Variance Optimisation for Multicurrency Assets

In keeping with earlier studies {(e.g. Kouri {1977}, Dormbusch
(1980), Frankel (1982)), we assume that the representative investor,
consuming a represantative basket of geods, maximises a function of the
mean and variance of end-of-period real wealth, given informatien

available zt the beginning of the peried.
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where E. is the conditional expectaticn of end~of-period real wealth,
Weeys and Ve is. similarly, the conditional variance. The iavestor must
decide how to allocate initial real wealth among the vector of asserts
available in the different currencies. As explained above, with the
exception of Giovarnini and Jorion who include US equities., researchers
have followed Frankel (1982} and only considered the outstanding stock

of govermment bonds as wealth. End-of-period real wealth is defined as:

(2) W, .= Wt + Wt X T

n
+ — '
t+1 Xe Lee1 T WelR WL,

1
Here Xy is a vector of shares of the portfolio allocated to (n-1)} assets,
and Ll is the vector of real rates of return realised for the (n-1)

assets. The n-th asset has portfolio share {1 - EtlL) and rate of return

rt+? .where v is an {n-1} vector of ones. This is usually taken as 'U.S.
bonds' and interpreted as the 'safe asset’, though at this stage we only
require that it is an asset in the currency chosen to value our basket of
consunmption goeds. MNevertheless, for reasoms of familiarity, we shall
use U.S. bonds too. Researchers, again following Frankel (1982), have
typically chosen eurc-deposit rates to reflect bond returns, or perhaps
alternatively have considered euro-depcsit rates as appropriate returns
to isolate the foreign exchange risk premium. It should be noted,
firstly, that euro-deposit rates are inappropriate as measures of the
return on govermnment bonds, and, secondly, that euradollar deposit rates
can atéract 3 risk premium over US Treasury securities, e.g. during the
Bank Herstatt crisis of 1974 the differential was three full percentage
points. Euro-dollar deposits are not risk free.

The first -order condition for the maximum value of (1) subject

to (2) is given by:
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If we write the return of the (n-1) assets relative to the numeraire

asset as:

1]
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then the first-order condition reduces tg

.
(5) VIR z ) Y TR 2R ) = 0

= _- r -
where nt_ [Etzt+1 ztvll [Etzw1 zt+1}

Solving for excess returns gives:

(6} E, Zig ptntﬁt
U"
where = —Ut 2 ﬁ: » 1s the coefficient of relative risk aversion

—

(CRRA}. If we assSume that expectations are formed rationally, then

(7 Tl T PRK Y &g
where Et+1 = zt+1 - Etzt+1
with Et Et+1 =0,

Frem the definition of Qtand Et+1 we see that there is a powerful

restriction on (7): that the variance~covariance matrix of £, 15 neone

+1
other than .. This is the key observation of Frankel {1982). The
impositien of this particular restriction is the basis of tests of the
ICAPM in the succeeding literature.

In Frankel (1982). and Frankel and Froot (1986) it is assumed that
Py and f are constant over time. {7) is them called the static TCAPM.

More generally, they can vary over time. Although Py is usually assumed

constant, a number of studies have used the ARCH-M model of Engle et al
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(1987} to formulate a time series process to describe the way {, evolves.
See, for example, Bollerslev. Engle, and Wocldridge (1988) for US
domestic financial assets and Engel and Rodrigues (1989) and Giovannini
and Joricm (1989) for the ICAPM.

In applying the theory to international financial investment it
may be noted that to the interpational imvestor risk arises from three
sources: uncertainty in
{i) changes in the price (domestic currency} of the asset
(i1} chapnges in the exchange rate between the currency in which

consumption will take place and the currency of denomination of

the asset
(iii) changes in goods' prices.

In common with other authors using mean-variance models, we
ignore (iii). This is taken inte account in the Lucas (1978) arbitrage
prieing model, (see also Hodrick and Srivastava {1986) and Backus and
Gregory (1989)}. However, for short time horizons of around one gmonth
this is clearly quite reascnmable. The international asset pricinz
literature follows Frapkel (1982) in focussing on (ii). Hence the claim
to identify the 'exchange risk premia'. However, as we show below, in a

truly international portfolio ef equities and bonds, _before one even

considers translating for exchanze rate effects. account has to be taken

of the fact that asset prices measured in dopestic currency are also

highly volatile, and hence a truly general formulation of return and risk
should refer to (i) as well. This would be particularly important for
Frankel's example where wealth is defined to inciude only ‘outside’
assets, namely the (issued) value of government bonds. If the
international investor was chossing between fixed nominal {say, euro-)
deposits then indeed (i) would bde irrelevant and the only stochastic

component would be due to (ii). Early in this literature Frankel (1982)
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sugzested a fuller set of assets to better refleect international
portfolio choice but until Giovannini and Jorion (1989) this drew little
attention. Indeed, even these authors conclude that no conclusive test
of the ICAPM is possible without a much fuller asset set. However, they
refer to the portfolic as invelving the 'foreizn exchange market' and US
equities, whereas the former is aetually foreizn currency denominated
bonds, which, as we enphasise below, invelve quite different rates of
rYeturn. Unfortunately, given this tradition in the empirical work of
using govermment debdbt for wealth and euro-rates in the derivation of
excess returns, the introducrion of equities aggravates the problem still
further.

In Wickens and Thomas (1989) non-parametric estimates of the
pure equity and foreign exchange risk prewia are obtained. The results
show that in some years there are substantial risk premiz of both types.
Over the whole sample reriod, however, neither risk premivm was found to
be large and correspondingly. estimates of the CRE4 were found to suppart
risk neutrality and not risk-averse behaviour. These resylts indicate
that there is sizeable time variation in the risk premia to be explained

and provides prima facie evidence in support of both (i} and {ii).

3. Variable definitions and their easurement

Empirical work on the ICAPM suffers from using inappropriate
variable definitions and sources perhaps because attention has focussed
instead on the specification and estimation of the model. We wish to
highlight those key data issues vhich must be addressed before such

wodels can be tested sensidly:
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{1} given that only a few countries can be included, which should
they be?

(ii) what is the appropriate choice of assets and how should they be
measured?

(iii) how can rates of return be measured to properly reflect holding

period returns on bonds and equities?

3.1 Country coverage

We would prefer to include those couwntries which contribute most
to world wealth. Thus we believe it is essential to include Germany,
Japan and the U.S. in any ICAPM not only to reflect their importance for
total wealth but also because their currencies occupy a pre-eminent role
in the international exchanges. As vemarked earlier, it seems

inappropriate to include, say, Swiss government bonds, but to exclude

both Japanese bonds and equities, (as is dene by Giovannini and Jerien
(1989)}. In the Salomon Brothers World Goverrment Bond Index for 1986,
Switzerland has a weight of only 0.4%, while Japan has a weight of 26.4%.
In the dataset used by Giovannini and Joriom {1989) Swiss bonds account
for only 1.1% of the wealth on average. We alsg inciuvde the U.K. for

our empirical work.

