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1. Introduction 

Home bias in equities is a longstanding puzzle in international finance: investors on 

average prefer to hold too large a share of their portfolios in domestic assets, given the 

diversification benefits of assets abroad. 1  Further, even when investors diversify abroad, 

evidence suggests that they prefer countries with a high correlation in returns to their home 

country.2 Because a high correlation lowers diversification potential, this behavior compounds 

investor losses from home bias. Some researchers have explained this second anomaly, termed 

the ‘correlation puzzle,’ as a preference for familiarity when investing abroad.3 

This paper argues that resolving the correlation puzzle requires a multi-country 

perspective, both theoretically and empirically.  General equilibrium asset-pricing models have 

become widespread in international macro-finance research, with the development of higher-

order approximation techniques.4 However, these models are generally two-country frameworks 

which permit analysis of the first anomaly of home bias—whether to invest abroad—but do not 

permit analysis of the second anomaly—where to invest abroad.5 

The main theoretical implication of an N-country general equilibrium framework is that 

the optimal share of country i’s portfolio in the assets of a foreign country j depends not just on 

the correlation of returns between countries i and j, but also on the broader set of correlations 

with other countries. Attempts to estimate the effect of the bilateral correlation on portfolio 

shares must adequately control for the correlations with all other countries. As one example, 

                                                 
1 See French and Poterba (1991); Coeurdacier and Rey (2011). 
2 See Aviat and Coeurdacier (2007); Coeurdacier and Guibaud (2011). 
3 See Huberman (2001);  Barberis and Thaler (2004). 
4See Devereux and Sutherland (2011) and Tille and van Wincoop (2010) for a discussion of methodology, as well as 
Engel and Matsumoto (2006), and Evans and Hnatkovska (2007) for applications.  Stockman and Dellas (1989), 
Obstfeld and Rogoff (2000), and Coeurdacier (2009) explain portfolio allocation with trade cost and non-tradable 
goods. Martin and Rey (2004) and Heathcote and Perri (2004) show portfolio choice by invoking a transaction cost 
or tax on international financial asset trade.  
5 The few papers that model more than two countries in general equilibrium tend to assume the countries are 
symmetric and have independent returns, such as Baxter, Jermann and King (1998), so these cannot study the choice 
of investors between alternative destination countries. Okawa and van Wincoop (2012), discussed further below, 
develop a multi-country model where financial frictions drive portfolio choice among countries. They also consider 
an extension with a general covariance structure, but their focus is on the role of financial frictions rather than 
heterogeneous correlations. Further they conclude that an estimable equation can be derived only for the special case 
of zero cross-country correlations, which clearly precludes study of the “correlation puzzle.” The idea of considering 
heterogeneous correlations across multiple assets or countries is longstanding in classic finance theory such as the 
Capital Asset Pricing Model (CAPM). However our model differs in key respects. CAPM presumes that investors 
take a diversified portfolio, so that it only considers correlations of an asset with the diversified market portfolio. In 
contrast, our model studies the choice among foreign assets in a context that is consistent with overall home bias in 
the portfolio. Another key difference is that we take a general equilibrium approach in solving the portfolio model. 
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suppose the stock return correlation between France and Spain were higher than that between 

New Zealand and Australia. One might predict less asset diversification between France and 

Spain than between New Zealand and Australia, because the higher return correlation implies a 

lower diversification benefit. However, it may be that France has even higher correlations with 

the other countries surrounding it in Europe that would be an alternative to Spain for 

diversification, so it might make sense for France to purchase assets in Spain because of the 

relatively lower correlation compared to the alternatives. Hence, we may find a positive 

relationship between stock return correlation and bilateral asset holdings when we focus on only 

the bilateral relationship between country i and j without controlling for the correlations with 

other countries.7  

We use the N-country general equilibrium model to derive an estimation equation that 

controls for the overall covariance structure in a theoretically rigorous yet tractable manner. The 

idea is to extend the use of a second order Taylor approximation, widely used for dealing with 

the nonlinear Euler equations in portfolio models, to take a second order approximation of the 

overall portfolio solution as well. We choose for the point around which to construct the 

approximation a point that exhibits symmetry across countries. It turns out that in this case the 

proliferation of covariances implied by the covariance matrix in the portfolio solution of an N 

country model collapses down to three key average covariances: the covariance between source 

and destination country, the average covariance between source and other potential destination 

countries, and the average covariance between the destination and other counties.  This means 

that the aspects of the full covariance matrix relevant to a second order approximation of the 

portfolio solution can be summarized by adding three new covariance terms to the empirical 

regression.  

Estimates of coefficients in this equation provide a resolution to the correlation puzzle 

above. In the absence of the recommended controls, where the only covariances included are the 

bilateral covariances between source and destination, estimation reflects the puzzle by predicting 

a preference for high correlations. But the sign in the bilateral correlation reverses when 

including the other covariance terms recommended by our theoretical derivation. In particular, 

controlling for the covariances with other potential destinations, investors prefer countries which 

                                                 
7 In the international trade literature, an analogous N-country effect was discussed by Anderson and van Wincoop 
(2003, 2004) with respect to how trade costs affect trade flows. 
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offer the diversification benefits of low covariance with home equity returns. Our empirical 

results are robust after controlling for other familiarity factors from previous literature, such as 

distance, border, common language, etc, as well as controlling for legal restrictions on capital 

market openness. 

Our theoretical model is similar to that of Okawa and van Wincoop (2012), and we agree 

with their critique of attempts to estimate with an ad hoc and incomplete specification of the 

covariance structure. However, we go on to propose an empirical methodology that can satisfy 

this critique and deal with correlations in a theoretically rigorous yet tractable manner. We hope 

that this methodology also will be useful to other researchers. Covariances are central to modern 

theories of portfolio choice, and the correlation puzzle we study provides one example where 

international covariances are essential to the problem, and where an empirical methodology to 

deal with them clearly is needed.  

Coeurdacier and Guibaud (2011) offer an alternative explanation for the correlation 

puzzle, based upon the endogeneity of correlations. Our results are robust to controlling for 

endogeneity, and also suggest the two explanations are complementary.8 

Section 2 introduces the N country portfolio choice model with full covariance structure 

and presents simulations of a 3-country version of the model for intuition. It also derives the 

theoretically-based empirical equation. Section 3 describes data, with empirical results presented 

in section 4. Concluding remarks follow. 

 

2. Theory  

2.1. An N country, N+1 Asset Model 

The model builds upon the two-country model of Devereux and Sutherland (2011), but 

expands to an N-country setting, with non-zero covariance structure on incomes. Consider a 

consumer’s dynamic optimization problem below.  

                                                 
8 While the instrumental variable approach of Coeurdacier and Guibaud (2011) is effective in resolving the puzzle in 
their results, we find that this explanation is sensitive to the specification of the instrument as non-time varying. An 
alternative but also conventional specification of the instrument using one-period lags of the correlation does not 
effectively resolve the puzzle on its own. Further, the instrument used in Coeurdacier and Guibaud, a non-time 
varying correlation from a period before the sample, resembles the country-pair fixed effects in some of our 
specifications, which our theoretical derivation shows may also indirectly help control for multilateral effects of 
correlations. 
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where tiY , is the endowment received by country i, tiW ,  is the total net claims of country i’s agent 

on all foreign countries at the end of period t (i.e. net foreign assets of country i),  tji, is the real 

holdings of country j’s assets by country i, and tjR ,  is the gross real returns of country j’s assets. 

We introduce an independent risk-free asset,
 tfR , , as a risk-free bond that is in zero net supply, 

as this simplifies derivation of an empirical specification later. 9  

 A country’s output, Yit, follows the process 
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where i.i.d. shocks are correlated across countries:  

 


































































NNN

N

tN

t

N















1

111

,

,1

where,

0

0

~   

.

 

The assets are assumed to be one-period equity claims on the home and foreign 

endowments, with the real payoff to a unit of the equity of country i in period t defined to be tiY , . 

The real price of a unit of the equity of country i is denoted as E
tiZ 1,  . Thus, the gross real rate of 

return on the equity of country i is 

 
E
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  for i=1,…,N. (4) 

                                                 
9 We assume a risk-free bond in the same manner of Okawa and van Wincoop (2012). This assumption can be 
justified by the existence of nearly risk-free assets such as insured bank deposits or government bonds. Above all, 
the assumption is useful to derive an empirical specification for equity holdings. Without the risk-free asset as an 
anchor asset, the optimal equity holdings would depend additively on the expected returns on all equity, thus making 
it harder to derive a simple form of empirical specification. Note that our real risk-free bond is not related to 
exchange rate risk. While a bond is used to allow for hedging exchange rate risk in recent studies, Coeurdacier and 
Gourinchas (2011) argue that equity holdings are not driven by real exchange rate risk, and Engel and Matsumoto 
(2009) show similar results in a specific model with nominal rigidities. 
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The price of risk-free bond is denoted as f
tZ 1  , and the real rate of return on the asset f,  
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 Previous studies such as Kang and Stulz (1997) and van Nieuwerburgh and Veldkamp 

(2009) emphasized the role of information asymmetry on portfolio choice. We follow Okawa 

and van Wincoop (2012), and introduce this information friction into risk factor (variance of 

returns). Domestic agents are more informed than foreigners about idiosyncratic payoff 

‘innovations’ on domestic equity claims due to differences in language and financial system. So, 

from the perspective of agents in country i considering an asset in a foreign country j,  ti,  has a 

mean of 0 and variance ij jj  where 1ij  . Equity home bias in our model arises from this 

information asymmetry. 

 Combine FOCs on N assets for country i, and write them in terms of the excess return of 

country j’s asset, )( ,, tftj RR    
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for  j=1,2,3,..N, (6) 

where a risk-free bond, f is used as a numeraire, so )( ,, tftN RR 
 
measures the “excess return” on 

asset N. Assets are assumed to be in zero net supply, so market clearing in the asset market 

implies  
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    for j=1,2,3,..,N. (7) 

For the risk-free bond, f, 
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Equilibrium consumption plans must satisfy the resource constraint,  
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x̂ where x  is the value at the equilibrium. To solve for portfolio holdings, we follow 

the approach of Devereux and Sutherland (2011) and Tille and van Wincoop (2009). A first-

order approximation of the non-portfolio equations (equations (2) for each N country) and a 
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second-order approximation of the Euler equations are needed to express the zero-order 

component ( x ) of equilibrium portfolios. For simplicity, we assume that N countries’ non-

stochastic steady state of wealth is equal to zero ( 0W )  
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However, perceived variances of asset returns differ among countries due to information 

asymmetry. For instance, an agent in country 1 faces 
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Based on equation (10), we construct a matrix system to express the equity holdings (See 

Appendix B). 

 BΑ   

 BΑ 1 . (11) 

where A is an 2 1N   vector of equity holdings, B is an 2 1N   vector which consists of the 

variance and covariance of the excess stock returns, and  is an 2 2N N  matrix (see Appendix B 

for a representation of the   matrix). 

