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Abstract

The equity home bias, the observed lack of international diversi�cation in equity portfolios, is
a persistent puzzle in international �nance. We propose an explanation for this puzzle based
on external habit formation preferences. Agents�utility depends on the di¤erence between
consumption and a slow-moving subsistence level. The subsistence level, or external habit,
is a backward-looking moving average of national aggregate consumption. We assume that
a small group of agents holds primarily domestic securities. We can think of these agents
as small business owners who are forced to hold domestic assets for agency reasons. If the
remaining agents have external habit formation utility, then they will mimic the domestic
bias of this small group.
We perform a calibration using consumption and asset return moments from several

countries and show that this e¤ect can potentially explain a large aggregate holding of
domestic assets. The model performs especially well in explaining high equity home bias in
small countries, where the observed lack of international diversi�cation is most puzzling.



1 Introduction

One of the puzzles of international �nance is the equity home bias, the tendency of investors
to hold more domestic equities than would be optimal under traditional mean-variance analy-
sis. Home bias is pervasive and large. Cooper and Kaplanis (1994) report that domestic
equity investment, as a fraction of the total equity portfolio, ranges from 65% in France
to near 100% in Sweden. One particularly puzzling fact is the large home bias found in
small countries. Small countries, whose equities comprise a small fraction of the global
mean-variance e¢ cient portfolio, presumably have the most to gain from international di-
versi�cation.
We show that a form of preferences based on consumption externalities can generate a

substantial equity home bias, even in small countries. We assume that an agent�s utility
depends on the di¤erence between consumption and a standard of living. This standard of
living, or �external habit,�is a backward-looking average of the aggregate consumption of an
agent�s perceived peer group. Under these preferences, agents are particularly sensitive to
peers�investment behavior. Because agents�future standard of living depends on investment
performance of other agents in the peer group, it is optimal for them to partially mimic the
group�s aggregate portfolio choice.
Under external habit formation preferences, home bias arises when the reference group

is national and a seed group of agents in the country is constrained to overinvest domesti-
cally. We assume that this seed group is composed of small business owners and company
executives, agents who are unable to adequately diversify their domestic business risks for
agency reasons. Heaton and Lucas (2000) show that a substantial fraction of wealth is held
in proprietary businesses and that this wealth is very unevenly distributed in the population.
In the presence of this seed group, unconstrained agents overinvest domestically, through a
herding mechanism. Unconstrained agents mimic the portfolio holdings of the constrained
group; they also mimic the portfolio holdings of other unconstrained agents. These e¤ects
combine to magnify the domestic equity bias of constrained agents in the aggregate portfolio.
Our model can explain a substantial home bias in small countries. Since agents have

constant relative risk aversion preferences in the di¤erence between consumption and habit,
marginal utility approaches in�nity as consumption approaches the habit level. Agents
therefore hold a portfolio that guarantees their consumption need never fall below habit.
Unconstrained agents must hold enough of the domestic asset to ensure that the habit oblig-
ations incurred by the consumption of the constrained agents are met. This requirement
makes the composition of portfolio holdings relatively insensitive to the mean-variance prop-
erties of the domestic asset. Therefore, a large home bias arises even in small countries,
where the domestic asset is likely to have large idiosyncratic variance.
We calibrate our model to unconditional consumption and asset return moments in the

U.S., the U.K., and Sweden, countries for which high-quality, long-term data on consumption
is available. We �nd that a large fraction of observed home bias can be explained by our
model. Calibrated allocations range from 64% to 75% for the U.S., 51% to 84% for the
U.K., and 30% to 67% for Sweden. In comparison, when domestic investors can invest in
home equities and the MSCI EAFE index, mean-variance optimal domestic equity holdings
are approximately 57% for the U.S., 35% for the U.K., and 8% for Sweden.
Although our paper focuses on the international home bias, our model has implications
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for related local non-diversi�cation puzzles. Heaton and Lucas (2000) �nd that, among
stockholders, an average of 10% of total stockholdings are in stocks of companies where they
are employeed. Benartzi (2001), in a study of 401(k) plan portfolio allocation, �nds that a
high level of investment in own-company stock is commonplace. Our model can rationalize
these �ndings if we interpret the reference group as local, rather than national, so that agents
mimic investment behavior of their coworkers. A plausible seed group of constrained agents
in this case are company executives, who are required to hold options or shares as part of
an incentive plan.1 Also consistent with these types of local peer e¤ects, Hong, Kubik and
Stein (2004) have highlighted the importance of social interactions as determinants of equity
market participation among Health and Retirement Study respondents.
External habit formation has implications for the dynamics of portfolio holdings. Al-

though the accuracy of existing time series holdings data has been questioned (Warnock,
2001), we present the time series implications of our model here, with two purposes. First,
higher quality time series data on the home bias will become available in the future. Time
series data on holdings will be an important testing ground for existing home bias theo-
ries. Second, the pattern of trading implied by our model corresponds with the �ndings
of Benartzi (2001). Our model o¤ers an explanation not only for high own-company stock
ownership, but also for the observation that employees buy more stock when it appreciates.

1.1 Equity Home Bias
Early literature on the equity home bias demonstrates the bene�ts of international diversi�-
cation (Levy and Sarnat, 1970) and the tendency to underinvest in foreign securities (Solnik,
1974). More recent work shows that the equity home bias has not gone away (French
and Poterba, 1991), although it has diminished somewhat in the 1990�s (Tesar and Werner,
1998). Lewis (1999) surveys and evaluates proposed explanations of the equity home bias.
The consensus of the literature is that there is no �smoking gun,�a single explanation that
entirely explains home bias. Many existing explanations either explain insu¢ cient home
bias or generate counterfactual auxiliary predictions.
A large class of home bias explanations focuses on the role of domestic equities in hedging

a country-speci�c risk factor. Leading candidate risk factors are the output of domestic
non-traded goods and the value of a non-traded asset, human capital. Neither of these risk
factors seems to conclusively explain portfolio holdings of domestic equities. A related set
of explanations does not identify an exogenous risk factor, but rather makes assumptions
that cause domestic wealth to e¤ectively become a risk factor. In DeMarzo, Kaniel, and
Kremer (2004), local aggregate wealth determines the price of a scarce �local resource,�and
agents�desire to hedge local price risk leads them to invest in domestic equities.
In non-tradeable goods models, agents hold equity in the domestic producers of non-

traded goods to hedge non-traded goods output. Stockman and Dellas (1989) propose a
model of this type in which preferences are separable in non-traded and traded goods. This
assumption implies complete home bias in the equity of non-traded goods producers and
perfect diversi�cation in the equity of traded goods producers. Tesar (1993), Pesenti and

1Although each employee may not have a company executive in her personal reference group, another
agent in her reference group may. Overlapping reference groups can distribute the seed for own-company
investment throughout the company.
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Van Wincoop (1994), and Serrat (2001) show that bias in holdings of non-traded goods
producers may be echoed in holdings of traded-goods producers if investors� utility over
traded and non-traded goods is non-separable. Their conclusions are highly sensitive to the
speci�cation of the utility function. Equilibrium non-tradeables models universally imply
that foreigners will not hold shares of domestic non-tradeables producers, which is clearly
counterfactual. Further, Lewis (2000) points out that �rst-order conditions for risk sharing
when utility is de�ned over tradeable and non-tradeable goods consumption are strongly
rejected.
A second set of models examines the role of non-traded assets in explaining the home

bias. Bottazzi, Pesenti and Van Wincoop (1996) use a continuous-time VAR to model the
dynamic interaction between wage rates and returns on traded assets and show empirically
that domestic assets can provide a hedge against poor current or future wage realizations.
In contrast, Baxter and Jermann (1997) argue that human capital returns make the equity
home bias even �worse than you think.� Imputing returns to human capital, they argue
that domestic equity returns are positively correlated with human capital returns, making
foreign equities more attractive.
Related to models of non-traded goods, but qualitatively distinct, is a model of local

investment bias based on �community e¤ects�(DeMarzo, Kaniel and Kremer, 2004). De-
marzo et al. show that a tilt towards local assets results when agents compete for scarce
�local resources�in �xed supply, such as real estate. Demand for local resources depends on
the performance of the local aggregate portfolio. Therefore, the locally held portfolio serves
as a hedge for the price of local resources. If a subset of agents in a community are inherently
locally biased in their investment portfolios, other agents will �herd,�mimicking this local
bias. The Demarzo et al. model is theoretically appealing because it derives herd behavior
under standard assumptions about investors�utility. The model has auxiliary testable im-
plications. The local assets must e¤ectively hedge the price of local resources. Local price
risk must be large, with the price of local goods �uctuating more than the payo¤s of the
non-diversi�ed portfolio. While this assumption has not been tested formally, it is di¢ cult
to square with our intuition that local goods prices are substantially less volatile than equity
prices, and that equity prices may not be a good hedge for such local price risk. Second, the
community in which herding occurs is de�ned by commonality of the local resource. Agents
will mimic the portfolios of all other agents who in�uence prices of the local resource, but
not agents who do not demand this local resource for reasons of preference or geography.
A strength of our external habit model, relative to other explanations of the equity home

bias, is the ability to explain a large home bias is small countries, where the bene�ts of
diversi�cation under a canonical risk-sharing model are quite large. Other explanations for
the home bias do not have similar implications. Non-traded goods and assets models do
not explain this fact, unless we assume that small countries have, for example, more volatile
streams of non-traded goods or human capital. Whether this is true is an unresolved
empirical question. Nonetheless, it seems unlikely that the characteristics of these factors
are su¢ ciently di¤erent across countries to generate the extreme observed home bias in small
countries. Transaction costs explanations do not imply a larger home bias in small countries
unless costs of international diversi�cation are larger in small countries. To the extent that
the structure of transaction costs is endogeneous, this seems like an unlikely explanation �
capital markets should be endogeneously structured to enable diversi�cation by those who
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bene�t the most from it. Furthermore, transaction costs have been found to be generally too
small in magnitude to explain the lack of international diversi�cation. A noteable exception
is Hentschel and Long (2004), who argue that small transaction costs could substantially
reduce international diversi�cation.
In contrast to other explanations of the home bias, our model and to some degree the