3.2. Asset stocks

Examination of the time-path of the shares of bonds and equities
in total finameial wealth from 1973(6) to 1987(12) (mot reproduced here)
shows clearly that Japan's equity market hecomes of gzreat importance
after 1985 ( with all assets expressed im $'s), vwhile both the US bond
and equity marxkets fall substantially inm importance., Indeed, the
Japanese government bond market is also very large. By the end of 1387

Japanese equity accounts for around 26% of total wealth in cur sample,
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and its bonds account for 13%. The US bond share has fallen from 30% in
1984 o arcund 172 by end ~1987, and its equity market share falls fronm
47% in 1974 to under 237 by the ené of our period. These figures reflect
both asset price changes in domestic currency and exchange rate changes.
It is clear, therefore, that Japanese equity wealth cannot be ignored. In
cortrast the share of UK and German equities never rise above 8.5% and 4%
of total wealth respectively, and their govermment bond wealth is only
slightly higher at 9% and 7.3%. Table 1 contains summary descriptive
statistics of country shares by the two asset classes. The US and Japan
clearly dominate both equity and bond wealth.?

Asset pricing models refer to the allocation of existing wealth
measured at current market prices, not of wealth measured at a fixed
isgue value. Thus Frankel's {(1982) careful nethodology for caleunlating
cutstanding government bond stocks in the hands of the private sector is

incorrect since it omits any reference to revaluation effects due to

interest rate changes. A measure, like Frankel's, whiéh cumulates
historical povermment borrowing needs or adds the issue value of

bonds will have much less variability than one which takes into account
day-to~day capital revaluations due to interest rate changes. The
familiar complaint ip this literature® that there is mot enough
variability in asset shares {referring to zovernment bonds) to explain
volatility of excess returns may not be correct if such revaluations were
taken into ac¢count. Indeed one may conjecture that the combined

variability of the asset shares and the conditional covariapce matrix of

SThe equity market wealth is taken from Datastream, Alberto Giovannini
kindly provided bond market data to end-1984 and we constructed the data
o end=1987.

Giovannini and Jorion sugszest that, under certain not implausible
assumptions. the fluctuation in asset supplies can only predict a
standard error of the D.M. risk premium that is 1/200 of its standard
error obtained from unrestricted projecticn equations.




regurns - 2: in {7} - will be rouzhly of the same order of maznitude a3
the variability of the rsturns themselves since interest chanzes will be
important for each. In adding U.5. stock market wealth to the portiolia.
Giovannini and Jorion {125%: are presumably using updated share wvalues
for this asset but issue values for their bond assets. In addition. they
interpclate their monthly bond stocks to ebtain weeklv data: this would
presumably lead to even smogther asset shares. No investor would
seriously consider vsing issue or book prices to value current equity
wealth. Unfortunately, a time series of revalued government bond stock
data are not available to our knowledge. However, we do know from Saloman
Brothers {1986) that primcipal values and market values tan diverge
considerably. For the sample of bends which enter their Werld Government
Bond Index, the principal and market values were, {lst October 1386): US,
$841.0 bn and $971.3 bn; Japan, $473.3 bn and $516.8 bn; UK $153.1 bn and
$153.6 bn; West Germany, $57.3 bn and $87.1 bn. Engel and Rodrigues
(1989) consider measurement errsr in the relative rates of return due o
preference shocks; including such effects does not greatly improve their
estimates and does not seem as intuitively plausible as allowing for

measurement error in the asset shares.

3.3. Rates of Return

Basic finance tells us how T0 measure ex post nominzl rates of

return on bonds and equities. The ex~post nominal return on eguities

(holding period regurn) is

(3) R
5
t

where D, is the dividend at the begzinning of the period (assumed known

here) and 5. is the share price at t
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The ex-post mominal return on bonds is:

T t+1 t
(9 ————
L4

where Cy = coupon at time t and By = bond price at time t

Using Frankel's {1982, p.257) notation, ex~post real rates of

Yeturn cn the j-th asset are obtained as foliows:

.
1+ 3
h] T 3 $ 3
{10) iI+7 T e s %] 4 4 -7 - Ae
t+1 $ J t t+] T+l
(1+ﬁt+1 Y(1+A et*l)

where ig is the one-period interest rate and 't+? is the rate of
inflation during the period, converted intg a dollar price index for a
common cousumption bundle. Aet¢{ is the rate of depreciation of currency
J against the dollar. Equation (10} is a sensible measure of the real
return from helding, say, a one-month bank deposit in currency j: the
only change in ‘'capital' value arises from changes in €y, the spot
exchange rate. This is the rate of return enployed in tests of

international CAPM. The €x-post real rate of return on dollar assets ig

given by:
.5
1+1i
s _ t . 5
(an RS b sl S R0
T+l

Corresponding expressiens can be obtained for equities and bonds.

These allow for changes in capital value other than through exchange rate

changes. Let dg be the j~th country's dividend rate at the end of period

t, and let A stil ke the % change in equity prices in the course of

period t+1 (the first difference of the i0gs). The real one-period

return on helding equity in currency i is then
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J 3
. 1+4d + OS5
{12) 15 t t+]

£+l $
(l+ﬂt+1) (1+4 ¢

3
t+1)

1

3 I _ .5 _ae d
1 dt o st+1 Tesl Aet*l

$imilarly. the real return from holding bonds in currency j is
given by

b} 3

pj _ LTS O

i 1ry. 4 = 3 3
(1+1t+1) (1vte, 1))

bi
t

12

1+¢ * Abi - 13 -4 i

t+1 €+l

where cth refers to a coupon rate of interest.

Next we consider relative (or excess) rates of return. A veclor
of ex—post relative rates of return on foreign assets versus a U.S.

dollar asset can be written:

- s .. $
(14) TEeep 2 Lper 7% Tl ¥ A T Rt o )

where it is an n-] wector of nominal interest rates, and Aet*l is an n~l
vector of exchange rate changes. Clearly relative real and relative
nominal rates of return are the same since inflation is common and
cancels out. Formulae (9)-(11) apply to bank deposits and similar fixed
nominal assets, and indeed the data used in empirical applications are
eurocurrency deposit rate data, available from DRI, and which are
selected for consistency with spot and forward rate data. We can also
construct analogous relative rates of return for eguities and bonds. At
this point we diverge further from Frankel (1982) sirce now any gne of
twe dollar assets will be the numeraire. In our empirical work we shall

choose the U.S. governmment securities.
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From (I2) the real rate of return for U.S. equities relative to
U.5. bends {which has no exchange rate effect) is:
gbs 3 i _ s $ i
{15) 1+ Toap =1+ dt + A st+1 ¢ Abt+1 - Aet+1
In general, other real returns relative to US bonds are given by:

- Y% . - $ 5
(16) £t+1 hrt+1 = Et + agt$1 i(ct + Aht) -4 €141

where Bt is ci or dg depending on whether the asset is a bond or

equity, and &P, ., is the change in the price of the bond or equity.

Tables 2a-2e contain descriptive statistics for the major rates
of return in our dataset. Table 2a refers to the simple nominal interest
rates available on eurodeposits. These can be compared with the highly
variabie monthly equity returns in Table 2b. We use Datasiream dividend
vields and market indices to work out equity returns. TYhese are in
demestic currency. The UK actually had a 49% return on onme-month
(1874(1)). The Japanese market is noticeably less valatile than the
rest, but still much more s¢ than eurp-deposit rate returns. Table 2¢
shows Table 2a returns adjusted for exchange rate changes, and naturally
the range of values rises as do the coefficients of variation. However,
including exchanze rate adjustments does not alter the range of values gof
equity returns in the same way.

