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Abstract

We propose an international asset pricing model in a two-country
framework where trading in the foreign market encounters barriers to
portfolio flows and short-sale constraints. Under ownership restrictions,
free assets are priced with a global risk premium whereas the restricted
assets command a global risk premium, a conditional risk premium and a
conditional discount. With binding ownership and short-sale constraints,
some foreign assets become non-tradable, however, pricing rules are not
altered. We estimate our model using maximum likelihood approach for
18 major emerging markets over the period 1989-2007 and find strong
support for our model.
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1 Introduction

International asset pricing models (IAPMs) invoke assumptions regarding capi-
tal flow controls and short sales that are not realistic in the present environment.
For example, IAPMs of Solnik (1974), Stulz (1981a) and Adler and Dumas
(1983) assume no barriers to capital flows whereas Stulz (1981b), Errunza and
Losq (1985), Eun and Janakiramanan (1986) and Chaieb and Errunza (2007) are
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based on unrealistic assumptions regarding barriers to capital flows. All above
TAPMs assume unimpeded short selling. A model that incorporates both these
deviations from a perfect market set-up is currently not available. Hence, we
develop a formal IAPM based on more realistic assumptions regarding explicit
barriers in place and short-sale restrictions.

Barriers to international investments are pervasive and may take various
forms such as expropriations of foreign holdings, restrictions on the fraction of
a local firm that foreign investors can own, or discriminatory taxation. Stulz
(1981b) models barriers in the form of a proportional tax on equity holdings
and makes a novel prediction regarding possible existence of non-traded assets.
Errunza and Losq (1985, henceforth EL) study a mild segmentation structure in
which domestic investors (for example, the U.S.) are prohibited access to foreign
assets rendering all foreign assets non-tradeable. In Eun and Janakiramanan
(1986, henceforth EJ) domestic investors are restricted to hold only a fraction of
the outstanding foreign shares leading to a dual price system with an underlying
assumption that the domestic and foreign investors can not trade with each
other.! Although the potential existence of non-tradable assets in the foreign
market and its implications for international investments were first discussed by
Stulz (1981b), the assumptions in EL of the entire foreign market being non-
tradable and in EJ that none of the foreign securities are non tradable seem
unrealistic given the empirical evidence that domestic investors trade only in
large and liquid foreign stocks.?

EJ briefly discuss the short-sale constraint in their model. However, they
assume that the ownership constraint is binding for all foreign stocks, i.e. they
implicitly assume that the domestic investor would hold long all foreign stocks.
Thus, in their paper, the short-sale constraint has no effect on prices and asset
demand. In view of the empirical evidence of Charoenrook and Daouk (2005),
and Bris, Goetzmann, and Zhu (2007) that short sales in a majority of national
markets are either not allowed legally or are too costly to be practiced, it is
important to consider the joint impact of short-sale constraint and the owner-
ship constraint for stock prices and portfolio holdings in international portfolio
investment. Indeed, a more realistic model should take into account the explicit
barriers in place including the existence of the non-tradable segment of the for-
eign market and short-sale restrictions. Our paper fills this gap and develops
a model that provides new insights when markets are not freely accessible and
short sales are restricted which seems to be the case for the majority of national
markets.

Specifically, we postulate an international capital market that is character-
ized by two countries and two sets of investors. Foreign investors are unrestricted
i.e. they can hold their local securities and those available in the domestic mar-
ket. Domestic investors are restricted in their foreign market trading, i.e. they
can hold only up to a limited fraction of foreign stocks. This results in three

1Bergstrom, Rydqvist, and Sellin (1993) extend EJ to impose constraint on both the inflow
and the outflow of capital. They find that the price effects are ambiguous since the two
constraints operate in opposite directions.

2See, for example, Kang and Stulz (1997), and Edison and Warnock (2004).



sets of foreign stocks. The freely traded for which the ownership restriction
is not binding, the set for which the ownership restriction is binding and the
non-investable set that domestic investor would not hold due to concerns re-
lated to their size, liquidity, or free float. Note that the first two sets constitute
the investable set. In the theoretical model, the non-investable set with a zero
holding is considered as part of the set with binding ownership restrictions. How-
ever, we separately test the pricing of the non-investable set in the empirical
analysis. Since many countries have eradicated the restriction of trade between
local and foreign investors, we extend EJ by allowing foreign investors to trade
with domestic investors to obtain unique equilibrium prices for restricted stocks.
Further, all investors can short sale domestic stocks but not the foreign stocks.?
Since short-selling of foreign assets is not allowed, the domestic investor would
have zero holdings of foreign stocks he would want to short if allowed, thus
giving rise to the fourth set, the non-tradable segment of the foreign market.
In equilibrium, investable, non-investable, and non-tradable assets will coexist
in the foreign stock market. To our knowledge, this is the first time that the
pricing of different sets of securities in the foreign market have been explicitly
characterized and put to empirical test. Next, starting from a micro-theory
of individual portfolio choice we obtain, via aggregation and market clearing,
equilibrium pricing relationships, risk-return trade-offs and portfolio holdings,
taking into account the interaction between the constraints.

We first study the benchmark case with only the ownership constraint and
then generalize the model by introducing the short-sale constraint. In equi-
librium, the freely traded securities are always priced solely by the covariance
risk with the global factor. The restricted stocks are priced with three factors:
the risk premium with the global factor, a conditional local risk premium and
a conditional local discount. The discount reflects the benefit of loosening eq-
uity ownership restrictions. The local premium and discount are conditional on
the returns of freely traded assets. In the benchmark case, the premium fac-
tor is constituted of restricted foreign assets with binding ownership constraint,
whereas it also includes non traded assets in the general case where both own-
ership and short-sale constraints are binding. In both cases, the discount factor
is constituted of restricted assets whose ownership constraint is binding. Fur-
ther the discount factor only includes the portion of the restricted assets that
are available to the domestic investor and its price of risk is a linear, increas-
ing function of legal limits on foreign holdings of all restricted securities in the
foreign market.

Using maximum likelihood approach?, we estimate a conditional version of
our model for 18 major emerging markets (EMs) over the period 1989-2007. We
use weekly US dollar denominated data for individual stocks that constitute the

30ne can characterize the domestic market as a well developed market such as the U.S.
that is open to all investors and has few legal or operational constraints on short selling
and the foreign market as an emerging market most of which impose some limits on foreign
participation and short selling is either legally not allowed or operationally not practiced.
Otherwise, we assume perfect national capital markets.

4See, for example, Campbell, Lo and MacKinlay (1997).



S&P International Finance Corporation Global (IFCG) index in each market to
construct test assets and local factors. To capture the explicit barriers, we use
the investable weight factor (IWF) that indicates the fraction of the individual
EM security that is accessible to foreigners, with zero for non-investable and one
for fully investable stocks.” We find that both the world and the two local risk
factors are significantly priced in all countries in our sample. We also find that
the model favors time-varying factor risk premia and.the coefficient on investable
weight factor has positive sign and is highly significant in most cases and thus
supports our model prediction that the price of risk of the local discount factor
is an increasing function of the IWF.

The rest of the paper proceeds as follows. Section 2 outlines the underlying
assumptions and notations for our theory. In section 3, we derive the benchmark
valuation model under the ownership restriction constraint. We introduce the
short-sale constraint in section 4 and construct our general model where both the
ownership and the short-sale constraints are present. Comparative statics with
the benchmark case are also provided. Section 5 outlines the empirical method.
Data and empirical results are provided in section 6. Section 7 concludes. All
proofs are in the appendix.

2 The Set-up

We consider a world with two countries, domestic (D) and foreign (F). The
returns are measured in domestic currency, the reference currency. There are
N risky securities of which n are from domestic country and m from foreign
country. All investors can borrow and lend at the risk-free rate r, denominated
in the reference currency.

Assume that the return of risky assets follows the Ito process:

das;

g = w;dt + o;dz;, wherei =1+ N

where p,,0; are the instantaneous expected return and standard deviation
of risky asset i; z; is the standard Brownian motion; and dz;dz; = p;;,dt where
pji is the instantaneous correlation coefficient between the Wiener processes dz;
and dzp.

2.1 Notations

Throughout the paper, we use the following notations. The tilde denotes ran-
domness, the inferior bar a vector. The prime stands for the transposition
operator.

Q is the N x N matrix of instantaneous covariances of the rates of return
on all risky securities (with elements being o = p;,0;0%).

0, (tz) is the & x 1 vector of zeros (ones)

5Tt is similar to the measure of intensity of capital controls of Edison and Warnock (2003).



