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International Asset Pricing under Mild
Segmentation: Theory and Test

VIHANG ERRUNZA and ETIENNE LOSQ*

ABSTRACT

This paper conducts a theoretical and empirical investigation of the pricing (and
portfolio) implications of investment barriers in the context of international capital
markets. The postulated market structure—labelled “mildly segmented”—leads to the
existence of “super” risk premiums for a subset of securities and to a breakdown of the
standard separation result. The empirical study uses an extended data base including
LDC markets and provides tentative support for the mild segmentation hypothesis.

THE QUESTION AS TO whether the international capital market is integrated or
segmented appears particularly elusive. Indeed, the difficulties surrounding this
important issue abound, as was made vividly clear by Solnik [20].

At the risk of tackling too ambitious a task, we undertake here to build a model
and develop an empirical methodology to provide at least a partial answer to the
segmentation-integration issue. To do so, we follow one of Solnik’s recommen-

dations [20, p. 505]:

The efficient way to test for segmentation would seem to be to specify the type
of imperfection which might create it and study its specific impact on portfolio
optimality and asset pricing.

The specific imperfection we introduce relates to the assumed inability of a
class of investors to trade in a subset of securities as a result of portfolio inflow
restrictions imposed by some governments. From this starting point, we derive a
valuation model and conduct an empirical analysis. As a whole, this paper has
the following distinctive features:

1. Using a new concept of risk—conditional market risk—the model yields a
closed-form solution for the equilibrium risk-return tradeoff in segmented
markets.! Specifically, the securities inaccessible to a subset of investors

* Errunza is from McGill University and Losq is from McGill University and ESSEC, France. The
authors wish to thank the International Finance Corporation, Washington, D.C. for funding the
development of the LDC securities data bank. Research assistance of Prasad Padmanabhan and
insightful comments of James Bicksler, Bernard Dumas, Dennis Logue, Lemma Senbet, René Stulz,
Alex Whitmore, and Morty Yalovsky are greatly acknowledged. Financial support was provided by
SSHRC and Faculty of Management, McGill University.

! By way of contrast, such an explicit representation of the risk-return tradeoff is generally missing
in most of the well-known models of market segmentation. For example, in a recent paper on
international asset pricing with barriers to entry, Stulz [24] fails to specify the risk-return tradeoff
for at least one class of assets (those which are not traded by all investors). As for the oft cited paper
of Adler and Dumas [1], the purpose is not really to characterize the equilibrium relationship between

105



106 The Journal of Finance

command a super risk premium that is proportional to the conditional
market risk.

2. The model lends itself to the analysis of a continuum of market structures,
with the two polar cases corresponding to complete (one-way) segmentation
and complete integration, respectively. Although there exist a number of
papers dealing with the segmentation-integration issue,” few accommodate
intermediate—and more realistic—structures where the markets are neither
completely segmented nor completely integrated. The paradigm which fol-
lows was designed to deal with this more realistic problem, and thus follows
the lead of Black [3] and, more specifically, Stulz [24].2

3. The kind of imperfection which constitutes the source of segmentation in
the model appears quite prevalent in the international arena.* Indeed, access
to the capital markets of many countries is severely restricted for nonresi-
dents; in contrast, intra-country restrictions on portfolio investment are
typically much less stringent. A model of market segmentation would thus
seem more appropriate in an international context than it would in a purely
domestic setting.

4. Finally, this paper tests the segmentation hypothesis by using an expanded
data base. This data base includes not only the standard U.S. securities but
also the returns on selected common stocks heavily traded in Less Developed
Countries (LDCs). On a priori grounds one would expect the degree of
segmentation between LDC and U.S. markets to be higher than between
European and U.S. markets. As a result, the ex ante probability of obtaining
inconclusive results should be lower. The test results are not statistically
inconsistent with the mild segmentation hypothesis.

The analytical derivation of the asset pricing model under conditions of market
segmentation is presented in Section I. In Section II, this valuation model is
transformed to derive empirically testable hypotheses. Finally, Section III pre-
sents the test methodology and reports empirical results. A brief conclusion
follows.

risk and return in markets which are neither fully segmented nor fully integrated. A similar comment
can be made concerning the model of Lee and Sachdeva [12] where the focus is also more on the
multinationals’ investment policies than on asset pricing. In the paper of Stapleton and Subrahman-
yam [21], asset prices are indeed determined for different market structures but only numerical, as
opposed to analytical, solutions are provided. Finally, the model of market segmentation proposed by
Glenn [10] in a domestic context also falls short of yielding a closed-form representation of the risk-
return tradeoff since his pricing formula involves an endogeneous variable (namely, the final wealth
of those investors whose portfolio investments are restricted).

2 See, for instance, Solnik [18], Grauer et al. [11], Stulz [23], and especially Stehle [22].

3 The model of this paper can be seen as the limiting case of the more general framework developed
by Stulz [24]. Indeed, while in Stulz the cost of investing abroad is finite, in this model it is
prohibitively high, so that domestic (U.S.) investors trade primarily in U.S. securities. In this extreme
case, the problem can be completely solved while in the more general case Stulz could only obtain
partial results. Our model can also be contrasted to that of Mayers [15]; indeed, while Mayers focuses
on the concept of nonmarketability, we introduce the more general notion of restricted marketability.