Demarzo et al. model, imply that the size of the equity home bias will be positively related
to the size of the seed group in the population. The size of the non-traded sector in the
economy is positively related to the size of the inherently domestically biased seed group.
Although we should be careful in drawing inferences from cross-country analysis using the
limited number of countries for which home bias data is available, it is interesting to note
that there is a negative relationship in the data between home bias and the ratio of market
capitalization to GDP (Figure 1). Here, home bias is measured as the di¤erence between
the percentage allocation to domestic equities and the market capitalization of the equity
market relative to the world equity market. This relationship in the �gure suggests that, if
a country has a large seed group of domestically constrained agents, it will have large home
bias. This is suggestive evidence in favor of herding models of the home bias.
In work related to this paper, several authors have used consumption or investment

externalities to explain the home bias. Wheatley (2000) investigates a static model in which
agents have preferences over mean and variance of return relative to peers. He �nds that if
agents have labor income and short-sale constraints and the human capital to wealth ratio
di¤ers across agents, agents�portfolios will exhibit home bias. Lauterbach and Reisman
(2004) investigates a similar model. Chue (2002) uses a continuous time model in which
utility depends on the ratio of individual consumption to aggregate consumption.2 In
contrast to this work, this paper uses a dynamic model that, by virtue of the slow-moving
nature of habit, has the potential to better �t the observed smoothness of consumption
relative to asset returns. Furthermore, the speci�c form of habit formation preferences we
use enables us to intuitively explain the high level of equity home bias in small countries.

1.2 Habit and Comparative Utility
The literature on external habit formation and other forms of comparative utility is relatively
old in economics (e.g., Duesenberry, 1949). In �nance, more recent work has attempted to
use habit formation to explain puzzles in �nancial markets, such as the equity premium
puzzle (Constantinides, 1990; Abel, 1990) and the stock market volatility puzzle (Campbell
and Cochrane, 1999), and to explain time-varying expected returns (Campbell and Cochrane,
1999; Chan and Kogan, 2002).
There are several important divisions in the literature relating to how habit formation is

speci�ed. Most important for this paper is whether habit is formed internally or externally.
In internal habit models, habit is based on an agent�s own consumption; in external habit
models, it is based on the consumption of peers. The idea that happiness is based on

2In contrast to Wheatley (2000) and Reismann (2004), our model is dynamic and uses external habit
formation preferences. We obtain a result that illustrates in closed form the impact of external habit
formation for highly generic price processes. There are two di¤erences from Chue (2002) in our utility
speci�cation: we use a di¤erence model instead of a ratio model, and our model allows a slow-moving
reference point instead of relying on instantaneous comparison of consumption values. The ratio model
allows closed-form analytic solutions only in this pure comparison form.
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relative consumption or wealth is intuitively appealing. Easterlin (1974, 1995) examines
international survey evidence on happiness. He �nds that while the rich seem happier than
the poor within societies, there seem to be no substantial di¤erences in happiness across
societies. While any direct survey on utility values should not be taken too literally, this
work lends credence to the notion that utility may have a comparative component, supporting
external habit formation, and that this comparison is local.
Recent research by Schroder and Skiadas (2002) and Gollier (2004), respectively, has

shown that both internal and external habit models show isomorphisms to traditional models
without comparative utility. For example, Gollier demonstrates that given certain assump-
tions, the equilibrium consumption and portfolio choice rules with comparative utility are
the same as those without comparative utility, with an adjusted degree of risk aversion.
Another important dichotomy is the distinction between di¤erence and ratio utility. Abel

(1990) and Chan and Kogan (2002) use ratio utility, in which the argument of the instanta-
neous utility function the ratio of consumption to habit, C=X:

u(C;X) =

�
C
X

�1�

1� 


. (1)

A practical advantage of this approach is that utility is de�ned whenever consumption and
habit are positive. Constantinides (1990) and Campbell and Cochrane (1999) argue for a
speci�cation based on the di¤erence between consumption and habit, C �X:

u(C;X) =
(C �X)1�


1� 

. (2)

This approach requires that Ct > Xt 8t. In general equilibrium in an exchange economy,
this speci�cation requires a careful choice for the evolution of habit, as in Campbell and
Cochrane (1999). An advantage of di¤erence-based utility, however, is that relative risk
aversion is time-varying and countercyclical. In equilibrium, this implies a countercyclical
risk premium.3

Di¤erence-based habit formation has an intuitive appeal, if we think of habit as a sub-
sitence level, in the spirit of Rubinstein (1976a, 1976b). In a growing economy, any static
subsistence level eventually becomes trivially small. We can think of habit as simply a sub-
sistence level that evolves over time, growing with the economy. By using di¤erence-style
external habit, we convey the intuition that agents�consumption creates externalities and
that these externalities enter the utility function in the form of a slow-moving subsistence
level.
This paper is divided into �ve sections. Section 2 develops a novel closed-form solution to

the general portfolio choice problem for an external habit formation agent, where constrained
individuals are allowed to have arbitrary portfolio and consumption rules, and prices follow
an arbitrary di¤usion process. Section 3 shows how this framework can help to explain the
level and time series behavior of the equity home bias. Section 4 presents a calibration of
the model. Section 5 concludes.

3Constantinides (1990) and Lax (2002) also use di¤erence-style utility. Constantinides employs di¤erence-
style utility with internal habit in a continuous-time, portfolio choice framework. Lax uses a discrete-time
di¤erence-style internal habit model to explain increasing conservatism in portfolios as agents age.
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2 An External Habit Formation Model

This section considers the decision problem of an agent with external habit formation utility
who takes as given both prices and the portfolio and consumption choices of other agents in
the economy. We derive the consumption and portfolio rules of the agent in relation to the
optimal policy of a hypothetical agent with power utility facing identical investment oppor-
tunities. We show that agents optimally mimic the portfolio rule of their peers. Intuitively,
if agents are risk averse in their performance relative to a peer-determined benchmark, mim-
icking peers�investments provides a hedge, so that agents will never be forced to consume
below their habit level.
We assume that the agent values consumption relative to habit, X, which is a geometri-

cally weighted, backward-looking moving average of aggregate consumption,

Xt = b

Z t

�1
e�a(t�s)CAs ds.

Here, CAt represents aggregate consumption in the agent�s reference group at time t, and
a and b are parameters governing the evolution of habit. This habit formation process is
also used in Chan and Kogan (2002) and is an external habit version of the process used in
Constantinides (1990). An important implication of this habit process is that the evolution
of X is instantaneously deterministic:

dX =
�
bCA � aX

�
dt (3)

The agent�s preferences are of the di¤erence type employed in Constantinides (1990) and
Campbell and Cochrane (1999):

U0=E0

Z 1

0

e��t
(Ct �Xt)

1�


1� 

dt, 
 6= 1; (4)

U0=E0

Z 1

0

e��t ln (Ct �Xt) dt, 
 = 1. (5)

We assume that other agents in the reference group follow a known investment and
consumption rule, in aggregate. This rule is an arbitrarily time- and state-dependent policy
f�A; CAg subject to a budget constraint over aggregate wealth, WA. We refer only to the
average policy �we do not require that all other agents are identical or need to know the
distribution of policies in the economy.
The agent�s investment opportunities are characterized by N assets, with price vector P ,

and K state variables, denoted by the vector H. Changes to both are driven by an S � 1
vector of orthogonal shocks, dZ, where S � N . We allow drift and di¤usion terms to depend
on H:

dPi
Pi
=�i (H) dt+ �i (H) dZ;8i = 1; :::; N ; (6)

dZidZj =0; i 6= j; dZidZj = dt; i = j; (7)

dH = � (H) dt+ �(H) dZ. (8)
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Here, �i is the i-th element of an N � 1 vector � and �i is the i-th row of an N � S matrix
�. We assume also that the risk-free interest rate is constant,

dB

B
= rdt, (9)

where B is the price of the risk-free asset. We denote by the N � 1 vector � the fraction
of the agent�s portfolio held in each risky asset; consequently, 1��0� is the fraction invested
in the risk-free asset. In the sense that we take prices as given, we can interpret this model
as a partial equilibrium model. Alternatively, we can interpret it as a general equilibrium
model, in the spirit of Constantinides (1990), where the price processes above re�ect the
characteristics of risky production technologies.
The choice problem of the external habit formation agent is therefore

max
C;�

Et

Z 1

t

e��(��t)
(C� �X� )

1�


1� 

d� (10)

s.t. dW = W
�
rdt+ �T (� (H)� r�) dt+ �T� (H) dZ

�
� Cdt,

Wt > 08 t.

Proposition 1 solves this problem in terms of the solution of an analogous problem, the
maximization problem of a power utility agent under the identical budget constraint.