Ve sugzested earlier that euro-deposit rates may have little to
do with government bond returns and hence may be inappropriate measures
of the rate of return on those assets. There zre many types of bond and
they have different returns, but there is no data comparable with that
for equity markets to gauge overall bond price changes and coupen flaws.
This may be one reason why previous authors have relied on euro-rates.
Salomon Brothers, however, have produced an index since 1978 for the

major bond markets which we believe to be more suitable as a measure of
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bond market returns. This index is described in detail in 2 pamphlet
entitled 'Introducing the Salomon Brothers World Government Bond Index’

(November, 1986).

Salomon Brothers construct a performance index which includes
acerued interest and price changes weighted by amounts outstanding at par
and is based on a wide variety of the bonds they trade. Tadle 2e shous
the descriptive statistics for rates of change of this index, i.e.
monthly total returns. Clearly the change in capital values is now an

important aspect of the rate of return for both the range and the

coefficient of variation is much higher than for Table 2a. We suggest

that such rates of return are appropriate for use with govermment hond

wealth data. These data are also available from Datastrean.

Table 3 compares the rate of return using the Salomon figures

with euro-rates over the period 1978(2)}~1988(1). Although the averaze

rates of return are similar, their standard deviations are approximately

10 times greater'than those of the eurp-rates. The simple correlations

between the same country returns are very low: .132 for West Germany,

.169 for Japan, .217 for the UK and .048 for the US. In other words, it

is most unlikely that using eurodeposit rates is remotely appropriate for

measuring rates of return on the bond portfolieg which have been so

extensively explored recently in the mean—variance strand of the

literature. The cross country correlations are also generally slightly
lower For the Salomon data. It should be noted that these rates of

veturn do not include exchange rate changes.
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4. _ICAPM Estimates for Four Countries and Two Assets

4.1. Specification and Estimation

The full system of equations defined across both different assets
and countries is given in matrix form as equations (7) which can be
rewritten as

an Zrep * &Y B Xt Eray

vhere g, = Py fp and & is ap intercept which has been added to (7).

If we assume that all errors are distriduted normally, then the
log-likelihood for observation t is given in general, with tire~varying

covariance matrix, as

-1
o E - - - ¥
(18) logl (N/2) log(2+w) %loulﬂte L3 £, nt £,

where ¥ is the number of assets in the portfolic. We can write £, as

?t’P: where Pr 1is an upper triangular matrix.

For static CAPM we can write B = pQ. Recently, however,
researchers have focussed cn relaxing the restrictions that 0 is fixed.
largely, perhaps. due to the arrival of ARCH technolesy. This gives the
model of Engel and Rodrigues (1989). In addition, they introduce
macro-surprises into the specifications of the covariance matrix.
Giovannini and Jorieon (1989) ailso try a ranze of ARCH specifications.
None of the authors carry out misspecification tests on the static CAPM
as a prelude to ARCH or related estimation. It is interesting,
thersfore, that Wickens and Thomas (1989) find that there is little

indication of ARCH effects in the relative rates of return. It may well
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be that the 3RCE terms or Tacro~surprise parameters are picking up
"ane—off' events which cauld =gually well be treated {and indeed
interpreted) by a simple dummy variable.

Our estimation pericd involves 1973(63-1987(12) thoush the
Salomon Brothers bond returns are only available since 1973(1). Other
studies have three important empirical differences:

(i)} their estimation periods are shorter and exclude the rise of
Japanese financial importance and the crash of October, 1987.

{ii) they exclude German, UK. and Japanese equities, and indeed alsso
Japanese bonds.

(iii) they use inappropriate bond rates of return.
A1l calculations were carried out in GAUSS using standard

optimisation algorithms, (see Dennis and Schnabel (1%33)).

4,2, Static ICAPM Results

For the purposes of compariscn and before reporting our results
we initially we took the six countries and same data period as studied by
Enzel and Rodrigues (1989) and replicated their results. Since we
Believe their model uses inappropriate assets and countries, we estimate
four alternative versions of the static ICAPM (see Tables 4a-4d). In
Table 4a we present the results for the same data period as
Engel-Rodrizues (1989), i.e. 1373(6)-1984(12). using agzregate equities
and bonds for the US. UK. Germany and Japan. We obtain an estimate of p.
the CRRA, of =-95.97 with a t-value of 2.20. This compares with a value of
-19.29 with a standard error of 42.65 for Engel and Rodrizues (1989) and
-162.91 with a t-value of 2.97 for Giovannini and Jorion (1989). If we
continue the data pericd to end-1987 (Table 4b) p rises to -30.4 with a
t-value of 1.21. Other parameter values change substantially. 1In

particular none of the iIntercepts is now significant.
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Salomon Brothers bond return data is available from 1973(1) and
hence we estimate our model using both the euro-rates {Table 4ic) and the
Salomon Brothers' rates (Table 4d) over this period. Cleariy Tables 4b
and 4¢ are very similar bur Table 4d is very different. It has a poorly
determined estimate of p of 2.15 and no significant intercepts, thouzh
the P parameters are surprisingly similar for Tabies 4e and 4d.

Usually the only diasnostic statistics reported in empirical
studies of ICAPM are t-statistics on individual coefficients and the
log-likelihood values. Although most of the coefficients are
significant, this is a misleading indicator of the explanatory power of
the ICAPM because these significant estimates are of the residual
covariance matrix., In contrast, the estimates of p are roorly
determined. Without a significant and meaningful estimate of p the
relative returns remain unexplained and the explanatory power of ICAPM
wWwill be weak. A similar interpretation applies 1o the finding of a
significant likelihood ratic statistic for the hypethesis of a zero risk
premium for the medel as a whole against the alternative of a variable
risk premium. The poor explanatory power of the model is drought out
mest clearly by single equation R2 values. For the model of Tadle &b
(the standard data for the whole period) the maximum R2 value is 0.015,
and for the model of Table 4d(i.e. using the Salomon bond prices) the
maxizum R? is 0,20x107%,

One possible explanation for the poorness of fit of the ICAaPM
relates to the order of integrability of the relative rates of return and
the asset shares. If, for example, the relative rates of return were
I(1), i.e. non-stationary, but the asset shares were I(0), i.e.
stationary. then even thoush a risk premium is present it will not be

revealed by estimating equation (17) which would fit very badly.
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Morecver, the residuals would be intezrated.” In Table 5 we provide
summary statistics relating to the order of integrability of the relative
rates of return. Although the test statistics zive conflicting results,
the estimates of the dominant root are always close to zero and very far
from unity. We are reasonably safe in concluding, therefore, that the
relativg rates of veturn are stationary and henrce this is not a reason
for the poor explanatory power of the model.

Turning to the residuals themselves, in Table 6 we report the
correlation matrix of the estimates of Tables 4b and 4d. The large and
sigaificant positive correlations suggest that the foreign relative rates
of return have been subject tTo a common shock associated with the US
dollar.

