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Abstract

Despite the liberalization of capital flows among OECD countries, equity home bias remains sizable. We depart
from the two familiar explanations of equity home bias: transaction costs that impede international diversification,
and terms of trade responses to supply shocks that provide risk sharing, so that there is little incentive to hold
diversified portfolios. We show that the following ingredients are key for generating realistic equity home bias:
shocks to total factor productivity and to the efficiency of physical investment, as well as the possibility for agents
to trade in stocks and bonds. In our model, domestic stocks are used to hedge fluctuations in local wage income
triggered by shocks to investment spending. Terms of trade risk is hedged using bonds denominated in local
goods and in foreign goods. In contrast to related models, the low level of international diversification does not
depend on the response of terms-of-trade to technology shocks. The model captures the fact that net exports
are countercyclical. It also reproduces the cyclical dynamics of foreign asset positions and of international capital
flows.
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1 Introduction

Cross-country capital flows have increased greatly, since the liberalization of international capital markets
two decades ago (Lane and Milesi-Feretti (2003)). Equity home bias, while less severe than in earlier
decades, remains sizable and is observed in all industrialized countries (see French and Poterba (1991)
for early evidence and Sercu and Vanpée (2007) for a recent survey). There are broadly two classes of
explanations that have been given to rationalize the persisting equity home bias. The first one, quite
naturally, centers on transaction costs and informational barriers in cross-border financial transactions
and suggests that international risk sharing is insufficient.! The second one focuses on the possibility that
terms of trade changes in response to technology shocks may provide international insurance against these
shocks, so that even a portfolio with home bias delivers international risk sharing (Cole and Obstfeld
(1991)).

Both types of explanations are helpful but are not without problems. Several authors have argued
that frictions would have to be large to fully explain the equity home bias (French and Poterba (1991),
Tesar and Werner (1995), Warnock (2002)). In order to interpret terms of trade changes as providing
insurance (rather than a source of risk), one would need to believe that terms of trade improve strongly
after a negative technology shock. The empirical literature is at best sceptical on such a possibility: as
documented below, terms of trade are only weakly correlated with output.

The recent literature on general equilibrium models of international equity holdings (see Devereux
and Sutherland (2006) for references) has mostly studied models of endowment economies—i.e. models
without production or capital accumulation. Heathcote and Perri (2007) is a notable exception discussed
below. In such economies, households trade in international financial markets solely for consumption
smoothing and risk sharing purposes so that the equity portfolio is structured to sustain net imports
in states of nature where local production is low. This leads to Home equity bias or Foreign equity
bias depending on the endogenous covariance between equity returns and the real exchange rate. Given
the weak covariance between the two in the data (Van Wincoop and Warnock (2007)), this literature

is far from being conclusive’. In reality, one of the key functions of international capital markets is to

1See, e.g., Martin and Rey (2004), Heathcote and Perri (2004), Tille and van Wincoop (2007) Coeurdacier and Guibaud
(2006) and Van Nieuwerburgh and Veldkamp (2007) for recent contributions on the role of frictions in international financial
markets.

2See Uppal (1993), Coeurdacier (2005), Kollmann (2006).



finance physical investment (Obstfeld and Rogoff (1996)). In a world with capital accumulation, efficient
international portfolios have to be structured to finance an increase in net imports in states of the world
were investment demand is high. It seems especially important to study the role of physical investment
for international portfolio choices, as empirically productive investment has been found to be a key driver
of fluctuations in net imports (Backus, Kehoe and Kydland (1992, 1994), henceforth BKK).

We show that the interaction of the following ingredients is key for generating realistic equity home
bias in a standard two-country/two-good real business cycle model: shocks to TFP and to the efficiency
of physical investment, and the possibility for agents to trade both equity shares and bonds denominated
in local and foreign goods (see Rigobon and Pavlova (2004, 2007) and Coeurdacier, Kollmann and Martin
(2007) for previous models with trade in local and foreign good bonds). Investment specific technical
change (as in Greenwood, Hercowitz and Krusell (1997, 2000), Fisher (2002, 2006)) is assumed here,
because recent empirical research suggests that investment efficiency shocks are a very important source
of output fluctuations (Fisher (2002, 2006), Justiniano and Primiceri (2006), Justiniano et al. (2007)).

With two stocks and two bonds, and two types of (Home and Foreign) technology shocks, markets are
effectively complete, up to a first order (linear) approximation of the model. The equilibrium portfolios is
structured to optimally hedge fluctuations in labor incomes,® and in terms of trade.? Specifically, bonds
are used for terms-of-trade hedging (as in Coeurdacier, Kollmann and Martin (2007), and Coeurdacier
and Gourinchas (2008)), since the differential between the two bonds is correlated with the terms of
trade. Fluctuations in labor incomes are hedged through the equity portfolios. The key mechanism
here is that, holding terms-of-trade constant, investment risk driven by TFP and investment efficiency
shocks generates a negative comovement between Home dividends and Home labor incomes (relative
to their Foreign counterpart). A Home investment boom lowers Home dividend payments (to finance
investment) and raises Home wage earnings (relative to Foreign wages) provided that there is Home
bias in investment spending. In other words, during an investment boom at Home, the share of output
distributed to Home workers increases, and investment fluctuations act as a redistributive shock (like in

Coeurdacier, Kollmann, Martin (2007)). Thus, local equity offers a good hedge against fluctuations in

3As in Baxter and Jermann (1995), Heathcote and Perri (2007), Engel and Matsumoto (2006), Bottazzi, Pesenti and
van Wincoop (1996), Julliard (2002 and 2004), among others.
4See Adler and Dumas (1983) for early work that stresses exchange rate hedging as a determinant of portfolio choice, as

well as Uppal (1993), Van Wincoop and Warnock (2006), Coeurdacier (2005), Kollmann (2006) among others.



local labor incomes driven by investment risk—which explains why equity portfolios exhibit home bias.
Due to the possibility to trade in bonds, the predicted equity home bias is not sensitive to preference
parameters (see Coeurdacier and Gourinchas (2008) for a detailed analysis of this point); it only depends
on the degree of home bias in investment expenditures, and on the labor share.

The closest paper to ours is Heathcote and Perri (2007) [HP] who were the first to investigate the
importance of physical investment for equity portfolios. Trade in bonds, and the shocks to investment
efficiency assumed here differentiate our model from HP (who do not allow for trade in bonds and assume
that aggregate shocks only take the form of TFP shocks). Compared to the HP model, we can disentangle
the hedging of labor income due to investment risk, and the hedging of real exchange rate risk. While
the HP model only generates realistic equity portfolios if terms-of-trade effects are sufficiently strong
(or, equivalently, if preferences are "close enough" to log-separability between the two goods as in a
Cole and Obstfeld (1991) economy), our model does not require strong terms-of-trade effects following
productivity shocks. This is important since the empirical evidence concerning the response of terms-
of-trade to technology shocks is mixed.” In our model (like in the data), terms-of-trade are essentially
a-cyclical ; nevertheless, there is sizable equity home bias. In a sense, our paper shows that local equity
bias driven by capital accumulation, as analyzed by HP, is a very general and robust mechanism.

In addition, we explore the quantitative implications of the model regarding the cyclical and stochastic
properties of net exports, international capital flows and external asset position. We compare these
predictions to annual data of G7 countries over the period 1984-2004. While we focus our attention
on international portfolios, we believe that our model with investment specific technology shocks has
also appealing feature for international business cycles and the international transmission of technology
shocks. Empirically, net exports are countercyclical. Models of endowment economies are inconsistent
with this fact (when a country receives a higher endowment, it runs a trade balance surplus, in order
to smooth its consumption and/or share risk with the rest of the world). By contrast, the presence
of capital accumulation can generate counter-cyclical movements in net exports, due to the pro-cyclical
response of physical investment to shocks to investment efficiency. Investment efficiency shocks generates

terms-of-trade volatility and net exports volatility that are larger, and thus more in line with the data,

5Corsetti, Dedola and Leduc (2006) argue that, empirically, a positive technology shocks triggers a terms of trade
appreciation; Acemoglu and Ventura (2002) and Kollmann (2006) provide evidence that higher productivity depreciates the
terms-of-trade in the long term.



than the terms of trade and next exports fluctuations induced by standard TFP shocks. Moreover, in
our model, terms-of-trade are very weakly correlated with changes in output (see Raffo (2006) for recent
empirical evidence)—equity portfolio results do not hinge on the cyclical nature of the terms of trade.
Indeed, TFP shocks increase output and decrease the Home terms-of-trade and shocks to the efficiency
of investment appreciates on impact the terms-of-trade (due to a larger demand for Home goods as
investment inputs®) and increase output, making the terms-of-trade very weakly correlated with output
changes. Corsetti, Dedola and Leduc (2007) provide evidence that US terms of trade improve following
a positive productivity shock. Their explanation of this phenomena relies on strong wealth effects due
to financial market incompleteness. Our model can also account for this feature, and thus with efficient
risk-sharing, if technology shocks are mostly affecting the production of investment goods (rather than
standard TFP shocks).

