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Introduction

In a typical country, consumers tend to consume mostly goods that are produced domestically.
This phenomenon has been termed home bias in consumption. Similarly, investors tend to invest
most of their wealth in domestic assets, and most of the capital in any country is owned by the
domestic residents. This phenomenon has been termed portfolio home bias. Are these two biases
linked!?

Stockman and Dellas, 1988, (henceforth, SD) argue that this is indeed the case?: the presence of
consumption home bias —due to the existence of non—traded goods— can induce a similar bias in
portfolio holdings. In SD’s endowment economy with a separable utility function between traded
and non—traded goods, the optimal portfolio of a domestic investor involves full ownership of the
firms that produce the domestic non—traded goods and a fully diversified ownership of the firms
that produce the tradable goods. If the share of non—traded goods in consumption is large, the

model can generate substantial portfolio home bias.

The existing literature has not viewed the SD model as offering a full resolution to the puzzle?.
The conventional wisdom at the time put the share of non—traded goods in the consumption
basket in the US at around 50%. With this share, the SD model implies that 75% of domestic
wealth will be invested in domestic assets. But this figure falls significantly short of the actual
degree of portfolio home bias observed in the US%. Recent work by Burstein et al., 2005, however,
suggests that the true CPI share of non traded goods is much higher (close to 80%). With this

'Naturally, there is also a large literature that attempts to explain portfolio home bias without making use
of consumption home bias (see, for instance, the survey paper by Lewis, 1996). However, it has been met with
limited success so far.

2See also Obstfeld and Rogoff, 2000, who suggest that these two biases may not only have a common source
but they may also be connected to a number of other biases —puzzles— in international finance. Coeurdacier,
2006, disputes this and claims that introducing trade costs in goods market alone, as suggested by Obstfeld and
Rogoff, is not sufficient to explain these two biases simultaneously. This finding obtains under a very special form
of trade costs and it is not valid in general. SD and especially the present paper paper establish that trade costs
(as manifested in the existence of non-traded goods) can account for both biases quite well.

3There exists a large literature that examines whether the portfolio home bias that emanates from non—traded
goods can be augmented with bias arising from traded goods when the SD assumption of separability between
traded and non—traded goods is lifted (Tesar, 1993, Baxter, Jermann, and King, 1998, Serrat, 2001, Pesenti and
Van Wincoop, 2002). In the models of Tesar and Pesenti—Van Wincoop there may be home bias in the shares of
the tradeable sector depending on the value of the preferences and covariance parameters. Unfortunately, these
papers rely on partial equilibrium analysis and thus their results may not hold in general equilibrium. Baxter,
Jermann, and King, 1998, on the other hand, use a general equilibrium, two-period exchange economy. They
argue that the model cannot generates a home bias in the traded goods portfolio. And that equity holdings in
the non—traded goods may well be home biased yet not sufficiently so in order to make the total portfolio exhibit
home bias. But this result owes to the perfect substitutability between traded goods as well as the the absence
of a demand for dynamic hedging. Serrat, 2001, uses a dynamic, general equilibrium model and finds that the
domestic investors fully own the equity of the firms that produce the domestic non—traded good and that there is
also home bias in the equity positions in traded goods. Kollmann, 2006a, has disputed the latter claim, arguing
that the correct solution to the model of Serrat does not involve any portfolio home bias in traded goods equity.
Obstfeld, 2007, provides a thorough review of these as well as other related issues in his Ohlin lectures.

4See Tesar and Werner, 1995, French and Poterba, 1991.



figure, the SD model implies that the share of domestic wealth invested in domestic equity is

around 90%, a number very close to its real world counterpart.

The evidence thus offers support to the SD model. But this test relies heavily on our ability to
separate goods into the traded and non—traded categories, a rather controversial enterprize. An
alternative empirical strategy (e.g., Heathcote and Perri, 2007) for taking international portfolio
models to the data is to work with the degree of openness®. The SD model has a sharp implication
on this front: it implies that investors can achieve full international risk diversification if the

share of wealth invested in foreign equity is equal to the share of imports in GDP.

Table 1 reports these two shares for the G5 (US, Japan, UK, Germany and France). The
first column of the table gives the share of foreign portfolio equity holdings in total domestic
—equity— portfolio over the period 1995-2004. The second column reports the imports to
GDP share over the same period. The match between the figures in these two columns is very
high. The correlation coefficient is 0.92. The fact that a similarly good match is obtained
when considering other sub—periods or even individual years or when looking at a larger set of

countries (see section 3.1) suggests that this stylized fact is quite robust.

Nonetheless, as we elaborate below, the empirical strategy of casting a model’s implications
in terms of the import share also faces challenges: the model abstracts from some important,
relevant elements present in the real world. In our model, trade flows and value added coincide.
But this is not so in the data. Namely, the standard imports to GDP ratio overstates the
degree of openness because it does not correct for re-exports (the foreign value added contained
in domestic exports). On the asset side, the measure used in Figure 1 ignores housing in the
calculation of domestic equity wealth (thus, it overstates the share of wealth invested in foreign
assets). And it does not include the indirect holdings of foreign assets that arise from holding
stocks in domestic multinationals (thus, it understates the share of wealth invested in foreign
assets). In section 3, we make the appropriate corrections of the trade and the asset data of
the US (unfortunately, there exists no data that would allow such correction in other countries’
data). The close match between the degree of openness and the foreign asset share of domestic

wealth remains (11.7% and 10% respectively).

Having established that the SD model offers a compelling explanation of the home portfolio
puzzle, we examine the effects of two popular refinements. In particular, we examine how devi-
ations from non-separability and symmetry in traded goods consumption affect the properties
of the model. This exercise is important for two reasons. First, it may suggest ways for further

improving the performance of the model. And second and more importantly, it can provide

50f course, there exists a correspondence between these two categories in the model. In SD, a share of 11%
for imports (the average US figure during the last twenty five years) translates into a 78% share for non traded
goods in the CPI. This is very similar to the figure reported by Burstein et al., 2005.



Table 1: Foreign Equity and Import Shares, 1995-2004

Equity Share Import Share

UsS 0.1203 0.1334

JAP 0.0829 0.0923

UK 0.2623 0.2888

GER 0.3676 0.2906

FR 0.2033 0.2437
Corr = 0.922

Note: See section 3.1 for details on the computatin of
the shares. Data sources: Lane—Milesi-Feretti, 2006 for
foreign equity assets and liabilities. World Development
indicators for stock market capitalization. And IFS for
import shares.

an important robustness check. Typically, the theoretical implications reported in the portfolio
literature tend to be very sensitive to even small variation in the key parameters of the model
(see Obstfeld, 2007). We find that our model does not suffer from this weakness. Namely,
departures from separability as well as plausible variation in the main parameters of the model
do not affect materially the properties of optimal portfolios. An additional finding of interest is
that the model can also deliver home bias in the equities of the traded goods industries if the
consumption of traded goods has a foreign biasS. There exists no empirical evidence on the pres-
ence or absence of home bias in traded goods equity and hence it is not known whether portfolio
bias in traded goods represents a desirable feature or not. If it were, our model indicates how it

could be obtained.

The rest of the paper is structured as follows. Sectionl contains a description of the model as
well as the solution for country portfolios. The solution method is quite simple and is closely
related to that of Kollmann, 2006b. Section 2 presents the parametrization of the model. Section
3 describes and discusses the main results, while 4 offers extensions and a sensitivity analysis.
Section 5 concludes. A technical appendix provides a formal description of the properties of

portfolios.

1 The Model

The world consists of two countries, indexed by ¢ = 1,2. In each period, each country receives
an exogenous endowment of a traded, Y;; > 0 and a non—traded Z;; > 0, good. The goods are

perishable. We use % = {Yj;, Zi1;i = 1,2} to denote the vector of endowments.

S A foreign bias in the consumption of traded goods is a standard implication of trade theory. It is also a likely
feature of the CPI; see the discussion in section 3



1.1 The household

Country 14 is inhabited by a representative agent whose preferences are described by

o~ 1 Ci T -1
EY 5% L o >0 (1)
t=0

1—0

Ci: denotes total consumption in country ¢. It consists of traded and non traded goods according

to the specification
_P
1 =1 1 p=1\ Pl
C’it—<wf0z P+ (1—w)rCh e ) wi € (0,1) and p >0 (2)
where C¥, (resp. C%) denotes the consumption of traded (resp. non-traded) goods in country i

at period t.

The traded good aggregate combines domestic and foreign goods according to

©
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1
where Clyjt denotes the consumption of the traded good j in country i at period ¢.

The individuals have access to an equity market where the shares of the firms that own the
endowments of the four goods (the four ”trees”) can be traded. The budget constraint of the

representative household in country 7 takes the form

2 2

D | @Shis + QS PRCH,| + PiCi = 3 | (@ + PYi) Shy + Q5o+ PiZin) S5 (4

j=1 J=1
where Pjyt and P, are the prices of the traded and non-traded good j respectively. S;?’jt denotes
the number of shares of traded good j owned by the households in country ¢ at the beginning of
period ¢ while 57, is the number of shares of the non—traded good. The price of traded goods
shares is Q?t and that of non—traded is Q]z-t. The traded goods shares yield a dividend of P]ytht
and the non-traded ones P;Zj;. Note that there are four assets (equities) in the model and
four independent sources of uncertainty. This implies that the equity markets in this model can
support the complete asset markets allocation of resources up to a linear approximation”. As in

Kollmann, 2006b, we will use this equivalence to determine asset holdings.

The household’s consumption/portfolio choices are determined by maximizing (1) subject to
(2)—(4). The domestic traded good will be used as the numéraire good. Then the evolution of

asset prices is given by the standard Euler equations

Q?t)‘i = PE 1it+1(Q?t+1 + Pg%+1yjt+1) (5)
2N = BB ( G+ Py Zje) (6)

"A confirmation of this claim can be found in the accompanying technical appendix.




where 4,7 = 1,2. Since asset markets are complete and the two economies are perfectly sym-

metric,® we have \} = 2.

Market clearing requires that

Z11 = Cy (7)
Zy = Cg (8)
Yip = Cfy, + 3y (9)
Yar = Cllyy + Cyy (10)

The equilibrium satisfies the FOCs of the optimization problems of the representative agents
in the two countries and the market clearing conditions. Since asset markets are effectively
complete, the solution of the model can be determined without any need to know equity shares.

The model is solved using a perturbation method and takes the form
Xi = Go(#)

where X¢ € {Cf/ﬁ, Ci Pﬁte7 P, ?f, #34,J = 1,2}, We will explain below how to use X{ =

. ye ze
G.(%;) to determine Siit+1S5jt41-

1.2 Specification of the endowments

The endowment process for the traded goods takes the form®

yie — 1 = P (Wie—1 — U1) + pla(y2e—1 — o) + €Y,
Yor — Yo = Py (Y1i—1 — T1) + pho(y2i—1 — o) + €%

Yy Yy
P11 Pi2
Yy Yy

where the eigenvalues of the matrix A, = <
P21 P22

N(0,%y).

> all lie inside the unit circle, and (¢4,,€3,) ~

Similarly for the non—traded goods

21t — Z1 = pii(z1e—1 — Z1) + pla(z2—1 — Z2) + €,

2ot — Z2 = p3(21—1 — Z1) + pha(22r-1 — Z2) + €5

Pfl PT2
VA

z

where the eigenvalues of the matrix A, = (
P21 P22

(0, %,).