S, is the set of risky securities x

W' is the investable wealth of investor [ at time 0, [ € {D, F'}
W is the random end-of-period wealth of investor [
WM is the total wealth of all investors, i.e. WM = EIG{D’F} w!
C' is the consumption flow of investor [
m! is the x x 1 vector of the dollar amount invested in the risky assets by
investor [

M, is the = x 1 vector of market capitalizations of risky assets

M is the total market capitalization of all risky securities, M £ Zf\;l M;

w, is the z x 1 vector of ownership limit fractions (values between 0 and 1)
in the foreign market.

R; is the random return of security 4,7 € N

Ry is the random return of the world portfolio, Ry = vazl Mlljll/M

2.2 Market Imperfections

The foreign capital market entails two types of constraints. First, the domestic
investor is only allowed to hold up to a limit fraction of any foreign equity, and
second, short sales of foreign securities are precluded. The ownership limits are
assumed to be known a priori to all investors and are time invariant.5 Obviously,
if the ownership constraint is binding for all foreign securities, imposing the
short-sale constraint for the foreign securities would be meaningless. Thus, to
accommodate for more realistic and interesting cases, we assume additionally
that the ownership constraint is only binding for a subset of foreign securities.
The capital market is otherwise assumed to be perfect and frictionless.

We first deal with the ownership constraint in the next section, and subse-
quently study the joint effects of both types of constraints in section 4.

3 International Asset Pricing Model with For-
eign Ownership Constraint

In this section, we derive an IAPM where the domestic investor faces only
one constraint that is a legal limit on holdings of foreign equities. Short-selling
foreign risky securities is allowed.

3.1 The Market Structure

We further assume that the ownership constraint is binding for only a subset
Sk(Sg C Sp) of the foreign securities. The remaining risky securities in for-
eign market belonging to the subset S\, = S \Si" are effectively traded as
restriction-free assets in the domestic market. Together with the domestic risky

6We leave the more dynamic case where the ownership limit is time varying for the future
extension of the current paper.
"The slash \ denotes the set difference operation.



assets, the non-binding, foreign risky assets constitute the set of restriction-free
assets, called the core set. We denote this core set as S, which is the union of
Sp and Sy -

To facilitate our derivation in this section, whenever we stack N risky assets
into a vector (be it expected returns or portfolio holdings) the following partition
is understood: the first n assets are the domestic risky assets, the next m — k
assets are the foreign risky assets with non-binding ownership constraint, and
finally the last k assets are the foreign risky assets with binding ownership con-
straint that also include non-investable assets that can not be held by domestic
investors (ownership limit fraction of zero). Note that as binding constraints
change over time, the set of m —k and k assets will change as well. We rebalance
our test portfolios in the empirical analysis to reflect this time variation.

3.2 The Equilibrium Expected Returns and Portfolio Hold-
ings

We adopt the stochastic dynamic programming approach as in Merton (1969,
1971 and 1973), Solnik (1974), Stulz (1981a), Adler and Dumas (1983), and
Chaieb and Errunza (2007). Each investor is assumed to maximize the expected
value at each instant in time of a time-additive and state independent Von
Neumann- Morgenstern utility function of consumption given his current wealth
and portfolio constraints.

Agents maximize their lifetime expected utility by choosing optimal control
variables, consumption flow and portfolio amount {C!, 7'} with [ € {D, F}.
Hence, each investor has the following objective function:

J(W) = maxEy / Ul (1)) dt (1)

where U'() is the utility function assumed to be strictly concave and J*() is
the derived utility of wealth function of the investor [ = {D, F'}.

The foreign investor’s wealth follows the standard dynamics as in Merton
(1969, 1973):

N N
AW =1y wl (=) +rWF = CFlat + >l oidz (2)

i=1 i=1
The wealth process for the domestic investor follows a similar dynamic:

N N
dWP = > " al(p; —r) +rWP = CPlat + > P oidz; (3)

i=1 i=1

with the exception that his portfolio investments on the foreign risky assets
face the restricted ownership constraint as follows:

) <w, oM, (4)



where the sign o denotes the Hadamard product (element by element).

The optimization problem of the foreign investor is a standard stochastic
control problem. Merton (1971 and 1973) has shown that the value function
JE(WT) for the foreign investor given his budget constraint (2) satisfies the
Hamilton-Jacobi-Bellman (HJB) equation,

N

0 = {Crr;aﬁ}{UF(CF) + JVI{;[Z ™ (py — ) +rWE - C*] (5)
- i=1

1 N N
oSS wt et
i=1j=1
where 0i; = p;0505, Jy = 0JF JOWE and Jk, = 02JF /(OWF)2.
The N first order conditions with respect to the portfolio holdings derived
from the HJB equation (5) are,

N
JVF[;(/J‘Z_T)—FJII/[?/W Zﬂfo—ij =0, (7’: 1727~~~aN) (6)
j=1
F
Let AF = — J%W denote the absolute risk aversion of the foreign investor.

We can rewrite the first order conditions (6) as follows
py —riy = A" Q 1y (7)

Under the ownership constraint (4), the domestic investor’s optimization
problem is however a constrained stochastic control problem. It has been shown®
that the value function of this constrained problem is the solution of the follow-
ing HJB equations,

0= CD D WD o
(00 2B oas, y P ®
UP(CP) + JRIN 7P (s — 1) + WP — CP)
¢(CD7ED7WD) _ D Zi}v ,L ]\%

Using the Kuhn-Tucker technique for optimization problem under constraint,
we define the Lagarangian, L = ¢ + > /" A\j(w;M; — 7P), where ); is the La-
grangian multiplier for the ownership constraint of risky asset ¢ in the foreign
market. Hence, the N first order conditions with respect to the portfolio hold-

8See, for instance, Zariphopoulou (1991) and Fleming and Zariphopoulou (1991).



ings for the domestic investor are as follows,

N
JVIED/(,U/L‘ —-r)+ JV[I)/W ZﬂiDaij = 0, (i€ Sy) 9)
j=1
N
Tip (s =)+ Jipw Y_wPoy =X = 0, (i€ Sy) (10)
j=1
Ni(wiM; —7P) = 0, N >0,7P <w;M;,  (11)
(i € Sn)

As remarked earlier, we assume that among the m ownership constraints only
k constraints are indeed binding. Recall, we partition the set of foreign risky
assets such that the first m — k assets have non-binding ownership constraint
while the last k assets have binding constraint. The Kuhn-Tucker condition (11)
thus implies that

A= 0, i € Sk
Ni > Oand 7P =w;M;, €Sy (12)

Intuitively, this assumption means that the demand of the domestic investor
for the first m — k foreign risky assets is strictly less than legally allowed; the
domestic investor might even want to short some of these risky assets.

D
Let AP = —‘Jy’—DW denote the absolute risk aversion of the domestic investor.
w

For brevity, we rewrite the demand equation (12) in vector notation as: wf =
wy o M, . We can express the first order conditions (9,10,and 11) compactly as
follows,
W —Ti :ADQWD—i—l(Op) (13)
o IR\
where, p indicates the core set of risky assets; Ay is the & x 1 vector of
Lagrangian multipliers for the risky assets in the binding set Sj.
Proposition 1. In equilibrium, under the restricted foreign ownership con-
straint, the risk premium of a stock is given by:

E(R; — 1) = AMcov(R;, Rw), Vi € S, (14)

E(R; — 1) = AMecov(R;, Rw) + (AF — A)M, cov(R;, Rk, \Ep)

~ o~ T 15
—AFMKQCOU(RZ-,RK2\ﬁp), Vi € Sy (15)

where the aggregate risk aversion A is defined such that % = A% + %; and
the local factors Ry, , Ry, are defined below,



~ M, ~
1€ Sk MKl
- M~
Re, 2 Y 2R
1€ Sk Kz
Mg, & > M,
1€Sk
Mg, = ZMiWi
1E€Sk

As expected the free assets in the core S, (including domestic securities
and foreign securities whose ownership constraint is not binding) are priced
solely with one factor, the covariance risk with the global factor - the world
market return Ryy. However, the restricted assets’ expected returns are priced
with three factors: the risk premium with the global factor, a conditional risk
premium with the local factor Rk, , and a conditional discount with the local
factor EKZ. The local premium and discount are conditional on the returns of all
assets in the core Ep. The first local factor R K, represents the aggregate return

of all restricted securities in S, whereas the second local factor RKQ measures
the aggregate return of the portions of these securities that are available to the
domestic investor.?

The conditional risk premium is similar to the conditional market risk or
the super risk premium in EL, though the latter is defined for the entire for-
eign market whereas in our model it is applied only to subset Sj consisting
of restricted assets in the foreign market. The price of risk of the conditional
discount, the last term on the RHS of (15), is a linear, increasing function of
the ownership limits of all restricted assets in S;. The negative sign, hence the
name discount, reflects the benefit of loosening the equity ownership restriction.
Giving the domestic investor limited access to the foreign equity market results
in the conditional discount. Clearly, the discount will vanish when all restricted
assets become non-tradable in the sense of Stulz (1981b) or when all the legal
limits are reduced to zero; in that case our model collapses to EL.