Fluctuations in the value of domestic and foreign asset induce external capital gains/losses that have
a substantial effect on countries’ financial wealth (Gourinchas and Rey (2005), Tille (2005), Lane and
Milesi-Ferretti (2006)). We investigate the predictions of our model for the behavior of net foreign
asset positions and international capital flows. To do so, we solve for time-varying (first-order accurate)
equilibrium portfolio holdings using the method developed by Devereux and Sutherland (2006). In the
model, fluctuations in a country’s net foreign asset position (NFA) are largely driven by movements in
equity and bond prices. NFA thus is predicted to have the time series properties of asset prices; the
change (first difference) of a country’s NFA is predicted to be highly volatile and to have low serial
correlation. These predictions are consistent with new NFA measures evaluated at market prices that
have recently been compiled by Lane and Milesi Ferretti (2006) and the IMF (International Investment
Positions database). Moreover, in response to a positive TFP or investment efficiency shock, a country is
predicted to experience a reduction in its net exports, on impact; however, the present value of its current
and future net imports rises; as the country’s NFA equals the present value of its current and future net
imports, the NFA drops, on impact. Thus, the change in NFA is predicted to be countercyclical, as is
consistent with the data. The model generates sizable asset trades. In response to a positive domestic

TFP and investment-efficiency shock, a country purchases local and foreign equity shares and it raises its

6 An alternative explanation, see Corsetti, Martin and Pesenti (2007), is that increased efficiency in investment leads to
the entry of new goods which generates a terms of trade appreciation.



holding of local good bonds, while it lowers its holding of foreign good bonds. A 1% innovation to domestic
TFP (relative to foreign TFP) induces a country to purchase local and foreign shares worth 0.65% and
1.26% of GDP, respectively. However, up to a first order approximation, these asset transactions do not
affect NFA: the value of stock purchases equals the value of bond sales. In other terms (up to first order),
NFA changes are solely due to asset price changes.

Several recent empirical studies have shown that capital gains/losses greatly affect net foreign asset
positions (NFA). However, none of those previous papers has documented and analyzed quantitatively
the cyclical behavior (volatility, serial correlation, correlation with output) of changes in external financial
positions and of capital flows. For descriptions and analyses of external valuation effects, see, Kraay et
al. (2005), Lane and Milesi-Ferretti (2001, 2005), Gourinchas and Rey (2005), Kim (2002), Tille (2003,
2004), Hau and Rey (2004), Devereux and Saito (2005), Ghironi, Lee and Rebucci (2005), Backus et al.
(2005) and Pavlova and Rigobon (2007). Cantor and Mark (1988) provided an early theoretical discussion
of the role of equity price changes for current accounts, based on a one-good model with equities trade
(their model predicts full portfolio diversification). Most other previous models of net exports typically
assume that international financial markets are restricted to bonds (e.g., Bergin (2004), Obstfeld and
Rogoff (1996)).

The paper is structured as follows. In section 2, we present the model set-up. In section 3, we derive
equilibrium equity and bond portfolios, and we provide empirical support for the key condition that drives
equity home bias in the model. In section 4, we provide stylized facts on the dynamics of portfolios and
external positions in G7 countries; we present simulation results that suggest that the model captures

key dynamic stylized facts.

2 The model

There are two symmetric countries, Home (H) and Foreign (F'), each with a representative household.
Each country ¢ produces one good using labor and capital. There is trade in goods and in financial assets

(stocks and bonds). All markets are perfectly competitive.



2.1 Preferences

Country ¢ is inhabited by a representative household who lives in periods ¢ = 0,1, 2, .... The household

has the following life-time utility function:

P T .
0;5 -0 14w (1)

14w

14 denotes the disutility from labor (with

where C;; is i’s aggregate consumption in period ¢ and —
w > 0). Like much of the macroeconomics and finance literature, we take the coefficient of relative risk
aversion to be greater than unity. o > 1.

Ciy, for i« = H, F' is a composite good given by:

- - ?/(¢—1)
Cuyr = {aw (ngt)(d’ VL a—a)le (Cgt)(ab 1>/¢] @

- _ o/ (¢—1)
Cp: = {a1/¢ (cgt)(qﬁ n/¢ +(1— a)1/¢ (Cg’t)w 1)/¢} (3)

’ )

where cé-yt is country i/s consumption of the good produced by country j at date t. ¢ > 0 is the elasticity

of substitution between the two goods. In a symmetric steady state, a is the share of consumption
spending devoted to the local good. We assume a preference bias for local goods, % <a <l
The welfare based consumer price indices that correspond to these preferences are:

Py = [a (pre) ™ + (1~ a) (PF,t)l‘ﬂ 1/a-9) W

[T T e R 5

Pr,
where pr ¢ and pp; are the prices of goods H and F, respectively.
2.2 Technologies
In period ¢, country ¢ produces y; ; units of good ¢ according to the production function
Yir = 0;0(kie)" (L) ", (6)

with 0 < k < 1. [;; is the labor supply in country ¢ at date ¢. k;; is the country’s stock of capital.
Total factor productivity 6;; > 0 is an exogenous random variable.

Capital is derived from physical investment in previous periods:

ki1 = (1= 08)kis+ xiLi (7)



where 0 < ¢ <1 is the depreciation rate of capital. I;; is gross investment in country i at fate t. x;; > 0
is an exogenous shock to the productivity of investment (Fisher (2002, 2006), Greenwood, Hercowitz and
Krusell (1997), Justiniano et al. (2007)); x; , affects output at ¢ only through the endogenous response of
labor supply and affects future production through capital accumulation; hence, x; ;, can be viewed as a
'news shock’ about future output (see Beaudry and Portier (2006) and Jaimovich and Rebelo (2007) for
analysis of ‘new shocks’). We assume that x; , is not perfectly correlated with the productivity shocks
0; +. The stochastic properties of both shocks are symmetric across countries.

In both countries, investment goods are generated using Home and Foreign inputs:

B (@] 1\ (6r-1)/6r] 01/
Lo = (o (i) 7V (= o )] .

] -1/¢ . —1 1/ (pr—1)
Ip; = [a}/m (th)(% Vo1 (1 — ap) e (lgt)m )/m}

) )

(9)

where z;t is the quantity of the good produced by country j used for investment in country ¢. The

associated (ideal) price indices of investment goods are given by

1/(1=é;)
e, (10)

PIILt = {al (pH,t)l_(bI + (1 —ar) (pre)

(11)

_ _o 1Y/ (=01)
Py = [ =an) e ™ +aror) ™

We assume a local bias for investment spending, % < ay < 1. Home bias and the substitution elasticity

between domestic and imported inputs may be different for investment and consumption: ay # a, ¢; # ¢.
2.3 Firms’ decisions

Firms maximize profits, taking goods and factor prices as given. Due to the Cobb-Douglas technology, a

share (1 — k) of output is paid to workers. Thus, labor income in country ¢ is given by:
Wil s = (1 — K)pi i, (12)

where p; ; is the price of the country ¢ good and w;; is the wage in country ¢. A share x of country ¢

output, net of physical investment spending, is paid as a dividend d; ; to shareholders:
diy = kpigyie — Pl Ly (13)

Investment decisions have two dimensions: firms choose aggregate investment spending P/, I, ;, and

they decide how to allocate that spending over Home and Foreign inputs. For country H firms, the



allocation over the two inputs must satisfy the following first-order conditions:

igt PH,t o
g " (PH> )
e _ (1_a,)<pF’t>¢I (15)
Iy Pé’t

Investment spending at date t must equalize the expected future marginal gain of investment to the

marginal cost at date £. So at time time ¢, the first-order condition for investment in country 1 is:

|2 Bygh o Dot Xt ot ion gy Plen 16
= tQt,t+1 PL i1 P[t [pl,t*Fl Z,t+1K/ i,t4+1%,t4+1 + ( - )X 1 ]7 ( )
) i, i,

where g;t 41 is a pricing kernel used by the firm at date ¢ to value date t+1 payoffs (that are expressed
in units of the country 4 final consumption good).

Perfect competition implies that equilibrium price of stock i (discussed below) is the value of the
capital stock owned by firm : pit = Pi{th',tH /Xi+-When the Home and Foreign households’ Euler
equations for stocks shown below (see (21)) holds, then the Euler equation for physical capital (16) holds
for a pricing kernel g;t 41 that equals the Home household’s or the Foreign household’s intertemporal

marginal rate of substitution.

2.4 Financial markets, household decisions, market clearing

Stocks and bonds are traded internationally. The country ¢ firm issues a stock that represents a share
in the stream of dividends {d;;}.The supply of each stock is normalized at unity. There is a bond
denominated in the Home good, and a bond denominated in the Foreign good. Buying one unit of the
Home (Foreign) bond in period ¢ gives one unit of the Home (Foreign) good in all future periods. Both
bonds are in zero net supply. Each household fully owns the local stock, at birth, and has zero initial
foreign assets.” Let S;-yt 41 denote the number of shares of stock j held by country i at the end of period
t, while b;',t 41 represents claims held by 4 (at the end of ¢) to future unconditional payments of good j.

At date t, the country ¢ household faces the following budget constraint:

; s ; s bogi b i
PiiCit + 57 i 11Dy + 55 141074 + 15405441 + 074 141 (17)

= Wil + Sf,t(di,t + pzs,t) + Sgi‘,t(dj,t + pzs,t) + (pit + p?,t)bi,t + (pje + p?,t)bé,t

"This insures that both countries have equal wealth at birth and preserves the (ex ante) symmetry of the model.



where pft is the price of stock 7 and p?yt is the price of bond 1.

