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1 Introduction

Why do institutional investors hold large fractions of some foreign equities while eschewing
others? Consider a quick study of aggregate mutual fund positions in 467 German stocks
(using data from Thomson Financial). From the perspective of the average German stock,
foreign funds own 3.66% of the shares outstanding. For 25% of the stocks, the same funds
hold less than 0.01% of the equity in aggregate. For the upper 26% of stocks, funds hold at
Jeast 4.35% of the equity. Foreign ownership dispersion of this magnitude is typical when
looking at non-French mutual fund positions in French stocks, non-UK fund positions in
UK stocks, and so on. Cross-border ownership of equities is low, but varies considerably
across assets. The goal of this paper is to understand ownership dispersion and we ask;
which stocks do mutual fund managers choose when they invest overseas? In particular,
we are interested in the ability of information structures to explain the large dispersion

in cross-border equily holdings.

We start by providing a one-period, two-date, rational expectations equilibrium model
with multiple assets, multiple commeon factors, and multiple groups of investors. Econo-
mists have long been interested in how markets aggregate and transmit disperse pieces
of information. We contribute to understanding the role of information in determining
asset prices by considering three different components of each asset’s payofl (dividend).
The first component is agset-specific and investors may be differentially informed about
this component. The second component is a function of common {global) factors and
investors may also be differentially informed about these common components. The third
component is called “residual uncertainty” and no investor has information about this part
of an asset’s payolf. We envisage a generalized information structure that allows an agent
to have information about all, some, or none of the asset-specific components. The same

agent may also have information about all, some, or none of the commeon components.

The first contribution of this paper is theoretical and involves the introduction of gener-
alized information asymmetries about the common components of assets’ payolls.! Our
approach allows ug to link a rich variety of information structures with investor portfoliog
and agset prices. Consider three groups of investors with asset-specific information about
three, different, and non-overlapping sets of stocks. The first group has no information
about common components. The second group has information about a common coempo-
nent that only affects a small subset of stocks. The third group has information about

a second common component that affects all stocks, While stylized, such a situation re-

"While our model starts with a standard rational expectations set-up, the addition of information abeut s
generalized factor structure sets the paper apart from existing work. See Admati {1985) for a note about the
difficulty in extending her model to one with information about common factors. Wo contrast our paper with
recent work in Seetion 1.1



flects how information is distributed globally. No one group of investors is better informed

about all stocks nor do common components aflect all stocks in the same manner.

The model produces closed-form solutions for investors’ holdings. An investor’s holdings
are proportional to the ratio of two uncertainty matrices.” The first (inverse) matrix rep-
resents the investor’s uncertainty. The second matrix represents the market’s uncertainty
about stocks’ future payoffs. In general, the higher the investor’s uncertainty, the lower his
holdings. Correlations complicate the analysis. An investor with little information about
a given asset may still have high demand for the asset if he has precise information about
a second, highly correlated asset. Likewise, an investor with precise information about a
given assef may have low demand if others have more precise information about that asset
or information about other, highly correlated assets. Adding a generalized information
structure about common components leads equilibrivan holdings to become particularly
complex, Investors with extremely precise information about the asset-specific compo-
nent of dividends may still avoid a given stock if a comumon component plays big part in
determining the stock’s payoff (i.e., if the stock has a high factor loading) and if another

group of investors has precise information about the common component.®

The second contribution of this paper is to numerically analyze equilibrium holdings
from the perspective of a given stock, In this section, we show that the existence of
conumon (cross-border) components and different factor loadings lead to a large dispersion
in cross-horder holdings. To make the analysis concrete, we focus on an example with
three-countries (France, USA, and Japan), three-assets {one from each country), and two
common components, We assume agents receive superior information aboui the assct-
specific component of their home country’s asset. We next assume that institutional
investors in the USA and Japan each have superior information about one of the common
components. American and Japanese investors are typically located in major {inancial
center such as New York City and Tokyo. Analysts working for large investment banking
houses or mutual funds synthesize and produce information about economic variables such
as short-term interest rates, commodily prices, and global shipping costs. Information
abonut these economic variables plays an important role when estimating the future payoffs
of many different assets. Fund managers with access to this research use the information

when choosing their portfolios.

Matrix division is not formally defined. We use the term ”ratio of matrices” to succinetly indicate the product
of an inverse matrix with another {non-inverse) matrix.

*Our modal also produces closed-form solutions for equilibrium prices. When all agents have full information
about everything except the residual uncertainty, we obtain a form of the capital asset pricing model (CAPM),
expressed in terms of prices rather than returns, and adjusted {or the supply uncertainty present in our model.
When not all agents have full information, an asset's price today cquals its expected fature payoll minus the
CAPM (full information) discount and minus an additional discount related to information uncertainty. Hence,
we call this second discount the “information price discount” and we show il is related to hoth uncertainty about
the assct-specific component ol payolls and uncertainty about common components,



We focus on cross-border holdings of the French stock’s shares in our comparative static
analysis. When the French stock does not load on either of the common components, and
there is no asset-specific mformation advantages, cross-border investors hold 6.67% of the
French shares. As the I'rench investors’ asset-specific information advantage (about the
Irench asset) goes up, cross-border holdings are reduced to 2.59% of shares outstanding,
For a given level of asset-specific information advantage, cross-horder holdings go up as the
Ivench asset increases its loading on the common components, This increase stems from
the fact that American investors have information about one component and Japanese

Investors have information about the other component.

The third contribution of our paper is to empirically analyze cross-border, mutual fund
holding data. Again, we focus on holdings from the perspective of a listed stock. The
data come from the Thomson Financial International Mutual Fund Holdings dataset and
consist of US$788 billion of cross-border holdings {positions) in 5,781 stocks from 21
developed countries. The average cross-border holding of an individual stock is 2.76% of
shares outstanding. The interquartile range is 0.14% to 3.22%. Our goal is to explain this

dispersion.

We create two proxy variables to test broad implications of our model. The first proxy
represents the asset-specific information advantage that domestic investors have. The sec-
ond proxy represents the common-component information advantage that global (cross-
border) investors have. We then show that cross-horder holdings increase as asset-specific
information advantages decrease and as information advantages about common compao-
nents increase. Qur results continue to hold after controlling for variables that have, in
the past, been used as proxies for familiarity (the size of the company and the number
ol equity analysts following the company). Our results also hold after controlling for a
firm’s leverage-—another variable that has been found to explain cross-border holdings.

A mumber of robustness checks give consistent results.

We sort stocks into quartiles based on both owr proxy variables. When the proxy for
common-component information advantage is high (top 25%), stocks with a low value of
the asset-specific proxy have average cross-border holdings of 4.90% while stocks with a
high value of the asset-specific proxy have average cross-border holdings of 2.23%. The
dispersion in holdings is 2.67% (equal to 4.90% - 2.23%). Likewise, when the asset-specific
component is low (bottom 26%), stocks with a low value of the common component proxy
have average cross-border holdings of 2.93%. The digpersion of cross-border holdings is
1.97% (equal to 4.90% - 2.93%). The sort results and additional empirical tests are
motivated by implications of our model. Our results highlight the fact that both asset-
specific information advantages and conumon-component information advantages play an

economically and statistically important role in understanding cross-border holdings.



1.1 Literature Review

Our paper is related to theoretical work on information structures, investor holdings, and
risk premia. Easley and O’'Hara (2004) present a multi-asset model that focuses on the
role of public and private signals in determining a firm’s cost of capital. Private signals
in their model are received only by a group of informed investors as in Grossman and
Stiglitz (1980). In our model, it is possible for different groups of investors to have infor-
mation about different groups of the securities. In this way, investors can be asymmet-
rically informed without introducing a strict information hierarchy.! Bacchetta and van

Wincoop (2006) argue in favor of structures with a “[broad] dispersion of information.”