A special, noteworthy case is when the ownership limits of restricted stocks
are all equal, i.e. w; = w. In this case, Mk, = wMg, and we can simplify the
expected return for restricted assets as follows,

w

B(Ri=r) = AMeoo(R, Bow 41— I

AF—A)Mchov(éiJ:’,KJBp)

(17)
The conditional risk premium in (17) is an inverse, linear function of w. Since
the limit w is non-negative, the super risk premium of EL'? is the maximal value

9The concept of the local factors EKI , EKz is similar to that of the S&P’s IFCG and IFCI,
discussed in section 6.
10Recall that the super risk premium in EL(1985) is (A¥ — A)M, cov(R;, Ri, IZ,)



of the local, conditional risk premium in our model. Note that the price of the
conditional risk in (17) is non-negative as the legal limit w can not exceed the
ratio % as noted in EJ. This is because the ratio of the foreign risk aver-
sion over the total risk aversion is the maximal foreign equity weight that the
domestic investor would hold were there no constraints in the foreign market.
Hence, it necessitates that the limit be less than this ratio. Last but not least,
the positivivity of the price of risk of the conditional local factor in (17) implies
that the conditional premium dominates the conditional discount in (15), re-
sulting in a net local premium of restricted assets. This result also holds in the
general case where the ownership limits differ across restricted securities''.

Proposition 2. In equilibrium the portfolio choices of the domestic and foreign
investor are as follows'?.

For the domestic investor

AF
D —
Ty = apar My + Uy WL
EkD = Wi©o Mk
For the foreign investor
AD
Foo_ -1
Tp = AD L AF M, = Qpp QL
Ef = (i —wg) o M.

a AF
where T, = (wﬂk — M, owy).

The domestic investor’s portfolio choice of the core assets S, consists of two
terms with the first term being his portfolio holdings in the absence of ownership
constraint. Given the binding constraint for the k foreign risky assets, the
domestic investor’s desirable demand for these assets is greater than the allowed
amount; thus T, represents the desirable, however inadmissible demand of the
risky assets Sy by the domestic investor. The second component in the domestic
investor’s portfolio holdings can be interpreted as the portfolio he engineers out
of the core assets S, to replicate T';, as closely as possible. This observation
highlights the dual role played by the risky assets Sj,: they provide investors
with traditional investment opportunities as well as an avenue, albeit imperfect,
to overcome the ownership constraint.

Some of the foreign assets that belong to the core might be held short by the
domestic investor. Therefore if the domestic investor can not short sell foreign
stocks, then he would not be able to create his desired hedged position. This
could potentially cause the domestic investor to change his demand, and thus
affect the expected returns of foreign risky assets. This is the case we now
investigate.

11Proof is available upon request.
12Note that the subscripts of matrix €, ¥ denote their appropriate partitions.
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4 International Asset Pricing Model with For-
eign Ownership and Short-Sale Constraints.

Since the ownership restrictions are binding for foreign risky assets in subset
Sk, the short-sale constraint will have no effect on these assets as their demands
are non-negative for all investors. On the other hand, the short-sale constraint
will affect the foreign risky assets which previously constituted the core assets.
Indeed, in conjunction with the ownership constraint, the ban on short sales will
have different effect on the domestic and foreign investors. Because the domestic
investor faces the ownership constraint on his holdings of foreign securities, he
can not clear the foreign market should the foreign investor hold short any
foreign securities. Therefore, the short-sale constraint will never be binding for
the foreign investor; it can only be binding for the domestic investor.

The foreign risky assets that have binding short-sale constraint for the do-
mestic investor will become non-tradable assets. Note that in Stulz (1981b)
although short sales are allowed, if the expected return of a given foreign asset
does not offset the cost of acquisition for domestic investors, the asset becomes
non-tradable. In our model, without the short-sale constraint, foreign stocks
either belong to the core set of assets, are held up to their legal limits by the do-
mestic investor, or are non-investable. With binding short-sale constraint, some
foreign stocks become non-tradable. The current section studies the effects of
such non-tradable assets on expected returns and investors’ portfolio holdings.

4.1 The Market Structure

We maintain the assumption that subset Sy of foreign securities have binding
ownership constraint for the domestic investor. We assume that within subset
Sm\k of foreign assets, there is a subset S.(S. C Sy,\x) for which the short-sale
constraint is binding. In the absence of the short-sale constraint, the domestic
investor would want to short subset S,, however when short-selling is banned
in the foreign market he will have zero investment on S, rendering it the set of
non-tradable assets. The union S, of Si and S, (S, = (Sx U S.)) is the subset
that contains all restricted assets whose constraints are binding. The domestic
investor will hold positive investments in the remaining foreign assets in the set
Sm\r = Sm\Sr, however, his demands for these assets are less than the legal
limits, thus making them effectively "constraint-free" assets. The union of the
domestic risky assets S,, and the foreign risky assets S,,\, forms the core set
which is now denoted as S;(Sq = Sy U Sinr)-

4.2 The Equilibrium Expected Returns and Portfolio Hold-
ings

We start with the first order conditions for optimal portfolio investments. Since
the short-sale constraint is not binding for the foreign investor, his first order
conditions will remain unchanged as in (7). However, since the domestic investor

11



now faces two constraints for his investments in the foreign market, his La-
grangian function changes to : Ls = ¢+ 1w A (wi M;—mP)+ Y7 v,7P where
¢ was defined in (8); A;,y; are the Lagrangian multipliers for the ownership con-
straint and the short-sale constraint respectively. The domestic investor’s first
order conditions are as follows,

N
T =)+ Jgw Y 7oy = 0, (i€8y,) (18)
j=1
N
T (i =)+ Jigw Y _wloij—Xi+v, = 0, (i€58y) (19)
j=1

)\i(wiMi — 7TD)

K2

0, \i > 0,72 <w;M;, (20)

(t € Swm)
vl = 0,9, >0,70 >0, (21)
(i € Su)

As remarked earlier, the short-sale constraint is not binding for assets in Sy,
thus v, = 0,7 € Sk, and the first order conditions of the domestic investor can
be written as

. 1 4
HN—TLN:ADQEQ—FE —%Z (22)
Ak

where 7. Aj, are the Lagrangian multipliers for the short-sale and ownership
constraints respectively. Define

) 0
MN—TZN—ADQWJ?,—i-ﬂ(ni) (23)

The resemblance between (23) and (13) in the previous part suggests that in-
troducing short-sale prohibition is equivalent to augmenting the set of restricted
assets Sy with S, that have self-imposed limit fraction of zero (w, = 0,). The
non-tradable assets are thus priced as the binding ownership constraint assets
with limit fraction of zero. Proposition 3 follows immediately from the results
in previous section.

Proposition 3. In equilibrium, under the restricted foreign ownership and the
short-sale constraint, the risk premium of a stock is given by,

E(Rl o T’)SS — AMCOU(EDEW% V'L S Sq (24)

12



E(Ez —7)% = AMcov(Ri, EW) + (AF — A)MLICOU(RZ‘, RLl \Eq)

Pl i 25
— A" Mg, cov(R;, Ry, |R,), Vi € S, (25)
where the local factor ELIZ'S defined as,
~ N M; ~
Ry, = GZS M. R; (26)
My, & > M,
€S,
The investors’ portfolio choices are given below,
for the domestic investor,
D AF -1
() = qu + Q40 Q0 L, (27)
(x)* = 0,
(@) = wpoM,
for the foreign investor,
F AP 1
SSs _ —
(Eq ) T AD 4 AF Mq - Qqq Q. T, (28)
(x)* = M,
(EkF)SS (i, — wy) o M,

The superscript ()°° denotes values in the presence of the short-sale constraint
to distinguish from the previous section. Finally, T, is the vector of market cap-

italizations of the risky assets in S, which is partitioned as (%) where T, equals
EN

%Mﬁ[k, is defined in proposition 2 above.

The key distinction between proposition 1 and 3 is the composition of the
first local factor and its price of risk. Whereas the local factor R, only repre-
sents the foreign risky assets with positive holdings by the domestic investor,
the local factor Ry, also includes the non-tradable foreign assets in S,. It is
intuitive that the second local factor in (25) remains unchanged since adding
non-tradable assets contributes nothing to the benefit of loosening the owner-
ship constraint (the discount effect). On the other hand, the presence of the
short-sale constraint auguments the conditional local premium factor with the
addition of non-tradable assets. It is tempting to jump to the conclusion that
the presence of the non-tradable assets would drive up the risk premium of the
restricted assets in Sy. However, the risk premia in propositions 1 and 3 are
conditional on the returns of the assets in the core which changes (from S, to
Sy) due to the short-sale constraint. Hence, an appropriate comparison must
take into account this change, which is discussed in proposition 4 below.

