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If consumption tastes differ among countries, a position in foreign-denominated nominally
riskless bonds is risky in real terms. Risk averse and rational consumer-investors facing such
a situation would generally seek a diversified portfolio of foreign bonds. They would demand
risk premia in accordance with portfolio (covariance) risk. A model is specified to portray
this behavior and it is tested with data from eight countries. The results indicate that the actual
premia earned in foreign risky positions are positively related on average to portfolio risk
measyures; but the premia deviate significantly from those predicted by the medel.

1. Infrodaction

The traditional theory of flexible exchange rates is based on trade and balance
of payments adjustments, exchange rates being the prices that equilibrate
current accounts. Recently, some monetary economists have emphasized that
exchange rates are determined in asset markets [Doinbusch (1975), Frenkel and
Rodriguez (1975)]. However, their portfolio models assume that the world
coasists of only two countries and, more importaantiy, that everything is known
with certainty. A realistic theory of foreign exs~hamge equilibrium should
explicitly consider uncertainty and exchange risk within a multicountry frame-
work. The purpouse of this paper is to contribute to the growing literature by
presenting an empirical examination of foreign exchange pricing.

The standard theory of asset pricing has recently been internationalized [see,
e.g.. Solnik (1973), Adler and Dumas (1975) and Grauer, Litzenberger and
Stehle (1976)]. This approach implies an equilibrium relationship among
interest rates, exchange rates and inflation assuming an efficient international
capital market. Traders and investors are presumed to be rational, risk-averse
and price takers. When investors take positions in currencies, their expected
return is the interest rate for the currency and period considered plus the
expected exchange rate variation. The risk borne is exchange risk. The theoretical



162 R.W. Roll and B. Solnik, Foreign exchange asset pricing

existence of exchange risk and its influence on equilibrium pricing has often been
questicned (e.g. Grauer, Litzenberger and Stehle). Since this article will investi-
gate the existence and importance of exchange risk, it might be useful to first
stress why exchange risk is relevant.

If markets were perfect, or nearly so, and if the same consumption of goods
were produced and consumed in the same proportions in ail countries of the
world, if anticipation were homogeneous and if transportation were costless and
instamianeous; then the international asset pricing theory would be indeed a
trivial extension of the standard domestic model. Under these circumstances, the
fact that francs were used in one location and pounds, yen, or cruzeiros used in
others would only constitute a multinational version of the ‘veil of money.’
Real interest rates would be equai everywhere as would the real price of risk, and
capital asset pricing relations (written in commodity rates of return) would be
identical for the residents of all countries. In such idealized circumstances, real
exchange risk would be absent because exchange rates would equal the ratios
of commodity prices at every instant.

In the face of this ideal worid, we have the observed reality: contracts are
written in nominal terms aimost everywhere. Forward exchange markets exist
to provide insurance against the real effects of exchange rate changes. Tastes and
consumption patterns (of muitiple commodities) differ by country and antici-
pations probably do too. Production is stochastic, resulting in different levels of
output from the same levels of factor inputs. International shipments use real
resources. Taxes are differential. These would seem to constitute sufficient
reasons to study the international problem in the expectation of finding results
which differ from the standard problem.

In a previous paper, Solnik (1973) developed 2 model of equilibrium asset
returns under the assumption that each country consumes a different good.
In this model, production can take place for foreign consumption and thus a
form of international trade can occur; but cross-shipment of the same good is
excluded and the final destination of each good is fixed. This is a severe assump-
tion and it tacks realism in the sense that many goods are, in fact, imperted and
exported multilateraliy.!

More recently, multiconsumption models have been developed where
countries are defined as sets of individuals having similar tastes [e.g. Grauer,
Litzenberger and Stehle (1976), Soinik (1976)]; and the derived pricing relations
are of the same form as in the simpler model mentioned above. Even with

'Tt might at first seem that a modei of restricted international trade would havc little need
of international financial transactions. This is false for two reasons: first, even if the aggregate
real production of a country were unaffected by the existence of forexgp financial assers,
because only locallv-produced commodities were consumed, individual claims to those com-
modities might be greatly altered by the opportunity to borrow and lend abroad. Secondly,
only by chance would zggregate production decisions actuaily be unaffected by foreign loan
opportunities.
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instantaneous and costless international trade, real exchange risk will be present
as long as citizens of various nations® have different consumption preferences
and relative commodity prices fluctuate.

