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Abstract

Why do investors trade a lot in foreign assets and hold so little of them in their portfolios? This paper
shows that both observations can arise naturally in the presence of nondiversifiable nontraded consumption
risk when each country specializes in production, preferences exhibit consumption home bias, and asset
markets are incomplete. Using a general equilibrium two-country, two-sector (tradable and nontradable)
model of the world economy with production I show that low diversification occurs because variations in
relative prices (i) increase the riskiness of foreign assets and (ii) facilitate risk-sharing across countries. Large
and volatile capital flows are necessary to take advantage of international risk premia differentials that occur
in response to productivity changes in the nontradable sector. I characterize the optimal portfolio holdings,
the evolution of the investment opportunity set, the risk premium, and the dynamics of capital flows using
a new methodology for solving dynamic general equilibrium models with incomplete markets and portfolio

choice.
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Introduction

Investors around the world allocate most of their portfolios to domestic assets despite the apparent
diversification gains to be had from holding foreign assets. The potential welfare gains from international
diversification and investors’ unwillingness to diversify is a long-standing puzzle in international finance —
termed home bias. Another aspect of the home bias puzzle concerns portfolio flows. A number of studies
document that cross-border equity flows by domestic residents are large in magnitude and volatile, suggesting
that investors do try to take advantage of diversification opportunities abroad.? In fact, size and volatility
of U.S. portfolio flows (equity and debt inflows and outflows) exceed the volatility of U.S. current account
to GDP ratio. Furthermore, the size and volatility of portfolio flows across borders exceed the size and
volatility of portfolio flows in and out of domestic assets.* Overall, it seems as though investors trade too
much and hold too little of their portfolios in foreign assets. This paper develops a model that can reconcile
these two seemingly contradictory observations. It generates a bias in country portfolios towards domestic
assets together with large and variable international asset flows.?

The key feature that distinguishes this paper from earlier research on home bias is its analysis of a model
with incomplete asset markets. Specifically, my analysis is based on a set of primitive assumptions regarding
investors’ access to equity markets rather than on an assumption about the degree of risk-sharing achieved
in equilibrium. The novelty of my approach is that the degree of risk-sharing is determined endogenously
as part of the competitive equilibrium of the model T study. Consequently, I can address the fundamental
question of why investors hold most of their portfolios in domestic assets when it appears, a priori, that
international diversification could bring welfare gains by facilitating greater risk-sharing.5 Addressing this

question is the central task of this paper.

3For example, based on U.S. international investment position data from the U.S. Bureau of Economic Analysis (BEA),
U.S. holdings of foreign equities amounted to 37% of U.S. GDP and to 26% of U.S. stock market capitalization in 2007. At the
same time, according to the International Financial Statistics (IFS) from the International Monetary Fund (IMF), U.S. annual
gross portfolio lows amounted to almost 11% of GDP and 7.4% of capitalization in 2006. In terms of volatility, the standard
deviation of U.S. net equity assets (or equity outflows) and liabilities (or equity inflows) to GDP during 1990:1-2007:1 was in
the order of 0.17%, for U.S. net debt assets (or debt outflows) to GDP the number was 0.18%, while for U.S. net debt liabilities
(or debt inflows) to GDP the number was 0.54%. To put these numbers in perspective, during the same period, the standard
deviation of the ratio of the U.S. current account to GDP (Hodrick-Prescott filtered) was only 0.12%. Similar pattern also holds
in annual data on capital flows and current account. Lewis (1999) provides a survey of the literature on home bias in equities

and consumption, capital flows, as well as on welfare gains from diversification.
4Tesar and Werner (1994, 1995) provide detailed evidence on high volume and high turnover rate of foreign equity investments

in a sample of OECD countries. They show that the turnover rate on foreign equity is significantly larger than the turnover rate
on domestic equity. Warnock (2002) updates these statistics using the results of comprehensive benchmark surveys of foreign

equity holdings for U.S. and Canada, but still finds that foreign equity turnover is above domestic equity turnover.
5Throughout the paper I use the definition of capital flows that is conventionally employed by the national statistical

agencies and by the IMF’s IF'S database to record the transaction in the financial account of country’s balance of payments.
It records capital flows as changes in the holdings of assets measured at market prices. Any changes in market value while
securities are still in the holders possession (valuation changes) are omitted under this definition. An alternative definition of
capital flows will also include valuation effects that may arise from asset price and exchange rate variations. My focus in this

paper is on the former definition.
60f course, the presence of home bias does not in itself imply that risk-sharing is incomplete. For example, Heathcote and

Perri (2004) present a model in which world equilibrium is Pareto efficient and portfolios exhibit home bias.



My analysis uses a two-country general equilibrium model with two sectors: a tradable sector and a
nontradable sector. Both sectors are subject to stochastic productivity shocks. Each country specializes in
the production of its tradable good. Household preferences are defined over the consumption of three goods:
a domestic nontradable and a basket of domestic and foreign tradable goods. Households finance these
consumption expenditures by trading in equities issued by tradable firms in both countries, equities indexed
to domestic nontradable production, and bonds. In this setting, the home bias (in tradable portfolios) arises
as households try to hedge the fluctuations in their nontradable consumption even though productivity
changes are independent across sectors and countries. Variations in nontradable consumption also lead to
changes in risk premia, which in turn drive portfolio flows across borders.

The intuition for these results is the following. When preferences are complementary in the consumption of
a nontradable and a basket of tradable goods, any increase in nontradable consumption must be accompanied
by an increase in tradable consumption, both local and imported. Thus, households allocate a larger share of
their portfolios to tradable assets whose payoffs are high when their nontraded consumption is high. When,
in addition, local and imported tradable goods are imperfect substitutes, variations in the relative price of
the imported good perform two roles: First they correlate negatively with the relative supply of foreign
tradable dividends; second, they increase the variability of foreign tradable returns in the eyes of domestic
households. The first effect decreases the relative value of foreign equity payouts to domestic households.
The second effect makes the return on foreign assets riskier. The combination of these two effects inclines
households to increase their holdings of domestic equity and skew their portfolios against foreign assets.
Variations in the terms of trade are also associated with significant changes in the risk premia on tradable
assets. In equilibrium, the shifts in expected excess returns are accompanied by the changes in desired
households’ portfolios, which in turn trigger large and volatile international capital flows.

This paper builds on a large literature that studies the role of real exchange rate fluctuations for in-
ternational risk-sharing. Cole and Obstfeld (1991) studied a two-country economy with complete markets
and showed that when preferences are symmetric Cobb-Douglas or separable, any variation in relative en-
dowments induces an exactly off-setting change in relative price. As a result, any portfolio ensures perfect
risk-sharing across countries. Kollmann (2005) uses constant elasticity of substitution (CES) preferences with
home bias in consumption to generate portfolio home bias in an endowment economy. Uppal (1993) reaches
an opposite conclusion in a complete market general equilibrium setting with shipping costs.” Heathcote
and Perri (2004) extend this analysis by introducing production. As in Cole and Obstfeld (1991), changes
in relative prices facilitate pooling of risks across countries. ®
A big strand of literature extends this analysis to introduce non-traded goods, so that the relative prices

of non-traded goods contribute to the variation in real exchange rate.” Stockman and Dellas (1989) started

"Uppal (1993) shows that observed portfolios can not be justified by the consumption bias towards domestic goods. On
the contrary, investors that are more risk-averse than a log investor will prefer foreign stocks. The reason for his result is that
the real exchange rate is negatively correlated with foreign returns, making returns on foreign assets less risky than domestic

returns in the eyes of home investors.
8Recent work has extended the analysis by introducing additional shocks, assets, etc. (Coeurdacier, Kollmann, and Martin

(2007, 2008), Coeurdacier and Gourinchas (2008), Engel and Matsumoto (2008)).
9 Another source of non-traded risk is labor income risk. Its role for equity home bias was studied in Baxter and Jermann



this literature by studying an endowment economy in which investor preferences are separable in tradable
and nontradable consumption. They find that asset holdings are constant and the equilibrium portfolio
shares are equally split between home and foreign tradable equity, while domestic nontradable equity is
completely held by domestic investors. The implications of a richer preference specification are examined in
Tesar (1993), Pesenti and van Wincoop (2002), Baxter, Jermann and King (1998), Serrat (2001), Matsumoto
(2007), and Collard et al. (2007).

Tesar (1993) shows that when tradable and nontradable goods are complementary in consumption, the
deviations from an equally-weighted tradable portfolio towards a home biased tradable portfolio will be
welfare-improving if domestic nontradable productivity is more strongly correlated with domestic than for-
eign tradable productivity. Pesenti and van Wincoop (2002) derive an analogous result in a partial equilib-
rium framework and confirm it empirically using a sample of 14 OECD countries. Serrat (2001) solves for
the optimal portfolios in an endowment general equilibrium model in which preferences are defined over a
nontradable good and a basket of home and foreign tradable goods. In his framework domestic investors are
the sole owners of local nontraded assets, while the home bias in traded portfolios arises under conditions
analogous to those in Tesar (1993) and Pesenti and van Wincoop (2002). Kollmann (2006) revisits Serrat’s
model and shows that when the consumption aggregator is Cobb-Douglas and asset markets are complete,
the optimal tradable portfolio remains equally-weighted, while the nontradable portfolio split becomes inde-
terminate. This result is reminiscent of Baxter, Jermann and King (1998). They argued that home bias in
tradable equity cannot arise in a static economy with complete markets and international trade in claims to
tradable and nontradable goods. Matsumoto (2007) studies asset allocations in the model with both non-
traded goods and nontraded factors and finds that the optimal traded portfolios are sensitive to parameter
values, especially the elasticity of substitution between different consumption goods and nontraded factors.
Collard et al. (2007) and Coeurdacier (2008) confirm this result and emphasize the role of consumption
home bias for optimal equity portfolios.

The key conclusion that emerges from this literature is that the degree of equity home bias that can
be attributed to the presence of nontraded goods or factors is sensitive to the preference and technology
parameters. In this paper I continue to focus on non-traded risk arising from the presence of nontraded good
in households’ consumption basket. However, relative to the existing literature, I add two new features to the
model — capital accumulation and incomplete asset markets. The first feature allows me to eliminate portfolio
sensitivity to some technology parameters, while the second feature turns out to be vital for understanding
both equity home bias and portfolio flows.

This paper is also related to the literature studying capital flows. Much of this literature limits interna-
tional trade in assets to bonds, i.e. risk-free bonds (Baxter and Crucini (1995), Ghironi (2006)) or nominal
bonds (Persson and Svensson (1989), Bacchetta and van Wincoop (2000), Devereux and Saito (1997)), or
complete markets (Stockman and Svensson (1987), Kollmann (2005), Obstfeld and Rogoff (1996)). In the
complete markets case with isoelastic utility and symmetric economies, equity holdings are constant and

thus equity flows are zero. Under the broader definition of capital flows, the latter can arise only due to

(1997), Engel and Matsumoto (2006), Matsumoto (2007).



changes in the value of assets.!? This is counterfactual, given that financial flows contribute almost 50% to
the variations in the U.S. net foreign asset position.!! More recently, Evans and Hnatkovska (2005a) and
Tille and van Wincoop (2007) study capital flows in a general equilibrium setting with incomplete asset
markets.!? Evans and Hnatkovska (2005a) focus on the properties of capital flows and do not study equity
home bias. Tille and van Wincoop (2007) present a very stylized model of endowment economy and do not
provide tests of their framework. In contrast, this paper allows for a richer modelling environment that is
frequently used in the study of international business cycles and conducts a test of the model by comparing
the properties of predicted asset holdings and portfolio flows with their data counterparts.