 While a full analytical solution to this system is not possible, (11) makes clear our main 

point that portfolio holdings in ( A ) depend upon the full set of covariances among all countries, 

contained in the inverse of the full covariance matrix ( 1 ), rather than just the bilateral 

covariance of a given source country and a given destination country. This point will be 

demonstrated further below. 

 

2.2. Numerical Simulations  

Given that the system with general covariances is too complex to support analytical 

solutions, we demonstrate some key properties of the solution using numerical experiments. 

Consider a three country version of the model (N=3). See Appendix C for an explanation of the 

full model solution.  

The input to the simulation consists of information asymmetry parameter, τi  and a 3×3 

covariance matrix among capital returns across countries, 3 3 . For illustration, we assume a 

uniform unit variance for all assets, and a uniform expected return for all assets, and choose 

values of the information cost τ =1.3 when j≠i, τ =1 when j=i. The output consists of the 3×3 

transformed equity share matrix, 33

~
Α . To help provide economic intuition, define each 
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component of matrix 33

~
Α  as the ratio of country j’s equities held by country i to total equities of 

country i ( ji
ji

iY





  ), where iY  is the total value of equity of country i (i=1,2,3) in our 

simulations. We add 1 (endowment itself) to the domestic equity holdings; thus, the sum of 

equity holdings of each country is equal to 1. 

 

International return correlations Equity Share 

i) 3 3

1 0.8 0.4

0.8 1 0.8

0.4 0.8 1


 
    
 
 

  
33

~
Α =    0.5077    0.1538    0.3385 

             0.1538    0.6308    0.1538 
             0.3385    0.1538    0.5077 

ii) 3 3

1 0.6 0.4

0.6 1 0.8

0.4 0.8 1


 
    
 
 

  
33

~
Α =    0.4451    0.2460    0.3089 

             0.2470    0.5318    0.1929 
             0.3079    0.1939    0.4980 

iii) 3 3

1 0.6 0

0.6 1 0.8

0 0.8 1


 
    
 
 

33

~
Α =    0.4676    0.1402    0.3922 

             0.1501    0.6258    0.0796 
             0.3823    0.0896    0.5534 

 

The simulation illustrates three key properties of the portfolio solution. First, the bilateral 

equity holding between two countries is positively affected by a fall in the bilateral stock return 

correlation. This property is apparent when comparing cases (i) and (ii) in the table above in 

regard to the relationship of countries 1 and 2: a fall in the correlation 12  from 0.8 to 0.6 raises 

equity holdings 3 3(1,2)Α 
  from 0.154 to 0.246. A second lesson is that a bilateral equity holding 

between two countries is negatively affected by a fall in the bilateral stock return correlation of 

one of the countries with a third country. This property is apparent when comparing cases (ii) 

and (iii) in the table above: a fall in the correlation between countries 1 and 3 from 0.4 to 0 

lowers the equity holdings between countries 1 and 2 from 0.246 to 0.14. Combining these two 

experiments and comparing case (i) to (iii) illustrates the main claim of the paper, that bilateral 

asset shares can appear to violate the first lesson above, so that higher correlations sometimes are 

associated with higher rather than lower asset holdings. But these cases reflect third country 

effects, and they are still consistent with a portfolio that maximizes hedging benefits. Finally, we 
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note that the degree of home bias12 (represented in element 3 3(1,1)Α 
 )  affected the full set of 

international correlations in this model: an improvement in the opportunities for diversification 

as represented by a fall in one or more bilateral correlations leads to a fall in the degree of home 

bias in home equities.  

Finally, we summarize a more comprehensive set of simulations of the 3-country model 

to more broadly characterize the partial derivatives of portfolio share with respect to bilateral and 

third-country correlations. 13  Figure 1 reports the derivatives of the portfolio share held by 

country 1 of country 2 equities with respect to the covariance of bilateral returns between 

countries 1 and 2 and the third-country covariance between country 1 and 3. As in the 

simulations above, we calibrate 1.3  , but we consider a range of values for the covariance 

23 do demonstrate robustness. The figure shows that portfolio holdings are everywhere 

monotonically decreasing in bilateral correlation between source and destination countries 

( 21

12

0








), and they are everywhere rising in correlation between source country and a third 

country ( 21

13

0








). 

 

2.3. Derivation of Estimation Equation 

The theoretical model makes clear that an empirical equation explaining bilateral equity 

holdings should account not just for the covariance between source and destination country, but 

also the broader covariance structure. However, the matrix algebra for portfolios in equation (11) 

of an N country model does not produce a linear empirical specification for equity asset 

holdings.14 We derive an estimable equation by taking a second order Taylor approximation. 

Given that a second order approximation was already employed to derive the Euler equation (6’) 

                                                 
12For present purposes we define the term home bias as the degree to which the share of home assets in the home 
portfolio exceeds the share of home market capitalization in the world market. 
13Analytical derivatives are not possible in our N-country general equilibrium setting. In contrast with the model of 
Coeurdacier and Guibaud (2011), third-country correlations affect also the degree of overall home bias, which 
complicates the task of assigning a sign to partial derivatives. While we are able to generate analytical expressions 
for these derivatives with the aid of computer software, the expressions are extremely long and impossible to sign, 
even in the case of N=3. 
14 As shown in Okawa and van Wincoop (2012), a model with a general covariance structure does not imply an 
estimation equation that is a true gravity equation, in which bilateral asset holdings are the product of country 
specific variables and a bilateral friction. 
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used in constructing (11), taking a second order Taylor approximation of the resulting equation 

(11) is a simple extension of this methodology, and is a logical approach to deriving a reasonable 

approximation to the theory that both captures the key predictions and is amenable to estimation.  

 The equity share solution for a source country i in an N-country world is written as 

follows (see Appendix D for derivation),  

1
( )i iA H  .        (12)  

where 
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Multiply by iY  to change units from portfolio share to total equity holdings:  

      1
i i iA Y H                                                     (12’) 

 

where ji ji iY     and 

1

2

i

i
i

Ni

A






 
 
 
 
 
 


,  

This puts our left hand side variable in the usual units of the dependent variable from previous 

empirical studies of the correlation puzzle, which will facilitate comparison of our results with 

the existing literature. Now consider the equity holdings of the source country i in a particular 

destination country j, 

 

1 2 2
( , )

1

1ˆ ˆ ˆ ˆ( ) [ ( )]
2

N

ji i i j k k f k f
k

Y E R R R R







                                (13) 

 
Next, take a second-order Taylor approximation of (13) with respect to all terms. For the 

point around which we construct the approximation, we choose a point where all countries are 
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symmetric, so that, ˆ ˆ
k fR R , Y , , ii  , ij   (for i, j=1,…N),  respectively.  As derived in 

Appendix E, the second order approximation is written: 

 

, ,

ˆ ˆ ˆ ˆ ˆ ˆ( ) ( ) ( )
N N

ji t i f t j f t k f ii jj kk
k i j k i j

D E R R E E R R F E R R G I J    
 

                                                   

              2

, , , , ,

( ) O( )
N N N N

ij ik jl mn
k i j l i j m i j n i j n m

K L P Q R     
    

                   (14) 

 

where D , E , F , G , I , J , K , L , P and Q are coefficients that are functions of covariances of 

returns  evaluated at the point of approximation (see the specific formula of each coefficient in 

Appendix E).  

Note that the equity holdings indeed depend on the full covariance structure, in that all 

variances and covariances in the covariance matrix i  appear. A convenient property of 

constructing the Taylor approximation around a point of symmetry is that the various 

covariances can be grouped into four categories, each of which is multiplied by the same 

coefficient in the Taylor approximation. The first is the covariance between source country i and 

destination j, ij , In the empirical equation (15) below, this regressor will be labeled EQCOVij, 

and is of particular interest in our estimation. Appendix E provides a proof that the theoretical 

model implies the coefficient on this regressor should be negative.  

The second set of regressors are the covariances between the source country i and 

countries other than j, ik .While each of these N-2 covariances can differ from each other, the 

fact we evaluate the Taylor approximation coefficient at a point of symmetry means that each of 

these covariances is multiplied by the same coefficient, which we label as L  in equation (14). 

See appendix E for a proof of this claim, as well as the analogous claims for the other groups of 

regressors. This means we can sum up these covariances and factor out the common coefficient. 

In our estimation equation (15) below, this summation of covariances becomes a regressor we 

label as MTij, representing “multilateral effects” of covariances in alternative destinations. A 

large value for MTij indicates that there is a high correlation of returns between country i and all 

other countries other than j. So, it is expected that this MT term is positively associated with 

bilateral financial asset holdings between countries i and j. Appendix E provides a proof that the 

theoretical model implies the coefficient on this regressor should be positive. 
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The third group of regressors are the covariances between the destination country j and 

countries other than i, jl . Appendix E again shows that even while these individual covariances 

will differ from each other, they take the same coefficient in the Taylor approximation and 

therefore can be summed up to form a regressor with a common coefficient. This regressor we 

label DTij, representing “destination” effects.  As shown in Appendix E, the theoretical model 

implies an ambiguous sign for this regressor. 

Fourth are covariances between countries other than i and j. Again these (N-2)2 

covariances will differ from each other in value, but they can be summed together as a single 

regressor, which while label as OTij, representing “other” country effects. As shown in Appendix 

E, the theoretical model implies an ambiguous sign for this regressor. 

To summarize, we rewrite the equity holdings solution (14) to form the estimation 

equation: 

 

1 2 3 4 5 6ij ij i j ij ij ijEquity EQCOV Var Var MT DT OT              

 7 8i j ij ijER ER T               (15) 

 

Each term in this estimation equation corresponds to a term in the theoretical equation 

(14) above. In addition to the composite covariance regressors discussed above, the regressors 

Vari and Varj are the names we assign to the variances of returns terms ii  and jj in (14). The 

regressors ERi and ERj are the names we assign to the expected excess returns terms ˆ ˆ( )t i fE R R  

and ˆ ˆ( )t j fE R R  in (14). The dependent variable, ijEquity , is the log of equity holdings. 15   

Lastly, we note that if one sums the four composite regressors, it becomes the sum of all 

elements in the covariance matrix. This will be the same for all country pairs, and implies a 

colinearity problem. If the values of 3 variables out of the 4 variables, EQCOVij, MTij, DTij, and 

OTij, are known, the value of any fourth variable is determined and the information on the fourth 

variable is redundant. Thus, in the regression analysis, we need to control for any 3 variables 

among the 4 variables, and we therefore will drop OTij. This also applies to Vari, Varj and the 
                                                 
15 We take a log of equity holdings for scaling, which also makes our depending variable directly comparable to that 
usually used in the related empirical literature. This is easily incorporated in the Taylor approximation by writing the 
dependent variable as exp(log( ji )) before taking derivatives. This simply introduces a constant factor of 

1/ which is included in each of the constants , , , , , J, K, L, , ,D E F G I P and Q in the equation (14). 
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sum of variances of third countries (
,

N

kk
k i j



 ) because the sum of Vari, Varj and 

,

N

kk
k i j



 (the sum 

of variances of all countries) are the same for all country pairs. Hence, we include Vari and Varj, 

not 
,

N

kk
k i j



 in all specifications.16 In this line, we control for only ERi and ERj which are equity 

returns of a host and destination countries i and j respectively, not the sum of equity returns for 

third countries. In addition, we proxy for the information frictions (τ) in equation (14) with a 

vector T of common regressors, including distance, border, common language, etc.    