) all lie inside the unit circle, and (7, ¢3,) ~

8Relaxing the perfect symmetry assumption implies that Af oc A? where the proportionality factor is given by
the relative initial wealth ratio.
9We denote yi; = log(Yit), i=1,2. Likewise for z.



1.3 Solving for asset holdings

Asset holdings are indeterminate in the deterministic steady state around which the system is
log-linearized and solved. This creates a difficulty. Our solution method is a variation of that

of Kollmann, 2006b (which in turn is related to Baxter et al., 1998).

Let us focus on the domestic economy (i = 1). We define wealth, in utility terms, as

O =N (QFST11 + Q%STary + QFSTiei1 + Q352 11) (11)
where )} are the Lagrange multipliers associated with the budget constraints (4).
Using the definition of wealth, the budget constraint of the household can be rewritten as

A\l QY + Yy 4l Q4 + PJiYar

Q + M\ (CYy, + P3,CYy, + PLCYy) = 7 fi 1St + v 51512 (12)
t—1 -
Q5 + P2y Q5, + P; 75
+ /\%7“ tQu 15711 +)\172t 2t tQQt 15791
1t—1 Q@34
(13)

Updating equation (13) by one period, and making use of the household’s Euler equations
for asset decisions and the fact that shares are predetermined leads to a stochastic difference

equation in wealth
1 1 1
Q = BE; [ + X1 (Ciyyy + P3Ol + P G|

This equation determines wealth, }.

Let us define the asset returns as

+Y14 Q + Py, Yo
R — Qlt R 2t

Qy ) Q )
z Qlt—"_Pltth z Q2t+ Z2t
e = lt 1 ’ 2t QQt 1

Let also define each asset’s wealth share in country ¢ as

ay _ A%Qllltsillt#»l y )\ Q2t 12¢+4+1
i+l = Tl Qiop41 = 79%
)\le Sz
z _ Mt 11141 z 1 _ _ Y _ A%
Q141 = al Aoy =1 ailt-{—l QXjorr1 — X1t

Using these definitions in the domestic budget constraint gives

Ql 1 Ql
/\1 L+CY+ Py CYy+ PHCT, = )\ ((R — R3,)ady, + (RY, — R53;)ady, + (Ri, — St)aflt)‘*‘th A
or, equivalently
/\ Ql
(RY,— R3,)a),+ (RY, — R3;)ady, + (Ri, — R )aiy, = 91_ <ﬁ + CYy; + P3Oy + Pftcft> — R
-1

7



The last equation can be written in more compact form as

M(#%;) o = L(#%;) with aq = {afy,, aiy, oy} (14)
Since shares are predetermined, equation (14) implies

(M (%) — Ee 1 M(%)) @ i = L(%) — Er—1 L(%) (15)

Market completeness implies that the last relation should hold for all realizations of shocks. Pro-
jecting equation (15) on each of the shocks gives a system of four equations in three unknowns,
{a¥,,a8,,af,}. Using any of these three equations to determine the three wealth shares and
equation oy, = 1 —al), ., —aly. | — afy, |, to determine the fourth one gives the solution

for wealth and portfolio shares!.

11

To a first order approximation, this linear system delivers
constant shares."'. In the technical appendix we report how to check whether the four stocks

effectively complete the markets in our model.

2 Parametrization

Our baseline parametrization corresponds to the model of SD. It is reported in Table 2. Setting
op = 1 implies that the marginal utility of traded good is not affected by variation in the
consumption of the non—traded good (and vice versa). The value of p used by Stockman and
Tesar, 1995, is p = 0.44. Hence, a natural choice in this case is to set ¢ = 2 and p = 0.5. Asin SD,
we set a; = ag = 0.5 so there is no bias in the consumption of traded goods. The average degree
of openness (import share) in the US over 1970-2005 is 10.5%. This implies a value for the share
of traded goods in the CP1,'? w = 0.21 (the imports share is w(1—a) = 0.21x0.50 = 0.105). This
share is virtually identical to that reported by Burstein et al. 2005. It is considerably smaller
than that used in the earlier literature because it takes into account the non-traded services
and goods associated with the distribution of traded goods (distribution costs associated with
wholesale and retail services, marketing and advertising, and local transportation services). It is
computed as follows: In the US, the share of traded goods in the CPI, computed the traditional
way, is 0.429. Burstein et al, calculate that approximately 50% of that involves non-traded

distribution costs. Hence, the true share of traded goods in CPI is only about 0.21 (50% of

10WWe have checked that it does not make any difference for the results which of the three projections are used
or which wealth shares we solve for first. The remaining equation is always satisfied. See the appendix.

1This first order approximation with time invariant shares will prove useful for an intuitive exposition of
our results. Nevertheless, we have also computed a second order approximation to equation (15). In this case,
there is time variation in share holdings, but the average values are virtually identical to the ones from the first
order approximation. The interested reader is referred to a companion technical appendix to this paper. The
results strongly indicate that low order approximations have very good accuracy properties when computing asset
holdings.

12Note that this result assumes that the relative price of the non-traded good is equal to one in steady state.
This is ensured by selecting the ratio of the averages of the endowments as /7 = (1 — w) /w.



0.429) of which half approximately comes from imported goods and the other half comes from

what Burstein et al. call local goods'3.

The elasticity of substitution between domestic and foreign traded goods is set to 1.5 as in Backus
et al., 1995. The discount factor is set to 0.99. The endowment processes are assumed to be
identical. In fact, the form of the processes does not matter for the results.!* More precisely,
neither persistence nor volatilities are of any consequences for the determination of wealth and
equity shares. Naturally, the average level of the process does matter. In the benchmark, traded
and non—traded endowments are such that the relative price of non—traded good is equal to

unity.

We also report results with an alternative parametrization that involves a bias in the consump-
tion of traded goods. Traded goods consumption —home— bias has been used in the literature
as a shortcut for the non-traded goods specification. As mentioned above, Burstein et al., 2005,
assign half of the traded goods in the CPI to imports (10.5% in the US case) and the other half
to local (exportable) goods. But it seems reasonable to assume that some of these local goods
may actually be non-tradeables'®. Let us —arbitrarily— assume that about one—fourth of this
10.5% of local goods is indeed non—traded (say, 2.5%) rather than exportables. This implies that
the true share of domestic exportables in the domestic consumption basket is only 8% rather
that the 10.5% we used earlier (10.5% — 2.5%), and consequently, there exists foreign bias in
domestic consumption. With this assumption, the true share of traded goods decreases from
w =021 to w = 0.21 — 0.025 = 0.185 and a1 = 0.08/0.185 = 0.43.16 We call this the case of

bias in the consumption of the traded goods.

3 The results

Table 3 reports wealth shares, i.e. the share of total wealth of a domestic agent that is held
in the form of one of the four assets available, and equity shares i.e. the share of the value
of equity in a particular industry that is owned by domestic agents, in the separable case of
SD. As detailed below in section (3.1.1), if utility is separable and there is no consumption bias
in traded goods, then the model implies that the —average— share of foreign equity held in the

domestic equity portfolio is equal to the average share of imports in GDP. That is, the model

13Burstein et al, 2005, report a total import content in US consumption of 9.1%. Local goods are mostly
exportable goods that are consumed locally.

14This is a standard results in models where all diversifiable risk is perfectly shared.

15The behavior of the prices of these goods lies in between that of non-traded and traded. See Burstein et al.,
2005.

18Tn both cases, the steady state levels of the endowments are adjusted so that the relative price of the foreign
traded good is one.



Table 2: Parametrization

Parameter Separable Consumption Bias
Preferences

Discount Factor I6] 0.99 0.99

Risk aversion o 2.00 2.00

Total Consumption Bundle
Share of traded w 0.21 0.185
Substitution traded/nontraded p 0.50 0.50
Traded Goods Bundle

Share of Domestic Traded a1 = Q9 0.50 0.43

Substitution Domestic/Foreign @ 1.50 1.50
Endowments

Persistence Pl = Phe = P51 = Pie 0.85 0.85

Spillover Ply = Poy = Piy = P35y 0.05 0.05

Volatility ol =0y =0f =0} 0.01 0.01

Correlation Corr(eY,€9), Corr(g%,£3) 0.00 0.00

predicts that
Sij = 71417 =1t
Aii + Aij
where s;; is the share of the equity wealth of the domestic investors that is invested in foreign
equity and ¢; is the imports shares. s;; can be re-written as
sij = Aij Ay _ Aij /i
A+ Ay Aifyi+ Ay (Ai/A)(Ai/yi) + Aij/yi

or

FOREIGN ASSETS
i =
Y STOCK MARKET CAPITALIZATION - FOREIGN LIABILITIES + FOREIGN ASSETS

where all of these quantities are measures as a % of GDP.

We have used data on foreign portfolio equity assets and liabilities from Lane-Milesi-Feretti,
2006, and data on market capitalization from the World Development Indicators to compute s;;
for financially developed countries. Figure 3 reports this share as well as the imports—-GDP share.
As in Table 1 the match is nearly perfect. A similarly good match obtains in individual years,
in subperiods and so on. The result is very robust. The fit is not as good when less developed
countries are included but this is not surprising given the widespread use of capital controls
and the presence of severe official and unofficial financial impediments in those countries. Our
model does not apply to such cases. Similarly, the fit is lower when very open economies, such
as Ireland or Singapore, are included in the sample. This is due to the fact that the reported

degree of openness overstates the true one due to re-exporting. This issue is taken up below.

10



It should be noted that ours is not the only paper to explore the link foreign asset holding and
the degree of openness. Heathcote and Perri, 2007, have performed a related exercise. They
use different measures of openness and, more importantly, of the share of asset holdings. Their
results are broadly consistent with the notion that trade in goods is an important determinant

of asset tradel”.

Figure 1: Portfolio equity assets and imports (share of GDP, average
19952004, developed countries)

50t

40t

Share of Foreign Equities in Domestic Equity Portfoli

45°

0 1 1 1 1 1 J
0 10 20 30 40 50 60

Import Share (%)

Note: Foreign equity assets and liabilities from Lane—Milesi-Feretti, 2006. Market
capitalization from the World Development Indicators, 2006. The regression line is

PEA; = 1.2256 4+ 0.9785 IM; and has R?> = 0.71, where PEA; is the foreign equity
(5.5745)  (0.1720)

asset measure (s;;) and IM; is the import share (standard errors in parenthesis).

Table 3: Shares: The separable case

Wealth Shares Equity Shares
afy of) iy Oy St St Sts St
Separable 0.1050 0.7900 0.1050 0.0000 0.5000 1.0000 0.5000 0.0000

Nevertheless, there are good reasons for suspecting that the match seen in table 1 and in figure
3 may be implausibly good. This is due to the existence of important discrepancies between the

measures of trade and wealth in the model and in the data. In particular, gross trade flows and

17See also, Aviat and Coeurdacier, 2007, for a test that confirms this relationship in the context of the gravity
model.

11



value added coincide in our model but not in the data. A great deal of trade involves intermediate
products, and some of these goods are used in the production of exportables. Subsequently, the
imports share needs to be adjusted for re-exports in order to arrive at an empirical measure of

openness that corresponds to that in the model.

On the asset side, there are two problems with the wealth share used above. First, the model
abstracts from the most important form of equity for households, namely, housing. In the
appendix, we include housing by adding another equity that generates a flow of non-traded
services and which is not traded in international equity markets'®. We show that the share of
foreign equity in domestic wealth (inclusive of housing) is equal to the imports share even in the

extended model (under separability).