The country 4 household selects portfolios and consumptions and supplies a quantity of labor that
maximize her life-time utility subject to the budget constraint (??) for ¢ > 0. The following equations
are first-order conditions of the decision problem of the country H household:

Intra-temporal allocation across goods:

pae\ "’ pre\ 7
cﬁt =q 2L Chu s, cgt =(1-a) £5E Cu+ (18)
’ Py ’ ’ Py ’

)

Labor supply decision:

Euler equations for bonds and stocks:

- b - b

| = B, (CH,t+1> 7 Pgt Phipr tPH+1 1= B, (CH,t+1> 7 Pgt Prit1 T PRl
- t ) - t

CH,t PH,t+1 pl}“ CH,t PH,t+1 pl}:t

s

s <CH¢+1>_U Py pftﬂ +di 1 -y <C'H,t+1)_" Py p?’,t—i—l T PFt+1 (21)
Ch Py t41 pf,t ’ Cht Py i1 p;t

Symmetric expressions hold for the country F' household.

Market-clearing in goods and asset markets requires:

Cg,t + Cfl,f, + ig,t + ig,t = Yut, C?,t + C}F{t + i?,t + ig,t =YFt , (22)
H F F H
Sgt+Su: = Skt Sp.=1, (23)
H P F H
bH,t + bH,t = bF,t + bF,t = U (24)

2.5 Relative demand for consumption and investment

Subsequent discussions will use the following properties of relative consumption and investment demand:

the first-order condition for consumption (18) and the resource constraint (22) imply:
Cg,t + cht = p;fés {acH,tPg,t +(1-a) CF,tPI?,t} =YHt — ('Lflt + lf[t) (25)
Cg,t + Cg,t = pl;js) {aCF,tPvat +(1—a) CHytPI(g,t} =YFrt — (th + ZII:“I,t) (26)

Taking the ratio of these expressions gives:

vor = YHt — (th + Zflt) . q7¢
b = - - =
YFt — (lJI::,t + Zﬁt) !

; (27)

( Pry > ¢ Crt
Pg.) Cuy
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where yc ; the ratio of world consumption of Home goods over world consumption of Foreign goods, while

¢t = pu,i/pr, denote the country H terms of trade. Q(z) = %j:))
e H P
The ratio of world demands for Home vs. Foreign goods used for physical investment y; ; = %
F,t F,t
satisfies the following condition (from (14) and (15)):
Pl #rIgy,
g0 (fji,) =L (28)
P Fitl Ir

3 Characterization of (steady state) equilibrium portfolios

The equilibrium portfolio holdings chosen in period ¢ (S}, S;i’tﬂ, bﬁ,tﬂ,b;’tﬂ) are functions of pre-
determined state variables, and of exogenous shocks at t. Devereux and Sutherland (2006) show that an
n — th order accurate approximations of those equilibrium portfolio decision rules (in the neighborhood
of the deterministic steady state) can be computed from a (n + 1) — st order approximation of household
Euler equations, and an n — th order approximation of the remaining equilibrium conditions. In this
Section, we provide closed form solutions for zero-order accurate portfolios S}, S%, b;,b%,i.e. portfolios
evaluated at steady state values of state variables. Those ”steady state portfolios” can be computed from
a quadratic approximation of Euler equations and a linear approximation of all remaining equations.
Solving for those portfolios is greatly facilitated by the fact that, up to a linear approximation, the asset
structure (with four assets and four exogenous shocks) here supports a Pareto efficient outcome: con-

sumptions and labor supplies in the competitive equilibrium satisfy (Pareto) efficiency conditions, up to

first order.

3.1 Linearization of the model

We thus linearize the model around its (deterministic) steady state and find the portfolios that are

consistent with Pareto efficiency (up to first order). In what follows, z; = z’;: denote the ratio of
Home over Foreign values. In particular, y, = z’;t’ and I} = 5’;: are relative output and relative (real)

investment. Variables without a time subscript refer to the steady state; @ = (z+ — Z)/Z denotes the

relative deviation of a variable x; from its steady state value x.

11



The Home country’s CPI-based real exchange is RER; = ];’;: Thus:

Py, R
RER, = =2t = (20— 1) G;. (29)
Pry
Note that, due to consumption home bias (a > %), an improvement of the Home terms-of-trade generates
an appreciation of the Home real exchange rate.

In a Pareto efficient equilibrium, the ratio of Home and Foreign marginal utilities of aggregate con-

sumption is equated to the real exchange rate. Linearization of this risk sharing condition gives:
—0(Cxt —Cpt) = (2a—1) ¢ (30)

Linearizing (27) and using (30) yields (see Coeurdacier (2005) and Coeurdacier, Kollmann, Martin

(2007) for a similar derivation):
_ 1| . ~
Yoi=— {qﬁ (1 —(2a — 1)2) + (2a — 1)2 U} G = —A\@; (31)

2
where A = ¢(1 — (2a — 1)) + @ Note that A > 0 as 1/2 < a < 1. An increase in the Home
terms-of-trade lowers worldwide relative consumption of the Home good; the higher is ¢, the stronger is
the response of relative Home good consumption to a relative price change.

The linearization of the relative price of investment goods gives:

1
H.t N
— =2ar-1)q (32)
Pr,
Ew .
Up to first order, relative investment spending % is then equal to (2a; — 1) @z +1;, where I; = 5;1 f
F s »
denotes relative (real) investment in the two countries.
The linearization of equation (28) then gives:
gri = —6r (1= Car =1)*) G + 2ar = DI, (33)

Relative world demand for the Home good, for investment purposes, decreases with the Home terms-of-
trade; like for consumption, the relative demand response is stronger when Home and Foreign investment
inputs are closer substitutes (higher ¢;). Holding constant the terms of trade, the relative demand for
Home investment goods increases with relative real investment in the Home country, since Home aggregate

investment is biased towards Home goods (a; > 1).

12



The market clearing conditions for goods (see (22)) imply:

(1= Mger+ Ayre = 4, (34)

PLiy  PLIp
PHYH ~ PFYF

where A = is the steady-state ratio of investment spending over nominal GDP.® Equations

(31),(33) and (34) imply:

~

U = —N'q¢ + A(2a; — 1)1, (35)

where \* = (1 — M)A+ Ag; (1 - (2a7 — 1)2> >0 9.
Not surprisingly, Home terms-of-trade worsen when the relative supply of Home goods increases, for
a given amount of relative (real) Home country investment; by contrast, Home terms-of-trade improve

when Home investment rises (due to home bias in investment spending).
3.2 Steady state portfolios

Ex-ante symmetry implies that the steady state portfolios have to satisfy the following conditions:, S =
Si=82=1-52=1-53; b=0bl =03 = —b? = —bl. The pair (S;b) thus describes the (zero-order
accurate) equilibrium portfolio. Note that S denotes a country’s holdings of local stock, while b denotes
its holdings of bonds denominated in its local good. There is equity home bias when S > % b > 0 means
that a country issues bonds denominated in its local good.

As shown in the Appendix, the (zero-order accurate) equilibrium portfolio (S;b) has to satisfy the

following static budget constraint, for efficient consumptions and goods prices:
P;Ciy = wiliy + Sdiy + (1 = S)dj¢ + b(piy — pje)- (36)

In other terms, the efficient consumption spending of the country 7 household has to equal the sum
of her efficient wage income, w; ¢, dividend income, Sd; ; + (1 — S)d;+, and bond income, b(p;+ — pjt)-
Subtracting the budget constraint of country F' from that of country H gives Py Cut — Pr:Crt =
(Walae —wrilpe) + (28 —1)(dp s — dpy) + 2b(pie — pj¢). Linearizing this yields:

. _ 1 R _ N R
(1=A)(PrCr— PriCrt) = (1= A)(1 - =)(2a — 1) @ = (1 — k)wely + (25 — 1) (k — A)ds +2bg; (37)
[0

8The steady state is symmetric: ¢ =1, Iy = Ip, zg =1
9When ¢; = ¢ and a; = a then \* = ¢(1 — (2a — 1)?) +




—

where @ = wHlH:— wEZ\Rt denotes relative labor income, while and Jt = d/H\t — d/F\t denotes relative
dividends.

