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Abstract

This paper develops a two-country monetary DSGE model in which households
choose a portfolio of home and foreign equities, and a forward position in foreign exchange.
It presents a potential solution to the home bias puzzle in the context of a model in which
some goods prices are set without full information of the state. In response to technology
shocks, sticky prices generate a negative correlation between labor income and the profits of
domestic firms, leading to home bias in equity holdings. In contrast, under flexible prices,
labor income and the profits of the domestic firms are positively correlated. Returns on
human capital and equities may be positively correlated under sticky prices when the source
of shocks is monetary, but this risk is hedged through nominal assets rather than through
equities.

JEL classification: F31, F41, G11.
Keywords: home bias; international portfolio choice

We have benefited from discussions with Olivier Jeanne, Karen Lewis, Alessandro Rebucci, Cedric Tille,
Robert Vigfusson, and Frank Warnock. We also thank participants at numerous seminars. Engel acknowledges
the support of the National Science Foundation through a grant to the University of Wisconsin. Some of the
work on this project was completed while Engel was a visiting scholar of the International Monetary Fund, and
Matsumoto was a graduate intern at the Board of Governors of the Federal Reserve System. The views
expressed in this paper are those of the authors and do not necessarily represent those of the Federal Reserve
System, the IMF or IMF policy.

“ E-mail: cengel@ssc.wisc.edu
“ E-mail: amatsumoto@imf.org Phone: +1-202-623-4312



1. Introduction

In an open macroeconomy in which asset trade is possible, the portfolio choice of
households may play an important role in understanding macro fluctuations. In contrast to a
closed economy model — in which a representative agent simply holds the market portfolio —
agents in each country may hold different portfolios depending on the country-specific risks
and returns that they encounter. Portfolio choice might matter for a number of questions:
Does the international transmission mechanism depend on who owns firms? Do changes in
valuations of internationally traded assets play a role in the macroeconomic adjustment to
shocks? Is there an interaction between the stock market and exchange rates?*

We believe a successful model must capture two features. The first is that equity
prices respond to monetary policy shocks. The empirical evidence makes abundantly clear
that equity prices depend on the market’s perception of monetary policy.> We model the
channel through which monetary policy affects real returns as sticky nominal prices: some
firms must set nominal prices without full information about the state. The second key
feature that a model must explain is the home bias puzzle.

The “home bias” puzzle is one of the major puzzles in international finance. Empirical
studies have found that foreign equities comprise a small proportion of investors' portfolios.’
This finding is puzzling because it appears that investors are forgoing important opportunities
for diversification of risk.* While there have been many suggested resolutions to the puzzle,
none seem able to explain entirely the extent of home bias. Our model offers a new
explanation that may contribute to an understanding of home bias. In a framework in which
some nominal prices are sticky, it may be natural for households to bias their portfolios
strongly toward home equities as a hedge against shocks to their labor income. We do not
build the model specifically to explain the home-bias puzzle, but we find that in the
framework we examine, optimal portfolios exhibit home bias.

The intuition is straightforward: If all nominal prices are sticky, in the short run the
level of output is demand determined. Productivity shocks have no effect on short-run output
if the firm adjusts output only in response to changes in demand. For example, if home firms

experience a positive productivity shock, their demand for labor will decline. Employment

1 On the first question, see for example Baxter and Crucini (1995), Kehoe and Perri (2002). Gourinchas and
Rey (2005) and Tille (2004) have recently addressed the second question. Pavlova and Rigobon (2003), and
Andersen, Bollerslev, Diebold, and Vega (2004) are recent papers that have tried to answer the third question.
2 See for example Bernanke and Kuttner (2004), Andersen, Bollerslev, Diebold, and Vega (2004), Bordo and
Wheelock (2004).

® French and Poterba (1991), Tesar and Werner (1995), and Warnock (2002), for example.

* Lewis (1999, 2000) surveys the literature on this puzzle and discusses the losses from non-diversification.



and wages will fall, but profits to the firm will increase. An effective hedge against
employment and wage risk is ownership of the firm. If output is demand determined, the
short-run returns to labor and firm owners are negatively correlated, in contrast to the usual
presumption in neoclassical models.

The fact that productivity shocks create a negative correlation between returns to
workers and those to firm owners is a key implication of the model. Gali (1999) builds a
closed economy model under sticky prices and shows that it can generate a fall in labor hours
in response to the positive technology shock, which rarely arises in a flexible price model.”
His empirical work demonstrates that labor hours decline in response to positive technology
shocks in most G7 countries. The related empirical work by Bottazzi, Pesenti and van
Wincoop (1996), and Julliard (2002) find that returns to human capital and equities are
negatively correlated in most OECD countries.®

Our explanation can be considered part of one thread of the literature that has
attempted to explain home bias as a hedge against non-tradable risks.” Our non-tradable risk
is fluctuations in labor income. The literature has not yet reached a consensus on how much
of home bias can be explained by the need to hedge against non-tradable risk. There is a
literature that specifically examines whether home assets can be a hedge for labor risk. But in
neoclassical models, because labor income is correlated more with domestic firms' profits
than with those of foreign firms', the optimal portfolio will be more foreign-weighted than the
classical endowment model predicts, as shown in Baxter and Jermann (1997). Hence, past
attempts to explain home bias by using labor income have been largely unsuccessful 2

In our model, the unconditional correlation between returns to equities and human
capital need not be negative. Monetary shocks lead to consumption risk, but we show that
those shocks can be hedged effectively with bond portfolios (or by taking a forward position
in foreign exchange.) Unexpected changes in the relative supplies of money (at home and
abroad) create nominal exchange rate changes that in turn alter the value of returns on home

and foreign bonds. So the real risk created by monetary shocks can be diversified through the

® For example of flexible price models which generate a negative correlation, see Francis and Ramey (2003) and
Dotsey (1999).

® The US is one of the exceptions.

" For example, Eldor, Pines and Schwarz (1988), Stockman and Dellas (1989), Tesar (1993), Baxter, Jermann
and King (1998), Serrat (2001) and Pesenti and van Wincoop (2002). A related analysis by Obstfeld and Rogoff
(2001) argues that transactions costs to trade in international goods can help account for home bias in equities.

8 See also Jermann (2002). However, Palacios-Huerta (2001) claims that a substantial fraction of home bias can
be explained when the differential human capital of stockholders and non-stockholders is taken into account
along with human capital frictions. Julliard (2002) claims that Baxter and Jermann did not properly account for
return correlations across countries.



nominal asset portfolio. Monetary shocks lead to positively correlated changes in labor
payments and profits, but that risk is not hedged with the equity portfolio.

Of course, nominal prices do not remain fixed forever when productivity or monetary
shocks occur. Eventually an adjustment is made and neoclassical results obtain in the long
run. Indeed, our model has real labor income positively correlated with productivity shocks in
the long run. So the ability of our model to explain home bias depends on the persistence of
price stickiness, the persistence of productivity shocks, and the weight that households assign
to future consumption. We show that home bias is greater when prices adjust more slowly,
when productivity shocks (in one country relative to the other) are less persistent, and when
the future is discounted more heavily.

We do not claim that our model offers the only explanation for home bias. The
literature has taken many different approaches to explaining the phenomenon. In addition to
the papers cited above that consider diversification against non-tradable risk, several other
avenues have been explored. One group of studies has argued that the gains from
international diversification are in fact small, so that small transactions costs of
diversification will lead to heavily concentrated portfolios.® Others have claimed that
acquisition of information about foreign firms is more costly than for information on home
firms.®® Another set of studies shows that home bias can be explained in the context of

generalized preferences or prior beliefs.'

Some claim that home bias is partly due to
empirical mismeasurement.*> All of these factors may help explain home bias.

In the following sections, we present two kinds of models. The first is static, and gives
us the intuition for home bias. In the static model, there is complete home bias in equilibrium.
The second model is a more realistic dynamic one, in which we focus on persistent
technology shocks and differential price stickiness. The section on the dynamic model

analyzes the conditions under which home bias occurs, and the degree of bias.

° For example, Cole and Obstfeld (1991), Tesar (1995), Butler and Joaquin (2002) and many others. However,
van Wincoop (1994, 1999), for example, finds large unexploited gains from international risk sharing.

% For example, Kang and Stulz (1997) and Hasan and Simaan (2000). A related recent study is van
Nieuwerburgh and Veldkamp (2005).

1 For example, van Wincoop (1994), Aizenman (1999) as examples of the former and Pastor (2000) for the
latter.

2 For example, Rowland and Tesar (2004) find that multinationals may have provide diversification
opportunities for some countries.



2. The Simple Static Model

We build a general-equilibrium, two-country model with sticky prices. In this section,
we consider a static model that provides the intuition behind our explanation for home bias.
The next section then builds a dynamic model to investigate more realistically what
determines whether and how much home bias is generated.

In our model, there are two countries, which we call Home and Foreign. The world
population is normalized to unity; half the population lives in Home and half in Foreign.
Their preferences are identical. Households provide labor and own firms through equity.
Firms use labor as the only input to produce a good monopolistically, and preset their prices
in the consumers' currency. Markets are segmented so that only firms can export goods. All
goods are tradable and perishable.