Proposition 1 Suppose that the power utility problem

max
C;�

Et

Z 1

t

e��(��t)
C1�
�

1� 

d�

s.t. dW = W
�
rdt+ �T (� (H)� r�) dt+ �T� (H) dZ

�
� Cdt,

Wt > 08 t.

has a value function of the form

J = f(H)
W 1�


1� 

. (11)

Then the choice problem (10) has the value function

I = f (H)

�
W � X+bWA

r+a

�1�

1� 


. (12)

The corresponding optimal consumption and investment rules are

C =X + f�
1



�
W � X + bWA

r + a

�
; (13)

�=

 
1�

X
W
+ bWA

W

r + a

!
1




�
��T

��1 �
(�� r�) + ��T

1

f

dfT

dH

�
+�A

bWA

W

r + a
(14)

Proof. See Appendix A.
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Proposition 1 shows that whenever the power utility solution to the choice problem takes
the standard form, we can solve the analogous external habit formation problem. The
optimal policies depend only on instantaneous knowledge of habit, wealth, aggregate wealth,
and aggregate portfolio choice. Our results here are similar to those obtained in Schroder
and Skiadas (2002), who prove an isomorphism between internal habit problems and their
dual, non-habit problem.4 It is important to note that we require the agent to be able to
hold the aggregate portfolio; otherwise, without imposing signi�cant restrictions on asset
returns, consumption cannot be assured to stay above habit in all states of the world.
The portfolio rule can be decomposed into three parts: an investment in bonds required to

�nance existing habit, an investment in the aggregate portfolio required to �nance the habit
obligations incurred by future aggregate consumption, and a surplus component invested as
an agent with power utility.
The �rst two components together can be thought of as an asset that pays habit at its

dividend. The �rst component is an investment in bonds costing

X

r + a
.

This asset is the price of a bond paying a coupon of an initial amount X and declining
at the constant rate a. In the absence of future aggregate consumption, habit will decay
certainly at the rate a. In this sense, consumption obligations caused by existing habit can
be thought of as riskless, and can be �nanced entirely by holdings of riskless assets.
The second component is an investment of

bWA

r + a

in the aggregate portfolio. This component completes the synthesis of habit. When a unit of
aggregate consumption occurs, it generates riskless obligations going forward instantaneously
in the amount b, decaying at the rate a. Since per-unit �nancing of this obligation will cost
b
r+a

(since the riskless rate is assumed to be constant), the agent must be assured that,
whenever consumption occurs in the future, she will have enough wealth to buy bonds worth
b
r+a

CA. The only way to achieve this is to hold bWA

r+a
in the aggregate portfolio, �A. These

two components together form an asset that pays habit as its dividend. Thus, the �rst two
components of the portfolio rule guarantee that the agent will always be able to consume at
least habit, even in the worst state of the world, as long as wealth is large enough to allow
investment in these assets. That is, surplus wealth, WS must be positive:

WS � W � X + bWA

r + a
> 0.

If WS is positive initially, it will positive at all subsequent points in time.

4In contrast to Schroder and Skiadas, our model uses external habit formation. Unlike Schroder and
Skiadas, we cannot obtain tractable solutions when interest rates are allowed to vary. Schroder and Skiadas
make a slightly broader point in drawing an analogy between the internal habit and dual problems: they
derive results for all utility functions u (C �X) where the solution to the dual problem, with preferences
u (C), is well-de�ned. Our results can be extended in the same manner, although we choose to focus on
power utility for expositional simplicity.
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When the agent holds this asset, she is guaranteed a payment of exactlyX in each period.
Since the utility function takes the form (C�X)1�


1�
 , once the consumption of X is guaranteed,
policy choices are made as a power agent consuming out of surplus wealth. Surplus wealth
is invested according to the power utility rule

�power =
1




�
��T

��1
(�� r�) +

1




�
��T

��1
��T

1

f

dfT

dH
,

with myopic and hedging terms, respectively. Thus, the portfolio rule can be restated in a
more intuitive form:

� =
WS

W
�power +

WA

W

b

r + a
�A

Also, surplus consumption, C � X, is linear in surplus wealth in the proportion that a
power utility agent would choose:

C �X = f�
1



�
W � X + bWA

r + a

�
= f�

1

WS

Since the power utility consumption-wealth ratio is f�
1

 , excess consumption of the habit

agent can be seen as analogous to power utility consumption out of surplus wealth. This
disaggregation of wealth is similar to the discrete-time, internal habit formation model of Lax
(2001), who decomposes wealth into the portion required to sustain habit and the portion
invested as a power utility agent.
An interesting special case of this problem is pure comparison utility, in which utility

of consumption is measured relative to a aggregate consumption, instead of a slow-moving
habit:

U
�
C;CA

�
=

�
C �  CA

�1�

1� 


. (15)

This model arises as a limiting case where b and a approach in�nity in a �xed proportion.
Speci�cally, if  = b

a
, habit is

Xt =  

Z t

�1
ae�a(t�s)CAs ds, (16)

and

lim
a!1

Xt= lim
a!1

 

Z t

�1
ae�a(t�s)CAs ds (17)

= CAt .

We can reinterpret the consumption and portfolio rules in the pure comparison case as

C = CA + f�
1

 (W �  WA) ; (18)

�=

�
1�  

WA

W

�
1




�
��T

��1 �
(�� r�) + ��T

1

f

dfT

dH

�
+ �A 

WA

W
. (19)

Note that, when agents are identical, pure comparison preferences lead to consumption and
investment rules that are identical to the power case.
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3 Habit Formation and the Home Bias

In the previous section, we show that external habit formation agents will optimally mimic
aggregate portfolio weights. This section focuses on the implications of this result when
a seed group in the population is constrained to hold domestic assets. For generality, the
results in this section leave the identity of the seed group unspeci�ed, while in the Section 4,
for purposes of calibration, we assume that the seed group consists of small business owners.
Unconstrained agents with external habit formation utility mimic aggregate investment

behavior. A certain portion of this behavior is speci�ed by the seed group, and the remainder
by other unconstrained agents. Therefore, there is a feedback e¤ect: the e¤ect of constrained
agents is multiplied, since unconstrained agents mimic the mimicking behavior of other
unconstrained agents. Section 3.1 derives the implications of this e¤ect for the equity home
bias. In Section 3.2, we illustrate the e¤ect using a small country example, in which a power
utility agent would optimally choose to hold none of the domestic asset. We show that,
in this example, home bias is entirely independent of the mean-variance characteristics of
the domestic asset. Section 3.3 considers a simpli�ed version of the model in an exchange
economy and demonstrates that the portfolio allocation results in this case survive when
we take dividends as exogenous and solve for prices. Section 3.4 examines the time series
implications of the portfolio choice model.

3.1 Portfolio Choice
Proposition 1 implies that external habit formation agents mimic other agents in the econ-
omy. We consider an economy with two types of agents, external habit formation agents
(Type E) and other agents (Type O) with arbitrary portfolio weights. Type E agents mimic
the investment behavior of each other and of the Type O agents and therefore tilt their
portfolio in the direction of the Type O portfolio. If we assume that Type O agents are
inherently home biased (e.g., are constrained to hold domestic assets) then Type E agents
will have a potentially large home bias as well. Any intrinsic home bias in the Type O
portfolio is ampli�ed in two ways: �rst, Type E agents must copy Type O agents; second,
Type E agents must copy other Type E agents, who are, in turn, copying Type O agents.
This leads to a feedback e¤ect in portfolio allocations.

Proposition 2 Suppose that the assumptions of Proposition 1 hold. Let a fraction (1� �)
of the population be identical external habit formation agents (Type E) as described in Propo-
sition 1, with habit X and per-capita wealth WE. Suppose that the remaining agents (Type
O) have average per-capita wealth WO and arbitrary time- and state-dependent aggregate
portfolio holdings �O. Optimal portfolio choice of Type E agents is

�E =

 
1�

X
WE

+ b�WO

WE

r + a� b (1� �)

!
1




�
��T

��1 �
(�� r�) + ��T

1

f

dfT

dH

�

+�O
b�WO

WE

r + a� b (1� �)
(20)

and optimal consumption of Type E agents is

CE = X + f�
1



�
r + a� b (1� �)

r + a

��
WE �

X + b�WO

r + a� b (1� �)

�
. (21)
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Proof. See Appendix A.

Proposition 2 generates intuition for examining the impact of a fraction of agents, Type
O, who are intrinsically biased in their portfolio choice. In the context of home bias, we can
think of Type O agents as intrinsically biased toward holding more domestic securities than
a power investor. There are a number of possible justi�cations for this subgroup. Heaton
and Lucas (2000) establish that �entrepreneurial risk�is faced by a large number of agents
and is economically important. This risk is generally domestic. Furthermore, short-sales
constraints may prevent these agents from diversifying away the tradeable, country-wide
component of this risk. Also, some agents may have behavioral reasons for a domestic bias.
We make the simplifying assumption that the assets held by Type O agents are perfect
proxies for the domestic asset. Our model predicts that the home bias of entrepreneurs or
behavioral agents will be subject to a feedback e¤ect in the remainder of the population. It
is important to note that the model makes the strong requirement that Type E agents must
be able to invest in assets which span the assets held by Type O agents. If Type E agents
cannot perfectly mimic the portfolios of Type O agents, their consumption may fall below
habit in some state of the world. For example, if Type E agents represent entrepreneurs who
hold proprietary businesses for agency reasons, the aggregate value of proprietary businesses
must be spanned by tradeable assets.5

The consumption rule in Proposition 2 can be restated as

CE = X + f�
1



�
WE �

X + b [�WO + (1� �)WE]

r + a

�
Note that surplus wealth,

WS = WE �
X + b [�WO + (1� �)WE]

r + a
,

again plays an important role in the optimal policy.
If the Type E agents merely needed to hedge the changes in wealth of Type O agents,

Proposition 1 shows that they would need to hold only

�O
b�WO

WE

r + a
.