 

3. Data and Measurement 

This section discusses how data are used to measure the regressors in the estimation 

equation (15) above.  

 

3.1 Main Variables 

Data for the bilateral portfolio equity holdings, the dependent variable, come from the 

Coordinated Portfolio Investment Survey (CPIS) published by the International Monetary Fund 

(IMF). The survey has been conducted annually since 2001 (and for the first time in 1997). The 

first CPIS involved 29 source economies, while the CPIS has expanded participation up to 73 

source economies in 2006, including several offshore and financial centers. In each case, the 

bilateral positions of the source countries in 218 destination countries/territories are reported.  

The CPIS provides a breakdown of a country’s stock of portfolio investment assets by 

country of residence of issuer. Lee (2008) and Lane and Milesi-Ferretti (2008) point out the 

shortcomings of survey methods and under-reporting of assets by participating countries (See the 

details in Lane and Milesi-Ferretti 2008). Nevertheless, the survey presents a unique opportunity 

to examine foreign equity and debt holdings of many participating countries. We choose bilateral 

equity holdings for 2006 and take a log.17  

                                                 

16 The results with the sum of third country’s variances (
,

N

kk
k i j



 ) do not change our main message. The results are 

available from the authors upon request. 
17 Equity holdings are reported in terms of millions of U.S. dollars. A unit is converted from millions to thousands. 
All values are real: we convert nominal value into real term using US GDP deflator (2005=100). 
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  We introduce equity return and stock market capitalization variables. The stock market 

capitalization variable is constructed by taking a log of product of source and destination 

countries’ market capitalization divided by world market capitalization. Domestic stock market 

capitalization data is available from the Global Financial Database. The measure for equity 

return variance-covariance (or correlation) of 49 countries (21 advanced countries and 28 

emerging and developing countries: see Appendix F for the list of countries) is constructed using 

stock price indices collected from the DataStream. We compute annual equity return variance-

covariance over preceding 4-years from 2006, for each country pair, using bilateral monthly 

return data.18 

  To demonstrate robustness, we use the alternative measures, equity return correlation 

(EQSYNC) and output co-movement (SYNC)19 (see Portes and Rey, 2005, and Lane and Milesi-

Ferretti, 2008, which also utilize both equity return correlation and output correlation). Either 

measure is consistent with our theoretical endowment economy model where the distribution of 

first order components of excess equity returns follows that of output. We also construct the 

multilateral correlation term using both measures: for each country pair i and j, we sum the 

(EQ)SYNC measure between the source country i and countries other than j: 

( )

,

( )
N

EQ SYNC
ij ik

k i j

MT EQ SYNC


  and also obtain ( )

,

( )
N

EQ SYNC
ij jl

l i j

DT EQ SYNC


  . 

  

3.3. Other Controls 

We include other important determinants (T) of bilateral equity asset holdings identified 

by previous literature, including specific geographical, political and cultural factors. To control 

for explicit barriers to international equity investment, we consider a country’s equity market 

liberalization index based on Bekaert and Harvey (2004) and Bekaert, Harvey, and Lundblad 

(2005). Official equity market liberalization indicator is coded as 1 when a country’s equity 

market is officially liberalized—foreign investors officially have the opportunity to invest in 

domestic equity securities—and zero otherwise. We construct bilateral equity market 
                                                 
18 The reason why using the preceding 4 years data (48 monthly observations, 2003-2006) for equity covariance is to 
make avoid extraordinary crisis events that may result in abnormal equity correlation or equity flow patterns, such as 
Latin America economic crisis in the early 2000s (2001-2002) and Asian Financial crisis in the late 1990s (1997-
1998). In addition, previous study such as Longin and Solnik (1995) presented equity return correlation computed 
using a 4 year rolling window.  
19 EQSYNC is also computed over preceding 4-years with bilateral monthly return data and SYNC is using preceding 
10-years real GDP data from Penn World Table. 



15 
 

liberalization indicator by multiplying each equity market indicator in a country pair.20 However, 

in our sample of 2006, equity markets of most developed and emerging economies are 

categorized as ‘officially liberalized’ and the measure has not much cross-sectional variation in 

2006 (The mean of the measure is about 0.9). Thus, for the robustness of the results, we 

introduce the alternative measures of capital account openness proposed by Quinn (1997) and 

Quinn and Toyoda (2008) and Chinn and Ito (2006) respectively and construct bilateral measure 

by multiplication.21  

To measure geographical proximity, we use two variables from Rose and Spiegel (2004): 

(i) the log of bilateral distance between countries and (ii) a binary variable indicating a shared 

border. To control for cultural and historical affinities between countries that can affect cross-

border asset holdings, we add binary variables for common language, for country pairs with a 

history of colonization, and for common colonizer. Common language may lower information 

costs between countries, so investors can more easily access each other’s financial market. The 

same colonial experience may predict more familiar financial institutions in another country.  

We include indicators for currency unions as they may decrease transaction costs and 

also remove risk from exchange rate volatility (Coeurdacier and Martin, 2009). Previous studies 

introduce a time zone difference dummy to proxy for communication difficulties when the 

overlap between office hours is limited (Portes and Rey, 2005 and Lane and Milesi-Ferretti 

2008). We include the difference in longitude between countries to measure time difference, 

where the data is from the CIA World Fact book.  

Lane and Milesi-Ferretti (2008) find that OECD countries and emerging market countries 

differed in the factors determining the pattern of equity investments. So we add an OECD 

dummy variable coded as 1 if two countries in a pair are both OECD members. This variable 

also control for income level and development of financial institution of a country pair. A 

                                                 
20 We include not only bilateral equity market liberalization but also each country’s equity market liberalization 
separately in our regression. Both ways of controls do not affect our main results.  
21 The results with Quinn’s measure and Chinn and Ito’s measure are consistent with our main results and are 
available from the authors upon request. Quinn (1997) constructs a measure by taking into account severity of 
restrictions balancing across all categories of financial transaction from AREAER, IMF. The measure is scored 0–4, 
in half integer units and the maximum value of 4 represents an economy fully open to capital flows. The data are 
available for 95 countries for 1940-2004. Chinn and Ito (2006) also creates a measure based on three financial 
current binary indicators in the AREAER. Their measure takes the value of 2.44 if countries are “most financially 
open” while it takes score of -1.86 for the “least financial open” countries. So when we make bilateral measure, we 
add 2 before multiplying by countries’ measures in a country pair. The data are available for 1970-2011 for 182 
countries.  
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variable of common legal origin indicates if both source and destination countries have a legal 

system from the same origin; English (Common), French, German or Scandinavian law. 

Common legal origin is likely to lead to similar institutions, regulation and custom for financial 

transaction between countries. The information on legal origins is from the Rose and Spiegel 

dataset. We also follow Lane and Milesi-Ferretti (2008) and Coeurdacier and Guibaud (2011) in 

including an indicator variable if the source and destination countries have a tax treaty enacted 

prior to 2001 and in force until 2006.22  

 Lastly, we include a log of bilateral trade (sum of imports and exports between countries) 

divided by the sum of GDPs between two countries in line with Aviat and Coeurdacier (2007) 

and Lane and Milesi-Ferretti (2008).23 We report summary statistics and correlation of variables 

in Appendix G.  

 

4. Empirical Results 

4.1. Main Results 

The coefficient estimates reported in the first three columns of Table 1 convey our main 

message. Column (1) shows that we reproduce the basic puzzle identified in past research: the 

estimated coefficient on international equity returns covariance (EQCOV) is significantly 

positive at the 10% critical level. Despite the theoretical benefits of diversifying the composition 

of the foreign portfolio, investors seem to prefer countries with fluctuations in returns that are 

similar to their home country. However, the result is completely transformed once we control for 

the full covariance structure by including the multilateral effects (MT) term and the destination 

effect term (DT) of returns covariance, which captures returns covariance with the multilateral 

partners. Column (2) shows that the estimated coefficient of EQCOV becomes significantly 

negative at the 5% critical level. Thus, we confirm that a higher return covariance lowers 

bilateral equity asset holdings once we adequately take into consideration covariances with third 

countries. Furthermore, the estimated coefficient of MT term is significantly positive, as our 

theory would predict.  

                                                 
22 This control varies by country pair. The data are available from the IBFD Tax Treaty Database 
(http://www.ibfd.org).   
23 Our trade intensity measure reflects trade relationships between countries that are not induced by countries sizes. 
Moreover, using other trade measures such as log of bilateral trade or log of trade over product of GDP does not 
affect our main results. 
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Column (3) includes more variables that represent frictions across countries in terms of 

geography, language, culture, and also countries’ real economic linkage such as trade in goods 

and services that previous studies considered. Also we control for legal barriers to equity market 

investment (equity market liberalization index). Column (3) shows that the estimated coefficient 

of EQCOV is still positive and of similar magnitude as in column (1) but statistically 

insignificant. Column (4) supports our main message. Further addition of our MT and DT 

controls in column (4) makes the estimated coefficient of EQCOV become negative and 

statistically significant at the 1% critical level as well as larger in magnitude. Hence, controlling 

for the full covariance structure in the regression contributes to resolving the correlation puzzle. 

Throughout columns (1)-(4) in Table 1, other standard explanatory variables have the expected 

signs. Countries’ stock market capitalizations have a positive effect on bilateral equity holdings. 

Higher asset holdings are associated with higher equity returns in both countries, as are common 

language, colonial relationship, tax treaty and currency union. Distance has a negative effect. 

Bilateral asset holding is found to be positively influenced by bilateral trade intensity. 

 Column (5) shows that our results on EQCOV are preserved if we expand the sample by 

defining the dependent variable as ln(equity+1), to prevent observations from dropping when 

taking a log of zeroes.24 We implement tobit estimation to consider left censored observations of 

the dependent variable, including MT and DT terms. The estimated coefficient of EQCOV is 

significantly negative at the 1% critical level. Also most of the estimated coefficients remain as 

the same as those of column (4) but the effect of equity liberalization index turns out to be 

significantly positive.25  

 

4.2. An Instrumental Variable Approach 

The empirical investigation of the effects of equity returns covariance on equity asset 

holdings may encounter an endogeneity problem, as discussed in Coeurdacier and Guibaud 

(2011). The causality can run in the opposite direction: financial asset holdings between 

countries (financial integration) may have either a negative or a positive effect on equity returns 

correlation.  Hence, the former estimates of equity returns covariance on bilateral asset holdings 

might be biased. As a robustness check, this section implements an instrument variable (IV) 

                                                 
24 Our equity holdings are measured in thousands of US dollars. So, 1 means a thousand US dollar.  
25 To check the robustness of the result, we implement the same analysis with alternative samples for 2001-2005. 
The results are qualitatively similar to those in Table 1. See the additional Appendix.  
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approach, using past information on equity return correlation as an instrument, as suggested by 

Lane and Milesi-Ferretti (2008) and Coeurdacier and Guibaud (2011). 