“In contrast, Black’s model is premised on a type of imperfection which appears somewhat
artificial. Indeed, one recalls that he assumes proportionality between the cost of investing abroad
and the net foreign position, which amounts to assuming the existence of a subsidy for short-selling
foreign securities.
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I. A Model of International Market Segmentation

A. Model Set-Up

We consider an idealized representation of an international capital market
characterized by the following:

(i) Unequal Access Assumption. A subset of the investing population—the
unrestricted investors—can trade in all the securities available; the others,
labelled the restricted investors, can trade only in a subset of the securities,
those which are termed eligible; the noneligible or ineligible securities can
thus be held only by the unrestricted investors.

(ii) Perfect Capital Market Assumption. The different national capital markets
are perfect and frictionless (no taxes, no transaction costs, . . .).

(iii) Mean-Variance Assumption. The expected utility of each investor can be
represented as a function of the expected value and the variance of the real
returns on the investment portfolio.’

(iv) Free Lending and Borrowing Assumption. Each investor can freely lend and
borrow at the same real rate of interest.®

(v) Normality Assumption. The real returns are assumed to be normally distrib-
uted.”

For the sake of illustration, we may focus on a two-country capital market
where country 1 investors are restricted, country 2 investors are unrestricted,
country 1 securities are eligible and country 2 securities are ineligible (for country
1 investors). Specifically, portfolio inflow restrictions imposed by the government
of country 2 prevent country 1 investors from holding country 2 securities;
whereas no such controls are imposed by the government of country 1. We shall
characterize such a market structure by the term “mild segmentation.”

B. Definitions and Notation

Before turning to the main results of the model, we need to introduce several
notations and definitions.

5 Explicit treatment of exchange risk is thus made unnecessary by the set of assumptions which
are adopted in this paper for the sake of tractability. If it had to be recognized that the prices of
consumption goods may vastly differ from one country to the rest, or that nationals of different
countries do not necessarily share the same consumption preferences, or that tax systems may be
highly discriminatory, then the problem of exchange risk could not be so conveniently dismissed. For
a discussion of firm valuation under exchange risk and differential taxation, see Senbet [17]. A more
modest objective is pursued in this paper which deals with only one imperfection of the international
capital market. Also note that we deal only with the demand side. An equilibrium analysis in a
framework that allows supply adjustments under barriers to capital flows is discussed in Errunza and
Senbet [8].

8 Clearly, in today’s capital markets there does not exist a security which would be riskless in real
terms. However, if the investment horizon is comparatively short, then, because of the low degree of
uncertainty surrounding the short-term inflation rate, Treasury Bills might not constitute too
unreasonable proxies for the riskless asset. For empirical treatment, see Section III.

7 In the continuous time version of the model, the instantaneous returns are assumed to follow a
stationary diffusion process which implies that the security prices are lognormally distributed.
Preliminary results in Errunza and Losq [7] suggest that stock prices in various countries fit this
specification reasonably well.
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Notation—The subscript e (7) is used as a generic index to represent the eligible
(ineligible) securities. The capital letter R stands for rate of return, the tilde
denotes randomness, the prime the transposition operator, and the inferior bar
a vector; thus Ry is the rate of interest and R the vector of rates of return on the
risky securities. This vector R, the variance-covariance matrix V, and the vector
of aggregate market values P are partitioned as follows:

D — Ee . —_ Vee Vei. — _Be
k= {R]’ V= [Vie vﬁ]’ B= [f,]

Because of the mildly segmented structure of the market, we also need to
introduce three market portfolios:

e The World Market Portfolio (WMP); market value: M; rate of return: Ra;
representative vector: WMP = P.
* The Market Portfolio of Ineligible Securities (MPIS); market value: M;: rate

of return: R;: representative vector: MPIS = P]’
* The Market Portfolio of Eligible Securities (MPES); market value: Mz; rate

=e

of return: Ry; representative vector: MPES = ol

Finally, the subscripts u and r denote the unrestricted and the restricted
investors, respectively. Thus A, (A,) stands for the absolute risk-aversion coef-
ficient for the subset of unrestricted (restricted) investors. The capital letter A
denotes the risk-aversion coefficient for the aggregate population of investors
(A'= A7 + A7) and the greek letter u the ratio A/A,.

Definition 1: The Diversification Portfolio (DP) is a portfolio of eligible secu-
rities where the dollar amounts invested in the various securities are given by

the vector DP = Ve (‘)/ il ; it can be shown (see, for example, Dhrymes, Theorem
2, [4, p. 24]) that DP corresponds to that portfolio of eligible securities which is
most highly correlated with the MPIS; hence, the name “Diversification Portfo-
lio.”

Definition 2: The Hedged Portfolio (HP) consists of a long position in MPIS
and a short position in DP: HP = MPIS — DP; using the aforementioned theorem
in Dhrymes, it can be verified that HP bears no correlation with any of the
eligible securities, hence the name “Hedged Portfolio.”