The second problem is that the model abstracts from multinational firms. Investing in domestic
firms that operate abroad and/or own foreign assets is an indirect way for domestic investors to
obtain international portfolio diversification. Hence, focusing only on the direct domestic and

foreign equity components of the portfolio overestimates the degree of portfolio home bias.

Before proceeding to describe how we have dealt with these issues, it is instructive to derive
the implied share of foreign equity in the domestic portfolio in the model that includes housing
equity as a component of the domestic wealth (the modified model can be found in Appendix
C.2).

Computing the share of foreign equity in wealth

The share of foreign equity in total domestic equity wealth, 3;;, is given by

e (16)
T A+ A+ Al

where A;; is domestic claims on —tradeable— foreign capital, A;; is domestic claims on —tradeable—

domestic capital, and AZH is the value of domestic housing.

Let re-write the share as

H
1 AT
Agj+As + AN Y A; Ay Aij

)~ (17)

Sij =

where A; is the capitalization of the stock market in country ¢ and s;; is defines as

= 1
T A+ Ay %)

18T the separable case it does not matter whether equity in housing is internationally traded or not. In
equilibrium, all domestic housing is owned by domestic agents.

12



Solving equation (18) for A;;/A;; gives

L L | (19)

We now determine A;/A;;. Using the definitions of the shares, we have

=0- sij) P —1=k (20)

Aji _

A]":(l_sji) 1—15]62 (21)
27

Let A; = zA;, where z > 0. z captures the relative size of the two stock markets, i and j. Using

20)-(21) to substitute for A;; and A;; in the equation A; + Ay = z(A;; + A;;) leads to the
J j j 33 j

following:
Ay 2z — ko
Ajj 1—2zx% kl mn ( )
Consequently
Sij = = = = A (23)
Aii + Ay mx Aji+ Aig o mox (A = Aig) + Aij - mox (i — 1) + 1
and so
A _ s b ky =L A 24
A—iz’i( m +1)xzxk = (Swvsjuzvfi) (24)

Making the corrections

We need information on —properly measured- s;;, s;; as well as on A{I /A; and z. And on the

trade side, we need to adjust imports for the foreign content of domestic exports.

Let us start with re-exports. Hummels et al., 2001, use input-output tables to compute the
share of imported goods that is used as input to produce export goods for 10 OECD countries
over the period 1970-1990. They find a substantial amount of re-exporting, ranging from a low
of 11% of exports for the US and Japan to a high of 35% for Netherlands (in 1990). Chen et
al., 2005, offer updated figures for these countries, which reveal that the degree of re-exporting
increased further during the 1990s. For the US, this figure was 12.3% in 1997, the last year
reported in Chen et al. Note that these figures refer to goods trade, there exists no information

on the foreign valued added component of exports of domestic services!.

9Gervices are about 27% of total (goods and services) US trade.
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The calculation of the market value of the housing stock is notoriously difficult, specially in an
international context, due to the existence of serious measurement problems. We will rely on
three alternative measures. The first is due to Case-Quigley-Shiller, 2005. They estimate real
housing market wealth per capita for owner occupied housing in the US?, up until 1999 using
the Case-Shiller approach. They also report the ratio of the owner-occupied housing stock to
the total housing stock for 1999, so one can compute the total value of housing. The ratio of
the value of the housing stock to that of the stock market (stock market capitalization) in the
1990s falls in the interval®' 0.8 — 1.0.

The second measure uses the market value of the real estate holdings of US households?? reported
in the Federal Reserve Flow of Funds. The A /A; ratio is constructed by dividing this value
by stock market capitalization in the US (AMEX, NYSE, NASDAQ). The average value over
1995-2004 is 0.93.

The third measure utilizes the value of US housing constructed by Davis and Heathcote (2008).
With this measure, the average ratio of housing to stock market capitalization over 1995-2004
is 1.18.

The relative size of stock markets, z, can be computed using data on stock market capitalization
from the World Federation of Exchanges Members ( http : /www.world — exchanges.org). The
average ratio of US (AMEX, NYSE, NASDAQ) versus non-US stock markets, A;/A;, is 0.90
(for 1995-2004).

The third issue concerns the measurement of the share of foreign stocks in the total portfolio
of stocks (8;5,5;;). The problem with the standard measures (such as those used in Table 4)
is that they only contain the direct shares, which may be different from the effective shares.
These shares coincide in the model but not in the data. It is well known that holding stocks
of multinational firms may represent an indirect way of holding foreign equity. Determining
the degree to which stocks in multinationals contribute to international portfolio diversification
and thus constructing the effective share of foreign assets in domestic wealth is a difficult task.
In a recent paper, Cai and Warrock, 2004, attempt this for the US. They run a factor model
to calculate —for each firm— the extent to which its foreign beta varies with the amount of
its foreign operations. And they then use this information to compute indirect foreign equity
holdings. Adding the indirect to the direct holdings allows them to calculate the effective
holdings. Namely, the share of foreign equities in US equity portfolios, s;;, and the share of

US equities in foreign equity portfolios, s;;. The average value of the former over 1995-2003 is

20They also compute the value of housing for some other OECD countries, but these values are not comparable
across countries.

2IThere is some time variation. For instance, it is 0.83 in 1995-99, 0.96 over 1992-1999 and 1.05 over 1990-1999.

2Including also the real estate holdings of non-profit institutions has a very small effect on AF /A;.
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around 19% and of the latter about 16%.

There exists no comparable information that would allow us to make these important corrections
on the asset side (housing and effective foreign assets) for countries?® other than the US. So we
limit ourselves to the US. Table 4 reports the implications of the model for the share of foreign
equity assets in domestic wealth as a function of A{I /A;. Due to the uncertainty about A,f{ JA;

we compute this share for various values within the range of available estimates.

Table 4: Implied Foreign Equity Share in US Portfolios, 1995-2004

Af/A; 080 090 1.00 1.10 1.20
51 0.107 0.100 0.097 0.092 0.088

Net US Imports/GDP= 0.117

Note: Net US imports are calculated by subtracting the foreign content of domestic exports (re-exports)
from imports. The share of foreign value added in US goods exports was 12.3% in 1997 (the last year
reported by Chen et al., 2005).

The simple model with traded and non traded goods thus implies a share of foreign equity in
wealth that is remarkably close to that observed in the real world. Admittedly, this represents
only one observation, so it is only suggestive rather than conclusive. Nevertheless, we view this
finding as confirming the view, first elaborated?* by Stockman and Dellas, 1988, that trade in
goods is the key determinant of international equity portfolios. The fact that the underlying
composition of the consumption basket between traded and non traded goods is also satisfied

by the data —as Burstein et al. 2005 establish— increases confidence in the theory.

Having argued that that trade in goods is sufficient for understanding international equity port-
folios we now turn to the discussion of the underlying intuition. This will also help shed some
light on the driving forces behind portfolio allocations in general. We then proceed to investigate

the conditions under which the model also generates home bias in traded goods equity.

3.1 Discussion

3.1.1 Separable utility (cp = 1), no consumption bias (« = 0.5)

Observation 1: Investors choose to hold 100% and 0% of the domestic and foreign non—traded

good equity respectively.

Variation in the endowment of the domestic non—traded good affects domestic residents who

23 Constructing internationally comparable measures of housing wealth, determining the effective share of foreign
assets in domestic portfolios and calculating re-exports shares for countries other than the US and/or for more
recent periods constitute important research projects on their own, that go beyond the scope of this paper.

24But already implicit in Lucas, 1982.

15



own equity in the non—traded goods sector in two ways. First, it affects the value of the stream
of dividends in proportion to the number of shares held. And second, it affects the expenditure
needed to finance the consumption of the non-traded good (because of the price change). If a
domestic investor holds 100% of the domestic non—traded good equity and also consumes 100%

of that good then the gain (loss) as an investor exactly offsets the loss (gain) as a consumer.

If utility is separable (op = 1) then traded and non-traded goods are neither substitutes nor
complements. That is, variation in consumption of the non—traded good does not change the
agents’ utility from consumption of the traded good (and vice versa). In this case it is optimal to
hold 100% of the domestic non—-traded good equity (and 0% of the foreign) in order to prevent
any international wealth redistribution following shocks to the non—traded good endowment.
There is no need to have any redistribution —which would lead to changes in the relative shares
of the traded good consumption bundle across the two countries— as the marginal utility of
the consumption of the traded goods is independent of the amount of the non—traded good

consumed.

Observation 2: Investors choose to hold a 50% share in each of the two traded goods —domestic

and foreign— industries.

With separability between traded and non traded goods and similar preferences over traded
goods across countries, SD show that the efficient level of consumption of traded goods is ¢f;, =
chiy = y1e/2 and ¢y, = iy = yor/2 (see also the solutions for ¢ in the Appendix A.4). This
consumption pattern can be supported if each country holds a 50% share in each of the two

traded goods.

We can now establish that such a portfolio implies that the average share of domestic wealth
invested in foreign equity is equal to the average degree of trade openness (imports to GDP
share). The average degree of openness in country 1 is

A R £ 1% YA

WM+ PiZy 1+ PEZi/Y

1

Recall that the steady state levels of the endowments were selected such that the relative prices
are equal to unity. We show in appendix A.2 that this implies PyCY,/Y; = C{,/Y1 = 1—a = 0.5.

The share of imports is then
0.5

=
! 1+ 72/

The average share of country 1 wealth invested in foreign equity is

_ Q5S%, + Q557
S12 = Sy ay v Qy
Q7571 + Q357 + Q75T + 557,

Using the equity shares reported above (S7, = 0 and S}, = S}, = 0.5) and the fact that in a
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symmetric equilibrium QY = Q4 = QY and QF = Q5 = Q7, s12 reduces to
05
14+ Q*/Qv

As shown in the appendix A.2, the average ratio of stock prices Q%/QY is equal to the average

S12

ratio of the dividends associated with these stocks, Z;/Y;. Consequently, the model implies
S12 = tl.

It is worth mentioning that we have also solved an augmented version of the model that also

25 The details are described in Appendix C.1, where

contains explicitly a distribution sector
we also show that the introduction of a distribution sector does not alter the implication of the

model regarding the equality of the foreign equity share and the imports/GDP share.

4 Extensions

In this section we modify the two key assumptions of the model studied above: Namely, that
utility is separable in traded and non-traded goods. And that there exists no bias in the con-
sumption basket of the traded goods. There exist three motivations for undertaking these
modifications. First, to examine whether the —small- gap between the model implied foreign
equity share and that observed in the data (table 4) can be bridged by departing from these two
assumptions. Second, to discover the conditions under which the model can also generate biases
within the traded goods equity sub-portfolio. And third, given the uncertainty surrounding the
values of some important parameters (for instance, the elasticity of substitution between traded
and non-traded goods), to check the sensitivity of the results to plausible variation in parameter

values.

4.0.2 Non-separability

We first explore the implications of non-separability for optimal portfolios.
Non-separable utility (cp # 1), no consumption bias (a = 0.5)

We relax the assumption of separability by allowing op to depart from unity. Moreover, we
will assume that p < 1. In this case, the domestic and foreign traded goods are substitutes
(d*u/dcy,dcY, < 0) if the traded goods are more substitutable among themselves than they are
with the non—traded goods, that is, if ¢ > p. This is an assumption that we will maintain

throughout this section?S.