Panel B of Table 2 presents the first stage regression of IV. We instrument EQCOV on its 

lagged information. The estimated coefficient of our instruments on current returns covariance 

(EQCOV) is reported in Panel B. F-test statistics on the first stage regression all exceed the 

critical values at 10% maximal IV size which is 22.4 for weak instruments as reported by Stock 

and Yogo (2002). Thus, we can reject the null hypothesis that the IV equation is weakly 

identified and confirm that the instrument variables are statistically powerful. We also find no 

evidence of an over-identification problem. The joint-null hypothesis for the over-identification 

test—which implies that instruments are uncorrelated with the error term—cannot be rejected. 

The p-values of Hansen J-statistics in both IV regressions of Table 2 support the exogeneity 

hypothesis of our instruments. 

Panel A of Table 2 reports estimates from the second stage instrumental variable 

regressions, beginning with a specification drawn from column (2) of Table 1. Results confirm 

the conclusions from previous tables. Comparing columns (1) and (2) shows that once again 

including our control for MT and DT terms confers statistical significance (at the 1% level) to the 

negative relationship between equity holdings and equity returns covariance (EQCOV). And 

once again, we show that our results with full covariance terms are robust to controlling for 

endogeneity. 

 

4.3. Measure for Returns Correlation: Equity Return and Output Co-movement26 

To reinforce the robustness of the results, we repeated our estimation while replacing 

equity return covariance (EQCOV) with the alternative measures, equity return correlation 

(EQSYNC) and output co-movement (SYNC). Previous studies consider equity return correlation 

as a determinant of bilateral asset holdings, so we report the results with equity return correlation 

for a comparative purpose. We also use output correlation  instead of equity return correlation as 

another alternative measure. An advantage of the output measure is that it is available for a much 

                                                 
26 More robustness checks considering country pair and time panel structure are reported in Bergin and Pyun (2012). 
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wider set of countries, doubling the sample size (see Appendix F for the list of countries in the 

sample). 27  

 Table 3 shows the estimation results which correspond to the results of Tables 1 and 2. 

In column (1), we reproduce the correlation puzzle again without considering full covariance 

structure. However further addition of our MTEQSYNC and DTEQSYNC controls in columns (3) and (4) 

confers statistical significance (at the 1% level) to the negative relationship between equity 

holdings and equity returns correlations (EQSYNC). Moreover, IV regressions in columns (5) 

and (6) of Table 3 again supports our main message. The estimated coefficient of EQSYNC starts 

as positive in column (1) despite controlling for endogeneity and becomes significantly negative 

once we control for multilateral effects of returns correlation (MTEQSYNC) and the correlations 

among destination countries (DTEQSYNC) in column (6). Note that our IV regressions pass the tests 

for weak instruments and over-identification.28  

Table 4 shows that the results with SYNC are consistent overall with our baseline results 

with EQSYNC. Hence, we confirm that a higher return correlation indeed lowers bilateral equity 

asset holdings once we adequately control for return correlations with multilateral partners.  

 

5. Concluding Remarks 

This paper studies how asset diversification between a pair of countries is affected by 

correlations with third countries. Our N-country theoretical framework offers one explanation for 

why recent empirical work has found that higher return correlations are sometimes associated 

with higher portfolio holdings, which is contrary to the pursuit of risk hedging. Because bilateral 

asset holdings depend not only upon bilateral stock return correlation with the destination 

country but on the full covariance structure, the attractiveness of a foreign country as a hedge 

                                                 
27 The finance literature has established the empirical relationship between stock returns and production growth rates 
(Fama, 1990, and Schwert, 1990, for the U.S., and Choi, Hauser, and, Kopecky, 1999, for G-7 countries). For 
instance, the model of simple discounted cash flow valuation maintains that stock prices reflect investors’ 
expectations about the future real economic variables such as corporate earnings, or its aggregate proxy, industrial 
production. If these expectations are correct on average, lagged stock returns should be correlated with the 
contemporaneous growth rate of industrial production. So, another benefit of using output growth correlation is that 
we avoid a simultaneity problem between stock return correlation and bilateral stock holdings because output co-
movement is highly correlated with the lagged stock return correlation.  
28 Instruments are a year lagged EQSYNC, 4 year lagged EQSYNC, and a year lagged EQSYNC growth. F-test 
statistics on the first stage regressions of columns (5) and (6) are above the critical values at 10% maximal IV size 
for weak instruments as reported by Stock and Yogo (2002). This implies that our first stage has good power and 
instruments are not weak. We also find no evidence of an over-identification problem. The p-values of Hansen J 
statistics in both IV regressions support the exogeneity hypothesis of our instruments. 
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depends upon its hedging potential relative to other potential destination countries. The model 

suggests a means for controlling for third-country effects, and empirical specifications 

implementing these controls reverse this finding of preceding literature. This issue illustrates an 

advantage of taking a multi-country perspective in modeling bilateral asset holdings. 
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Table 1. The Determinants of Bilateral Equity Holdings 
Dependent variable                                  ln(equity holdingsij)  ln(eq+1) 
Method                                   OLS  Tobit 

 
Correlation 

puzzle w/ MT, DT 
Correlation

puzzle  w/ MT, DT w/ MT, DT 

 (1) (2) (3) (4) (5) 

EQCOVij 
4.522* -5.292** 4.249 -12.41*** -28.40*** 
[2.735] [2.407] [2.995] [3.978] [7.263] 

Vari 
-2.907*** -2.921*** -1.679*** -1.432*** -4.303*** 

[0.490] [0.466] [0.530] [0.501] [0.798] 

Varj 
-0.574*** -1.184*** 0.05 -0.466** -1.908*** 

[0.199] [0.241] [0.190] [0.231] [0.446] 
Multilateral Effects 
(MTij) 

 1.026***  1.337*** 
[0.176] 

3.007*** 
 [0.191]  [0.301] 

Destination Effects 
(DTij) 

 1.149***  
 

1.173*** 3.228*** 
[0.393]  [0.206] [0.212] 

Equity Return (i) 
7.957** 6.163* 10.726*** 9.300*** 13.965*** 
[3.222] [3.213] [2.933] [2.904] [4.852] 

Equity Return (j) 
5.350*** 9.036*** 4.547*** 7.672*** 19.485*** 
[1.627] [1.763] [1.499] [1.561] [3.176] 

Stock market cap.  
(log) (capi*capj/ world) 

0.932*** 0.870*** 0.944*** 0.890*** 1.264*** 
[0.033] [0.035] [0.040] [0.040] [0.078] 

Equity Market 
Liberalization 

  0.082 -0.222 2.150*** 
  [0.244] [0.253] [0.586] 

Border 
  0.011 0.068 -0.216 
  [0.256] [0.251] [0.507] 

(log) Distance 
  -0.692*** -0.649*** -1.330*** 
  [0.137] [0.137] [0.266] 

Common language 
  1.145*** 0.995*** 1.070*** 
  [0.218] [0.210] [0.333] 

Colony dummy 
  0.645 0.972** 2.055*** 
  [0.404] [0.412] [0.612] 

Common colonizers 
  0.421 0.438 2.934** 
  [0.841] [0.876] [1.421] 

Currency Union 
  0.807*** 0.709*** 0.266 
  [0.199] [0.191] [0.257] 

Longitude difference 
  0.001 0.00001 -0.001 
  [0.002] [0.002] [0.004] 

Both OECD countries 
  1.134*** 1.105*** 0.876*** 
  [0.172] [0.168] [0.312] 

Common legal origin 
  -0.175 -0.122 0.201 
  [0.142] [0.138] [0.242] 

Tax treaty 
  0.402*** 0.348*** 1.290*** 
  [0.137] [0.131] [0.248] 

(log) Bilateral trade 
over sum of GDP 

  0.201*** 0.248*** 0.270** 
  [0.067] [0.067] [0.136] 

Constant 
-2.230*** -2.291*** 3.025*** 

[0.937] 
3.148*** 
[0.907] 

-2.077 
[0.584] [0.586] [1.825] 

Observations 1,113 1,113 1,040 1,040 1,262 
R-squared 0.453 0.471 0.644 0.667  

Note: Robust standard errors are reported in brackets. *,**,and *** are respectively significance level at 10%, 5% 
and 1%.   
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Table 2. Robustness Check I: Instrument Variable Estimation 
 (1) (2) 

Panel A: Second stage IV estimates: Dependent variable is Equity Asset Holdings 

EQCOVij 
-8.112 -36.308*** 
[9.326] [13.526] 

Vari 
-1.075* -0.519 
[0.608] [0.759] 

Varj 
0.332 -0.420* 

[0.294] [0.246] 

Multilateral Effects (MTij)  
1.841*** 
[0.322] 

Destination Effects (DTij) 
 1.819*** 
 [0.419] 

Equity Return (i) 
12.173*** 10.552*** 

[2.842] [2.901] 

Equity Return (j) 
2.649 7.211*** 

[1.925] [1.588] 
Stock market cap.  
(log) (capi*capj/ world) 

0.924*** 0.835*** 
[0.043] [0.050] 

Equity Market Liberalization 0.291 -0.106 
[0.247] [0.220] 

Border 
0.039 0.119 

[0.259] [0.265] 

(log) Distance 
-0.731*** -0.681*** 

[0.134] [0.135] 

Common language 1.178*** 0.983*** 
[0.218] [0.209] 

Colony dummy 
0.583 1.004** 

[0.398] [0.409] 

Common colonizers 
0.328 0.337 

[0.854] [0.912] 

Currency Union 0.820*** 0.675*** 
[0.204] [0.188] 

Longitude difference 
0.002 0.001 

[0.002] [0.002] 

Both OECD countries 
1.081*** 1.036*** 
[0.159] [0.158] 

Common legal origin -0.189 -0.099 
[0.141] [0.138] 

Tax treaty 
0.399*** 0.314** 
[0.135] [0.132] 

(log) Bilateral trade over sum of GDP 
0.221*** 0.293*** 
[0.065] [0.070] 

Panel B: 1st stage IV estimates & Diagnostics: Dependent variable is EQCOVb
   

EQCOVij(t-1) 
(a year lagged EQCOV) 

0.041*** 0.026*** 
[0.009] [0.007] 

EQCOVij(t-4) 
0.014*** 0.008** 
[0.005] [0.004] 

lagged growth EQCOV 
 

-0.00001 -0.0001*** 
[0.00002] [0.00001] 

F- test on IV 12.8 16.42 

Hansen J stats.(p-val.) 4.54 (0.1) 2.38 (0.3) 

Observations 1,040 1,040 

R-squared 0.637 0.652 
Note: Robust standard errors are reported respectively in brackets. *,**,and *** are respectively significance level at 10%, 5% 
and 1%. Constant is included but not reported. We report only the estimation results of IVs and omit other variables of the first 
stage regression in Panel B. 
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Table 3. Robustness Check II: Equity Correlation Measures 
Dependent variable     ln(equity holdingsij) ln(eq+1) ln(eq) 
Method  OLS Tobit IV 