13



4.3 The Marginal Effects of The Short-Sale Constraint

In this part we compare the results of proposition 1 and 2 with those of propo-
sition 3, and also relate our model with previous literature. We examine three
cases representing various scenarios of the ownership and short-sale constraints.

4.3.1 The ownership restriction is binding for some foreign assets

The short-sale constraint is not binding, S, = @.

In this scenario, the domestic investor has non-negative holdings for all for-
eign securities, thus prohibiting short sales by no means has any impact on asset
returns and investors’ holdings.

The short-sale constraint is binding for some of the foreign secu-
rities, S. # @ and S, C S\

This is the most general and also the underlying setting of our model. Intro-
duction of the short-sale constraint transforms assets in subset S, into restricted
assets. However, the effect on assets in subset S is a bit more involved because
the introduction of the short-sale constraint changes not only the local premium
factor that prices these assets but also the core on which their risk premium and
discount are conditioned.

To facilitate the analysis, we use the following partitions

Qqq qu qu
Q= |: gpp gpk :| = qu sz sz (29)
kp  Ckk Qg Qe Qe

Next, we define T',.,. in terms of Qq’ql as follows
r. Q,, — quQq_quqz Q. — QZqQ;quqk.
Oy, — quQ;q qu Qpr — quQ(;q qu

_ Fzz sz
Tee Thk
Proposition 4. The introduction of the short-sale constraint causes the ex-
pected returns of risky assets in Sy to change as follows

E(R, —R;) = AT (Uy.T, — T}..T T, 1)) (31)

The change in the expected returns of assets that have binding ownership
constraint can be attributed to two forces that operate in opposite directions.
The expected return of assets in Sy increases by a term proportional to the
conditional covariance of returns of assets in Sy and S, offsets by a term pro-
portional to the conditional covariance of returns of asset Sy and the portfolio
of assets in S, that are most highly correlated to Sy, (diversification benefit).

As remarked earlier, the introduction of the short-sale constraint results in
the reduction in the core and affects portfolio holdings. Specifically, we are
interested in how the domestic investor (correspondingly the foreign investor)
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reshuffles his portfolio composition of the core assets in response to the short-sale
constraint.

Proposition 5. The change in the domestic investor’s portfolio holdings of
the core assets is given by

(EqD)SS - EqD = Qq_qlngzz + Qq_qlﬂqzrz_z1FZka (32)

In the absence of the short-sale constraint, the domestic investor demands
the amount I','T,xT, of S, to hedge for his desirable, but inadmissible T.
When short sales are precluded and the short-sale constraint is binding for S,
these assets are no longer available to the domestic investor. As a consequence,
he changes his portfolio in two ways: on one hand, he demands the portfolio of
the core assets that is most highly correlated with S, and on the other hand,
he also demands the portfolio of the core assets to hedge for the reduction in the
core available to him. The foreign investor, as always, plays the role of clearing
the market and supplies these portfolios to the domestic investor.

4.3.2 The ownership constraint is binding for all the foreign risky
assets

In this polar case, the domestic investor holds all foreign securities up to the
legal limits. Banning short sales of foreign risky assets has absolutely no effect
on asset prices and investors’ portfolio choices. In fact, this is the major result
of EJ.

4.3.3 The ownership constraint is not binding for all investable for-
eign securities

This is the other polar case where the domestic investor’s investments in all
investable foreign risky assets are strictly less than the allowed limits. The
investable securities are thus effectively integrated before the short-sale con-
straint is introduced. Depending on the short-sale constraint we can have three
following scenarios.

The short-sale constraint is not binding for any foreign risky asset,
or S, =0.

In this extreme scenario, the entire investable foreign market is held long by
the domestic investor and the investable securities are effectively integrated.

The short-sale constraint is binding, or S, = 5,,.

This is the other extreme scenario when the domestic investor wants to
short all investable foreign risky assets. Hence, when short-sale is banned in
the foreign market, the domestic investor will hold zero investment in the for-
eign market, and the entire investable segment of the foreign market becomes
nontradable. In this scenario, our model collapses to EL.

The short-sale constraint is only binding for some foreign risky
assets, or S, C S,,.
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This is in fact a refined version of the previous scenario applied to the subset
S, of foreign investable assets. The rest of the foreign investable assets will be
integrated with domestic risky assets to form the core set.

5 Econometric Method

In each emerging market, we construct three test assets: the unrestricted, the
ownership binding and the non-investable portfolios. We test our model using
equation (24) for the unrestricted portfolio and equation (25) for the other
two portfolios. We separate the non-investable from the ownership binding
portfolio given the significant difference especially in their Investable Weight
Factor (defined below) and to increase the power of our test. We should also
include a fourth test asset, the non-tradable portfolio. Unfortunately, it is not
possible to construct this test asset either as defined in our theoretical framework
or in the vein of Stulz (1981b).

It is well established that expected returns are time varying.'> Hence, we
follow Gibbons and Ferson (1985) and estimate a conditional version of our
model that allows factor risk premia to vary over time. If Z;_; is the information
available at time ¢ — 1, equations (24) and (25) imply that,

E(TulZi1) = BuwAw(Zi-1)
E(Fb|Zt—1) = 5bw)\W(Zt—1) + BbL/\L(Zt—l) - ﬁbK/\K(Zt—l)
B

EFalZes) = Bowdw(Zes) + Baw A (Zeot) — Buhic(Zeey) O

where 7; is the excess return on asset ¢; subscripts u, b, and n denote the un-
restricted, the ownership binding and the non-investable portfolios respectively;
Aw,, AL, and Ak, are factor risk premia of the global, conditional premium and
conditional discount factors, and 8 are factor loadings.

Assuming returns are governed by a linear factor model:

Tut = Auot—1+ 5uW§W,t +gu,t~ B
?b,t = /\bO,t—l + 6bW]iW,t + ﬁbLRiesL,t - ﬁbKRTvesK,t +gb,t (34)
Tn,t = /\nO,tfl + /BnWRW,t + /BnLRresL,t - BnKRresK,t + En,t

where ]?Zres Lt ]?ITES K+ are the residual of the projection of the local factor R L

and EK on the space spanned by returns of all risky assets in the core.'* Taking
conditional expectations of equation (34) and equating them with equation (33)

13See, for examole, Ferson and Harvey (1991) among others.
4 Here we use the residual factor in place of the conditional factor because of the identity
Cov(z,y|z) = Cov(z,u), where u is the residual of the regression of y on z.
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delivers the restrictions on the intercepts in (34)

Noi-1 = Buwhw (Zi-1) = Eror(Buwy)] -
Mooi—1 = BewAw (Zic1) — Erm1(Rwa)] + Byr[A(Zi—1) — Ei—1(Rresr )] —

Bor Ak (Zi—1) — Et—1(Rresk,t)]

Anoi—1 = BuwMw(Zi—1) — Er—1(Rwi)] + B Ao (Zi—1) — Ei1(Rresrt)]—

Bk Ak (Zi—1) — Et—1(Rresk )]

Imposing these restrictions and the rational expectation for the factor re-
turns, we obtain,

Tu,t = Buwliw(Zi-1) - Et—l(ft’w,t)] + Buw RBw,t + €t B
Th,t = BywlAw(Zi-1) — Etfl(ﬁw,t)] + 51,L[)\L~(Zt71) - Eifl(RresL,t)]_N

By Ak (Zi-1) = Ero1(Rresk 1) + Byw Rwie + Bop Rresrt — By Rresit + €o,t
Tt = BawMw(Zi-1) = Be1(Bw)] + Bpp[A(Zi-1) — Br1(Rresrt)]—

_ BnK [)‘FIV((thl) - Etfl(RresK,t)] + ﬁnWRW,t + ﬁnLRres,t - BnKRresK,t + gn,t
@W,t = Et—l(]jW,t) +Ewe
@resL,t = Etfl(-@resL,t) +gresL,t

RresK,t = Et—l(RresK,t) + EresK,t

In order to estimate this model, we need to specify the functional forms of
factor risk premia and factors’ conditional expectations. We follow De Santis
and Gerard (1997) to parameterize the factor risk premia as exponential func-
tions of information variables. We use Harvey (1989, 1991) to model conditional
expectations as linear functions of information variables. Specifically,

Aw(Zio1) = explhy Zwi-1)

A(Zi—1) = exp(kLZp,-1)

/\K(Z,tv_l) = eXp(kIKZ[Qt_l)
B 1(Rwy) = Sw Zwi—1
Etfl(-ETeSL,t) - 5ILZL,t71
Ei 1(Rreskt) = Sk 2K 11

where (k,0) are coefficients; and Zy, Z,, Zk are instrumental variables for
the world, premium and discount factors respectively.