We adopt local currency pricing here. We observe in the data, at least for developed
countries, that consumer prices are sticky in the consumers' currencies rather than in the
producers' currencies. However, the pricing assumption is not particularly important in
determining the equity portfolio. In fact, we would have exactly the same equity portfolio
when prices are preset in producers' currencies, even though the equilibrium number of
forward contracts differs."®

In our model, we consider two kinds of shocks: monetary and technology shocks.
The distribution of shocks is identical between Home and Foreign.

Finally, we assume that before the realization of shocks, only forward contracts in the

foreign exchange and equities are traded.

2.1 Households

Households in both countries have identical preferences over the consumption basket,
the real money of the domestic country, and leisure. There are two stages to the household
decision problem. In the first stage, households choose a portfolio position: shares of home

equities (7, ); shares of foreign equities (y, ), and a forward position in foreign exchange (8).

These are chosen before the resolution of uncertainty. After shocks are realized, households

choose consumption, labor supply and money balances to maximize:

U(Ct,ﬂ,u}ictl”+zln(&}—iﬁ“”, (2.1)
R 1o, R ) 1y

13 See Matsumoto (2004).



p>1, y>0,w>0,and >0.
subject to the constraint:
PC, +M, =y,I1, +7,SII; +W,L, +5(S, —F)+Tr, (2.2)
C, denotes the consumption basket for Home; M, denotes Home money; P,, the price index;
and L,, the labor supply. C, is a consumption basket of a representative Home household

defined as
(w-1) w-1) @ o-1)w\(@ Do
C =(3)"" 7 (Cl e+l 2.3)
where @ >0 is the elasticity of substitution between Home produced goods and Foreign
produced goods. C, , is the consumption basket of Home produced goods and C, , is that of

Foreign produced goods.

1/2 Al(A-1) 1 A1(A-1)
C,, = [zw j Cht(i)“‘l)”di] , Ci = [2“ j C, t(i)(“)”di} (2.4)
) 0 , ' 1/2 !
where A denotes the elasticity of substitution among varieties, with 4 >1. Then we can write
the CPI as follows:

1/(1-0)

R=(3)" 7 (R P (25)

where

1/(1-1)

_ [2 [*R, (i)”diT/M P, = [2 [P Vt(i)“di] (2.6)

where P, (i) is the price of Home goods i sold in Home in terms of the Home currency, and

P

-

P; (i) is the price of Foreign goods i sold in Home in terms of the Home currency.

Home households receive the following: wages (W,L,, where W, denotes the wage);
dividends; transfers from the government (Tr, ) and the gains or losses from forward contracts.
Equity dividends received by a Home household are given by

VoL, + 7 STT;
where T1, is the profit (dividend) of Home firms and I1; is that of Foreign firms in terms of
the Foreign currency.* S, is the Home currency price of Foreign currency. Home and

Foreign households trade forward contracts in the foreign exchange. The forward rate, F,, is

Y Theoretically, profits can be negative in the case of a loss, but we have to assume that the profits of both
Home firms and Foreign firms are positive to take logarithms.



known at the time the forward contract is entered into, prior to the realization of shocks. After
the shocks are realized, the Home households receive 5(8t —F,) units of Home currency.

Foreign households have an analogous utility function for Foreign quantities and
prices, which we will denote by superscript asterisks. Foreign prices are denominated in
Foreign currency.

Prior to the realization of shocks, the households choose the portfolio position to

maximize expected utility (E, ,U [Ct,%, L‘J )'S subject to the constraint:

t
Yoty =1 (2.7)

Note that there is no constraint on the forward position, 5. We assume that the ex ante
distribution of shocks are identical between Home and Foreign. This assumption, together
with the assumptions of identical size and identical preferences, gives us an equilibrium in
which the equity prices of Home and Foreign firms are the same prior to the realization of
shocks.™ In our normalization, the representative household of each country is endowed with
an ownership share of 1 of their own firms, but they may trade some of their shares with

households in the other country, which implies constraint (2.7). Given the symmetry in the

model, there is home bias when y, <%.

Given prices and the total consumption basket, C, , the optimal consumption

allocations are

1(P.)" 1(P )"
Ch,tzg(%] C., cng(#) C., (2.8)
1( P 1P

. 1 .

Ch't(l)za[gT] Ch,t’ Cf,t(l):E[ ;:)it } Cf,t' (2-9)
The remaining first order conditions are
M e, (2.10)
P
W, ="Lm, L (2.11)
t t ' .
V4

15 We use the notation that expectations are taken at time t-1 in this section — even though the model is static —
for notational convenience so that we can refer to some of the same equations that arise in the dynamic model.
18 If prices are different, then one country is richer than the other ex ante, a situation that contradicts symmetry.



C’ c’
E.lS tj=FE[t j, (2.12)
t l[ t Pt t—t-1 R

o .C*
Etl(l'[t ! J:Etl(Sth t—j (2.13)

2.2 Firms
Firms engage in monopolistic competition as in Blanchard and Kiyotaki (1987). A
firm in this economy monopolistically produces a specific good indexed by i using a linear

technology:*’

Y, (i) = AL (), (2.14)
where Y, (i) is the production of firm i, A is the country-specific technology parameter and
L, (i) is the labor input of firm i. Labor is assumed to be homogeneous and to be supplied

elastically. Home and Foreign markets are segmented, and only the producer can distribute its
product. Firms set prices one period in advance in the consumers' currencies for each country.
Firms in each country set prices so as to maximize their expected profits, taking other firms'
prices as given, which is equivalent to taking the price level as given since each firm has
measure zero on interval [0,1].

Given the CES utility sub-function, the demand for Home good i from the Home

market denoted by Y, (i) is

) —®
L 1(R()) (R
Yh,t(l)=5[—“P‘m] (ﬁ) C., (2.15)
while the demand for Home good i from the Foreign market is
* - -1 * )
. 1B () Pt x
Y. . (1) =—| — - C . 2.16
h,t() 2( Ph’t P{ t ( )

Firm i’s profit maximization problem is

max E , {Ijt (i) { R (DY, (1) + tht (i)Yh*,t (i) _%(Yh,t (i) "‘Yh*,t ('))}}

Rue (0).Rr (D)

17 Using a Cobb-Douglas technology with other fixed inputs will not change the result if the returns on the other
factors belong to the equity holders.



where D, (i) is the stochastic discount factor for the firm i. For example, if firms are owned

. L C’ . :
by Home residents, it will be E) . However, because firms are not always domestically
t

owned, we use a more general notation.

The optimal price of Home goods for the Home market™ is

Etfl Ijt Ct \&
A A

= = 2.17
i1 5 (Bo) (2.17)
Similarly, the optimal price of Home goods for the Foreign market is
g * W
ﬂ, Etl[DtCt A:j
. (2.18)

he=7 E.(DCS,)
Because firms are all alike, they will set the identical prices for each market.
The market clearing condition can be obtained by equating the output with the sum of
the demands for Home goods:

1P )"~ 1(P) ..
=—| — C += — C. . 2.19
i) et(B) e

t

Given these prices we can calculate profits. Using the optimal consumption
allocations, we can write the profits for the firms in each country in terms of the Home

currency as:

1 (P.Y" 1. (P ..
HFEPM(%j ct+§stph,t[;tf] C -W.L, (2.20)
* 1 * P* _w * l P _w * . K
stnt=EstPf{%J Ct+§P“(%) C, —-SW'L. (2.21)

Firms will pay out all of their profits as dividends.

We assume that A and A are drawn from identical lognormal distributions with

var_, (In(A)) = vart_l(ln (A)) =oZ, cov,4(InA INA")=c, .. We also assume that M, and

*

M, are drawn from identical lognormal distributions with

18 \We will omit index i since Home firms are identical.



vart_l(ln(Mt)):vart_l(ln(Mf))zani, cov, (INM, InM[)=c, ., and we assume that the

money shocks are independent of the technology shocks.

The labor market is competitive, and the wage moves freely to equate demand and
supply of labor after the shocks. The output of each good is determined by demand. Firms
adjust output after the shocks to satisfy demand, holding prices constant. The money market

is assumed to equilibrate, so money demand equals money supply.

2.3 Solution of the Static Model
An equilibrium in the static model satisfies equations (2.2) and (2.5)-(2.21), and their

foreign counterparts. These 39 equations (one is redundant by Walras' Law) solve forC,,
Ch,t ’Cf,t’ Ch,t(i)1 Cf,t(i)v L. W, R, Ph,t' Pf,t' Ph,t(i)’ Ph’jt(i)’ Yt(i)’ Yh,t(i)’ Y:, OF s 74

7, » and their foreign counterparts, and &, F., and S,."

We will not in fact solve for this equilibrium, but will instead solve the equilibrium
for a set of equations that approximate these 39. We take first-order approximations to the
budget constraint (2.2), the definitions of the consumption and price indexes (2.3)-(2.6), the
equilibrium condition (2.19), and the definition of profits (2.20)-(2.21). Under our
assumption that the driving variables are lognormally distributed, and with the log-
linearization of these equations, we can solve equations (2.7)-(2.18) exactly.