 
Correlation 

Puzzle 
w/ more 
variables 

w/ MT, DT w/ MT, DT 
Correlation 

puzzle 
w/ MT, DT 

 (1) (2) (3) (4) (5) (6) 

EQSYNCij 
3.862*** -0.203 -2.146*** -4.267*** 1.039** -1.370** 
[0.384] [0.391] [0.454] [0.841] [0.522] [0.638] 

Multilateral Effects 
(MTEQSYNC) 

  0.179*** 
[0.018] 

0.399***  
 

0.166*** 
  [0.034] [0.019] 

Destination Effects 
(DTEQSYNC) 

  0.114*** 0.514*** 
[0.046] 

 0.098*** 
[0.026]   [0.024]  

Equity Return (i) 
12.614*** 15.195*** 11.197*** 26.078*** 14.165*** 10.501*** 

[2.892] [2.642] [2.558] [4.511] [2.666] [2.607] 

Equity Return (j) 
5.785*** 4.487*** 5.467*** 16.619*** 5.045*** 5.571*** 
[1.454] [1.341] [1.240] [2.499] [1.348] [1.241] 

Stock market cap.  
(log)(capi*capj/ world) 

0.845*** 0.959*** 0.779*** 0.883*** 0.939*** 0.787*** 
[0.036] [0.037] [0.041] [0.080] [0.038] [0.041] 

Equity Market Liberalization 
 0.185 0.153 1.098** -0.0003 0.049 
 [0.221] [0.225] [0.503] [0.222] [0.227] 

Border 
 0.048 0.490* 0.874 -0.004 0.455* 
 [0.250] [0.253] [0.565] [0.251] [0.251] 

(log) Distance 
 -0.746*** -0.618*** -1.309*** -0.717*** -0.594*** 
 [0.134] [0.134] [0.262] [0.134] [0.134] 

Common language 
 1.090*** 1.073*** 0.942*** 1.087*** 1.081*** 
 [0.212] [0.206] [0.342] [0.213] [0.209] 

Colony dummy 
 0.634 0.646* 1.425*** 0.721* 0.653* 
 [0.389] [0.365] [0.551] [0.402] [0.383] 

Common colonizers 
 0.539 1.074 5.019*** 0.567 1.024 
 [0.861] [0.952] [1.444] [0.817] [0.909] 

Currency Union 
 0.873*** 0.729*** -0.032 0.708*** 0.681*** 
 [0.201] [0.198] [0.294] [0.204] [0.198] 

Longitude difference 
 0.002 0.002 0.005 0.001 0.001 
 [0.002] [0.002] [0.004] [0.002] [0.002] 

Both OECD countries 
 1.125*** 1.010*** 0.163 1.013*** 1.007*** 
 [0.160] [0.172] [0.344] [0.162] [0.171] 

Common legal origin 
 -0.161 -0.143 0.142 -0.168 -0.162 
 [0.141] [0.135] [0.250] [0.141] [0.134] 

Tax treaty 
 0.419*** 0.276** 1.238*** 0.436*** 0.294** 
 [0.137] [0.127] [0.241] [0.138] [0.129] 

(log) Bilateral trade over 
sum of GDP 

 0.181*** 0.201*** 0.133 0.175*** 0.194*** 
 [0.064] [0.064] [0.131] [0.065] [0.065] 

Constant 
-2.627*** 3.028*** 2.085** -4.588** 2.834*** 1.935** 

[0.510] [0.925] [0.939] [1.892] [0.937] [0.947] 
F-test on IV     435.42 278.67 
Hansen J stats.(p-val.)     2.46 (0.29) 3.04 (0.22) 
Observations 1,137 1,064 1,064 1,289 1,040 1,040 
R-squared 0.471 0.633 0.677 0.633 0.676 
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Note: Robust standard errors are reported in brackets. *,**,and *** are respectively significance level at 10%, 5% 
and 1%. Instrument variables are a year lagged EQSYNC, 4 year lagged EQSYNC, and a year lagged EQSYNC 
growth. We omit the first stage regression and the results are available upon request. 



27 
 

 
Table 4. Robustness Check III: Other Measure for Return Correlation, SYNC 

Dependent variables ln(equity holdingsij) 
   IV 

 
Correlation 

Puzzle 
w/ more 
variables 

w/ MT, DT
Correlation 

Puzzle 
w/ MT, DT

(1) (2) (3) (4) (5) 

SYNCij 
1.934*** 0.479 -1.222*** 0.541 -1.520*** 

[0.474] [0.313] [0.367] [0.347] [0.396] 

Multilateral Effects (MTSYNC) 
0.082***  0.083*** 

[0.003]  [0.003] 

Destination Effects (DTSYNC) 
0.111***  0.112*** 

[0.006]  [0.006] 

Stock market capitalization  
(log)(capi*capj/ world) 

0.627*** 0.548*** 0.204*** 0.548*** 0.203*** 

[0.023] [0.033] [0.030] [0.033] [0.030] 

Equity Market Liberalization 
 0.614*** 0.296** 0.613*** 0.298** 

 [0.168] [0.141] [0.168] [0.141] 

Border 
 0.236 0.397* 0.239 0.386* 

 [0.242] [0.211] [0.241] [0.211] 

(log) Distance 
-0.859*** -0.620*** -0.857*** -0.628*** 

[0.121] [0.107] [0.121] [0.107] 

Common language 
0.784*** 0.983*** 0.785*** 0.980*** 

[0.163] [0.147] [0.163] [0.147] 

Colony dummy 
0.701** 0.336 0.700** 0.339 

[0.316] [0.258] [0.315] [0.256] 

Common colonizers 
0.906** 1.253*** 0.904** 1.267*** 

[0.438] [0.354] [0.436] [0.355] 

Currency Union 
1.448*** 0.850*** 1.447*** 0.850*** 

[0.201] [0.162] [0.200] [0.162] 

Longitude difference 
0.005*** 0.006*** 0.005*** 0.006*** 

[0.002] [0.002] [0.002] [0.002] 

Both OECD countries 
1.161*** 0.571*** 1.161*** 0.566*** 

[0.155] [0.132] [0.155] [0.132] 

Tax treaty 
0.256** 0.01 0.255** 0.012 

[0.118] [0.096] [0.118] [0.096] 

(log) Bilateral trade over sum 
of GDP 

-0.088* 0.124*** -0.088* 0.125*** 

[0.050] [0.043] [0.050] [0.043] 

Constant 
1.264** 8.204*** 7.314*** 8.137*** 7.622*** 

[0.515] [0.921] [0.821] [0.932] [0.830] 

F- test on IV 742.66 723.58 

Hansen J stats.(p-val.) -- -- 

Observations 1,916 1,882 1,882 1,882 1,882 

R-squared 0.309 0.466 0.64 0.466 0.64 

Note: Robust standard errors are reported respectively in brackets. *,**,and *** are respectively significance level 
at 10%, 5% and 1%. A single instrument, a year lagged SYNC, is used so the model is exactly identified.     
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Fig. 1: Numerical Solutions of Partial Derivatives in a 3 Country Model 

21 12/     21 13/    
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Appendix  
 

A. The first-order accurate behavior of ( 1,1,
ˆˆ

  tftj RR ) 

)(ˆˆˆˆˆ 2
,,1,1,1, OZZYRR B
tj

E
tjtjtftj   . 

where )( 2O  is a residual which contains all terms of order higher than one, so 

 )(ˆˆ)ˆ()ˆˆ( 2
,,1,1,1, OZZYERRE B
tj

E
tjtjttftjt   . 

The return on equities must equal to each other, up to a first-order approximation. Moreover, first 

components of the equity return and bond return are assumed to be equal,  

 0)ˆˆ( 1,1,   tftit RRE , so  

 )()ˆ(ˆˆ 2
1,,, OYEZZ tjt

B
tj

E
tj     where 0)ˆ( 1, tjt YE . 

Therefore, )(ˆˆˆ 2
1,1,1, OYRR tjtftj    

 

B. Solving for the portfolio holdings, equations (10) and (11) 

 (10)  0)]ˆˆ)(ˆˆ[( 1,1,1,1,   tftjtktit RRCCE    for i,j=1,…N, and k=2,…,N, k≠i 

)ˆˆ(~)ˆˆ(~)ˆˆ(~)ˆˆ(~[{ 1,1,1,1,111,1,1,1,11   tftNNktftktftNNitftit RRRRRRRRE  
 

       
)]ˆˆ()}ˆˆ()ˆˆ( 1,1,1,1,1,1,   tftjtktitkti RRWWYY =0 

          where, 0)]ˆˆ()ˆˆ[{( 1,1,1,1,   tftjtktit RRWWE       

1 1 1 1 1 2 2 2 1 1 1, 1( ) cov( , ) ( ) cov( , ) ( ) cov( , )i k t jt i k t jt Ni Nk Nt jtXR XR XR XR XR XR                    
      

0)cov(),cov( 1,111   jtktjtit XRXRXRXR
 

          where
 1,1,1,

ˆˆ
  tftiti RRXR

 

           

For instance, country 1 and country 2 have,  

(10’) 0)]ˆˆ)(ˆˆ[( 1,1,1,21,1   tftjttt RRCCE    for j=1,…,N  

)ˆˆ(~)ˆˆ(~)ˆˆ(~)ˆˆ(~[{ 1,1,21,1,1121,1,11,1,111   tftNNtfttftNNtftt RRRRRRRRE  
 

        )]ˆˆ()}ˆˆ()ˆˆ( 1,1,1,21,11,21,1   tftjtttt RRWWYY =0
 

         where  0)]ˆˆ()ˆˆ[{( 1,1,1,21,1   tftjttt RRWWE        
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11 1 1 1 1 1 1 12 1 1 1cov( , ) cov( , ) cov( , )t jt N Nt jt t jtXR XR XR XR XR XR              
                  

    2 1, 1cov( )N Nt jtXR XR    0)cov(),cov( 1,12111   jttjtt XRXRXRXR         

where
 1,1,1,

ˆˆ
  tftiti RRXR

 

Thus, based on the above, we have )1( NN
 
equations of country i and k.   

 

In equation (11), BΑ 1  

 NNNNNN  ~...~...~...~~...~~...~~
131321212111Α . 

Α  is a solution for equity holdings and it is 2 1N  . 

B= 

0 

  
0 

)cov(),cov( 11,121111   tttt XRXRXRXR  

)cov(),cov( 12,121211   tttt XRXRXRXR  

  

)cov(),cov( 1,12111   NttNtt XRXRXRXR

)cov(),cov( 11,131111   tttt XRXRXRXR  

)cov(),cov( 12,131211   tttt XRXRXRXR  

  

)cov(),cov( 1,13111   NttNtt XRXRXRXR

  

  
)cov(),cov( 11,11111   tNttt XRXRXRXR  

)cov(),cov( 12,11211   tNttt XRXRXRXR  

  

)cov(),cov( 1,1111   NtNtNtt XRXRXRXR

 

B is an
 

2 1N 
 
matrix which consists of variance of excess stock returns (or covariance of stock 

returns between two countries). We generate special variance-covariance matrix of excess stock 

return between countries,  , like below. 
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  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

              where   is an 2 2N N  matrix. Variance and covariance of excess stock returns are inside the red-line box, otherwise zero.  