We believe that these arguments impiy the worthiness of empirical work based
on the multinational asset pricing theory (and on the existence of exchange risk}.
So this paper reports on a particular empirical model derived from the theory.

2. A capital asset pricing model for foreign exchange

To develop an asset pricing relation for rates of exchange, we begin with one
of the equilibrium conditions derived in Solnik (1973} as part of a broader
theory of international asset pricing. This equation explains the difference between
riskiess nominal interest rates in two countries by ‘. .. the expected change of
parities between these two countries plus a term depending on exchange risk
covariances’ {p. 37).

This means that, in general, the interest rate differential (ot forward excpange
discount or premium) wiil be a biased predictor of the subsequent change in the
spot exchange rate. The bias between the expecied exchange rate and the for
ward rate is caused by exchange risk and depends on covariances between the
spot rate in question and the spot rates of all otker countries.

Formally, the interest rate differential takes the form

N
Fp—ry = pni"'Lbi z Wj(?’n—fj"y,,j), fori=1,. "’N’ {1)

J=1

where r; is ihe riskless interest rate for country j, (expressed in units of currency
- . . . - -4
of country /), &, is a constant,® w; is a weight applicable to country J, and

u"j = E(S—j,t+1 "-S.,"J/Sj,l

2We realize, of course, that the use of geographic (and currency) regicas to deliuca}e
differences in tastes is as much a convenience as a depiction of reality. Ideaily, the world shouid
be partitioned inio regicns of identical ordinal preferences for commodities, regard]_ess of the
residential site or currency emploved by the individuals in each partition. However, since there
are some minor measurement difficuities in achieving this ideal, we have usm_:d easily recogmis-
able boundaries, despite their a priori imprecision Vvis-a-vis the best theoreticai parution.

31n common with most asset pricing modeis, 4, should depend. to a first-crder approxi-
mation. on the covariances of the exchange rate change for country J with the index of changes
whose expectation is

n -

J le.uuj-

“Theoreticaily, w, should be the net value of capital of country j which is foreign-owned as a
proportion of the total value of world capital {expressed in & common currency, ot course).
See Solnik (1973, pp. 34-33).
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is the expected rate of change in the exchange rate —currency units of the
reference country (#) per unit of country j's currency - from the current period ¢
until the next period ¢+ 1. N is the total number of distinct curreacies and coun-
tries. Since the full derivation of (1) is published and available, there is no need
for algebraic reproduction here. It should suffice to mention the required
assumptions. In the last section, we mentioned the critical assurcption: different
consumption preferences across countries. The other assumplions are standard
in the asset pricing literature: perfect capital markets and capital mobility, 0o
differential taxes or transactions costs, continuous trading, homogenecus
expectations, constant equilibrium. A fuller discussion of these requirements
can be found in Solaik (1973, p. 16).

Interest rates in (1) can be replaced by spot and forward exchange rates using
the interest rate parity ‘theorem:’

ri=ry = (85— F;0)Sp0

where F,, is the forward rate of exchange (units of country » per j unit) for one
period hence as of period ¢.°

There has been some controversy over the validity of interest rate parity,
which in principle is a pure arbitrage condition and thus should hoild ail the
time. Aliber (1973) and Frenkel and Levich (1975) emphasize that much of the
past supposed empiricai failure of interest rate parity was due to noncompar-
ability of the four variables under measurement. The interest rates must be for
the same term as the forward exchange rate and they must be completely free
of default risk in their owa currency. We also have made a modest empirical
study using Eurocurrency rates and have found that the relation is invariably
within the bounds where trading costs preclude a profit opportunity.

Given the seeming validity of interest rate parity when its components are
properly measured, the combination of (2) and (1) gives an asset pricing model
expressed in spot and forward exchange rates alone:

N —
E(Si,!+1_Fi,r)/Si.t = bi z ij(Sj.r+1—Fj.r)/Sj.H
Jm= b

fori=1,...,N. (3)