In the presence of other Type E agents, however, the feedback mechanism (the need to mimic
other Type E agents) described above further increases a Type E agent�s holdings in �O to

�O
b�WO

WE

r + a� b (1� �)
. (22)

In this sense, we could view the multiplier, M ,

M � r + a

r + a� b (1� �)
> 1

5More speci�cally, Type E agents must be able to buy an asset whose payo¤s are weakly greater than
that of the aggregate proprietary portfolio. The critical assumption is that Type E agents must be able to
hold assets that prevent the aggregate wealth of Type O agents from exploding relative to Type E agents.
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as the e¤ect that the presence of other Type E agents has on the holdings of �O by Type E
agents. The Type E agent�s portfolio weight in the Type O asset, �O, cannot exceed the
Type O agent�s portfolio weight in the same asset, which is 1 by de�nition. For the problem
to be well-de�ned, we must have

b�WO

WE

r + a� b (1� �)
< 1.

Otherwise, surplus wealth would be negative, and agents would not be able to �nance con-
sumption above the habit level. Consequently, this places an upper bound of 1 on the
fraction of wealth that the Type E agent devotes to mimicking the Type O agent. Put
another way, Type E agents will not hold a levered version of the Type O portfolio.

3.2 A Simple Small Country Example
To illustrate more plainly the e¤ect of external habit formation on home bias, we construct
an example in which a power utility agent would never optimally invest in the domestic
asset. Suppose there are two assets, one �domestic� asset held by Type O agents with
�DO = 1, and one �international�asset, not held by Type O agents. Assume that the return
on the domestic asset is identical to the return on the international asset plus an additional
uncorrelated shock, implying that the optimal power utility portfolio rule is to hold only the
international asset and the risk-free asset. The price processes are

dP I

P I
=�dt+ �dzI ,

dPD

PD
=�dt+ �dzI + �DdzD,

dB

B
= r dt.

The portfolio rule implied by Proposition 2 is

�IE =

 
1�

X
WE

+ b�WO

WE

r + a� b (1� �)

!
(�� r)


�2
(23)

�DE =
b�WO

WE

r + a� b (1� �)
, (24)

and the consumption rule is

CE =X +
1




"
� � (1� 
)

"
r +

1

2

(�� r)2


�2

##

�r + a� b (1� �)

r + a

�
WE �

X + b�WO

r + a� b (1� �)

�
. (25)

While a power-utility agent would have no incentive to hold domestic assets, the Type
E agent holds domestic assets in a proportion determined by the relative wealth of Type O
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agents and parameters of the habit process. Type E agents hold the domestic asset because
their future habit is, in part, determined by consumption of Type O agents. The Type E
agents are hedging their future habit risk by holding the domestic asset.
Equations (24) and (25) illustrate that, in small countries, home bias is completely insen-

sitive to the return characteristics of the domestic asset. Because consumption must exceed
habit in all states of the world, agents must mimic the asset holdings of Type O agents,
regardless of the characteristics of the returns on this portfolio. In small counties, in which
the domestic asset is simply the world asset with an additional noise term, consumption and
portfolio choice are entirely insensitive to the volatility and expected return of the domestic
asset.

3.3 General Equilibrium in an Exchange Economy
Our goal in this subsection is to establish the robustness of our result to general equilibrium
considerations. We show that, in a model with di¤erence-type external habit formation
utility, portfolio choice implications similar to those derived in partial equilibrium persist in
an exchange economy. In the above results, we take the price processes as given and solve
for the optimal portfolio choice rule. When modeling a small economy, for which prices will
be set by the rest of the world, this is an appropriate assumption. For a large economy, it
is potentially important to consider the impact of changes in demand on asset prices.
In the previous sections, we have made some assumptions to solve the portfolio choice

problem that, taken together, do not permit a solution for general equilibrium in an exchange
economy. We make the assumption that utility is a power function of the di¤erence between
consumption and habit. Consequently, consumption must be greater than habit in all states
for the problem to be well de�ned. In an exchange economy, dividends evolve exogenously
and prices adjust so that optimal aggregate consumption is equal to aggregate dividends in
each period. However, if aggregate dividends can fall below habit in any state of the world,
expected utility is unde�ned. Since we also make the assumption that habit is a slow-
moving, geometric average of past consumption, then aggregate dividends will fall below
habit if dividends su¤er a su¢ ciently bad shock.
We must therefore change either the form of the utility function or the process for habit.

This could be achieved by making instantaneous utility a power function of the ratio of
consumption to habit. This approach is taken by Abel (1990) in a homogeneous agent,
discrete-time model. This framework leads to a countercyclical risk premium but an ex-
cessively variable risk free rate. Campbell and Cochrane (1999) use a di¤erence utility
framework but specify a non-linear habit process to guarantee that aggregate consumption
always remains greater than habit. This model also generates a countercyclical risk premium
and can be calibrated to have a constant interest rate.
Another option is to use a di¤erence utility framework but set habit proportional to

instantaneous consumption, instead of a backward-looking average. For the purposes of our
illustration, we will pursue this option. Since preferences in this setting are a limiting case of
the model we have characterized in partial equilibrium, we will be able to generate analytic
representations of the equilibrium that maintain our intuition about the role of mimicking
portfolios in generating home bias.
We assume that agents have pure comparison utility, as in (15). Recall that these
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preferences can be derived as a limiting case of the model we have used so far (17). External
habit agents in country i compare themselves only to country i agents. As in our portfolio
choice model, a fraction �i of country i�s population is assumed to be of Type O. These
agents are constrained to hold a fraction �i of the asset which represents a claim on the
domestic dividend Di, and consume �iDi, the dividend from their share of the asset. The
remainder of the agents in each economy are of Type E, have population 1 � �i and are
assumed to have pure comparison utility.
Markets are assumed complete, so that marginal utility of any two agents is proportional

in all states of the world. Consequently, in a two-country setting, we have

(CE1 � CA1)
�
 = � (CE2 � CA2)

�
 (26)

where CEi is per-capita consumption of Type E agents and CAi is aggregate per-capita
consumption in country i. Imposing the market-clearing constraint, that agents consume
the aggregate dividend in each period, we solve for the stochastic discount factor � in terms
of the dividends in both economies:

�= e��t [k1D1 + k2D2]
�
 ; (27)

ki=
 (�i � 1) + 1� �i�i
1�  (1� �i)

. (28)

The stochastic discount factor is a function of a linear combination of the two dividends.
This re�ects the intuition that Type O agents consume some fraction of each dividend, that
Type E agents must mimic them, and that remaining dividends are consumed by Type E
agents as if they had power utility. Type O agents in country i consume a fraction �i�i of
the dividend Di. Type E agents in country i must consume at least a fraction

 (1� �i)

1�  (1� �i)
�i�i

of the dividend Di at all times to meet the benchmark level of consumption. Consequently,
regardless of the prices of the assets, a fraction

�i�i +
 (1� �i)

1�  (1� �i)
�i�i = 1� ki

of the dividend can be thought of as �set aside,�either because it is consumed by Type O
agents or because it must be used by Type E agents to mimic Type O consumption. We
can think of the residual fraction as the �free dividend.�
In a general equilibrium model with power utility, homogeneous risk aversion, and com-

plete markets, assets are priced based on their covariance with the aggregate dividend, so
that the stochastic discount factor is:

�p = e��t [D1 +D2]
�
 . (29)

In a pure comparison model, assets are priced based on their covariance with the aggregate
�free dividend.� When the importance of Type O agents is the same in the two economies,
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when �1 = �2 and �1 = �2, the stochastic discount factor above, (27), reduces to that of
a power economy, (29). Since Type E agents must hold domestic assets to mimic Type
E agents regardless of asset prices, home bias can be generated in a general equilibrium
comparison economy even when the stochastic discount factor is the same as in a power
economy.

3.4 Time Series of Portfolio Holdings
We will show that external habit formation implies a trading rule that is closer to a pure
passive rule (a non-rebalancing rule) than the trading rule of a power utility investor. Exter-
nal habit formation predicts that, when domestic returns exceed world returns, the fraction
of wealth devoted to domestic assets should increase, as Type O agents become relatively
richer. While time series evidence on portfolio holdings is sparse and of poor quality, we use
available data to show that this prediction is borne out by the data. Many existing models
of the home bias do not have this prediction.
To understand the trading implications of our model more formally, we decompose assets

held by Type E agents into three components and examine the trading rules associated with
each. These components are: the portfolio invested in bonds to replicate riskless habit; the
mimicking portfolio invested as Type O agents; and remaining wealth invested as the power
agent. Since the quantity of riskless assets held can be characterized by

NB =
X

B (r + a� b (1� �))
,

the trading rule for the riskless asset is just

dNB
NB

=

�
b
CA
X
� (r + a� b (1� �))

�
dt.

Note that this trading rule is locally deterministic and merely re�ects purchases in bonds
proportional to consumption and coupon payments covering the consumption obligations
incurred by habit.
The quantity of shares held to mimic Type O agents is

b�

r + a� b (1� �)
NO,

where NO is a vector characterizing the number of shares in each asset held by the Type
O agent. Therefore, the trading rule in this portfolio merely re�ects the Type O agents�
trading rule:

b�

r + a� b (1� �)
dNO.

Type E agents will only trade in the asset held by Type O agents to mimic their trading.
If Type O agents sell one share of their asset, each Type E agent will sell b�

r+a�b(1��) shares.
Note also that, if Type O agents sell shares to �nance consumption, Type E agents will sell
shares proportionally and use the proceeds to buy the riskless asset.
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Remaining wealth is invested as a power agent. The quantity of asset i held by Type E
agents in this remaining portion is

NP;i =

�
WE � X

r+a�b(1��) �
b�

r+a�b(1��)WO

�
�P;i

Pi
,

where �P;i is the fraction of wealth held in asset i by a hypothetical agent with power utility.
An agent with power utility holds a constant fraction of wealth in each asset,

�P;i =
1




h�
��T

��1
(�� r�)

i
i
.