This paper studies equity home bias and high asset turnover jointly in a unified framework.!® In doing so,
it extends the existing literature along three dimensions. First, the optimal portfolios are studied in a general
equilibrium framework with incomplete asset markets. As noted above, existing research focuses primarily
on complete markets equilibria, which in combination with isoelastic utility and countries’ symmetry implies
that portfolio holdings are time-invariant. Relaxing the assumption of complete markets allows me to explore
the dynamics of international portfolio holdings as well as the properties of capital flows and factors driving
them. However, finding an equilibrium of a model with incomplete markets is challenging. In such an
economy any shift in the distribution of wealth affects the dynamics of interest rates and asset returns,
which in turn determine the variations in risk premia and investors’ portfolios. This requires that wealth in
each country is included in the state vector, which immediately leads to a number of technical difficulties.!*
The equilibrium of this model is obtained by using a methodology developed in Evans and Hnatkovska
(2005b).

Second, I assume that households’ preferences are specified in terms of a nontradable good and a basket of
tradable goods; one produced locally and one that must be imported from abroad. Preferences are assumed
to be nonseparable in the consumption of all three goods. Such a generalization allows me to nest the existing
results in the literature as special cases of my model.

The third dimension concerns production. I introduce production in the tradable sector. This allows

for tradable dividends to be endogenously determined by firms in response to different shocks. This feature

108tockman and Svensson (1987) show that in the economy with perfect risk pooling capital flows can arise only due to
changes in equity prices, rather than portfolio holdings. Bacchetta and van Wincoop (2000) allow for endowment and preference
assymetry to generate nonzero capital flows. In an overlapping generations model with trades in an international risk-free bond,
Ghironi (2006) shows that bond flows may be non-zero even with complete markets when elasticity of substitution between
traded goods is different from 1. That paper, however, does not allow for trades in equity shares. When households face
labor-leisure decisions, asset holdings may be changing over time, but current account remains zero (Coeurdacier, Kollmann,

Martin (2008)).
' This number is obtained from a variance decomposition of the U.S. net foreign asset position over 1989-2006 period using

dataset on the “Components of Changes in the Net International Investment Position” compiled by BEA.
12Devereux and Sutherland (2007) develop a method for studying variation in asset holdings, however, their paper focuses

on the methodological contribution and does not analyze portfolio flows explicitly.
13Tn a partial equilibrium mean-variance framework Amadi and Bergin (2006) show that a particular combination of fixed

and proportional costs on equity holdings is required to explain home bias in holdings and high turnover rates on equities. In

my paper both home bias and high equity turnover arise as a result of preference for local goods and incomplete risk sharing.
14The challenges relate to the dimensionality of the state vector, its conditional heteroskedasticity, and the nonstationarity

of the wealth processes.



proves to be useful because when asset markets are incomplete, the stochastic properties of the shocks are

15 However, the available estimates for sectoral

of first-order importance for households’ portfolio choices.
productivity processes in the literature are very dissimilar, thus implying different equilibrium portfolios. 1
get around this problem by assuming independent productivity processes, but allowing them to transmit
endogenously through the optimal investment decisions of the firms. Furthermore, I do not assume constant
returns to scale in production. When constant returns to scale are present, the dynamics of wealth become
monotonically related to the physical capital stock. It also implies that the expected returns on the risky
assets and their variances become equivalent to the corresponding moments of the return on capital. In this
setting expected excess equity returns are constant and changes in the risk-free rate are the only source of
variability in the investment opportunity set. In my model, variations in equity returns govern the variability
of households’ wealth and risk premia, which, in turn, are the key determinants of households’ portfolios.

My analysis produces the following main findings:

1. Market incompleteness in my model is quantitatively important. I find that the restrictions on asset

ownership significantly impede international risk-sharing in equilibrium.

2. The portfolios of households in each country exhibit a significant degree of home bias. Moreover, the

degree of bias is comparable with the bias in the international positions of U.S. investors.

3. The equilibrium bond and equity flows between countries are large and variable. There is nothing
inherently contradictory between home bias in portfolio holdings and a large amount of international

asset trade. In fact, equity flows generated by the model are larger than their empirical counterparts.

The paper is organized as follows. The next section sets up the model. Section 2 describes the equilibrium
behavior of households and firms. Section 3 develops the intuition for the home bias. The solution procedure
and calibration of the model are described in section 4. Section 5 analyses the equilibrium properties of the

model. Section 6 concludes.

1 The Model

The world consists of two symmetric countries: home (H) and foreign (F). In what follows, I will refer to
the home country as the US and to the foreign country as the rest of the world (ROW). Each country is
populated by a continuum of identical households who supply their labor inelastically to domestic firms.
Two types of firms exist in each country: (i) firms that specialize in production of a tradable (T) good, and
(ii) firms that receive an endowment of a nontradable (N) good. Both firm types issue equity on the domestic

stock market.

15Tn the context of an endowment economy this result is shown in Tesar (1993) and Coeurdacier (2008).



1.1 Firms

There is a continuum of perfectly competitive tradable good firms in each country. A representative US firm

owns all of its capital stock, K}', and produces output, Y}, according to
v =z (K}’

where Z}' denotes the exogenous state of productivity. The output of traded goods in the ROW, Y[, is
given by a symmetric production function using capital, K}, and productivity Z;. Hereafter, I use the term
tradables to refer to traded goods produced by US and ROW firms.

At the beginning of each period, firms in the tradable sector observe the state of productivity and decide
how to allocate their output between investment and consumption goods. Output allocated to consumption is
supplied competitively to US and ROW households and the proceeds are used to finance dividend payments
to the owners of the firm’s equity. Output allocated to investment adds to the stock of physical capital
available for production next period. I assume that firms allocate output to maximize the value of the firm
to its shareholders. If the total number of shares issued by the US firm is normalized to one, then the

optimization problem of the US firm producing tradables can be summarized as
o]
B3 My Dl
¢ i=0

subject to
I?:K;IJA_(]-_(S)K?’ and D?:Y;H_I?a

where § > 0 is the depreciation rate on physical capital, I}' is the real investment, and D} is the dividend per
share paid at ¢. M4, is the US household’s intertemporal marginal rate of substitution (IMRS) between
the consumption of US tradables in period ¢ and ¢ + ¢, with M;; = 1. E; denotes expectation conditioned on
information at the start of period ¢. The representative ROW firm producing tradables solves an analogous
problem. It chooses I; to maximize the expected present discounted value of dividends per share, D} ;, using
the ROW household’s IMRS, Mtﬂv,t. I assume that the US tradable good is numeraire. The ex-dividend
price of a share in the representative US and ROW tradable firm (measured in terms of their respective
tradables) is P}' and P}.

There are two notable features in the formulation of the firm’s problem above. First, firms in each country
use the stochastic discount factor of domestic households to value the firm. This formulation embodies the
idea that investment policy of the firm and its ownership are linked. In particular, the production decisions
are made to represent interests of a majority of firm’s shareholders. Such environment was formalized in
DeMarzo (1993), Tvede and Crés (2005), Kelsey and Milne (1996). In the equilibrium of such model, the
optimal investment and dividend policies of the firm are such that if shareholders choose their optimal
portfolios based on the expectation of these policies, their expectations will be validated because these
policies are optimal given the shareholdings. In other words, the optimal plans of the firm are consistent

with the rational expectations of shareholders about the decision mechanism of the firm. In my model, this



corresponds to the objective function of the firm based on the domestic shareholders’ stochastic discount
factor.'0

Second, the production technology exhibits decreasing returns to scale. This assumption allows me to
break the link between the ex-dividend value of the firm and the market value of the end-of-period capital
stock which arises when technology has constant returns to scale. In the latter case, if investment is perfectly
reversible and there are no capital adjustment costs, then the unit price of capital in place is equal to the
price of the numeraire consumption good. As a result, tradable equity returns and their moments are equal to
return on capital and its corresponding moments. When the innovations to productivity are homoskedastic,
the expected excess returns on tradable equities are constant and it is only changes in the risk-free rate
that lead to the variability of household’s investment opportunity set. One way to break the link between
equity prices and capital stock is to allow the price of capital to deviate from 1. This can be accomplished by
introducing frictions, such as investment irreversibility, capital adjustment costs (as in Tille and van Wincoop
(2008)); or by adding shocks that are investment-specific (as in Coeurdacier, Kollmann, and Martin (2008)).
In my paper, I continue to work with frictionless environment and standard productivity shocks, but instead
assume decreasing returns to scale. This provides an endogenous way for breaking the link between the value
of firm’s equity and its capital and allows for endogenous variations in equity risk premia. The latter are
key in determining equilibrium portfolios.

Production in the US and ROW nontradable sectors does not require capital. Outputs of nontraded
goods in the US and ROW (hereafter nontradables), denoted by Y}¥ and Y;¥, are produced by

Y)Y = k2, and Y] =kZ],

where k > 0 is a constant, and Z} and Zt\ denote the period—t state of nontradable productivity in the
US and ROW respectively. Nontradables can only be consumed by domestic households. The proceeds are
paid out as dividends to firm’s shareholders. The number of shares issued by the representative nontradable
firm is normalized to unity. As a result, D} = Y;¥, and D} = Y;¥. The ex-dividend price of a share in the
representative US and ROW nontradable firm, measured in terms of nontradables, is P} and Ptx, respectively.

The productivity processes in the tradable and nontradable sectors, summarized in z; = [In Z}',In Z7],

In Z¥,1n Z}], are governed by an AR(1) process:
Zt = azt—1 + €y,

where e; is a (4 x 1) vector of i.i.d. normally distributed, mean zero shocks with covariance Q.

16 Another way to define the objective of the firm when markets are incomplete is based on the considerations of efficiency:
no alternative production plan can make some shareholders better off and none worse off. This approach is proposed in Dreze
(1974), Grossman and Hart (1979). It implies that firms value dividends using a weighted average of domestic and foreign
stochastic discount factors, where the weights are determined by the proportion of the firm that different households hold.
Sabarwal (2007) shows that under some conditions firm’s value maximization based on efficiency considerations is consistent

with the decentralized process of shareholder control.



1.2 Households

Each country is populated by a continuum of households, whose preferences are defined over the consumption
of several goods: a composite tradable and a domestic nontradable. The preferences of US households are

represented by
By ZﬁzU( tT+i’ 715\]+i)’ (1)
i=0

where 0 < 8 < 11is the discount factor, and U(.) is a concave sub-utility function defined over the consumption

of a basket of tradable consumption, C}, and US nontradable consumption, C} :

Sl

UCT,CY) =1n AL (CM)? + A2 (c)?] 7,

with ¢ < 1. Ay and Ay = 1 — A; are the weights the household assigns to tradable and nontradable con-
sumption, respectively. The elasticity of substitution between tradable and nontradable consumption is
(1—¢)~! > 0. Preferences for ROW households are similarly defined in terms of the consumption of a basket
of tradables and ROW nontradables, Cf and CY : U(CF,CY).

The tradable consumption basket in the US, Cf, is given by a CES aggregator over tradables produced
in the US and ROW:

C' = T (CY A ()

where p < 1. The weights that households assign to the consumption of two tradable goods are Ay and Ay =
1 — Ay, respectively. The elasticity of substitution between the two tradable goods is given by (1 — ,0)71 > 0.
The tradable consumption bundle in the ROW is defined symmetrically in terms of US tradables, CH, and
ROW tradables, C¥, as

-

o = [xﬂj"(éH)P + x;*ﬂ«:w] .