Our focus is on the equilibrium portfolio choice of equity shares and forward foreign
exchange position. We proceed in this section to construct the equilibrium solutions for these
variables in an intuitive manner, to exposit the economic factors that lead to home bias. We
will first derive the portfolio demands for households, taking prices as given. With these in
hand, we will use equilibrium conditions in goods, labor, and asset markets to derive the
equilibrium portfolio positions.

We rely on ex ante symmetry in the derivations below. Lower case letters refer to logs
of their upper case counterparts. We use “var” to denote variance, and “cov” covariance.?

We use the notation X = E(x,). In the linearized equations below, we suppress the intercept

terms for convenience.

1% We have also implicitly assumed that there is a money market equilibrium condition that holds, but we have
not introduced separate notation for money demand and money supply and that there is a forward market
clearing condition which can be guaranteed here by setting 5" =F& . As the Appendix demonstrates,
equilibrium actually requires, but by symmetry in the static model, F equals one.

0We drop the t-1 subscript on expectations for the rest of this section.

10



The household first-order condition (2.12) can be written as:
—pcov(c,s,) +%var(st) =0, (2.22)

where we have used ex ante symmetry to give us f, =0, and E(s,) =0.
We can use similar steps, and recognize that symmetry implies that 7 =7,

var(r,) = var(z, ) , and cov(s,, z,) = —cov(s,, 7, ) , to derive from equation (2.13):
pcov(c,, 7, — (s, +7,)) —%cov(sI 7, —(s,+m))=0. (2.23)

We approximate the budget constraint (2.2), using condition (2.7) to arrive at:

pt + Ct = (1_7)(1_4)71} + 7(1_4)(st + ”t*) + él(wt + It) + 5st ’ (2-24)
W+l S
where {;E%, 55%, and y=y,. Here, we have approximated the budget
e" +e e” +e""

constraint around a point where x, =X for x, =s,,c,, 7,7, ,W,,], .
We use equation (2.24) to substitute out for c, in equations (2.22) and (2.23), and
recognize that p, is predetermined. Then we solve out for y and o':
_cov(m, 7, — (5, + 7))
var(z, — (s, + 7, ))
e cov(wt+lt,7zt—(st+7z:))+ 1 .1

& )COV(St,ﬂ't—(St-l-ﬂt* ))
1-¢  var(z—(s+m)  1-¢ 2p var(zm (s +m))

5= _(1_4/) Cov(”ﬂst) _ é,COV(Wt + It’St) + (1_4/) COV(”t _(St +7Tt*)'st) +i
- var(s,) var(s,) var(s,) 2p
1

= _(1_§)ﬂz,s _gﬂwﬂ,s + y(l_é,)ﬂ;z—s—;z*,s +2_
1%

(2.25)

where we have used the notation g, = covlx, ) :
' var(s,)

We can then use these to equations to solve out for y, using the properties of

orthogonal projections to get:

_ Cov(ﬂt _ﬂn,sstv”t _”t*) I COV(Wt + It _ﬂwﬂ,sst’ﬂt _”t*)
var(z, — 7, — ﬂﬁfﬁ*,sst) 1-¢  var(z,— 7, — ﬂ,,,,,"sst)

(2.26)

Consider expression (2.26). From the point of view of the household, the equity
position is determined by the covariances and variances of shocks to profits and labor income

that are orthogonal to exchange rates. Any variance in the portfolio that is attributable to

11



exchange rate changes is hedged through the forward position, so the equity position is
determined only by those risks that are uncorrelated with exchange rate risk.

If the component of labor income that is orthogonal to exchange rates were
uncorrelated with relative profits of home and foreign firms (or if labor’s share were zero),

the second term in equation (2.26) would drop out. Then the share y of equities held in

foreign firms would increase as home profits (orthogonal to the exchange rate) have a higher
covariance with relative home and foreign profits. Under our symmetry assumption, this term
will equal 1/2, so the portfolio would be balanced between home and foreign equities if only
the first term mattered. It is the second term of equation (2.26) that will determine home bias.

That term tells us that the share of foreign equities will be larger the greater the

covariance between wage income and home profits relative to foreign profits. If this
covariance is positive, there will be anti-home bias (» >%), as in Baxter and Jermann (1997).

In that case, returns to home equities (compared to returns on foreign equities) are positively
correlated with labor income, so the variance of total income (returns to equities and human
capital) is reduced by holding a relatively large share of foreign equities. There is home bias
when that covariance is negative. In that case, home equities serve as a hedge against labor
income shocks.

So far, to arrive at equation (2.26), we have only used the households' first-order
conditions and budget constraints, along with the symmetry assumption and the assumption
that nominal prices are fixed. Now we can bring in one more equation from the rest of the

economy, the linearization of the profit equation for home firms. We have from (2.20):

A-O)m+ 0 +1) =B+ + 2, (2.27)

where ¢ =%(ct +c).
Taking covariances on both sides of equation (2.27), we get

cov(r. +é(wt )z -7 = cov(s,, 7, 7)), (2.28)

Lt
2(1-¢)

where we have used symmetry to infer that cov(c',z, — 7, ) =0. Also,

L 1n deriving (2.27), we use symmetry to get € =¢ and p,=p,. The Appendix shows that p,, —p, =0,

which we have used to derive (2.27).

12



coch-+i§25(m4+1g,g)= var(s,), (2.29)

1
2(1-2)
using symmetry to infer that cov(c!",s,) =0. Dividing (2.29) through by var(s,), we can

write

& 5 o1
ﬂn,s +1_é,ﬂw+l,s - 2(1_4/) ' (230)

Substitute (2.28) and (2.30) onto the right side of (2.26), and we derive y =0.
To get the equilibrium value of ¢, substitute » =0 into equation (2.25), and use
equation (2.29):

5:—(1—§)cov(7z,s)_gcov(w+l,s)+i:_1+i. (2.31)
var(s) var(s) 2p 2 2p

We find complete home bias in equity holdings, y =0. Equation (2.26) indicates that
the share of equities held in the foreign firm is determined by the covariance of the

component of home firm revenues (1-J)z, + <4 (w, +1,) that is orthogonal to the exchange

rate with the relative profits of home to foreign firms. If that covariance is zero, then no
foreign equities are held. In that case, returns to home equities are a perfect hedge for labor
income.

In fact, the residual from projecting (1-<)7, +S(w, +1,) on s, is orthogonal to

z, —, . That is because equation (2.27) tells us that the revenue of the home firm,

QA-O)m, + <& (w, +1), is determined by world consumption and the exchange rate: c" +%st.

Output is demand determined. Demand depends on the overall level of consumption at home
and abroad. Additionally, the home-currency revenue of the home firm increases when the

currency depreciates, because the depreciation increases the home-currency value of foreign

sales. The projection residual is simply world consumption, ¢!, and that is uncorrelated with

relative profits by symmetry.

Note that if we substitute the solutions for » and 6 back into the budget constraint

(2.24), we obtain (using (2.27)):
1 1 1
pt+ct=(1_é/)7z.t+§(wt+lt)+(2 __)St= pt+C:N+ St (2.32)
p 2 2p

Using the definition of world consumption, this expression can be written as:

pC, =S, + pC, . (2.33)

13



This condition indicates that the linearized model replicates the equilibrium in which a full
set of nominal contingent bonds is traded. As is well known, in this case (and assuming
symmetry), the marginal utility of a unit of home (or foreign) currency is equalized between
home and foreign residents:

Equation (2.33) takes the log of this condition, using symmetry to infer p, = p,. The trading

of home and foreign equities and forward contracts for foreign exchange are enough to
deliver the same allocation as trading a full set of nominal contingent claims in the linearized
economy.

We can note here that the factor that firms use to discount expected profits when
setting prices does not depend on which households own the firm, because the discount
factors of home and foreign households are equal in equilibrium.

We have derived the complete home bias result using only the nominal price
stickiness assumption, the definition of home profits, the budget constraint of home
households, and the two first-order conditions (2.12 and 2.13) that pertain to asset choice.
(The derivations in this subsection all arise from equations (2.22), (2.23), (2.24), and (2.27),
which are the approximated versions of the two first-order conditions for asset choice, the
household budget constraint, and the definition of firm profits. In performing the
approximations, we have used the fact that prices are preset.)

We have not relied on other features of the model, so our home bias result is robust to
alternative assumptions. For example, the result does not depend on money demand arising
from real balances in the utility function. Other specifications that maintain equations (2.12)
and (2.13) will deliver the same result. As long as symmetry is maintained, the result does not
depend on the assumptions about monetary policy (that money supplies are determined
exogenously with shocks that are independent of equity shocks.) The result also does not
depend on our specification of the labor market as competitive with flexible wages. For
example, a sticky-wage model in which employment was demand-determined would not alter
the conditions that we used in the derivation of the home-bias result.

Further insights can be obtained from making use of some of the other equations of
the model. Specifically, the first-order condition for holdings of money balances (and again
using the fact that nominal prices are preset), is written as:

m, = poC, . (2.34)
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Using this equation along with its foreign counterpart, and equation (2.33), we derive:
s, =m, —m . (2.35)
Exchange rates are determined by relative money supplies.