Definition 3: The conditional market risk of a security is defined as the
conditional covariance between its return and the return on the market portfolio
of all ineligible securities, the returns on all eligible securities being glven Thus,

we characterize the conditional market risk as: Cov[R;, (R;|{Ri = R:, ---, R. =
R., - - -}]. For an eligible security, the risk is zero by construction; indeed,
Cov[R., R/|{Ri =Ry, --- ,R.=R., ---}] = Cov[R., R] =0 (1)

Further, we recall from statistical theory (see, for example, Dhrymes, Theorem
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2, [4, p. 24]) that in the case of a multivariate normal distribution, the conditional
covariance does not depend on the given values (R. =R, ---, Re, --); hence,
the more compact notation Cov[R;, R;| R.]. It is also a simple matter to verify
that the conditional market risk is proportional to the covariance with the return
on HP2

C. Risk, Return, and Portfolio Composition under Mild Segmentation

PROPOSITION 1. In a mildly segmented market under conditions (i) to (v) and at
equilibrium:
(a) the eligible securities are priced as if the market was not segmented:
E(Re - R/) = (AM)COV[Re, RM] (2)

(b) the ineligible securities command a “super” risk premium which is propor-
tional to the conditional market risk:

E(R: — Ry — (AM)Cov[R;, Bu] = (A. — AM,Cov[(R;, R)|R.]  (3)

with (A, — A)M; = 0.

(c) the unrestricted investors hold the portfolio D, defined by: D, = (1 — u)
WMP + uHP.

(d) the restricted investors hold the portfolio D, defined by: D, = u(MPES +
DP).

Proof: Please refer to Appendix A.

Interpretation

1. Under mild segmentation, the eligible securities are priced as if the markets
were completely integrated; this property should be contrasted with the results
of Stulz [24] where it is not generally true that the eligible securities plot on a
security market line which corresponds to the Sharpe-Lintner relationship (see
Stulz [24, p. 930]).

2. The ineligible securities command a super risk premium which, on average,
is positive. By aggregating Equation (3) over the set of ineligible securities, we
obtain:

E(R; - Ry) — (AM)Cov|[R,, Ry] = (A, — A)M,Var[R;| R.] = 0 (4)

Further, if we denote by p the multiple correlation coefficient between R;and the
random vector R., we can show (see Dhrymes, Theorem 2, [4, p. 24]):

Var[R;| B.] = (1 — p?»)Var[R/] (5)

p can be interpreted here as the correlation coefficient between R; and that
portfolio of eligible securities which is most correlated with R;, i.e., the “Diver-
sification Portfolio.”

Equation (4) gives the super risk premium for the market portfolio of ineligible
securities and thus provides us with a measure of the increase in required return
which the ineligible securities must yield because of the segmented nature of the

8 We are grateful to René Stulz for pointing out this interpretation to us.
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market. From the viewpoint of firms, this super risk premium also measures the
effect of segmentation on the cost of supplying risky securities in the ineligible
segment of the market. As is made clear by Equations (4) and (5), the effect of
market segmentation becomes more pronounced as the risk aversion of the
unrestricted investors increases and as the correlation between the two segments
of the market decreases.’

3. The super risk premiums vanish only in two limiting cases, which we discuss
in turn.

Limiting case no. 1: A,/A, — ®. As the unrestricted investors become much
less risk-averse than the restricted investors, the following holds:

e u=(1+A,/A,)"' — 0. According to parts (c) and (d) of Proposition 1, the
unrestricted investors tend to hold all of the risky securities and the restricted
investors none of them.

* (A, —A)/A=A,/A,— 0. According to part (b) of Proposition 1, the “super”
risk premium becomes negligible relative to the “normal” risk premium.

Limiting case no. 2: p — 1. As the multiple correlation coefficient p between R;
and R. tends towards one, first, the return on the “Diversification Portfolio”
becomes perfectly correlated with R;; second, the “Hedged Portfolio” becomes
riskless and, at equilibrium, yields the risk-free rate of interest Ry; and, third, the
conditional market risk becomes negligible for all securities, so that the super
risk premiums vanish.

In such a limiting case, the eligible segment of the market offers the same
diversification opportunities as those offered by the whole market; consequently,
the a priori constraint that denies the restricted investors access to the ineligible
segment becomes ineffective. By holding DP as a perfect substitute for MPIS,
the restricted investors can acquire a portfolio D,, the return on which is perfectly
correlated with Ry. As for the unrestricted investors, they view HP and the
riskless asset as perfect substitutes; at equilibrium, they are thus willing to hold
the fraction u of HP and adjust their lending or borrowing accordingly. In any
case, the return on their portfolio D, is also perfectly correlated with Ry,. Thus,
it appears that the case where p = 1 does not essentially differ from the perfect
integration case.

4. Because of segmentation, the restricted investors cannot hold the ineligible
securities and thus properly diversify their holdings. As a second best solution,

® The extreme form of market segmentation takes place when p = 0, i.e., when no correlation exists
between R; and the return on any eligible security. In this extreme case, the ineligible securities are
priced as if there were two-way segmentation (no investment in either direction between the two
segments); indeed, if p = 0, Equation (3) implies:

E(Ri - R/) = (AuMI)COV[Riy Rl]

As for the eligible securities, however, they would still be priced as if the market was fully
integrated.