In this portion of the portfolio, therefore, there is continuous rebalancing, as appreciating
assets are sold and depreciating assets are purchased to keep �P constant. In the power
case, wealth follows a geometric Brownian motion; here

WE �
X

r + a� b (1� �)
� b�

r + a� b (1� �)
WO

also follows a geometric Brownian motion. Therefore, continuous rebalancing is con�ned to
wealth left over once habit and mimicking of Type O agents have been �nanced.
The complete trading rule of external habit agents in risky assets is

dNE;i= d

0@
�
WE � X

r+a�b(1��) �
b�

r+a�b(1��)WO

�
�P;i

Pi

1A
+

b�

r + a� b (1� �)
dNO;i.

The �rst term, which follows a geometric Brownian motion, is merely the continuous trading
rule of an agent with power utility and wealth

�
WE � X

r+a�b(1��) �
b�

r+a�b(1��)WO

�
. The

second term is the trading rule required to mimic the trading of Type O agents. To the
degree that Type O agents do not rebalance, we would expect Type E agents to mimic this.
If we interpret Type O agents as proprietary business owners, it is plausible to expect that
holdings in these businesses will not be rebalanced. Rebalancing is di¢ cult because it is
costly to shut down proprietary businesses, costly to start them, and di¢ cult to sell them
to foreign investors for agency reasons. In the international model outlined above, Type
O agents invest all wealth in the domestic asset, and therefore do not rebalance. Type E
agents will partially mimic this passivity.
This �nding implies a negative correlation between domestic returns in excess of world

returns and changes of the portfolio weight in the foreign asset. As the domestic asset
appreciates relative to the foreign asset, the wealth of Type O agents increases relative to
Type E agents. Consequently, Type E agents increase the fraction of their portfolio devoted
to mimicking Type O agents.
To examine this prediction, we look at the time series data on the equity home bias

assembled by Tessar and Werner (1998), with the caveat that this data may be measured
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with substantial error (Warnock, 2001). Tesar and Werner (1998) assemble annual data on
portfolio holdings of foreign stocks in the U.K., Germany, Canada, and the U.S. from 1987
to 1996 (with the exception of the U.K., for which the series ends in 1995). We use MSCI
country-speci�c annual returns during this period to calculate the correlation between returns
and contemporaneous percentage changes in portfolio weights. Under a power utility model,
these correlations would be zero. External habit formation implies that these correlations
will be negative. In all four countries, we �nd large negative correlations ranging from -20%
to -70%. The correlations are, for the U.S., �70:2%; for the U.K., �50:7%; for Canada,
�20:4%; for Germany, �42:7%. Section 4 will demonstrate that similar correlations are
found in our calibration of the model.
This evidence is only suggestive, as it cannot di¤erentiate our model from other stories

that imply passive adjustment. However, partial passivity of the portfolio is a prediction
of external habit that distinguishes it from some other theories. If, as proposed by Hong,
Kubick and Stein (2004), agents invest in domestic stocks because they learn about domestic
opportunities from their neighbors, then investment behavior does not necessarily vary with
asset returns. Similarly, if domestic agents have superior information about home country
stocks (Coval and Moskowitz, 1999), it is not obvious why quality of information would
increase as domestic stocks appreciate. Finally, models in which individuals have a raw
familiarity bias towards own country stocks (Huberman, 2001) do not endogenously generate
a time-varying home bias. Our time series evidence does not help to di¤erentiate our
hypothesis from goods hedging models (Stockman and Dellas, 1989; Obstfeld and Rogo¤,
2000; DeMarzo, Kaniel, and Kremer, 2004), or models in which investors learn about asset
return moments dynamically (Pástor, 2000). Also, passive adjustment is consistent with
many general equilibrium models, so taking many of the existing explanations of home bias
into a general equilibrium setting could make them consistent with passive adjustment under
some circumstances.
We can use the trading implications of external habit formation to understand recent

work by Benartzi (2001) on trading in 401(k) plans. Benartzi shows that agents hold too
much of their 401(k) assets in the stock of their employer from a mean-variance e¢ cient
perspective. He also �nds that employees buy own company stock when it appreciates and
sell it when it declines, unlike power utility agents, who would sell winners and buy losers
to rebalance their portfolio. Our model can explain both of these facts.
We can think of the set of company employees as a reference group in our model, in

the sense that habit is generated as a backward-looking average of employees�consumption.
Further, we can treat executives holding stock options for agency reasons as Type O agents.
In this setting, Type E agents (other employees) will hold own company stock to track each
others�performance and the performance of Type O agents (executives).
In addition, our model generates trading predictions that are consistent with the Benartzi

�ndings. If Type O agents hold call options on company stock, as is the case with incentive
stock options, then Type E agents will mimic Type O agents by holding options. If agents do
not hold options directly (employees cannot hold own-company options in 401(k) portfolios),
they can replicate them by holding a dynamically changing levered position in the stock. The
strategy for replicating call options involves buying shares when the stock price rises, and
selling shares when the stock price falls. This is exactly the pattern observed by Benartzi.
Although Benartzi attributes observed trading behavior to excessive extrapolation, it is also
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consistent with rational behavior by external habit formation agents.

4 Calibration

4.1 Methodology
Our goal in calibrating the model is to examine the steady-state distribution of state variables
in our model. In particular, we are interested in results on the home bias. Our model does
not admit a closed-form representation of the unconditional distribution of state variables.
Instead, we take a simulation approach to exploring the steady-state properties of the model.
We choose parameter values to �t moments for consumption and asset prices, and then
simulate the economy given these moments to explore the portfolio choice implications of
external habit formation. We run simulations based on data from the U.S., U.K., and
Sweden, chosen for the availability of high-quality, long-term consumption data.
Our approach is to choose parameters that are consistent with observed consumption and

return moments assuming that there are no Type O agents, and then to evaluate the impact
of a small number of Type O agents on portfolio allocation. The thrust of this simulation
is not to match exactly the observed level of home bias, but rather to demonstrate the
importance of portfolio mimicking for the level and time-series of the home bias. We set
Type O agents to hold only the domestic asset and to constitute 5% or 10% of the population,
both in wealth and number.
These numbers are chosen to re�ect the results of Heaton and Lucas (2000), who �nd that

between approximately 5% and 13% of wealth is held in (presumably domestic) proprietary
businesses.6 From Proposition 2, the portfolio choice and consumption rules are linear in
the wealth of Type O agents. These rules are nearly linear in �, the fraction of agents
of this type, except to the degree that � impacts the denominator of the rules as it gets
larger, e¤ectively reducing the amount of wealth controlled by Type E agents by reducing
their number. Consequently, the reader can easily scale up or down estimates of home bias
obtained in this exercise if they believe that our choice of the size of Type O agents is too
aggressive or conservative.
To transfer the Heaton and Lucas result to our framework, we arbitrarily set WO

WE

�= 1, so
that the per capita wealth of the two types of agents is the same, and run the calibration
exercise for � = 0:05 and � = 0:1. Thus, the total wealth in the economy held by Type O
agents in each case is �WO

WE

�= 0:05 and �WO

WE

�= 0:1, consistent with Heaton and Lucas. While
the reader may prefer di¤erent choices of WO

WE
, the calibration will not change substantially so

long as �WO

WE
is held constant at the correct value. Due to the linearity of the consumption

and portfolio choice rules with respect to WO and the near linearity with respect to � when
� is small, WO

WE
and � can be adjusted as long as �WO

WE
remains the same. Put another way,

the model is nearly unchanged if small business owners make up 5% of the population or
10% of the population, so long as the fraction of aggregate wealth they hold stays constant.

6Heaton and Lucas (2000) impute from Survey of Consumer Finances data that, in 1992, non-elderly age
groups held between 5.2% and 7.7% of wealth in proprietary businesses (Heaton and Lucas, Table IV). Based
on statistics from the Federal Reserve Board and the National Income and Product Accounts, they report
that, in 1989, 13.8% of wealth was held in �non-corporate equity�(Heaton and Lucas, Table VI). Certain
sub-groups of the population, such as non-elderly, wealthy stockholders, hold a much greater proportion of
their wealth in proprietary businesses.
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We assume that prices follow a geomatric Brownian motion:

dPI
PI

=�dt+ �IdZI ;

dPD
PD

=�dt+ �DdZD;

dB

B
= rdt;

dZIdZD= �ID.

We obtain estimates for the parameters on equities from MSCI indices. We estimate mo-
ments of the international asset return using the MSCI world index in real home currency,
and moments of the local asset return using the MSCI domestic index in real home currency.
We assume the domestic asset has the same drift as the international asset to facilitate cross-
country comparisons. Historical world return may be a better proxy for expected return of
domestic asset; this is consistent with an international CAPM, in which the domestic asset
has a CAPM � of 1. From the perspective of explaining home bias, this is a conservative
assumption in all three countries we examine, since the drift rate on the MSCI world index is
lower than the drift rate for all three MSCI domestic indices. For the U.S., we estimate the
short-term interest rate from 90-day T-bill returns, obtained from the CRSP U.S. Treasury
and In�ation �le. For the U.K. and Sweden, we use data from the International Monetary
Fund�s International Financial Statistics database. For the U.K., we use the rate at which
91-day bills are allotted (weighted average of Friday data). For Sweden, we use the rate on
three month treasury discount notes. Our choice of these series follows Campbell (1999).
Since we are interested in real home currency asset returns, all returns are scaled by the

domestic CPI, obtained from the CRSP U.S. Treasury and In�ation �le for the U.S., and
from the International Monetary Fund�s International Financial Statistics database for the
U.K. and Sweden. Exchange rate data is from MSCI. At times it will also be useful for us to
refer to the foreign asset, which is the international asset less the fraction of the international
asset held in the domestic asset. We obtain data on the fraction of domestic assets in the
market-weighted world portfolio from Campbell (1999). Table 1 shows the moments we
estimate for asset prices, together with the consumption moments and market capitalization
obtained from Campbell (1999) that we use to calibrate the model.7

With price processes established, we turn to choosing parameters of the utility function,
a, b, �, and 
. Our goal is to choose parameters that are consistent with observed con-
sumption and equity data. A closed-form, steady-state distribution is available for a special
case of our model, the case in which there are no Type O agents, derived in Constantinides
(1990). Although Constantinides�model is internal, it has identical consumption and portfo-
lio rules to our external habit model when there are no Type O agents present (when � = 0).