The fact that equity demand depends only on the covariances after projecting on the
exchange rate means that the equity portfolio is used only to hedge productivity shocks.
Productivity shocks do not influence the amount of product the firm sells, which is demand
determined in a sticky-price model. Nor do productivity shocks affect the exchange rate,
which influences firm revenue as well. So firm revenue depends only on monetary shocks. A
positive productivity shock, for example, allows the firm to produce the quantity demanded
with less labor. Both wages and employment fall in equilibrium. Profits increase by the exact
amount of the drop in labor income. But the effect of those shocks on household income is
fully hedged when home households hold 100 percent of home firms.

Monetary shocks have real consequences in this model. Indeed, equation (2.34) shows
that in equilibrium, consumption is determined only by money supplies. As we have noted,
productivity shocks only affect the distribution of revenues between labor income and profits,
but in equilibrium the effects of that redistribution is nullified by the complete home bias in
equity holdings. The real effects of monetary shocks are hedged through the forward position
in foreign exchange.

Suppose, for example, that there is a negative home money shock. In equilibrium,
income of home households falls because both labor and profit income fall. But the drop in

the home money supply also causes a home currency appreciation (s, declines.) The
equilibrium value of & is negative, given our assumption of p >1. In this case, a decline in
s, leads to a positive pay-off from the forward position. That is, when ¢ is negative, the

home resident is short in foreign currency and long in home currency. So an appreciation
yields a positive payoff, which hedges the effects of monetary shocks on labor and profit
income.

It is interesting that our model implies that investors take a long position in home
currency. Another well-established empirical fact is that home residents hold a
disproportionate share of home-currency denominated bonds in their portfolios. In the static
setting, of course there are no net bond holdings. Subject to the constraint of zero net bond
holdings, home bias in nominal assets implies being long in home assets and short in foreign

assets. This is the configuration implied by a negative value of & .
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Notice that the forward position does not completely eliminate the effects of monetary

shocks on income. From equation (2.27) we have that(1-¢)z, +¢(w, +1,) falls by 2i+%
o

times the decrease in m, (because ¢ falls by ZL and %st by %.) Including returns from
Yo

the forward position solved from equation (2.31), & =i—%, we find that income still falls
Yo,

by 1 times the drop in m,. Why? In this model, the Home and Foreign consumption
o

markets are completely segmented. A change in the exchange rate causes a change in the
relative prices paid by Home and Foreign households for identical goods, because nominal
prices are set in advance in consumers’ currencies and do not respond to shocks. So home

prices rise relative to foreign prices (expressed in a common currency) when s, falls. But

households cannot trade goods to arbitrage the difference in goods prices. As is well known,
when consumer products are not tradable, the efficient configuration of consumption
(achievable when a full set of contingent nominal bonds is traded) has consumption levels
lower in the Home country (relative to the Foreign country) in those states of the world in
which its goods prices are higher than those in the Foreign country. That is why the
equilibrium condition (2.33) does not achieve perfect consumption correlation. So with a
negative Home monetary shock, ceteris paribus, Home income falls and Home consumption
declines.

3. Dynamic Model

In this section, we build an infinite-horizon model, which allows us to examine the
effects of persistent technology shocks and different degrees of price stickiness. Most of the
assumptions are the same as in the static model.

The price-setting rule is modified as follows. A fraction z of firms in each country set
prices in advance, and the rest of the firms can adjust their prices in each period after the
realization of shocks. This approach allows us to study the portfolio allocation with or
without sticky prices, and we can learn how different degrees of price stickiness affect the
portfolio. There are different types of firms in each country but we assume the equities of all
firms in each country bundled together.
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An important question under the dynamic model is, how will persistent shocks affect
the optimal portfolio? In a flexible price setting, the optimal portfolio is more foreign skewed
than it is in the classic endowment economy case, as shown in Baxter and Jermann (1997).
This effect decreases the degree of home bias in our model as well. In the dynamic model,
when the elasticity of substitution between Home and Foreign goods is more than unity
(w>1), the optimal Home portfolio should be less home biased than it is in the static model

because households must take into account the future after prices have been adjusted.

3.1 Household Problem
Home households maximize their expected utility:

max E,»_ f'U (Ct,&, L‘J
=0 R
subject to the following budget constraint:

PC, + M, + Q71+ SQ 7t 1 ) 31)
=7 Q +TL) + 7, S (Q +I1)+(S, - F)5, +W,L, + M, +Tr,
where Q, (Q; ) denotes the price of Home (Foreign) equities. The utility function and
consumption baskets are the same as in the static model. Households enter time t with
money M, equities (y,,,7;,), and forward contracts 5,. After the realization of shocks,

households choose the consumption level, real money balances, and labor supply. The
dividends from firms are paid at time t, and households get the payoff from the forward

contract. They receive the transfer from the government as well. Finally, the household will
choose forward contracts &, and equity holdings Yowsar Ve Which will determine the

dividends households receive in time t+1.

The first order conditions for the households are

P -P
L - Ct _ Etﬂ Ct+l , (32)
M. R P
-P
nky = ;, W, (3.3)
t
C*P C*P
E._ t—S]=FE_£‘—}, (3.4)
tl( Pt t t—t-1 Pt
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C(—f thp
Qu=E.|p (Q+11,) |, (3.5)
P R
C . cC” .
- SQu=E [ﬁtTSt (Qt +Ht)J . (3.6)
t-1 t
. Cr cC” . . T
First, let D, = f I; . The no-bubble solution for equity prices implies that
t+s t
Qt = z EIIBSDLHSHHS ) StQt* = Z EtIBS Dt,t+sSt+sH:+s (3'7)
s=1 s=1
Let
Vt = J/h,t+1Qt +7/f,t+lStQt*' (38)
H, = Zﬂs E Dt,t+sWt+s s (3.9)
s=1
Rzﬂ(Qt-i_Ht) , (310)
Qs
H +W
g = LH W) v L), (3.11)
t-1
ViwaSQ . V@
7t+1 = ft\]) t<t :1_ h,{/l t ) (312)

t t
These are, respectively, financial wealth, human capital, the rate of return on financial wealth
and human capital (each multiplied by the utility discount factor for algebraic convenience)
and the share of foreign equity in equity portfolio.
We can rewrite the budget constraint (3.1) for time t:
— _ S * _ ~
RC +V,+H, =V, ,1-7»)p lRt +Vn B lS_th +H.,p 1RtH +6,(5,-F). (3.13)

t-1

We will assume below a process for the money supply in which E, (M ;) =M". We

t+1
note this now, because under this assumption the first-order condition (3.2) can be simplified
directly to get:

-p -p
S MirEpSE - 2 (3.14)
R Pt+1 1_ﬁ

It follows from this that D =I\'/IV|—t' The first order conditions for equity holdings, (3.5)

tt+s
t+s

and (3.6), can be summarized as
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Etl[%RJ:Etl[Mt_lSS_tR:]:l- (3.15)

3.2 Firms

Firms use the same linear technology as in the previous section. We have two types of
firms in each country. A fraction = of firms set the price in advance, and the rest set the price
after the realization of shocks. The profit maximization problem of the Home firm with price
flexibility is

max B, (i)Y, (i) + S, P ()Y, (1) - (%)[Yh,t (i) + Yo (D]

Because Y, (i) is not a function of B, (i), and Y, (i) is not a function of P, (i), the problem

is easy to solve:
AW, .

=P (3.16)

Ph,t(i) = W = Pﬂex,h,t ) tht ()= EA_S = Fhiexnt
t

where P, . is the optimal price for the Home market of the Home goods produced by the

*

firms that can adjust prices after they observe shocks. Py, . is the optimal price for the

Foreign market.

The other optimal prices are

P reset,h,t = : _ ’ (317)
AL (R
Et—l t ' Ct
P R
-1 * \—O®
~ P .
Et_l Dt \/Vt[ ]; j [ hjkt ] Ct
) 2 A R R
(3.18)

Ppreset,h,t = 1-1 ) 1 -1 Ph* - !
|t *
Et—l DI P* ] [ P* \J Ct
h,t t

where D is the stochastic discount factor, and P

resetng 1S the optimal price for the Home

market at time t of the goods produced by the firms that set prices in advance. Now we can

rewrite the price indexes as follows:

1
P =[A-7)Phrih + TPl I, (3.19)

preset,h,t
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1
P =[A-7)Pht + P 1 I (3.20)

preset, f ,t
Since we have CES sub-utility functions, the market clearing condition can be
obtained by equating the output with the sum of the demands for Home goods:

1P ) . 1(P )
=—| — C += — C. . 3.21
i) et(B) o2

t t

While flexible-price firms will have higher profit than preset-price firms in general,
CES sub-utility makes the aggregate profit of each country the same as before:

l Pht ]_w l * [ Ph*t ]_a) *
I, ==R, [— C+=SP || ¢ -wL, (3.22)
t 2 t P{ t 2 t7ht Pt t t
* l * Pf*t - * 1 ( Pf t j_w * K
SII ==SP | —&| C'+=P, | —1| C,-SW'L. (3.23)
th 2 t f,t( Pt J t 2 ft Pt t tVVt
We assume that
my,, =m +Vtr21' mt*+l = mt* +thl*1’ (3-24)
atvzl = lgw atW +Vtvzli atR+1 = SRatR +VtFi1’ (3-25)

where &, €[0,1), 4, €[0,1) are degrees of persistence in world and relative technology levels

and where v;'(x=m,m*W,R) are i.i.d. shocks. We denote In(X,) as x,, and we will also

denote the world variables as x" =%xt +%x:, and the relative variables as x% = x, —x;. We

assume Ev, =EV, =107, so that E,(M,}) =M, as mentioned above. We assume also
var(v")=var(v")=o7 , and cov(v"v")=o ., var(V')=oy , var(y;)=os , and
cov(v",v®)=0. We assume initial symmetry between Home and Foreign: that is, a’ =0,

and m¥ =0.%

3.3 Solution of the Dynamic Model
To solve the model, we use approximations similar to those in the static model. The
Appendix presents the solution to the model. There, the equilibrium is defined and solutions

for all the endogenous variables are given. It shows that the equilibrium conditions are

22 \We assume that productivity shocks follow stationary processes. This is for convenience so that real
variables have unconditional means — around which we log-linearize some equations. It would change nothing
in our analysis, but be more notationally burdensome, if we allowed the world productivity shock to have a unit
root. Then real variables defined in “effective” units would be stationary.
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satisfied for those solutions. The derivation of the solution is extremely algebra intensive.
Here we discuss the salient features of the solution.

An important feature of the solution is that we are able to replicate the allocation
achieved when a full set of nominal bonds are traded in the linearly approximated model. We

have two kinds of assets (equities and forward currency contracts) that span the space

generated by a® and m?. In that case, we have

ple —C)=s.+p —p,. (3.26)
This equation is the familiar condition that arises when there is a full set of contingent claims
but in which consumer price levels are not equal (see, for example, Chari, Kehoe and
Mcgrattan (2002).) Pushing the time subscripts one period forward and taking expectations at
time t, we get
E.(c.,)=E/(c.,). (3.27)
This equation follows because prices are sticky for at most one period, so purchasing power
parity holds in expectation.
Equation (3.27) demonstrates a key sort of stationarity that emerges from our dynamic
solution. Even though consumption levels might differ between Home and Foreign
households at any time, looking forward they are always expected to be equal. That follows

because, as we show,

SV +(@A-O)hT -5, =0. (3.28)
This equation means that relative total wealth, which is the sum of financial wealth and
human capital, is equalized between Home and Foreign households. To be clear, V, is
defined as the value of equities that the home household acquires at time t and carries into
period t+1, and H, is the expected value at time t of returns to work from t+1 onward. So
equation (3.28) says that the wealth levels of Home and Foreign households at the end of
period t are equal.

This equality of wealth occurs even though in equilibrium Home and Foreign
households hold different equity portfolios. Since the conditionally expected return on

equities depends on the realization of shocks, v =0 in general. That is, the conditionally

expected discounted payoffs on the Home and Foreign equity portfolios differ. In addition,

h? = 0. The value of human capital for Home and Foreign households also depends on the

realization of shocks, and so they are not in general equal.
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Why then is relative total wealth equal? Suppose there is a positive relative

technology shock, a® >0, but no change in world productivity so that Home productivity

rises and Foreign productivity falls. Hold monetary shocks equal to zero. In this case, we can
show that neither Home nor Foreign consumption levels will be changed by the a® shock in
equilibrium, which is convenient for this example.

Period t wage income of Home workers falls when prices are sufficiently sticky, and
period t wage income of Foreign workers rises, as in the static model. The period t profits of
Home firms rise and period t profits of Foreign firms fall. The current income of Home
relative to Foreign might rise or fall. On the one hand, Home's relative labor income falls, but
the profits Home households reap may be greater than that of Foreign households when there
is home bias in equity holdings. Nonetheless, under the parameter configuration that delivers
home bias, the overall income of Home falls relative to Foreign - the relative loss in wage
income must outweigh any relative gain in profit income.

But, in this situation in which home bias arises, the relative decline in current income
for Home is precisely offset by the gains Home gets in the value of its human wealth and the

gain in the value of the equities that it carries into period t. The positive realization of a}
pushes up Q, relative to Q; and H, relative to H, . Home's total wealth - the sum of the
income it receives in period t from labor and profits, plus the value (after the realization of
a™) of the equity position it carries into period t, plus the value of its human wealth - is
unchanged relative to Foreign. Since consumption levels are not affected by a® shocks, the

relative wealth of Home and Foreign at the end of period t is unchanged.

As a result of this stationarity, we show that 6, and y, are constant over time:

5=0 LAy, (3.29)
2 p
* l A
=y =y ==-_ "> 3.30
Iy B OA (3.30)
where A =(w-1)[ 1-7 + ! P ] and B=— .
l+o(l-7)y oy+11-p59 1+ o(l-7)y

22



The share of the equity portfolio held in foreign assets, y, clearly is increasing in A,

decreasing in B. Demand is also decreasing in £ when B> A . In order to have home bias,
or y< % we generally need B > A , which implies %

l-ol-7) -1 pB%
1+o(l-7)y l+oy l1-p9Y,

(3.31)

Notice that the condition (3.31) does not depend on p or ¢, while £ determines the level of

home bias. There are intuitive explanations for how most of these parameters affect foreign
equity demand.

As labor’s share, ¢, rises, then y falls when there is home bias (B > A), and rises

when there is anti-home-bias (B < A). The intuition is straightforward given our discussion
above: When the short-run effects that lead to a negative covariance of home profits and
labor income are sufficiently large that there is home bias, the home bias is amplified the
larger is labor’s share. The benefits from hedging labor income risk are greater when labor’s
share is greater. But when the long-run effects dominate, and returns to human capital are
hedged by having a foreign-equity bias, the effect is again amplified the larger is labor’s
share.

Next it is helpful to consider two special cases. A9, is, in a sense, a measure of the
weight the future receives in the portfolio allocation decision. 49, is large when households

place a high weight on the future, and when the relative productivity shocks have a very
persistent influence. In the extreme case when all prices are sticky (7 =1) and the future does

not matter (9, =0), there is complete home bias (y =0.) This actually is just the static

model we examined previously — that assumed full price stickiness and placed no weight on
the future.
On the other hand, if all goods prices were flexible, 7 =0, then the optimal equity

portfolio is y:£i>%. This outcome is similar to the theoretical result obtained by

21-¢
Baxter and Jermann (1997) — “the international diversification puzzle is worse than you
think.”
Increasing price stickiness implies a larger value of 7 -- a greater fraction of firms set

price in advance. A larger = makes it more likely that the condition (3.31) for home bias is

2% \We omit the case in which the denominator in equation (3.30) is non-positive: this case can happen only if the
price is very flexible and o <1.
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met. y is decreasing in 7, when @>1 -- which can be seen directly because an increase in
7 raises B and lowers A. We find, then that increasing price stickiness leads to greater
home bias in equity holdings.

When @ >1, an increase in A9, leads to an increase in A, which implies a greater
share of foreign equities in the home household’s portfolio. In short, the more the future

“matters”, the larger the share of foreign equities. In the limit, as 4, —1, the portfolio

approaches the flexible price value, y:%%' On the other hand, as g9, —0, the

portfolio approaches y = % = (ﬁ ;zg:;)(l— 5

would take in the static model if a fraction 7 of prices were preset.

. This latter value is precisely the level y

When o =1, the terms of trade adjustment insures against the effects on relative
wealth from productivity shocks. The share of Home or Foreign goods in consumption
expenditure does not change because of the Cobb-Douglas sub-utility function. Hence,
households care only about the distribution between labor and firms, as is the case in the

static model. Therefore, we get 100 percent home bias: y =0. If @=1, and all prices are
flexible, then y is indeterminate. This is similar to the models by Cole and Obstfeld (1991)

and Obstfeld and Rogoff (2002), in which asset trade is not needed because of the Cobb-
Douglas specification for the consumption index of Home and Foreign goods.

On the other hand, if g is close to one and 7 =1, then o, the elasticity of substitution

between Home and Foreign goods, plays an important role. The technology shock will have a
significant impact once prices adjust if Home and Foreign goods are substitutes for one
another. When Home receives a negative technology shock, the demand for Home goods
shifts to Foreign goods after prices are adjusted. This fall in demand for Home goods implies
that Home firms will cut their labor inputs. In order to hedge against this employment risk, a
Home household wants to have Foreign equities because Foreign firms will generate more
profit than will Home firms suffering from the negative technology shock. Thus, sticky prices
lead to home bias, as we have seen in static model, while flexible prices lead to foreign bias.
If the effect from price stickiness is bigger, then home bias will be optimal. Under flexible
prices, a positive technology shock enables firms to produce goods more cheaply and to sell
them more cheaply so that nominal sales will increase if @ >1. Although the demand for
labor will decrease from the direct effect of the technology shock, the demand for goods will

increase and thus indirectly increase the demand for labor.
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3.4 Properties of the Model
We can calibrate the amount of home bias implied by the model. The share of the

Home household’s equity portfolio held in foreign shares, y, depends on the price stickiness
parameter, 7 ; labor's share, ¢ ; the elasticity of substitution between home and foreign
aggregates, @; the discount factor, g ; the persistence of relative productivity shocks, <, ;
and, the elasticity of labor supply, v .