In the two-country case, if the product and factor markets of the two countries were well integrated,
we would expect some degree of correlation between the returns on the securities of the two countries;
to that extent, we would thus not expect the extreme form of mild segmentation to prevail.
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they hold the market portfolio of eligible securities plus a proxy for the market
portfolio of ineligible securities—the portfolio DP—which is supplied to them by
the unrestricted investors. The unrestricted investors thus play the role of
financial intermediaries: they provide diversification services for which they
receive an implicit remuneration; indeed, they supply securities for which no
super risk premium exists, i.e., securities with a comparatively low return.

5. We have already seen that the super risk premium becomes negligible when
the unrestricted investors have a comparatively small risk-aversion level or when
a suitable proxy for MPIS exists in the eligible segment. Outside these two
limiting cases (i.e., if u > 0 and p < 1), the super risk premiums must exist to
induce the unrestricted, but risk-averse, investors to supply diversification ser-
vices.

Indeed, in the absence of super risk premiums, the expected excess return on
any security would be proportional to its covariance with the world market
portfolio; in such a case, the risk-averse unrestricted investors would hold the
fraction A/A, =1 — u < 1 of the WMP, at the exclusion of any other risky
investment. Since, by hypothesis, the restricted investors cannot hold the ineli-
gible securities, these would be in excess supply. Consequently, for equilibrium
to prevail, super risk premiums must exist, so that unrestricted investors are
induced to acquire the residual fraction u of MPIS (which the restricted investors
would like to, but cannot, hold) and supply the same fraction u of DP.

6. To conclude this section, we present Table I which summarizes the main
features of three paradigms which may be used in the two-country case: perfect
integration (no barrier to investments), mild segmentation (barriers in one
direction only), and complete segmentation (barriers in both directions).

II. The Segmentation / Integration Issue: A Testable Hypothesis

The magnitude of the super risk premium depends on A, — A, i.e., on risk-
aversion coefficients that are not directly measurable. We must therefore rely on
cross-sectional regressions in order to capture the degree of effective segmenta-
tion in the international capital market. We sketch below the specific procedure
we have chosen to achieve that aim.

A. Estimation of Security-Specific Risk Characteristics

Without specifying a particular return generating model, the estimation of the
conditional market risk for each ineligible security would be a formidable task.
Thus, for the sake of tractability, we assume the following two-factor return
generating model:!°

R.= a. + B.Ry + vV + & with Cov[é,, Ry] = Cov[e,, V] =0 (6)

19 Even though multivariate normality was assumed in the previous section, the two-factor return
generating model does not require any assumption about the process generating returns (see Stehle
[22]). In view of the significant world factor reported by Lessard [14] and Solnik [19], for the
empirical tests, we use world market return (By) in place of Ry,.
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where the second factor, Vg, is orthogonal to R, and defined by:
RE =ag + bERM + VE with COV[VE, RM] =0 (7)

A similar return generating model is assumed to apply to the ineligible segment
of the market:

Ri=ai+ BBy +~v:Vi+& with Covls;, Ru] = Covl&, Vil =0 (8)

where the second factor, V7, is orthogonal to Ry and defined by:

Ri=a;+ bRy + V; with Cov[V;, Ry]=0 9)
We further assume:
Cov[és;, R.] =0 =1--,E; i=1,---,1 (10)

an assumption which severely limits the sources of covariability between the
returns of eligible and ineligible securities; for example, as in most empirical
models of this type, industry effects are simply assumed away.

Given the above simplifying assumptions about the structure of returns in the
two segments of the market, the unconditional and conditional market risks can
be readily expressed in terms of the coefficients 8 and v. In such a simplified
context, the mild segmentation paradigm yields the following results:

PROPOSITION 2.

(a) The unconditional market risk of any security is proportional to its beta
coefficient:

Cov[R;, Ry] = B;Var[Ry] j=iore (11)

(b) The conditional market risk of any ineligible security is a linear function of
the B and v coefficients:

Cov(R;, R/|R.) = ABi + By; with Aand B>0 (12)

(c) As a consequence, the risk-return tradeoff takes the following simplified
forms:
* for the eligible segment:

ER.) =R/ + A+ 0gy. with Azg=0 and 0x=0 (13)

* for the ineligible segment:
ER)=PR;+ \Bi+0ryi with \;=Ag=0 and 6;=0 (14)

Proof: Please refer to Appendix B.