Households finance their consumption expenditures by holding an array of financial assets. In each
country households can allocate their wealth to equity providing claims to US and ROW tradable dividend
streams, {D}'} and {Df}. I will use A" and A* to denote US holdings of tradable equity issued by US and
ROW firms, respectively. Households also have access to a market for international borrowing/lending. B
represents the bond holdings of US households in period ¢, while R} denotes the prevailing interest rate
measured in terms of US tradables. Bonds are denominated in the units of a numeraire and thus pay one

unit of US tradable good independent of the state of the world.!” I assume that households can not hold

1"Note that this bond is truly risk-free only from the perspective of H households. As in Heathcote and Perri (2002), the
denomination of the bond has no effect on the equilibrium real allocations. However, it introduces a small assymetry in the
equity holdings, which I discuss in section 5.1 below. An alternative approach would be to denominate bonds in units of a
tradable consumption basket as in Ghironi (2006). However, this would not eliminate the assymetry in the menu of assets
across countries because there is home bias in consumption. The advantage of the first approach is that it allows me to access

the robustness of home bias and portfolio flows dynamics to the presence of a risk-free asset.



foreign nontradable equity.!® The flow budget constraint for US households can be expressed as

1
Cl +QiCy +QICY + PMAY + Qi PY AL + Q) P AY + RlB
< (P + DY) Ay + Qp (P + Dy) Aj_y + QF (P + D) A{_y + By, (2)

where )} and @)} denote the relative prices of ROW tradables and US nontradables, respectively. It proves
convenient to rewrite the budget constraint in equation (2) in terms of financial wealth, W; (measured in
terms of US tradables), as

Wi = Ry (W = Gy — Qi Ct — QCY), (3)

where R}, is the (gross) return on wealth between period ¢ and ¢ + 1, given by
t+1_R + oy (R4 Rtl)JFO‘g( §+1*Rt1)+04$( ?+1*Rt1)v (4)
and
Wi = (P + D}) Ai_y + Qp (P} + Dy) Af_y + QF (P + D) Aj_y + B

The returns on US and ROW tradable equity are R}, ; and R}, ;, while R}, ; is the return on US nontradable
equity. All returns are measured in terms of US tradables. The shares of,a} and of denote the fraction
of wealth held by US households in US and ROW tradable equity and US nontradable equity. The budget

constraint facing ROW households is similarly written as

Wi = RY (W -G —Qicr - Qicy)),
Ry = RI+& (BRI, — R} +& (R, — R+ (R, — RY),

where &}, &) and &; denote the shares of wealth allocated by ROW households into equity issued by US and
ROW tradable firms, and ROW nontradable firms. RY 1 denotes the return on ROW nontradable equity
measured in terms of US tradables.

To complete the description of the economy, we need to relate the equity returns { R}, |, R 1, R}, RY e

to equity prices and dividends:

H P+ Dy s Qi P+ Dy 5)
t+1 - PtH t+1 — QF PF ) (
RY QL P+ Dy AN Qt+1 1t Dt+1 (6)

Ty R R

18This assumption is necessary to obtain less than perfect risk-sharing in equilibrium. When nontradable equities are not
traded, households do not have enough assets to span the shocks hitting the economy. As a result, asset markets are not
dynamically complete. There is support for limited tradability of claims to nontraded firms in the data. In particular, based on
Table 2 in Denis and Huizinga (2004), it can be shown that foreign ownership in firms belonging to the traded sector in Europe
is two times larger than in firms belonging to the nontraded sector. Kang and Stulz (1997) study foreign equity ownership in
Japan and find that foreign holdings of Japanese shares are heavily biased towards firms in manufacturing (traded) industries;
while foreign ownership is underweighted in Electric, Power and Gas industries and Services (nontraded). Similarly, using U.S.
Treasury (TIC) data as of December 31, 2007, I calculated that U.S. holdings of foreign equities in traded sectors are twice as
large as U.S. holdings of foreign equities in non-traded sectors. Furthermore, the Survey of Consumer Finances suggests that
the share of privately held firms is larger in the nontraded sector than in the traded sector. I study the role of the assumption

about nontradability of N equity in Section 5.3 of the paper.



In this economy, the terms of trade are given by the relative price of ROW tradables, @}, so the terms of
trade improves for the US when @} falls. The real exchange rate, &, is defined as the relative price of foreign

to domestic consumption, & = Q; /Q+, where Q¢ and Q; are the US and ROW price indices given by

2-1 2=1
Ty 2 ¢ A S A b & A b
Q= (M@)TTEM@)TT) T ad Q= (M@)TTHA@)TT) T @
Q7 and Qtl are the price indices of tradable consumption in the US and ROW:
Qi = (M+x@)77) 7 and Qf = (ha+A(@)7T) 7 ®)
2 Equilibrium
The first-order conditions for US households are given by
Q; = (9U/9Cy)/(0U:/OCY), (9a)
Qi = (0U:/0CY)/(0U:/OCY), (9b)
1 = E [MyaR{], (9¢)
1 = B [MaRY,], X = {H,F,N} (9d)

where M1 = My11 . In the Appendix A, I show that M; 1 = W, /Wi41. The first two equations define the
relative prices of imported tradable and local nontradable consumption as ratios of their respective marginal
utilities to the marginal utility of the numeraire, US tradables. The remaining equations are the standard
pricing equations for the bond and equity. The first-order conditions for ROW households are symmetric.

The first-order condition for US tradable firms is
1 =E; [Myy1RE ], (10)

where RY,, =02 (K} )’ 4+ (1 —9).

In equilibrium, households’ and firms’ decisions must also satisfy the market clearing conditions. By
normalizing the household and firm populations in each country to unity, the output and consumption of
tradables and nontradables can be obtained as the output and consumption of the representative firms and
households. In the nontradable sector, consumption is equal to output, which is also equal to the dividends

paid by nontradable firms to their shareholders:

o = Dy =Y,
o = D=1
I assume that the tradables produced in each country are distinct, but can be costlessly transported in-
ternationally. Thus, in equilibrium, the world demand for each good must be equal to its corresponding

production minus the amounts set aside for investment. For the tradable good produced in the US, market

clearing requires that
Cil + C;I — Y’tll _ Iél — Dil’
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while for the tradables produced in the ROW, market clearing requires
Cr+CY =Yf — I = D}.

Market clearing in financial markets is equally straightforward. Since all nontradable equity is allocated
domestically, AY =1 and fl? = 1. The equity issued by US firms producing tradables (normalized to unity)
must be held by US and ROW households, so A} + 421? = 1. Similarly, all tradable equity issued by ROW
firms must be split by the households in the two countries, so that A} + Ag = 1. Finally, bonds are in zero
net supply, so B; + B, = 0, where B; denotes the bond holdings of ROW households.

An equilibrium in this economy consists of a set of goods’ prices {Q", Q~, Q¥ }, asset prices { P, P", P~, PN},
and a risk-free rate R', such that all markets clear when tradable firms optimally choose investment, and

households optimally choose their consumption and portfolios, taking goods and asset prices as given.

3 Home Bias

In this section, I characterize the optimal consumption and portfolio decisions of households. I then derive

the conditions under which there is home bias in equity holdings.

3.1 Decision Rules

The optimal consumption rules of US households are easy to obtain once we recognize that under logarithmic
preferences the optimal consumption-wealth ratio is constant. Combining this result with the households’
first-order conditions in (9a)-(9b) and taking logs gives equilibrium consumption as functions of wealth,

relative prices and preference parameters:

A= w— %qt + (% - Eﬁ_l) q; s (11a)
¢ = w— g%% + (f_)—l - ;iLl) a; — ﬁqgv (11b)
G = wp— %Qt + ﬁQtN (1lc)

Hereafter, lowercase letters denote the natural logarithm of the uppercase counterpart in deviation from its
steady state value or initial distribution (e.g., ¢} = In C{—In Cf)). Appendix A summarizes the approximation
point of the economy and lists all equations used in the model’s solution.

To understand how portfolio shares are determined, consider the first-order conditions for US households

in (9d). These equations can be rewritten in log-approximate form as
Bery —ri + 3Ve (1)) = —CVy (may1,75,) (12)

where 7‘;‘_1_1 is the log return for equity x = {H,F,N}, r} is the log risk free rate, and m;41 =In M1 —In M
is the log IMRS for US households. V;(.) and CV;(.) denote the variance and covariance conditioned on
period—t information. The left hand side of (12) is the equity risk premium on asset x. Equation (12)

shows that under an optimal consumption and portfolio plan, the risk premium is equal to the covariance of

11



that asset return with the log IMRS for US households.!® This covariance can be decomposed further using
the fact that my,1 is perfectly negatively correlated with the growth of household wealth, Aw; ;. The risk

premium in (12) can now be written as the covariance between wealth and the corresponding asset return:
Etr?—i—l — Ttl + %Vt (7";(+1) = (CVt (wt+1, T'z(_,'_l) . (13)

This is a standard result. It says that households must choose their portfolios so that the expected excess
returns match the covariance of returns with wealth.

The right-hand-side of (13) can also be approximated as
Y'CV; (Clt{+177’i<+1) + 7" CVy (QtF+1 + C§+177"i<+1) + (1 —=9" =) CVy ((I?-H + C§+177"i<+1) ) (14)

with
1

F=[E@)FT -1 amd 4= [ @) Q|

where Q" and @ are the steady state values of @} and @; (see equations 7 and 8 above). Equation (14)

implies that the equity risk premium on asset x depends on a weighed average of three covariances, each

between the log equity return and a corresponding log consumption: local and imported tradable and local
nontradable. Detailed derivations of (12) - (14) are presented in the Appendix B.

To completely characterize the consumption and portfolio rules of US households, we need to specify

the process for wealth and the distribution of returns. The process for US household wealth is obtained by

log-linearizing the budget constraint in (3)2:

Awpyr =17 (15)

To characterize the log return on wealth, 7}, ;, let r, = [ rI' 7f ¥ ]’ denote the vector of log-returns on
equity holdings in US and ROW tradables, and US nontradables, while let a; = [ olf «of of |' denote
the vector of portfolio shares chosen by US households. Then, following Campbell et al. (2003), ", ; can be
approximated by

i =1 4o (v — ) + daf (diag (Vi(ri)) — Vi(ri)ow) . (16)

The dynamics of ROW household wealth and its return are identified in a similar way.

The optimal portfolio policies of US households can now be easily obtained from (13) by substituting for
wealth from the budget constraint (15) and combining the result with (16). Solving the resulting system of
equations for a; gives

ap = Vi(rp1) ! B — rp + sdiag (Vi(reg))] - (17)

Equation (17) states that the share of wealth allocated into each asset is proportional to the vector of
conditional log-Sharpe ratios. It also shows that if the conditional moments of asset returns are time-

varying, so will be the portfolio shares. In this model households consume a constant fraction of wealth

19Excess returns are adjusted by the addition of one half times the return variance, a Jensen’s inequality term, to account

for the fact that I am working with log returns.
20This approximation also uses the fact that the consumption-wealth ratio is constant in the model.
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every period and invest the remaining wealth according to the risk premia on the available assets, scaled by
the inverse of the variance-covariance matrix of returns.
The demand for equities and bonds by US and ROW households are obtained from the optimal portfolio

shares in (17) as

US households ROW households
US tradable equity: Al = W[/ P}, Al = aMWe/Pr,
ROW tradable equity: Al = o WP /Q} PF, AY = afWE /Qr Pr, (18)
nontradable equity: AY = oy WE QY PF, AY = &Y WE QY Py,
bonds B, = o8 WERL, B, = 6°WER?,

where W = W, — C' — QVCF — QYCY and W = W, — CF — QECF — QYCY denote period—t wealth net of
consumption expenditure, while off =1 — o' —a} —of and & =1 — &; — &, — &} are the shares of wealth

allocated into bonds.