We set 7 =1 and then calibrate the length of a period by using estimates of the speed
of price adjustment. With 7z =1, the half-life of price adjustment is one-half of a period. In
our model, the speed of price adjustment determines the rate of convergence toward
purchasing power parity. Rogoff (1996) has noted that studies of purchasing power parity
imply a half-life of the real exchange rate of 3-5 years. We will pick a much smaller half-life
of 1 year, which is far below the lower end of the range cited by Rogoff. This implies that
one period is equal to two years.

Following Backus, Kehoe and Kydland (1992), we set £ =2/3. The estimates of
Backus, Kehoe and Kydland (1992) give us on quarterly data that the autocorrelation of
relative productivity shocks is 0.855, so we set & =(0.855)° ~0.286 . Likewise, the

quarterly discount factor in Backus et al. is 0.99, so we take £ =(0.99)% ~0.923. We follow

Backus, Kehoe and Kydland (1994) and Chari, Kehoe and Mcgrattan (2002) and set @ =1.5.
We follow Obstfeld and Rogoff (2002), and Bergin (2004), and set y =1.

With this baseline set of parameters, we find y ~ 0.052. That is, the model is capable

of explaining a substantial amount of home bias. The model is perfectly symmetric between

home and foreign countries, so an unbiased portfolio would be » =0.5. We have been fairly

conservative in picking the degree of price stickiness. A greater degree of price stickiness
would imply even more home bias.

In our model, negative conditional correlation between labor hours and productivity
conditioning on productivity shock is the key driving force for home bias. However, because
households can hedge demand shock through forward contracts, the unconditional correlation
can be positive. It is important to distinguish between conditional and unconditional
correlation in our model.

Gali (1999) has addressed precisely this issue. He has noted that real business cycle

models tend to imply a positive correlation between hours and productivity. He shows in a
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simple closed-economy New Keynesian macroeconomic model that there is a negative
correlation between hours and output per worker when there is a productivity shock. The
reasoning is much the same as that in our model.

Gali goes on to derive empirical support for this implication of sticky-price models.
He estimates a structural bivariate VAR on total labor hours and labor productivity using U.S.
data.** The model was estimated on quarterly data from 1948:1 to 1994:1V. There are two
types of shocks in the model, which Gali classifies as technology shocks and non-technology
shocks. The non-technology shocks can be associated with aggregate demand shocks. Under
his identification scheme, only technology shocks can permanently increase labor
productivity.

Gali finds that the conditional correlation between labor hours and productivity is
negative for technology shocks, while the unconditional correlation is positive. Rotemberg
(2003) finds similar results. If prices were flexible, in traditional real business cycle models,
the correlation conditional on technology shocks would be positive - as it is in our model in
the long run.

Gali’s findings have not gone unchallenged.® Christiano, Eichenbum and Vigfusson
(2003) substitute labor hours per capita for Gali’s total labor hours and reverse Gali’s finding
on the conditional correlation. However, Francis and Ramey (2003) use the same measure,
but quadratically detrended, and find the negative correlation between hours per capita and
productivity conditional on technology shocks. Gali, Lopez-Salido and Valles (2003) find a
similar result, using first-differences in hours per capita. Francis and Ramey (2004) create a
new measure of hours per capita and confirm that a positive technology shock will reduce
labor hours in the short run. While there is no consensus yet on the sign of the conditional
correlation, there is some significant empirical support for the contention that it is negative.

Home bias does not require that the unconditional correlation of returns to human
capital and returns to domestic equity be positive for two reasons: First, as we note above,
productivity shocks may have a low variance relative to monetary shocks, but it is the
covariance holding monetary shocks constant that matters for home bias. Second, it is the
correlation of returns to human capital with the relative home to foreign equity returns that
matters for productivity. If home and foreign productivity shocks are highly correlated, there

may be home bias even when the conditional correlation of human capital returns and

2 He also uses employment instead of labor hours, and finds the same result holds for all G7 countries except
Japan.
% See Gali and Rabanal (2005) for details.
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domestic equity returns is high. This is illustrated in the following table. Here, we use the
parameter values above (£ =2/3, & =0.286, £=0.923, =15, y =1) which imply that

the share of foreign equities in the home equity portfolio is equal to 0.052. In addition, we

set the coefficient of relative risk aversion, o, equal to five, and set the autocorrelation of the
world productivity shock 4, =0.75. (Recall, a time period is equal to two years, so this

implies an annual serial correlation of 0.866.)

Correlation between the Return on Domestic Equities and Human Capital
(under Different Assumptions on Technology Shocks)

Standard Deviation of Home Productivity Shock

Relative to Home Monetary Shock

cor(aga; ) 0.01 0.5 1 2 4 8 100
0.00f 0990 0959 0875 0614 0117 -0.314 -0.569
025 0990 0960 0878 0.625 0137 -0.296 -0.560
050, 0990 0961 0882 0637 0159 -0.287 -0.579
075, 0990 0962 088 0651 0186 -0.290 -0.656
099 0990 0963 0889 0666 0219 -0.317 -0.960

As the table indicates, with these parameter values do not necessarily imply a negative
correlation of returns to human capital and home equities. Only when the standard deviation
of productivity shocks is large relative to the standard deviation of monetary shocks do we
find that the unconditional correlation must be negative.

The implication of our model for the foreign equity share in the home portfolio is
sensitive, of course, to the assumption about the half life of prices. Using the same values for
the parameters of the utility function as above, we can calculate the foreign equity share for

various values of the half-life of price adjustment:

Foreign Portfolio Share under Alternative Calculations of Speed of Price Adjustment
Half-life (quarters) Foreign equity share Foreign equity share
(¥2-life when 7 =0.8) r=1 7=0.8
0.5 (0.375) 0.533 0.734
1 (0.75) 0.303 0.482
2 (15) 0.143 0.284
4 (3) 0.052 0.162
6 (4.5) 0.023 0.121
8 (6) 0.011 0.104

The second column shows that there is a substantial amount of home bias, even when
the half-life of price adjustment is fairly rapid. If the half-life is 2 quarters, the foreign equity
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share is 14.3%, and it is only 30.3% when the half-life is 1 quarter. When the half-life
shrinks to a half of a quarter, then we see the anti-home bias result of Baxter and Jermann
(1997).

In these calculations, we have assumed that all prices are set in advance (7 =1), and
adjust after one period. The half-life of price adjustment is then a half period, and we
calibrate the model by setting the length of a period equal to twice the half-life of price
adjustment. An alternative way to examine the effects of different degrees of price stickiness
IS to vary the fraction of firms that set prices in advance. In the third column of this table, we
set 7=0.8. The implied aggregate half-life is reported in parentheses in the left-hand
column. Under this calculation, we still find that sticky goods prices can account for

substantial home bias in equity portfolios.

4. Conclusion

Our intertemporal model of portfolio choice satisfies the two desiderata that we
mention in the introduction: real returns on equities are determined in part by monetary
changes, and our model can generate home bias in equity holdings under reasonable
assumptions. The key assumption we need in both cases is price stickiness. In our model,
output is demand determined when prices are sticky. With nominal price stickiness,
monetary shocks have short-run effects on the profits of firms, and so influence the returns to
equities. Also, an increase in Home productivity will reduce the demand for labor, but Home
firms become prosperous thanks to lower labor costs. These opposing effects on labor income
and the profit of domestic firms induce home bias. In a dynamic model, persistent technology
shocks will reduce this effect because once prices are adjusted, both firms and households
can benefit from the positive technology shock. Nonetheless, home bias in equity holdings
can still exist in the presence of persistent technology shocks for reasonable ranges of the
parameters.

In both the static and dynamic models, the allocation in the linearly approximated
model replicates the one achieved when a full set of state-contingent bonds is traded. This is
in a sense a shortcoming of our model since this allocation leaves other puzzles unsolved —
the high volatility of the observed exchange rate or the consumption-real exchange rate
anomaly as described in Chari et al. (2002).

One possible way of extending our model may help to explain the anomalous

behavior of real exchange rates and consumption, while maintaining our mechanism for
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home bias. Julliard (2004) argues, in a partial-equilibrium setting, that credit constraints
(specifically, a constraint that prevents short selling of equities or bonds), may lead to
substantial home bias when returns to human capital and relative equity returns are negatively
correlated. His argument is that unconstrained households would prefer a portfolio weighted
toward home equities for reasons similar to the ones discussed in this paper (though he takes
as given the source of this negative correlation, rather than deriving it from a model.) Credit
constrained households would like to go short in some assets. During the life-cycle of these
households, they may move to a position in which they hold positive amounts of equities.
Julliard demonstrates that these households that are just emerging from the credit constraint
have a strong incentive to diversify their labor income risk, which they would do by acquiring
a portfolio that is strongly biased toward domestic equities.