In a paper similar in spirit to ours, Hughes, Liu, and Liu (2007) model two groups of in-
vestors. Bach informed investor effectively observes a global signal “s” and these signals
are perfectly correlated across investors, Unlike our paper, investors in the Hughes, Liu,
and Liu (2007) paper cannot separate the asset-specific and global components. Addi-
tionally, information about the components is not differentially dispersed across investors.
Similarly, Kodres and Pritsker {2002) offer a model that contains an underlying factor

structure. However, there are no information agymmetries regarding the factors,

Our paper has both important differences from, and certain similarities to, a recent paper
by Albuquerque, Bauer, and Schneider (2006). Their paper contains multiple stocks
and multiple time periods. The payofl of a given stock is equal to the sum of three
terms: a constant, a local component, and a single global factor. There are public and
private signals about both the local components and the global factor. Only one group of
investors (from the USA) receives private information about the global factor. Our modei
contains muitiple, global factors, each of which may be known by a different group of
investors. Moreover, their model uses a single factor loading (equal to one) for all assets.
Our model is more general and allows for different common factor loadings——both across
assets and across factors, Most importantly, American investors in their model have the
same informational advantage vis-a-vis each foreign stock. This assumption implies that
their model does not generate cross-border holding dispersion based on common-factor
informasion. Our mode} is more general and produces large differences in cross-border
holdings. In our model, this dispersion is tied directly to informational differences about

common factors.

Empirically, our paper is best viewed in terms of a line of research that studies cross-border

ownership patters from the perspective of a listed company. Kang and Stulz (1997) look

10ur model incorporates an aspect of models which endow all agents with small pieces of information about
risky assots payofls —soe Grossman (1976}, Hellwig {1980}, and Admati (1985). Goval (1997) uses diffuse informa-
tion in a manner similr to our paper. Van Nicuwerburgh and Veldkamp (2006a) study information acquisition
and dynamic learning,



al foreign holdings of Japanese stocks. Dahlquist and Robertsson {2001} study relations
between Swedish firm characteristics and foreign ownership. Covrig, Lau, and Ng (2006)
conduct a cross-country analysis of fund manager preferences for stock characteristics.

Finally, Ferreira and Matos (2007) document preferences of institutional investors.

Studying ownership patters from the perspective of a listed company is motivated by the
well-known and extensive “home bias” literature. Information models relating asymme-
tries to home bias are well studied. As such, cur paper speaks to this literature as well.
Gehrig (1993) presents a related two-country model. Brennan and Cao (1997) study in-
vestrent flows (changes in holdings) and information asymmetries. In their model, in-
vestors with less information (foreigners) update priors about future payofls more heavily
than investors with more information {locals). Van Nieuwerburgh and Veldkamp (2006a)
use o rational expectations equilibrium model to justify a persistent preference for home

country assets when investors initially have a small information advantage.

The paper proceeds as follows. Section 2 presents our model, notation, and assumptions.
We focus on closed-form solutions for equilibrium holdings. Section 3 numerically analyzes
holdings as a function of the model’s parameters. Section 4 empirically studies cross-

border mutual fund holdings. The fina} section concludes.

2 Model

The moedel has I investors indexed 4 = 1,...,7 who trade at date { and consume at
date 1. Each agent ¢ can invest his initial wealth, w?, in a riskless asset and J risky assets
indexed 7 == 1,...,J. The riskless interest rate is denoted r; and we define R = (1+r;).
For simplicity, we normalize the price of the riskless asset to one. Each risky asset j pays
a liguidating dividend P! at date 1. The vector of final payoffs P! = (P],... P} is

generated by a K-factor linear process:
Pl=0+Bf+¢ (1)

The vector § == (671, . ,(5{;)’ is the asset-specific component of payoffs, the vector f e
(f yeres fK)’ containg the K common factors, and B is a J x K matrix of factor load-
ings. The remaining part of each asset’s final payoff, & = (&1,...,&,), is unknown to all
investors and referred to as residual uncertainty, We assume that g , Bf , and £ are jointly
multivariate normal and independent. We further assume that § and & have mean zero.

Since # is the asset-specific component, we assume its covariance matbrix is diagonal and
3



denoted £4.° For tractability, we assume that the covariance matrix of f is the iden-
tity matrix. The covariance matrix of Bf is BB’. Finally, the covariance maftrix of £ is

denoted X,.

The per-capita supply of risky assets is defined as the realization of a random vector %,
The vector 7 is independent and jointly normally distributed along with the other variables
in the model and has a covariance matrix denoted 3,. The assumption of random net
supply is standard in rational expectations models. As Easley and O’Hara (2004) write
“one theoretical interpretation is that this approximates noise trading in the market. A
more practical example of this concept is portfolio managers current switch toward using
float-based indices from shares-outstanding indices.” In order to insure the existence and
uniqueness of the date § equilibrium price vector, PP we assume that. 3., 3, and 3, are

regular matrices.

We assume all agents have an exponential utility function: U{w@}) = —e" % | where W}
is the wealth of investor 7 on date 1. The utility function has a constant absolute risk
aversion with coefficient a > ( which is the same for all agents. The choice of utility
functions is also common in rational expectations equilibrium models and ensures that
an investor’s demand for the risky asset is independent of his initial wealth. Let X; be

investor i’s vector of holdings of the risky assets. Investor ¢'s final wealth is:

#! = w) R+ X(P' — RPY) (2)

2.1 Information Structure and Notation

To facilitate linking our model to international holdings data, we partition investors,
assets, and common factors into groups. A group of investors can be thought of as a
nationality {French investors, Japanese investors, etc.) The I investors in our model are
partitioned into N non-overlapping groups labeled n = 1,..., N. Each group of investors
represents a fraction, A,, of the total number of investors (1} in the market such that

SN =L

Asset-Specific Information: The J securities are partitioned into N non-overlapping
groups. A group of securities can be thought of as comprising a country’s equities (Irench
stocks, Japanese stocks, ete.) We define the set of all assets as S. The set of assets in

N LS. = S and V(g m),

N 7 My, Sy, N Sy, = @. We assume there is an equal number (N) of securities groups

group n contains J, risky assets and is denoted S,. Thus, [J

and investors groups to ensure that each security has at least one investor with specific

“This assumption is not necossary to solve the model. However, it enables us to distinguish information that
alfects o single asset from common factors that affect two or more assets.

6



information about that security. A single investor ¢ in group » knows the realization of
the asset-specific component, #;, of each asset j in the set S,. For any asset j not in S,

investor ¢ only knows the distribution of 4; but he does not know its realization.

Common Component Information: We assign the K common factors into N groups
denoted F,,, with n = 1,...,N. The set F, contains K, commmon factors. A single
investor ¢ in group n knows the realization of each common factor fk in the set F,. For
any factor not in £, the investor only knows the distribution of f:;b but not its realization.
For tractability purposes of the model, we assume that two groups of investors do not

have information about the same common factor.

Chen et al. {1986} document nine macroeconomic risk factors affecting stock returns. We
therefore envisage the number of common factors to be much less than the namber of
assets, K < J. If the number of common factors is less than the number of investor
groups, then K < N, some F, sets will not contain any common factors (K, = 0), and

the corresponding investor group will not be informed about any of the common factors.

Notation: The information structure of our model implies that investors belonging to
the same group n possess the same private information (for asset-specific compoenents and
for common factors), they face the same optimization problem, and they optimally choose
identical portfolios. In this sense they can be said to be identical. We use the following
terms interchangeably (and a bit loosely): “investor ¢ from group n”, “investor group n”,
and “investor n”. Furthermore, to simplify the notation, we write the payoffs of the risky

assels as:
Pl=Cip+é (3)

Where, 7j = ( @' ' ) is a J+ K column vector and Cis a J x {J 4 K) block-diagonal
matrix consisting of a J x J identity matrix, I;, and the matrix B. The variance-covariance
g

matrix of 77 is @Q = 01 where I is the identity matrix of order K.
K

Definition 2.1. For each investor n, we define the diagonal matrix D,, of order
J+ K with D,(j,7) = 1 if investor n knows the realization of the j % yandom
variable in 4 and D,(j,7) = 0 otherwise. The j"* random variable represents
an asset-specific component of stock j’s payofls if 7 < J, and a common factor
otherwise.