25Recall that Burstein et al., 2005, emphasize that the omission of this sector is the source of the mis-
measurement of the contribution of non-traded goods to consumption.
26Standard calibrations typically set ¢ > 1 and p < 1.
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We now study the effects of a non—traded shock on consumption. The following proposition

describes the changes in efficient consumption?”.

Proposition 1 In equilibrium, the impact effect of a non—traded goods shock satisfies

Yy Yy Y Y Yy Yy
Ociy > Ociy < acwt > Gcm < Ocy > dcy < <
=0, =0, 20, = 0, =0, S0, <= opz1
Ozit ath azit azjt azit 8th

The effects of traded goods shocks on efficient consumption allocations as well as the supporting

portfolios can be studied in a similar fashion (see the appendix A.5).

Let us assume that op < 1, so that non—traded and traded are complements. In an efficient equi-
librium, we want consumption of traded goods to be higher in the country that has experienced
a positive endowment shock in its non—traded sector, because the increase in the consumption
of non—traded goods increases the marginal utility of consumption of the traded good. But this
implies that we want this country to experience a redistribution of income in its favor. This
would happen if some of the shares of firms producing domestic non—traded goods were held by
foreign investors. In this case, the gain to the domestic agents as consumers of the non—-traded
good would exceed their loss as investors in that good, because while they consume 100% of it
they hold less than 100% of its equity. The foreign agents suffer an investment loss without reap-
ing any consumption benefit. The resulting income redistribution allows the domestic agents to
claim a larger proportion of the traded goods bundle. Hence, the optimal portfolio here involves
holding a large share —almost unity— in the domestic non-traded sector and a small®® share
in the foreign non—traded sector. This is illustrated in the top row of Table 5. Here we have
used the same parametrization as in the separable case (with o = 2) except for the elasticity of

substitution between traded and non traded which takes the value p = 0.4.

Table 5: Shares: The non-separable case

Wealth Shares Equity Shares
ayy afy ajy af ST St STy St
p=0.4 0.1050 0.7741 0.1050 0.0159 0.5000 0.9798 0.5000 0.0202
p=0.6 0.1050 0.8073 0.1050 -0.0173 0.5000 1.0219 0.5000 -0.0219

Exactly the same type of reasoning establishes that the domestic agents will want to hold more
than 100% of the domestic non—traded equity and will want to short foreign non traded goods
equity if traded and non—traded goods are substitutes, that is, if op > 1. The second row of

Table 6 reports asset shares under the assumption that p = 0.6.

2"The interested reader is referred to Appendix A.6 for a formal proof of all the propositions.
28 At least for small deviations from op = 1.
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4.0.3 Consumption bias

Separable utility (op = 1), consumption bias (« # 0.5)

We now turn to the issue of portfolio bias in the traded goods equity. One way of accomplishing
this is by introducing a bias in the consumption of the traded goods?”. A standard implication
of trade theory —see below— is that there should be foreign bias in traded goods consumption.
Suppose that this is the case (o; < 0.5). Assume also that op = 1. Does this make the domestic

investors want to hold an equity share in the domestic traded that exceeds or falls short of 0.57

Consider a positive shock to the domestic traded endowment. Let us hold consumption of the
foreign traded good constant and allow the consumption of the domestic traded good to increase
by the same proportion in the two countries. Because of the foreign bias in traded consumption,
foreign consumption of traded goods increases by more than domestic consumption of traded
goods. If ¢ > p, the marginal utility of both the domestic and foreign traded good is decreasing
in total traded good consumption. This implies that the marginal utility of both traded goods
has decreased more abroad that at home, violating the risk sharing principle. In order for the
marginal utilities to be equalized, the domestic consumption of the traded goods must increase
by a larger proportion than foreign consumption. In other words, the ratio of domestic to foreign

expenditures of traded goods must increase. This result is described in the next proposition.

Proposition 2 Let ©; denote the ratio of domestic to foreign traded exrpenditures
o, — Clyy + Py Cly,

Clhy + P3Coy
and let us assume op =1, we then have

a ].Og(@t) S

< >
Dy s0<—=pzlandaz

N =

In order to support the efficient equilibrium, asset holdings must be such that dividend income
at home increases by more than dividend income abroad following a positive shock to the endow-
ment of the domestic traded good. What portfolio shares will deliver this? The next proposition

addresses this question.

29The role of consumption bias for generating portfolio home bias has been investigated by Kollmann, 2006b in
a model without any non-traded goods and home consumption bias. Kollmann finds that, in order for his model
to generate an overall degree of portfolio home bias that exceeds the degree of consumption home bias, it must
be the case that the elasticity of substitution between domestic and foreign traded goods falls within a narrow
range strictly below unity (see Kollmann, 2006b). This requirement may be problematic as typical estimates of
the elasticity of substitution between domestic and foreign traded goods not only exceed unity but they can be
quite high. A specification with non traded goods does not suffer from this weakness.
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Proposition 3 When the elasticity of substitution between traded and non traded goods is less than
unity (p < 1), traded goods are suitably substitutable among themselves (p > p+(1—p)/4a(l—a))
and there is foreign bias in traded goods (o < 0.5), then the optimal portfolio allocation exhibits

home portfolio bias in traded goods industries.

In order to understand this result, recall that the holdings of non—traded goods equity are not
affected by the value of o as long as op = 1, hence, these shares remain at 100% and 0%
respectively. In contrast, the appropriate holdings of traded goods equity depend on the value
of a. If @ < 0.5 (foreign bias in the consumption of traded goods) then the supporting portfolio
of traded goods equity must have a home bias (S{; > 0.5, 5}, < 0.5), as long as ¢ > 1. With
@ > 1, the increase in the endowment of the domestic traded good will lower its relative price
but less than one for one. Holding shares S5, < 0.5 still allows the foreign consumer to consume
more of the domestic tradeable because of its lower relative price. But, at the same time, it
makes relative dividend incomes move in favor of the domestic agents, which allows them to
claim a larger share of world tradeables (we argued above that this is a property of an efficient

equilibrium).

The numerical results corresponding to the case of consumption bias and separability under the

parametrization in the second column of Table 2 appear in Table 6.

Table 6: Shares: The separable case

Wealth Shares Equity Shares
aqy ofy afy afy STy St St St
Cons. Bias 0.1060 0.8150 0.0790 0.0000 0.5729 1.0000 0.4271 0.0000

Foreign consumption bias generates home bias in the traded goods equity sub-portfolio®® and
it also increases the degree of portfolio home bias. Nevertheless, as the comparison of Tables 6

and 3 reveals, this effect is rather small quantitatively.

Under home bias in the consumption of tradeables, & > 0.5, the opposite pattern obtains. That
is, there is foreign bias in the portfolio of traded goods equity. Nevertheless, overall portfolio
home bias may still obtain. If the share of non—traded goods in the CPI is not too much below

50%, there will be home bias in consumption and portfolio independent of whether « is greater

30Kollmann, 2006b, draws on Kang and Stulz, 1997, who report the existence of home bias in the shares of
Japanese manufacturing, to claim the existence of home bias in the equity of traded goods. This interpretation
is not justified as domestic consumption of foreign manufactures contains a significant domestic non—traded
component (see Berstein et al., 2005). Interestingly, Kang and Stulz report that foreign investors hold larger
equity positions in the manufacturing sector and lower ones in the wholesale and retail distribution as well as
in services. This finding highlights the importance of the distinction between traded and non—traded goods for
portfolio choice and offers support to the key thesis of our paper.
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or smaller than 0.5.

The link between consumption and portfolio bias suggested above may seem paradoxical when
looked through the prism of some interesting, extreme cases. Suppose, for instance, that only the
domestic agents consume the foreign traded good (and vice versa). And that utility is separable
between traded and non-traded goods. Under these circumstances, optimal hedging would have
the domestic agents hold all of the foreign traded good equity. Or, suppose instead, that only
the domestic agents consume the domestic traded good (and analogously for the foreign agents).
Under these circumstances, optimal hedging would have the domestic agents hold all of the
domestic traded good equity. Both of these cases seem to violate the spirit of Proposition 3
as they involve a positive rather than negative link between consumption and portfolio bias.
Nonetheless, there is no contradiction between this proposition and these examples. When «
is driven to zero (the first example) or to unity (the second example) then the right hand side
in the second condition in Proposition 3 is driven to infinity, the proposition does not hold
and it cannot be used to study optimal portfolios. One should view Proposition 3 as being a
useful tool for determining optimal portfolios within an appropriate range of parameter values.
Fortunately, for most economies in the real world, this appropriate range is also the empirically

relevant one?!.

For the sake of assessing the model’s prediction for bias in the traded goods equity, it is of
interest to consider whether « is likely to exceed or to fall short of 0.5 in the real world and by

how much.

We have already discussed how the CPI decomposition creates a presumption®? that « is below
(but not too much) 0.5. We have also carried a detailed study of the Swiss CPI. The documen-
tation of the CPI only provides —precise— information on the domestic (or imports) content of
each item that enters the basket. A possible —but arbitrary— classification that does not rely
on an ad hoc assignment of items to the various categories (non—traded, domestic trade, foreign
traded) is to assign an item to the non-traded category if the domestic content is 100%, to the
foreign tradeable if the import content is more than 50% and to the domestic tradeable in all
other cases. Such a classification produces the values 60%, 11%, 29% for non—traded, domestic
tradeable and foreign tradeable respectively. While it is clear that this classification is far from
ideal as something may have 100% domestic content and still be a tradeable good, we view these

figures as indicating that the likelihood of foreign bias in traded goods is not negligible.

Finally, a strong case for foreign bias in the consumption of traded goods can be made based

31Under the benchmark values of p = 0.5 and phi = 1.5, the second condition in Proposition 3 is violated when
alpha is either below 0.15 or above 0.85.

32 As Burstein et al., 2005, discuss, there exists no direct information on the domestic exportable goods compo-
nent of the CPIL.
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on trade theory. Standard trade theory implies the existence of international specialization,
with countries typically producing a small range of traded goods and exporting most of their
tradeables production in exchange for a much broader set of foreign produced traded goods.
A similar prediction arises in the new trade models, to the extent that there are gains from
specialization, as it would be the case in the presence of returns to scale, country specific factors

and so on.

4.1 Sensitivity Analysis

We now turn to the investigation of how variation in the key parameters of the model affects the
composition of optimal portfolios. Table 7 provides information on the role of deviations from
separability and from symmetry in the consumption of traded goods. Tables 8 and 9 provide
information on the sensitivity of the results around the two baseline parametrizations reported in
Table 2. The results are quite robust. In the range of the parameter values considered there are
only two cases —both of them empirically unlikely— where the model fails to generate home bias
in portfolio. Namely, when the elasticity of substitution between traded and non—traded goods,
p, is very high (say, p = 5). And when the share of imports®3. in the domestic consumption
basket is very high (w = 0.75), see Table 8. Note also that higher values of the elasticity of
substitution between domestic and foreign traded (as suggested by Obstfeld and Rogoff, 2000)
do not undermine home bias. This is encouraging because there is great uncertainty regarding
the precise value of this elasticity. The robustness of our results in the presence of plausible,
large variation in the parameters values is another advantage of our proposed solution to the
portfolio bias relative to other approaches. Those other approaches produce results that are

extremely sensitive to even slight but plausible variation in key parameters.

5 Conclusions

Investors tend to invest most of their wealth in domestic assets, and most of the capital in any
country is owned by the domestic residents. This is true even in countries that appear to be
well integrated within the world capital markets. A large literature has attempted to provide an
explanation to this phenomenon, with rather limited success so far. We show that the degree of
international trade in goods is the main determinant of international equity portfolios. A simple
model with traded and non—traded goods implies that international equity positions should
match import shares. Subsequently, to the extent that true —re-exports adjusted— import shares

fall short of 50%, international equity portfolios will exhibit a home bias.