Under normality assumption'®, the log likelihood function can be written
as,

T
InL(6,Q) = —g In(27) — %Tln(|Q|) - %Zet(ﬁ)lﬁ_lat(ﬁ)
t=1

where 6 is the vector of parameters, 2 is the NV x N variance-covariance
matrix, () is the N x 1 vector of innovations and N is the number of assets (

15Since normality is often violated, we estimate the model and compute the covariance
matrix using the quasi-maximum likelihood approach.
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in our case N = 6). We can concentrate the log likelihood function and iterate
between the estimates of § and Q6.

6 Data and Empirical Results

6.1 Data Sources

Country Stock Data

Securities data are obtained from Standard & Poor’s emerging markets data-
base (EMDB). We select 18 major emerging markets for our sample: Argentina,
Brazil, Chile, China, Colombia, India, Indonesia, Israel, Korea, Malaysia, Mex-
ico, Pakistan, Peru, Philippine, South Africa, Taiwan, Thailand, and Turkey.
Our sample period runs from 01 January 1989 to 20 April 2007. The dataset
compiles closing stock prices, price index, dividends, market capitalization, out-
standing shares, investable weight factor IWF) and other variables. The weight
factor IWF with values ranging from zero to one indicates the fraction of a com-
pany market cap a foreign entity may legally hold (0 indicates none of the stock
is legally available; 1 indicates 100% of the stock market cap is available for
foreign ownership). We use weekly, US dollar denominated data for individual
stocks that constitute both the IFCG and IFCI indices in each market to con-
struct test assets and local factors. The S&P/IFCG indices are built bottom
up to represent the performance of the most active securities in their respec-
tive markets, and to be the broadest possible indicator of market movements
with a target market cap of 70 - 80% of the total capitalization of all locally
exchange-listed shares. The S&P investable indices (S&P/IFCI) are designed
to measure the returns foreign portfolio investors would receive from investing
in emerging market securities that are legally and practically available to for-
eign holders. The calculation method is the same as for the S&P/IFCG, but
is applied to the subset of S&P/IFCG constituents that Standard & Poor’s has
determined to be investable - stocks available to foreign institutional investors
which meet size and liquidity screens.!” Table 1 summarizes the composition of
the IFCG universe for each market. For our sample period, the average number
of stocks ranges from 21 (Colombia) to 225 (China), while the average IWF
goes from 0.14 (China) to 0.78 (South Africa). On average, the IWF suggests
that Latin American equity markets are more open to foreigners than Asian
markets. Brazil, China, India, Taiwan, Mexico and South Africa are among
countries with largest market capitalization. There is large cross-sectional and
time variation among our sample markets.

World Market and Global Sectors Data

Global data are from DataStream (DS). We use DS World Total Return
Index as a proxy for the world market index. The one-month Eurodollar yields
are used to compute the weekly risk-free rates. For the global sector data, we

16See Campbell, Lo and MacKinlay (1997) and Green (2003) for details.
17See Standard & Poor’s S&P Emerging Market Index - Index Methodology for more details.
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employ DataStream level 4 data which consists of 115 world sector/industry
series.

Country Fund and ADR Data

We use the Country Funds (CFs) and American Depositary Receipts (ADRs)
data set of Chaieb and Errunza (2007) to construct the local conditional fac-
tors. The data comprises of 28 country funds and 90 ADRs/GDRs. US-based
securities data are obtained from CRSP while non-US based securities data are
obtained from DataStream.'®

Information Variables

We select two sets of conditioning variables that have been widely used in
the international asset pricing literature'? to model the dynamics of the prices
of risk for the global and local factors. In particular, for the global instruments,
we use the world dividend yield in excess of the one-month Eurodollar rate; the
week-to-week change in the US term premium, measured by the yield difference
between the ten-year US Treasury note and one-month T-Bill; the US default
premium, measured by the yield difference between Moody’s BAA and AAA
rated bonds; and the week-to-week change in the one-month Eurodollar rate.
The local instruments include local market volatility?®, local dividend yield
and the local IWF, measured by the cross-sectional, value-weighted average of
individual stocks in the local market. Yield data are obtained from DataStream
while the local market indices are from S&P’s EMDB. Summary statistics for
information variables are presented in table 2. The global information variables
seem to carry non-redundant information as their correlations are quite low.
Correlations among local information variables appear to be higher on average,
however there is a large difference across markets.

6.2 Constructing Test Portfolios and Factors

In each country, we create three test portfolios which include the non-investable
portfolio 7, +, the binding portfolio r ; and the non-binding portfolio r, ;. These
portfolios are constructed based on the investable weight factor (IWF) as follows.
The Non-Investable Portfolio: This portfolio consists of risky assets in a
local market which are not accessible by foreign investors. We approximate this
portfolio by taking the difference of the set of constituents of the IFCG and
IFCI index for each country. These assets have zero investable weight factor.
The Binding and Non-Binding Portfolios: To construct these portfolios we
need to know both the legal limits and the actual holdings of local equities by

183ee Chaieb and Errunza (2007) for details.

19Gee, for example, Harvey (1991), Bekaert and Harvey (1995), De Santis and Gerard (1997)
and many others.

20The local market volatility is measured by fitting the local equity return with an ap-
propriate GARCH process (for most countries, it is the standard GARCH(1,1)). A more
conventional local instrument is the local equity return. We tried both the market volatility
and the return and found that the results are essentially the same. However, for some coun-
tries, the estimates using volatility are more stable and faster to converge, probably because
volatility is less noisy than return. Hence, we choose to report results based on the local
volatility instrument.
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foreign investors. Since neither of these data are available, we use the following
proxies to approximate these portfolios. Following Bae et al. (2004), we group
the constituents of the IFCI index in each country into two subsets: the binding
set consisting of stocks with the IWF < 0.5, and the non-binding set consisting
of stocks with the IWF > 0.5. Although the chosen cutoff level of 0.5 may seem
ad-hoc, we offer the following rationale for it. Theoretically, the cutoff level
should equal Mf‘ifAF, where A, AP are the absolute risk aversion coefficients
of the foreign and the domestic investors respectively. While we do not observe
investors’ risk aversion, there is some evidence that the relative risk aversion does
not differ significantly around the world. Notably, using an insurance dataset
of 31 countries which includes 11 developing markets, Szpiro (1986) and Szpiro
et al. (1988) have shown that the equality of relative risk aversion can not be
rejected for 29 countries at 99% level of significance. If indeed the relative risk
aversion is similar across countries, then the ratio % can not be lower than
0.5 (assuming that the total market capitalization in the domestic market is
greater than that of the foreign market).?!

Portfolios are created at the end of each calendar year and rebalanced an-
nually. Table 3 summarizes the composition of the three test portfolios for each
country in our sample. Due to space constraint, for each market the data are
presented as grand averages that are first averaged cross-sectionally and then
over time, which do not allow meaningful generalizations.

Constructing the Local Factors and the Residual Factors

The local premium and discount factors are computed according to equation
(26) and (16)?2 from the securities in the non-investable and the binding portfo-
lios. Note that the premium factor is the value-weighted return of all securities
in the non-investable and the binding portfolios, whereas the discount factor is
the weighted average return of only securities in the binding portfolio taking
into account their investable weight factor.

Having constructed the local factors, we obtain the residual factors as the
residual of the regression of the local factors on a diversification portfolio con-
sisting of securities in the core that is most highly correlated with the local
factors. To build the diversification portfolios, we first regress the return of the
local factor on the returns of the 115 world sectors, and the DS World Total
Return index using a stepwise regression procedure and obtain the initial diver-
sification portfolio of global securities, RG. In the second step, we regress the
return of the local factor on RG, CFs, and ADRs/GDRs. The fitted value from
this regression is the return on the final diversification portfolio. See Carrieri,
Errunza and Hogan (2007) for details on the construction of the diversification
portfolio.

The basic statistics for test portfolios and residual factors are reported in
table 4. The returns of test portfolios as well as the residual factors exhibit
typical characteristics of emerging markets such as high returns, high volatility,

21'We also try different cutoff levels and find that the results do not change substantially for
levels around and higher than 0.5.
22More specifically, it is the equation in the second line for Ka in (16).
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and substantial deviation from normality as documented by Bekaert and Har-
vey (1995, 1997). Indeed, the Bera - Jarque test of normality rejects the null
hypothesis at conventional significance level for all countries in the sample.

Data Breaks and Simulations

Depending on the cut-off level, there may be no observations for certain
portfolios for certain subperiods (for example, for Korea the non-investable set
has no observations from 05-Nov-1999 to 27-Oct-2000). If the number of missing
observations is not too large (less than 10% of the total number of observations)
we use simulation to patch up our data series. When the number of missing
observations is larger than 10% of the total observations we remove the missing
observations. Table 5 summarizes the data breaks in test portfolios and residual
factors for countries in our sample. In most countries, the problem is quite mild,
except for Colombia and Pakistan where the number of data breaks in the sample
period is larger than the number of observable data.