The first equality follows from the risk-sharing condition (30) and from (29); it shows the Pareto
optimal reaction of relative consumption spending to a change of the welfare based real exchange rate.
This reaction depends on the coefficient of relative risk aversion. In a Pareto efficient equilibrium, a
shock that appreciates the real exchange rate of country H, induces an increase in country H relative
consumption spending when o > 1 (as assumed in the analysis here). (30) shows that when the real

exchange rate appreciates by 1%, then relative aggregate country H consumption (%) decreases by

1/0 %. Hence, efficient relative country H consumption spending (?ﬁ g?) increases by (1 — %)%. The

expression to the right shows the change in country H income (relative to the income of F') necessary
to obtain the Pareto optimal allocation. Given o > 1, the efficient portfolio has to be such that a real
appreciation is associated with an increase in relative spending and income.
Since labor income is a constant share of output, relative labor income (@) is given by: @ = QG+
Dividends equal a share k of output, from which investment spending is subtracted. The relative
dividends (cﬁ) is given by:

—

(k= Mo = 5@ + 50) = MPjroTne = Pholre) = s(@ + ) = MQar = D@+ 1), (38)
Substituting (38) into (37) gives:

(=M= 2) Qa=1)G = (1 - )@ +5) + (25~ ) {6(@ + ) — A(2ar — )G+ 1)} + 206 (39)

Using the goods market equilibrium condition §; = —A*G + A(2a; — 1)1, (see (35)), we can express
(39) as:

(1—A)(1—§) (2a — 1) G = [(1=K)+£ (25 — D)((1=A)Gi+A(2ar—1)T,)—A (25 — 1) [(2a; — 1) Gi+1,]+2bG:
(40)

The asset structure supports the complete markets allocation (up to the first-order approximation)

if (40) holds for all realizations of the two (relative) exogenous shocks (A, ;). As in the analysis of
Coeurdacier, Kollmann and Martin (2007), the correlation between shocks - as long as it is not perfect -

does not matter for the equilibrium portfolio.'® In fact, to solve for the steady state portfolio, we do not

10The persistence of the shocks is also irrelevant for the portfolio.
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have to solve for output and investment, as a unique pair of terms of trade and relative real investment
(@i, I,) is associated with each realizations of (0:, Xt)-

The following portfolio (S, b) ensures that (40) holds for arbitrary realizations of the shocks (é\t, Xt):

1 (2ar — 1)(1 — k) 1
s = 3 a7y )
1 1 (1—£K) [A" =1+ A(2a; — 1)?]
b= S |1-M0-)@a-1)+ e~ 1)n (42)

Interestingly, the equity portfolio is independent of the degree of consumption home bias and of
preference parameters. The equity portfolio is solely a function of the home bias in investment spending
and of the capital share (k) (a result already present in Castello (2007)). By contrast, the bond portfolio
depends on the substitution elasticity between Home and Foreign goods (via A\*) and on the coefficient
of risk aversion (o). Coeurdacier and Gourinchas (2008) provide a general discussion of conditions under
which equity portfolios are independent of preferences. As shown by them, an important condition is that
bonds exist whose relative returns perfectly track terms of trade -real exchange rate- movements.

As explained below, in the model here, equities are used to hedge fluctuations in relative wages and
dividends that are orthogonal to terms of trade changes. The bond portfolio hedges fluctuations in
relative wages and dividends that are correlated with the terms of trade. As substitution elasticities and
risk aversion affect the efficient responses of terms of trade and relative consumptions to shocks, the bond
portfolio depends on those preference parameters (in contrast to the equity portfolio).

Assume a combination of (HAt, X;) shocks that raises relative country H real investment spending,
without altering the terms of trade: I, > 0, ¢ = 0. From (35), we know that this combination of
shocks has to raise H relative output g; as there is local bias in investment spending (a; > 1/2): 4 =
A(2a; — 1)]; > 0, when IAt > 0, ¢ = 0. Given that the real exchange rate is constant with such a
combination of shocks, efficient risk sharing requires that countries’ relative consumption spending should
also be constant. Hence, the efficient portfolio has to be such that relative incomes too are unaffected.

From (39) it can be seen that this requires that:
0=(1-rK)G + (25 — 1) {xj — AL} (43)

The first term on the right-hand side represents the change in relative labor income, under constant
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terms of trade. Note that [K—A]C/l; = k(G +7:)—Al(2a; — 1)@ + 1), with s—A > 0.1! The term {xg; — AL}
is thus proportional to the change in relative dividend generated by the Home firm, at constant terms
of trade. Note that xg; — Al, = [k(2a;r — 1) — 1] AI, <0 when §; = A(2a; — 1)I,. Thus, a combination
of shocks that raises H relative investment without affecting the terms of trade induces a rise in H/s
relative wage income, and a fall in the relative dividend paid out by stock H. This makes holding local
equity attractive to insure relative income (the sum of wage incomes and dividends) and therefore relative
consumption against this type of uncertainty. Hence, equity home bias is optimal: S > 1/2. 12

Once investment/output shocks that do not affect the terms of trade have been hedged by holding
local equity, the remaining risk (changes in output/investment that affect the terms of trade) is hedged
using the bond portfolio; this is so because terms of trade movements affect the difference between the

returns on Home and Foreign good bonds.

Comparison with Heathcote and Perri (2007)

Our equity portfolio (41) corresponds to that obtained by Heathcote and Perri (2007) [HP] for a
special case of the HP model where 0 = ¢ = 1. HP consider a model with just TFP shocks and just
trade in stocks. In their model, the equity portfolio is sensitive to slight changes in risk aversion or
the substitution elasticity across goods: when o or ¢ are only slightly larger than unity, their model
generates equity foreign bias: households short the home stock.!®> Here we show that that sensitivity of
portfolio choices disappears once we allow for trade in bonds, and a shock to investment efficiency. This
robustness is due to the fact that, in our model, terms-of-trade risk is hedged by the bond portfolio.'* This
result is important, as there is considerable uncertainty regarding the value of the domestic/foreign good
substitution elasticity: estimates from aggregate macro data are scattered around unity, but estimates
from sectoral trade data are above 4; see Coeurdacier (2005) and Imbs and Mejean (2008) for a more

detailed discussion of empirical estimates of the substitution elasticity.'®

1 The steady state investment/GDP ratio is given by A = k/[(1/8)(1 — B)/B + 1]. Thus » — A > 0. This ensure that

dividends are strictly positive in steady state. Empirically, > ~ 0.4, and A =~ 0.2, in OECD countries.

120 derive the value of S shown in (41), one can substitute 4 = A(2a; — 1)I; into (43); the only value of S for which
the resulting expression holds for arbitrary I is given by (41).

13 Castello (2007) considers a model of portfolio choice with capital close to HP; in her model too, equity portfolios are
highly sensitive to preference parameters.

1 Although it is still necessary in our model that goods are imperfect substitutes ¢ < co such that real exchange rate
are affected by shocks.

15Tmbs and Mejean (2008) reconcile the estimates based on macro and sectoral data, pointing out an aggregation bias in
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3.3 The role of the correlation between relative wage incomes and relative
dividends

In HP’s setting with just TFP shocks and no bonds, ¢ = ¢ = 1 entails that a country’s relative
wage income is negatively correlated with the relative dividend of the stock issued by the country:
C’orr(@, c/l;) < 0. As documented below, the unconditional correlation between relative wage income
(@) and the relative dividend (c/l;) is positive, for G7 countries (Corr(@,c@) > 0). Hence, the key
condition under which the HP model generates equity home bias is rejected empirically.

In the model here, the unconditional C’orr(@, c@) per se does not matter for the equilibrium equity
portfolio. What matters is the correlation between the components of ’l;t\lt and c/i\t that are orthogonal
to ¢;; specifically, there is equity home bias when that correlation is negative. To see this, project both

sides of equation (37) on terms of trade. This gives:
(=M= 2) Q= 1)G = (1 = DPlwdld] + (25— 1) (s DP@IG] + 206, (44)
where P[@@] is the projection of wily on G. (NB ¢; = P[qt|q:].) Subtracting this from (37) gives:
0 = (1 — ) {wily — Plwe|Gi]} + (28 — 1) (5 — A){d; — Pd:|3.]}- (45)

This shows that the efficient equity portfolio has to hedge w;l; — P[@@] and d; — P|dy|G), i.e. the
components of wyl, and d; that are orthogonal to the terms of trade ¢;. Multiplying (45) by {Jt — P[Jt |7:]

and taking expectations gives the following expression for S:

5_1:_11—/1001)5(@,6@)
2 2k =N Varg(dy)

where Covg(@, dy) = E[{Et\lt - P[u/)t\lt@]}{c@ — P[dy|@]] is the covariance between components of
wyly and d; that are orthogonal to the terms of trade . (VarqA(cTt) = E{d; — P|d|3]}%.). Note that
there is equity home bias if and only if Cova(@, di) < 0. The model here (with trade in bonds and
two types of shocks) generates Cov@(@,c@) = (k —A)(2a;r — 1)/[(k(2a; — 1) — 1)] < 0. Empirically,
Covg(@, c@) < 0, for G7 countries, as documented below.

Note that (1 — &) Plwily|@] + (28 — 1) (k — A)P[dy|@i] = vG for some coefficient 5. Hence, (44) can

be expressed as: (1 — A)(1— 1) (2a — 1)@ = ¢ + 2bg;. The bond position is set at the value for which

macro estimates.
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this condition holds for any realization of @;: b = 3[(1 — A)(1 — 1) (2a—1) — 7). Thus, the optimal
bond position hedges terms of trade risk: that position ensures that terms of trade fluctuations induce
movements in the two countries’ relative incomes (given the optimal equity portfolio) that track optimal
relative consumption spending.