In addition to mezsures of goodness of fit we have carried out
tests of misspecification for serially correlated errors and ARCH errors.
Rather than assuming that ARCH effects are present it seems sensible to
carry out an ARCH test of misspecification first. Surprisingly this has
not usually been dome. The results of carrying out both types of tests
on the residuals of each equation using the standard data and the Salomon
data are reported in Table 7. There is relatively little evidence of
serially correlated errors and only a Iittle more of ARCE effects.
Certairly there is no systematic evidence of ARCH effects at any
particular lag, such as lag 1 or at seasonal frequencies. This is a
major blow for the ARCH in mean versicn of ICAPM and calls into gquestion

the necessity for the estimates of Engel and Rodrigues, apart from the

7See Engle and Granger (1987) for a discussion of integrability and
Wickene and Thomas (1989) for a discussion of the use of the concept in
analysing models of excess (or relative) rates of return.
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issue of the power of LM and Wald type tests. Partly for completeness.
however, in Section 4.4 we present ARCH-in-mean estimates of the
"dynamic’ ICAPM.

Another issue in misspecification relates to the nmis-measurement
of asset stocks, particularly the staock of bonds. As remarked earlier,
the stock of bonds is valued at the issue price and not at the current
market price. It is shown in the appendix that this is likely to lead to
dounward biased estimates of p. These results sugzest that the bias is
likely to be greater, the greater the difference between the market price
and the issue price.

Finaliy, and not too surprisingly. we may note that the

restrictions implied by the ICAPM for Tables 4b and 4d are overvhelmingly

rejected by the data.

4.3. HRestrieted Static ICAPM formulations

As the ICAPM above finds little support in the data, one guestion
to ask is whether the CAPM fits better to restricted versions of the full
model. It may be that a different CAPM explains the international bond
data from that which explains the equity data. Or, a CAPM may fit
national data on bonds and equity but may not carry over to an
international CAPM. By estimating these restricted CAPMs it is possible
to determine if there are national differences in attitudes to risk or if
the international degree of risk aversion on bonds is different from that
on equity. In a sense this is equivalent to carrying out ancther form of
misspecification test for the whole model.

The results of estimating the restricted CAPMs are reported in
Table 8. The principle way of comparing the models is through the
estimates of p. These estimates show cousideradle variation between the

different equations. The international equity CAPM has a positive and
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marginally significant p but the corresponding bond p is negative byt
insignificant. The estimate of p for the UX is positive but
insignificant; the other estimates of p are all negative with that for
the US hizhly significant and that for Japan marginally significant.
Virtually all of the covariance terms are significant, The main
conclusion to follow from these results is that there is sufficient
disparity to cast doubt on the existence of a well defined general ICAPM
of the sort estimated earlier. We note that when Gilovannini and Jorion
(1989} add the US equity market to their CAPM the estimate of p falls
from ~27.86 to ~142.91, which is not too different from cur estimate faor
US p of ~186.07. Simple misspecification evidence is presented in Table
9 for the restricted ICAPM estimates of Table 8. ﬁhile the bond market
model, in the spirit of Frankel (1982), reveals little evidence of
autoregressive or ARCH effects, the same is not true for either the
equity market model or the individual country models, with much nore
noticeable ARCH effects present. This Suzgests that the range and type
of assets considered has a major impact on the level of misspecification
present, and calls inte question the reliability of earlier resuits which
involve only a small portion of the world portfolio. Earlier studies
considering the mean-variance efficiency of the U.S5. market rortfolio
(e.g. Stambaush (1982)) do not consider The sensitivity of equation
misspecification to alternmative market portfolios; rather they focus only

on the test of market efficiency in this context,

4.4 TCAPM with ARCE

Thus far we have assumed comstant variances in the process
generating excess returns (eq(l17)), and indeed this assumption is

supperted by our misspecification tests in Table 7. However, it has been
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observed in various empirical contexts that such variances vary
systematically over time (e.z. Giovannini and Jorian (1939)). The ARCH
model of Engle (1982), which is agnostic about the econemic structure
postulates a relationships through time for the conditicumal variances.
The multivariate ARCH(1) can be written {see also Engel and Rodrigues
{1989)):

(19) £ = PP+ Gepey'G

P is a constant upper triangular matrix as before; & is a constant
symmetric matrix and £y is the lagged forecast error (i.e. the error made
in predicting the relative returns between t-1 and t). This
specification ensures that Qt is positive semi~definite.

Tables 10a and 10b present the results from estimating (19} on
the full sample peried ('old' data) and on the shorter sample period data
using the Salomon Brothers returns. Initially G is chosen to be a
diagogal matrix, hence 'own’ lagzed forecast errors only affect the ‘owm’
conditional covariance. Clearly there is iittle substantive change
between Tables 4b and 10a. The CRRA is still negative and insignificant,
though 6 of the 7 G parameters have t-values greater than l; together
they are jointly significant with a x2(7) value of 19.2. The ARCH
parameters range in (absolute) value from .07 tc .36 and hence the
variance process is statiomary over time. Thus, although there is
evidence that introducing ARCH effects {via a diagonal G matrix) has some
added value, this way of formulating of time-varying second moments is
not the panacea for the ills of the static ICAPM. Comparison of Tables
4¢ and 10b (the Salomon Brotheré' data} yields similar conclusions.

A more general model is obtained by specifying G to be 2 full
symmetric matyix {comtaining 28 parameters). The estimates for this
specification are presented in Tables 10¢ and 10d. The § parameters are

jointly significant. with a X2(28) 0f £6%.4 for table 10e (the full
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period, 'cld' data) and a XE(ZS) of 120 for the sherter pericd with the
Salomon returns. Using the 'old' data, the estimates of the CRRA is
negative and highly significant while using the 'new' data it is negative
but, as earlier, not statistically different from zevro.

We have to conclude , therefore, that the introducticn of
first-order ARCH terms to facilitate time-varying covariances seems o
provide relatively little empirical or economic
improvement over the static ICAPM. Nor are the estimates of the CRRA

more sensible or stable.

4.5 The Behavipur of Risk Premia and Conditional Variances

In this sectjon we examine the time path of both the ‘risk
premia’ and the conditional standard errors obtained from the estimates
of Table 10b and 104, i.e., the models with the full G matrix in the ARCH
processes for time-varying second moments. We have already suggested
that the use of the eurndollar interest rate to represent the return on
US bonds is inappropriazte and hence the interpretation of the fitted
values of equaticn (17) as 'yrisk premia’ is somewhat gdubious.
Nevertheless, in the spirit of empirical work in this area we present the
risk premia on US equities and West German bonds in Figures ia and 1b as
representative of the estimated risk premia. Compared with similar risk
premia in Giovannini and Jorion (1989, Figures 3 and 4, pages 320-321)
our results are much more veolatile and larger in abdsolute value.