Strictly speaking, the interest rate parity expression should be written

(1+RM1+ Ry = FufSe,
or
(Ry— RY(1+ Ry) = (Fpu—=5;0Sn-

However, since the basic model (1) is based on a contipuous time assumption and since our
data are for very short periods, we simply ignore the denominater on the left side of the exact
expression for interest rate parity and use the approximate version, @.
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The notation of (3) can be simplified by defining the variable,
Rj.r+1 = (Sj.m-l “Fj.t)/sj.r’ @)

which is the ‘extraordinary exchange return’ for country j gained by a citizen of
the reference country n. This return is dubbed ‘extraordinary’ because it is a
rate earned above and beyond the hedged return knowable in advance from the
forward exchange rate. Notice that the uncovered return from a purchase of j's
currency by a resident of n is (8e1— S e The hedged return is (F; ,—
S8, The difference is the risky nominal return from a currency positionin j.
Substituting the definition (4) into (3} and assuming that expectations can be
replaced by observations plus an aaditive error (denoted ¢), we obtain the
observable linear index model:

N
R, = a;+b E WiR;  +E (5)
j=1

JEr ot i

witheg, =0,i=1,..., N. This modcl is subjected to empirical scrutiny in the
next section (through time-series and cross-sectional investigation). The economic
theory developed above implies that 4 is equal to zero for ali currencies. In
other words, forward exchange rates should not deviate from expectations
about future spot rates by a simple consiant term. Any systematic bias should
be explained by the portfolio risk of the foreign currency (relative 1o the refer-
ence currency) as measured by &,. This exchange risk factor b, will be significantly
different from zero and vary among currencies to the extent that exchange rate
risks vary. (For example, we might expect the risk measure to be relatively low
for the Canadian doflar and high for the Deutsche mark for a U.S. investor.)
The empirical observation of non-zero risk coefficients (b's) could be interpreted
as implying the existence of exchange risk.

4, Empirical tests with eight countries

3.1. The data

The data source is Imiernational Financial Staristics for various years. A
magnetic tape containing the data was avaiiable for monthiy chservation up
through May 1973. Series were extended through January 1975 by adding
observations published in later volumes. A filter program was used to detect
errors and suspect observations were checked and corrected.

Spot exchange rates were available monthly from January 1956 and three-
month forward exchange rates were available monthly after January 1961.
However, we do not report the resuits here for the entire period because a system
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of fixed parities was in effect until the first part of 1971. Because of this, we decided
to begin the sample with July 1971.% The maximum sample was thereby limited
to 43 months (July 1971~January 1975) and the actual sample size was slightly
smaller for several countries because of missing observations.

The eight countries for which both forward and spot exchange were available
are listed hereafter with their international license plate designators that we use
as an identif}'ing symbeol in the tables and figure.

Country Designator

(1) Great Britain UK

(2) Belgium B

(3) France F

{4) Germany D

(5) The Netheriands NL

(6} Switzerjand CH

(N Canada CDN

(8) United States USA

The basic mode! contains two variabies that cannot be directly observed:
£, ;, the l-month forward exchange rate. and w;, the weights. Theoretically,
the weights should be proporiional to the net value of foreign investment for
country jexpressed in some common currency. We tried several proxies for these
weights (real GNP, national income, etc.) and we also tried an unweighted
average (w; = 1/7 for all /). The results were virtually identical for all weighting
schemes so we just report the unweighted average index here. The estimation
of F, ; is explained in the note.’

Before locking at the results, one final clarifying word about the mode} is in
order. Remember that the 5°s and F's in (3} are in units of U.S. dollars per

SOf course. even after many centrai banks had znnounced a policy of floating rates, they
continued to ‘stabilize’ the marker. We have no intormation on their actual transactions.
however, which undoubtedly differed across countries. So, we simply assume that the period
after July 1971 was characterized by relatively free exchange markets. We have made calcu-
lations concerning the enrire period of available data and these were available to interssted
readers.

"The source document provides monthly observations but the forward exchange rate given
is for a three month duration (denoted F,*3*. In an attempt to avoid an induced error, we used
the following procedure: the extraordinary exchange return in (5) can be written as

Rr‘.z = {Sf.r—Sr.:—l_(I:t.r-l._sl,:—l)]lfsi.l—l-

The second part of this term, (Fii-1=S: -1 1S -1, is the one month forward ‘agio’ at period
r—1. The three-month forward agio is (F**, ,_; =5, _,)/Si_,. It should be equal to three
times the cne-month agio, naively extrapolating. Therefore, we estimated the one-month agio
by one-third the observed three-month agio, and actually measured the return in (4) by