Equilibrium portfolios in a world with countries of different sizes

For simplicity, the analysis above assumed that, in steady state, the two countries have equal size.
In order to permit empirical analysis, this Section considers countries of unequal size. Assume that
the capital share (k) and the steady state ratio of investment spending to GDP (A), the risk aversion
coefficient (o), and the substitution elasticities between domestic and imported inputs (¢, ¢;) are identical

across countries. Then the country ¢ household holds the following share of the local firm, in equilibrium:

(1—-k)(am,+apr—1)

, 46
1—k(agr+arr—1) (46)

Si =i+ (1= p;)
where 1; = p;y;/(piys +p;y;), is the (steady state) share of country i’s GDP in world GDP, while a;
is the steady state share of local inputs in country ¢ physical investment spending. If trade in investment

goods is balanced, in steady state, then (1 — arg)puy = (1 — arp)pp; then S! can be expressed as:
(1 = &) (ai,r = p) /(L = py)
1—k(air = pi) /(1= ;)

1—k)a; .
w Assume & = 0.4; consider
1—kKa; 1 )

St =i+ (1= p;)

Note that, for a ’small’ economy (for which p, close to zero), S? ~
a small economy that devotes 80% of investment spending to local inputs; the model then predicts that
84% of the equity issued by that country is locally held.

The equilibrium local equity position S? can also be expressed as:

1—k Cova(@,c@)

K—A VarqA(c?t) (47)

St =i — (1= p;)

(A—r)(ai,r=p)/(A=pi) _
1=rlair—p)/(A—p;)  —

The degree of equity home bias S! — y, is thus given by: S! — p;, = (1 — p;)

(1 _ 1=k Covg(wiliy,di)
(1 Mz)an Vﬂﬂ”a(dAt)

. Again, the condition for the existence of an equity home bias (S! > ;) is

Covg(@, c?t) < 0.We now turn to the empirical analysis of this condition.

Empirical evidence on the (un-)conditional correlation between relative wage income

and relative dividends
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For each G7 country, we obtained annual time series on nominal wage incomes and profits (in local
currency) from OECD National Accounts.!® We construct an empirical counterpart to the model’s
country ¢ dividend variable d; by subtracting gross investment from profits. We divided each G7 country’s
nominal wage income (dividends) series by an aggregate wage income (dividend) series for the remaining
countries in the sample (nominal exchange rates were used to express all series in a common currency).
We finally logged and linearly de-trended the resulting relative labor income (dividends) series to obtain
estimates of the variable wl (J) in the model. We consider two sample periods: 1972-2003 and 1990-2003.

The empirical unconditional correlations Corr(iy, d;) are given in table 1.

Table 1: Estimates of Corr(@,cft)

Us JA DE FR UK IT CA
1972 — 2003 | .76 (.07) | .82 (.05) | .76 (.09) | .71 (.08) | .80 (.08) | .82 (.06) | .63 (.10)
1990 — 2003 | .83 (.05) | .93 (.02) | .88 (.04) | .61 (.11) | .78 (.10) | .68 (.07) | .85 (.04)

Note: Figures in parentheses are standard deviations of correlations (based on GMM)

For each G7 country (and for both sample periods), @ is highly positively correlated with c?t; in
all cases the correlations are significantly different from zero.

Table 2 reports Corra(@, &;) for the G7 countries. We use a country’s GDP deflator as a measure
of its output price p;. Our measure of the country ¢ terms of trade is the ratio of its GDP deflator to a
geometric weighted average of the GDP deflators of the remaining G7 countries, expressed in country ¢
currency using nominal exchange rates (the weights are given by country’s relative GDPs). The resulting
series is logged and linearly detrended. We regressed @ and &; on ¢; the correlation between the
residuals of those regressions is our estimate of Corrg(zm, C/l;) .

It appears that Corra(@,&\t) < 0, for the G7 countries (the only exception if Italy, for the pe-
riod 1972-2003; but for 1990-2003, Corrg(@,c/l\t) < 0 holds for Italy too.) Note that, in most cases
Corra(@, c;f\t) is highly statistically significant.

Table 2: Estimates of Corrg(@,[i\t)

Us JA DE FR UK IT CA

1972 — 2003 | —.21 (.12) | —.42 (.15) | —A48(17) | —.72 (07) | —65 (.11) | .48 (.16) | —.10 (.15)

1990 — 2003 | —.07 (.10) | —.56 (.21) | —.56 (.17) | —.50 (.11) | —.84 (.07) | —.44 (.16) | —.19 (.22)

Note: Figures in parentheses are standard deviations of correlations (based on GMM)

16Series: 'Compensation of employees’ and 'Gross operating surplus and gross mixed income’.
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Implied equity portfolios

Across G7 countries, the average capital share is k = 0.4; the average share of gross physical investment
in GDP is A = 0.22. The mean values (1972-2003) of the G7 countries’s shares in total G7 GDP are: 0.44
(US), 0.19(Japan), 0.11 (Germany), 0.08(France), 0.06 (UK), 0.06 (Italy) and 0.04 (Canada), respectively.
Using these values for k, A and p;, as well as estimates of Covg(iﬂt\lt,c/l;)/Varq(c/l\t), we construct the
locally held equity share, and the implied degrees of equity home bias generated by the model (from

equation (47).)!7. The results are shown in table 3.

Table 3: Implied locally held equity position S! = p; —(1 — ui)’ij—xCovg(@,(/i;)/VarqA(c/l\t)
Us JA DE FR UK IT CA
1972 — 2003 | .62 (.14) | .68 (.18) | .37 (.08) | .70 (.10) | .77 (.14) | —.53 (.19) | .08 (.08)
1990 — 2003 | .50 (.20) | .73 (.21) | .44 (.13) | .57 (.23) | .77 (.12) | 1.06 (.56) | .17 (.18)
Note: Figures in parentheses are standard deviations.

The implied degree of equity home bias is mostly sizable and highly statistically significant. For the
period 1990-2003, it ranges between 5% (US) and 100% (Italy). The implied locally held equity share S?
ranges between 17% (Canada) and 106% (Italy).

4 The dynamics of external financial positions

The liberalization of international capital flows has increased the size and volatility of international capital
flows; the gross external assets and liabilities of leading industrialized countries now exceed 100% of their
respective GDPs, and thus fluctuations in the value of domestic and foreign assets induce external capital
gains/losses that have a substantial effect on countries’ financial wealth (Gourinchas and Rey (2005), Tille
(2005), Lane and Milesi-Ferretti (2006)). This Section describes the dynamics of the external financial

positions of G7 countries; we then show that our model captures key aspects of the observed dynamics.

4.1 External position dynamics: empirical evidence

Table 4 documents time series properties of international financial/macroeconomic variables for the G7

countries. The sample period is 1984-2004. All data are annual. GDP and physical investment series

I"Note that C’ovg(@, @)/Varg(c?t) is the regression coefficient in an OLS regression of Wil — P[wt|gt] on dy — P[dAt\tj\t]

We regress w; and d¢ on ¢; to construct P[zzt\lﬂ(m and P[d:|G].
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are logged. Standard deviations, correlations with domestic GDP and autocorrelations are reported. All
statistics are based on HP-filtered series (smoothing parameter: 400).

The Table reports properties of annual first differences (changes) of G7 countries’ net foreign assets
(NFA), net foreign bond assets, and net foreign equity assets, normalized by domestic nominal GDP.
Note that these assets/liabilities are evaluated at market prices (data source: Lane and Milesi-Ferretti
(2007)).

For 6 of the G7 countries, the annual NFA change is more volatile than GDP; the mean standard
deviations of ANF A and GDP across the G7 countries are 3.23% and 2.07%, respectively. NFA changes
are slightly countercyclical and essentially serially uncorrelated (mean correlation with domestic GDP:
-0.22; mean autocorrelation: -0.01 )

As our model assumes trade in stocks and in bonds, we decompose NFA change into the change of a
country’s equity position and into the change of its net bond position (at market prices). ¥ Stocks and
bonds both contribute noticeably to NFA changes (mean standard deviations of net equity assets and of
net bond assets: 2.97% and 2.20%, respectively). Net equity assets and net bond assets are negatively
correlated (mean correlation: -0.27). Like NFA changes, the changes of net equity and net bond positions
tend to be weakly countercyclical and they have weak serial correlation.

The changes in net equity/bond positions at market prices reflect asset price changes, as well as net
asset acquisitions. The net flow of assets acquired by a country is measured by its current account (CA).
In contrast to the first difference of NFA (at market prices), the CA does not take into account external
capital gains/losses (on assets acquired in the past). Table 4 reports time series properties of CAs; it
also disaggregates the CA in its equity component ("Net equity outflow’ = net equity purchases from the
rest of the world) and its bond component ('Net bond outflow’ = net bond purchase from the rest of
the world). (Note: the statistics in Table 4 pertain to CA and Net equity/bond outflow series that
have been normalized by domestic GDP). The CA is only about a third as volatile as the NFA change
(mean standard deviation of CA [ANFA]: 1.11% [3.23%]). ! Thus, NFA changes are largely driven by

asset price (valuation) changes, and not by net asset flows. Note also that CA is clearly countercyclical

18We construct a country’s ’equity’ position by adding portfolio equity and FDI positions (at market prices); our measure
of country’s ’bond’ position is the sum of debt and bank loans (data source: Lane and Milesi-Ferretti (2007)).

19See Kollmann (2006b) documents the fact that ANFA is more volatile than CA, for a broader sample of 18 OECD
countries. Faruquee and Lee (2007) confirm that empirical result for a sample of 100 countries.
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and highly persistent (mean correlation with domestic GDP: -0.40; mean autocorrelation: 0.64); this too
distinguishes the behavior of CA from that of ANFA.