The simulation procedure works as follows. First, we estimate the dynamics
of the series. We use the Akaike Information Criterion (AIC) and the Schwarz
or Bayesian Criterion (BIC)??, and the Ljung-Box Portmanteau and Engle’s
ARCH tests?* to identify appropriate dynamics for the mean and the variance
of the data series. For all cases, the ARMA(1,1)-GARCH(1,1) model appears
sufficient to capture the dynamics of the data series. We then fit the series
with the ARMA-GARCH process and diagnose the residuals with the Ljung-
Box and Engle’s ARCH tests again to see if the ARMA-GARCH model can
adequately capture the dynamics of the series. Second, based on the ARMA-
GARCH model identified in the first step, we simulate 5,000 sample paths for the
missing observation period. Finally, for each simulated sample path we insert it
into the original data series and refit the whole series with the ARMA-GARCH
model. The sample path that gives estimates closest to those of the data-fitting
in step one is chosen.

6.3 Results

Table 6 provides the main empirical results of our model. Panel A of table 6
presents point estimates and the robust standard errors of the coefficients for
the factor risk premia of the global, local premium and local discount factors.
Most of the coefficients are statistically significant. The coefficient on investable
weight factor has positive sign and is highly significant in most cases and thus
supports our model prediction that the price of risk of the local discount factor
is an increasing function of the IWF. Overall, the results in panel A suggest
that the global and especially the two local factors are significantly priced. To
make formal inference about the significance of the risk factors, we present the
results of various hypothesis tests in panel B of table 6. The first hypothesis
is whether the local discount factor is priced. Using the likelihood ratio test,
we find that the null hypothesis that the local discount factor is not priced is

23Gee for example Greene(2003, page 159) for details.
24See Engle (1982).
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strongly rejected at conventional level of significance for all countries in our
sample. The joint null hypothesis that the local premium factor and the local
discount factor are not priced is also strongly rejected in all countries. The
null hypothesis that the global factor is not priced is strongly rejected in all
countries. Finally, following De Santis and Gerard (1997), we also test whether
or not factor risk premia are constant over time. Consistent with the existing
literature, we find supporting evidence for time varying specification of the risk
premia.

The risk premia for all the three factors are significantly different from zero
in all sample countries. Across our sample countries, the average risk premium
of the global, the local premium and the local discount factors are 6.36%, 1.83%
and 2.93% per annum respectively. The magnitude of the average global risk
premium is comparable to the risk premium in the U.S. equity market which is
about 7.42%25.

We plot the risk premium of the global, local premium and local discount
factors for the five countries among the largest markets (based on most recent
market capitalization) in our sample in figures 1, 2, and 3 respectively. These
graphs show a striking difference in the dynamics of the factor risk premia
between the global and the two local factors. The global risk premium tends
to move together and peak during the period 2001-2003. It remains relatively
small in the rest of the sample period. The dynamics of the risk premia of the
local premium and discount factors shows greater variation across countries. For
some countries like South Africa, Brazil, China and India, the local risk premia
appear to peak before their global counterpart in early 1999 prior to the dotcom
bubble burst in the U.S. Notably, the risk premium of the local premium factor
for India and especially China increases significantly at the end of our sample
period.

7 Conclusion

To date, TAPMs have not considered the equilibrium implications of the joint im-
pact of short-sale constraint and ownership constraint on international portfolio
investment. Indeed, a more realistic model should take into account the explicit
investment barriers in place including the existence of the non-tradable segment
of the foreign market and short-sale restrictions. In a two country framework,
we first study the benchmark case with only the ownership constraint in the
foreign market and then generalize the model by introducing the short-sale con-
straint. We show that the effect of imposing short-sale prohibition is equivalent
to enforcing zero ownership constraint for the assets whose short-sale constraint
is binding, rendering them non-tradable. Our analysis shows that the existence
of the non-tradable assets does not alter the pricing rule. In equilibrium, the
freely traded securities are always priced solely by the covariance risk with the
global factor. The restricted stocks are priced with three factors: the risk pre-
mium with the global factor, a conditional local risk premium and a conditional

258ee for example Fama and French (2001), and Kocherlakota (1996).
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local discount. The discount reflects the benefit of loosening equity ownership
restrictions. The local premium and discount are conditional on the returns of
freely traded assets. In the benchmark case, the premium factor is constituted
of restricted foreign assets with binding ownership constraint, whereas it also
includes non traded assets in the general case where both ownership and short-
sale constraints are binding. In both cases, the discount factor is constituted
of restricted assets whose ownership constraint is binding. Further the discount
factor only includes the portion of the restricted assets that are available to the
domestic investor and its price of risk is a linear, increasing function of legal
limits on foreign holdings of all restricted securities in the foreign market.

We use maximum likelihood approach to estimate a conditional version of
our model for 18 major emerging markets over the period 1989-2007. We find
strong support for our model. The factor risk premia of the world and the local
factors are positive, highly significant and time varying. Finally, the coefficient
on investable weight factor has positive sign and is highly significant in most
cases and thus supports our model prediction that the price of risk of the local
discount factor is an increasing function of the IWF.

Our work has major policy and portfolio management implications. Given
a very realistic world market structure, it provides a more precise estimate of
cost of equity capital as well as facilitate better global asset allocation. This
is critical in a rapidly liberalizing world market characterized by increasing
importance of emerging markets. From a regulatory perspective, the model
provides a better understanding of gains from opening of equity markets to
foreign portfolio investors.
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A Proofs

A.1 Proposition 1

To characterize the extra risk premium we partition the vector of expected
returns and the covariance matrix as follows,

. H — ’l”zp Q Q k :| |:QpN:|
_ _ (5 . 0= pp ok | _ 35
<HN TZN) <Nk- Tik)’ { Qp ik Qin (352)
Using the partition in (35a), we expand equation (13) as,
(Ep - rgp) = AQun My (36a)
) = AQn M A A 36b
My = Ty, = kN M N+ m,k ( )

Taking the domestic investor’s demand for the foreign securities S as given,
we expand equation (13) as,

—ri — AD Qpp ka Ez? L Qp
(HN er)_A |:Qkp Qkk EI? +J‘?/ A

which is equivalent to,
(Ep B Ti?) = AP(Qpm) + Qi) (37a)

. 1
(ﬁk - T1k> = AD(Qka;? + Q) + J—DA,C (37b)
w

From (37a), we obtain,

1 - . _
;) = ﬁQppl (Hp - mp) = Q) Q] (38a)
Plug (38a) into (37b), solve for the vector of Lagrangian multipliers,
1 . D 1 71 .
EAIC = (ch — T1k> —A [Qkp(A—DQpp (Hp — r;p)

—0 Qi) + Q] (39a)
(1, = 7i) = Qupt (1, =7, ) + AP () Qe — Q)P

Substitute equation (39a) in equation (36b), to solve for the expected returns
of the risky assets in Sk,

% (Hk - Tl.k) = Oy My + ADlJVl[)/)\k
% (gk - m'k) = Qv My + A%[(gk - m'k>

79’“1’9;171 (Ep B TZP) + AD(Qka;I}ka — Qui)zy)]
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Recall that the aggregate risk aversion satisfies the identity % = % + A%,
we can simplify the above equation as,

1 ) 1 _ . _
7 (= 7ia) = Qv My = 520905, (1, = riy) + () Ot = )P
Finally, replacing the term (Hp —ri,) with the result in (36a) gives,
1 , A -1 -1 D
F (Hk — T@k> = QkN MN — FQkapp QpN MN — (Qkk — Qkapp ka)ﬂk
= Q— (U — Wep) Qi) (40a)
A _
where @ = Qv My — A—DQkapplQpNMN
Next we compute @) using the matrix partition as in (35a) and noting that
AP AF
A= ADYAF >
F 1
Q = QkkMk- + Qk:pMp - kaPQ;p (QppMp + kaM}g)
AF AF 1
= QM + QppM, — kapMp - mﬁkpﬂpp Qpr M,
D AF .
= QM + mgkpMp - mﬂkpgpp Qpe M,
AP AF .
= W(Qkkﬂk + QkpMp) + W(Qkk = Qpp(2y, Q) M,
AP AF 4
= kaNMN + m(gkk — Qkapp ka)Mk
Substitute @ back into equation (40a) we obtain,
1 ) AP _ AF
aAF (Ek - le) = kaNMN + (e *Qkpﬂpplgpk)(mﬂk —%)
Collecting terms and noting ng =w; o M,, we get,
(Hp - m'p) = AQ,uN My (41a)
(gk - Tik) = Ay My + AT0T,

where ®pp = (e — Qkpﬂgplka)7 and T} = (%_&FM;C — M, owy).
With the aid of the world factor Ry, and the local factors Ry, , Rk,, we
have the following identities,

QN My = Mcov(Ep, }NBW)
(I)kkMk = MchOU(Ekv EK1 |Bp)
q)kkMk OWr = MKQCOU(Ek7EK2|Ep)

where M, Mg, , Mk, are the total capitalization of the respective factors.
Replacing these in equation (41a), obtain equations (14) and (15).
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A.2 Proposition 2.