B. Testable Hypothesis

Assuming that the consensus expectations are unbiased, the expected return,
E(R), can be proxied by the average historical return, R; similarly, the beta and
gamma coefficients can be estimated by means of time-series regressions con-
forming to Equations (6) and (8). Two cross-sectional regressions can then be
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run, one for each segment of the market:
* for the eligible segment:!?
R.=ag + AgBe + Opye + we (15)
¢ for the ineligible segment:
Ri=a;+ \Bi+ Oryi + w (16)

The Hypothesis: Mild Segmentation Versus. Alternate of Not Mildly Segmented
Market

If the mild segmentation paradigm holds, we can infer from Proposition 2:
{ag=a;=R; N =Ag=0; 6,=0; 6p=0}

Of course, the usual caveat applies: the empirical procedure cannot really test
whether the markets are mildly segmented independently of the valuation model
which was used to derive the test. Thus, if the mild segmentation hypothesis was
to be rejected, it might mean either that the markets are not mildly segmented
or that the valuation model does not apply. As usual, a joint hypothesis is
involved; care should therefore be exercised in deriving implications from the
results of the empirical tests which follow.

III. Test of the Mild Segmentation Hypothesis
A. Data

The data base consists of heavily traded securities from nine less developed
countries (LDCs), and a random sample from the U.S.’> Markets and securities
included in the sample have monthly total return data for the period 1976-1980.
The LDC markets are comparable to many European markets in terms of size,
turnover, and liquidity (Errunza [6]). Similarly, tests of the random walk hy-
pothesis suggest these markets to be comparable to some of the smaller developed
markets (Errunza and Losq [7]).

B. A Simple Test

If markets are fully integrated, then the risk (World beta) adjusted average
returns should be similar across national markets. Table II reports monthly
realized returns in US$, 3’s on GNP and market capitalization weighted world

! For the sake of notational simplicity, we do not make an explicit distinction between the actual
and estimated values of the beta and gamma coefficients.

12 Information on LDC securities is obtained from the International Finance Corporation emerging
markets data bank. COMPUSTAT data tapes are used for U.S. securities. Use of official exchange
rates as reported by International Financial statistics of the International Monetary Fund to convert
LDC returns into U.S. $ terms may induce bias. However, the problem does not appear to be serious
in view of the extremely high correlations for U.S. $ returns based on official exchange rates and
purchasing power parity relationships as reported by Errunza and Losq [7]. The nine LDCs are:
Argentina (22), Brazil (18), Chile (21), Greece (9), India (23), Korea (22), Mexico (21), Thailand (7),
and Zimbabwe (10). The number of securities in the sample is indicated in parentheses after each
market.
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indices, as well as monthly expected returns in US$. The realized returns in all
cases are quite different from what one would anticipate under full integration.
Further, for most LDCs, the ratio of realized to expected returns is substantially
higher than that for the U.S. market, thereby providing some evidence of
segmentation. Of course, this result should be construed as only the first step
towards a formal asset pricing test of our model in view of the potential difficulties
arising from country (sample) selection, use of official exchange rates, index
construction procedure within each market, as well as the time period.

C. The National Factor

Before proceeding with the test of the mild segmentation hypothesis in an
international asset pricing model, it would be prudent to investigate the impor-
tance of the country factor for our sample of newly emerging markets. The results
have implications for the design of the test methodology as discussed below.
Table II provides average proportion of security risk explained by the national
factor.’® Country factor seems to be very strong in most cases.™*

In view of the strength of country effect, the cross-sectional tests of the mild
segmentation hypothesis can be approached in two ways:

1. Deal explicitly with the country factor using a two-country design. For
example, U.S. securities can be characterized as the eligible set and say
Argentinean securities constitute the ineligible set with U.S. investors
restricted and Argentinean investors unrestricted. The primary problem
with such a design is the small LDC samples which would necessarily lead
to formation of overlapping and/or differing size portfolios within each LDC
market and hence violate OLS assumptions as suggested by Stehle [22]:

2. Pool securities and construct portfolios that are diversified across countries
within each (eligible and ineligible) set. The increased sample size will avoid
overlapping and eliminate selection bias that results from constructing
portfolios by country in the presence of strong country effects (Adler and
Horesh [2]). We will use this approach in the tests which follow.

D. Security and Investor Characterization®

Keeping in mind the existing capital flow controls and the patterns of portfolio
investments which indirectly reflect perceptions of U.S. investors regarding
feasibility or advisability of investments in LDC markets, the eligible (ineligible)
segments will be further characterized as technically eligible (ineligible) or

13 The proportions are average R? for the regressions of security returns on equally weighted
national indices based on our sample of highly traded securities on each market.

4 This result is consistent with those reported by Errunza [5] and Lessard [12] for LDC markets
and is quite similar to the European findings of Solnik [19].

15 Since published information on capital flow controls relates primarily to direct foreign invest-
ments and not to portfolio flows, the characterizations are based on in-house research by members
of the capital markets department of the International Finance Corporation (IFC), the World Bank
group, as well as personal conversations with various LDC stock exchange authorities by the IFC
personnel and one of the authors of this paper. Details on IFC research as well as contact persons
for each LDC exchange can be obtained from the authors.
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perceived eligible (ineligible). A market (security) is considered technically eli-
gible if there are no formal capital controls on foreign portfolio investments, i.e.,
if, technically, foreigners can freely invest in these markets (securities). Thus,
the securities of U.S., Thailand, Zimbabwe, and open Mexican firms constitute
the technically eligible segment. A market (security) is considered perceived
eligible if it is characterized by no formal capital controls as well as significant
foreign portfolio investments. Since foreign investors are not active in either
Thailand or Zimbabwe, the perceived eligible set includes U.S. and open Mexican
firms.