1 0 0 … 0 1 0 0 … 0 1 0 0 … 0 1 0 0 … 0 … … 1 0 0 … 0 

0 1 0 … 0 0 1 0 … 0 0 1 0 … 0 0 1 0 … 0 … … 0 1 0 … 0 

0 0 1 … 0 0 0 1 … 0 0 0 1 … 0 0 0 1 … 0 … … 0 0 1 … 0 

    0     0     0     0 … …     0 

0 0 0 … 1 0 0 0 … 1 0 0 0 … 1 0 0 0 … 1 … … 0 0 0 … 1 

σ11 σ12 σ13 … σ1N -σ11 -σ12 -σ13 … -σ1N 0 0 0 … 0 0 0 0 … 0 0  0 0 … 0 0 

σ21 τ21σ22 σ23 … σ2N 0 0 0 … 0 -σ21 - τ23σ22 -σ23 … -σ2N 0 … 0  0 0  0 0 … 0 0 
σ31 σ32 τ31σ33 … σ3N 0 0 0 … 0 0 0 0 … 0 -σ31 -σ32 - τ34σ33 … -σ3N 0 … 0 0 … 0 0 

                            … …    … …          
σN1 σN2 σN3 … τN1σNN 0 0 0 … 0 0 0  0 0 0 … … … 0 0 0 -σN1 -σN2 -σN3 … -σNN

σ11 σ12 σ13 … σ1N 0 0 0 … 0 -σ11 -σ12 -σ13 … -σ1N 0 … … … 0 0 0 0 0 … 0 0 
σ21 τ21σ22 σ23 … σ2N 0 0 0 … 0 0 0 0 … 0 -σ21 - τ24σ22 -σ23 … -σ2N 0 … 0 0 … 0 0 

                                    … …          
σN1 σN2 σN3 … σNN 0 0 0 … 0 0 0 0 ... 0 0 … … … 0 0 0 -σN1 -σN2 -σN3 … -σNN

σ11 σ12 σ13 … σ1N 0 0 0 … 0 0 0 0 … 0 -σ11 -σ12 -σ13 … -σ1N 0 0 0 0 … 0 0 

                           0 0 … … 0 … …     …  0 
σN1 σN2 σN3 … τN1σNN 0 0 0 … 0 0 0 0 … 0 0 0 … … 0 0 0 -σN1 -σN2 -σN3 … -σNN

σ11 σ12 σ13 … σ1N 0 0 0 … 0 0 0 … … 0 0 … … 0 0 … … 0 0 … 0 0 

              …       … …     … …    0 …         
σN1 σN2 σN3 … τN1σNN 0 … 0 … 0 0 0 … … 0 0 … … 0 0 0 … -σN1 -σN2 -σN3 … -σNN

               …            0 0 0 0 0 … … 0 0   0 0 
σN1 σN2 σN3 … τN1σNN 0 … 0 … 0 0 0 … … 0 0 0 0 0 0 … … -σN1 -σN2 -σN3 … -σNN
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C.  Solving For Equilibrium Portfolio Shares in a 3 Country Case  

Combining FOCs and taking a second-order approximation, we derive the 6 equations below: 

(i) 0)]ˆˆ)(ˆˆ[( 1,1,1,21,1   tftittt RRCCE   for i=1,2,3 

= )ˆˆ(~)ˆˆ(~)ˆˆ(~)ˆˆ(~[{ 1,1,1121,1,3311,1,2211,1,111   tfttfttfttftt RRRRRRRRE   

)]ˆˆ()}ˆˆ()ˆˆ()ˆˆ(~)ˆˆ(~
1,1,1,21,11,21,11,1,3321,1,222   tftitttttfttft RRWWYYRRRR 

 

       
 
     where 0)]ˆˆ()}ˆˆ[{( 1,1,11,21,1   tftttt RRWWE       

for i=1, 11 11 21 12 31 13 12 22 12 32 13 11 12( ) 0                    12 11τ σ     
              

for i=2, 11 12 21 31 23 12 12 22 22 32 23 12 22( ) 0                    21 22τ σ     
              

for i=3, 11 13 21 23 31 12 13 22 23 32 13 23( ) 0                   31 33 32 33τ σ τ σ     
    

           

 (ii) 0)]ˆˆ)(ˆˆ[( 1,1,1,31,1   tftittt RRCCE
 
 for i=1,2,3 

 = )ˆˆ(~)ˆˆ(~)ˆˆ(~)ˆˆ(~[{ 1,1,1131,1,3311,1,2211,1,111   tfttfttfttftt RRRRRRRRE   

)]ˆˆ()}ˆˆ()ˆˆ()ˆˆ(~)ˆˆ(~
1,1,1,31,11,31,11,1,3331,1,223   tftitttttfttft RRWWYYRRRR 

 
 
           

 

              where   0)]ˆˆ()}ˆˆ[{( 1,1,1,31,1   tftittt RRWWE       

for i=1, 11 11 21 12 31 13 13 23 12 33 13 11 13( ) 0                    13 11τ σ     
              

for i=2, 11 12 21 31 23 13 12 23 33 23 12 23( ) 0                   21 22 23 22τ σ τ σ     
              

for i=3, 11 13 21 23 31 13 13 23 23 33 33 13 33( ) 0                    31 33τ σ     
              

 

  We solve the system of equations (i),(ii) (6 equations) with asset market clearing 

conditions and the steady state assumption of wealth ( 0W )(3 equations).  

0~~~
312111    

0~~~~
13123121     

0~~~~
32312313    

which are derived from 0~~~
321  iii   & 0~~~

321  iii   
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D.  Derivation of (12) 

To solve for the holdings by country i of country j assets, combine the equation (6’) 

2 2
, 1 , 1 , 1 , 1 , 1 , 1 , 1

1 1 ˆˆ ˆ ˆ ˆ ˆ ˆ[ ] [ ( )]
2 2t j t f t j t f t t i t j t f tE R R R R E C R R              for j=1,2,…,N  with 

equation (2’), the log linearization of the budget constraint evaluated for country i,  

, 1 1 , 1 , 1 , 1 , 1
1

ˆˆ ˆ ˆ ˆ( )
N

i t k k t f t i t i t
k

W R R Y C    


      

Substitute (2’) into (6’) and examine the conditions in terms of country specific assets 

(j=1,2,…,N), then we obtain equations (6’’)  below 

2 2
, 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1

1

1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[ ] [( ( ) )( )]
2 2

N

t j t f t j t f t t ki k t f t i t i t j t f t
k

E R R R R E R R Y W R R          


         

for j=1,…,N 

Therefore,  

2 2
, 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1

1

1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[ ] [ ( )( ) ( )]
2 2

N

t j t f t j t f t t ki k t f t j t f t i t j t f t
k

E R R R R E R R R R Y R R           


         

 
for j=1,…,N,  where, , 1 , 1 , 1

ˆ ˆ ˆ[ ( )] 0t i t j t f tE W R R   
 

 

Hence, we have N equations as follows; 

for j=1,  )]ˆˆ(
2

1ˆˆ[ 2
1

2
11111   fttfttt RRRRE     

2
1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[( ( ) ( )( ) ... ( )( ) ( )]t i t ft i t ft t ft Ni Nt ft t ft it t ftE R R R R R R R R R R Y R R                            

                                                                         

for j=N,  )]ˆˆ(
2

1ˆˆ[ 2
1

2
111   ftNtftNtt RRRRE  

2
1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[( ( )( ) ( )( ) ... ( ) ( )]t i t ft Nt ft i t ft Nt ft Ni Nt ft it Nt ftE R R R R R R R R R R Y R R                            

                                                                          

Solve the expectation terms of the right hand sides,  

for j=1, 2 2
1 1 1 1 1 1 1 2 12 1 1

1 1ˆ ˆ ˆ ˆ[ ( )] ... (1 ) ...
2 1i 11τ σt t ft t ft i i ii i Ni N

ii

E R R R R       



               


 

for j=2, 2 2
2 1 1 2 1 1 1 12 2 2 2

1 1ˆ ˆ ˆ ˆ[ ( )] ... (1 ) ...
2 2i 22τ σt t ft t ft i i ii i Ni N

ii

E R R R R       



               


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                                                           

for j=i, 2 2
1 1 1 1 1 1 2 2

1 1ˆ ˆ ˆ ˆ[ ( )] ... (1 ) ...
2t it ft it ft i i i i ii ii Ni iN

ii

E R R R R        



               



 

for j=N, 

2 2
1 1 1 1 1 1 2 2

1 1ˆ ˆ ˆ ˆ[ ( )] ... (1 ) ...
2 Ni NNτ σt Nt ft Nt ft i N i N ii Ni Ni

ii

E R R R R       



               

  

Then, obtain matrix equation as follows, 

( )i iA H   .        (12)  

where 
 

1

2

( )

i

i

i

ii

Ni

A








 
 
 
 

 
 
 
  
 








,

2 2
1 1 1 1 1 1

1
2 2

2 1 1 2 1 12

2 2
1 1 1 1

1 1ˆ ˆ ˆ ˆ[ ( )]
2

1 1ˆ ˆ ˆ ˆ[ ( )]
2

1 1ˆ ˆ ˆ ˆ[ ( )]
2

t t ft t ft

t t ft t ft

N

t Nt ft Nt ft

E R R R R

EX

E R R R REX
H

EX
E R R R R







   

   

   

    
  
           
  
  
    
 




,

11 12 1

12 22 2

1 2

... N

N
i

ii

N N NN

  
  


  

 
 
  
 
 
 


  



 

 

E. Second order Approximation of (13)  

We examine the case for source country i=1 and destination country j=2.  