If such a model were to be embedded into a general equilibrium framework, the very
tight link between the real exchange rate and relative consumption levels implied by our
model would be broken. However, such a model would be very much more difficult to solve
(even numerically) and it is unlikely that one could obtain a closed-form solution for the
foreign equity share such as our equation (3.30).

The model we present, of course, is a simplified model of the economy that lacks
“realism” in other dimensions as well. For example, our model of price adjustment assumes
synchronized price setting, so that price adjustment is not prolonged as under an overlapping
contract or Calvo-style mechanism. Notably, there also is no physical capital in our model.
Introducing physical capital could potentially reduce the implied home bias in equity
holdings. Suppose, for example, there is a large positive permanent relative productivity
shock. Our model captures the direct effect of such a shock on the value of the firm, but
there could be an additional impact if firms increased their capital input. This effect would
work only if productivity shocks were not small. Firms have set their capital stock
(somewhat loosely speaking, in the stochastic setting) so that the expected marginal revenue
product of capital equals the expected risk-adjusted return. For a small positive shock, the
value of the increased capital stock equals the opportunity cost of capital, so the addition to
the capital stock itself does not increase the value of the firm. But for large shocks, this effect
could increase the positive covariance of returns to the firm and returns to labor in the long
run, thus reducing home bias.

Although we believe that our model provides an important theoretical foundation for
home bias, we also believe that there are other factors, such as information costs, that may

explain home bias. The economic forces that lead to home bias in our model do not require
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the exclusion of other considerations that have been raised in the literature. Indeed, we have
not built a model that is intended to explain home bias, because it does not include any
features that are designed explicitly to deliver home bias. Instead, we have found that home
bias is a natural outcome in a symmetric model in which output is demand-determined to
some extent. The model can be solved analytically in a straightforward way, and extensions
of this framework may prove useful in examining other questions in international finance,
such as the role of valuation effects in external adjustment; the effects of portfolio adjustment
on macroeconomic and current account adjustment, the relationship between movements in

stock prices and exchange rates, etc.
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Table 1: List of Notation

Yij Discount factor

) Risk aversion parameter

X Real balance parameter

% Labor supply parameter

@ Elasticity of substitution between Home and Foreign goods

2 Elasticity of substitution among Home goods and Foreign goods
IR Persistence of the technology shocks

¢ Labor’s share in national income

A Home equity share in the equity portfolio
y=7 Foreign equity share in the equity portfolio

S Number of forward contracts

S Normalized number of forward contracts

r Ratio of firms setting price in advance in the dynamic model

I, Nominal profit of Home firms = dividend

A Productivity

C, Consumption basket

Ch. Consumption aggregate of Home-produced goods

C, Consumption aggregate of Foreign-produced goods
C,. () Consumption of Home-produced good of variety i
C, (i) Consumption of Foreign-produced good of variety i

F Forward rate for delivery at time t (setatt—1)

H, Value of human capital

L, Employment

M, Money balances

P Price of consumption basket

P, Price of consumption aggregate of Home-produced goods

P, Price of consumption aggregate of Foreign-produced goods
P, (i) Price of consumption of Home-produced good of variety i
P, . (i) Price of consumption of Foreign-produced good of variety i

Q Price of home equity

R Return on home equity

R" Return on human capital

S, Nominal exchange rate

Tr, Transfer from government

V, Value of equity portfolio

A Nominal wage rate
Y, Output of Home goods
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Appendix

A. Solution of the Dynamic Model

An equilibrium satisfies the first order conditions, budget constraint and market
clearing conditions. First we define an equilibrium formally. Then we will list the linearized
first order conditions and redefine equilibrium in linearized form.

Definition A

An equilibrium is a set of sequences® {C,,L,,W,,4,,7,.C,,.C,.C,,(i).C, (i), P,

lex,h,t?

P P P Pt' Ph,t’ Pf ,t’Qt’Vt’ Ht’ Rt’ RtH ’Hw?/hm?/f ,t};il and their foreign

flex,f,t? " preset,h,t? " preset,h,t?
counterparts and {S,, F.}, which solves the system of 50 equations®’ consisting of (2.5), (2.8),

(2.9), (3.3), (3.4), (3.7)-(3.22), and their foreign counterparts plus 3 asset markets clearing

conditions, ?® given stochastic sequences {A,A’,M,, M} and initial conditions A, = A, ,

M,=M,, ,=0,and y, =0.

A.1 Approximated System

In this section, we derive a log-linear version of the model, under the assumption that
the stochastic driving variables (productivity and money) are lognormally distributed. Many
of the equations of the model are linear in logs (without any approximation). But some of the
equations in the model (the budget constraint for households, the definition of profits for the
firms, and the market-clearing conditions) are log-linearized around unconditional means. It
is immediately apparent that our assumptions of stationary productivity processes and unit-
root monetary processes imply that nominal variables have unit roots and real variables are
stationary. So we log-linearize around the unconditional means of real variables.?

In some of the log-linearized equations below, the algebra is simplified considerably

if we use the result that p, —p=0. (In our notation, X represents the unconditional mean of

X..) While we could proceed with the derivations without using this result, and then verify in

2 There are 24 x 2+2 variables.
%" The number of equations should be 51, but one is redundant by Walras’ Law.

? Tht +7/;,t =1, 74, +7:,t =1, tht :51*'
2% We could easily accommodate unit-root processes in productivity. Then real variables expressed in

“efficiency units” would be stationary. However, there is no real gain from this generalization, so we maintain
stationary productivity shocks to simplify the algebra.
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the solutions that this result is true, it is easier to demonstrate this first and use it in some of
the log-linearizations.
First, in the definition of profits for the home firm, divide both sides of equation (3.22)

by P,, then evaluate the equation at the point of expansion for the log-linearziation:

exp(z — p) = exp(C) L exp((L— w)(p, — P)) + 2exp((L- @)(p; — p)))]-exp(w—p+T)

Here we have used symmetry to give us T = ¢ and s+ p —p=0.
Divide the budget constraint (3.1) by P, then evaluate the equation at the point of

expansion for the log-linearization:

exp(z — p) =exp(C) —exp(w— p+T1).

In deriving this expression, we have used symmetry to giveus s+q —q=0, s+7 —z=0,
and s—f =0. We have alsoused y, +y,,=1and M, =M, +Tr,.
Now comparing the two equations we have derived, we must have:

Lexp((L-w)(p, — P)) +1exp((l-@)(p, — p) =1.

This can be written as:
1exp((l- w)(p, — p)) +exp(-(L-w)(p, — P)) =1,

where we have used symmetry to give us that ph p = pf p, and linearized (2.5) to get

p,—P=—(p; —p). Itthen follows that ph p =0, which is the result we will use below to

simplify some of the log-linearizations.

A few more notational conventions: We denote X as the deviation from the

conditional mean-that is, X, =x —E, ,x and Exm =EInx, ,—-E_Inx, . We will also

denote the world variables as x" = % X, +%xf and the relative variables as x = x, — X, .

A.1.1 The first order conditions for households
Suppressing constant terms and taking logs, the first order condition for consumption
(3.14) can be written as,

1
¢ =—(m —p). (A.1)
Y2
Using equation (A.1), equation (3.3) can be expressed as

wl, =—m +w,. (A.2)
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Some of the equations of the model are log-linear (such as (A.1) and (A.2)), and
therefore, in the presence of log-normal distributions, offer exact solutions. But others (such
as the budget constraint, the market-clearing condition, and the expression for a firm’s profits)
require approximations. Because all shocks are log-normal, the solution of the approximated

model will take on a log-normal distribution. We can use equation (3.14) to express (3.4) as:

1
Et—l(st) + Evart—l(st) - COVt—l(mt ' St) = ft 1 (A3)
1 1
Et—l(rt - (mt - mt—l)) - Covt—l(mt’ rt) +Evart71(rt) + Evart—l(mt) =0 (A-4)
. 1 o 1 1
E.(rh +8 =5, —(Mm-m,))+ Evart—l(rt )+ Evart—l (m,)+ 2 var,, (s,) (A5)
—cov, ,(m,,r’)+cov, ,(s,r)—cov, ,(m,s) =0
A.1.3 The budget constraint
We log-linearize the budget constraint (3.13), to get
pre oo P
(A.6)

1 o 1 .
:g(l—@{vt_ﬁn—%(n —St)}+g§(hl_l+rt )+5.(s,— 1)

w, and o, Eﬁexp(m — p—7C). Inderiving this expression,
exp(c) M,

we have used the fact that by symmetry, v =@, and then use equation (3.7) to derive

exp(q—p) = Lexp(n— p) . Similarly, from equation (3.9), we get

1-p
B

exp(h—p) = mexp(w— p+1). Then, evaluating the budget constraint at the point of

Here, ¢ =

expansion, we have exp(C) = exp(w— p+1)+exp(7).