Rr.x = fsl.r_sl,r—l_‘i'(Fu)z,:—1—St.r—l)]flsl.r-l-
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currency of another country. Thus. if Germany is the base country, and France
is the country being considered in a particular regression, i = F, then the units
of the ratio Sy and Fj, are Deutsche marks per franc Francais. The units of 5;
in (3) (j = UK, B, etc.) are Deutsche marks per English pound, per Belgian
franc, etc. The ‘return’ Rg , in (5} is the ‘extraordinary’ percentage return that
would have been obtained by a German investor betweern periods [—1 and 1
from purchase of French francs in /-1 and a reconversion to marks in . We
use the term ‘extracrdinary’ to indicate that this investment could have been
decomposed iuto two parts. The total uncovered return would have been
r, = (Sf.4/Sr.-1)—1 and the covered or hedged position would have returned
re = (Fr,—/Sp,—1)—1. Thus, part of the total return to an uncovered invest-
ment in francs would have been certain since it could have been calculated from
the forward market rates in advance. This decomposition is necessary since
exchange risk should expiain only the return above and bevond +he risk free
(or covered) return (i.e. r,—r,). Again it shouid be stressed that the risk free
exchange rate for the end of period 7 is the forward rate Fr,-1 and not the
current spot rate Sg,_;-

To dlarify this further, suppose that this German ‘investor’ was an exporter
who had sold goods in France at 2 franc-denominated price; and suppose his
receipt of francs was deiayed for one month. If he had ‘hedged’ the account
receivable by a forward exchange transaction, he would have received the
covered retura (r.) just mentioned (which could have been negative, of course).
If he had done no trading in the exchange markets and thus had not hedged his
account receivable, his total mark-denominated retern would have been the
uncovered return, r,, above. The difference berween these two, Fy—re, is the ex
post reward for having taken a risky (to the German) positicn in French
currency.

The model was estimated with each of the eight available countries as the base
or home country. For each one, seven ‘foreign’ countries were used in the index
and seven scparate regressions Were fitted with the extraordinary exchange
return for an individual foreign country as the dependent variable in each one.
Thus, a total of 56 separate regressions Were computed.

3.2. Time series estimaies

Before presenting the regression resuits, jet's first look at how the various
currencies fared during the period considered, Table 1 presents the mean
monthly extraordinary exchange returns (R;) for the pericd July 1971 through
January 1975 expressed in percent per annum. These are means of the regressions’
dependent varizbles.® A positive mean return implies that the particutar base

8The number of observations is 43 for country combinations of UK, B. D, USA. Due to
missing data, the number of observations is reduced by one for CH. two for NL and 7 for

CIIN. The missing observations are addirtive. Thus the combination CDN-NL has only 34.
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currency (given in the left column) was weak relative to the other currency
(given across the top row), where ‘weak’ means a decline in relative purchasing
power on average over the sample period. For example, the French franc
declined on average 2.38 percent per annum relative to the West German mark
from July 1971 through January 1975, in addition to its hedged position deciine.
Simiiarly, negative numbers rmean a relatively strong currency, (e.g. the Swiss
franc had an ‘extraordinary’ gain of 1.50 percent per annum against the mark
over this same period), With hindsight, German exporters shouid have hedged
their accounts receivable in France but should have taken speculative positions
in Switzerland, ceteris paribus, A giance at this table shows that the order of
currencies from strongest to weakest during this period was: Switzerland,
Germany, Belgium, Netherlands, France, Great Britain, United States, Canada.’
Note that the table is not symmetric only because the mean reciprocal of a
random variable is not usually the reciprocal of the mean.

Table 2 gives the estimated slope coefficients and -ratios for model (5).
In most cases, the estimated slope seems to make intuitive sense. For example,
itis well known that the Belgian central bank intervenes in the exchange market
to keep the Belgian franc aligned with the mark and the guilder. Thus, a Belgian
resident would not regard the mark or guilder as very risky insofar as their
commands over goods within Beigium were concerned. These currencies should
bave had and do have low estimated slope coefficients in model (5) with Beigium
as the home courtry. They are not as risky in Belgian franc terms as say the
Canadian and U.S. dollars.

Looking at some other cases, the Canadian dollar and U.S. dollar are 30
closely rejated that a resident of either country would regard the other currency
having virtuaily no purchasing power risk. British citizens wouid regard the two
dollars as jess risky than continental currencies and the North Americans would
reciprocate with pounds. As for France, Germany, the Netherlands and
Switzerland. they would consider each other and Belgium as relatively iow risk
compared to Britain and the North American countries and they would regard
Britian as slightly less risky than the U.S. and Canada. Another coherent pair
is Germary and the Netherlands which have low reciprocal risk.