In addition and in contrast to the estimates of Giovannini and
Joricn our risk premia can take both positive and negative values. (see
also Wickens and Thomas (1939)). In fact our resulis are much closer in
this respect to the risk premia estimates in their Pipures 1 and 2 (pages

318-319) which are derived from 'unrestricted' single-equation

projections. It can be seen from cur Figere 1, that even on US equities
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the risk premjum is not always positive. (Indeed see Bollerslev, Engle
and Wooldridze (1988) where it is always negative in a domestic US
version of the CAPM.} Giovannini and Jorion make no attempt to reconcile
the results in their two sets of figures. It may be noted, however, that
CAPM theory assumes the existence of a risk free assel against which to
define the risk premium. In the ICAPM model as estimated above there is
no risk free asset, only relative degrees of risk. For exampie, US bonds
are not risk free except in the sense of defanlt risk: their capital
value is as volatile as equity prices, and hence a2 positive risk premium
relative to US bonds is nor really the same as finance theory's risk
Premium with respect to a safe asset. In Figures Za and 2b we present
the fitted values from Table 10d for West German bonds and US equities:
in this case the bond returns are calculated from the Salomon Brothers
data and, as one would expect, the estimated risk Premiz are much more
volatile than for the earlier cases. However, we still clearly have both
positive and negative values for the risk premia.

In Figures 3a and 3b we present the conditional variances for
West German bonds and US equities, for the ‘oid’ data, and in Figures 4a
and 4b we present conditional variances for the same equations using
Salomon's data. Clearly the latter are more volatile 25 we would now
eXpect. and indeed are greater in absolute value than the results

presented in Giovannini and Jorion (1989) for a similar data period.

5. Conclusions

Fundamentals explanations of exchange rate mevements based on
models that assume uncovered interest parity are widely, though Possibly
mistakenly, thought to have failed. As a result attempts have bean made
to test whether or not a better fundamentals explanation is given by the

assumption of imperfect substitutability due tg risk aversiga. This has
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led to the assumption ﬁf the representative international investor and to
the development of an alteypative empirical model, namely, the
international CAPM. Unfortunately, estimates of the TCAPM have been less
than encouraging. The purpese ¢f this papex has been to try to identify
whether this unsatisfactory perxformance is due to deficiencies in the
econometric analysis or to the model itself.

We have identified a number of possible reasons why previous
estimates of the ICAPM may have caused the model to perform badly: the
ordssion of important assets oY countries from the world portfolic, the
use of inappropriate rates of returnm, the valuation of bonds and hence
the caleulation of asset shares using the issue price instead of the
market price, non=stationarity of the relative rates of return but
stationarity of the asset shares, the misinterpretation of temporary
shocks as systematic ARCH effects and different attitudes to risk betueen
the investors of one country and anothey and between asset types. This
list could easily be extended ﬁut it is long enough already and countains
several powerful reasons for the failure af the ICAPM. We have tried To
assess the empirical importance of each of these possible causes of the
failure of the ICAFM.

Our results confirms the findings of Wickens and Thomas (1939)
that there is little evidence of a Jarge or even systematic risk premium
over the whole data period. On average, risk neutrality seems to be a
tetter description of the data. However, there are pericds when relative
rates of return are clearly out of line with risk neutrality and this
seens to be associated with "news' about the US dollar. Removing some of
the deficiencies in the data does not have a decisive impact on the
estimates though it does bring about improvements. There is a suggestion
that the assumption of a single ICAPM covering all countries and all

assets is inmgorrect. In short, our resuits confirm those in the



literature without indicating where the solution lies. They suzzest thao
the main problem which vemains is to find an explanation for the apparent
short-vun variation in rigk premia that is identified by Wickens and
Thomas. But in our judgement the answer to this i3 unlikely o lie in

the use of the ARCH in mean Ja0M.




Apoendix

The effectz of mizs-measurirz bond stocks

For simplicisy consider a two asset world with a safe asset and a
risky asset (2 Sond) whese value i5 measured inccrrectly at the issue
price instead of the market value AT the hezinning of the periocd {(or ead
of last peried).

The static CAPM is the single equation

b -
Et(rt+1 - rt+1) =&+ pxy (al}

where rz and r, are the ex-post rates of return on the risky and sale

ass5ets, respectively, X, is the share of the risky asset in the portfolio

. . b . .
and expectations are assumed to be raticnal. Suppose r_ is the holding

T
period return on the bond then
b b b b
= - )
Yol .Pt+1 Pt * ct)/Pt (a2)

wherer EE i5 the bond price and ct is a fixed coupon. Assume that there
is a2 fixed stock of bonds. for convenience say one bond, then the market
value of bonds at the beginning of the current pericd is P: where P: is
the bond price and ¢ is a fixed coupon. Assume that there is a fixed
stock of bonds. for convenience say one bond, then the market wvalue of
bopds at the beginming of the period is also PP also let the rate of
"return on the safe asset be constant {r, = T for all t). This implies
that market value is also constant at p, say. The market value of bond

shares is therefore

_ b, b -
e ptl(pt P} (A3}

Tt

103?t+l = Et 1ogl=’w1 TR {AL)

. -
where e is iid (0,¢") then
_b —.-"b— -
Poel T Fre1 T Tper T Bt T " B (a3)

and so



If. for the purposes of measuring Xy the bond is valued a
issue price, sayv Prv then the assumed value of y i3

% =73 /(5 + {AT)
2, pt/(pt Iy j

and is a constant. It follows that

Voo O WEXL YU, (a8)
with ~
Ui ™ Bppy * 5(xt - xt) (49}
e - 3
vhere x, ~% =——— %t "t (810)
L S
t t
The asymptotic bias in b, the OLS estimator of g from (A8) is
given by ﬂcov(§t, x, = §t)
plim b -~ p = —
var(xt)

= p{@ p[var(l;ﬂ}."xra.r(i;)l‘{l - 1} (Al1)
where © = (l-mean x)/(l<mean %) and p is the correlation between pE and
ﬁt' In general the sign of the bias is indeterminate, but in practice,
since the stocks of bonds is constantly changing with some being redeemed
and new issues being made, it may be assumed that Et is a sert of moving
average of current and past pg and hence p>0. Assuming that O=1 and
var(pb) = var{p) we find therefore that the bias will be negative. In
other words, the coefficient of relative risk aversion is likely to be
biased downwards. Although in practice the formula for the bias will be
more compiicated, this result may go some way to account for the finding

of a negative CRRA in the ICAPM estimates.
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Table 1: Countries' Share of total Assets — Bonds & Equity

Share of Bonds

Hoet€ bl Donds
Sample period: 73M6 to §TM12
Variable(s) : WGSHG JASHG UKSHG USSHG
Maximum 1 L0734 L1738 .0%06 L3049
Minimum 1 .0212 .0271 .0118 L2359
Mean L0451 .1035 0499 .2359
Std. Deviation 1 L0149 0418 L0250 .0319
Coef. of Variation s L3306 L4042 .5018 .1352

Estimated Correlation Matrix of Variables

WGSHS JASHG UKSHG USSHG
WGSHG 1.0000 -.4799 .8646 -.2687
JASHG -.4799 1.0000 -~. 6288 =.1181
UKSHG -8646 -.6288 1.0000 ~.2%46
USSHG -.'2687 -.1181 -.2946 1.000¢

Share of Equity

Sample period: 73M6 ton 87M12

Variable{s) H WGSHE JASHE UKSHE USSHE
Maximum H .0394 L2720 .0852 4743
Minimum : .0181 .0876 Q278 .2258
Mean H .0287 .1316 0540 L3514
Std. Deviation : 0059213 L0435 0099587 G511
Coef. of Variation H .2066 .3306 .1845 L1454

Estimated Correlation Matrix of Variables

WGSHE JASHE UKSHE USSHE
WGSHE 1.000G ~.08865 -.1533 .1358
JASHE ~-.0865 1.0000 6637 ~.7583
UKSHE -.1523 .6637 1.0000 ~.5464
USSHE -1358 -.7583 =~.3464 1.0000

Key:

WGSHG. JASHG. UKSHG, USSHG: West Germany, Japan, UK and US shares of their
respective government bend stocks in total fimancial wealth, Source: aAlberto
Giovannini and our own estimates.