Ve . N - . L
Definition 2.2, We define D = >°" , A,D,,. The matrix D plays an impor-
tant role in our model as each element on the main diagonal represents the
proportion of investors who know the realization of the corresponding random

variabie in the vector 7.



Definition 2.3. For each investor group n, the matrix M, is obtained by
eliminating all the null rows of D,,. Consequently, the muonber of rows of M,
is equal to J,, + I, which represents the number of asset-specific and common
factors about which investor 7 is informed. If investor n does not receive any
private information, 1, becomes the null matrix and M,, cannot be defined,
It is straightforward that MM, = D, and M,M! =1, .k, , where L; ., is
the identity matrix of order J, + K.

7i b

Under these definitions, the private information received by investor n consists of the
realization of the random vector M,,7. As in Admati (1985), equilibrium prices also reveal
some information to investors beyond their own private information. Consequently, each
investor n maximizes his expected utiiity of consumption conditional on the realization
of his private information and on the observation of the public information in the form of

prices at date 0.

2.2 Equilibrium Solution

We seek a closed-form solution for holdings and prices at date 0 within the class functions
that are linear in our information variable ¢ and supply variable 2. The form of the
solution implies investors assuime prices are a linear function of private signals and noise.

In equilibrium, this hypothesis ig verified. The date 0 price vector is:
PP = Ag+ Ayij — Ay (4)

where the dimensions of the vector Ay is J x 1, the matrix A,y is J x (J 4+ K}, and the
matrix As is J xJ. We suppose that Ay is regular. Under these assumptions, investor n's

demand is:
Xy =a" 'V (E {15‘] - Rf?“) (5)

Equation {5) gives an expression for agent n's holdings at date 0—please see Appendix A
for additional details. The expression B[] = E[P|M,,#, P gives the expected prices
of the risky assets at date 1 from investor n’s point of view (i.e. conditional on his
information set). V,, = Va.'."[]m)]‘l\/lﬂﬁ, ]5“} represents the conditional return variance of
Pl from investors n's point of view. By equating the suppiy and the aggregate demand
of the N groups of investors, (Zf_l A X = E), it follows:

SV (B [P] - RE?) —az =0 (6)



Joint normality implies that the distribution of prices, conditional on investor n’s private

and public information, is also multi-variate normal with the following expectation:

]j;‘]n, [P]] — E []51 ‘Mnﬁ; [3[)}
= Byy + BinMuf) + By, PP -

where the dimension of Bg, is J x 1, By, is J % (J, + K3,), and By, is J x J. Bquations {(4),

(6), and (7) imply the system to be solved is (please sce Appendix B):

N
0y Ay = Y AV B

n=]
N
aAg_]A1 = /\H.V;;}BmMn (#)
n=1
AT
(lAg] = /\nv?:l (RI] - BQ“')
n=1

As shown in Appendix C, the matrices By, By, and V,, can be written as functions of
the matrices A; and A,. The system of equations in (8) represents a fixed point problem
in a 2J% 4+ JK + J Euclidian space.

Closed-Form Solution: To obtain a closed-form solution for PY; we define the matrix
— . ) . N . .

U= APA;. We also introduce the function g(G) = S DL GDy,, where G s a matrix

of order J + K. The function g(-) transforms a matrix G into a N-block diagonal matrix

whose block elements are the same as the elements of the matrix G.

Definition 2.4. We define a “g-matrix” to be any square matrix G of order
J + K which satisfies ¢(G) = G. This means that G is an N-block diagonal
matrix, the size of block n is equal to the number of specific and common
factors known by investor n.

Define ¥ = Var [7’",1]]50} i.e., the variance-covariance matrix of 7 conditional on observing
the equilibrium price vector at date 0. The matrix ¥ is endogenously defined and rep-
resents the variance of 7 from the point of view of an investor who does not possess any
private information but only observes the equilibrium price vector. The following lemma

gives an analytical solution for U,

Lemma 2.1, If (&' 4 C'B71C) is a g-matrix, then the closed-form solution
for U is:

U=0a"'S7'CD (9)

Proof: See Appendix D.



For the particular case ol Lemma (2.1), U is not a function of the coeflicients By, By,
and B.,. Therefore, to determine Ag, Ay, and As, we must first compute the matrix ¥
as a function of U, In this way, the variance-covariance matrix of any investor group, V,,,

an be written as a function of ¥:

V-n = Ee‘ -+ C‘IIC! - C‘I’M;'LIII;]MTI-‘IJC, (10)

Where ¥, = M, TM/. Also, ¥ = Q — QUM 'UQ and M = UQU’ + 3,. The

following theorem gives a closed-form solution for the equilibrium price vector at date 0.

Theorem 2.1. Under the conditions of Lemma (2.1}, there exists a closed-
form solution for Equation (6) within the class of linear functions of 77 and z.
The solution can be written as, PY = Ay + A7 — Az, where Ay 18 a regular
matrix and:

Al = 5(CQU + 3. - Vy)(cDQC) 'CD (12)
A, = 5a(CQC T .- Vi) (CDQC) 'S, (13)

Proof: See Appendix E.

The matrix Vy = (Zf_l M Vo= represents the variance-covariance matrix of P for
the “average” investor in the market. The precision matrix V' equals the weighted mean
of each group’s precisions where the weights are proportional to the number of agents in
each group. From Equation (10), it is straightforward to show that Vi can be written

as:
Vi = (8, + C¥C) (I, + X' CDEC) ! (14)

Thus we have provided a closed-form solution for prices at date . The solution takes
the form shown in (4) with constant values shown in (11}, (12}, and (13). Holdings of

investors in group n are given in Equation (5).

2.3 Investor Holdings (Portfolios)

We analyze the relationship between model parameters {r;, a, Ay, ..., Ay, B, 2., 5y, X, }

and ex-ante equilibrium holdings.® We take expectations of Equations (5) and expecta-

SThe approach involves taking expectations over the randem variables in the model {#,€, 2}, An alternative
methodology involves drawing a set of random variables {7, £, 2} and caleulating holdings at date 0. Repeating

10



tions of the market clearing condition in Equation (6). Rearranging terms, we get the

following expression for investor n's ex-ante holdings:

EX,] = a vl (L [151} ~RE {f)"]) (15)
= V. 'VyE[F]

In a single-stock world with no common factors, investor n's holdings depends on the ratio
of the market’s uncertainty about the future payofl {Vy) to his own uncertainty about
the same payoll (V,). The higher the investor's uncertainty relative to the market, the

lower the ratio, and the lower the weight of the asset in his portfolio.

[ a multi-asset framework with uncorrelated residual uncertainty and no common fac-
tors, the matrices (Vy) and (V,,) are diagonal. The term V;;'Vy represents a series of

uncertainty ratios. The same intuition described in the paragraph above holds.

In a multi-asset model with correlated residual uncertainties and/or a factor structure of
payoffs, thinking about V'V as a ratio of two uncertainty measures provides rough
intuition only. However, the ratio of two matrices includes covariance terms relating to
uncertainty about assets’ payoffs. Investor n's holdings of a specific asset now depends
on his uncertainty about the asset’s payofls, his uncertainty about other assets’ payolffs,
and other investors’ uncertainty about all assets {including the asset in question). These
uncertainties can arige from information asymmetries about the agset-specific components
of payoffs and/or common components. Section 3 numerically analyzes holdings in an

effort to better understand the role of the covariance terms.