21 21 21
ˆ ˆ21 21 1 2( ,Y, , , )

3ˆ ˆ ˆ1 2( , , , ) ( , , , ) ( , , , )

ˆ ˆ ˆ ˆ ˆ ˆ( ) ( ) ( )
ˆ ˆ ˆk f

f f f

N

t f t f t k fR R
k kR R R

E R R E R R E R R
R R R  

        

   




  
      

  


  

2 2 2
2 2 221 21 21

1 2
3ˆ ˆ ˆ1 1 2 2( , , , ) ( , , , ) ( , , , )

1 1 1ˆ ˆ ˆ ˆ ˆ ˆ( ) ( ) ( )
ˆ ˆ ˆ ˆ ˆ ˆ2 2 2

f f f

N

t f t f t k f
k k kR R R

E R R E R R E R R
R R R R R R

        

  


  
     

     


           

  
2

21
1 2

ˆ1 2 ( , , , )

1 ˆ ˆ ˆ ˆ( )( )
ˆ ˆ2

f

t f f

R

E R R R R
R R

  


  

 
 

  
2 2

21 21
1 3 1

ˆ1 3 1 , 1,2 ˆ( , , , ) ( , , , )

1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ( )( ) ... ( )( )
ˆ ˆ ˆ ˆ2 2

f f

t f f t f j f

j jR R

E R R R R E R R R R
R R R R

     

 



 
      

   
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2 2

21 21
2 3 2

ˆ2 3 2 , 1,2 ˆ( , , , ) ( , , , )

1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ( )( ) ... ( )( )
ˆ ˆ ˆ ˆ2 2

f f

t f f t f j f

j jR R

E R R R R E R R R R
R R R R

     

 



 
      

   
          

    
2

21

1,2 1,2 ˆ( , , , )

1 ˆ ˆ ˆ ˆ( )( )
ˆ ˆ2

f

N N

t i f j f
i j i j R

E R R R R
R R

  


 


  

 
  221

ˆ ˆ( ,Y, , )

( ) O( )
k f

t

R R

E
 

  





   


  

       where 21

ˆ ˆ1 ( , , , )

0
k fR R

Y
  









 

 

Rearrange the above approximation equation as follows; 

21 21 21
ˆ ˆ21 21 1 2( ,Y, , , )

3ˆ ˆ ˆ1 2( , , , ) ( , , , ) ( , , , )

ˆ ˆ ˆ ˆ ˆ ˆ( ) ( ) ( )
ˆ ˆ ˆk f

f f f

N

t f t f t k fR R
k kR R R

RT

E R R E R R E R R
R R R  

        

   




  
      

  



                 

                   
2 2 2

21 21 21
11 222 2 2

3ˆ ˆ ˆ1 2( , , , ) ( , , , ) ( , , , )

1 1 1
ˆ ˆ ˆ2 2 2

f f f

N

kk
k kR R R

VT

R R R
        

    


  
  

  
  


                     

                   
2 2 2

21 21 21
12 13 1

ˆ ˆ1 2 1 3 1 , 1,2 ˆ( , , , ) ( , , , ) ( , , , )

1 1 1
...

ˆ ˆ ˆ ˆ ˆ ˆ2 2 2
f f f

j

j jR R R

MT

R R R R R R
        

    


  
   

     
  



 

                
2 2 2

21 21 21
23 2

1,2 1,2ˆ2 3 2 , 1,2 ˆ( , , , ) ( , , , )ˆ( , , , )

1 1 1
...

ˆ ˆ ˆ ˆ ˆ ˆ2 2 2
f f

f

N N

j ij
i jj j i jR RR

OTDT

R R R R R R
       

    
 

  
   

     
   



          

                  221

ˆ ˆ( ,Y, , )

( ) O( )
k fR R  

  





   


  

Because 

i) 21 21

ˆ ˆ3 ( , , , ) ( , , , )

...
ˆ ˆ

f f
NR R

R R
     

  
 

 
 

ii)
2 2

21 21
2 2

ˆ ˆ3 ( , , , ) ( , , , )

...
ˆ ˆ

f f
NR R

R R
     

  
 

 
, iii) 

2 2
21 21

ˆ ˆ1 3 1( , , , ) ( , , , )

...
ˆ ˆ ˆ ˆ

f f
NR R

R R R R
     

  
 

   
,  

iv)  
2 2

21 21

ˆ ˆ2 3 2( , , , ) ( , , , )

...
ˆ ˆ ˆ ˆ

f f
NR R

R R R R
     

  
 

   
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and v) 
2 2

21 21

ˆ ˆ1( , , , ) ( , , , )

...
ˆ ˆ ˆ ˆ

f f
m n N NR R

R R R R
     

 



 
 

   
 (for m, n≠1,2 and m≠n)  

 

Hence, rewrite the approximation equation as follows; 

21 1 2 11 22
3 3

ˆ ˆ ˆ ˆ ˆ ˆ( ) ( ) ( )
N N

t f t f t k f kk
k k

D E R R E E R R F E R R G I J    
 

                
                                            

              2
12 1 2

1,2 1,2 1,2 1,2,

( ) O( )
N N N N

k l ij
k l i j j i

K L P Q R     
    

                                 (14) 

 

See the following proofs; 

Proof  i) 21 21

ˆ ˆ3 ( , , , ) ( , , , )

...
ˆ ˆ

f f
NR R

F
R R

     

  
  

 
 

From equation (13) , 
1

1 (2, )1 2 221
1 1 (2, ) 1

1

( ) 1ˆ ˆ ˆ ˆ ˆ(1 ) [ ( )]
ˆ ˆ 2

N
k

m m k f k f
km m

Y R Y E R R R R
R R

  
 






 
      

 
    

Because 
1

1 (2, )

1 ˆ( , , , )

( )
0

ˆ
f

N
k

k m R
R

  





 



  for m=1,…N (The inverse of the omega matrix includes 

second order terms only, so partial derivative with respect to equity return evaluated at 

the point, ˆ
fR , is zero),  121

1 1 (2, )
ˆ(1 )

ˆ m m

m

Y R
R

 



  


 

Hence, 21 21

ˆ ˆ3 ( , , , ) ( , , , )

...
ˆ ˆ

f f
NR R

F
R R

     

  
  

 
 because 1

1 (2, ) ˆ( , , , )f
m R   

  for m>3 are all identical. 

 

Proof  ii) 
2 2

21 21
2 2

ˆ ˆ3 ( , , , ) ( , , , )

...
ˆ ˆ

f f
NR R

J
R R

     

  
  

 
 

From equation (13) ,  
1

1 (2, )1 2 221
1 (2, )

1

( ) 1ˆ ˆ ˆ ˆ ˆ(1 ) [ ( )]
ˆ ˆ 2

N
k

m m k f k f
km m

Y R Y E R R R R
R R

  
 






 
      

 
  

1 2 12
1 (2, ) 1 (2, )1 2 221

1 (2, )
1

( ) ( ) 1ˆ ˆ ˆ ˆ ˆ( ) 2 (1 ) [ ( )]
ˆ ˆ ˆ ˆ ˆ 2

N
m k

m m k f k f
km m m m m

Y R E R R R R
R R R R R

 


 




    
              

  

for m=3,…,N 
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Note) Differentiation of the inverse of the matrix 

1
1 1 I    

Differentiate with respect to equity return i 

1
11 1

1 1 0
ˆ ˆ

i iR R


 

  
 

                 
1

1 11 1
1 1ˆ ˆ

i iR R


  

   
 

              ― (*)

Differentiate with respect to equity return j again, 

2 1 1 1 2
11 1 1 1 1 1

1 1 0
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

i j i j j i i jR R R R R R R R

  
       

     
       

 

So, 
2 1 1 1 2

1 11 1 1 1 1 1
1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

i j i j j i i jR R R R R R R R

  
 

        
              

 

By (*), the derivative of matrix inverse, 

2 1 2
1 1 1 1 1 11 1 1 1 1 1

1 1 1 1 1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ
i j i j j i i jR R R R R R R R


     

        
                 

 

 

1  is a symmetric matrix and the inverse of 1  is also symmetric. 

ˆ1 ( , , , )

τ ×υ

τ ×υ

fR   

  
 

 

 
 
  
 
 
 



 


, Because of multiplication of tau, the inverse 

covariance matrix is denoted as 1
1 ˆ( , , , )fR

a b b

b c d

b d c

  



 
 
  
 
 
 



 


 where a>c>0 and 0b d  , 

and its leading principal minors are all positive; 2 0ac b  , 0bd bc  , 2 2 0c d   and 

2 0b bd  .  

 

For instance, 

a) 
2 12

1 (2, )1 2 221
1 (2,3)

1ˆˆ3 3 3 3( , , , ) ˆ( , , , ) ( , , , )

( ) 1ˆ ˆ ˆ ˆ( ) [ ( )]
ˆ ˆ ˆ ˆ 2

ff f

N
k

k f k f
kRR R

Y Y E R R R R
R R R R       

  
 






 
     

   
   

Based on the differentiation rule of inverse matrix,  
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2 1 2 2
1 1 1 1 1 1 1 11 1 1 1 1 1 1

1 1 1 1 1 1 1 1

ˆ ˆ3 3 3 3 3 3 3 3 3 3ˆ( , , , ) ( , , , )( , , , )
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

f ffR RR
R R R R R R R R R R

       


                 

                      

               

where    
2

1

ˆ3 3 ( , , , )

0 0 0 0

0 0 0 0

0 0 0
ˆ ˆ

0 0 0

fR
R R

  



 
 
    

   
 
 
 




   


, 1

ˆ3 ( , , , )

0 0 0 0

0 0 0 0

0 0 0 0
ˆ

0 0 0

fR
R

  

 
 
   

  
 
 
 




   


  

 

2 1
1

ˆ3 3 ( , , , )

1 1

ˆ ˆ( , , , ) ( , , , )

0 0 0 0

0 0 0 0

0 0 0
ˆ ˆ

0 0 0

f

f f

R

R R

a b b a b b

b c d b c d

R R

b d c b d c
  

     




 

 
    
            
      
    
    

 
 


 



   
   

 

 

                            

1

ˆ( , , , )

0 0 0

0 0 0

0 0 0

0 0

0 0 0
fR

b
a b bd
b c dc

d
b d c

d
  






 

 
    
     
  
  
 
  



 
 



 

Hence,  

2 12 2
1 (2, ) 2 221

1ˆ3 3 3 3 ˆ( , , , ) ( , , , )

( ) 1ˆ ˆ ˆ ˆ[ ( )] [ ( ) ]
ˆ ˆ ˆ ˆ 2 2

f f

N
k

k f k f
kR R

Yd Y E R R R R Y d b c d
R R R R

     

    
  





 
       

   


where 
2 1

1 (2,1)

3 3

( )
ˆ ˆ

bd
R R


 

 
 

,
2 1

1 (2,3)

3 3

( )
ˆ ˆ

cd
R R


 

 
 

; 

2
2 2

1 1

1ˆ ˆ ˆ ˆ[ ( )]
2 2f fE R R R R


    and

2
2 2

3 3

1ˆ ˆ ˆ ˆ[ ( )]
2 2f fE R R R R


     but 2 21ˆ ˆ ˆ ˆ[ ( )] 0

2k f k fE R R R R     

for k=2,4…,N, k≠1,3, because 1̂R (a source country’s return) and 3̂R are only variables and 

other return terms are considered as the constant. 

 

Furthermore, 
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2 12
1 (2, )1 2 221

1 (2, )
1ˆˆ ( , , , ) ˆ( , , , ) ( , , , )

( ) 1ˆ ˆ ˆ ˆ( ) [ ( )]
ˆ ˆ ˆ ˆ 2

ff f

N
k

m k f k f
km m m mRR R

Y Y E R R R R
R R R R       

  
 






 
     

   


2 1 2
1 (2, ) 2 2

1 ˆ( , , , )

( ) 1ˆ ˆ ˆ ˆ[ ( )] [ ( ) ]
ˆ ˆ 2 2

f

N
k

k f k f
k m m R

Yd Y E R R R R Y d b c d
R R

  

   
  





 
       

 
 for m=3,..,N 

where  
2 1

1 (2,1)( )
ˆ ˆ

m m

bd
R R


 

 
 

,
2 1

1 (2, )( )
ˆ ˆ

m

m m

cd
R R


 

 
 

; 

 
2

2 2
1 1

1ˆ ˆ ˆ ˆ[ ( )]
2 2f fE R R R R


    ;

2
2 21ˆ ˆ ˆ ˆ[ ( )]

2 2m f m fE R R R R


     and 2 21ˆ ˆ ˆ ˆ[ ( )] 0
2k f k fE R R R R     

for k=2,…,N, k≠1,m,                              

                             

 Hence, 
2 2 2

21 21 21

ˆˆ ˆ3 3 4 4 ( , , , )( , , , ) ( , , , )

...
ˆ ˆ ˆ ˆ ˆ ˆ

ff f
N NRR R

J
R R R R R R

       

    
   

     
.   