Similarly for equities: WGSHE, JASHE, UKSHE, USSHE. Source: Datastream



Table 2a: Returns on Bonds — Domestic Currency

Sample pariod: 73M6 to 87MI12

Variable(s) : WGINTL
Maximum : .02350
Minimum : 0015441
Mean s .0048319
Std. Deviation ;0025975
Coef. of Variation : L5736

JAINTL
D414
-.0214
.0054609
-0051656%
L9452

Estimated Correlaticn Matrix of Variables

WGINTL
WGINRTL 1.0000
JAINTL
UKINTL
USINTL

Takle 2b: Returns on Equity - Domestic Currency

Sample period: 73M6 to S7M12

Variable(s) :  WGREQ

Maximum H .1363
Mindmum H -.2431
HMean : .0059337
Std. Deviation : 0471
Coef. of Variation H 7.9323

JAINTL
.3812

1.0000

JAREQ
L1211

-.1354
L0113
L0402

3.5505

Estimated Correlation Matrix of Variables

WGREQ
WGREQ 1.0000
JAREQ
UKREQ
USREQ

Key:

JAREQ
.3085

1.0000

UKINTL

.0098420
.0025050
L2555

UKINTL
L4041

S4117

1.0000

UKREG
-4163

-.3030
.0137
L0743

53.4186

UKREQ
L4169

.3621

1.0000

WGINTL, JAINTL. UKINTL. WINTL, are one-month eurodeposit rates,

end-cf-month, for West Germany., Japan , the UK and the US respectively.

Source: DRI.

WGREQ, JaREQ, UKREQ, USREQ are monthly equity returns for the same

countries. Source: Datastream.

CSINTL
0134
.0033670
-0076218
.002656355
L3498

USINTL
L5459

L1315
.3040

1.0000

USREQ
L1645
~.2402
0088828
0515
5.7955

USREQ
3964

.3859
.5869

1.0000



Table 2c: Returns on Bonds — Nominal - Dollar Terms

Sample period: 73M6 to S7MI12

Variable(s) ¢ WGNOM JANOM UKNOM UINOM

Maximum : .0865 .102¢ L1440 L0154
Minimum : ~.0873 -01170 ~.0673 0039670
Mean : 0069422 .0095546 -0076836 .0076218
Std. Dewviatien : 0342 L3040 -0324 .0026659
Coef. of Variatioen : 4.9214 3.56086 4.2171 .3458

Estimated Correlation Matrix of Variables

WGENOM JANOM UKROM USNOM
WGNOM 1.0G00 .5924 .6G26 -.1472
JANOM 1.C000 -5080 =-.15931
TUKNOM 1.0000 -.0722
USNOM 1.0000

Table 2d: Returns on Equity - Nomiral - Doilar Terms

Sample perdiod: 73M6 to 87M12

Variable(s) :  WGBREQG JARREQ UEKRREQ USRREQ
Maxismom : 1664 1714 L4284 1646
Minimum H ~. 1817 ~.1279 -.2510 -.2402
Mean : .0080440 L0154 .0ll6 .0088828
$td. Peviation : Q578 .0566 .0830 3515
Coef. of Variation : 7.1827 3.6704 7.1767 5.7955

Estimated Correlation Matrix of Variables

WGRREG JARREQ UKRREQ USRREQ
WGRREQ 1.0000 L4401 L4479 .3853
JARREQ 1.0000 L3612 .2967
UKRREQ 1.6000 5315

USRREQ 1.0000




Iable Je: Rates of Change - Salomon Bros. Data

Sample period: TEM2 to 29M2#

Variable(s) i ROWGSR RCJASE RCURSE RCUS3E
Maximum : L0353 L0559 L0902 L2
Minimun : ~.0542 -.0617 -.0766 -.C31i7
Mean ¢ .0053273 .0098%04 .0083094 .Lavsaz:
5td. Deviation H 0166 L0173 L0301 L0320
Coef. of Variation : 31,0024 2.7573 3.0653 5.21685
Estimated Correlation Matrix of Variables
RCWGSE RCJASE RCUKS® RCUSSB
RCWGSB 1.0000 L5877 L3435 L5210
RCJASB 1.0000 L3674 L4036
RCUKSE 1.0000 L3739
RCUSSB 1.0000

Kev:

RCWGSE, RCJASB. RCUKSB, and RCUSSB are the monthly total returns on
government bonds in domestic currency using the Salomon Brothers indices
for West Germany, Japan, the UK and US respectively. Source: Datastrean.
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Table 4a: 1973(6)-1984(12)

CAPM Estimation: Constant Omega
Zoey =0 pBRIAL * By

Vart(:t*lj = P'P

Log Likelihood: 2129.482678

Estimate of the vecteor ¢':

BONDS EQUITY

W.GERMANY  J3PAN UK W.GERMANY  JAPAN UK

0.034804  0,033890 0.026324 0.079603 0.094028 0.153192
(1.632 (1.77) {1.48) (2.06) (2.11) (2.22)

Estimate of the coefficient of p:

-95.972849
(=2.20)

Estimate of the upper triangular matrix P:

0.031703 0.016491  0.015802 0.034152 £.923115 0.019879

(14.59) {5.37) (5.5%) (7.83) (4.06) (1.98)
0 0.027814 €.006433 G.005522 0.033773 0.012992
{16.04) (2.83) (1.063 (5.79) (1.12)
0 ¢ 0.024073 0.002693 ~-0.00367% 0.032305
(15.52) (0.61} (-0.87} (2.14)
Q 0 0 0.036897 0.012101 0.030462
(14.51) {3.163 (4.048)
0 0 0 0 0.032381 0.019107
(15.186) (2.24)
0 0 0 0 Q 0.0677%4
{24.96)
0 0 G 0 0 0

{t-statistics in parentheses)

Sample Size: 139
Degrees of Freedom: 103

us

0.109932
(2.29)

0.011548
(2.42)

0.000812
(0.15}

-0.001151
(-0.18)

0.015718
(3.02)

0.010870
(2.90)

0.017153
(3.59)

-0.039410
(-14.38)



Table 4b: 1973(6)-1987¢12)

CAPM Estimation: Constant Omegza
Zop T+ p(P‘P)tl: T
Vart(Et*1) = P'p
Loz Likelihood: 2530.035173

Estimate of the vector c':