Technically Eligible Set:'¢ 130 securities from U.S., Thailand, Zimbabwe,
and Mexico (open firms).

Technically Ineligible Set: 130 securities from Argentina, Brazil, Chile,
Greece, India, Korea, and Mexico (other than
open firms).

Perceived Eligible Set:*® 147 securities from U.S. and Mexico (open firms).

Perceived Ineligible Set: 147 securities from Argentina, Brazil, Chile,
Greece, India, Korea, Mexico (other than open
firms), Thailand, and Zimbabwe.

For our purpose, the nationals of markets constituting the eligible set(s) can
trade only among each other and therefore are characterized as restricted inves-
tors, whereas the nationals of markets forming the ineligible set(s) can trade in
all securities and hence are characterized as unrestricted investors. This nomen-
clature is confusing in view of our traditional perceptions of freewheeling U.S.
investors and highly constrained LDC investors. A brief clarifying explanation
would be valuable.

In practice, the U.S. investors can freely invest abroad but are not allowed to
hold securities from the ineligible set. Thus, U.S. investors encounter portfolio
inflow controls and could hold the World Market Portfolio (of eligible securities)
excluding the ineligible set. In view of the restrictions placed on U.S. investors
by the governments of ineligible set countries, we characterize them as restricted
investors. On the other hand, LDC investors are not restricted by the govern-
ments of eligible set countries but cannot easily get funds out of their own
countries. However, the official outflow controls on LDC investors do not appear
to be prohibitive when one considers the participation of large (at times privi-
leged) LDC investors in eligible markets (with or without home government
knowledge). Thus, even though our characterization of LDC investors may not
depict reality, it does approximate the current state of affairs as well as the
implicit assumption of no outflow controls on LDC investors in our theoretical
model. The assumption of free foreign portfolio investments among ineligible
markets at both the theoretical and empirical levels is troublesome. An n-factor
model to fully capture the pattern of international investment flows would be
desirable but is left for further research because of the mathematical complica-
tions involved.

* The random U.S. (NYSE) sample size is chosen so as to match the appropriate eligible and
ineligible sets.
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E. The Test Procedure

Market Indices—The LDC market returns are equally weighted for our sample
firms, the U.S. market return is a capitalization weighted NYSE index, and the
other market returns are market capitalization weighted indices reported by
Capital International Perspective. Following Solnik [19], the various compound
indices (world, technically (in)eligible, and perceived (in)eligible) are based on
GNP weights.

The Riskless Rate—The problem of assuming a riskless rate in an international
context is well known (Adler and Horesch [2]) and is especially troublesome for
LDCs where a domestic market determined short-term rate similar to U.S.
T-bills is generally not available. We reluctantly use 30-day U.S. T-bill rate as a
proxy. Of course, in the capital asset pricing context, the various stock price
indices are also proxies for market rates of return and hence have their own
shortcomings (Roll [16], Solnik [20]).

Portfolio Formation—For each security in each of the four segments (techni-
cally (in)eligible and perceived (in)eligible), 3. (8;) and . (v;) are calculated using
monthly returns for the period 1976-1977. The 8. (8;) and v. (v:) are estimated
directly to avoid the measurement error problem associated with estimation of
Vi (V;) in an orthogonal design.’” Following tradition, portfolio observations are
used to minimize nonstationarity and measurement error problems. Since the
optimal grouping procedure is not well defined in the case of three-variable linear
regression and in view of limited data, we formed 16 nonoverlapping portfolios
using a (4 X 4) matrix design to maximize intergroup variation of 3. (8;) and v.
(v:) using two alternate portfolio construction procedures.”® Thus, we have 16
nonoverlapping portfolios for each of the four segments and for each of the two
portfolio construction procedures using 1976-1977 as the portfolio formation
period. Next, monthly portfolio rates of return are calculated for each portfolio
for the following 12-month period. The procedure is repeated with 1977-1978

" The G, and +. are estimated using:

B - COV(Re, Rw) _ Zt (Ret - Re)(th - Rw)
VarR, % (Ru— R

and

s _ Cov(R., Vg) _ Cov(R., Rg)Var(R,) — Cov(Rg, R.)-Cov(R., R.)
e T "Var(Vg) Var(R,)Var(Bz) — [Cov(Bg, Ru)I®

Similar expressions are used to calculate 3; and ;.
18 Two portfolio constructions procedures were used.

B8 — v Portfolios. Within each segment and during each portfolio formation period, securities were
ranked by 8 to form four -portfolios. Next, securities within each 3-portfolio were ranked by v to
obtain four vy-portfolios, thereby yielding a total of sixteen 8 — + portfolios.
v — B Portfolios. Within each segment and during each portfolio formation period, securities were
ranked by  to form four vy-portfolios. Next, securities within each y-portfolio were ranked by 8 to
obtain four 8-portfolios, thereby yielding a total of sixteen y¥ — 3 portfolios.
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and 1978-1979 as the portfolio formation periods and portfolio returns calculated
for years 1979 and 1980, respectively. This provides us with 36 monthly portfolio
returns on 16 portfolios for each of the four segments and for each of the two
portfolio construction procedures.