7The relative market capitalization data is necessary because the domestic asset makes up a fraction
of the world portfolio. We are interested in the holdings of domestic versus foreign (world less domestic)
assets. Consequently, our measure of domestic assets includes the fraction of wealth held in the domestic
asset directly, plus the fraction of wealth in the world asset, times the fraction of the world asset devoted to
the domestic asset. Naturally, since both asset prices follow geometric Brownian motions, they will diverge
in the long run. We show the fraction of the domestic asset held by the agent under the assumption that
the domestic asset makes up the fraction of the world asset that it does currently.
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Consequently, the two models will be observationally equivalent in this case (Shore, 2001).
Constantinides uses this analytic representation to match model parameters to observed mo-
ments in U.S. data. We use a similar approach, exploiting the unconditional distribution
function Constantinides has derived for this case, which is a function pz (z) of z � X

C
.8 Given

this distribution, we have expressions for instantaneous moments of consumption growth,

E
�
dC
C

�
dt

=
r � �



+
(�� r)2 (1 + 
)

2
2�2

+b�
 
r � �



+
(�� r)2 (1 + 
)

2
2�2
+ a

!Z 1

0

zpz (z) dz,

and
var
�
dC
C

�
dt

=

�
(�� r)


�

�2 Z 1

0

(1� z)2 pz (z) dz.

We show results for a number of di¤erent (a; b) pairs. Our procedure is to choose a, then
select b and 
 under the assumption that � = 0 to match �rst and second instantaneous
moments of consumption. We obtain annual frequency estimates of mean and variance of
consumption growth from Campbell (1999). Our simulations, which take these moments
as instantaneous, yield simulated annual moments that are close to the estimated annual
moments. We set � = 0:037, the parameter value chosen by Constantinides.
In Appendix B, we derive su¢ cient conditions for the existence of a non-degenerate

steady-state distribution of ratios of state variables. An important consideration is the rela-
tive wealth of Type E and Type O agents. Because we model price processes as a geometric
Brownian motion, the surplus wealth of Type E agents follows a geometric Brownian motion.
The simplest possible assumption about Type O agents is that their consumption-wealth ra-
tio is constant (consistent with power utility). In this case, however, their wealth follows a
di¤erent geometric Brownian motion, and the ratio of the wealths of these two groups will
be degenerate. To give this ratio a non-degenerate steady-state distribution, we specify the
consumption-wealth ratio of the Type O agents as a function of WS

WO
:

CO
WO

= max(�� �
WS

WO

; 0).

The consumption of Type O agents is relevant to Type E behavior only to the degree to

8Constantinides (1990) gives the following for pz (z):

pz (z) = ke
2b=m2�2 (1� z)2(n+a�b�m

2�2)=m2�2
z2(b�a�n)=m

2�2e�2b=m
2�2z,

where

n =
r � �



+
(�� r)2 (1 + 
)

2
2�2

and
m =

�� r

�2

.

In Constantinides, �, �, and r refer to moments of the single, closed economy.
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which it a¤ects Type O wealth, since

�E =

 
1�

X
WE

+ b�WO

WE

r + a� b (1� �)

!
1




�
��T

��1
(�� r�) + �O

b�WO

WE

r + a� b (1� �)
.

Note that the fraction of wealth invested as a power agent, 
1�

X
WE

+ b�WO

WE

r + a� b (1� �)

!
is invariant to the consumption policy of Type O agents, since expending one additional unit
of wealth on consumption increases X by b�. The purpose of setting a consumption rule for
Type O agents is to give the process a non-degenerate steady state, and to �x the relative
importance of Type O agents in the long run. Therefore, we arbitrarily set � = 0:15 and
select � to match WO

WE
� 1. Further, we impose that Type O agents hold only the domestic

asset; that is, their portfolio weights are � = [0 1]0. Other (�; �) pairs can be chosen to set
WO

WE
� 1, and our model is relatively insensitive to this modi�cation, with the exception of

di¤erences in the variability of aggregate consumption due to di¤erences in the variability of
CO
WO
.
We simulate the economy for 7500 years and discard the �rst 2500 years of data. We

use a simple discrete approximation to the continuous-time price processes, with 10 discrete
increments per year, and implement the continuous-time decision rules of the previous section
within this framework. Our results are invariant to further improvements on the continuous-
time approximation. We sample the simulated data annually. For each set of parameters,
we run the simulation 15 times and present averaged results.

4.2 Calibration Results
Results from the calibration are presented in Tables 2 through 5. Table 2 summarizes the
calibration results, reporting the range of home bias produced by the model for the parameter
values we investigate. We �nd that a large fraction of observed home bias can be explained
by our model, with allocations range from 64% to 75% for the U.S., 51% to 84% for the U.K.,
and 30% to 67% for Sweden. Mean-variance optimal domestic equity holdings, considering
domestic equities and the MSCI EAFE index as investable assets, are approximately 57%
for the U.S., 35% for the U.K., and 8% for Sweden.
In Tables 3 through 5, we investigate the calibration results in more detail. For each

country, we present mean asset holdings for Type E agents, mean and standard deviation of
consumption growth for the economy, and correlations between log excess domestic returns
over international returns and percent changes in the fraction of the portfolio of risky assets
held in foreign assets. Asset holdings are presented in terms of holding of foreign and
domestic assets, rather than international and domestic, for easy comparison with commonly
available benchmarks. (According to our earlier de�nition, the �international�asset includes
the domestic asset, while the �foreign�asset does not.)
Each table presents results for � = 0, � = 0:05, and � = 0:1. The � = 0:05 and

� = 0:1 cases illustrate the impact of introducing a small number of agents who hold only
the domestic asset. While holdings of risky assets do not change very much as we add Type

21



O agents, the composition of risky asset holdings changes dramatically in all countries, but
particularly in the U.K. and Sweden. In the � = 0 case, the composition of asset holdings in
the risky portfolio (�DE=

�
�DE + �DF

�
) is simply equal to the power utility allocation (reported

as �DP =(�
D
P +�

F
P ) in the Portfolio Benchmarks panel of the tables). Adding a small number

of constrained agents boosts the fraction of wealth held in the domestic asset considerably.
In the U.S., the domestic asset comprises 57% of the risky component of the mean-variance
e¢ cient portfolio. When we introduce a small number of Type O agents (� = 0:05 and
� = 0:1 cases), the domestic asset comprises a larger fraction of the external habit agent�s
risky asset holdings (64% to 67%, and 69% to 75%, respectively). Holding relative risk
aversion constant, equity home bias is obtained at the expense of consumption volatility. We
conduct our calibrations at a �xed, low level of relative risk aversion, 
 = 2:5. Consumption
volatility rises as we add Type O agents to the model. Adding Type O agents increases
aggregate consumption volatility as the more volatile consumption of Type O agents is
averaged in to the aggregate. In addition, Type E agents hold more domestic equity,
increasing the volatility of the Type E portfolio, causing Type E consumption to become
more volatile.
In the U.K. and Sweden, the di¤erence in portfolio holdings is much more dramatic be-

cause the domestic asset has a much smaller role in the mean-variance e¢ cient portfolio (35%
and 8%, respectively). Consequently, requiring investors to mimic agents whose holdings
are very di¤erent from the mean-variance e¢ cient portfolio leads to a larger change from
the mean-variance e¢ cient portfolio. In Sweden and the U.K., our model implies that, for
� = 0:1, the fraction held in the domestic risky asset is between 43% and 67%, and between
60% and 83%, respectively. This is relatively close to the observed domestic holdings of 82%
in the U.K. For Sweden, Cooper and Kaplanis (1994) report a home bias of 100% in 1989,
based on OECD sources. This �gure should probably be treated with some skepticism. Our
main motivation for calibrating to Sweden is to better understand how our model functions
in a very small economy.
Recall that for each country, we consider six di¤erent values for habit pairs. Moving

across columns from left to right in Tables 3 through 5 increases the rate of decay of habit,
a. To compensate, the calibration correspondingly increases the in�uence of aggregate
consumption in creating new habit obligations, speci�ed by b. Moving across the (a; b) pairs
in the table impacts the overall holding of risky assets, but not the absolute level of domestic
holdings, save for the fraction of the domestic asset held in the global portfolio. Recall
that portfolio weights in equities can be decomposed into a mimicking component and a
mean-variance e¢ cient component. Since b

r+a�b(1��) is relatively constant across (a; b) pairs
(a result of calibration to consumption moments), the fraction of wealth that must be held in
domestic assets to mimic Type O agents is also relatively constant across (a; b) pairs. What
changes is the fraction of wealth held in the mean-variance e¢ cient portfolio; holdings of the
domestic asset only vary across (a; b) pairs to the degree that the domestic asset is found
in the mean-variance e¢ cient portfolio. This fraction varies more across (a; b) pairs for the
U.S., since the U.S. comprises a large fraction of the mean-variance e¢ cient portfolio.
Remaining aware of the criticisms of the Tesar and Werner (1998) time series data dis-

cussed earlier, we compare time series implications from our calibration to moments found
in the data. The results from our calibration are modestly encouraging. As in the data,
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our calibration produces large negative contemporaneous correlations between the percent
change in the share of risky assets held in the foreign asset and the excess log return of the
domestic asset over the international asset. In the U.S., we observe a correlation of �0:702
in the data; our calibration produces correlations from �0:513 to �0:808. In the U.K.,
we observe a correlation of �0:507 in the data; our calibration produces correlations from
�0:573 to �0:847. We do not have data on the home bias for Sweden, but we note that
correlations are more extreme, from �0:673 to �0:860. Since we do not have long-term
consumption data for Canada and Germany, we do not run calibrations for these countries.
However, we note that observed correlations in these countries are considerably closer to
zero, at �0:204 and �0:427, respectively.