33We have already discussed what values of a make it unlikely for proposition 3 to be satisfied.
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We compute the share of foreign equities in total domestic wealth for the US households, taking
into account their equity in housing and also their indirect foreign equity holdings that arise
from holding the stock of US multinationals. This share comes out at around 10% for the period
1995-2004. The corresponding ”true” US imports to GDP share, after correcting for the foreign
value added of US exports is around 11.7%. We interpreting this finding as suggesting that the
model offers a compelling explanation not only to the portfolio bias puzzle but also, and more

generally, to the determination of international portfolios.
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Table 7: The role of separability and of consumption bias

Wealth Shares Equity Shares
aj) of) gy afy STy St St St

op <1

a <05 01365 0.7502 0.0735 0.0398 0.6499 0.9496 0.3501 0.0504
a =05 0.1050 0.7525 0.1050 0.0375 0.5000 0.9525 0.5000 0.0475
a>05 00735 0.7502 0.1365 0.0398 0.3501 0.9496 0.6499 0.0504

op=1

a <05 01278 0.7900 0.0822 0.0000 0.6087 1.0000 0.3913 0.0000
a =05 0.10560 0.7900 0.1050 0.0000 0.5000 1.0000 0.5000 0.0000
a>0.5 0.0822 0.7900 0.1278 0.0000 0.3913 1.0000 0.6087 0.0000

op>1

a <05 01175 0.8374 0.0925 -0.0474 0.5596 1.0601 0.4404 -0.0601
a=0.5 0.1050 0.8363 0.1050 -0.0463 0.5000 1.0587 0.5000 -0.0587
a>05 0.0925 0.8374 0.1175 -0.0474 0.4404 1.0601 0.5596 -0.0601

Note: Here we assume that w = 0.21 as in our first benchmark calibration. po < 1 corresponds to the
case p = 0.25 while po > 1 denotes p = 0.75. The case o« < 1 assumes a = 0.4 and a > 0.5 assumes
a = 0.6.
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Table 8: Shares: Sensitivity analysis (Benchmark: Separable case)

Wealth Shares

Equity Shares

aj) afy ajy afy STy St St St
Benchmark 0.1050 0.7900 0.1050 0.0000 0.5000 1.0000 0.5000 0.0000
Consumption share of traded goods: w
0.10 0.0222  0.9556  0.0222  0.0000 0.5000 1.0000 0.5000 0.0000
0.50 0.3950 0.2100 0.3950  0.0000 0.5000 1.0000 0.5000 0.0000
0.75 0.4857 0.0287  0.4857  0.0000 0.5000 1.0000 0.5000 0.0000
Elasticity of substitution traded vs nontraded: p
0.25 0.1050 0.7525 0.1050 0.0375 0.5000 0.9525 0.5000 0.0475
0.75 0.1050 0.8363 0.1050 -0.0463 0.5000 1.0587 0.5000 -0.0587
5.00 0.1050 -0.0488 0.1050 0.8388 0.5000 -0.0618 0.5000 1.0618
Consumption share of domestic traded good in consumption of traded: «
0.25 0.2100 0.7900 0.0000  0.0000 1.0000 1.0000 0.0000 0.0000
0.75 0.0000 0.7900 0.2100 0.0000 0.0000 1.0000 1.0000 0.0000
Elasticity of substitution between traded goods:
0.60 0.1050 0.7900 0.1050  0.0000 0.5000 1.0000 0.5000 0.0000
2.00 0.1050 0.7900 0.1050  0.0000 0.5000 1.0000 0.5000 0.0000
5.00 0.1050 0.7900 0.1050  0.0000 0.5000 1.0000 0.5000 0.0000
Elasticity of intertemporal substitution: o
0.50 0.1050 0.9716 0.1050 -0.1816 0.5000 1.2299 0.5000 -0.2299
4.00 0.1050 0.8197 0.1050 -0.0297 0.5000 1.0376  0.5000 -0.0376
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Table 9: Shares: Sensitivity analysis (Benchmark: Consumption Bias)

Wealth Shares

Equity Shares

aj) oy Ay afy STy St St i2
Benchmark 0.1060 0.8150  0.0790  0.0000 0.5729 1.0000 0.4271  0.0000
Consumption share of traded goods: w
0.10 0.0295 0.9484 0.0220 0.0000 0.5729 1.0000 0.4271  0.0000
0.50 0.4669 0.1850 0.3481  0.0000 0.5729 1.0000 0.4271  0.0000
0.75 0.5588 0.0246  0.4166  0.0000 0.5729 1.0000 0.4271  0.0000
Elasticity of substitution traded vs nontraded: p
0.25 0.1111  0.7795 0.0739 0.0355 0.6008 0.9565 0.3992  0.0435
0.75 0.0999 0.8570 0.0851 -0.0420 0.5398 1.0515 0.4602 -0.0515
5.00 0.3017 -0.5284 -0.1167 1.3434 1.6309 -0.6483 -0.6309 1.6483
Consumption share of domestic traded good in consumption of traded: «
0.25 0.1850 0.8150  0.0000  0.0000 1.0000 1.0000  0.0000  0.0000
0.75 0.0000 0.8150  0.1850  0.0000 0.0000 1.0000  1.0000  0.0000
Elasticity of substitution between traded goods:
0.60 0.0764 0.8150 0.1086  0.0000 0.4129 1.0000 0.5871  0.0000
2.00 0.0992 0.8150 0.0858  0.0000 0.5361 1.0000  0.4639  0.0000
5.00 0.0942 0.8150  0.0908  0.0000 0.5089 1.0000 0.4911  0.0000
Elasticity of intertemporal substitution: o
0.50 0.1113 0.9760 0.0737 -0.1610 0.6016 1.1975 0.3984 -0.1975
4.00 0.1069 0.8424 0.0781 -0.0274 0.5777 1.0336  0.4223 -0.0336

27



—TECHNICAL APPENDIX: NOT INTENDED FOR
PUBLICATION—

A First Order Conditions and the log-linearized version

A.1 Efficient Allocation

Let us focus on the efficient allocation problem, we have the following set of conditions in

equilibrium
Cl = (wr et T +(1-w)rcy T )" (25)
= (wrcys +a-w)rczs )" (26)
= (a2Ch, 5 +(1—a)scly ™ )7 (27)
CY, = ((1 — )¢ Cy), - + 0‘%02275%) o (28)
1

29
30
31

(29)

(30)

(31)

11 o1,
APy =(1—w)rCs »Cpr (32)
1
APy = wrasCly # Yo s CEe ™" (33)
1 1 111 Ll

At:wﬂ(l—a)v’Cglt ‘Pogt“’ POy (34)
Yie = Ci}lt + Cglt (35)
Yor = C%Zt + ngt (36)
Zi = CY, (37)
oy = Cft (38)

As can be immediately seen from (29)—(34), setting po = 1 corresponds to a separable utility

function as in this case

1

1 1
z - z — =
APf=(1—w)eCyy v
SR RO N
At:wpasocnt wCltw p
1 1 1
v o_ 5 SOY TS
APy =wre (1l —a)eCly ¢CY,»
1 1
y4 - zZ =
APy =(1—-w)rCs >
1 1 1 1
Yo s Y — W s,
APy =wraveChyy #Cx% 7

1 1 1 1 1
2 Ty Wit
At =wr(l—a)eCy), ¢Cye v

[

1
P
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A.2 Some steady state results

Let us focus on the steady state of the problem, we have the following set of conditions in

equilibrium

' = (wrCt T + (1 —w)rci )7 (39)
C? = (wrCy T +(1—w)prcs )" (40)
CY = (O‘;C‘qflt o +(1 —04)”01250%1)ﬁ (41)
ct = (1- ey 5 +abcy, )™ (2
APF = (1—w)rCi v 7 (43)
A= wﬂaicm_%C’fsﬂ Gl (44)
APY = wi(1—a)sCY, ¢ CVe v CLe 7 (45)
AP = (1 —w)rCE vC20 7 (46)
APY = wrawCly, #CYs 5207 (47)
A=wr(l1—a)vCY #CYe vC2r 7 (48)
Vi =Cfy, + 03 (49)
Yy = CY, + CY, (50)
7, = C? (51)
Zy = C} (52)
QY = B(QY + Y1) (53)
Q5 = B(Q5 + PyYa) (54)
Qi =pBQi + P Z1) (55)
Q5 = B(Q3 + P5Z) (56)

1

1 1
Note that defining P! = (a + (1 — a)Ple_“O) "¢ and Py = (ozPle_“O + (1 — a)) "¢ equations
(44)—(45) and (47)—(48) reduce to
—y 1 g1 1i—0
APl =(1—-w)rC{ »2C"* (57)
_ 1_
APY = (1—w)rCY v 027 (58)
Let focus on the case of a symmetric equilibrium: Y, =Y, =Y, Z; = Zy = Z, CF = (5,

C' = (2, CY, = CY, and CY, = CY,. We first give conditions such that P} = Py = P§ = Pf =

P; = 1. Since we will restrict ourselves to a symmetric economy, it will be sufficient to only
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consider the domestic economy. In this case, using (43) and (57), we get

P; (1—w)rCi
Pl (1—wpcy s
Hence, we have
P 1 C; 1-w
PY N Y w

Note that once we have P} = 1, it follows from its definition that Py = 1, and therefore Py = 1.
Also note that, in equilibrium, we have C§ = Zy, and C{ = CY, + Py CY, = C{, +C{, = C},+C%;
(the last step follows from symmetry). Since in equilibrium C}{; + CY; = Y3, it follows that
C{ = Y1. Hence, in order for relative prices to be equal to unity in the steady state it is

sufficient that the ratio of endowment be given by

Zl_ZQ_Z 1—w

i Y, Y w
This is the assumption we make in the paper.

With relative prices equal to unity, in a symmetric equilibrium equations (44)—(45) and (47)—(48)

imply
a _1—a_ « _1—a

y y Ty Y
Cll C112 022 021

which produces

a 1 1 Y,
—_— = = — & —= =
Cli Ch+C5 W Y
and similarly,
Ol Ch _ e T _ Ch
Y Y, o an Y Y, «

Asset prices in the deterministic steady state can be easily determined. With relative prices

equal to unity, we have

Qr =2
1-p
where i = {1,2} and = = {y, z}. A direct consequence is then that Q*/QY = Z/Y.