3.2 When is Home Bias Optimal?

The equity portfolios of US households display home bias if the share of the wealth they allocate to equity
issued by US firms producing tradables exceeds the share of their wealth allocated to the equity issued by
ROW firms producing tradables: o} > af. Similarly, the portfolios of ROW households display home bias if
&} < @&, . From equations in (18) one can see that in this model home bias in portfolio shares also implies a
home bias in the asset holdings. For US households home bias implies A} > A}, while for ROW households
it implies 121? < Ag The discussion in this section focuses on home bias in portfolio shares. I will study home
bias in equity holdings numerically in section 5.1 below.

To provide intuition for the existence of equity home bias, consider the portfolio rule in (17). In particular,
consider the share of wealth allocated by US households to the equity issued by US tradable firms (the first
row of a; vector):

w Vi) [CV(wega, m)y ) = CV (), i) o) ]
a Vt(rgﬂ)vt(rfﬂ) - CV?(T?Ha 7’?4—1)
_CVt (T?Jrl? 7"tFJrl) [CVt(tha Tip1) — CVi(riyq, TtF+1)O‘¥]

Vt(T?Jd)Vt (7”1{41) - CV? (T?+1v TtF+1)

This equation determines the optimal share of US tradable equity held by US households for a given non-

(19)

tradable equity share, aof. It is also a function of the covariance between wealth and returns in the US and

ROW. The following proposition allows us to examine the determinants of o} in detail.

Proposition 1 When (i) all uncertainty is resolved after period t + 1; (ii) countries are symmetric in pref-
erences, technology, and initial distribution of wealth; and (iii) the share of nontradable equity in household

portfolios is equal to 1/2, then the share of domestic assets in US tradable portfolios is given by
of =1+ bias
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with
bias = ﬁ [5?FCVt(QtF+1 + th+1, AUN) — CVy( ?Jrla AWN)] ) (20)

where AnN = iy +di — (G + cm_l) denotes the relative value of nontradable endowment in US versus
ROW; B}" is the conditional beta of the payoff on US tradable equity with respect to the payoff on ROW
tradable equity, By = CVy (diyy,qiy +diy) /Ve (g1 + diyy) , while o = Vi(di)(1 — p2.) > 0 is the
conditional variance in this projection; p,. is the correlation coefficient between US and ROW tradable

dividends.

Proof. See Appendix C. =

Condition (i) assumes that productivity in traded and nontraded sectors in both countries is set at its
steady state level after ¢ + 1. This assumption collapses the dynamics in the model to a two-period (¢ and
t + 1) problem. At the start of period ¢, households and firms learn the period—t productivity shocks in
the tradable and nontradable sectors. Households then decide on their consumption and asset allocation
demands, while firms determine their optimal production and dividend policies. Under condition (i), from
period t + 2 onwards, the dividend-price ratio and future returns for each asset are constant, so all the risk
from holding equities between t and ¢t + 1 comes from unanticipated variations in period t + 1 dividend
payments, which in turn are determined by the variations in firms’ optimal production plans in response to
unanticipated changes in their productivity in t+1. Conditions (i) and (ii) imply that bond holdings are zero.
The share of wealth allocated by US households into nontradable equity, of, is endogenous. However, in
equilibrium, market clearing ensures that holdings of nontradable equity are equal to unity, so all variations
in of must be due to changes in wealth and/or the price of nontradable equity. To abstract from these
variations, condition (iii) sets o equal to its steady state value of 1/2.2!

The bias term in (20) measures the degree to which US households skew their portfolios towards the
equity issued by US firms producing tradables. The bias arises due to the hedging demand for tradable
equity, which develops as households seek to insure against the fluctuations in their uninsurable nontradable
consumption.

The sign of the bias depends on the sign of the terms in brackets, which are determined by the co-
movements in the value of dividend streams on different assets. The extent of the bias depends on the relative
ability of US versus ROW tradable equity in hedging unexpected fluctuations in the relative nontradable
endowment in the US.?? In particular, when the amount of US nontradable risk co-moves more strongly
with the payoffs of a particular tradable asset (say, ROW tradable equity), the diversification benefit from
holding the alternative tradable asset (say, US tradable equity) will be larger. Notice that US households
assign weight 3;" to the hedging ability of the ROW tradable asset. This 8" term can be interpreted as

21Tt can be shown that in the steady state, the value for o is proportional to the share of nontraded consumption in the
total consumption expenditure: o = At~ ?(C~/Cp)?. When tradable and nontradable sectors have equal size (Ay = 1/2), as

in my model, then o =1/2.
22Recall that nontradable output is only consumed domestically and is produced without capital. Thus, in equilibrium,

nontradable dividends and consumption are determined entirely by the exogenous state of productivity in the domestic nontraded

sector.
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a coefficient in the regression of US tradable equity payoffs on ROW tradable equity payoffs and thus, in
the spirit of factor asset pricing models, measures the amount of risk that US asset carries relative to ROW
asset.?> The signs of the covariances entering the bias term will depend on the structural parameters of
the model, in particular on ¢ and p which determine the intratemporal elasticities of substitution between
consumption goods; and on the degree of consumption home bias.

In general, the covariances in the bias term will also be affected by the covariance structure of the
underlying productivity shocks. Given there is considerable uncertainty about the properties of productivity
across sectors and countries, I assume that they are independent in my model. Instead, I introduce capital
accumulation in the traded sector. As a result, the properties of tradable dividends are endogenously
determined by firms through the optimal investment decisions in response to productivity shocks. The
bias term in (20) illustrates the importance of capital accumulation in the model. Consider what happens
to the bias term in an endowment economy when productivity shocks across sectors and across countries
are independent. In response to an unanticipated positive productivity innovation in the US nontraded
sector, the dividends in the US and ROW traded sectors can not change, so that CV,(d{, ;, An™) = 0 and

\" = 0, giving bias = 0. As a result, in an incomplete markets endowment economy with independent
productivity processes across sectors and countries, traded equity portfolios are fully diversified. The studies
that analyze equity home bias in endowment economies, therefore, must rely on productivity processes that
are correlated across sectors or countries or both (see Tesar (1993), Coeurdacier (2008), Collard, Dellas, Diba
and Stockman (2007), Matsumoto (2007)). By working with independent productivity processes but allowing
for capital accumulation in the model, I can abstract from the portfolio results driven by the assumptions
on productivity.

I next show that by varying ¢ and p my model encompasses a wide variety of models and results developed
in the home bias literature. First consider the scenario when ﬁ — 00 and 1%[) — 00. In this case all goods
in the economy (i.e., both types of tradables and nontradables) are perfect substitutes. If productivity
shocks are independent across sectors and countries, the bias term in (20) disappears, giving o = 1/4 and
of = 1/4. As a result, the optimal tradable portfolios of households in both countries are fully diversified.
When ﬁ =1, 1T1p =1 no bias in tradable portfolios arises in equilibrium. A similar result was shown by
Cole and Obstfeld (1991) and is due to the fact that any increase in nontradable or tradable dividends causes
a proportional fall in the corresponding relative price, which makes all the covariances in the numerator of
(20) equal to zero.

Next, we can analyze the role of nontradable sector in explaining portfolio home bias. Consider the case
when 1T1p — 00, so that tradables are perfect substitutes, but ﬁ # 1 and -» co. When ﬁ > 1 tradable

and nontradable goods are considered substitutes and each covariance term, including 3}, in the bias is

23With tradable dividends being determined endogenously, B also provides a convenient indicator for how the productivity
shocks are transmitted across countries. In the terms of Cole and Obstfeld (1991), when countries are specialized in production
of tradable goods, the tradable productivity shocks are “transmitted positively” between countries due to the relative price
movements. As a result, CV¢(d{, |, qf,; +dj, 1) > 0, so i is positive; when CVi(d},,qf,, +df ;) <0, shocks to tradable
production are “transmitted negatively” across countries, and so B}" becomes negative. This latter case occurs when both

countries produce a homogenous tradable good.
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positive. In this setup, an increase in nontradable endowment lowers the demand for tradable consumption.
If US tradable firms are more likely to pay higher dividends than ROW firms when those dividends are less
valued, US households would bias their portfolios in favor of ROW equity. This case corresponds to the
result in Baxter and Jermann (1997) with application to nontraded labor income risk.?* Now consider the
scenario with ﬁ < 1. In this case any change in nontradable dividends is more than offset by the change in
the relative price of nontradables, making the nontradable covariance terms in (20) negative. Furthermore,
when ﬁ < 1, households like to consume a balanced basket of tradable and nontradable goods (i.e., the
two goods are complements). Using the logic above, any increase in nontradable endowment will lead to a
higher demand for tradable consumption. If US tradable firms are more likely to deliver higher dividends
than ROW firms in those states of the world, then home bias will arise. Based on the empirical estimates in
the literature, in the numerical analysis below I focus on the case with —— < 1.2°

T

Finally, consider the case with ﬁ < 1 and 1T1p # 1 and -» oo0. dI){ere each country specializes in
the production of a distinct tradable good; and nontradables and a basket of tradables are complements in
consumption. In this case variations in the terms of trade, ¢f , add another dimension to the portfolio problem.
As before, US portfolios will deviate in favor of US assets when the relative endowment of nontradables is
more correlated with the value of US than ROW tradable dividends. Intuitively, when nontradables and
tradables are complements, any increase in nontradable endowment is associated with an increase in the
demand for tradable goods. How this higher tradable demand is distributed across the local and imported
tradables is determined by two parameters: (i) the degree of consumption home bias, which determines the
desirability of domestically produced good relative to foreign produced good and thus triggers relative price
adjustments; and (ii) the elasticity of substitution between the two tradables, which controls the degree of

adjustment in the relative price of the two tradables necessary to accommodate the changes in their relative

demand. Below I numerically analyze this case in detail.

4 Solving the Model

While the two-period framework developed in the previous section provides a useful shortcut for developing
the intuition for the home bias, it relies on the simplifying conditions in Proposition 1. Next, I study the
competitive equilibrium in the full dynamic model numerically.

Parameter values for the benchmark calibration of the model are summarized in Table 1. The world
economy is constructed as consisting of two symmetric countries, matching the properties of US economy
in quarterly data. Most of the preference parameter values are borrowed from Corsetti et al. (2008) who
use the same consumption aggregators as this paper. In particular, the value for ¢ is chosen to set the

elasticity of substitution between tradable and nontradable consumption to 0.74. The share of tradables and

24Baxter and Jermann (1997) show that when labor income correlates positively with capital income, investors take large

short positions in domestic assets, thus generating a reverse home bias.
25 A number of studies estimate the intratemporal elasticity of substitution between tradable and nontradable consumption

to be below one. For a sample of industrial countries, Mendoza (1991) estimates this elasticity to be 0.74. Corsetti, et al. (2008)
use the same value in their calibration. Tesar (1993), Stockman and Tesar (1995) set ﬁ = 0.44.
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nontradables in aggregate consumption expenditure, A and Ay = 1 — A\, are set to 0.5 in both countries.
This number is calculated using OECD STructural ANalysis (STAN) database.?6

Table 1. Benchmark Model Parameters

PREFERENCES B A Ax 1/(1—9)

0.99 0.5 0.5 0.74
Mo A 1/(1-p)
0.72 0.72 1.10
ProbucTION 0 )
0.36  0.02
ProDUCTIVITY  af; al; Q.