5 Conclusion

This paper shows that external habit formation preferences can help to explain the equity
home bias. If agents measure utility relative to a benchmark that depends on aggregate
consumption, they will mimic aggregate consumption to hedge changes in this benchmark.
If a subset of agents in the economy is constrained to hold domestic equities, unconstrained
agents will mimic this portfolio. Unconstrained agents also mimic one another, leading to
a multiplier e¤ect and generating a large equity home bias.
The particular form of preferences we use, di¤erence-type external habit formation pref-

erences, leads to a large equity home bias in small countries. As an illustration, when we
calibrate the model, we are able to generate a large implied home bias for a small country,
Sweden, in which mean-variance optimal holdings of the domestic asset are approximately
8%. This matches the observation that home bias in small countries tends to be substantial.
Our paper points to several directions for future research. One avenue for future work

is theoretical. Our paper is framed in a partial equilibrium setting. Modifying the process
followed by habit, in a manner akin to Campbell and Cochrane (1999), will allow us to assess
the general equilbrium implications of external habit preferences. A general equilibrium
model will allow us to simultaneously address both portfolio allocation and asset pricing
implications of the model. Another direction for future work is empirical. The paper
marshalls cross-country evidence on the home bias to provide suggestive support for our
theory. In the future, better cross-country evidence on international equity holdings will
become available. This cross-country evidence will serve as a valuable testing ground for
home bias theories.
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A Appendix: Proofs

Proof of Proposition 1. Consider the solution to the power utility problem. The
Bellman equation for this problem is

0=max
C;�

E
�
u (C)� �J + JW

�
W
�
r + �T (�� r�)

�
� C

�
+
1

2
W 2JWW�

T��T�+ JH� +
1

2
tr
�
�TJHH�

�
+W�T��TJTWH

�
.

First-order conditions for � and C are

C = J
� 1



W ;

�=�
�
��T

��1
(�� r�)

JW
WJWW

�
�
��T

��1
��T

JTWH

WJWW

.

Finding a solution of the form

J = f(H)
W 1�


1� 


is equivalent to �nding a function f consistent with the following di¤erential equation, derived
from the Bellman equation for the power utility problem:

0= 

1�
f
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 + r

+
1

2

1
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+ 1
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 tr
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. (30)

The Bellman equation for the habit problem is

0=max
C;�

E
�
u (Ct; Xt)� �I + IW

�
W
�
r + �T (�� r�)

�
� C

�
+
1

2
W 2IWW�
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1
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The �rst order conditions for the maximization are

Ct=X + I
� 1



W ,
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��T

��1
��T
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.

Now guess a solution to the habit problem of the form

I = f (H)

�
W � X+bWA

r+a

�1�

1� 


.
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Plugging in to the Bellman equation, with optimal C and �, we obtain

0=
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which is a di¤erential equation in f (H), corresponding to equation (30). Therefore, when-
ever a solution of the standard form exists for the power utility problem, we can obtain a
solution to the analogous external habit formation problem. Moreover, the optimal con-
sumption and portfolio rules are

C =X + f�
1



�
W � X + bWA

r + a

�
;

�=

 
1�

X
W
+ bWA

W

r + a

!
1




�
��T

��1 �
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f

dfT
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�
+�A

bWA

W

r + a
.

Proof of Proposition 2. Note that

�A=
�WO�O + (1� �)WE�E
�WO + (1� �)WE

; (31)

WA= �WO + (1� �)WE. (32)

From Proposition (1), for the external habit agent,

CE =X + f�
1



�
WE �

X + bWA

r + a

�
; (33)
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Substituting (31) and (32) into (33) and (34) yields,

CE =X + f�
1



�
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X + b [�WO + (1� �)WE]

r + a

�
;
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.
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Rearranging terms and solving for �E gives

�E =
1
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�
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�
.

B Appendix: Evolution of the State Variables

This appendix considers the steady-state properties of processes for the state variables X,
WO, andWE when the investment opportunity set is constant. We assume that prices follow
the simple processes

dPi
Pi
=�idt+ �idZ;8i = 1; :::; N ;

dZidZj =0; i 6= j; dZidZj = dt; i = j.

Here, � and � are assumed constant. A natural concern in in�nite horizon, heterogeneous
agent models is the stability of the distribution of wealth among types in the economy.
Additionally, in habit formation models, an analogous concern is the stability of the re-
lationship between habit and consumption. While agents are guaranteed to be able to
consume at least habit, models in which consumption converges to habit or in which habit
becomes insigni�cant relative to consumption are less useful than models in which some type
of non-degenerate steady-state relationship holds.
To establish stability of relationships among the three state variables, we reuse the con-

cept of �surplus wealth�introduced above:

WS = WE �
X + b [�WO + (1� �)WE]

r + a
.

Our reason for using surplus wealth is expositional: under constant investment opportunities,
WS follows a geometric Brownian motion (35). For stability of relationships among the state
variables, it is equivalent to establish stable relationships among WO, WS, and X, since WS

is a linear combination of WO, WE, and X. In the spirit of Constantinides (1990), we
examine WO

WS
and X

WS
. The �rst ratio compares the wealth of Type O agents to the surplus

wealth of Type E agents. The second ratio is proportional to X
C�X and establishes a steady

state relationship between consumption and habit.
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Given optimal investment and consumption by the Type E agents, the process for surplus
wealth is

dWS

WS

=

"
r + 1



(�� r�)T

�
��T

��1
(�� r�)

� 1



h
� � (1� 
)

�
r + 1

2
1


(�� r�)T

�
��T

��1
(�� r�)

�i# dt
+
1



(�� r�)T

�
��T

��1
�dZ. (35)

This process is identical to the process for optimally invested and consumed wealth for the
dual power agent described in Proposition 1, consistent with the intuition that external habit
agents behave like power agents once they hold an asset paying habit.
Using Ito�s lemma, we can obtain a process for WO

WS
:
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This process is a geometric Brownian motion for WO

WS
if CO
WO

is constant. Under this assump-
tion, therefore, the process is not stationary. However, if we assume that the consumption
rule for Type O agents is a function of WO

WS
, we can �nd conditions under which the WO

WS

process is stationary. Generally, we require that the consumption wealth ratio of Type O
agents be increasing in WO

WS
. This is a feature of the external habit agents described in this

paper, so it is not an unreasonable assumption if the Type O agents have a habit �avor
to their utility. In particular, for small values of WO

WS
, the drift term must be positive; as

WO

WS
approaches in�nity, the drift term must be negative. One simple form for the Type O

consumption rule CO
WO

that can implement these conditions is
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= max(�� �
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Under this rule,
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Provided that CO
WO

is strictly positive, this is a simple mean-reverting process. The require-

27



ments for stability are therefore8>><>>:
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The possibility that the CO
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= 0 constraint could bind imposes an additional restriction,8>><>>:
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We have established conditions for the stability of the ratio between the wealth of Type
O agents and surplus wealth of Type E agents. In combination with stability of X

WS
, this

condition assures that Type O and Type E wealth have a non-degenerate, stable relationship.
This implies that the level of home bias will be non-degenerate in the steady state. We now
turn to the process for X
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:
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Provided that CO
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WO
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is stationary and positive, as it is in the consumption rule proposed

above, and that8>>>><>>>>:
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X
WS

is stationary, since it is a mean-reverting process with an additional positive stationary
component in the drift. This assures that portfolio choice will not be dominated either
by the power utility solution or by the asset paying habit as its dividend. It also assures
stability of X

C�X , since (C �X) is proportional to WS.
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Figure 1: Home Bias and MSCI Stock Market Capitalization / GDP
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Note: Holdings data from Coen (2002), as of December 31, 1994. Source: OECD and Financial 
Times Database.  Market Capitalization / GDP data from Campbell, 1998, as of Dec. 31, 1993. 
Market capitalization is MSCI index market capitalization.



TABLE 1
Summary of Data Used in Calibration Exercise

U.S. U.K. Sweden

Estimated Asset Return Moments(1)

¹r 0:021 0:013 0:020
¹rI ¡ ¹r + 1

2¾
2 [rI ¡ r] 0:052 0:059 0:064

¾ [rI ¡ r] 0:144 0:178 0:176
¾ [rD ¡ r] 0:154 0:227 0:253
½ [rI ¡ r; rD ¡ r] 0:845 0:660 0:709

Consumption Moments(2)

E [¢ lnC] 0:018 0:014 0:018
¾ [¢ lnC] 0:033 0:029 0:029

Market Capitalization Relative to World(3)

Vi=
³P

j Vj

´
0:399 0:119 0:010

(1)Equity data from MSCI. CPI and short rate data from CRSP Treasury
and In‡ation …le for U.S., from the International Monetary Fund’s Interna-
tional Financial Statistics database for the U.K and Sweden. Estimates are of
real home-currency log returns. All …nancial data quarterly, 1970Q1-1999Q2.
(2)Source: Campbell (1999), Table 3. (3)Source: Campbell (1999), Table 1.