Net equity outflows (mean standard deviation: 1.38%) and net bond outflows (mean standard devia-
tion: 1.71%) are only sightly more volatile than CA. Net equity flows are highly (statistically significantly)
negatively correlated with net debt flows (mean correlation between the two flows: -0.68). Net bond out-
flows are countercyclical (except for the US), whereas net equity outflows have no clear cyclical pattern.
Net equity/bond outflows are less strongly serially correlated than the CA. Note also that net equity /bond
outflows are less volatile than changes in net foreign equity /bond positions at market prices; the difference
is especially noticeable for net equities—which shows that, valuation effects are more important for stocks
than for bonds. However, irrespective of whether valuation changes are taken into account, net equity
positions are negatively correlated with net bond positions.

Net exports (normalized by GDP) are less volatile than GDP, while terms of trade (measured by a
country’s export price index divided its import price index) are more volatile than GDP (mean standard
deviations of NX and t.o.t : 1.14% and 3.77%, respectively). Net exports are significantly negatively
correlated with GDP (in 6 of the G7 countries), while the terms of trade have no clear cyclical patter

(mean correlation with GDP: 0.08).
4.2 Dynamics of external financial positions: model predictions

We now study the predictions of the model regarding the cyclical behavior of key-macroeconomic variables,

and the dynamics of foreign asset positions and capital flows.
4.2.1 Model calibration

We adopt a model calibration that closely follows the International Real Business Cycle literature (e.g.
Backus, Kehoe and Kydland (1992, 1994), Kollmann (1996, 1998)). We set the degrees of consumption
and investment home bias at & = oy = 0.85, which implies that the trade share (imports/GDP ratio) is
15% in the (deterministic) steady state. The labor share (ratio of wage earnings to GDP) is about 60%
in G7 countries; accordingly, we set 1 — x = 0.6.

The risk aversion coefficient, the labor supply elasticity, and the substitution elasticity between do-

mestic and foreign goods are set at 0 =2, 1/w =2 and ¢ = ¢; = 2 respectively; these parameter values
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are well in the range of empirical parameter estimates, for G7 countries (see Coeurdacier, Kollmann and
Martin (2007) for a detailed justification).

The model is calibrated to annual data. As is standard in annual macro models, we set the subjective
discount factor and the depreciation rate of capital at 8 = 0.96 and § = 0.1, respectively. This implies
that, in steady state, the return on equity is about 4.16% p.a, the capital-output ratio is 2.82, and 28%
of GDP is used for investment.

We assume that the exogenous variables follow AR(1) processes:

log(0;1) = pPlog(0i—1)+¢,, (48)

log(x; 1) = pXlog(x; 1)+, (49)

We fitted (48) to detrended annual (log) TFP series, for the G7 countries (1972-2004) 2°. The estimates
of p? range between 0.64 (US) and 0.80 (Canada); the mean autocorrelation (across G7 countries) is 0.75.
The standard deviation of €/, ranges between 1.01% (France) and 1.48% (Japan), with a mean of 1.20%.
TFP is positively correlated across countries; for each G7 country, we constructed a measure of 'foreign’
TFP, by taking a weighted average (using GDP weights) of (log) TFP in the remaining G7 countries; we
then fitted (48) to (linearly detrended) ’foreign’” TFP The correlation of domestic-foreign productivity
innovation ranges between 0.29 (UK) and 0.70 (Germany), with an average correlation of 0.45. We thus
set p? = 0.75, Std(e%; ) = Std(e%,,) = 1.20%, corr(ely,,€%,) = 0.45. 2!

When o = a holds, one unit of the country ¢ aggregate investment good in efficiency units is worth
1/X; units of the aggregate consumption good in that country. The literature on investment specific
technology shocks has used the ratio of the CPI to the price of investment goods as an estimate of
investment specific technology shocks (see Fisher (2006)). We follow that literature. For each G7 country,
we computed annual time series of x; ; =CPI/(investment deflator), for the period 1972-2004 (data source:

OECD National Accounts).?>  The autocorrelations of (linearly detrended) log(x; ;) range between 0.93

200ur estimate of country i TFP (in logs) is: log(TFP; ;) = log(Y;,:) — (1 — k;)log(L;,¢), with 1 — k; : i’s mean labor
share during the sample period; L;; : total hours worked (from OECD Productivity Database). No capital stocks were
used, due to the absence of consistent capital data in G7 countries, during sample period.

21'We also estimated VARs in home and foreign TFP: (log(0p ), log(0r,+)) = R(log(0r,t—1),log(0r,i—1)) + € where R
is a 2x2 matrix. We find that the off-diagonal elements of R are generally not statistically significant; the mean value
(across GT7 countries) of the off-diagonal elements is zero. The simulations thus assume univariate technology processes with
correlated innovations.

22The empirical literature on investment specific technology shocks has focused on the US. It documents a secular fall
in the real price of investment goods (relative to the CPI). Our data show that a similar downward trend exists in the
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(US) and 0.79 (Canada); the mean autocorrelation is 0.79. The standard deviations of ', ranges between
1.18% (US) and 2.48% (Japan), with a mean of 1.73%. Innovations to investment efficiency in country i
and in a rest-of-G7 aggregate are only weakly correlated (mean correlation: 0.19). Empirically, log (Xi,t)
is thus roughly as persistent as log(6; ), but more volatile, and less correlated across countries. Based
on this evidence, we set pX = 0.79, Std(e};,) = Std(e).,) = 1.73%, corr(ey;,,ex,) = 0.19.

The correlations between TFP and investment efficiency innovations (63,5, ey;) are very close to zero
(mean correlation: 0.0003). In the simulations, we thus assume that TFP and investment efficiency

shocks are independent.
4.2.2 Numerical solution method

We numerically solve for time-varying first-order accurate equilibrium portfolios, building on Devereux
and Sutherland (2006)%®. The solution expresses portfolios held at the end of period t as a function of
endogenous and exogenous state variables known at t: Si, ;= Si+7"(Z,—2), b,y = bi+47"(2,— 2)
with Z; = (K@ 41, Kpiv1, NFAR1,0m.4,0F,6, X140 XFt), Where NFApg,; is the Home country net
foreign asset position at the end of period ¢ (see below). The coefficients ”yf’i,vs’»’i of these linear
portfolio decision rules can be computed using a third-order accurate approximation of the household

Euler equations, and a second-order accurate approximation of the remaining equilibrium conditions. We

use Sims (2000) algorithm (see Kim, Kim and Kollmann (2007a,b)) for that purpose.
4.2.3 Simulation results

Table 5 shows moments of Home country variables, based on a simulation run with 10000 periods. First-
order accurate model solutions for portfolios and other endogenous variables are used. All Home country
variables are expressed in terms of Home country output, i.e. the Home good is used as numeraire
(pr,+ = 1). Statistics for GDP and physical investment pertain to logged series. Net exports, the changes
in net foreign assets, the current account, as well as net bond and net equity flows are normalized using
Home GDP. All series have been HP filtered (smoothing parameter: 400). (The normalization/filter

applied to the simulated series parallels the normalization/filter used for the empirical series in Table 4).

remaining G7 countries. In 1972-2004, the average annual rates of decline of the relative price of investment were: 0.99%
(US), 0.84% (Japan), 0.52% (Germany) 0.35% (France), 0.66% (UK), 0.32% (Italy), 1.33% (Canada).

23Devereux and Sutherland (2006) compute dynamic portfolios in an economy with two assets; we extend their method
to the case with more than two assets.
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The theoretical counterparts to the financial variables considered in Table 4 are defined as follows:
The Home country’s net foreign equity assets at the end of period t are p%th)Hl - p}g{,tS’fI’tH, while
Home net foreign bond assets are: pl}“bg’“rl + p%’tbﬁtﬂ. Net Foreign Assets are the sum of net Bond
and net Equity Assets. The Home net bond outflow (net purchase of bonds) is pl}{’tAbg)t+1 —l—pl};)tAbIg’tH
(with Az, = zy — x,-1); the net equity outflow is p%tASf{tH - p}g{}tASE’tH The period t current
account is the sum of equals net purchases of stocks and bonds: CAp; = pf;’tASgtH - pf{’tASI};’tH +
pi’q’tAbg’tH + p’},’tAbg,tH. Up to a linear approximation, the change in the NFA position equals the
current account plus the change in the value of the steady state stock and bond holdings: ANF A 141 =
CApy+ (Apg, — Ap§ ) (1= S) + (AplYy , — Apl,)b. ** By the same logic, the change in the net foreign
equity [bond] position (at market prices) equals the net equity [bond] outflow, plus the change in the
value of the steady state stock [bond] holdings.?® Finally, Home net exports (in terms of good H) are
NXpy = (cfpy+ify,) —pricq, +if,) = Y — PuCry — Pl Iy, while the Home terms of trade are:
1/pr.

Steady state portfolio and responses of portfolio to shocks

The steady state portfolio is: S = 0.79,b = 0.26. Thus on average, 79% of a country’s capital stock is
predicted to be held by local investors, which is broadly in line with the current degree of equity home
bias in OECD countries. An innovation to country H TFP (6y) induces H to purchase H and F stocks
and good H bonds, and to simultaneously reduce her holding of good F bonds [Intuition to be added.]
A 1% innovation to country H TFP (0p) triggers a purchase by household H of stocks H and F and of
good H bonds that represent 1.65%, 1.45% and 2.75%, respectively Home GDP (responses not shown in
Table); the reduction in the household’s holding of good F bonds represents 5.68% of GDP. A 1% shock
to country H investment efficiency (xy) triggers purchases by household H of stocks H and F and of
good H bonds that represent 0.43%, 0.44% and 0.17%, respectively, of GDP.