3 Numerical Analysis of Holdings

This section provides a comparative static analysis of equilibrium stock holdings from the
perspective of a listed stock. We focus on international porifolio choice and a measure
of cross-border holdings. Our goal is to understand the net effect of covariance terms in
Equations (5) and (15).7

The numerical analysis considers a setting with three assets {a French stock, an American
stock, and a Japanese stock), two common factors, and three groups of investors in equal

numbers (French, American, and Japanese people). In terms of the model parameters

this process converges to the same expected values as the number of draws goes to infinity. Our methodology
solves for holdings before agents receive private information. As such, solutions arce sometimes referred to as
ex-ide. Appendix F provides closed-Torm solutions for ex-ante prices at date 0.

"Covariance terms also play a role in the equilibrivm prices. An explicit expression {or prices, as well as
ceonemic interpretations, are given in Appendix F.



from the previous section, J=3; K=2; and N=3. Kach investor group has asset-specific
information about their home country’s stock. All investors have a risk aversion coeflicient

of @ = 1.00. Payofls of the French (fr) stock follow from Equation (1):

15]?. = éfr + ﬁ1,fa-f1 + [’}2,frf'2 + &

Similar expressions hold for the American asset {(subscript “am”) and Japanese asset
(“ip™). The expected asset-specific component of all payofis is Elf;,] = Elfu.] = El6;,] =
1.00. We assume that the variance-covariance matrices ¥, and 2. are both equal to the
identity matrix. The variance-covariance matrix X, is proportional to the identity matrix.
We vary the degree of asst-specific information by varying the diagonal elements from 0

to 10 in the Ty matrix.®

We start by endowing each group of investors asset-specific information about their home
country’s asset. Such an assumption is standard in the home bias literature. For this
numerical analysig, all three groups of investors simultaneously have the same information
advantage about their respective asset-specific component. We next endow investors in
the large financial centers with common-component information. The realization of the
first common component {factor) is known only by the Americans. The realization of
the second common component is known only by the Japanese. In the calibration, the
expected factor realization is B{fj] = F[f,) = 0 and the variance is Var{fi] = Var[fs] = 1.
The degree of information advantage about the common component is proportional to
the variance of f ; and [jgfg. We simultaneously vary both loadings (&) s, f2,5) of the
Irench asset from 0 to 4.

In order to highlight the different effects of that asset-specific information and common-
component information have on cross-border holdings, we set the factor loadings for the
American and Japanese assets {1 um, B2.0ms 51 gp Bogp) 10 be half those of the French asset.
Our choices highlight dispersion, but are not critical for the results. Similar analysis, with
different parameter choices (i.e., different factor loadings) are available from the authors
upon request. To scale the results, we assume the generated “data” represent 10% of
world-wide holdings.

The fraction of the French company owned by cross-border investors equals the number of

am,

the French stock’s shares in the American investor’s portfolio (Shrsf") plus the number of

STundamentally, the information asymmetry /advantage about an asset should be imeasured by the correspond-
ing element of the matrix ¥. However, as seen in the model section, ¥ is an endogenous matrix. All else being
equal, an increase in the matrix Zp corresponds to an inerease in the matrix ¥, and vice-versa. This is due to the
fact that an increase in the variance of the asset-specific component corresponds to an increase in the asymmetric
information surrounding this asset. We note that in this section the matrix U is obtained munerically and not by
using the expression in Equation (9).
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I'rench shares in the Japanese investor’s portfolio (Sh.?"sjnf,) all divided by the total number

of French ghares outstanding (;S'h?‘sf{;.t"i).

Shrs™ 4 Shrsl?
Op = A (16)
Shrsi7ee

Figure 1 plots €2, for different levels of asset-specific information advantages and different
fevels of information advantage about the common components., The bottom (red) line
shows cross-horder holdings when the French asset does not load on either of the common
factors. When asset-specific information advantages are zero, cross-border holdings are
6.67% of the stock’s shares. As asset-specific information advantages increase (along
the x-axis), cross-border holdings fall eventually reaching 2.59% on the lower right-hand
corner of the graph, The dispersion (6.67% -~ 2.59%) is 4.08% and due to asset-specific

information advantages.
[ Insert Figure 1 About Here |

As the French stock loads more and more heavily on the common components, cross-
border holdings increase. Consider the top line (marked with circles) which represents
P p=4 and [ y=4. Cross-border holdings range from 8.39% on the upper-left to 5.24% on
the lower-right. Cross-border holdings are high because the French stock loads (heavily)

on {fy, f2} and foreign investors have information about these components.

Figure 1 also shows large dispersion in cross-border holdings even when the asset-specific
information advantages are constant across assets. Consider the value of four (4) on the
x-axis. Moving from bottom to top, cross-border holdings increase from 3.47%, to 4.69%,
to 5.69%, to 6.20%. Again, the increases in cross-border holdings come from increased

factor loadings on the common factors.

We conclude by noting that our numerical analysis generates significant dispersion in
cross-border holdings. As discussed in Section 1.1 most other papers do not allow in-
vestors to have information about common factors. The one paper that does all this
feature—Alburquerque, Bauer, and Schneider (2006)—endows the American investors
with the same informational advantage vis-a-vis each foreign stock. In our model, cross-
horder ownership dispersion stems from differences in asset-specific information advan-

tages, differential factors loadings, or both.



4 Data and Empirical Analysis

We empiricaily analyze a cross-section of international mutual fund holdings. The unit
of analysis is ownership of a publicly listed company. We measure the fraction of shares
outstanding held by cross-border investors. This quantity is often referred to as “foreign

holdings” when viewed from the perspective of a listed company.

Holdings Data: We obtain international mutual fund holdings on 31-Dec-2002 {from
Thomson Financial. These cross-sectional data are from the same source used by Chan,
Covrig, and Ng (2005). The data contain holdings of stocks from 21 developed (target)
countries.” For a single security, the data consist of the number of shares held by domestic
mutual funds and the number of shares held by cross-border (foreign) mutnal funds.
Approximately 71% of the mutual funds are located in Canada and the United States.

Since we are interested in cross-board holdings, we exclude stocks from these two countries,
[ Insert Table 1 About Here |

Table 1, Panel A provides the number of stocks from each country. The main datasct
contains 10,292 different securities which are identified by Sedol nunber. More stocks are
Japanese (2,676) than from any other country. There are 1,973 stocks from the UK,
744 from Germany, down to 56 stocks from Portugal. For each stock in our sample, we
-alculate the fraction of total shares held by foreign mutual funds in our dataset. The
value of the holdings is US$ 788 billion as of 31-Dec-2002.

We create a measure, such that if funds hold the world market portfolio, our measure
will be equal across stocks. Consider a fund that wants to hold 1% of the world market
portfolio-—at market capitalization weights. The fund can simply buy 1% of cach com-
pany’s shares outstanding. As prices adjust, this passive strategy continues to hold 1%
of the world market portfolio at the correct weights. The fund only needs to buy or sell
shares to mateh changes in firms’ capital structures. The measure below is analogous to

the measure shown in Equation (16).

_ # Shares of Stock j Held by Foreign Funds

Q= 1
i # of Shares of Stock 7 Outstanding (17)

We also caleulate a domestic measure of holdings. Using this domestic measure allows us

to caleulate the observed difference between cross-border and domestic holdings:

The targel countrics are: Australia, Austria, Belgium, Denmark, Ircland, Finland, France, Germany, Greece,
Hong Kong, Italy, Japan, Netherlands, Norway, New Zealand, Portugal, Singapore, Spain, Sweden, Switzerland,
and the United Kingdom, The data we obtain are aggregated atb the stock level and do not include holdings of
US and Canadian stocks.
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# Shares of Stock § Held by Domestic Funds

v
! # ol Shares of Stock j Outstanding
o= Q07 (18)

Note that §2; + QF < 1 in our data as the Thomson Financial dataset contains a fraction

of total holdings.