0.78 0.99 0.0001

Preferences over the consumption of local and imported tradables are calibrated using a range of possible
values. Under the baseline calibration, the value of p is set to obtain the elasticity of substitution between
US and ROW tradables equal to 1.1. Given considerable uncertainty about the value of this elasticity in the
literature, the model is also solved for a sequence of values for 1/(1 — p) ranging from 1.05 to 115.27 T also
allow countries to exhibit consumption home bias in their preferences by setting \" = A = 0.72 as estimated
by Corsetti et al. (2008).

On the production side, the capital share in tradable production, 0, is set to 0.36, and the depreciation
rate, 4, is set to 0.02. These values are consistent with the estimates in Backus, Kehoe and Kydland (1995).
I assume that each of the four productivity processes (i.e., In Z¥, In ZF,In Z¥, and In Z}) follows an AR(1)
process. However, in order to isolate the role of relative prices and endogenous dividend policies in explaining
portfolio choices, I assume that productivity changes are independent across sectors and countries. The
AR(1) coefficients in the processes for tradable productivity, In Z' and In Z}, are 0.78, while the coefficients

for nontradable productivity, In Z;, and In ZA,{V, are 0.99. These values are comparable to those used by

26 These numbers are similar to the estimates in the literature. For instance, Corsetti et al. (2008) and Dotsey and Duarte
(2006) use Ay = 0.55, Stockman and Tesar (1995) report Ay close to 0.5; Pesenti and van Wincoop (2002) also argue that 0.5

of consumers budget is allocated to nontradables; Benigno and Thoenissen (2008) assume Ay = 0.45.

27In the literature, there is range of estimates available for the elasticity of substitution between tradable goods. In a model
with tradable goods only Backus, Kehoe, and Kydland (1995) use a value of 1.5. Kollmann (2005) uses traded elasticity values
as low as 0.6; Corsetti, et.al. (2008) assume the value of 0.85; Heathcote and Perri (2004) use elasticity equal to 0.9 in their
benchmark parametrization; Chari, Kehoe, and McGrattan (2002), Engel and Matsumoto (2006), and Collard, et al. (2007)
all use 1.5; Matsumoto (2007) uses a value of 2; Coeurdacier (2008) uses 5 in the benchmark calibration. Given the multitude
of estimates, there does not seem to be a well-established reference value for this elasticity. Therefore, I provide the portfolio
results for a range of the values for this elasticity. Under the benchmark parametrization I use the value of 1.1, which is about

an average in the range of estimates used in the literature.
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Corsetti et al. (2008). Shocks to all four productivity processes have a variance of 0.0001. This specification
implies that all shocks have persistent but temporary effects on productivity.

To find the competitive equilibrium for the model, I apply the solution method developed in Evans
and Hnatkovska (2005b). Their procedure extends the work of J. Campbell and co-authors (for instance,
Campbell et al. (2003)) on dynamic portfolio choice to a general equilibrium setting. In short, the tech-
nique combines a perturbation technique commonly used in solving macro models with continuous-time
approximations common in solving finance models of portfolio choice. The numerical procedure produces
the equilibrium dynamics of the state variables as functions of their past values, their squares, and cross-
products. The variance-covariance matrix of the state vector is similarly obtained. The solution also provides
me with a set of decision rules, all expressed as linear functions of a vector of state variables as well as their
second moments.?®

One of the well-known complications associated with incomplete asset markets is that temporary shocks
that have no long run effect on real variables can have very persistent effects on the wealth of individual
households, that is they can lead to non-stationary wealth distribution. The solution method developed
in Evans and Hnatkovska (2005b) allows me to characterize the equilibrium behavior of the economy in a
neighborhood around a particular initial wealth distribution. The advantage of this approach is that it does
not require an assumption about how the international distribution of wealth is affected by such shocks in
the long run. The disadvantage is that the characterization of the equilibrium dynamics is only accurate
while wealth remains close to the initial distribution. Evans and Hnatkovska (2005b) show that this does not
appear to be an important limitation in practice. In my model I find that model solution remains accurate
for simulations that are 200 periods long. This is the horizon I use to study the characteristics of the
equilibrium. The statistics reported in the next section are derived from 200 simulation samples and so are

based on 40,000 observations of simulated data in the neighborhood of the equal initial wealth distribution.

5 Results

This section presents the main findings from the numerical solution to the model. First, I characterize the
optimal portfolio holdings. Second, I analyze the capital flows and the factors driving them. I then evaluate
the importance of market incompleteness for portfolio choice and risk-sharing between countries. Finally, I
examine the benefits of having dynamic portfolio choice in the model as opposed to static portfolio choice by
comparing the conditional and unconditional moments of the portfolio returns; as well as welfare associated

with dynamic and static portfolio rules.

28The most recent version of Evans and Hnatkovska (2005b) paper contains detailed evaluation of the method’s accuracy as
well as its comparison with the related methodology proposed in Devereux and Sutherland (2007) and Tille and van Wincoop
(2007). In that paper, based on a battery of standard accuracy tests, we show that our method works well for models with

incomplete markets, portfolio choice and for different degrees of risk aversion.
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5.1 Portfolios

I now turn to the analysis of the equilibrium portfolio rules predicted by the model. Figure 1 shows the
distribution of tradable equity holdings {AY, A¥, A", A'}. The left hand panel illustrates US households’
holdings of equity issued by US and ROW firms producing tradables, A} and A]. ROW holdings of equity
issued by ROW and US tradable firms, AT and A, are shown in the right hand panel. Two main results
stand out: first, portfolio holdings are volatile, second, they are biased towards the equity issued by domestic

tradable firms.
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Figure 1. Distribution of portfolio holdings in the model

Table 2 reports descriptive statistics on the households equity holdings. Columns (i) and (iii) show that
on average more that 80% of the equity issued by tradable firms is held by domestic households.?? Consistent
with the visual evidence in Figure 1, equity holdings are also very volatile.

The model correctly predicts both the direction and the magnitude of portfolio home bias. The direction
of the bias is attributed to the consumption bias towards domestic tradable goods. When given a choice
between two tradable equities (US and ROW), households increase their holdings of the asset whose payoffs
are relatively high in states of the world in which the demand for those payoffs is also high. Due to the

29 A small assymetry in the average degree of home bias across countries arises from the denomination of bonds in the model.
In particular, because bonds are denominated in units of US tradables, US households find them to be safer means of borrowing
and lending than ROW households do. As a result, US households tend to go long in the bond (i.e. of = 2.59), while ROW
households tend to go short in the bond (i.e. &f = —2.59) on average. At the same time the net foreign asset positions in the
model remain balanced and symmetric across countries. In other words, the assymetry in the equity distribution is matched by

the distribution of bond holdings across countries in my model.
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Table 2. International Equity Positions

US T equity holdings in ROW T equity holdings in
US, A"  ROW, AT  ROW, Af Us, An
(i) (ii) (iii) (iv)

mean 0.829 0.119 0.881 0.171
std. dev. 0.032 0.031 0.031 0.032
min 0.663 -0.062 0.715 -0.014
max 1.014 0.285 1.062 0.337
5th percentile 0.783 0.066 0.835 0.117
95th percentile  0.883 0.166 0.934 0.217

Notes: Statistics reported in the table are based on 200 simulations of quarterly

series, each 200 periods long.

complementarity in preferences over tradable and nontradable goods, such states of the world occur when the
relative domestic nontradable endowment in high. Therefore, when preferences in each country are biased in
favor of local tradables, this condition requires that the relative nontradable endowment is correlated with
the value of domestic tradable dividends in excess of the corresponding covariance with the value of foreign
tradable dividends. As explained in section 3.2, in this case households bias their portfolios towards domestic
tradable assets.

The strength of the portfolio bias is determined by the differential in these covariances, which in turn is
critically related to the elasticity of substitution between US and ROW tradable consumption, 1/(1 — p).
Figure 2 graphs the average equilibrium holdings of tradable equity by US and ROW households for a range of
elasticities.®® When tradables are perfect substitutes, and the productivity processes are independent across
sectors and across countries, the optimal portfolios of US and ROW households are equally split between
the equity issued by US and ROW tradable firms even in the presence of consumption home bias. As the
elasticity of substitution between tradables falls, the share of local equity in portfolios initially declines until
1/(1 — p) = 2.5, implying foreign bias, but then rises as the elasticity falls further.>® When 1/(1 — p) = 1.1
(the baseline parametrization), household holdings of domestic tradable equity are well above their holdings

of foreign tradable equity.

30These graphs are computed by solving the model for different values of p and then simulating each solution 200 times over
200 quarters. Figure 2 plots the average values of A}, A}, A‘t{ and Ag from these simulations.

31The result that equity portfolios are sensitive to the elasticity of substitution between traded goods is not new to this
paper. For instance, Kollmann (2005) and Heathcote and Perri (2004) show that a one-sector model with complete markets
exhibits significant sensitivity of portfolio positions to the elasticity of substitution between tradable goods. Matsumoto (2007)
shows a similar result in a two-sector (tradable and nontradable) model with complete markets. By adopting a very traditional
international business cycle model to study home bias and capital flows together in a unified framework, this paper inherited

the sensitivity of portfolio holdings to the elasticity parameter.
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Figure 2. Varying 1/(1 — p), the elasticity of substitution between T’s in consumption

To understand this pattern, note that changes in the elasticity mostly affect the behavior of the terms
of trade, which in turn influence the hedging capacity of foreign equity. Consider first the case of infinite
elasticity of substitution between tradables, so that US and ROW tradables are perfect substitutes. Under
this parametrization changes in relative consumption demand for tradables, arising from nontradable pro-
ductivity shocks, do not induce any shifts in the relative price, ¢". US and ROW tradable firms increase their
dividend payout in response to positive nontradable productivity shocks by the same amount. This implies

" = 1. With no movements in ¢, the relative value of US to ROW dividend payments remains unaffected,
and the rationale for home bias disappears. As a result, T equity holdings are diversified, A} = flﬁ =1/2. As
the elasticity of substitution 1/(1 — p) declines, any changes in ROW dividends are counterbalanced by the
changes in the relative price. As a result, CV;(q;,,+di,,d} —d?_H) falls relative to CV(d}, |, dy,, — afi'_i_l),
thus strengthening the degree of portfolio home bias.??