3.3. Cross-sectional examination

A standard test of capital asset pricing type models is conducted by comparing
the ex post observed return against the estimated slope coefficient with tue
benchmark index. This would mean running (for each base country) a cross

*The only surprise here is the position of Great Britain with a stronger currency than those
of the U.S. and Canada. This is no doubt attributable to using arithmetic rather than geo-
metric means in table 1. The recent extremely poor performance of the pound is thus under-
stated as is its total decline over the sample period.
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sectional regression berween the mean observed return on each currency and its

risk measure (b;) estimated previously. The theory outlined in section 2 predicts

that mean ‘extraordinary’ returns are proportional to the currency risk measures.
That is, In the cross-sectional relation,

R, = ag+a,b+¢, {6)

berween the mean returns (R) and the estimated risk coefficients () the intercept
{a,) should be insignificantly diflerent from zero. We are well aware of the many
econometric difficulties encountered in such tests'® and we intend to do no more
here than provide a plot of the relevant data and discuss them briefiy without
laving claim 1o any formal statistical test resuits.

For each base country, an ‘exchange capital market line is plotted in fig. 1.
The data points are simply the ex post returns and estimated slopes from
tables | and 2 and the plotted lines are fitted cross-sectional linear regressions

ff Britain
§ Eelpiun

A n f France

Il Xetherlands
£] Swirzerland
[h canaca

VA Uniced States

it

|
i
i
| }
i
|

Fig. 1. Exchange capital market lines for eight countries (1971-75).

10Two well-known empirical papers that used data for equity assets are Black, Jensen and
Seholes (1973) and Fama and MacBeth (1973). For reasons that are too lengthy to discuss here,
we are skeptical that these papers actually contain valid tests of any scientific theory. Neverthe-
less, we have reported similar calculations for exchange rates on the grounds that these
famiiiar calculations provide some descriptive information even if they do not comnstitute
unambiguous empirical tests. A complete discussion of the issues involved in testing any asset
pricing model can be found in Roll {1977).
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to these points. The lines plotted correspond to the ‘uncorrected’ Tesults
presented in table 3.

The theoretically-anticipated slope of the cross-sectional regression of figure
1 and table 3 1s the anticipated index return for the base country in question.
An estimate of this is the ex post mean return of the index. Since the index units
are in quantity of base country currency per ‘foreign’ country averaged over the
foreign countries in the sample, the slope of the exchange capital market line
should be inversely related to the strength of the home currency. Thus. we shouid
observe the same ranking in the cross-sectional siopes as we had observed in the
matrix of mean returns themselves.

Certain discrepancies from this prediction are evident in the results. France
has too negative an estimated cross-sectional slope, for exampie. It changes
sign; its t-ratio falls precipitously after a bias comrection (explained below and
reported as the ‘corrected’ results in table 3). All but one of the uncorrected siope
estimates are further from zero than their predicted values {the average index).
Five of eight are more than two standard errors away and this could imply a
false model. But since we are mainly interested in presenting a description of the
evidence without formal hypothesis testing, we must say that the modei’s
predictions are at least qualitatively in the right direction — that is, the relation
berween ex post return and estimated time series slope is highly correiated and
the reiation seems to be linear. (Further evidence on linearity is given in the
appendix.)

We have tried to correct for errors-in-variables bias in the cross-sectional
regressions. This bias is the familiar result of the explanatory variable b being
itself an estimate. For example, the r-ratios of table 2 for France as home
country show that the standard error of b 1s on the order of 1/&th the size of the
coefficient (which is on average equal to 1.0). The cross-sectional variance of b
for France is 0.0485. So, if the estimation error of the time series slope () is
independent cross-sectionally of the true b, the attenuation bias in the cross-
section slope of fig. | for France is about 39 percent. This is certainly substantial
enough to warrant 2 correction effort.

A simple correction method could be based on an assumption of independence
herween the true b and its estimation error, as above. Then, the computed cross-
sectional variance of 5 would be composed of two parts such that

Var () = Var (6)—Var (&,),

where {; is the time-series estimation error in 5. Its variance can be measured
for each individual coefficient by the computed standard error (squared). A
bias-corrected estirnate of the individual siope coefficient for country j would then
be given by H* in

o~ . [T
5% = §,/{1.0+ Var (&,)/[Var ()= Var (&)1}
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i ~
where Var (6) indicates (the observed) cross-sectional variance and Var ( $pj)
is the computed slope’s squared standard error for country j in the original
time-series model [see Johnston {1963, pp. 148-162)].