TABLE 2
Summary of Calibration Results

U.S. U.K. Sweden

Portfolio Benchmarks(1)

®DP =(®
D
P + ®

F
P ) 0:569 0:351 0:076

®Dobs=(®
D
obs + ®

F
obs) 0:938 0:820 1:000

Calibrated Range of Domestic Equity Holdings

maximum E
£
®DE
¤
=E
£
®DE + ®

F
E

¤
0:638 0:509 0:304

minimum E
£
®DE
¤
=E
£
®DE + ®

F
E

¤
0:751 0:835 0:672

(1)®P refers to the portfolio allocation of a hypothetical power-utility agent.
®obs refers to observed portfolio holdings. Equity data from MSCI. CPI and
short rate data from CRSP Treasury and In‡ation …le for U.S., from the In-
ternational Monetary Fund’s International Financial Statistics database for the
U.K and Sweden. Estimates are of real home-currency log returns. All …nan-
cial data quarterly, 1970Q1-1999Q2. Source for home bias estimates is French
and Poterba (1991) for U.S. and U.K., Cooper and Kaplanis (1994) for Sweden.



TABLE 3
Moments from Calibrated Model, U.S. Data(1)

Habit Parameters
a 0:100 0:200 0:300 0:400 0:500 0:600
b 0:087 0:160 0:234 0:307 0:381 0:454

Portfolio Benchmarks(2)

®DP =(®
D
P + ®

F
P ) 0:569

®Dobs=(®
D
obs + ®

F
obs) 0:938

½ [%¢®; erDI ]obs ¡0:702

Annual Frequency Moments, ¯ = 0:0
E
£
®DE
¤

0:238 0:314 0:355 0:381 0:399 0:412

E
£
®FE
¤

0:180 0:238 0:270 0:290 0:303 0:313
®DE=®

D
E + ®

F
E 0:569 0:569 0:569 0:569 0:569 0:569

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:036 0:038 0:040 0:042 0:044 0:046
½ [%¢®; erDI ] 0:000 0:000 0:000 0:000 0:000 0:000

Annual Frequency Moments, ¯ = 0:05
E
£
®DE
¤

0:298 0:381 0:424 0:451 0:468 0:481

E
£
®FE
¤

0:148 0:203 0:233 0:251 0:263 0:272

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:669 0:653 0:646 0:642 0:640 0:638

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:049 0:049 0:051 0:053 0:055 0:057
½ [%¢®; erDI ] ¡0:538 ¡0:648 ¡0:713 ¡0:756 ¡0:786 ¡0:808

Annual Frequency Moments, ¯ = 0:1
E
£
®DE
¤

0:352 0:438 0:481 0:506 0:522 0:534

E
£
®FE
¤

0:117 0:173 0:203 0:221 0:233 0:242

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:751 0:716 0:703 0:696 0:691 0:689

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:064 0:062 0:063 0:065 0:067 0:069
½ [%¢®; erDI ] ¡0:513 ¡0:627 ¡0:698 ¡0:745 ¡0:778 ¡0:802

(1)Parameters: r = 0:021, ¹ ¡ r = 0:052, ¾I = 0:144, ¾D = 0:154, ½ID =
0:845, ± = :037, Á = :15. (°; b) chosen to match instantaneous consumption mo-
ments; ° ¼ 3 for all (a; b) pairs. (2)®P denotes portfolio chosen by hypothetical
power agent; ®obs are observed portfolio weights (Source: French and Poterba

(1991), Table 1). ½ [%¢®; erDI ] denotes ½
h
%¢

³
®F;obs

®F;obs+®D;obs

´
; rD ¡ rI

i
, the

correlation between the percent change in the risky weight in the foreign asset
and the excess log return of the domestic asset over the international asset.
½ [%¢®; erDI ]obs denotes the observed moment from the data. Source for time
series data on portfolio allocations is Tesar and Werner (1998). Data is annual,
from 1987 through 1996.



TABLE 4
Moments from Calibrated Model, U.K. Data(1)

Habit Parameters
a 0:100 0:200 0:300 0:400 0:500 0:600
b 0:092 0:171 0:250 0:329 0:408 0:488

Portfolio Benchmarks(2)

®DP =(®
D
P + ®

F
P ) 0:351

®Dobs=(®
D
obs + ®

F
obs) 0:820

½ [%¢®; erDI ]obs ¡0:507

Annual Frequency Moments, ¯ = 0:0
E
£
®DE
¤

0:112 0:160 0:188 0:206 0:218 0:227

E
£
®FE
¤

0:207 0:296 0:348 0:380 0:403 0:420
®DE=®

D
E + ®

F
E 0:351 0:351 0:351 0:351 0:351 0:351

E [log (¢CA)] 0:014 0:014 0:014 0:014 0:014 0:014
¾ [log (¢CA)] 0:032 0:035 0:037 0:040 0:042 0:044
½ [%¢®; erDI ] 0:000 0:000 0:000 0:000 0:000 0:000

Annual Frequency Moments, ¯ = 0:05
E
£
®DE
¤

0:224 0:283 0:314 0:332 0:345 0:354

E
£
®FE
¤

0:137 0:225 0:274 0:305 0:326 0:342

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:621 0:557 0:534 0:521 0:514 0:509

E [log (¢CA)] 0:015 0:015 0:015 0:015 0:015 0:015
¾ [log (¢CA)] 0:067 0:062 0:063 0:064 0:066 0:068
½ [%¢®; erDI ] ¡0:605 ¡0:722 ¡0:777 ¡0:810 ¡0:832 ¡0:847

Annual Frequency Moments, ¯ = 0:1
E
£
®DE
¤

0:334 0:380 0:405 0:423 0:434 0:441

E
£
®FE
¤

0:066 0:172 0:226 0:256 0:276 0:291

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:835 0:688 0:642 0:623 0:611 0:603

E [log (¢CA)] 0:014 0:014 0:014 0:014 0:014 0:014
¾ [log (¢CA)] 0:111 0:093 0:090 0:091 0:092 0:094
½ [%¢®; erDI ] ¡0:573 ¡0:703 ¡0:766 ¡0:802 ¡0:827 ¡0:844

(1)Parameters: r = 0:013, ¹ ¡ r = 0:059, ¾I = 0:178, ¾D = 0:227, ½ID =
0:660, ± = :037, Á = :15. (°; b) chosen to match instantaneous consumption mo-
ments; ° ¼ 2:5 for all (a; b) pairs. (2)®P denotes portfolio chosen by hypothetical
power agent; ®obs are observed portfolio weights (Source: French and Poterba

(1991), Table 1). ½ [%¢®; erDI ] denotes ½
h
%¢

³
®F;obs

®F;obs+®D;obs

´
; rD ¡ rI

i
, the

correlation between the percent change in the risky weight in the foreign asset
and the excess log return of the domestic asset over the international asset.
½ [%¢®; erDI ]obs denotes the observed moment from the data. Source for time
series data on portfolio allocations is Tesar and Werner (1998). Data is annual,
from 1987 through 1995.



TABLE 5
Moments from Calibrated Model, Sweden Data(1)

Habit Parameters
a 0:100 0:200 0:300 0:400 0:500 0:600
b 0:092 0:170 0:248 0:325 0:403 0:481

Portfolio Benchmarks(3)

®DP =(®
D
P + ®

F
P ) 0:076

®Dobs=(®
D
obs + ®

F
obs) 1:000

½ [%¢®; erDI ]obs NA

Annual Frequency Moments, ¯ = 0:0
E
£
®DE
¤

0:023 0:032 0:037 0:041 0:043 0:045

E
£
®FE
¤

0:282 0:391 0:454 0:495 0:524 0:544
®DE=®

D
E + ®

F
E 0:076 0:076 0:076 0:076 0:076 0:076

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:032 0:034 0:036 0:039 0:041 0:042
½ [%¢®; erDI ] 0:000 0:000 0:000 0:000 0:000 0:000

Annual Frequency Moments, ¯ = 0:05
E
£
®DE
¤

0:143 0:169 0:181 0:188 0:192 0:195

E
£
®FE
¤

0:201 0:303 0:363 0:401 0:428 0:447

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:416 0:358 0:333 0:319 0:310 0:304

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:069 0:066 0:066 0:067 0:069 0:071
½ [%¢®; erDI ] ¡0:682 ¡0:766 ¡0:805 ¡0:828 ¡0:843 ¡0:853

Annual Frequency Moments, ¯ = 0:1
E
£
®DE
¤

0:256 0:274 0:283 0:288 0:291 0:293

E
£
®FE
¤

0:125 0:244 0:306 0:344 0:370 0:388

E
£
®DE
¤
=E

£
®DE + ®

F
E

¤
0:672 0:529 0:480 0:456 0:441 0:431

E [log (¢CA)] 0:018 0:018 0:018 0:018 0:018 0:018
¾ [log (¢CA)] 0:112 0:099 0:096 0:096 0:098 0:100
½ [%¢®; erDI ] ¡0:673 ¡0:763 ¡0:805 ¡0:831 ¡0:848 ¡0:860

(1)Parameters: r = 0:020, ¹ ¡ r = 0:064, ¾I = 0:176, ¾D = 0:253, ½ID =
0:709, ± = :037, Á = :15. (°; b) chosen to match instantaneous consumption
moments; ° ¼ 2:85 for all (a; b) pairs. (2)®P denotes portfolio chosen by hy-
pothetical power agent; ®obs are observed portfolio weights (Source: French and

Poterba (1991), Table 1). ½ [%¢®; erDI ] denotes ½
h
%¢

³
®F;obs

®F;obs+®D;obs

´
; rD ¡ rI

i
,

the correlation between the percent change in the risky weight in the foreign
asset and the excess log return of the domestic asset over the international as-
set. ½ [%¢®; erDI ]obs denotes the observed moment from the data. Data on
portfolio holdings for Sweden is from Cooper and Kaplanis (1994), constructed
from OECD National Accounts data.