Optimal portfolio choice also depends on the beta, 8;", defined by CV(dy, |, ¢i 1 +di, 1)/ Ve(gi +diyy).
Because nontradable shocks lead to higher dividend payments by both US and ROW tradable firms, 8;" > 0
for all values of 1/(1 — p) > 1. The response of 3;" to the fall in 1/(1 — p) is however non-monotonic.
The covariance between US and ROW tradable dividends which appears in the numerator of 3;" declines
monotonically as 1/(1 — p) falls. The variance of ROW equity payoffs which appears in the denominator
of 3} is the source of non-monotonicity in 3;". To see this, we can write the variance term as V;(g;, ) +
Vi(diy 1) +2CVy(qf,,di,1). A decline in the elasticity is associated with an increase in V,(qj, ) as larger
shifts in the terms of trade are necessary to induce changes in the relative consumption of tradables. At
the same time, the covariance, CV;(qj,,,d; ), while negative, falls in absolute value. The latter effect
dominates when the elasticity is high, so V;(q},, +dj,) initially declines. This can lead to 3;" exceeding 1,

so that US equity carries more risk relative to ROW equity. As a result, the bias becomes smaller. When the

32Recall that when 1/(1 — ¢) < 1, the nontradable covariance terms in (20) are negative. In this case, the sign of the bias is

determined by the sign of —8{"CVi(qi,, +dj,,d},; — JE_H) +CVe(d,y,dy ) — CZI;_,'_l).
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elasticity falls below 2.5, the effect of higher V,(qj,,) dominates and the variance of ROW equity payouts
becomes larger. This can reduce ;" below 1, making US equity less risky relative to ROW equity. The
bias term thus increases. The threshold elasticity of 2.5 produces an equilibrium in which investors in both
countries choose portfolios that are equally-weighted in the equities issued by US and ROW tradable firms.

The source of home bias arising from the presence of nontraded goods has been studied in the empirical
literature. Tesar (1993) documents empirically that for a sample of OECD economies during 1961-1985
the correlation of domestic output of non-traded goods with domestic output of traded goods exceeded
the corresponding correlation with foreign output of traded goods. She then shows that in combination
with positive cross-derivative of utility (with respect to traded and nontraded consumption), this finding
is supportive of the hypothesis that nontraded goods help explain equity home bias in industrial countries.
Pesenti and van Wincoop (2002) compute more direct measures of returns to tradables and nontradables
and find that their correlation pattern is similar to that in Tesar (1993). Overall, the existing empirical
evidence on correlations between returns to nontraded equity and domestic versus foreign traded equities is
qualitatively consistent with the pattern required to generate home bias in the model.

In summary, two results stand out from the analysis of households’ average asset holdings. First, the
degree of home bias in traded portfolios is sensitive to the elasticity of substitution between domestic and
foreign traded goods. As shown in Figure 2, the model predicts equity home bias for the values of elasticity
below 2, which seems to be the most commonly used range of values for this elasticity in the literature.
Second, at the baseline value for the elasticity equal to 1.1, the lower relative riskiness of domestic tradable
equity combined with the reduced incentives for pooling risks generate home bias, the magnitude of which

is comparable with its empirical counterpart (see footnote 1).

5.2 Asset Turnover

In symmetric isoelastic economies with complete risk-sharing, portfolio holdings are time-invariant and cap-
ital flows are zero. The model developed in this paper generates variable asset holdings and thus allows me
to study the properties of capital flows. Table 3 describes the behavior of the bond and equity flows between
countries measured relative to stock market capitalization. Panel I summarizes the findings for the size and
volatility of the flows in the model, while panel II contrasts those numbers with the data. The bond flows
are computed as R%(Bt — Bi_1) [: —R% (Et — Et_1>] , net US purchases of foreign assets (or US equity
outflow) as Qf Py (A} — A}_,), and net foreign purchases of US assets (or US equity inflow) as P! (A} — A} ;)
using the equilibrium portfolio shares and wealth as shown in (18).%3

Columns (i) and (ii) show that both equity flows are large and volatile. To share risks, households have
to frequently adjust their positions and these adjustments tend to be large. The size and volatility of bond
flows, shown in column (iii), are much below those for equity. Overall, the model seems to overpredict the
size and volatility of equity flows, and underpredict those characteristics for the bond flows.

A perspective on the magnitude of the capital flows can be gained by considering their contribution to

33 These definitions of capital flows do not take into account capital gains or losses on the existing assets. Instead they allow

me to focus on the portfolio flows resulting from changes in holdings of different assets.
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Table 3. International Portfolio Flows, % Market Capitalization

I: Model II: Data

equity outflow equity inflow net bond flow equity outflow equity inflow net bond flow

(i) (i) (iif) (iv) (v) (vi)

std. dev. 0.38 0.38 0.01 0.13 0.13 0.37
min -2.65 -2.77 -0.05 -0.61 -0.20 -0.30
max 2.59 2.60 0.06 0.12 0.44 1.37

Notes: Statistics reported in panel I (Model) are based on 200 simulations of quarterly series, each 200 periods
long. The properties of capital flows are studied relative to stock market capitalization, measured as P}’ A} +
Qi PFA] + QY PNAT + RL%Bt in US and a symmetric expression in ROW. Statistics in panel II (Data) are
calculated for the US portfolio debt and equity flows vis-a-vis the rest of the world using IFS Balance of Payments
data. Net bond flows are obtained as a sum of US debt inflows (4) and outflows (-). Stock market capitalization

for US is obtained from World Bank’s World Development Indicators (WDI). The sample period is 1990:1-2007:1.

the current account. For this purpose, I decompose the current account from the model into the components
attributable to bond and equity flows. The results of such a decomposition are presented in Table 4. As the
first row indicates, the current account balance has volatility of 0.92% in the US. Measured relative to GDP
the volatility of current account is 0.13% in the US. This number matches well the corresponding statistic in
the US data equal to 0.12% during 1990:1-2007:1. Variation in equity holdings contribute the most to the
current account variance. Thus, a 1% improvement in the US current account in the model is accompanied
by: (i) a 10.78% decrease in US foreign equity assets, which is matched by an inflow of US tradables, (ii)
a 10.01% fall in US foreign equity liabilities, accompanied by a corresponding outflow of US tradables, and
(iii) a 1.77% outflow of resources due to an increase in US bond holdings.?*

The directions of the flows are determined by how households adjust their asset holdings in response
to changes in the economy’s productivity. In particular, the change in US foreign equity assets can be

decomposed using the definition of A} in (18) as:
QP AAL = A Wi + o | AW — [QgPtF/Qi—lptF—l - 1] ap Wiy (21)

Equation (21) shows that US households may change their asset position in order to accommodate: (i) shifts
in absolute risk premia across countries, as captured by AajWy; (ii) changes in wealth, o _; AWS; and (iii)

capital gains or losses on the existing portfolios, [Q} Pf/QY_; PF_; —1]af_;W¢ 1.%> The contribution of each

34Tt is worth noting that the correlation among different classes of portfolio flows predicted by the model is consistent with
U.S. data. For instance, during 1990:1-2007:1 net U.S. purchases of foreign equities and net foreign purchases of U.S. equities
were positively correlated, while both equity flows were negatively correlated with net bond flows. This is also the pattern
predicted by the model.

35In the terminology of Kraay and Ventura (2003), (i) is a portfolio rebalancing factor, while (ii) and (iii) are portfolio
growth factors. Bohn and Tesar (1996) refer to (i) as return chasing component of capital flows, and to (ii) and (iii) as portfolio

rebalancing components of capital flows.
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Table 4. Variance Decomposition of Current Account (CA)

Us
(i)

std.dev. of CA 0.92%
A bonds 1.77
A equity assets -10.78
A equity liab. -10.01

Notes: Statistics reported in the table are based on 200 simulations of quarterly
series, each 200 periods long. The decomposition is obtained based on the fol-
lowing identity for US: CA; = Qf PFAA] — PtHAflg + RLtABt' It expresses US
current account as the sum of its net equity and net bond flows. The correspond-
ing identity for ROW is CA; = PIAAY — QYPFAAT + RLtABt.

component can be assessed by taking a variance decomposition of Q} PfAA}. T find that 99% of variation
in the capital flows can be explained by the changes in the risk premia. Changes in wealth and capital
gains/losses play only an insignificant role and split the remaining 1% of variation in the capital flows.
What are the factors driving the risk-premium? Recall from equation (17) that each portfolio share is a
weighted average of the risk premia on all assets. Therefore, Aoy, x = {H,F,N} provide a convenient way
of summarizing the effects of changes in the risk-premia on holdings of asset x in the US. In equation (14) I

also showed that the risk premium on asset x could be approximated by

YICVy (fyrmin) 7 CVe (gig + i i) + (1 =9" =) CVy (g3 + 0, 75) -

From this expression, it is easy to see that variations in relative prices are important determinants of risk
premium. Thus, changes in ¢f affect the risk premium directly via the covariance terms, and indirectly
via its impact on the components of consumption: ¢, ¢j and ¢} (see equations in (11)). To quantify this
dependence, Table 5 summarizes the correlations between the changes in absolute risk premia on different

assets in each country, measured by the first-difference of the respective portfolio share, and the change in

F

4t -

As columns (i) and (ii) of Table 5 show, an increase in ¢; is associated with an increase in risk premia on
domestic assets and a fall in risk premia on foreign assets in both countries. Recall that higher risk premium
on an asset is associated with an increase in the holdings of that asset, while the opposite is true when
the risk premium falls. The relation between the risk premia and the change in ¢ is particularly strong
if T consider variations in Aay and Ag} driven solely by nontradable productivity shocks. In this case, as
shown in columns (iii) and (iv), the sign of the correlations remains the same, but their magnitude increases
dramatically.

To gain some intuition about the mechanism generating capital flows, consider the responses of US net

purchases of US and ROW tradable equity, international bonds, and ¢*, the relative price of ROW tradable
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Table 5. Correlation between asset y s risk premium, Aoy, and Ag!

US household ROW household US household ROW household

N shock only N shock only

(i) (if) (iif) (iv)

US T equity 0.070 -0.075 0.790 -0.831
ROW T equity -0.089 0.093 -0.859 0.876
bonds 0.172 -0.150 0.921 -0.961

Notes: Statistics reported in the table are based on 200 simulations of quarterly series, each
200 periods long. Columns (i) and (ii) report results obtained from simulations of the model
with both T and N productivity shocks. The results in columns (iii) and (iv) are driven by N

productivity shocks alone.

goods, to productivity shocks in the US nontradable and tradable sectors. All capital flows are expressed
as percentages of US stock market capitalization, while relative prices are in percent deviation from their
steady state values. Figures 3a and 3b summarize these responses. First, consider a positive one standard

deviation innovation to productivity in the US nontradable sector, as presented in Figure 3a.
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Figure 3a. US portfolio flows and price impulse responses: Nontradable shock

Here we see that a higher supply of nontradable goods in the US depresses their relative price thus
stimulating domestic demand for these goods in the US. The higher consumption of nontradables that

results is accompanied by an increase in the consumption demand for tradables and a fall in the relative
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price of ROW tradables due to consumption home bias. US households then substitute ROW tradables for
US tradables, which leads to a trade deficit in the US.

A nontradable productivity shock also induces households to adjust their portfolio positions. Several
factors trigger the adjustment. First, the risk premia on the available assets change. Table 5 predicts that
in response to a nontradable shock risk premia on domestic assets in each country must fall, while the
risk premia on foreign assets must rise. The latter effect increases US holdings of foreign equity, while the
former implies a fall in the US holdings of its domestic equity. As a result, US foreign equity assets as
well as US foreign equity liabilities increase. Intuitively, a fall in ¢" after a nontradable shock reduces the
payoffs from ROW tradable equity exactly when consumption demand for ROW tradable goods is high. To
induce US households to continue holding ROW tradable equity, the risk-premium on this asset must rise.
In equilibrium, higher risk premium on an asset is associated with a larger portfolio share allocated into
that asset. US tradable equity, on the other hand, pays in terms of US tradable goods. As demand for
US tradable good rises, US equity becomes more attractive, and thus commands lower risk-premium. In
equilibrium this leads to lower US holdings of US tradable equity.