The domestic investor’s holdings of the foreign securities in Sy are given by the
binding ownership constraint 72 = w, o M,. His holdings of the other risky
assets are derived from (38a); using the result in (41a) gives,

= A“;Qpp Qpn My — Q) Qe
AF
= m p (QppM +kaMk) Q kaﬂ-k
AF AF
= 4oy ar et Y k(G M — )
AF .
= 5o My T 0y UL, (42a)

The foreign investor, facing no constraint on his investment opportunities,
will be forced to clear the market. Therefore, his holdings are given by,

F AD
Ep = m Q kazk (43&)
= (i —wy) 0 My,

A.3 Proposition 4

Instead of using the covariance form of expected returns, we make use of their
matrix form as in (41a) and transform the conditional variance-covariance ma-
trices @y, and I';..to have the core set S;. First we note that the expected return
for assets in S} under the short-sale constraint can be rewritten as follows

(8, =) = AQuxMy + AT(Tk.T, + T Ty,) (44a)
where we recall that T, = (%Z)
)
Employing the partition (29) and the formula of Blockwise Inversion of Ma-
trices, one can expand the term ! in (41a) and (42a) as a function of Q.

Note that €, = { gqq ng } , using the Blockwise Inversion formula gives
zq 2z

71-* IQ Q 1 (453‘)

zz

01 [ U + Qg QT2 0O — 030,
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Finally, plug the inverse (45a) into the expression of @, we obtain

D = Uk — epQy) Qi
Q1+ 010, 10, .01 -0 10, T}
= Ok — [ Qg Uz | { 7 _Igi—jézqgg; aa “ z—j
Qg
<lar]
-1 -1 -1 -1 Qg

= Q= [ U ~Tel T Tl ]| o

D = Tpp+TpT Do (46a)

where in line 4 and 5 we use the results in (30).

Equation (46a) explains the change in the conditional covariance of the k
assets when there is a shrinkage in the core - the set of free assets reduces from
p to ¢, and, more important, allows us to study the marginal effect of banning
short-sale on expected returns of the k assets after controlling for the change in
the basis. Taking the difference between (41a) and (44a) and using the identity
(46a) gives the desired result.

A.4 Proposition 5.

First, we expand the portfolio holdings (27) of the assets in S; by the domestic
investor

AF
D\ss __ 1
(z)™ = mMQ + Qg Qo Ty
AF _1 IZ
— quJrQqq [ Q- Q| |:Tk ]
AF L )
= 40 1 ar Mot Qg QaTe + Qg QL (47a)

Next, replace the matrix inverse of €2} in (45a) into (42a)

F
D -1
T, = mﬂp + Q) WLy,
F —1 —1 -1 1 1 1
= AiM + l: Qqq +Qqq_?qzrzz_§12zq9qq —Qqq f_Z({zez :| l: QT
AP+ AFTTE Y QZquq Iz Q. Ty,
- LM + Q;qukuk — Q;qlﬂqzl“gzlrzkzk
AD + AF 7 F,z_zlrzkzk
Therefore,
D AF . . »
17 = o ar Mot Qg Qe — 0 0TI To T (48a)
D AF .
. = mMZ + 1Ty (48b)
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Comparing (47a) with (48a) gives the change in the domestic investor’s port-
folio holdings.
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Table 1. Summary Statistics of Country IFCG Indices, 30/12/1988 - 20/04/2007
This table reports the composition of weekly S&P IFCG Index for 18 coun-
tries. The variables include the number of stocks, average market capitalization,
and average investable weight factor (IWF). Market capitalization is measured
in millions of US dollars. Statistics are first computed cross-sectionally and then

across time.

Number of Stocks Average Market Cap Average IWF
mean | min | max mean min max | mean | min | max
Argentina 26.07 17 34 682.29 37.74 | 2888.27 0.77 | 0.32 | 0.99
Brazil 79.26 41 123 | 1529.06 | 115.42 | 5941.77 0.54 | 0.12 | 0.77
Chile 41.97 25 56 | 1017.37 | 180.73 | 2953.85 0.46 | 0.15 | 0.89
China | 224.93 61 | 415 944.53 | 102.13 | 5630.43 0.14 | 0.03 | 0.28
Colombia 20.90 14 28 493.61 45.10 | 2757.91 0.40 | 0.00 | 0.96
India | 114.37 40 | 196 920.09 | 180.97 | 3942.94 0.19 | 0.00 | 0.32
Indonesia 56.25 34 71 609.98 62.92 | 2684.82 0.45 | 0.30 | 0.72
Israel 52.39 42 72 966.10 | 458.11 | 1791.34 0.62 | 0.53 | 0.71
Korea | 151.58 61 | 305 | 1122.75 | 156.06 | 2830.31 0.38 | 0.00 | 0.75
Malaysia | 107.89 47 | 157 908.31 | 191.47 | 2106.29 0.62 | 0.33 | 0.86
Mexico 62.19 45 85 | 1680.59 | 160.15 | 7916.64 0.75 | 0.11 | 0.98
Pakistan 53.91 38 80 205.74 27.03 909.42 0.33 | 0.00 | 0.78
Peru 30.88 18 38 382.62 81.28 | 2527.71 0.65 | 0.25 | 0.94
Philippines 42.52 18 60 541.79 | 135.19 | 2033.36 0.39 | 0.22 | 0.56
South Africa 75.45 57 | 146 | 1860.08 | 942.50 | 3150.16 0.78 | 0.62 | 1.00
Taiwan 96.70 62 | 176 | 1888.79 | 768.09 | 3486.41 0.32 | 0.00 | 0.77
Thailand 63.15 19 88 751.10 | 192.08 | 1618.37 0.30 | 0.15 | 0.38
Turkey 44.37 14 61 782.59 36.68 | 2825.71 0.68 | 0.00 | 1.00

32




Table 2. Summary Statistics for Information Variables

Panel A. Global Information Variables

The global information set includes the world dividend yield in excess of
the return on the one-month Eurodollar (XWDY), the change in the U.S. term
premium (AUSTP), the U.S. default premium (USDP), and the change in the
one-month Eurodollar return (ARF). The world dividend yield is the dollar-
denominated dividend yield on the DataStream world index. The U.S. term
premium is equal to the yield on the 10-year U.S. T-Note in excess of the yield
of the 3-month U.S. T-Bill. The U.S. default premium is the yield on Moody’s
BAA rated bonds in excess of the yield on Moody’s AAA rated bonds. The
sample period is from 30/12/1988 to 20/04/2007 (955 observations).

Correlations
Mean Std Dev Min Max XWDY AUSTP USDP ARF
XWDY -2.688 2.207 -8.120 1.410 1 -0.006  0.207 -0.005
AUSTP -0.001 0.128 -0.442 0.896 1 0.073 -0.023
USDP  0.842 0.205 0.500 1.490 1 -0.065
ARF -0.005 0.172 -3.120 2.250 1

Panel B. Local Information Variables

The local information set includes the local dividend yield (LDY), the local
market volatility (VOL), and the investable weight factor (IWF). The local
dividend yield is from DataStream, the local market volatility is derived by
fitting the local market return with an appropriate GARCH process, and the
investable weight factor is from S&P EMDB.