                                                    (Q.E.D) 

 

Proof  iii) 
2

21

ˆ1 2 ( , , , )

0
ˆ ˆ

fR

K
R R

  


 

 
 

From equation (13),   

1 2 1 12
1 (2,1) 1 (2, ) 1 (2,2)2 221

1 2
11 2 2 1 2 1

( ) ( ) ( )1ˆ ˆ ˆ ˆ ˆ ˆ(1 ) [ ( )] (1 )
ˆ ˆ ˆ ˆ ˆ ˆ2

N
k

k f k f
k

Y R Y E R R R R Y R
R R R R R R

   
  

  



     
       

     


 

2 12
1 (2, ) 2 221

1
1ˆ1 2 1 2 ˆ( , , , ) ( , , , )

( ) 1ˆ ˆ ˆ ˆ[ ( )]
ˆ ˆ ˆ ˆ 2

f f

N
k

k f k f
kR R

Y E R R R R
R R R R

     

 






 
   

   
   because 

1

ˆ2 ( , , , )

0 0 0 0

0 0 0 0

0 0 0 0
ˆ

0 0 0

fR
R

  

 
 
   

  
 
 
 




   

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So, 
2 1

1

ˆ1 2 ( , , , )

1 1

ˆ ˆ( , , , ) ( , , , )

0 1 0 0 0

1 0 0

0 0
ˆ ˆ

0

0 0 0

f

f f

R

R R

a b b a b b

b c d b c d

R R

b d c b d c
  

     



 

 
    
           
      
    
    

 
 

 
 


   


 
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Hence, 
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where 
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R R
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2

2 21ˆ ˆ ˆ ˆ[ ( )]
2 2k f k fE R R R R
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     for k=1,2, and 2 21ˆ ˆ ˆ ˆ[ ( )] 0

2k f k fE R R R R     for 

k=3,…,N, because 1̂R and 2R̂ are only variables and other return terms are considered as 
the constant. 
 

The sign of 
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 
                                        

                       
2

2[( ) ( )] 0
2

Y b c c a c



           0a c   

 

 

Proof  iv) 
2 2

21 21

ˆ ˆ1 3 1( , , , ) ( , , , )

... 0
ˆ ˆ ˆ ˆ

f f
NR R

L
R R R R

     

  
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   
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From equation (13),   

1 2 1 12
(2,1) (2, ) (2, )2 221

1
11 1 1

( ) ( ) ( )1ˆ ˆ ˆ ˆ ˆ ˆ(1 ) [ ( )] (1 )
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  
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     


 for m=1,…,N 

a) For m=3, 
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
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Based on the differentiation rule of inverse matrix,  
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1 11 1

1 1

ˆ ˆ1 3 1 3( , , , ) ( , , , )
ˆ ˆ ˆ ˆ

f fR R
R R R R

     
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So, 
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Hence, 
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where 
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     for k=1,3 and otherwise zero. 

 

b) For m=4, 
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Furthermore, for m=N 
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2
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
     for k=1,N and otherwise zero.  

 

The sign of 
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The value of each component, a,b,c,d, in the inverse covariance matrix is a function of 

  which is ranged from 1 to an infinity.  
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b) When   , ( ),c( ), ( ) 0b d     except for ( )a   based on the inverse matrix 

calculation, 
2

21

ˆ1 ( , , , ),

0
ˆ ˆ

f
m R

R R
  








  
 

 Hence, the sign of 
2

21

ˆ1 ( , , , ),
ˆ ˆ

f
m R

R R
   






 

mainly depends on the term 
2

( 0)
2

Y ad



    as 

 becomes bigger. 

Therefore, 
2 2

21 21

ˆ ˆ1 3 1( , , , ) ( , , , )

... 0
ˆ ˆ ˆ ˆ

f f
NR R

L
R R R R

     

  
   

   
                                               (Q.E.D) 

 

Proof  v)  
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From equation (13), 
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for m=3,…,N 
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b) For m=4, 
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Based on the differentiation rule of inverse matrix,  



 47

2 1 2
1 11 1

1 1

ˆ ˆ3 4 3 4( , , , ) ( , , , )

1 1
1 1ˆ ˆ( , , , ) ( , , , )

0 0 0 0 0

0 0 0 0 0

0 0 0 1 0
ˆ ˆ ˆ ˆ 0 0 1 0 0

0 0 0 0 0

f f

f f

R R

R R

a b b a b b

b c d b c d

R R R R

b d c b d c
     

     


 

 

 
                                       
  


  

    
     




                                                                    

1

ˆ( , , , )

0 0 0 0

0 0 0 0

0 0 0

fR

a b b

b c d
b d d c d

b d c d d
b d c

  



 
  
  
   
  
  
  

 








 


 

 

Hence, 

2 12 2
1 (2, ) 2 221

1
1ˆ3 4 3 4 ˆ( , , , ) ( , , , )

( ) 1ˆ ˆ ˆ ˆ[ ( )] ( )
ˆ ˆ ˆ ˆ 2

f f

N
k

k f k f
kR R

Y E R R R R Y d b c d
R R R R

     

 
 





 
        

   
  

where 
2 1

(2,1)

3 4 ˆ( , , , )

( )
2

ˆ ˆ
fR

bd
R R

  

 
 

 
; 

2 1 2 1
(2,3) (2,4) 2

3 4 3 4ˆ ˆ( , , , ) ( , , , )

( ) ( )
ˆ ˆ ˆ ˆ

f fR R

d cd
R R R R

     

    
   

   
 

            
2

2 21ˆ ˆ ˆ ˆ[ ( )]
2 2k f k fE R R R R


     for k=1,3,4 and otherwise zero.  

 

b) For m=4 and n=5, 
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Based on the differentiation rule of inverse matrix,  
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So, we conjecture the cases for m,n=3,…,N and m≠n           
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         F. List of Countries 

Source country (64) 

Argentina*, Australia*, Austria, Bahamas, Bahrain, Barbados, Belgium*, Bermuda, 

Brazil*, Bulgaria, Canada*, Chile*, Colombia*, Costa Rica, Cyprus, Czech Republic*, 

Denmark*, Egypt, Estonia, Finland*, France*, Germany*, Greece*, Hong Kong*, 

Hungary*, Iceland*, India*, Indonesia*, Ireland*, Israel*, Italy*, Japan*, Kazakhstan, 

Korea, Rep. of*, Kuwait, Lebanon, Luxembourg, Macao (China), Malaysia*, Malta, 

Mauritius, Mexico*, Netherlands*, New Zealand*, Norway*, Pakistan, Panama, 

Philippines*, Poland*, Portugal*, Russia, Singapore, Slovakia*, South Africa*, Spain*, 

Sweden*, Switzerland*,  Thailand*, Turkey*, Ukraine, United Kingdom*, United 

States*, Uruguay, Venezuela 

Destination county (141) : 77 world countries + 64 Source countries 

64 Source countries, Albania, Algeria, Angola, Armenia, Bangladesh*, Belarus, Belize, 

Benin, Bolivia, Bosnia, Botswana, Brunei, Burkina Faso, Burundi, Cambodia, Cameroon, 

Cape Verde, Central African Rep., China*, Congo Rep., Democratic Rep. of Congo,   

Cote d'Ivoire, Croatia*, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, 

Eritrea, Fiji, Gabon, Georgia, Ghana, Guatemala, Guinea, Guinea-Bissau, Honduras,  

Iran, Jamaica, Jordan, Kenya*, Latvia, Liberia, Libya, Lithuania*, Madagascar, Malawi, 

Maldives, Mali, Morocco*, Mozambique, Nicaragua, Niger, Oman, Papua New Guinea, 

Paraguay, Peru, Qatar, Romania*, Saudi Arabia*, Senegal, Seychelles, Slovenia,           

Sri Lanka*, St.Vincent & Grenadines, Sudan, Swaziland, Tanzania, Togo, Tunisia, 

Trinidad & Tobago, Uganda, Ukraine, UAE, Vietnam, Zambia, Zimbabwe 

Note: * represents 49 countries that equity return correlation data are available 
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G. Summary statistics and Correlation among main variables 

i) Summary statistics 

 Obs. Mean S.D. Min. Max. 

ln(equity holdingsij) 1064 12.308  3.161  6.876  20.297  

EQCOVij 1064 0.022 0.025  -0.111 0.174 

Vari 1064 0.086 0.181 0.001 1.315 

Varj 1064 0.191 0.406 0.001 1.887 

Multilateral Effects (MTij) 1064 0.712 0.395 0.013 1.651 

Destination Effects (DTi) 1064 0.627 4.047 0 2.427 

Stock market capitalization  
(log) (source*host/ world) 

1064 14.944  2.126  7.814  21.266  

Equity Market Liberalization 
(Bekaert et al. 2005) 

1064 0.897  0.305  0 1 

Capital Account Openness 
(Chinn and Ito, 2006) 

1064 13.958  6.137  0.707  19.854  

Capital Account Openness 
(Quinn 1997)  

753 0.740  0.253  0.141  1 

Border 1064 0.055  0.227  0 1 

(log) Distance  1064 7.871  1.034  4.765  9.393  

Common Language 1064 0.135  0.342  0 1 

Colony 1064 0.033  0.178  0 1 

Common colonizer 1064 0.008  0.086  0 1 

Currency Union 1064 0.075  0.264  0 1 

Longitude difference 1064 65.606  57.160  0 271 

OECD 1064 0.539  0.499  0 1 

Common Legal Origin 1064 0.295  0.456  0 1 

Tax treaty 1064 0.662  0.473  0 1 

(log) Bilateral trade/sum of GDP 1064 -6.291  1.381  -12.164  -2.262  

 

 

ii) Correlation among key variables  
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ln(eqij) EQCOVij Vari Varj MTij DTij 

Stock mkt 
Cap 

EQ LIB 

ln(eqij) 1.000   

EQCOVij -0.110 1.000   

Vari -0.238 0.343 1.000   

Varj -0.086 0.308 -0.025 1.000   

MTij 0.114 0.310 0.200 -0.010 1.000   

DTij 0.071 0.490 -0.024 0.471 -0.096 1.000   

Stock mkt cap 0.637 -0.096 -0.104 -0.103 0.082 0.059 1.000  
EQ 
Liberalization 0.318 0.110 -0.010 0.029 0.068 0.231 0.374 1.000 

 