Second, households want to rebalance their portfolios due to a wealth effect. In response to a nontradable
productivity shock, wealth in both US and ROW declines. In the US this decline in wealth is driven by a fall
in ¢V, while in the ROW - it is due to a fall in ¢*.3% This implies that households in both economies would
want to reduce their holdings of financial assets. In the model, however, this effect is weak relative to the
risk-premium effect.

Finally, households adjust their equity positions due to capital gains or losses on their portfolio. An
initial drop in ¢" generates a capital loss on the existing US holdings of ROW equity. Driven by the desire to
maintain a balanced portfolio, US households purchase more of ROW tradable equity following the shock.

On aggregate, US economy experiences a net equity outflow following a nontradable shock. This implies
that US households purchased ROW equity in excess of the US equity purchased by ROW households, so
that (QYPFAAY — PPAAY) > 0. To finance the net purchases of ROW assets and imports of ROW goods,
US households increase their borrowing, R%(Bt — B;—1) < 0. The associated inflow of resources covers the
net equity outflow and pays for the current account deficit in the US.

Because productivity shocks are temporary, an initial fall in ¢" will be reversed over time as supply of
nontradable and demand for tradable goods subside. In the absence of new shocks, this will result in future
capital gains on ROW tradable equity and its sale by US households. As households wealth recovers, their
purchases of ROW equity also pick up. Both effects however remain very small.

The outcomes of the tradable shocks can be analyzed in a similar manner. However, in this economy
changes in tradable productivity can be almost completely insured with the menu of available assets. Figure
3b presents the responses of equity and bond flows, as well as ¢", to a positive unanticipated shock to
productivity in US tradable sector. The equity and bond flows, as well as changes in the current account,

are very small and are dominated by the capital flows induced by shocks to nontradable productivity.

36 This does not imply that households are worse off following a positive N productivity shock. Firms in the tradable sectors
in both countries pay higher dividends after the shock. As a result, H household’s consumption of both traded and nontraded

goods goes up following the shock in H country.
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Figure 3b. US portfolio flows and price impulse responses: Tradable shock

5.3 How Important is Market Incompleteness?

As noted in the introduction, risk-sharing plays a conceptually important role in the determination of port-
folio allocations and capital flows. In this subsection, I quantify the degree of risk-sharing that arises in
the competitive equilibrium of the model. Recall that households cannot hold equity issued by foreign firms
producing nontradables. The questions I now ask are: to what extent does this restriction on households’
portfolios impede international risk-sharing? what are the implications of this restriction on households’
portfolios for equity home bias and capital flows? In other words, is market incompleteness in the model
quantitatively important?

To address these questions, I return to the first-order conditions governing households’ holdings of non-

tradable equity:

1 = Et [Mt+1R§+J 5 (223,)
1 = E [Mt-&-lth\Iﬂ} ; (22b)

where, as before, My and MH_l respectively denote the IMRS for US and ROW households. Substituting
for M1 with the identity My = Mt+1 + My — Mt+1 in (22a), we can rewrite the first-order condition
for US households as

1 =E, {MtHth\I-&-l} + Eq {(Mﬂrl - Mt+1)R?+1} : (23)

Similarly, the first-order condition for ROW households in (22b) can be rewritten as

1=E {Mt+1Rg+1] — By {(MtJrl - Mt+1)R§+1} . (24)
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Equations (23) and (24) allow us to quantify the degree of risk-sharing in the model and examine its
consequences for households’ portfolio choices. To see why, suppose (counter-factually) that the equilibrium
in my model permitted complete risk-sharing. In this case M, = M, for all ¢, so that the second terms on
the right-hand-side of (23) and (24) disappear, leaving 1 = E¢[M; 1 R}, ] and 1 = E;[M;, R}, ,]. Notice
that these expressions would be the first-order conditions for ROW and US households had they had access
to foreign nontradable equity. Thus, had the equilibrium in the model permitted complete risk-sharing,
households would find it optimal not to hold any foreign nontradable equity. Intuitively, if households are
able to achieve complete risk-sharing in a competitive equilibrium in which they are prohibited from holding
foreign nontradable equity, then households will not benefit from gaining access to the foreign nontradable
equity market.

Now consider the case where the competitive equilibrium only permits incomplete risk-sharing. Here
M, and M, will be less than perfectly correlated but it is still possible that households would not benefit
from gaining access to the foreign market for nontradable equity. So long as the difference between M; and
M, is conditionally uncorrelated with the returns on nontradables, R}, and R; 1, the second terms on the
right-hand-side of (23) and (24) disappear, again leaving 1 = E; [Mt+1R§’+1] and 1 = E; [Mt+1]%§+1].

This observation suggests a simple way to quantify the impact of incomplete-risk sharing on households’

portfolio choices. Namely, consider the projections of R} and 1:2; on My — M, :

R} P(RY| M, — Mt) + €&, (25a)
R = P(RY|M; — M) +¢&. (25D)

Clearly, these projections only make sense when M; and M, are imperfectly correlated. In the equilibrium
of my model the correlation between M, and M, is 0.76, so the projections in (25) can be estimated without
difficulty.>” Now, if the estimated projection coefficients are significantly different from zero, we can reject
the hypothesis that the returns on nontradables are orthogonal to M; — M,. And, as a consequence, we can
also reject the hypothesis that households would never benefit from gaining access to the market for foreign
nontradable equity.?® This turns out to be the case. Using simulated data from the model, the estimated
projection coefficients in (25a) and (25b) are -0.95 and 1.09 respectively. Both of these estimates are highly
statistically significant.?”

We can also use the projections in (25) to think about how households would adjust their portfolio holdings
if they were given the opportunity to hold foreign nontradable equity. Although households vary their

37 A more direct measure of risk-sharing achieved in the equilibrium of the model can be obtained as the correlation between
relative consumption and real exchange rate (RER). I find this correlation to be equal to 0.63. Furthermore, with incomplete
markets, the risk-sharing condition implies that the growth rates of RER and relative consumption are equalized in expected
values. So, I also compute the correlation between the realized growth rates of the two variables, and find that this correlation
is equal to 0.66. Therefore, both correlations in the model are significantly below 1, suggesting that the equilibrium of the

model admits far from perfect risk sharing, consistent with the empirical evidence.
38 Recently, the same approach based on households’ opimality conditions was used by Chue (2007) to analyze empirically

whether the existing US equity portfolios are optimal.
39 Although (25) can only be used to test the unconditional moment condition E[(Mi+1 — Mt+1)Xt+1] for x41q =
{R¥+1,]§§+1}, rejecting the null that E[(Miy1 — Mi+1)Xt+1] = 0 implies that E[(My1 — Mi+1)Xt+1] # 0 for at least

some t.
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portfolio shares through time, we can characterize their “average shares” by considering the unconditional
version of (22): 1 = E[M; 1Ry, ;] and 1 = E[Mt+1th\]+1], where E[.] denotes unconditional expectations.*?
My estimates of (25) imply that B[R}, ; (M1 — M, 41)] < 0 and ]E[ZA%?H(MtH — My41)] > 0. Combining

these inequalities with the unconditional version of (22), gives
E[Mp 1Ry 4] >1  and  E[Mg Ry ] > 1.

Thus, on average, both US and ROW households would like to acquire a long position in foreign nontradable
equity given the prevailing behavior of returns. Furthermore, had they had access to foreign nontradable
equity, the home bias in the tradable portfolios would disappear. This can be easily seen by extending the
optimal portfolio rules in (17) to include foreign nontradable equity. In this case US and ROW households
would face the same investment opportunity set and therefore would choose the same vectors of portfolio
shares, oy = é;. This would imply perfectly diversified portfolios in each country.! As a result, if households’
start with the same initial wealth, their wealth would also be equalized across countries in all periods.
With log-utility, consumption would also be equalized, as implied by complete risk-sharing. Under these
circumstances, portfolio flows would arise only due to changes in asset prices. Based on the definitions
adopted in this paper, portfolio flows will be zero in the model. In sum, asset market incompleteness is vital

for home bias and portfolio flows in the model.

5.4 How Important is Dynamic Portfolio Choice?

I now evaluate the importance of dynamic portfolio choice in the model by examining the conditional and
unconditional moments of portfolio returns. Figure 4 plots the US mean-variance frontier for the risky assets
using the unconditional sample moments of the simulated returns from the model. Only returns on assets
available to US households are used to calculate the frontier. Thus, it consists of the set of minimum-
variance portfolios, composed of US and ROW tradable equity and US nontradable equity, in the return
mean-standard deviation space. Every point on the frontier delivers portfolios with the lowest standard
deviation of return, given mean return. Point A on the frontier corresponds to the average portfolio implied

by the model; the asset weights are computed as the sample averages of simulated portfolio shares.

40Note that these “average shares” are not the same as the true averages of the portfolio shares determined by the households’

first-order conditions because the latter are nonlinear functions of conditioning information.
41 This conclusion is consistent with a number of results in the literature. For example, in a one-sector model with complete

markets and logarithmic utility, Kollmann (2005) shows that portfolios are fully-diversified across countries. Coeurdacier (2008)

shows a similar result in a two-sector version of the model (see equations (46) and (47) in that paper with v = 1).
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Figure 4. US Mean-Variance Frontier: Conditioning Information

Figure 4 characterizes portfolios using unconditional moments of returns. However, throughout this
paper I have used conditional moments to describe the decisions of firms and households. In particular,
households incorporate the additional information embodied in the conditional moments of returns by con-
stantly adjusting their portfolios. Points B and C in Figure 4 illustrate the importance of this conditioning
information. According to the model, the conditional first and second moments of optimally invested wealth
for US households are

BEerf, = i+ %a;Vt(rtH)at and Vi(r 1) = o Vi(ri) o

Notice that both moments vary through time with changes in the variance-covariance matrix of returns,
Vi(ri4+1), and the vector of optimally chosen portfolio shares, a;. To assess the importance of these variations,
Figure 4 plots the unconditional mean and variance of the return on wealth as point B. The unconditional
mean is calculated as a sample average of E;r}', ;, while the unconditional variance of the return on wealth is
obtained as V(7 ;) = B[V,(r{', )] + V(Er},,). Point B lies well above the frontier. To place this result in
perspective, I also calculate the minimum-variance portfolio that delivers the expected return on optimally
invested wealth (i.e., without the use of conditioning information and thus not allowing for period-by-period
portfolio adjustments). This portfolio corresponds to point C, which lies well to the right of B. In fact,
to achieve the same expected return with fixed portfolio shares, households would have to live with 39%
more risk.*> Therefore, conditioning information and dynamic portfolio choice allow households to move

significantly beyond the unconditional mean-variance frontier.

42Note that while the model implies time-varying risk premium, its magnitude, as in much of the international portfolio

choice literature, is small.
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To further illustrate the importance of the dynamic portfolio choice in the model, I compare households’
welfare achieved under a dynamic portfolio rule and a portfolio rule in which households (mistakenly) believe
that returns are i.i.d., and as a result set their portfolio shares to a constant level equal to the average of
portfolio shares in the dynamic model.*3> To perform the comparison I use the certainty equivalent return
(CER), which is obtained as the rate of return on wealth which, if earned with certainty, will provide the
household with the same level of welfare as a particular portfolio rule.** The welfare of US household is
obtained as a period ¢ expected discounted lifetime utility, equal to By Yo ﬁiU(CtH). It can conveniently
be written as -

=50+ 15 > B EiAci.
i=1
With log utility, Acyy; = 7}';, which allows to obtain the US household’s CER, 7, from

oo
1 / 1 1 ) 4
T—5Ct + (T_ig%rz}m, =15C + 3 Z ﬁlEt?"r+i.
=1

I compute 7, under the dynamic and static portfolio rule using average unconditional welfare in US and
ROW. I find that by constantly adjusting their portfolios in responses to changes in the conditional moments
of returns, households gain extra certainty equivalent return, which on average is equal to three times the
risk-premium in the model. In sum, both results suggest that dynamic portfolio choice plays an economically

significant role in the model.