Return Data: We obtain up to 60 months of individual stock return data from Datas-
treamm (dividends included) starting July 1997 and ending June 2002, Returns are lagged
by at least six months (from the Dec-2002 holdings date) in order to separate the holdings
measure from information proxy variables {described in Section 4.1 below). The return
series may be denominated in a currency other than US dollars {USD), Therefore, we also
obtain monthly exchanges rates in order to convert to a base currency (USD). Datastream
has available Sedol numbers and suflicient return data for 7,553 stocks as shown in the
second column of Table 1, Panel A. For each stock, Datastream includes an associated
sector code. There are 38 sectors which are ligted in Table 1, Panel I3, For each sector,
we obtain the monthly return of a US dollar index. We also obtain the monthly returns
of the MSCI World Market Index denominated in US dollars.

Firm Characteristics: For each stock, as of December 31, 2002, we obtain the number
of shares outstanding, the share price, the number of analysts covering the stock, sales,
and the ratio of the book value of debt to total assets. Together with the holdings and
return data, our final sample consists of 5,781 stocks. The stocks in our final sample are

tabulated by country (Table 1, Panct A) and by sector (Panel B).

4.1 Proxy Variables

Asset-Specific Information Advantages: We create a proxy variable related to the
asset-specific information advantages that domestic investors have about their home coun-
try's stocks. The following time-series regression is estimated for each stock j in our sam-
ple using up to five years of monghly returns. The data start July 1997 and end June

2002 and we require at least 20 months of returns. !

0Gaction 4.3 considers an alternative proxy for asset-specific information based on sales (not return data.)



Typ = + ﬁw?"w,t -+ ﬁk""k‘t + ﬁgSM]gf A ﬂhffﬂl{Lf + ﬁ",?":,_.,t + £ (IQ)
Assel-Specific; = 1 — R?

Above, r;, is the return on stock § in month ¢, r,, is the return on the world market
portfolio, vy, is the return from a global sector index where k is determined by the sector of
stock 7, SMB, is the Fama-French small minus big factor, HML, is the Fama-French high
minus low book-to-market factor, and r,; is the return of currency z which is determined
by stock j’s quoted prices. Our proxy variable Asset-Specific; is defined as one minus the
fit from Equation (19)—see Durnev, Morck, and Yeung (2004) for a similar example. Note
that co-linearity between right-hand side variables such as between r,,, and ry; should not
affect our measure of Rj since we are interested in fit and not slope coeflicients. A high
value of Asset-Specific; indicates domestic investors have an advantage in knowing the
asset-specific component of a stock’s payofl. A low value of Asset-Specific; indicates that
domestic investors do not have an information advantage, Using variants of Equation (19)

do not materially affect our results.

Common Component Information Advantages: We create a proxy variable for
the information advantages global mutual fund managers may have about the common
components of stocks’ payoffs. Fund managers in our sample are primarily located in
North America. We note the industry (k) for each stock 7 in our sample, We calculate
the fraction {weight) each industry & represents of total market capitalization of all United
States stocks.!! The fraction {denoted Industry Wot,) is used to proxy for information
advantages that U.S. fund managers may have about a sector of the economy. The implicit
assumption is that larger industries in the United States generate more information about
U.S. stocks in that industry and about the industry itself. Greater levels of industry

information help managers analyze stocks overseas.
Commony, = 100 x Industry Wat, x 57, (20}

Above, ﬁjk comes from estimating: v, = o + 8,74 4+ €, where v, is the return of
stock 7 in month ¢ and ry, is the return of industry k. The time-series regression is
estimated for each stock 7 in our sample using up to five years of monthly returns. The
data start July 1997 and end June 2002 and we require at least 20 months of returns. Our
measure is created without using the price levels or market capitalizations of the 5,781

stocks in our sample. The sector weights are from U.S. stocks which are not in our saunple.

H18 stock data come from Datastreant, We use only U.S. securitics with a primary listing on one of the three
major U.S. exchanges (New York Stock Exchange, American Stock Fxchange, and Nasdag).
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Most importantly, Equation {20) includes the loading (f; ) of stock j on its industry {£)
index. We are interested in knowing if stock 7's loading is large in magnitude (positively
or negatively). Understanding the outlook for an industry does not help analyze the

outlook of a firm if the firm’s f;, = 0.

The model in Section 2 suggests using the 42 term in Equation (20). To see why this is the
case, note that the variance of B in the model is B'B. The B matrix enters holdings via
the C matrix in Eqguation (3). Section 2.2 and 2.3 show that investor i’s portfolio weights
are proportional to his conditional variance of payoffs. Intuitively, information about the
common component is valuable whenever a stock loads heavily on the compouent (i.e.,
when the loading is large positively or negatively). The §2 term in Equation (20) reflects

this intuition.

Overview Statistics: Table 2 provides overview statistics of the variables used in this
paper. Panel A shows that the average stock has ©; = 2.76% of its shares held by
foreign mutual funds from our dataset. The 25 percentile of holdings is 0.14% and 75
percentile is 3.22%. The difference between the number of stock j’s shaves held by foreign
and domestic mutual funds {normalized by shares outstanding) is denoted €27, has a -
2.00% average value and a [—3.40%, 0.39%)] interquartile range. Section 4.3 explains how

We use 5'2;,“- in robustness checks.

The average value of Asset-Specific;—the average value of 1 — RE,'@ from Equation {19)—is
0.85 with a [0.79, 0.95] inter-quartile range. The average value of Common; is 1.28 with

a [0.16, 1.46] inter-quartile range.

Market capitalizations are highly skewed. The average is USD 2.56 billion with a [0.04,0.47]
inter-quartile range. For this reason, we use the natural log of market capitalization in
our cross-sectional regressions. The average log of market capitalization is 18.75 with a
[17.41,19.97] inter-quartile range. The average nurnber of analysts covering the foreign

stocks is 4.16 and the average book leverage is 0.57.
[ Insert Table 2 About Here |

Table 2, Panel B shows correlation coeflicients for the variables used in this paper. The
level of a stock’s foreign ownership (2;) is negatively correlated with the asset-specific in-
formation proxy (-0.15 coeflicient), but positively correlated with the common information
proxy (0.14 coefficient), natural log of market capitalization (0.33 coefficient), and number
of analysts (0.46 coefficient). Asset-Specific; is negatively cross-sectionally corretated with

the natural log of market capitalization (-0.28 correlation coeflicient). Asset-Specific; is
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also negatively correlated with number of analysts (-0.27 coefficient) indicating that it is
likely to be a good proxy for information not observed by mutual fund managers in our
dataset. Commony,;, is positively correlated with the natural log of market capitalization

(0.15 coefficient) and with the number of analysts (0.24 coefficient).

4.2 Cross-Border Holdings and Double Sort Results

We compare the empirical relationship between mutual fund holdings and information
proxies with the theoretical relationship shown in Figure 1. We test if ¢ross-border hold-
ings decrease as asset-specific information advantages increase and if holdings increase
as common component information advantages increase. We sort the 5,781 stocks into
quartiles using our proxy variable for asset-specific information. We also sort the stocks

into quartiles using our proxy variable for common component information.

Table 3 shows the average foreign holdings for the four combinations where the sort
variable is either “low” (bottom 25%) or “high” {(upper 256%). When there are low-levels
of information advantages about common components and high-levels of asset-specific
information advantages , the average cross-border holding is 0.0139 of shares outstanding.

See the lower-right hand side of Figure 1 for a graphical example,!?
[ Insert Table 3 About Here }

When there are high-levels of information advantages about common components and
low-levels of asset-specific information advantages, the average cross-border holdings is
0.049G of shares outstanding. See the upper-left hand side of Figure 1 for a graphical
example. When asset-specific information advantages are “low”, an increase in cominon
component information advantages leads holdings to increase from (.0293 to 0.0490. The
increase is 0.0197 with a 3.51 t-gtatistic.