Cross-Sectional Regressions—As discussed in the previous section, we have
Fo=ag + NgB. + Orye + ue for the eligible segments where r,, (7.) is the ex post
(mean) excess rate of return for a given eligible portfolio during month ¢, t = 1,
c..,36;and r;=a;+ A 13,' + 07, + w; for the ineligible segments where r;; (7;) is
the ex post (mean) excess rate of return for a given ineligible portfolio during
month ¢, t = 1, ..., 36. Excess portfolio returns are used in cross-sectional
regressions to obtain time series of estimated coefficients, a, A, and 6 for each of
the four segments and for each of the two portfolio construction procedures.
Following Stehle [22], the risk coefficients 8 and v for period ¢ are based on all
portfolio returns excluding those during the portfolio formation period and the
t'"* month. Using 1976-1977 as the portfolio formation period and using mean
monthly portfolio returns during 1978-1980 as the dependent variable in cross-
sectional regressions did not result in significantly different findings. Generalized
Least Squares (GLS) procedure was used since the residuals were heteroscedastic.

F. Results

Table IIT reports GLS parameter estimates from cross-sectional regressions.
The table also reports the averages of the month-by-month GLS values of a;, \.,
and 6,; s(a), s(\), and s() the sample standard deviations of the monthly values
of a;, \;, and 6,, respectively; relevant t-statistics; and the mean adjusted R? and
its standard deviation s(R?) for month-by-month regressions of the 16 portfolio
returns on the relevant risk measures. These statistics are reported for the four
segments under two alternative portfolio construction methods.

The most striking feature of Table III is the consistency of results. Parameter
estimates and their significance are quite similar across the two portfolio con-
struction procedures. Further, the behavior of a given set (eligible or ineligible)
across the differential characterization (perceived and technical) is also not very
different.

The strength of the relationship between ex post returns and risk proxies is
on average low and quite variable. Despite the use of a questionable proxy for
the riskless return, the intercept estimates are not statistically significantly
different from theoretical expectations. There are many months when Ag;, Ay,
g, and 6, are negative, indicating a negative relationship between return and
risk during those months. This is neither very surprising nor contrary to the
mild segmentation asset pricing model. Our theoretical model states the equilib-
rium relationship between expected return and risk. Thus, the postulated rela-
tionship should hold on average and not necessarily month by month. Following
Fama [9], we use the average values and summary measures of the time-series
properties of A, Ap, 0, and 0y, to test the mild segmentation hypothesis. We
now discuss each of the four conditions associated with our hypothesis:



The Journal of Finance

120

"A[eAtgoadsal ‘0 = (9)F pue 0 = (X) 4 y8y3 stsayzodiy
aY) 1593 g puB Y I0j SOIISIIEIS-7 SY, '019Z JO SN[BA Pa}0adxa [BI1I2I09Y) 9Y3 UO PISBQ PIJB[NI[BI 1B SAN[BA (D)7 Y, :SIION

G0 0S€0 0T 1900 TI00  807— 9500 6I00— S6T  LY00 2300 S P S——
gGc’0 6¥€°0 12°0— LEOO T000— TILO G900 8000 g0 9€0°'0 €000 aquity )
¥22'0 8EE0 0ZT €900 €100 €8T- FHO0 EI00— TET  FHOO LIOO o[qi3rjout poasoIag
¢610 1¥2°0 GS¥V'1 9600 6000 eT'T 8500 1100 gg'I— 0800 TIT10°0— aqy :
sorjoypog § — A
G%c'0 780 G6°0 1L00 T10°0 91— LLOO 6100— 61 8L0'0 €200 a[qI3pauy A[eoayoo
LEC0 G8€°0 8IC— LEOO0 €TI00— LS'T 2900 6100 €80 9600 2000 aqudyg .
€6C°0 L¥E0 GSV'1 2900 ST0°0 e¥'c— 1900 02300— LZC S%0°0 LTI00 a[qusrpau] poataoIag
G020 LIZO0 81 ¢€0°0 0100 140 36S0°0 0100 SI1—- 9%00 2Z10°0— aqudIy :
sot[ojyog A — g
s v (@7 (05 ] N7 (s X @1 (o) D Juomdag JoNIBIA
4
Er. (] 2% )
[9POJAl UoTjBIUSWSeg PIIN—Sorew)sy Iojoweled S1H
III dlqeL



International Asset Pricing 121

ag = a;= 0 Even though the intercept estimates are not statistically signifi-
cantly different from their theoretical value of 0, the subcondition
of ar = a; is rejected for the perceived set under 38 — v portfolio
construction procedure.

There is no evidence to support the hypothesis that Xz and X;
differ significantly.

>l
v
>|
&
v
=}

=0 We cannot reject this condition in all cases. The almost signifi-
cantly negative 0z for technically eligible securities under g8 — v
portfolio construction procedure is troublesome.