Predicted cyclical behavior

Col. 1 of Table 5 reports predicted statistics for the benchmark model with the two types of shocks.

24To see this, note that, up to a linear approximation, the change in the country H net foreign asset position and its
current account are given by: ANFApg 141 = pS(AS§t+l — ASE 1) +pb(Ab§1t+l + AbE ) T (Ap3, — Apg (1 —
b b — S H F b H H
5) + (Apy,, — AP )b, CAme =p7(ASp 1 — AS 1) P (Abg .y +Abp 1)
25F.g., up to first order, the net equity outflow is: pS(AS-'){ftJrl — ASE ¢+1): Wwhile the change in the net foreign equity
position is pS(ASH, | — AST )+ (App, — ApF )1 - 5).
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In order to assess the relative importance of each type of shock, we also report predicted statistics for a
world with only TFP shocks (see Col. 2) and for a setting with only investment efficiency shocks (Col.
3).26 Col. 4 reports historical statistics for the G7 (averages of statistics across the G7 countries).

The model (with simultaneous 6 and x shocks) matches closely the observed volatility of GDP, and
it captures the fact that investment spending is markedly more volatile than GDP (predicted standard
deviations of GDP and investment: 1.86%, 8.33%). The predicted standard deviation of net exports
(1.04%) is close to the empirical volatility (1.14%). The model predicts that net exports are counter-
cyclical, which is consistent with the data. Cols. 2 and 3 show that TFP () shocks are the main source
of output fluctuations, but that investment and net exports are mainly driven by investment efficiency
shocks (x). x also generates the countercyclicality of net exports (with just 6 shocks, net exports are
procyclical). When domestic investment rises, because of a positive investment efficiency shock, net ex-
ports fall, on impact, as domestic investment requires foreign the input 2 The model also captures the
fact that fluctuations of GDP, investment and net exports are persistent.

The high volatility of terms of trade is one of the key puzzles of international macro models. Standard
RBC models underpredict sharply the empirical t.o.t. volatility; those models also predicts that terms of
trade are highly countercyclical-see, e.g., Backus et al, (1994) whose benchmark model predicts that the
standard deviation of the t.0.t. and its correlation with GDP are 0.59% and -0.49, respectively. The model
here, with the two types of shocks, performs better than conventional models. The predicted standard
deviation of terms of trade is 1.93%, i.e. the model explains about 50% of the empirical standard deviation
(3.77%); the predicted correlation of the terms of trade (-0.22) is closer to the empirical correlation (0.08).
Note that this success of the model is due to the investment efficiency shocks: those shocks generate
larger t.0.t. fluctuations than TFP shocks (standard deviation of t.o.t. with just x [just 6] shocks: 1.74%
[0.86%)]). x shocks generate t.o.t. fluctuations that are essentially acyclical (while the t.o.t. are strongly
countercyclical when there are just 6 shocks). On impact, a positive Home investment efficiency shock
appreciates the Home t.o.t. (as the shock triggers an increase in Home investment which raises demand

for the H good); however, in subsequent periods, the Home t.o.t. depreciates (once Home has increased

26Cols. 2 and 3 assume the equilibrium policy/price functions of the model with both types of shocks-we merely feed
just one type of disturbances into the model.

27 A positive @ shock also raises investment. However that shock raises domestic output much more strongly, on impact,
and as a result next exports are procyclical, when there are just 6 shocks.
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its capital stock, the supply of the H good is above its pre-shock level, and thus its relative prices is
lower); this explains why t.0.t are acyclical when there are just y shocks.

The strong responses of stock and bond holdings to technology innovations (see above) explain why the
simulated net bond outflows and net equity outflows undergo sizable fluctuations; the predicted standard
deviation of both flows is 3.22% (mean empirical standard deviations of net bond flows and of net equity
flows: 1.71% and 1.38%.). The 6 and x shocks both account for roughly the same share of the variance of
net equity/bond flows. However, up to a first order approximation, these asset transactions do not affect
the current account: the value of stock purchases equals the value of bond sales, and the current account
is zero. The model thus predicts that net outflow and the net bond outflow are perfectly negatively
correlated with net bond outflows. Empirically, net bond and net equity flows are highly negatively
correlated (mean correlation: -0.68). The model predicts that net bond outflows are countercyclical,
while net equity outflows are procyclical.

Finally, note that the model captures the fact that the persistence of net debt/equity flows is lower
than the persistence of GDP and investment: the predicted autocorrelations of net debt and equity
flows are close to zero (0.05). This is due to the fact that stock and bond holdings at the end of
period t (S{t 1 bg,t +1) are functions of state variables (capital stocks, NFA and exogenous variables) that
are highly persistent; thus, the first difference of stock and bond holdings (net flows) has little serial
correlation.

The predicted standard deviation, correlation with GDP and autocorrelation of the change of a
country’s NFA change are 2.20%, -0.26 and 0.10 (corresponding empirical statistics (G7 averages): 3.23%,
-0.22, -0.01. Consistent with the data, the model predicts thus that the change of NFA is more volatile
than GDP, countercyclical and basically serially uncorrelated. As the current account (CA) is zero (up
to first order), NFA changes are solely driven by movements in equity and bond prices. NFA thus is
predicted to have the time series properties of asset prices. In response to a positive investment efficiency
shock, a country is predicted to experience a reduction in its net exports, on impact; however, the present
value of its current and future net imports rises; as the country’s NFA equals the present value of its
current and future net imports, the NFA drops, on impact. Thus, the change in NFA is predicted to be

countercyclical, as is consistent with the data.
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5 Conclusion

This paper departs from two familiar explanations of equity home bias: transaction costs that impede
international diversification, and the possibility that terms of trade responses to supply shocks provide
international risk sharing (Cole and Obstfeld, 1991), so that households have little incentive to hold di-
versified portfolios. We study a two-country/two-good RBC model with frictionless international trade
in stocks and in bonds; there are shocks to total factor productivity and to the efficiency of physical
investment. In the setting here, domestic stocks are used to hedge fluctuations in local wage income
triggered by shocks to investment spending. Terms of trade risk is hedged using bonds denominated in
local goods and in foreign goods. In contrast to related models, the low level of international diversifica-
tion does not depend on a countercyclical response of the terms-of-trade to supply shocks. Investment
efficiency shocks allow the model to generate more realistic volatility in investment, net exports and net

foreign assets. With those shocks, our model reproduces the fact that net exports are countercyclical.
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APPENDIX

Derivation of static budget constraint: zero-order accurate portfolio

Following Devereux and Sutherland (2006), we express the budget constraint of country 7 as

NFAj41 = NXip+ NFAGRP +€,,, (50)
where NFA; = PSSl — 1) +pS,St, . +pl b, + b
i,t+1 Pi (O t+1 P9 141 T Pi 405 141 T DPj405 111,

with j # 4, NXiy =piYie — PiiCiy — Pl

NFA; ;41 is country i’s net foreign asset position at the end of period ¢, while N.X; ; are the country’s

net exports. Furthermore,

— S,i b,i i .S S,j b,i i b b,j b,i
i = ( th 1)pft71<Rt =R A SGup i (RYY — R 405,05 (R — RYY)
. Si _ bi _
with R, = (pzs,t + di,t)/pft—l and R} = (pis +P?,t)/P?,t—1-

Ri”i is the (gross) rate of return on bond i, between periods t — land ¢, while Rf’i is the gross rate of
return on stock 4. &; , is the "excess return" on the country’s net foreign asset position (between ¢ — land
t) relative to the return on bond i . 2®

As in the main text, let variables without time indices represent (deterministic) steady state values,
and 7;; = (4 — x;)/x;. Note that NFA; = 0, NX; = 0, pg, = p%, pY = p% due to the symmetric

structure of the two countries; furthermore, R%# = RSF = RH = Rb-F = 1/3. A linear approximation

of (50) around steady state yields thus:

. 1 —= 1 == —=
NFA; 41 = NX; +NFA; 1 /B+(Si—1)p° = (RY — R“)+Sz s1 (RSJ Rl”)Hf b2 (R —RM), (51)

B g Fig
where S, SZ: and b; are steady state equity and bond holdings. Symmetry implies S = S# = SE =
1- SH =1- Sg; bl = bk = —pl = —bH Thus, the linearized budget constraint becomes:
N — 1 —o 1 —
NFA; 11 = NXi,t+NFAi,t/B+€i,ta with §; , = (Sfl)PSB(Rf’Z*R ’])er bB(R Rim) (52)

Up to a first-order approximation, Et(RtJrT Rt+7) =0, ET(RHT - RfiT) =0 holds for all 7 > 0,

as can readily be seen by linearizing the Euler equations (20), (21). Solving (52) forward gives thus the

%8 Note that {i,t = Szat(di,t +p;_5:t) + S},t( gt +pz t) + (pz t +pz t)bl + (pj,t +p?'¢)b3‘7t - NFAi,tRIt)’Z- Thus, gi,t is the
difference between country i’s actual net external wealth (1nclud1ng dividend and coupon payments) at the beginning of
period ¢ , minus the hypothetical value of ¢'s net external wealth at the beginning of ¢ that would have obtained if 4 had
fully invested her external wealth at the end of ¢ — 1 in the good ¢ bonds.
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following present value budget constraint:

7- L 780 5Sy L 2o pbi
Ei Y B7(-NXiwsr) = NFA/B+ (S = Dp* G (RY = RY) +op' S(RY — R (59)
7>0
Solving (21).forward, gives pf, = E; > BT (CgIJT) U%di,HT.Linearizing the formulae for

stocks returns, yields RY' — RY7 = (1—8)E, t 508 ( it — ﬁ), where Eyz = Eyx — Ey,_yx (revi-
sion of expectation between periods ¢ and t—1). Similarly, R?’j —R?’i = (1-B)E, > 508" Pitir—Pjirr)-

(53) can thus be expressed as: 2

E Y BT (~NXipsr) = NFAi/B+(S—1)dE, > 87 (diver —djarn) +0PE: > B (Brers —Biaes)- (54)
72>0 7>0 72>0

(54) holds if and only if:

Ei 1Y BT(~NXiur) = NFA; /B and (55)
>0
E; Z ﬁT(_NXi,tnLT) - -1 dEt Z B z g4+ T J t+'r) + prt Z 5 pz t+1 — pg t+7’) (56)
72>0 720 72>0

We assume that Ey Zrzo B7(—=NX;+i-) = 0 holds for the initial date ¢ = 0. ** When (56) holds for
all subsequent dates (¢ > 1), then the present value budget constraint (53) holds likewise for all ¢ > 1.

Assume that there exists a portfolio (S, ) such that
—NX;; = (S—1)d(d;s —dj) +bp(pir —pjr) att >0, (57)

for Pareto efficient quantities and prices. Clearly, that portfolio satisfies (56),.s0 that it also satisfies
the present value budget constraint (53).
Up to a first-order approximation, the period t budget constraint under complete markets thus reduces
to a static condition, in equilibrium (which makes it much easier to gain intuition about portfolios). (57)
is equivalent to
P+Ciy =w; s+ Sdiy + (1 — S)dj + b(pie — pjit) (58)
*"Note that p* = dB/(1 - B), p* = pB/(1 - B).

30Recall that countries are born with zero external assets, i.e. NFA; o= 0 at at date zero (birth), ¢ = 0;if initial capital
stocks and exogenous variables at t = 0, are identical across countries, then Eg ) <87 (-NX; ;) = 0.
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The current account

(55) and (57) imply:

NFAjy=(S=1)BE1 > Bd(diy — djs) +b8Er 1 Y B p(pin — Pin)- (59)

>0 T>0

Note that ps(}?ﬂ_\l - ]ﬁ_\l) =BEi—1 .5 BTd(d/L;I - L?H\T) and
pb(@: - Zg,:) =BEi—1) .5 B"p(Dit+r — Pji+r)- Hence,

NFA = (S = 1)pS 08,y — 5, 1) + 00" (00 _y — Pl 1) (60)
Linearizing the formula NFA,; ; = pftfl(Sf’t -1+ pitflS;»!t + %, b, + p?,tqb;‘,t gives
NFAu = (8 = D0 (0Fy = Pu) + 00 (0 = Phey) + (Shy Sk, — D + (0, + 5 00" (61)
It follows from (60) and (61) that the value of the country i stock and bond portfolio, evaluated at

steady state asset prices is zero:

(Sie+ S5 — p° + (b, + b5 ,)p" = 0. (62)

The period ¢ current account surplus of country i is: CA} = (Si,,, — Si,)pP + (i, — S5)p5, +
(0 41— UL DY 4 (6% 4y — % )P ;. Linearization of this expression gives: CA} = (S}, — S}, + S} ,11 —
Sip® + (bl — i, + b, —bh)pP. If follows from (62) that C A} = 0. Thus, the current account

is zero, up to a linear approximation.
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Table 4. Cyclical properties of international financial positions (G7 countries)

uUsS JA GE FR UK IT CA Mean
Standard deviations (%)

GDP 158 294 167 161 212 176 280 207
Investment 717 766 6.08 740 720 5.07 7.65 6.89
Net exports 072 063 08 087 181 161 150 1.14
A (Net foreign assets) 236 260 263 433 502 267 303 323

A (Net foreign bond assets) 085 160 288 237 318 259 1091 2.20
A (Net foreign equity assets) 2.27 320 137 4.69 420 235 274 297

Current account 077 062 173 075 135 134 1.17 1.11
Net bond outflow 088 125 249 176 224 192 1.45 1.71
Net equity outflow 090 1.02 159 167 175 170 1.06 1.38
Terms of trade 172 761 435 343 188 388 3.49 3.77

Correlations with domestic GDP
Net exports -0.38 -0.56 -0.29 -0.52 -0.56 -0.48 0.01 -0.39

A (Net foreign assets) -0.27 -0.00 -0.24 -0.18 -0.28 -0.10 -046 -0.22
A (Net foreign bond assets) 037 -0.23 -0.38 -0.50 -0.38 -0.32 -0.22 -0.24
A (Net foreign equity assets) -0.43 0.20 0.31 0.11 -0.07 0.17 -045 -0.02

Current account -0.44 -048 -0.54 -0.32 -0.74 -044 0.18 -0.40
Net bond outflow 0.52 -0.06 -0.35 -0.59 -0.54 -0.55 0.00 -0.22
Net equity outflow -0.77 -0.08 0.07 055 0.04 020 -0.22 -0.03
Terms of trade 0.13 030 0.06 -0.06 -0.55 029 041 0.08

Autocorrelations
GDP 0.68 0.84 0.68 0.72 0.76 0.71 0.78 0.74

A (Net foreign assets) 0.03 -042 0.00 -0.13 -0.14 -0.01 0.58 -0.01
A (Net foreign bond assets) 0.27 0.13 012 0.09 0.14 010 0.12 0.14
A (Net foreign equity assets)  0.26 -0.23 0.12 -0.17 -0.16 0.17 0.16 0.02

Current account 0.71 046 0.66 0.67 0.70 0.73 0.55 0.64
Net bond outflow 0.65 026 0.66 011 0.17 0.39 -0.01 0.32
Net equity outflow 0.58 -0.00 041 035 -0.17 0.50 -0.08 0.23

Other correlations
A (Gross foreign equity assets) &
A (Gross foreign equity liabil.) 0.87 0.03 0.89 0.71 0.78 0.58 0.62 0.64

A (Net foreign equity assets) &
A (Net foreign bond assets)  -0.09 -0.48 -0.39 -0.39 -0.01 -0.36 -0.15 -0.27

Net equity outflow &
Net bond outflow -0.52 -0.68 -0.70 -0.78 -0.63 -0.77 -0.69 -0.68

Notes: Data are annual, 1984-2004, and were Hodrick-Prescott filtered (GDP,I: logged). Underlined
correlations are statistically significant at a 10% level (two-sided test, GMM based, assuming 4-th
order serial correlation in residuals). JA: Japan, GE: Germany, FR: France, IT: Italy, CA: Canada.
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Table 5. Model predictions

Shocks to:
0,.0:
XaXe OubO XupXe Data (G7)
o 1) 2 3) 4)
Standard deviations (%)
GDP 1.86 1.65 0.87 2.07
Investment 8.33 4.79 6.73 6.89
Net exports/GDP 1.04 0.24 1.03 1.14
A (Net foreign assets) 2.20 1.39 1.70 3.23
A (Net foreign bond assets) 5.30 3.71 3.78 2.20
A (Net foreign equity assets) 3.12 2.32 2.08 2.97
Current account 0.00 0.00 0.00 1.11
Net bond outflow 3.22 2.39 2.15 1.71
Net equity outflow 3.22 2.39 2.15 1.38
Terms of trade 1.93 0.86 1.74 3.77
Correlations with domestic GDP
Net exports/GDP -0.07 0.08 -0.13 -0.39
A (Net foreign assets) -0.26 -0.31 -0.19 -0.22
A (Net foreign bond assets) -0.24 -0.29 -0.16 -0.24
A (Net foreign equity assets) 0.23 0.27 0.13 -0.02
Current account -- -- -- -0.40
Net bond outflow -0.27 -0.29 -0.20 -0.22
Net equity outflow 0.27 0.29 0.20 -0.03
Terms of trade -0.22 -054 -0.07 0.08
Autocorrelations
GDP 0.59 0.55 0.75 0.74
A (Net foreign assets) 0.10 -0.02 0.20 -0.01
A (Net foreign bond assets) 0.02 -0.07 0.14 0.14
A (Net foreign equity assets) -0.02 -0.09 0.09 0.02
Current account -- -- -- 0.64
Net bond outflow 0.05 -0.06 0.23 0.32
Net equity outflow 0.05 -0.06 0.23 0.23
Other correlations
A (Gross foreign equity assets) &
A (Gross foreign equity liabilities) 031 031 033 0.64
A (Net foreign equity assets) &
A (Net foreign bond assets) -099 -099 -0.99 -0.27
Net equity outflow &
Net bond outflow -1.00 -1.00 -1.00 -0.68
Steady state portfolio
S 0.79 0.79 0.26
B 0.26 0.26 -0.26
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