Table 3 shows that when information advantages about common components are “high”,
an increase in asset-specific information leads to a decrease of 0.0267 in cross-horder
heldings (with a 7.39 t-statistic). When information advantages about common compo-
nents is “low”, an increase in asset-specific information leads to an increase of 0.0154 in
cross-border holdings (with a 2.99 t-statistic). The increases are hoth statistically and

economically significant,

Sorting stocks by our information proxy variables produces large dispersions in observed

cross-border holdings. The dispersions {or differences) shown in Table 3 range from 0.84%

1 the mutual funds in our dataset held the world market portfolio, we should moasure similar values of (3
across all stocks and thus report similar values of 2 for cach of the four bins shown in Table 3.
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to 2.67%. In fact, if we compare the largest ownership group (4.90%) in Table 3 with the
lowest group (1.39%), the dispersion is 3.51%. We conclude that sorting by our proxy

variables produces holding dispersions that are large and economically significant.

4.3 Cross-Border Holdings and Regression Results

We use regression analysis to examine the relationship between owr proxy variables for
information advantages and holdings. Table 4 reports results of a regression of holdings
on Assel-Specific; and other variables known to influence cross-border holdings. Table 5
repeals the same regressions but first partitions stocks into those with high and low values

of our proxy vartable for factor information. The basic regression is:

Q=v+m (A sset—Sp(iciﬁcj) +

The coefficient of interest is ;. Table 4, Regression 1 shows the estimated value of -y
is -0.0569 with a -7.87 t-statistic. We use robust {White) standard errors to compute
t-statistics. Stocks with high levels of asset-specific information (i.e., stocks that move
less with world and sector indices) have lower levels of cross-border holdings. This finding

of a negative slope coeflicient matches the downward sloping graph lines in Figure 1.
[ Insert Table 4 About Here |

We expand the basic regression to include variables that have previously been linked

to cross-border holdings. The variables include the natural log of equity market value
nMC;), and the number of analysts following the st # lysts, ).

InMC; 1 tl ber of analysts following the stock of Analysts,

Q= vo + 1 (Asset-Specific;) + vo (InMCy) 4 v3 (# of Analysts;) + v;

I: Table 4, Regression 2 shows the results alter including two explanatory variables in the
cross-sectional regression. The coefficient on Asset-Specific; (vi) is -0.0224 with a -3.12 t-

statistic. The fit of the regression is 0.11 which is higher than the it in Regression 1.1

The remainder of Table 4 is a series of robustness checks, We test different regression
specifications and check if the v, coefficient remains significantly negative. In Regression 3,
the left-hand side variable is changed to 2F from Equation (18). If a stock is particularly

attractive to all institutional investors (as opposed to just cross-border investors), Q;f will

Y¥rhe fit shown at the bottom of Table 4 i an adjusted R? from the cross-sectional regression--not to he
conlused with the fit from the time series regression in {19} used to construct Assef-Speeific;.
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be low. However, the coefficients in Regression 3 are broadly similar to those in the first
two regressions except that number of analysts is now significantly positive. Regression 4
includes book leverage as an explanatory variable, The coefficient is 0.0029 with a 10.35
t-statistic. We conclude that controlling for possibly (unobserved) characteristics that

may he attractive to institutional investors does not affect our results.

A Sales-Based Measure of Asset-Specific;: We calculate a second measure of Asset-
Specific; based on sales data as opposed to stock market data. For each company, we
obtain a history of annual sales (in US dollars) and caleulate annual sales growth., We next
calculate each industry’s annual sales growth as the equal-weighted average of company
sales growths. The number of firms per industry is given in Table 1, Panel B. The new
measure of Asset-Specific, (Sales) is simply one minus the correlation of stock j's annual
sales growth with its industry’s annual sales growth. We require a company to have six

vears of sales growth data to be included which reduces our sample to 3,905 stocks.

Iz Table 4, Regression 5, the v; coefficient is -0.0602 with a -13.69 t-statistic. We continue
to use robust (White) standard errors when calculating t-statistics. In Regression G, we
include country fixed effects (dummy variables). The coefficient on Asset-Specific; (Sales)
15 -0.0076 with a -1.98 t-statistic. Controtling for country fixed effects addresses the pos-
sibility that unobserved country-ievel differences are driving results. If, however, country-
level differences are related to information structures, such a regression would not make

sense in light of our model. We report resulis for completeness.

In the final column, Regression 7, we control for the large number of Japanese and UK
firms in our sample. We randomly choose 155 of the 2,108 Japanese stocks in our sample
and 155 of the 721 UK stocks in the sample (note that 155 is the average number of stocks
from other countries in our sample.) The sample size is 1,354 as we have dramatically
reduced the number of Japanese and UK stocks uged. In addition, some of the 155 stocks
that were randomly chosen may not have six years of sales growth data. Regression 7
shows the coeflicient on Assel-Specific; (Sales) is -0.0186 with a -3.15 t-statistic.

Our regressions show that cross-border holdings decrease as asset-specific information
advantages become more important for a given stock’s returns. We measure the level of
asset-specific information advantages that domestic investors have about own country’s

stocks using both stock return data and sales growth data.,

4.4 Information about Common Factors and Regressions

We end the empirical analysis by combining our proxy for information advantages about

common components with the regression analysis, Table 5, Regression la considers only
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stocks with a low degree of information advantage about common factors (bottom 25%).
We regress our cross-border holdings (€2;) on a constant and our proxy for asset-specific
is -0.0331 with a -3.70

t-statistic. Regression 1b uses stocks with a high degree of information advantage about

information {Asset-Specific;). The coeflicient on Asset-Specific;

common factors (upper 25%). The coefficient on Assei-Specific; is -0.0741 with a -3.40

t-statistic.
[ Insert Table 5 About Here ]

The regression results shown in Table 5 parallel the double sort results shown in Table 3. In
Table 5, Regressions 1a and ib, stocks with a high degree of information advantage about
common factors are more sensitive to our proxy for asset-specific information (e.g., the
coefficient is more negative: -0.0331 > -0.0741). In Table 3, and for stocks with a high
common information proxy, stocks with high asset-specific information have 2.67% lower

holdings that stocks with low asset-specific information.

Also in Table 5, stocks with a high degree of information advantage about common factors
have higher levels of cross-border holdings (when the asset-specific proxy is zero}-—see the
estimated constant term vy and note that 0.0478 < 0.0821. An F-test for differences in
the asset-specific coefficients (only} has a 0.0029 p-value.

Table 5, Regressions 2a and 2b use 2} as the dependent variable. Both specifications
give the same peneral picture even after controlling for stock size and leverage. The
coefficients become inereasingly negative when moving from stocks with low information
advantage about the common factor to stocks with high information advantage (-0.0523 >
-0.1001). The F-test for differences in the asset-specific coefficient rejects the hypothesis

of coeflicient equality at the 3%-level.

5 Conclusion

This paper proposes a multi-asset, rational expectations equilibrivim model in which
agents are asymmetrically informed about asset-specific and common components of pay-
offs. Our model allows agents to have asset-specific information or information about
common components or both or neither. The model produces closed-form solutions for
holdings of individual agents as well as asset prices. We apply the model to a study of

international portfolio choice.

When all variabies in our model are uncorrelated, an investor’s holdings of a given stock
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is straightforward to analyze—the holdings are related to the ratio of the market’s uncer-
tainty about the stock’s future payoff to the investor’s uncertainty. When asset payofls
are correlated {possibly through exposure to common components) or when supply shocks
are correlated, analysis of holdings is much more complicated. An investor’'s position is

related to the ratio of two matrices {the market’s uncertainty and his own uncertainty).

An investor may have high demand for a stock for which he has valuable private infor-
mation. He may also have high demand for the same stock if he has valuable private
information about a stock with highly correlated payoffs. When considering common
components, the investor may have high demand for a stock {even if he does not have
stock-specific information) provided he has information about a common component of
the stock’s payofls. Of course, having information about a common component is not
sufficient to determine if the investor will have high demands for certain stocks, Stocks
must load heavily on the factor and the net effect of the loading must be sufficient to

cutweigh private, stock-specific information that other investors’ may have.