BONDS EQUITY
W.GERMANY JAPAK UK W.GERMANY  JAPAN X Us
0.01279% 0.016762 0.010351 0.G631991 0.043316 0.058530 0.038759
{1.04) (1.26) {1.09) (1.25) (1.44) (1.42) (1.37)
Estimate of the coefficient of p:
~30.439128
(~1,21)
Estimate of the upper triangular matrix P:
0.034793 0.021000 0.020383 0.033731 0.024489 0.020269 0.006099
(15.23) (7.44) (8.41) (8.08) (4.99) (2.42) (1.43)
0 0.027824 0.005983 0.C03567 0.033543 0.009444 ~0.001686
(18.53) (3.01) (0.58) (7.65) {0.99) (~0.33)
0 0 0.025377 0.001648  -0.003354 0.032943 -2.002175
(20.77) (0.32) (-0.75) (3.37) (~0.36}
¢ 0 0 0.047298 0.011913 0.030678 0.019530
(19.60) (3.73) (4.98) (4.533
0 [ 0 1] 0.038542 0.018549 0.014254
(18.63) (2.63) (4.23)
0 0 0 0 0 0.067798 0.020748
(28.09) (4.58)
0 0 0 0 a s} -0.039748
(~16.89)

(t=statistics in parentheses)

Sample Size: 175
Degrees of Freedom: 1392



Table 4c: 1978(1)-~1987(12)

CAPM Estimation: Constant Omega

ey T CF p(P'P)t?\t * B

Var, (e, .} = P'P

Log Likelihcod: 1795.9924838

Estimate of the vector c¢':

BONDS EQUITY

W.GERMANY JAPAN UK W.GERMANY JAPAN

0.0038176 0.017114 0,010602 0.024456 0.042847
{0.53) (0.72) {0.63) (0.638) (0.8%}

Estimate of the copefficient of p:

=24 047845

(~0.65)

Estimate of the upper triangular matrix P:

0.037183 0.025004 0.025277 0.034%94 0.024340
{9.94) {5.29) {b.44) (5.46}) (3.00}
0 0.031414 0.004524 0.002584 0.040148

(12.66) {1.74) (0.26) (5.66)
c ] 0.026375  -0.0C193% -0.003921
(14.87) (-0.30) (=0.62)
o] 0 o] 0.048824 0.009803
(12.35) (2.35)
] 0 0 0 0.037135
(12.76)
0 0 0 G 0
0 Q a 0 ]

{t=statistics in parentheses)

Sample Size: 120
Degrees of Freedom: 84

K
0.040589
{0.85)

0.018124
(2.24)

0.006541
(0.81)

0.029849
(3.86)

0.023982
(4.25)

0.015882
(2.76

0.047997
(10.31)

us
0.030398
(0.79)

0.000334
(0.06)

-0.000241
(~0.04)

0.001511
(0.1%)

0.020345
(3.68)

0.014555
{3.03)

0.022272
(3.51)

~0.035998
(~13.92}



Log Likelihced:

Table 4d: 1978{1}-1987(12), Salomen Bros. Data

CAPM Estimation: Constant Omega
s e Y LT
Var (e, 4) = p'p

1682.047036

Zstimate of the vector ¢':

BONDS
W.GERMANY JAPAN

-0

001338 0.002618

(-0.05) (0.08;

EQUITY
UK W.GERMANY  JAPAN UK
0.000554  -0.000977 0.010198  0.006543
{0.02) {-0.03) (9.20) {0.13)

Estimate of the coefficient of p:

2.150216

(0

.06}

Estimate of the upper triangular matrix P:

0.046632 0.031947

(10.66) (4.95})

0 9.039718
(13.21)

0 0

¢ Y

0 0

Q 0

0 0

0.026051 0.037076 0.028532 0.020327

(4.92) {(5.72) (3.55) (2.49)
0.008547 0.000635 0.041169 0.006895
{1.86) (0.97) (6.41) (¢.80)
0.043833  -0.000834  -0.601210 0.035078
(12.62) (-0.13) (-0.22) {4.93)
g 0.048113 0.01237¢6 0.024440

(11.10} 3.0 (5.05)
0 0 0.038115 0.015592
(13,70 (3.24)
0 0] 0 0.045527
(10.15)
0 0 0 0

(t-statistics in parentheses)

Sample Size:
Degrees ¢f Freedom:

120
84

us
0.002847
(0.07)

0.004264
(0.66}

0.000043
(0.01)

0.0048%0
(0.79)

0.020102
(3.80)

¢.017021
(3.35)

0.022234
(4.03)

0.036389
(14.17)
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us

139
=-220,93601)

UK

139
-260,244751

46,244751

SINGLE COUNTRY CAPM, EQUITIES ARP BONDS
39

Japan

Table 8
1972(6)~1984(12)
0.026862
0,781860

W.Germany

Equity

.505832
~-0,000701
-0.059095
-0.000224
-0.020571

Bonds

SINGLE ASSET INTERNATIONAL CAPM

L.L,
CONSTANTS
BONDS

H. Germany
Japan

obs
¥W. Germany

UK
EQUITY
Japan

Q0w
worm
b

~0.,00
-0.70

UK

P Matvix

I

t

RHO
2

RHo
2,2
3.3

-

us




Table 9

Misspecirieation in the Restricted CAPM, Tabls 3

Eguation
WG Bonds
Japan Bonds

UK Bonds

WG Equities
Japan Equities

UK Equities

WG

Japan

vs

3ond Markets Onles

Residuals

Eauity Markets Only

Besiduals
3(2,6,8)
2(1,2)

{1

Individual Countrv Markets. 2 Assets

Residuals

Residuals Sauared

Besiduals Sgquared

3(2.3.8)

Besiduals Squared

3(1,4.5)

3{1.5.10)

203,12



Table 10a: 1973(6)-1987{12)

CAPM Estimation: 7 parameter ARCH

[

RS B S Y

Var (e} = iy = p'? - Ge,alG!
Log Likelihood: 25839.634027

Estimate of the vector ¢':

BOKDS EQUITY

W.GERMANY JAPAN X V. GERMARY JAPAN UK

0.004576 0.007631 0.0042390 0.014379 0.024021 0.028428
(0.44) (0.65) (0.50) (0.62) (6.86) (0.74)

Estimate of the coefficient of p:

~12.520058
(-0.53)

Estimate of the upper triangular matrix P:

0.03399% 0.019172 0.020463 0.033357 0.023879 0.019214
(14.30) (6.05) (8.53 {7.52) (4.09) {2.33

0 0.025903 0.006330 0.003327 0.033043 0.009258
(14.47) (2.87) {0.439) (6.94) {0.90)

0 4] 0.025073 C.C02400 -0.003687 0.033376
{20.11) (0.46) (-0.80) (3.33)

0 4] 0 0.046166 G.011103 .025049
(16.25) (3.45) (4.14)

o} ) 0 ¢ 0.037715 0.018842
(15.85) (2.70)

0 ¢ 0 o 0 C.066505
(24.57)

o ¢ o} ¥ 0 ¢

Estimate of the diagonal elements of G

0.213121 0.345172 0.066139 0.208750 0.218853 0.143087
(1.72) (3.30) (0.48) (1.98) (1.95} (1.09}

{t-statistics in parentheses)

Sample Size: 175
Degrees of Freedom:

us

0.017733
(0.65}

0.005992
(1.34)

-0.002001
(~0.36)

-0.002769
(-0.42)

0.020843
(4.88)

0.015634
(4.03)

0.021277
(4.39)