Z
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A.3 Log-linear Representation

The log-linear version of this system is given by

cf =wcd, + (1 —w)zy
¢ = wey, + (1 — @)z
cfy = acy + (1 — a)cfy
¢ = (1 — a)eyy, + achy,

l1—-0 z
pclt_% = M\ + pis

p
1 1 1- Y
<___> Cll/t+ Jpclt—ﬁ =M
Y P P ¥
1 1 1-0 ¢!
<___> it = e = 2 =
Y P P ¥
1—0 Z9
P ot — - = N+ DYy
1 1 l1-0
yu = acjy + (1 —a)cyy,
yor = (1 — a)ciy, + achy
1 _p=1 1 _p-1 1_p-1
where w =wry ¢ [(wey ¢ +(1—w)rz » )
A.4 Solving the Log-linearized Version
From (69) and (70) we get
y _ Yu—ady
£
P achy
12t 1—a

Plugging this last result in (61) and (62), we get

cfy = yau + acty, — achy,
chy = Y1t + achy, — acfy,
therefore, using (59) and (60), we obtain
ct1 = wac]y, — wachy, + wya + (1 — @)z

2 _ y y
C; = wacyy, — woct;, + wy + (1 — @)z
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Using (71)—(76) in (64) and (68), we get

11 y y —9p y y 1y
At = P (yor + ey — acgy) + T(wacllt — Wy + wyx + (1 —@)21) — o
11 l-0o cl
At = <; - ;) (y1e + achy, — acfy) + ’O(wacg% — wacly, + @y + (1 — @)22) — %
computing the difference, we get
<2a(p — ) n 20w(l—0p) 1 ) o <2a(p — ) n 20w (1 — Up)) &
Py p p(l—a)) M Py p 22
:<(p—<p)+W(1—0p)_ 1 >y1t_<(p—¢)+W(1—0p)>y2t
Py p o(1—a) Py p
l—-w)(l—0
Likewise, using (71)—(76) in (65) and (67), we get
y 11 Y y —op Y Y Yoy
Aty = — = — ) (Y2 + acfyy, — acyy,) + ———(wacyy, — wacyy, + @y + (1 —@)zn) — —=
Y P p ¥
1 _ Y

1 o C
At + DY, = (; - ;) (y1t + acly, — acly,) + Tp(wacgzt —wacly, + oy + (1 — @)z2) — %

computing the difference, we get

I

(=9  wl—0p 1 (lp—p) @A —0p)

_< o T b w(l—a)>y2t ( o T o >y”
Lo -op)

(z1¢ — 22t) (78)

Let us denote 7 = L5214 U208 4 = 1/5(1 — ) and ¢ = (1 - @)(1—0p)/p, ¢ty and cly, are

solution to the system

Y1t
<2a7—¢ —2ay ) (Ci’u) _ <7—¢ -y ¢ < > Yar
=20y 2ay—1p) \chy, -y y=¢ ¢ =) |2
22t
which has solution
Yit

(c%t) _ 1 <¢ —v(1+20) (1-2a)y ¢ —<> Yot
o) (W —day) \ (1—-2a)y ¢Y—v1+20) —¢
22t
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We have
(p—da(l —a)(p— ¢+ wp(l —0op)))

Y —day =

pp(l—a)
B o) = = (1 +20)(A —a)lp— ¢ +wp(l — 0p)))
v-nl+20) pp(l — )
Cog)y = (1 =20)A —a)(p—p+ wp(l —op))
(1=2eky pp(l—a)
¢ = (1 -=)(1—o0p)
p
Therefore, we have
o = (A+all —2a)(p—p+wp(l - Up))y (1-20)(1—a)(p—¢+mp(l - Up))y
M (p—da(l-a)p—p+me(l—0p) " (p—da(l—a)lp—p+mp(l—0p)""
N (1-@)(1—0p)p(l —a) o (I-w)(d —op)e(l —a) .
(p—da(l —a)(p—p+wmp(l —0p))) (p—da(l —a)(p— o+ wp(l —0p)))
and
o _(1=20)0—a)(p—p+mp(l — ap))y L= (Aol —20))(p— ¢+ wp(l - Up))y
2 (p—da(l—a)(p—p+mp(l—0p))"" " (p—4a(l—a)(p—p+me(l—0p))
B (1-@)(1—0p)p(l —a) _ (I-w)(d —op)e(l —a) .

(p—4a(l —a)(p— ¢ +wp(l —0p))) (p—4a(l —a)(p— ¢+ wp(l—0op)))

Using 71 and 72, we get

w p=(1-(1-a)1-2a))(p—p+wp(l - ffp))y1 _a(l=2a)(p—p+mp(l —0op)) ,
2 (p—da(l —a)(p— ¢+ mp(l —0p))) Y lp—4a(l-a)(p—pt+mp(l—0p) "
B a(l —w)(1 —oap)p s a(l —w@)(1 —op)p B
(—da(l—a)p—p+me(—op) " (p—4all —a)p— ¢+ @e(l—0p))
and
o od-2a0)(p— o+ wp(l —o0p) I a(l — (1 —a)(1 —2a))(p— ¢+ mp(l —op))
2 (p—da(l—a)(p— o+ mp(1—0p)))" (p —4a(l = a)(p — ¢+ wp(1 — 0p)))
N o(l —@)(1 —op)y a(l —w@)(1—op)p -

(p—da(l—a)(p—p+we(l—0p) " (p—4a(l—a)(p— ¢ + we(l —0p)))

The traded good aggregates are then given by

w _p—201-a)(p—p+wp(l —op)) (1 —a)(p—20(p—p+wp(l —0p)))
¥ p—4da(l—a)p—pt+me(l—op)" " (p—da(l —a)(p— ¢ + me(l—op))
201 -a)(1-w)(l-0p)p __ 20(-a)(l-w=)(1-0p)p
(p—4a(l—a)(p—p+wp(l—0p)) " (p—4a(l—a)(p— ¢ +wp(l—0op)))
w _(=a)(p—2a(p—p+wp(l —0p))) alp—2(1 —a)(p— ¢+ wp(l —ap))
2" p—da(l—a)p—p+ama(l—ap)) " (p—4a(l — a)(p— ¢ + @o(l — ap)))
20(1 — a)(1 — w)(1 — ap)yp 2a(1 - a)(1 — w)(1 - ap)p

T —tal—a)p—p+mpl—ap) " (p—dall—a)p—p+mp(l—p)) X

2t
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and the consumption aggregates take the form

o _malp—2(1—a)(p— ¢ +wp(l — Up))y L @ = a)(p—20(p — ¢ + wp(1 — 0p)))
T —dal-a)(p—e+mp(l—0p) " (p—4da(l—a)(p— ¢+ we(1—0p)))
L A= @)(p(1 — 4ol — o)) + 201 — )92 — w(1 = 0p)))
(p—4a(l —a)(p— ¢+ wp(l—0op)))
B 2wa(l —a)(1 —w)(1 —op)p
(p—4a(l —a)(p— ¢ +wp(l —0p)))
2wl —a)(p—2a(p—¢+wp(l - Up)))y L melp =201 =~ a)(p — ¢ + wp(l =~ 0p))
T p—4a(l-a)p—p+mpl—0p) T (p—4da(l—a)(p— ¢+ mp(l —0op)))
B 2wa(l —a)(1—w)(1 —op)p s
(p—4a(l—a)(p—p+mp(l—ap))
L 1= @)1 — 4ol — o)) +2a(1 — )92 — w( — 0p)))
(p—4a(l —a)(p— ¢+ wp(l—0op)))

Yot

21t

22t

Yot

22t

Prices are then given by

1 —w(l—op) (1-20)(1 —w)(1 —0op)

P == da(i—a)(p—ptwel— o) Y T )=+ el — o))
7 _plap+ (1 —a)p) — (1 —a)(p+2ap)(p— ¢+ mp(l - Up))yu
Y pp(p —4a(l —a)(p — ¢ +wp(l —op)))
L 1=a)((p = 200)(p — o+ wp( — 0p)) — plp — so))%t
pp(p—4a(l —a)(p — ¢+ wp(l —op)))
L 1= a) —op)((1 = 20)(1 — w)p + 200(1 + @) — (ol — )+ (1 —da(d —)p)
p(p —da(l —a)(p— ¢+ @wp(l —op)))
_ (A =20)p+2ap)(1 ~ a)(1 ~w)(1 —0p) |
plp—da(l—a)(p— ¢ +we(l—0op)))
v, _plap+ (A —a)p) —alp+2(1 —a)p)(p— ¢+ wp(l - Up))yu

pp(p—4a(l —a)(p — ¢+ wp(l —op)))
_alplp—¢) = (p—2(1 —)p)(p — ¢ + wp(l —ap))
pe(p —4a(l —a)(p — ¢ +wp(l —op)))
Ca(l-—=m)(d —0p)(20 —a)p+ (1 —2(1—a))p)
plp —da(l —a)(p — ¢+ wp(l —op)))
a(l—op)((1-2(1 - )1 —@)p+2(1 - a)p(l + @)) — (da(l — a)p + (1 — 4a(l — @))p)
p(p—4a(l —a)(p— ¢ + wp(l — op)))

Yot

21t

+ 22t

We can finally get A\

e (1 —w(l —op))(p—2a(1 —a))(p— ¢+ mp(l - Up))yu

pe(p —4a(l —a)(p — ¢+ @wp(l —op)))

20(1 —a)p(1 —@(l —0ap))(p — ¢+ wp(l —0p))

pe(p —4a(l —a)(p — ¢+ @we(l —op)))

a(l —@)(1 —op)(p —2(1 —a)(p — ¢ + wp(1l — 0p)))
p(p—4a(l—a)(p— ¢+ @p(l - 0p))) .

(1 -a)d - —0p)(p—2a(p — ¢+ wp(l —ap)))
p(p —4a(l —a)(p— ¢+ @p(l —0op)))

Yot

22t
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A.5 Properties of the Solution

In the following, we review some properties of the log—linear solution of the model and report

the proofs of the main propositions reported in the main text.

Lemma 1 The dominator of each coefficient involved in the solution of the efficient allocation is

positive.

Proof: The denominator of each coefficient is always proportional to
A=p—da(l—a)(p—¢+wmp(l —0p))
which rewrites
A=p(l-4a(l —a))+ powpda(l —a)+4a(l — a)p(l —w)

By definition, 0 < @ < 1 and since 0 < « < 1, we have 4a(1 — «) < 1. The result follows.
Q.E.D. O

Result 1 The effects of traded goods shocks on efficient consumption: In equilibrium, the impact
effect of a traded goods shock satisfies

oct, 1 a(l —2a)p 1
>0 a>-orp> and o < = 79
Ayt 2 "7 Ut all—20)1 - w(1—op)) 2 (79)
(90?“ 80% p 1

>0, —L <0e=p=S—"  gnda==> 80
Iyjt Oyt = 1-w(l—op) sy (80)

Proof: Let us first prove the first part of the result. Given that the denominator is positive,
and looking at the solution for ¢?.,, the sign of the response to y;; is given by the sign of

it
p—(1+al—=20)(p—e(l-w(l-0p))
This quantity is strictly positive as long as

a(l —2a)p
1+ a(l-2a))(1—w(1—0p))

© >

When a > 0.5, the right hand side of the inequality is negative. Since ¢ > 0 by assumption,
the inequality is always satisfied in that case. When a < 0.5, the inequality must hold.

Let us now prove the second part of the result. Given that the denominator of the solution
is positive, a € (0,1), w € (0,1), ¢ > 0 and p > 0, the sign of the coefficient in front of y;; in
the solution of cf;; and ¢}, is entirely determined by the sign of (1—2a)(p—¢(1-w@(1-0p))).
The result then follows.

Q.E.D. O

Result 2 The effects of endowment shocks on the relative price of traded goods: The impact effect

of an endowment shock on the relative price of the foreign traded good satisfies
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1.

2.

Shocks on traded

ol >0, ol <0
Oy Oyot
Shocks on non—traded
8pgt oph < <1
—2 50, =2 <0«<=op=landa ==
8z1t 82:215 op > ana « > 2

Proof:

1. We proved in result 1 that the denominator of the coefficient on endowments is positive.
Furthermore, 1 — w(1 — op) is positive. The result then follows.

2. Since the denominator of the coefficient is positive, the sign of the impact effect of a
shock on non—traded is given by the sign of (1 — 2a)(1 — po). The result follows.