To better understand holdings when asset payofls are correlated, we conduct a numeri-
cal analysis of our model. We consider three stocks, from three countries, and two fac-
tors. We focus on cross-border holdings of the first {assumed to be French) stock. Our
model generates large dispersion in cross-border holdings ranging from 2.59% of shares
outstanding to 8.39%. This dispersion can result from different levels of asset-specific
information advantages. The dispersion can also result from differential loadings on the

model’s common components.

We end the paper with an empirical analysis of international portfolio choice. We create
two proxy variables. The first measures the degree of information advantage about the
asset-specific component of a stock’s payofls. The second measures the degree of informa-
tion advantage about common components. We show that both a decrease in the proxy
for asset-specific information advantage and an increase in the proxy for common infor-
mation lead to greater levels of cross-border holdings. In regression analysis, our infor-
mation proxies explain holding levels even after including variables that have previously
been linked to cross-horder holdings {c.g., the market capitalization of a firm’s equity, the

number of analysts following the firm, and the firm’s leverage.}

There are a number of potential avenues for future research. First, one could try to
extend our model to multiple periods. This would provide expressions for net trading as
in Brennan and Cao (1997) as well as suggest empirical tests based on trading (as opposed
to holdings) data. Second, one could work to devise methods of empirically identifying
different information structures. While no small task, structures could then be used to

test relative asset prices using expressions in this paper. Third, our model may be adapted
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to better understanding partially segmented markets. In such cases, information is the
“friction” that segments markets. One may be able to model groups of investors who face
low frictions only when trading securities from their home country, groups of investors who
face low frictions when trading securities in a contiguous block of countries (a geographic
region), or groups of investors who face low frictions when investing in any global security.

None of the three extensions is likely to be easy-—all are potentially interesting.
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Appendix A

The information set of investor n (formally, investor 4 in group n) consists of the realization
of private signals M,,7 and of equilibrium prices P% The equilibrium price vector P9 is
a linear function of the information 7 and the supply Z with PY = Ay + Ay — Ags.
Since, Wl = w!R 4+ X' {P' — RP% and P’ is a linear function of 7 and &, it follows that
) joins the multivariate normal distribution of (7, £, 2). Consequently, @} is a normal
random variable conditional on M, and PP Properties of normal distributions imply
that investor n's expected utility can be written as:

Il

B [U('ﬁf)}l)iMnﬁ,ﬁo} U {I [m; M., P"] - gvfw [-rf;}llM,,_f;}f’”]}

il

U{E [ng + X! (P~ RI—M’“)IM,,f},f”O] - %Va-v' [wﬂR + XL (P — RPYY M, 7, f’”} }

Since the utility function is exponential, maximizing this expected utility is identical to
maximizing:

s {E {wg]i’, + X (PP — RPOY M4, 13”] - %Vav' {wgﬁ + XL(PT — RPYM, 5, 130] }

%)

= max {X;., E [(1—31 - Rﬁ“) ML, 7, P“} gX:lVa-r [(151 — RPM)|M,,i, 2

Xa

The equation to be solved is:
0=E [(131 ~ RP)M,7, 15“} —aVar [u—“ﬂ ~ RPY|M,. 7, 150] X, (21)
This implies that investor n’s demand vector is:

X, =a Var? [i)l\mnﬁ,ﬁ“] X (1 [}Bl\Mnﬁ,f)”} - RP“) (22)

Appendix B
From Equations (4), (6), and (7), we have:
N
0= 2 Vit (Bon o BraMydi + (Baw — FL) (A0 + Avit = Avf) ) = a2

HES|

By canceling the Z, 7, and constant terms, it is straightforward to show that:
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[]=

QAQ_] Ay = An VEIB()H
n=1
N
“A;;IA] = A?:V;lBlnMn (23)
nsxel
N
aAyt = Y AV (RL - Bay)
n=l1

Appendix C

The vector ( P \Y 74 PY )’ is normally distributed and its var-cov matrix is:
cQU LB, CcQM, CQA!
Var[( B My PV Y] =] M,QC M.QM, M, QA (24)
AQCT  AIQM,  AQAL + AXLAL

The conditional expectation is:

B, {_ﬁnl} - B [qi? 1,7, an}
i - M., 7 1| M7 M., 7 M, 7
o ol i 1, n -1 ' o
= EFP}+Cov P ( 70 ) x Var B0 X 0 B o

Normal distributions give & []31|Mnﬁ, 130} = Bu, + B, M, + B, " Hence,

- M7 - M, 13
Plg( 13?0 ﬂ x Var 1[ 0 } (25)

M, QM M, QA
( Bln B?.u ) 1Q " Q ! (26)
AQM, A QAL+ A3 A

Cow

(5 )

fl

(cam, cqay )

The variance of returns conditional on n's information is:

Va

Var 1;13] |, 7, f’”}

~ M, i}
i, 7
P ’( po )
We use Equation (25) to get:

V., = Var [f’l] — ( B, DB, )CO'U [( 1\2{;7} ) ;13]}

Il

M., 5 M, 7 =
x Var™? . 4 x Cov o ;P (27)
P pt

Var {f)]] — Cou
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e }
Because Cov N{"’” : Pl = M.QC we get:
PU A] ch

Vn = CQC" + X, - BMM??,QC’ - B?rlAlQCI (28)

Appendix D

In order to determine a closed-form solution for U, we solve the second equation from the

system shown in Equation (8):

N
aAy'A=aU=> AV 'Bi,M, (29)

nez]

The following properties apply to matrices Dy, and M,,. Below we use ni, and n; to denote

two different groups of investors such that n = {1,2,3, ..., gy« Ty -, N }:

; N
Pi: En:l D,=1;
P2 Vo, £y Dy Dy, = 0g4x where 045 is the null matrix of order J + I

P3: M, M

e = Ot ing dngt i, Where G ppon, dnytson, 18 the null matrix;

P4 D,ID.” = D” and M“.M;l = I_],,..i.;(.,,
P5: ¥V G1,Ge g(Gylg(Ga) =" D,GD,G2D,

P6: ¥V G: g(GD) = g{G)D = Dy(G)

There are three matrices key to obtaining a closed-form solution for U:

M = UQU +%,
v = Var [ﬁu—ﬂ - Q- QU'MUQ
T, = M,¥M,

We first solve Equation (26) for By, and Bg,. Note, we do not assume A, is invertable
to get the following results (in fact, Ay is not square). The two equations to be solved
are:

B]n (MT(QM':I) + B'Zi'l- (Al QM:I) CQM:! (30)
B, (M, QA}) + By, (A1QA) + AELAL = CQAY (31}

Using M = UQU’ + 5., we obtain AyQA| + ApX, AL = A;MAY. Starting with
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Equation (31), we get:

By, (M, QAL) + By, (A1 QA) + A5, AL) = CQAJ
Bi, (M, QA}) + By, (A;MAYL) = CQA|
(CQA| -~ Bi.M,QA}} (A:MAL)™ = By,
(C~BiM,)Q{A7'A)M'Ay" = By,
(CﬁBl,!M,,)QU’M"lA;] = By,

In a second step, we solve Equation (30):

B, (M, QM) + (C - B,M,)QUM A, (A,QM) = CQM,
B M, (QM;, - QUMTIUQM,) = (CQ - CQUMTUQ)M,
B, M,(Q - QUMTUQIM;, = C(Q-QUM™UQM;

BmMn\l'lM:Z = Cﬁ‘l’l\/lil
B] n \I'n = C\PM;;
B]n = C‘I’M;l‘l’;l
We have thus demonstrated that:
B;, = CUM ¥ ! (32)

821!- (C - B]HMM)QUIM—IA';l

il

By substituting By, and B, into Equation (28} we obtain the variance-covariance matrix
V,, as a function of ¥

V., = CQC +3%,-B;,M,QC - By, A QC

vV, = CQC+%,— C¥M, ¥ M, QC - {C - C¥M, ¥ 'M,)QUM A A, QC

V., = %+ C(Q-QUMIUQIC — C¥M, ¥, 'M,QC + CI¥M, ¥ 'M, QUM UQC
V, = .4 C¥C - CUM, ¥, M, (Q~ QUM IUQ)C

V., = X, +C¥C - C¥M, ¥ ‘M, ¥C (33)

We use Equation {29) to determine U by right-multiplying by MJ,. Note that M, concerns
investor group n. Property P3, from the start of this appendix, shows we need only carry

out the multiplication with terms from the same investor group.