-0.037712
(=14,14)

-0.115433
(=1.40)




Table 10b: 1978(1)~1987(12)

CAPM Bstimation: 7 parameter ARCHE

Zpap T F PR T frag

Vary (e, g1 = & = BP'? + Ge oG’

Log Likelihood: 1669.537521

Estimate of the vector ¢':

BONDS EQUITY
W.GERMARY JAPAN UK W.GERMANY JAPAN

-0.022656  -0.024478 -0.0215%96 -0.034508 -0.0340C0
{(~1.20) (-1.04) {-1.12) (-1.14) {~0.86}

Estimate of the coefficient of p:

31.235813
{1.21)

Estimate of the upper triangular matrix P:

0.046605 0.031618 0.026062 0.036662 0.028069
(11.06) {5.03) (4.59) (4.96) (3.45)
0 0.039572 0.009531  -0.000267 0.040797
(12.50) (1.89) (~0.03) (5.74)
0 0 0.043352 -0.001747  ~0.001658
(12.24) (~0.26) (-0.29)
0 0 0 0.046719 0.014172
{10.3%) (3.19)
5} 0 0 0 0.037354
(10.03)
0 0 0 s} 0
0 a Y 0 0

Estimate of the diagonal elements of G

-0.013761 -0.070275 0.127%19 0.216688 -0.048734
(-0.05) (=0.41) (0.73) (1.49) (-0.1%)

(t-statistics in parentheses)

Sample Size: 120
Degrees of Freedom: 7T

jiid

-5.036786
(-1.00)

0.020128
(2.28)

0.005185
(0.65)

0.034248
(4.37)

0.022907
(4.54)

0.013985
(3.36)

0.038812
(8.3%)

0

0.417263
(3.00)

us

-0.031136
{-1.06)

0.004564
(0.67)

~0.002%29
(~0.40}

0.005572
(0.%0)

0.021702
{3.72}

0.019392
(3.5%

0.017636
(3.22)

0.034531
{12.60)

0.345763
{1.64}



Loz Likelihood:

Estimate of

BONDS
W.GERMANY JAPAN
0.020938¢ 0.025430
(3.09; {3.13)
Estinmate of
-47.199714
{(=3.31
Estimate of
0.033454 0.021489
(15.372 (3.86)
0 0.026516
(17.17)
ol g
0 o]
o] 0
0 Q
¢ o

Estimate of

0.025830 0.042393
(G.31) (c.72)
0.042393 0.284512

(3.31)
-0.297097  -0.203356
-0.052299 0.077427
0054684 -(.052751
0.141002 -0.031107
-0.081971 0.025534

Table ifc:

1872(8)1=1237 (12

CAPM Estimavion: 15 parameter ARCH

the vecror cf:

w

0.01%700
£3.21)

the coefficient of p:

0.020820
(9.19)

0.00309¢0
(3.656)

0.021659
(13.5%)

0

the symmetric matrix G

—0.297097
(=4.89)

-0.208356
(=3.4%)

0.193374

(1.92)

~0,145139

0.187317

~0.045801

0.113143

(t-statistics in parentheses)

Sample Size:
Dearees of Freedom:

173
111

EQUITY

W.GERMANY

0.0505613
(3.44)

the upper triangular matrix P-

0.034323
(9.45)

0.0023829
{0.73)

0.000534
(6.13)

0.046592
(17.98)

0

-0.052299
(~0.84)

0.077427
(1.55)

~0.145139
(=2.47)

~0.019253
{-0.20)
0.053159

-0.040474

-0.065032

JAPAX
0.060650
(3.54)

0.025136
(5.16)

0.033254
(3.38)

-0.004975
(-1.507

0.010050
{3.19)

0.033335
{15.63)

¥

0.054694
(1.21)

-0.052733
(-1.03)

0.187317
(4,413

0.052159
(1.07)

0.197643
{2.68)

=~0.194327

-3.,192212

0.023067
(3.92)

0.009711
(1.44)

0.041216
(6.43)

0.93161¢0
{6.03)

0.02%717
(5.53;

0.053841
(11,19)

0

0.141002
(3.13)

-0.031107
{~1.04)

-0.065801
(-1.10)

~0.040474
(~0.62}

~0.134327

{—4.,423

0.030454
(0.300

0.082236

Ln

[l
o
.
4o $2
£

1>

-0.000555
(-0.14)

-0.002415
(~0.66)

0.01%923
{3.300

¢.C190%2
(5.58)

-0.038032
(~1%.50)

-0.081971
(-1.73)

0.025534
(0.44)

0.113149
(2.58)

~0.063031
(-1.13;}

~0.192312
(=4.00)

0.082254
{1.307

0.0327
1



ol <
Targizgqr o= A 7B

Loz Likelihood: 1742.944531
Estimate of the wectlor
BOWDS ECUITY
W . GERMANY JABAN s W.GEBMANY
~(.,008329  ~0.005796 -0.007893  ~0.01147%

(=1.05) (=0.61% i-0.55% (~0.95)
Estimate of the ceoefficient p:

11.423233

(1.31}

Estimate of the upper triangular matrix P:
0.045495 0.031538 0.026%45 0.037911
(9.22) (3.81) {3.49) {4.53)
0 0.037912 0.,010517 0.004245

{7.69) (1.57} (0.50)
Q 0 0.042468  =0.004382
(3.1} (~0.568)
0 s} 0 0.039033
{1i0.18}
0 a 0 o]
0 0 0 o
0 0 Q 0
Estimate of the symmetric matrix G
-0.267157 -0.073162 0.083008 0.126763
(-1.26) {~0.535) (0.53) {0.73)
~0.073162 0.329600 -0.005578 0.222600
(2.67) (=0.05) {1.98)
0.083008 ~0.005878 -0.044871  ~D.219247
(=0.25} (-1.57)
0.126763 0.222600 -0,219247  -0.175745
(-0.88)
0.357734 «3.007072 0.234991  -0.054200
-0,086670  ~0.147509 -0.1042%2 0.222191
-0.047017 0.012041 0.2938441 0.542692

tt—statisties in parentheses)

Sample Size:

120

JAPAN
-0.00516%
{(~0.37)

0.041850
(4.88)

-0.001275
{(-0.21)

0.012850
{2.45)

«0.007072
(~0.07)

0.234991
(1.98)

=G.054200
{=0.53)

0.353725
(1.91)

=0.035671

-0.2973538

Tk
-0.,307230
(~0.497%

0.018676
{1.81)

0.014529
(1.58)

0.036222
(5.67)

0.01%116

(2.8

0.013935
(1.99)

0.034203
{7.02}

~0.03667C
(~0.61)

~0.147509
(-1.20)

-0.104292
(-0.74)

$.222191
(1.27)

-0.035571
(-0.27)

0,337483
(1.97)

0.3198197

~
L5}

~3.007113

=0.e20

0.,003234
{0,567

0.003037
(0.443

0.007934
{1.11}

C.015229
{2.30)

0.007732
(0.34)

0.01045%
(1.38)

0.031936
(9.47)

~0.047017
~0.23}

0.012041
(0.117

0.29844]
(2.35)

0.542692
12.33)

~0.297333
{-1.30}

0.138167
(1,453

~2.084305
R
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