Correlations
Argentina Mean Std Dev ~ Min Max LDY VOL IWF
LDY 2.347 1.758 0.000 11.900 1 0264 0.535
VOL 5.000 2.024 2.803 20.314 1 -0.047
IWF  0.648 0.275 0.318 0.985 1
Brazil
LDY 3.882 1.673 0.000 10.070 1 0249 -0.206
VOL 5.391 1.496 2.976  9.401 1 0.253
IWF  0.583 0.055 0475  0.692 1
Chile
LDY 3.507 1.520 0.000  9.120 1 0220 -0.102
VOL 2.761 0.623 2.076  5.378 1 0438
IWF  0.603 0.219 0.316  0.887 1
China
LDY 1.461 0.758 0.000  2.970 1 -0.253 0.648
VOL 3.265 0.878 2.053  6.965 1 -0.274
IWF  0.186 0.045 0.107  0.278 1
Colombia
LDY 4.309 1.760 0.000  7.870 1 -0.049 0.193
VOL 3.461 1.253 2.293 13.579 1 0.102
IWF 0.281 0.309 0.000 0.730 1
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Table 2 (Continued)
Panel B. Local Information Variables

India
LDY 1.793 0.593 0.000 3.190 -0.083 -0.202
VOL 3.588 0.711 2.480 6.083 1 -0.390
IWF 0.255 0.035 0.188 0.316 1
Indonesia
LDY 2.409 1.148 0.000  4.950 -0.236  -0.585
VOL 6.384 4.376 2.386 30.256 1 0.696
IWF 0.448 0.136 0.312 0.722 1
Israel
LDY 1.705 0.975 0.000 3.930 0.183 0.301
VOL 3.183 0.508 2.557  6.538 1 0.097
IWF 0.624 0.042 0.526 0.713 1
Korea
LDY 1.641 0.588 0.000 3.230 -0.052  0.076
VOL 4.874 2.614 2.086 21.067 1 0.222
IWF 0.483 0.262 0.094 0.748 1
Malaysia
LDY 2.348 1.181 0.000 6.200 0.100 -0.582
VOL 3.357 2.283 1.230 16.671 1 0.269
IWF 0.617 0.180 0.334  0.859 1
Mexico
LDY 1.787 0.608 0.000  4.210 -0.029 -0.249
VOL 4.024 1.479 2.303 12.449 1 0.504
IWEF 0.767 0.166 0.412 0.984 1
Pakistan
LDY 6.534 3.418 0.000 16.660 0.364 -0.040
VOL 4.153 1.345 2.481 11.096 1 0.252
IWEF 0.259 0.282 0.000 0.781 1
Peru
LDY 2.673 1.333 0.000 6.180 -0.304 -0.341
VOL 3.130 0.907 1.992 7.478 1 0.225
IWEF 0.644 0.242 0.251 0.936 1
Philippines
LDY 1.355 0.672 0.000 2.970 -0.243  -0.694
VOL 3.712 1479 2.335 10.233 1 0.288
IWEF 0.355 0.080 0.224  0.557 1
South Africa
LDY 2968 1.287 0.000 5.960 -0.011  -0.402
VOL 3.486 0.892 2.214 7.675 1 0.060
IWEF 0.779 0.121 0.625 0.995 1
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Table 2 (Continued)

Panel B. Local Information Variables

Taiwan
LDY 1.558 1.073 0.000 4.360 1 -0.420 0.721
VOL 4.136 1.318 1.999  9.008 1 -0.542
IWF 0.535 0.132 0.300 0.773 1

Thailand
LDY 2391 1.183 0.000 8360 1 0.140 -0.232
VOL 4.711 1.922 2799 13.691 1 0.062
IWF 0.302 0.030 0.151 0.380 1

Turkey
LDY 1.992 1.152 0.000 6.890 1 -0.142 0.084
VOL 7.718 2.,570 5.172 24.023 1 0.404
IWF 0.530 0.159 0.275  0.772 1
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Table 4 (continued)

Non-binding Portfolio

Mean | StdDev | Skew | Kurt B-J | LJIQ(12)

Argentina 0.38 8.07 | -0.43 | 15.96 6709.62*** | 26.78***
Brazil 0.30 7.16 | -0.69 | 10.42 2140.81*** 14.95
Chile 0.20 298 | -0.38 | 4.84 88.80*** | 34.55%**
China 0.21 4.60 | 0.01 | 6.27 332.73%** | 29 05***
Colombia 0.01 4.15 | 0.08 | 5.51 137.82%** | 28.66***
India 0.82 3.46 0.12 6.44 111.70%%* 13.97
Indonesia 0.27 7.35 | -0.54 | 17.41 5136.20%** | 41.11***
Israel 0.25 3.21 | -0.69 | 4.39 85.51%** 15.70
Korea 0.64 6.03 | 0.37 | 6.00 193.08*** 10.27
Malaysia 0.22 4.16 0.74 | 21.19 | 13251.22%%* | 45 57***
Mexico 0.42 4.10 | -0.47 | 6.60 550.25%** | 37.76%**
Pakistan 0.05 4.81 | -0.05 4.96 00.42*** | 45 56%**
Peru 0.40 3.67 0.27 5.30 173.63%%* 8.88
Philippines 0.07 4.24 | -0.61 7.38 822.30%** 23.96**
South Africa 0.36 3.59 | -0.42 4.91 136.06%** 12.04
Taiwan 0.07 4.43 0.22 5.59 124.30%** 7.50
Thailand 0.20 5.19 0.37 6.78 493.36%** 15.44
Turkey 0.34 797 | -0.74 | 12.21 3275.30*** 19.37*
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Table 5. Summary of Data Breaks in Portfolio Returns

This table reports the ratio of the total number of observations in the breaks
over the total number of observable data points in a time series of returns of
a test portfolio or of local factors. The weekly data cover the period from
30/12/1988 - 20/04,/2007.

Non-investable | Binding | Non-binding | Premium factor | Discount factor

Argentina 0.01 0.00 0.00 0.01 0.00
Brazil 0.00 0.28 0.00 0.00 0.29
Chile 0.00 0.00 0.00 0.00 0.00
China 0.00 0.00 0.00 0.00 0.00
Colombia 0.00 1.06 0.53 0.00 1.48
India 0.00 0.00 0.00 0.00 0.00
Indonesia 0.02 0.00 0.00 0.00 0.00
Israel 0.02 0.00 0.00 0.00 0.00
Korea 0.06 0.00 0.00 0.00 0.00
Malaysia 0.41 0.00 0.00 0.00 0.00
Mexico 0.00 0.00 0.00 0.00 0.01
Pakistan 0.00 1.33 0.49 0.00 1.43
Peru 0.00 0.26 0.00 0.00 0.37
Philippines 0.00 0.00 0.00 0.00 0.00
South Africa 0.54 0.07 0.00 0.00 0.07
Taiwan 0.69 0.24 0.12 0.01 0.24
Thailand 0.01 0.00 0.00 0.00 0.00
Turkey 0.39 0.00 0.00 0.12 0.00
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Table 6. Panel A: Model Estimation
We estimate the following model

Tu,t = Buwlw(Zi-1) = Er1(Rw)] + Buw Bw,e + Eu N
Tt = BwwlMAw(Zi—1) = Eee1(Bwe)] + Byr[An(Zi-1) — Er—1(Rresr,e)]—

By Ak (Zi-1) = Ere1(Rresk )] + Byw Rwie + Bop Rresrt — By Rresk,t + Ev,i
Tt = Bowlw(Zi-1) - Etfl(EW,t)] + 5nL[)\L~(Zt71) - Et:l(RresL,t)]:

_ BnK [Ai((zt—l) - Et—l(RresK,t)] + BnWRW,t + /BnLRres,t - 6nKRresK,t + gn,t
Ry, = Etﬂ(@W,t) +Ewe
RresL,t Et—l(RresL,t) +gresL,t

RresK,t = Et—l(RTesK,t) + EresK,t

where the risk premia are parameterized as exponential functions of instru-
mental variables and conditional expectations are assumed to be linear functions
of instrumental variables,

Aw (Z-1) = eXp(k{/VZW,t—l)

AL(Zi—1) = eXp(k/LZL,t—l)

)\K(ijl) = exp(k}(ZK’t,l)
Ei1(Rwy) = Sw Zwi—1
Etfl(:@resL,t) = 5/LZL,t71
Et—l(RresK,t) = 5/KZK,t—1

The world instruments Zyy;—; include a constant, the world dividend yield
in excess of the one-month Eurodollar rate (XWDY), the change in the U.S.
term premium (AUSTP), the U.S. default premium (USDP), and the change in
the one-month Eurodollar rate(ARF). The local premium instruments Zy, ;_1
include a constant, the local market volatility (VOL), and the local dividend
yield (LDY). The local discount instruments Zg ;1 include a constant, the local
market volatility (VOL), the local dividend yield (LDY), and the Investable
Weight Factor (IWF). All instruments are lagged one period.

Estimates based on weekly dollar-denominated returns from 30/12/1988 to
20/04/2007. Test portfolio returns are constructed from S&P EMDB, the world
portfolio is from Datastream’s world index. One-month Eurodollar rates and
yields are from DataStream.
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The Risk Premium in Percentage per annum of the Global Factor
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Figure 1. The risk premium of the global factor. The figure plots the esti-
mated risk premium of the global risk in percentage per annum. The dash line
represents the average across the all countries in the sample.
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The Risk Premium in Percentage per annum of the Local Premium Factor
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Figure 2. The risk premium of the local premium factor. The figure plots the
estimated risk premium of the local premium factor in percentage per annum.
The dash line represents the average across all countries in the sample.
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The Risk Premium in Percentage per annum of the Local Discount Factor
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Figure 3. The risk premium of the local discount factor. The figure plots the
estimated risk premium of the local discount factor in percentage per annum.
The dash line represents the average across all countries in the sample.
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