These corrected estimates (6*) of the time-series siopes were used in a second
cross-sectional regression and the results are given in table 3. The results show
no major changes except for France whose corrected capital market line (6) is
virtwally without statistical significance.

A second standard asset pricing model tests involves measurement of the
intercept in the cross-sectional medel, in order 10 ascertain whether it deviates
from zero, the theoratical prediction. This prediction is not supported empiri-
cally by the cross-sectional evidence because most of the intercepts have rather
large absolute r-ratios (see table 3). The bias correction seems to change the
-ratios only slightly, except for France, but the French results are too bizarre
1o constitute a reliable test.

An alternative test of the intercept and its deviation from zero can be obtained
directly from the time-series estimates. The s-ratios for these estimated intercepts
are given in tzble 4, Few of them are large in absolute value. The only systematic
excepticn is Canada, which, when a dependent variable, dispiavs rather large
negative intercepts for four of seven base countries.!! These estimates may very
well be statistically dependent across base countries so ne reliance can be
placed on a statistic calculated from the number of a given sign. Nevertheless,
the general impression and best Judgement would be an intercept for model (5)
equal to zero with Canada marked as possibie excepticns.

We conclude that the descriptive empirical evidence conforms to the qualitative
implications of the basic model and that the relations amon g individual siope
coefficients conform to a priori ideas about the connections among the several
currencies. To obtain a reasonable level of confidence with these conclusicns,
further checks on the model specifications have been performed. The results are
reporied in the appendix and they are broadly in agreament with the above
conclusions.

4. Summary and conclusions

An asset pricing mode! of foreign exchange has been presented and fitted to
data. The model derives from Solnik’s (1973) international asset pricing theory
for riskless interest rates and from the interest rate parity arbitrage condition.
The resulting equation relates the ‘extraordinary exchange’ return to an index
of such returns. These ‘returns’ are the unhedged parts of the relative rates of
change in exchange rates berween pairs of countries.

"*Czrada had ahout seven fewer observaticns than the other countries. Five of these wers
caused by missing forward exchange rates from August-December 1973, Thus. the atypical
Canadian resuits are possibly attributable to this period being different.
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The data were monthly spot and forward exchange rates for 6 European and
two North American countries. An exchange capitz! market line was fitted for an
investor from each countrv regarding the other seven countries as foretgn and
their currencies as risky relative to his own. The restits confirmed the qualitative
implications of the theory — the weaker a curreacy, the higher the slope of 1s
exchange capitzl market line. However, if the observed mean return can be
used as a proxy for the aaticipated return, the observed siopes of capital market
lines are larger in absolute value than the theory predicts.

These empirical results suggest that uncertainty and risk aversion can and
should be taken into account in any realistic theorv of internaticnal trade.
Although the classic theories of deterministic equilibrium may provide accurate
insights into the long-term behavior of international capital markets, short- and
medium-term fluctuations in reiative prices should cause risk to be a reievant
factor in exchange rate eguilibrium.

Appendix: Further checks on model specification

Even though the model provides a reascnable description of the underiving
relations in the data, and even though it is always tempting 10 terminate empirical
work upon achieving a reasonable set of calculations, there are several econo-
metric 2nd conceptual difficulties that should be investigated t0 insure that no
significunt relationships have gone undiscovered and that no measured relation-
ships were obtained spuriously.

The model’s lineariry can be checked by the Fama-MacBeth (1973) procedure
of introducing nonlinear functions of b in the cross-sectional regressions. Of
course, there are very few remaining degrees of freedom when extra regressors
are added (with oaly seven cross-sectional observarions for each home country}
and we do not want to be recorded as having made the assertion that non-
linearity is totally absent. Nevertheless. there is little evidence of its presance.
The coeficients of 5° terms for the eight home ccuntries had the following
rratios: UK = 0.658, B =0.547, F =057, D =0779, NL = —-149
CH = 0.425, CDN = —=0.756, USA =0.939. Using the bins-corrected
estimates, (squared b*7), gave essentially the same resufts. Oniv for the Nether-
lards is there anvthing approaching an indication of nonlinearity, anq even in
this case the adjusted R? rises only slightly (from 0.852 without the b** term
to 0.881 with 1t).