;=0 The 0, are not statistically significantly different from zero. Thus,

one could claim that the mildly segmented CAPM cannot be
rejected; but the same is true for the standard CAPM applied to
all securities indiscriminately (; = 0).° However, note that ; are
consistently greater than zero and large in practical terms.?

In summary, the results are not statistically inconsistent with the mild seg-
mentation hypothesis. The weak results can be attributed to the kinds of
restrictions imposed in the real world, use of various proxies including the risk-
free rate, and small sample size. Further empirical research based on more
realistic world capital market structure, alternate proxies, and larger sample size
is suggested.

IV. Conclusion

In this paper, a formal model of international capital asset pricing was developed.
The primary distinguishing feature of the model is the unequal access assumption
which approximates the reality of a mildly segmented world market. The inci-
dence of mild segmentation does not affect required return on an eligible security
whereas the required return on an ineligible security is different from what the
standard CAPM would suggest. The ineligible securities would generally com-
mand a super risk premium which is proportional to the differential risk aversion
and the conditional market risk.

We then conduct a cross-sectional test of the mild segmentation hypothesis.
The overall results are not statistically inconsistent with theoretical expectations
and thus lend tentative support to the mild segmentation hypothesis. Further
empirical work based on a richer data set with longer time period and larger
sample size is needed to improve the power of the test.

Appendix A: Proof of Proposition 1

The proof consists of three steps:

Step 1: Check that, given (c) and (d), no security is in excess supply or in
excess demand. By construction, the aggregate demand vector D, + D, = (1 —
w)WMP + u(MPIS — DP + MPES + DP) = WMP is indeed equal to the
aggregate supply vector P = WMP.

9 We would like to thank the anonymous referee for pointing this out.

* In view of the major political risk factor associated with most of our sample LDCs during 1975
1980, the positive 6’s may reveal political risk premia. We would like to thank the anonymous referee
for this interpretation.
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Step 2: Check the optimality of the portfolio D, given (1) the constraint that
restricted investors cannot acquire ineligible securities and (2) the postulated
risk-return relationship in the eligible segment (Equation (2)).

This optimality condition is E(R. — R;) = A,Cov[R., D/R] for any arbitrary
eligible security. Given the definition of D, in (d), we can write:

Cov[R., D/R] = u{MgCov[R., Re] + Ve.VZ' VP (A1)

that is,

AM
A,

Thus, given part (a) of the proposition, the portfolio D, does realize the optimal
compromise between risk and return.

Step 3. Check the optimality of the portfolio D, given the postulated risk-
return relationships in the ineligible and in the eligible segment (Equations (3)
and (2)).

The first-order optimization condition can be written E(R — R;) = A,Cov[R,
D!R]. Given the definition of D, in (c), we can write:

Cov[R, D.R] = (1 — p)Cov[R, MRy] + u Cov[R, HP'R] (A3)

COV[Ee; I_D;E] = é COV[Ee’ MERE + MIRI] = COV[Ee; RM] (A2)
A

that is, giventhat 1 — u = A/A,:

Cov[R, D/R] = ‘ZM

(A4)

CoviR., HP’ E]]

CoviR, Ru] + “[00v[R,~ HP' R]

u

We have already noted that Cov[R., HP’ R] = 0; we can also assert from the
definition of HP that:

Cov(R:, HP’ R] = Cov[R;, P{R: — P! Vi.VZR.] = (Vi — Vi VI V)P;  (A5)
Ay
A,Cov[R, D.R] = (AM)CoV[R, Ru] + (A, — A)M,Cov[R, R/|B.] (A6)

so that the optimality condition is indeed satisfied by the portfolio D, as long as
Equations (2) and (3) represent the risk-return relationships in the two segments
of the market.

Consequently, given Equation (A4) and the identity u = , we have:

Appendix B: Proof of Proposition 2

Part (a) of the proposition being a standard result, we proceed directly to prove
part (b). To that end, we use Equation (8) to express the conditional market risk
as:

Cov[R:, R;| R.] = B:Cov[Ry, R/| R.]
+ v;Cov[V;, R/| R.] + Cov[&:;, R/| R.] (B1)

The last covariance term in Equation (B1) is null, since, by assumption,
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Cov[&;, Ri] = Cov[&;, Ru]bs + Cov(é;, V,] = 0 and Cov[é, R.] = 0. Furthermore,
recalling that Ry = (M;/M)R; + (Mg/M)Rg, the coefficient of 8; in Equation
(B1) can be written:

A = Cov[Ry, R/R.) = (M/M)Var[B;|R.] = 0 (B2)

As for the coefficient of v; in Equation (B1), in view of Equation (9) in the text,
it can be formulated as:

B = Cov[V}, R;| R.] = Cov[R; — b,[((Mi;/M)R; + (Mg/M)Rg), R;|R.] (B3)
or, equivalently,
B = [1 — by(M;/M)]Var{R;| R.] (B4)

It is a simple matter to check that the expression [1 — b,(M;/M)] is positive as
long as the returns on WMP and the returns on MPES are positively correlated,
a condition which is assumed to hold. This condition thus ensures that the
coefficient B is positive or null. Part (c) of Proposition 2 then follows directly.
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