Q.E.D. O

Lemma 2 Assume that op = 1 and that the elasticity of substitution between traded and non

traded goods is less than unity (p < 1), then the relative price of the foreign traded good increases

less than one for one following an increase in the domestic endowment, provided domestic and

foreign traded goods are sufficiently good substitutes (p > p + ﬁ)

Proof:Lemma 2 Since po = 1, dp4,/0y1+ reduces to

8pgt _ 1
oy p—A4a(l —a)(p—y)

In the case where p < 1 (the case we consider) we have

apgt
S <l<=p-—dal-a)ip—p) >1
8y1t
which amounts to
NS el
L da(l — a)

since o € (0,1) and p < 1 the second term is positive. Note that in a neighborhood of
a=0.5, 4a(l — a) ~ 1, it is sufficient that ¢ > 1.
Q.E.D. O

Proofs of Propositions

Proof (Proof of proposition 1): Given that the denominator is positive, a € (0,1), w € (0,1),
@ > 0and p > 0, the sign of the coeflicient in front of z.; in the solution is entirely determined
by the sign of op — 1. The result then follows.

Q.E.D. O
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Proof (Proof of proposition 2): Let us now consider the expenditures ratio
_ Cii + Py Cloy
C31, + P3,Coy
its log—linear approximation is given by
U = acly, + (1 — a)(ps; + cfay) — (1 — @)cqy, — alps, + chyy)

Making use of (71)—(72), this rewrites as

O

Or = 2a(cfyy — choy) + (1 = 20)p5, — (Y1e — Yr)
Plugging the solution of the log—linear version of the model, one gets
00y (1-20)(1-p—w(l—o0p))
dye  p—4a(l—a)(p—¢+wp(l —op))
Let us then consider the case where po = 1, this reduces to
o9, (1=20)(1—p)

Iy (1 —4a(l—a))p+da(l —a)p
Since we established in Result 1 that the denominator is positive, the sign of the latter
derivative is given by the sign of
(1= 20)(1 - p)
The result follows.
Q.E.D. O

Proof (Proof of proposition 3): As noted in the text, share holdings are constant to a first
order approximation and the budget constraints write

Home: SY,y1 + Sty Pyyor = CY,, + Py, CYy,

Abroad: S¥,y1t + Sy Psiyor = C3yy + P3,C3s,
Computing the ratio of the two budget constraints, we get
0, = St iyt + SToPYyor
S31y1e + S35 Payyae

which admits the log-linear version

S?llel S%QP:}/UZ 52y1yl ngpzyilﬁ

¥y = (P3:+y2t)

Y1+ - Y1t—
Sty + St Psye ! Sty + StoPsye S3iy1 + S5, P ya !

Making use of equilibrium on equity markets
St + 55 =1
Sty +5%, =1
and assuming symmetry (y1 = y2 =y, py = 1 and S}, = S5, = s) this reduces to

9y = (1 —25)(p%; + Y2t — Y1t

819t <8p32/f )
=(1-2 - —1
8y1t ( S) aylt

From Proposition 2, it is clear then in the case of complementary goods (p < 1) and home
bias (a > 0.5)

then

094

Oyt
Assuming that traded goods are highly substitutable (¢ > p + (1 — p)/4a(l — «)), we have
from lemma 2 that dp3,/dy1+ < 1. Then the condition for ¥; to decrease with yy; is that , s,
the share of domestic traded firms held by domestic agents be lower than 0.5.
Q.E.D. O

<0
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B Accuracy Issues
B.1 Higher Order Approximations

We first investigate the accuracy of the wealth and equity shares derived in the log-linear model
by computing the same shares under a second order perturbation. Table 10 reports the shares
under a first and a second order approximation for the two benchmark cases respectively. In the
case of a second order approximation, we report the average over 1000 simulations of the model.
For each simulation, we generate a time series of 1000 realizations of the four productivity shocks.
For each realization, we solve the model and compute the equity shares. We then average the
shares over the 1000 realizations to get the average share for a particular simulation. From
the resulting distribution of shares we compute the average across simulations as well as the
standard deviation of the shares. This allows us to judge whether the constant shares obtained

in a first order approximation are a good approximation.

Table 10: Shares: Accuracy check

Wealth Shares Equity Shares
aj) afy ajy iy Sty St St St

Separable
P1 0.1050 0.7900 0.1050  0.0000 0.5000 1.0000 0.5000 0.0000
P2 0.1050 0.7900 0.1050 0.0000 0.5000 1.0000 0.5000 0.0000

(1.85e-4)  (2.69¢-4)  (1.35e-4)  (3.85e-5) (5.85¢-6)  (1.76e-6)  (1.86e-5)  (1.05e-7)
Cons. Bias
P1 0.1060 0.8150 0.0790 0.0000 0.5729 1.0000 0.4271 0.0000
P2 0.1060 0.8150 0.0790 0.0000 0.5729 1.0000 0.4271 0.0000

(1.97e-4)  (2.40e-4)  (1.22e-4)  (4.21e-5) (7.79¢-6)  (1.92¢-6)  (2.34e-5)  (1.10e-7)

Note: Standard errors into parenthesis.

Two main results emerge from the table. First, solving the model at a higher order approximation
does not make any difference for the level of wealth and equity shares. In a companion paper,
using a related model we show that the same is true even when one uses much higher order
approximations. Second, the shares when computed from a higher order approximation method
do not display any volatility. For instance, in the consumption bias case, the largest volatility
observed in wealth shares is about 0.002%. Consequently, working with constant shares in this
economy does not compromise the ability of the model to address the international portfolio

bias problem.
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B.2 Checking for Market Completeness

Recall that we determine the wealth shares by projecting the budget constraint of the household
on each of the four shocks (see equation 14). Under a first order approximation, this method
delivers constant shares. Since the four wealth shares must sum to unity, we actually have five
equations in these four unknowns. Markets are effectively complete if there is a solution for the
wealth shares satisfying all five equations — thus making the following equation hold for all
realizations of the shocks

M(%;) @ oy = L(#) (81)

where %; contains the four shocks of the model. When solving for the four shares, we use three
of the projections together with the condition that the wealth shares add up to one. One way
of checking for market completeness is by inspecting the residuals of the remaining —omitted—
projection. In particular, we obtain three wealth share from the projection of equation (81) on
the first three shocks and then obtain the fourth share from the requirement that the shares
add up to unity. We then substitute the shares in the —omitted— projection of equation (81)
on the last shock and check the size of its residual from zero. We repeat this for every possible

combination of the four projections. The results are reported in Table 11.

Table 11: Checking for Market Completeness: Residuals

Separable Consumption Bias
Projection P1 P2 P1 P2
(y,y*, 2) 0.1854e-8 0.6397e-5 0.1343e-8 0.6998e-5
(y,y*,2*)  0.1854e-8 0.6384e-5 0.1343e-8 0.6983e-5
(y, 2, 2%) 0.1854e-8 0.6399e-5 0.1343e-8 0.6999e-5
(y*,z,2*) 0.1854e-8 0.6385e-5 0.1343e-8 0.6984e-5

The first column tells which of the four projections were used in the calculation of the shares. The
second and third columns report the absolute value of the residual from the missing projection
for, respectively, the first order (P1) and the second order (P2) approximation in the separable
case. The last two columns report the same information in the consumption bias case. Under
a first order approximation, the residuals of the last equation are essentially zero in both cases,
hence, up to a first order approximation, markets are effectively complete in this economy.
Under a second order approximation, we need to solve each system of equations (projections)
for each realization of the shocks. We therefore simulate the model and solve the system for
each realization of the shocks. We then compute the average of the absolute value of the
residuals of the missing equation across simulations. We simulate the model 1000 times and
generate a time series of 1000 observations for each draw. As can be seen from the table, the

residuals are negligible also in the case of a second order approximation, an indication that
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market completeness extends to higher orders of approximation.

An alternative to this approach is to check whether the risk sharing condition is satisfied. In a
perfectly symmetric world, perfect risk sharing implies that the marginal utility of consumption is
equated across countries.?* An equivalent statement is that the Lagrange multipliers associated

with the foreign and domestic households’ budget constraint are equal.

Due to the constancy of equity shares the budget constraint of the household takes the simple
form ) )
Pjtcgljt + PCh = Z Pﬁ}/}tsgj + P 2155
j=1 J=1
Using the equity shares from Table 3 in the budget constraint and solving the optimization
problem of the domestic and foreign household allows us to compute the Lagrange multipliers.
Perfect risk sharing means that the domestic and foreign Lagrange multipliers are perfectly
correlated. We draw a time series for each shock and use the solution of the model to compute
the average and the standard deviation of the Lagrange multiplier in each country as well
as their correlation. We also report the maximal absolute deviation between the two Lagrange
multipliers. The moments are averaged across simulations. As in the preceding case, 1000 draws

of length 1000 are simulated. The results are reported in Table 12. These results establish that

Table 12: Risk Sharing: Checking Lagrange Multipliers (A1, A2)

E(A1) 100 x (A1)  E(A2) 100 x o(A2) Corr(Ar, A2) max(|A\1 — Az])
Separable  0.0441 0.1454 0.0441 0.1454 1.00 1.5960e-7
Cons. Bias 0.0342 0.1129 0.0342 0.1129 1.00 2.4037e-7

the Lagrange multipliers are the same across the two economies: They have the same average
and standard deviation are perfectly positively correlated. The maximal absolute deviation is
about le-7, less than the tolerance criterion used when solving the non-linear problem. It is
worth noting that this test is extremely demanding as it actually tests for the joint hypothesis

that (i) there is perfect risk sharing and (7i) equity shares are constant over time.

Finally, we carried out one more test. We imposed three of the four equity shares and let the
households determine their optimal quantity of the fourth share. An advantage of this procedure
is that it does not require the imposition of perfect risk sharing and also does not suppress the

dynamics. In this case, the budget constraint takes the form

2 2
Q?{tsglﬂrl + Z szc%t + P05 = ( Z1lt + Pﬂylt)sgu + PQZ:Y%S@% + Z PththSiZj
j=1 j=1

34In a non symmetric world, perfect risk sharing implies that two marginal utilities be proportional across
countries— the proportionality factor being given by the ratio of initial wealths.
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Again we then solve the model at the first and second order and simulate it. The same experiment
is repeated for each possible three share subset of the four equities. Table 13 reports moments
on the derived equity shares. Tables 14 and 15 report moments for the Lagrange multipliers
using respectively a first and a second order approximation. Again the results establish that the
model exhibits market completeness, that is, risk is perfectly shared across the two countries.
Note that the ”free” equity share, as computed by this method, is exactly equal to that obtained

under perfect risk sharing and is also constant over time.