A second standard check of the model’s specification involves possitle serial
dependence in the disturbances. Foi reasons of space, we will not present the
full matrix of 36 Durbin-Watson statistics. The minimum observed Durbin-
Watson was 1.23 and the maximum was 2.07. Seven of 36 were below 1.4 and
only 12 were above 1.9. This may indicate a smail degree of positive first-order
serial dependence in the residuals, 2 rather common fnding with speculative
return index models. We shouid remember again, kowever, that no presumption
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can be made about mutual independence across the 36 regressions and thus no
inference can be drawn {rom these category counts.

A third check, which is impeortant if the r-ratios are to be used for hypothesis
testing, is the normality of residuals. Studentized ranges were computed for the
residuals of all 56 regressions. For these sample sizes, the 95th percentile of the
studentized range under a Gaussian nuil hypothesis is about 5.40. Seventeen
of the 56 observed values were ltarger than 5.40; which indicates a departure
from normality. Normal probabiiity plots confirmed that this was due to thick-
tails in the distribution. another commeon result in data analysis of speculative
prices. The 99th percentile of the null distribution for the studentized range is
about 6.3 and only three computed values exceeded that level. This implies that
the residuals are not very non-normai, roughly speaking, and that 7-values of the
size observed are unquestionable indications of significance.

Fourth, we were somewhat bothered by the incorporation of the dependent
variable as one-seventh of the explanatory variable in each time series regression.
Recall that the index is an egually-weighted average of all foreign currency
extraordinary returns including the particular foreign currency which is the
dependent variable. To the extent that measurement €Irors exist in the data. the
time-series slope coefficients would be biased positively and the explanatory power
of the regressions would be overstated. So we recomputed evervthing while
constructing a separate index in each regression, an equally-weighted index of the
six returns that were nor dependent variables. Not surprisingly, the results
werc 2 reduction in the absolute size of sicpe coefficients and a slight reduction
in adjusted R2. But 30 of 56 adjusted R?'s were still above 0.40 (as opposed 1o
42 of 56 with the seven-element index), and the average reducticn in 5 was only
about 0.10. The r-ratios for 5 aiso declined, of course, but 45 of 36 remained
larger than 3.0 and most were very large.!* We infer that some bias was intro-
duced by measurement error but that ali qualitative conclusions ought to remain
unchanged. The tota! effect on the cross-sectional capital market lines is sum-
marized in table A.], which presents resuits corresponding to table 3 but with
the dependent variable omitted from the index in computing the time series
estimates. For space saving, only the corrected estimates are given. Uncorrected
estirnates are quite close to these, except for France, which follows the pattern
of table 3. France represents the only significant difierence caused by construct-
ing an index without the dependent variable. The cross-section slope for France
drops from 21.3 to 14.2 and the R? increases from virtvally zero to 0.537.
Nevertheless, France's capital market line seems to be still quite far from its
theoretically predicted positicn.

Fifth and finally, we reiterate our skepticism in interpreting the results found
here as formal tests of hypotheses. We know that there are internzl constraints

12The full tabie of results for the §-etement index is available on request.
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Table Al

Cross-sectional exchange capiial market line slopes
for eight countries. July 1971-January 1975 (with
dependent variable deleted from index;.?

Country Siope estimate® Adjusted R®
CH —12.4 0.751
{(—4.37}
b —8.39 0.83%
(=715
B —5.63 0.766
(4.54)
NL —5.44 0.877
{(—6.62)
F 4.2 0.557
(2.82)
UK 125 0.757
{4.34}
USA 3.87 0.518
(8.27)
CDN 8.77 0.898
(7.34)

*t-ratios are in parentheses.
®Using corrected &%,

oa the calculations thar make the sampling variations difficult to interprer.
For exampie, it hag recently been emphasized by Ross (1976) and Roil (1877)
thar the cross-sectional return risk relations would be exact, by coastruction.
i the index were a mean,variance efficient portfolio. The fact that the data points
in fig. I do not fail exactly along a line can be interpreted for each home country
2s impihving that the index was not exactly ex posi mean, variance efficien:.
Nevertheiess. even if the index is not exactly efficient, it sull can serve as a benck-
arx zgainst which the risks of each country’s currency ¢an be compared.

£

But some cther benchmark, it must be admitted, could have vieided compietely
Gifferen; resuits: and there would have been £o way to tell which benchmark.

14w hich set of descriptive information, gave results more representotive of
the riskiness perceived by investors.
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