6 Conclusion

This paper reconciles two puzzles in international finance: home bias in equity holdings and high turnover
and volatility of international capital flows. These results are developed in a model of international portfolio
choice with several distinct features: the production of tradable and nontradable goods in each country is
specialized, preferences are nonseparable in the consumption of all goods, and asset markets are incomplete.

Both home bias and international capital flows are driven by variations in international relative prices
which arise from productivity changes. Low diversification occurs because the variations in the terms of
trade affect the hedging ability of foreign assets. Large and volatile capital flows occur in response to the
international risk-premia differentials which are also driven by the terms of trade movements. Therefore, it
is not inconsistent to have home bias in portfolios and significant capital flows. My results also emphasize

the importance of market incompleteness and dynamic portfolio choice.

43 This rule does not characterize an equilibrium of the model, however, it allows me to evaluate the equilibrium contribution

of the time-varying portfolio shares.
44This approach has been used extensively in the literature studying the economic significance of dynamic portfolio choice

(see McCulloch and Rossi (1990), Kandel and Stambaugh (1996), DeMiguel, Garlappi, and Uppal (2007), Lan (2008)).
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Appendix

This appendix provides the derivations of some equations presented in the text.

A Model equations and the approximation point

The system of equations characterizing the equilibrium of the model consists of

1. Process for productivity

where e; is a vector of i.i.d. normally distributed, mean zero shocks with covariance €.

2. H and F budget constraints

Wt+1 =

A\ _
t+1

and

Wt+1 =

W
t+1  —

2t = azt—1 + €y,

Z\;i-l (Wt _ Cu _ QECF _ QNCN)

R{ + o} (R}, — R}) + o (Ri; — R{) + o} (R, — R})

A;\_*H(Wt - Cvu . QgéF o QNON)

R} + &} (R} t+1 — R}) + &5 (R} 1 — R}) + a; ( §+1_Rtl)~

3. H and F bond and equity Euler equations

AU441/0C1 4

where Mt+1 = BW

1=I [Mt+1 +1

]

]
1=E; [My1Ri,4],

]

=B [MenRl],  1=B MR},

Y

1=E, MtHR‘;H} ,

1= Mt+1R§+1:| ;

1=E [My1R,,],  1=E MHIRLJ ,

. The US stochastic discount factor then becomes

C —¢ T b—p cn p—1
wa-n() (T) (B)

where C' = (A%_d’ (cr)?

1
+ )\é_(z’ (% )¢) ? denotes the aggregate consumption basket in the US. Sub-

stituting in the definitions for C' and C7, and collecting the terms, allows me to express M1 as a

growth rate of the US consumption expenditures:

When preferences are logarithmic, consumption expenditure is proportional to wealth, so that

Ci + Q0 + QiCY
Ciyr + Qi Gl + Q1 Oy

M1 =8

Ci +QiCf + Qi CF = (1 - B) W,

(A1)

which allows to simplify the expression for M;y; as M1 = Wy/Wi4q. Similarly, in the ROW,

My = BWy /Wiy

Al



4. H and F optimality conditions determining relative goods prices

o = (M) 7@ e ()

¢ Ar Ct " Ct ’
— A\ 21 A 1—

Q= (A_>¢ AN

! Ar Cr to\Cr ’

o — (XY (G

D Cl '

5. Capital Euler equation at H and F

. ' 0—
1 = B [MyRS,],  with RY =028 (K',) ™ +(1-4)
U= B (MR, |, with R = (Q10/QF) (0200 (KE) ™ + (1= 0)

6. Market clearing conditions
(a) traded goods
ci+Cf = D,
Cf+Cf = DI
(b) nontraded goods
C¥=Y =Dy and CY=Y =D}

(¢) bond
0 = Bt + Bt-

(d) tradable equity
1=A"+ A" and  1=AF + A,

which can equivalently be written as

oy BWy + dlt{ﬁWt
o BW; + &) BW;

P}

QP

(e) nontradable equity
1= A} and 1= A%,

which is equivalent to
of = QP /BW:  and 4} = QP /BW;

The approximation point is given by R = R¥ = R = R" = RF = R¥ = R¥ = RV = RY = %
K=K'=K = B)Y"1-8+85"Y D=pt =D = K%K, P" = P* = 8D/(1 — ).
DN = DN = g, so that CN = C~ = k and P¥ = P¥ = /(1 — ). Wealth at 1 and F is approximated around

A2



an initial level, Wy and Wo. When W, = Wm then Cf! = ég = D% and C} = C’{, = D". This implies that
initial aggregate consumption is also equalized across countries: Cy = C’O. Then portfolios are approximated
around o = &~ = \l7¢ (C’g/Co)¢ and o = of = \L7¢ (Cg/Co)¢, where o and of denote the initial values

of (aff +&y) and (&g + af), respectively, as before.

B Derivation of equations (12)-(14)

Equation (12) is obtained by using second-order Taylor series expansion and the log-normality of asset

returns. The first-order condition for bond in equation (9¢) can be expressed as
1 =Ey [exp(mip1 +7¢)] =~ exp [Ey (megr + 1) + 3V (maga)] -
Taking logs on both sides yields a log-approximate version of the consumption Euler equation:
0=r}+Emeyq + %Vt (myy1) - (A2)
First-order condition for asset x in equation (9) is log-approximated analogously:
1 =By [Mys1RY ] = exp [By (megr +750) + 3Ve (mugr +751)] -
Again, taking logs and substituting in the bond Euler equation gives expression in (12):
Eeryyy —re + 5Ve (%) = —CVy (megr, 75 q) - (A3)

Next, I characterize m;1. Recall its definition on page 10: my11 = In (Miy1)—In M =1n (ﬁ%) —

In 3, which using the derivations in Appendix A can be written as m;y1 = —Aw;y1. Substituting this result
in (A3) gives equation (13) in the text.
Finally, to obtain a representation for risk premium in terms of consumption, as given in equation (14),

I log-linearized the consumption rule in equation (Al).

C Derivation of equation (19) and bias term in (20)

Start by revisiting the optimal decision rule for portfolio shares in equation (17). We can write it as

-1

ay Vi (T§51+1) Cv, (Til+1 ) 7"?+1) Cv, (T?Jrl ) 7”15N+1) CVi(wiy1, 7":151+1)
ap | = CVt(T?-Ha 7’?4—1) Vi (Tf-q-l) Cvt(rfﬂa TtN+1) CVi(wiy1, 7"f+1) )
oy CVt(T?-Ha 7”?+1) (CVt(TE-Hv 7‘?+1) Vf(ry-i—l) CVi(wit1, 7‘?+1)

where T used equation (13) to substitute for the risk-premium. My objective is to find expressions for
tradable portfolio shares, of and «of, for a given of. For this purpose we can re-write the first two lines in

the expression above as

Vi(rita) CVi(riy1, i) ] l of ]

Cvt(r?Jrlv 7”§+1) Vt(rg+1) ap

CVt(r?+1, T§+1) o =
: t =
Cv; (7"£+1 ) Tltq+1)

CVi(wit1,7i41)
CVi(wit1,7i41)

A3



H

e
Solving for l tF ] gives

Qg
F
Cy

==}

t

—1
\AGHY cvxﬁuhra4>1 (

(CVt(T?Jrla 7"§+1) 1)

CVi(wit1,7441) ] o

CVi(riyy,miga) Vi(ria) CVi(wiy1,7i41) CVi(rity,mi)
Isolating the solution for o} gives equation (19) in the text:
o = Vi(riiq) [Cvt(wt+la7“?+1) - CVt(T§+1,T?+1)aI§]
b=

Vi (T?+1)Vt (rtFJrl) - CV? (7‘?+1, 7'§+1)
7(CVt (7‘?+1v 7"?+1) [(CVt(thrlv rip1) — CVi(riy, 7"5+1)04¥]
Vt<7"?+1)Vt(7“§+1) - CV?(T?-Ha T§+1)

To derive the expression for bias in (20) I used the model equilibrium conditions as follows. First, using

the definition of wealth from households’ problem, the aggregate world wealth in the model is given by
Wit We = (P +D)) (AL, + AL, ) + Q5 (P + D)) (A5, + A1,
Q) (P 4+ DY) A+ Q) (P4 DY) Ay + (Bioa + Bic).
Using the asset market clearing conditions, I get
Wi+ We = (P! + D}) + Qf (P + D) + QY (P + D))+ Q; (B + DY)
The expression above can also be written in terms of returns as
W, + W, = R{PL, + RiQ}_ Py + RYQ)_ P, + Ry QY Py

Log-approximating this condition around a symmetric steady state and equal initial wealth distribution

yields
swet gy =7 (rf +piy) + 5 (e +Pia) 1 (el T pi) F 1 (T h) . (Ad)
Bond market clearing condition in conjunction with logarithmic utility also imply
B (We+We) = P+ QiPf + Qi) + Qi Py,

which can be log-approximated as follows

1 1. _ 1 H 1/ F F 1 /(N N 1 (AN AN

swe+ 5 = g9} + 3 (@ +p,) + 1 (@ +p)) + 7 (@ + ;)
Substituting this result into equation (A4) and forwarding it by one period gives

$AW 1 + AW = 7+ 1T T T+ 1T

I can now use the expression above to derive CVy(wyy1,7}, ;) and CVy (w41, 7}, 1) terms in equation (19).

For instance, the covariance between US wealth and US tradable return, ri, ;, can be obtained from

$CVy(weg,mi1) + 3CVe(brg1, 71y ) = $Ve(riy ) + FCVe (i, mihg)

+ %Cvt(r;rl’ ril+1) + %Cvt (ftNﬂv 7"?+1)~ (A5)
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Second, since both US and ROW households have access to tradable equity issued in both countries, Euler
equations in (13) imply that CV;(wiy1,74y,) = CVi(Wiq1,7y ) and CVi(wig1,7fyy) = CVi(ig1, 714 q).
Similar steps are applied to derive an expression for CVy(w; 1,7}, ;). Equipped with these equalities we can

substitute the expressions for CVy(wyy1,7}, ;) and CVy(wi11,77, ) into equation (19) in the text to get

1 .
o = i + Vi (rt 1 CVZ(riiyomiys) [iCVt(r?+1,r§+1) - (O‘Lb‘l - %) CVi(risr i)
t(ri41) ( - _vt(rg+1)vt(r;+l))
CV: (i1, 14 AN '
ST (v, ) — (0 D) S )
t(rig1)

or, using the notation in Proposition 1 in the text:

[%Cvt(r?-&-l’ftl\]-&-l) - (04? - i) CVf(T?-i-lvT?-i-l)

_ﬁ?F (%Cvt(ﬁﬂafiﬂ) - (041; - %) CVt(rtFﬂ,rtNﬂ))]-

H 1
at = Z+

Q=

Under conditions (i)-(iii) in the Proposition, the expression above simplifies to the bias term in the text.
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