Table 13: Equity Shares

P1 P2
S* E(S5) a(S) E(S) a(S)

Separable

SY, 0.5000 0.5000 2.14335e-9 0.5000 2.14335e-9
St 0.5000 0.5000 2.56456e-9  0.5000 2.56459e-9
Sy, 1.0000 1.0000 4.07866e-10 1.0000 4.07896e-10
ST 0.0000 0.0000 6.46943e-10 0.0000 6.46944e-10
Cons. Bias

S 0.5729 0.5729 8.67822¢-9 0.5729 8.67822¢-9
ST 0.4271 0.4271  7.33902e-9 0.4271  7.33903e-9
Sy, 1.0000 1.0000 5.05901e-10 1.0000 5.05903e-10
S, 0.0000 0.0000 1.95961e-9 0.0000 1.95961e-9

Table 14: Lagrange Multipliers (A1, A2), P1

E()\l) 100 x 0‘()\1) E()\Q) 100 x U()\Q) COI"I"()\l, )\2) max(|)\1 — )\2|)

Separable

S 0.0441 0.1452 0.0441 0.1452 1.00 3.77699¢e-9

ST 0.0441 0.1452 0.0441 0.1452 1.00 4.49921e-9

SY, 0.0441 0.1452 0.0441 0.1452 1.00 2.08635e-9

S%, 0.0441 0.1452 0.0441 0.1452 1.00 4.22181e-9

Cons. Bias

Sy 0.0342 0.1128 0.0342 0.1128 1.00 9.50948e-9

St 0.0342 0.1128 0.0342 0.1128 1.00 8.06487¢-9

Sf2 0.0342 0.1128 0.0342 0.1128 1.00 2.4594e-9
% 0.0342 0.1128 0.0342 0.1128 1.00 9.07048e-9
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Table 15: Lagrange Multipliers (A1, A2), P2

E(A\1) 100 x (A1)  E(A2) 100 x o(A2)  Corr(Ar, A2) max(|A\1 — Az2])

Separable

SY, 0.0441 0.1452 0.0441 0.1452 1.00 3.78899¢e-9

S% 0.0441 0.1452 0.0441 0.1452 1.00 4.55496e-9

S%’Q 0.0441 0.1452 0.0441 0.1452 1.00 2.13807e-9
To 0.0441 0.1452 0.0441 0.1452 1.00 4.21243e-9

Cons. Bias

St 0.0342 0.1128 0.0342 0.1128 1.00 9.4976e-9

St 0.0342 0.1128 0.0342 0.1128 1.00 8.05011e-9

Sy, 0.0342 0.1128 0.0342 0.1128 1.00 2.51532e-9

S 0.0342 0.1128 0.0342 0.1128 1.00 9.0204e-9

C Model Extensions
C.1 A Model with a Distribution Sector

The world consists of two countries, indexed by ¢ = 1,2. In each period, each country receives
an exogenous endowment of a traded, Y;; > 0 and a non—traded Z; > 0, good. The goods are

perishable. We use %, = {Yi, Zit;i = 1,2} to denote the vector of endowments.

Country ¢ is inhabited by a representative agent whose preferences are described by

071
E, Z ﬂtﬁ with o > 0 (82)
t=0
Ci: denotes total consumption in country ¢. It consists of traded and non traded goods according

to the specification

p—1 1 p—1

P
1 —1
Cit = <wi"Ciyt7 +(1 —wi)PCﬁ/P) ’ wi € (0,1) and p >0 (83)

where C, (resp. C7) denotes the consumption of traded (resp. non—traded) goods in country i

at period t.

The traded goods aggregate combines domestic and foreign goods according to

p=1 £

o1
T,.7 )“’ a; € (0,1) and ¢ > 0 (84)

p=1

1
Cy = <a;°T. S (1-ay)

6=

2t 1]

where T;;; denotes the flow of services associated with the traded good j in country ¢ in period
t. The flow of services of good j in economy ¢, Tjj;, is produced by combining the traded good

and the non—traded good, according to

1

oy S Loy S =
Tijt = 'yl-jC’ijt T+ (1- ')’ij)CZijt ¢ vij € (0,1) and ¢ >0 (85)
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where C’,Lyjt (resp. Zf’jt) denotes the consumption of the traded (resp. non-traded) good j in

country ¢ at period t.

The individuals have access to an equity market where shares of the firms that own the en-
dowments of the four goods (the four “trees”) can be traded. The budget constraint of the

representative household in country i takes the form

2 2
QU + QS + PHCY,| + PiCE = 3 [(QU + PRY;0)SY, + Q3 + PiZi) S
j=1 j=1
(86)
where Pﬁ and P, are the prices of the traded and non—traded good j respectively. Sg/jt denotes

the number of shares of traded good j owned by the households in country ¢ at the beginning of
period ¢t while SZ; is the number of shares of the non-traded good. The price of traded goods
shares is Q?t and that of non—traded is )5,. The traded goods shares yield a dividend of P]%th
and the non-traded ones P;Zj;. Note that there are four assets (equities) in the model and
four independent sources of uncertainty. This implies that the equity markets in this model can
support the complete asset markets allocation of resources up to a linear approximation. As in

Kollmann, 2006b, we will use this equivalence to determine asset holdings.

The household’s consumption/portfolio choices are determined by maximizing (82) subject to
(83)—(86). The domestic traded good will be used as the numéraire good. Then the evolution

of asset prices is given by the standard Euler equations

Q?t)‘i = BB} ( ?t+1 + PﬁHthH)
S = BEN 1 Qi + Piiv1 Zjer)

where 7,7 = 1,2. Since asset markets are complete and the two economies are perfectly sym-

metric,3® we have A} = \?.
Market clearing requires

Zyy = COf + Ziy, + Ziy,
Zy = O3 + Zyy, + Z3y,
Yie = Ci/u + C2ylt
Yo = Cy, + Cly

The equilibrium satisfies the FOCs of the optimization problems of the representative agents
in the two countries and the market clearing conditions. Since asset markets are effectively

complete, the solution of the model can be determined without any need to know equity shares.

35Relaxing the perfect symmetry assumption would simply have implied that A} oc A? where the proportionality
factor is given by the relative initial wealth ratio.
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We use the same endowment process as in the main text.

The parametrization of the model is the same as in the benchmark model. We only need to
assign values to the two parameters pertaining to the production of flow of services, v and . We
consider a separable version of the model with no home bias. Given the corresponding calibration
for our benchmark model, this case corresponds to a situation where v = 0.5 and { = 0.5. As
a second experiment, we consider a version in which we relax separability, while maintaining
the assumption of no home bias, by assuming that the two traded goods are complements. In
this case, we keep v = 0.5, and set ( = 0.25. We finally —arbitrarily— assume that about
one—fourth of the local goods is non-traded (say, 2.5%) rather than exportables. This implies
that the true share of domestic exportables in the domestic consumption basket is only 8%
rather that the 10.5% we used earlier (10.5% — 2.5%). This leads us to set o = 0.4683. We call
this the case of bias in traded consumption. Table 16 then reports the wealth and equity shares

for these calibrations, as weel as the import share (s;,). As can be seen from the table, in the

Table 16: Model with distribution sector

Wealth Shares Equity Shares
Sm ayy afy Ay iy St St Sy St
Separable case 0.105 0.105 0.790 0.105 0.000 0.500 1.000 0.500 0.000
Non—Separable case 0.105 0.105 0.765 0.105 0.025 0.500 0.969 0.500 0.031
Bias in Traded 0.105 0.068 0.780 0.129 0.023 0.346 0.972 0.654 0.028

separable case, the total share of foreign equities in total wealth (af, + af,) is exactly equal to
the import share. In other words, taking the distribution sector into account does not alter the
key implication of the model. Note that this still holds under departures from the separable
case (lowering (). Similarly, even withe home bias, the total share of foreign equities in total

wealth (0.1520) remains close to the import share (0.1050).

C.2 A Model with Housing

The world consists of two countries, indexed by i = 1,2. In each period, each country receives
an exogenous endowment of a traded, Y;; > 0 and a non—traded Z;; > 0, good. The goods are

perishable. We use % = {Yj;, Zi1;i = 1,2} to denote the vector of endowments.

Country ¢ is inhabited by a representative agent whose preferences are described by
00 l1-0o
C.; 7 -1
E, § th; with o > 0 (87)
-0
t=0

Ci: denotes total consumption in country i. It consists of traded and non traded goods and
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housing according to the specification

_P_

1 1
—|—(1—w1i—w2i)%0ﬁp7>p w; € (0,1) and p >0 (88)

p—1

C’it = <wlng§ i +w2zc
where CY, (resp. C!, C%) denotes the consumption of traded (resp. housing services and non—
traded) goods in country i at period t.

The traded good aggregate combines domestic and foreign goods according to

_P_

L*l 1 =1\ ¢-1
CY = “"Clylt +(1- a,;)%C’%t e a; € (0,1) and ¢ >0 (89)
where th denotes the consumption of the traded good j in country ¢ at period ¢.

The individuals have access to an equity market where the shares of the firms that own the
endowments of the four goods (the four “trees”) can be traded. The budget constraint of the

representative household in country ¢ takes the form

h
+ PCh + P Chy

2
Z[ él igt+1 + Q zt+1 + Q ]t+1 + PyCzyjt
j=1

2
= (@Y + PUY;0)SY, + (Qh + PhH) Sl + Q5+ PRZi)Si| - (90)
j=1
where p%/ P-h and P, are the prices of the traded goods, housing services, and non—traded good

j respectively. S?., denotes the number of shares of traded good j owned by the households in

ijt
country 7 at the b]eglnnmg of period ¢ while S? i 18 the number of shares of the non—traded good.
Likewise, S% it is the number of shares of housing. The price of traded goods shares is Q and
that of non-traded is Q3. Qit is the price of a share in housing. The traded goods shares yield
a dividend of P +Yj¢, housing yields RtHzt and the non—traded ones Pthth. Note that there are
six assets (equltles) in the model and six independent sources of uncertainty. This implies that
the equity markets in this model can support the complete asset markets allocation of resources
up to a linear approximation. As in Kollmann, 2006b, we will use this equivalence to determine

asset holdings.

The household’s consumption/portfolio choices are determined by maximizing (87) subject to
(88)—(90). The domestic traded good will be used as the numéraire good. Then the evolution

of asset prices is given by the standard Euler equations

Q?t = BEA; 4 ( gt+1 + PﬁHthH)
QUL = BE N 1 (Q 1y + Pl Hipt)
5N = BB 1 (QFe1 + Piiv1 Zjin1)
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where 4,7 = 1,2. Since asset markets are complete and the two economies are perfectly sym-

metric we have \} = A\?.

Market clearing requires that

Z = Clzt
Zoy = C3
Hyy = C:{Lt
Hyt = Cgt

Vi = Oty + O3y
Yor = Cly2t + C2yzt

The equilibrium satisfies the FOCs of the optimization problems of the representative agents
in the two countries and the market clearing conditions. Since asset markets are effectively

complete, the solution of the model can be determined without any need to know equity shares.

We use the same endowment process as in the main text. We however have to add an extra

endowment process for housing. We set the same process for housing as for the other goods.3°

The parametrization of the model is the same as our benchmark model. We however have to
assign values to the two parameters®” pertaining to housing. In particular, we have to select a
value for wo. We set it such that it matches the ratio of housing to equity wealth in household
balance sheets, which is about 0.75 on US data. This led us to set wy = 0.42856. We then ran
the same experiments as in the main text. Table 17 reports the wealth and equity shares for

these calibrations, as well as the import share (s,,).

Table 17: Model with housing

Wealth Shares Equity Shares
Sm oy afy afy A afy St St St ST ST
Separable case 0.105 0.105 0.361 0.429 0.105 0.000 0.500 1.000 1.000 0.500 0.000
Cons. Bias 0.105 0.106 0.386 0.429 0.079 0.000 0.570 1.000 1.000 0.430 0.000

As can be seen from the table, introducing housing does not affect our main results.

36We have also experimented with alternative processes. The results are left unaffected.
37Tt should be noted that in the separable case these parameter values for not matter for the main implication
of the model regarding the match between the wealth share of foreign assets and the share of imports .
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