Thus, we obtain A, V. 'By, = aUM/,. Also from P3, M,, M, = 0. We then multiply

Ty
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this last expression by V,, on the left and we replace By, with its value from (32):

Ay COUM ¥ = gV, UM, (34)

If we multiply (34) by M,, on the right and if we sum for n = 1,... N, we obtain
Equation (29). We conclude that Equation (29) is equivalent to Equation (34} for all
n=1,...,N. If we multiply Equation (34) by ¥,, and M,, on the right and if we replace
V.. with its value in Equation (33) we then obtain:

A CTD,, = a (£, + C¥C - CYM, ¥,/ ' M, ¥C") UM, ¥, M,

Il we now sum for no==1,..., N we obtain:

N N N N
Y ACED, =a (z;c STUML M, + CTCTY UM, W, M, — > C¥M, "M, ¥C'UM, ¥, MT,>

=1 Tl n=1 n=1

which is equivalent to:

N N N
C¥D =aq (EEU 3 D,¥D, + CTCUD D, ¥D, - C¥ ) M;,@;IM?,,\I'C’UM;L‘IIHMT,_)

Tzl FIESS | n==}

By introducing the function g(-), we obtain the expression below. The reader can easily
check that (35) is equivalent to (29).

N
CUD = a3, Uyg(P) +aCLC'Ug(P) — «C¥ (Z M;.lll',‘;]M,,'I'C’UM;,_'I',,MH) (35)

1l

To prove Lemma 2.1, we start by assuming U = o '3;'CD. We then substitute this
expression for U into (35} and check that the following equality holds:

N
C¥D = CDg(¥) + CTC'% ' CDy(¥) - CT (Z Mi}llln1M,,_@C’E‘ICDM;,'IJ”M”) (36)

n=1

Under the assumption that &1+ C'S-1C is a g-matrix, we can write g{¥ ' +C'E1C) =
Ol 4 (V871C. We then replace C'B71C by g(®! 4+ C'E7'C) — w1 in the right hand
side of Equation (36) and confirm the equality. We conclude U = a8 -1CD represents

a solution.
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Appendix E

We replace Bog, in the third equation of (8) with its value given in (32). We then obtain
A, We obtain Ay directly from the expression for U. In order to determine Ay, we
substitute the following expression for By, into the first equation of (8).

BUn - (C T BlnMn - BQ?IA]) E [7}] - Bgﬂ (A() - Agf‘} [2])

To check that A, is a regular matrix, we start with Equation (13). Note that matrices
C, D, Q and ¥, are, by definition, regular matrices. Moreover, CQC’ + 3, — Vy is a
positive definite matrix, thus regular. The positive-definiteness can be seeing by noting
that CQC’ + X, is the variance-covariance of a totally uninformed investor who does not
even observe equilibrium prices. Matrix Vi, on the other hand, is the variance-covariance

matrix of the “average investor” who has some private information and observes prices.

Appendix F

We analyze the relations between model parameters {r;, a, Ay, ..., An, B, 2, 2g, X, } and
ex-ante equilibrium prices. We do this by taking expectations over the random variables
in the model {7, &, 2}. The analysis in this section is similar to the analysis of holdings
shown in Section 2.3.

When all investors are informed about all asset-specific components and common com-
ponents, prices reduce to a form of the Capital Asset Pricing Model {CAPM), expressed
in term of prices, and adjusted for supply uncertainty. To see this, subtract R times
Equation (4} from Equation (3) and take expectations to get:

5P| - RE [15”} —(C— RALE ] + RALE 7] — RA

Isquations (11), (12), and (13) enable us to write:

RA;, = {(CQC)+E.-Va)CDQCHICD = C
RA; = a(CQCY+ %, - Vy)(CDQCH'E, = a¥.
RAy = (C—RANE+(RAy ~aVME[E = 0
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Combining these results gives the CAPM expressed in prices:
R 1 .
v 0 . n H e nlp N
B [P } == (B[P] - az.B12) (37)

We can express the same result in terms of covariance. When all investors are informed,

they know the realization of 7 is . Therefore, PP =Cn+¢&and Var [151} =3,

i
i

aB. F 3] aVar {f"] Flf] = aCov [131, f’l} ElZ] = aCow [131, (131)1 E{é}]

Il

aCov [131 , f)ﬂ,]

Here, f’,}' is the payoff of the market portfolio (the one that contains all the assets) divided
by the number of investors (since # has been defined as the supply per investor). As the
supply is unknown by the agents in the market, we consider the expectations of the
supply, rather than the supply itself. Using Equation (37) and the above result gives:
E[P'] — RE[P"] = aB.E[Z] = aCov[P', PL]. For assct j, we get:

ki3

B (7] - wm (7] = acon 7]

Model with Disperse Information:
Rearranging Equation (6) gives a general expression for prices at date 0

- 1 s R ‘
E [PO] = % (& [P‘] - a.VNE[z]) (38)
Equation (38) shows that asset prices at date 0 are less than the value of expected future
payoffs.'* The total price discount {risk premium) is given by the expression aVy E [Z].
The price discount depends on risk aversion () and the market’s “average” uncertainty

about future payoffs (V).

Information Price Discount: We define the “information price discount” {(or “/PD”)
as the difference between the price discounts shown in Equations {38) and (37). The /IPD
represents the amount an asset’s price at date 0 is below its expected future value due to

agents not having full information about future payoffs.

M Assuming assets are expoected 1o be in positive net supply: B [2] = 0.



IPD

AV E[5] ~ aS.E 3] (39)
= a(Vy - B)E[Z]

In a single-asset model with no factor structure, the information price discount is pro-
portional to the difference between the market’s average uncertainty about future payoffs
(V) and residual uncertainty about the same payoffs (£.). This difference is a signal-
to-noise measure. When the difference is small, investors have a lot of information about
future payoffs, the IPD is low, and prices are high. Note that /PD > 0 as the market is

always bounded in its assessment of future payoffs by X..

In a multi-asset model with uncorrelated residual uncertainties and no factor structure,
the single-asset intuition discussed in the paragraph above continues to hold. The diagonal

matrix (Vy — E,) represents a series of signal-to-noise differences,

In a multi-asset model with correlated residual uncertainties and/or a factor structure,
the information price discount can be driven by both the assct-specific components of
payoffs and common factors. The matrix (Vy — ;) can still be roughly interpreted as
signai-to-noise differences. However, the maftrix is no longer diagonal which means that

covariance terms allect the IP2D.

Numerical Analysis: The numerical analysis in Section 3 can easily be extended to
include asset prices. As such, the analysis can help shed light on general properties of
equilibrium prices in our model. For example, an asset is less risky from the perspective
of a single agent if he has precise information about its future payoffs. The asset is more
risky if he must glean information from equilibrium prices. When common components of
payofls are considered, a single asset may no longer be viewed as low-risk even if the agent
has information about the asset-specific component of the stock’s payoff. As the common
components become more prominent in payofls, asset-specific information becomes less
valuable. Thus, the price of a given asset is sensitive to how many agents have information
about the asset-specific component of payoffs, how many agents have information about
common components, how sensitive the asset’s payoffs are to the common components,
and what other information the agents have. Graphs showing the price discounts for
different levels of asset-specific information advantages and different levels of information

advantages about the common components are available from the authors upon request.
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