A.1.2 The first order conditions for firms

Firms set their prices optimally. The first order conditions can be written as

Phexne =W — &, (A7)

pﬂex,f,t = (\Nt* - ai* + St) ) (A8)

1 -
ppreset,h,t = Et—l (Wt - a‘[) +§Vart—l (Wt - a‘[) + Covt—l (Wt - a‘l ' dt + (2’ - a)) pht o pt + Ct) (Ag)
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Poresetnt = B g (W —8 —8) + ;Va L(w—a,)- Var_l(s ) (A10)
Cov,_,(W, —a,—S5,,d, + (1 —)p,, +@p, +C)

We note that the conditional second moments in (A.9) and (A.10) are all constant over time,

and will be treated as constant terms in subsequent linearizations.

Thus, the prices of each category of goods (3.19 and 3.20) can be expressed as following:
ph,t =7 ppreset,h,t + (1_ T) pflex,h,t (All)
pf,t :Tppreset,f,t +(1_T)pflex,f,t ' (A12)

Combining these two and suppressing the constants, we get the expression for price index:

1 1
P :E Pn ¢ +E P (A-l3)

A.1.4 Goods market clearing
The goods market clearing condition, equation (3.21) can be linearized as

l 1 * * *
It = E{_a)( Phe — pt) + Ct}+5{_a)( Pt — By ) +C }_ & (A'14)
A.1.5 Other definitions

In rewriting the budget constraint (3.13), we introduced human capital. Linearizing

(3.9) gives us
1_ o0
ht = —ﬂz Etﬂ (Wt+s + It+s) ) (AlS)
B =
Using the definition of R, in equation (3.10), and the solution for Q, in equation (3.7),
we can write
L= AE (XL B )~ A-PEL (T s )= 0= B (BEm.), (A16)
s=0

The log of home firms’ profits comes from linearizing (3.22):

1 1 1 * *
T = 1— é,|:c +pt +23 +— (1 a))(pht pt)+§(l_a))(ph,t_pt)_é/(vvt-’_lt):l
Similarly,

S=(1- ﬂ)Z(ﬂ E (W, —1,,.) (A.17)
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A.2 Definition of Approximated Equilibrium
Definition B

An approximated equilibrium is a set of sequences {c,,l,,w,,r,,r.", 5,7, p,,v,,h} and their

foreign counterparts, and {s,, f,} solve the system of equation (A.1)-(A.6), (A.14)-(A.17),

and their foreign counterparts, given sequences {m,,m.,a,,a } and initial conditions aJ =0,

mE =0, and y, =y, =0. An approximated equilibrium is a reduced form of Definition A.

Most omitted part can be easily verified and should not be confusing. We present the

solutions for x, and x in the form of solutions for x{* and x" to facilitate the demonstration

that these satisfy the equilibrium conditions.

A.3 Equilibrium Allocation
We conjecture that the following allocation is an equilibrium.

IR _ o@l-7)-1 4 04 w+1 R
Y ltol-1n)y 1+ o(l-7)y 1+ oy o (A18)
_o(l-7)-1 R T w+1 9 aF
1+o(l-7)y l+o(l-7)y 1+ oy R
i {(1—r—p)a¥“+rm¥“ voE, [PV af“—m?“]}
+(@- +
p+@A-7)y ( p)t// (A19)
1 ply+1
= {l-r-p)a’ +mm’ + [ g a’ -m)
p+(1—T)W{( r-p)a; +tm; +1] oy w1 tl]}
WtR= (1—1')((0—1)—1’ Ry T l//+1 ) : +mtR (AZO)
1+ o(l-7)y 1+ o(l-7)y 1+ oy
v w, P+ 0w w Py w
W o=—" (- 7- +7| ——=3 -m +——"—m A.21
t ,0+(1—T)l//{( T-p)a T{ oty w81 t1j|} p+l—0)y ( )
ptR = z-mtR—l +(1_T)mtR (A.22)
pT P+ o W w pry | ply+]) W
pY =— { g —m}—(i—z) { -m" | (A.23)
LT oy | pry AT pr—oy| pry
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1
¢t ==r(m’ -m},)
o,

-7 ["(Wl)swar!ﬁ(mr”—m&)}—(l—r)“—'”af
p+A-y| pty p+A-7)y

s, =mf.

f =m?

HR=a—ﬂXW+D{G_wa_D_T+ 1 ., ol ﬂaR}AR+mF

1+o(l-7)y 1-Jl+o(l-7)y l+oyl- 69,

oo ﬁ)(wl){(l—r)(l—p)+ ( _wp  l-p By }

p+-7)y 1-& p+Q-7)y p+y1-p3,

o (-D@-Y-7 o1 pS% |, .
= ﬂ)(wl)[ i e T ﬂSJaT iy

rtHw:(l_ﬂ)(Wl)[ l-t—p _ 1-p pS, }@W{(l—ﬂ)(wl)rﬂ}mw

p+U-2)y  p+y1-p9, p+Q1-7)y t

s=5 -2 L 1
2 p

(w—D{ -z 1 ﬁ&;}
1+o(-7)y oy+11-p54;

+(1—§)(w—1)[ T, ! ﬂ‘%}
o(l-17)w

+
1+o(l-7)y oy+11-p45,

r_1-f -1 pS & R
h' = ; {(V/+l)l+a)l//1—,5'8Rat}+mt

w_1-0 1-p PO w w
hy B {(V/_Fl)p-%l//l—ﬂgwat ]" t
PO C | PPN S A

a’ |[+mf

T B {W 1+ oy 1- 59, } !

w_1-4 1-p POy .w w
Vi = {(w-i_l)p*‘l//l—ﬂ\qw & :|+mt

(A.24)

(A.25)

(A.26)
(A.27)

(A.28)

(A.29)

(A.30)

(A.31)

(A.32)

(A.33)

(A.34)

(A.35)

(A.36)

(A.37)

Notice that this allocation replicates the allocation when a full set of state-contingent

bonds is traded:

pC, —C)=5S+Pp; — P,
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A.4 Proof
We will show this allocation satisfies the equilibrium conditions.

A.4.1 Fundamental Variables

We now prove that the first order conditions for fundamental variables and labor
market clearing conditions are in fact satisfied.

It is immediate to confirm that equations (A.18) — (A.21) satisfy equation (A.2).
Likewise it is straightforward to check that (A.22) — (A.25) satisfy (A.1).

We can also verify that (A.18), (A.20) and (A.26) satisfy the relative version of the
labor market clearing condition (A.14):

I} =—-1-7)oW -a" —s)—wE,_ (W -a" -s)—a’. (A.39)
It is tedious but straightforward to verify that (A.19), and (A.21) satisfy the world

version of labor market clearing condition (A.14):

1Y =c” -a". (A.40)

Using equations (A.21) and (A.23), and using (A.20) and (A.26), we can show
pi =rEL(W —a)+(1-7)(w' —a") (A41)
pf =7E_s +(1-1)s, (A.42)

are satisfied. Note that the variance and covariance terms in (A.9) and (A.10) are constant,
from the solutions above. Substituting equations (A.7) — (A.12) into (A.13), and suppressing
constant terms, we see that (A.37) and (A.38) are the solutions to the world and relative
versions of (A.13).

So far, we have proved equations (A.1), (A.2), (A.13), (A.14) are satisfied.

A.4.2 Returns on assets
In order to show that this allocation in fact satisfies the first order conditions for asset
holdings, we want to calculate the rate of return on assets — human capital and equities.

R

t+s t+s t+s?

Since w,, +1... = (w +1)(I", +%I )+m +%mR the return on the human capital is
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- 1x 1
rtH = (1_ﬂ)z |:(W +1)(It+s 2 t+s) + mt+s 5 2 mt+si|
s=0

—,O+ (11_ " [(1— r—p)a" +m J}

1-p B4 v 1 A-(0-)-7 o-1 [% |
- ﬁ)(wl){ vi-pg, +E[ 1+ o(l-1)p +1+a)1//l—,6’19Jal}

=[-8 +1){
(A.43)

+(m" +%rﬁf).

Subtracting the foreign counterpart, we get equation (A.30). Adding the foreign
counterpart gives us the solution to q”w

Following similar step as in the return on human capital, we get the return on equity:

_ @-7)d-p) 1 74 1-p P8, o
- ﬁ)(lﬁl){[ +(1-7)y 1 ¢ p+- T)l//+,0+l//1 ﬂS]

+£[(1—r)(a)—1)—r+ 1 r , o=l ps ]AR}

(A.44)
2" l+ol-7)y 1-Jl+o(l-7)y l+oyl-pY,

+{1+1 Bl-p-¢(y+1) }
1-¢ p+-7)y

m" +1mR
2

Subtracting the foreign counterpart, we get (A.28), and adding the foreign counterpart gives

us that (A.29) is the solution for " . So, we have confirmed (A.16) and (A.17).

A.4.3 Asset Allocation

Since we replicate complete markets, these allocations should satisfy the first order
conditions for the asset allocation as expressed in equations (3.4) and (3.15). We will prove
that linearized version of them (A.3) — (A.4) are satisfied. From (A.26) and (A.27), we see
f,=E,_,S,. So, for equation (A.3) to be satisfied, we need

cov,,(mf,s,) = var, (s,), (A.45)

which follows since s, =m/.

Since from (A.28) and (A.29), r, isi.i.d., we have E, _,(r,—(m,—m,,)) is constant.
Likewise, using (A.26), E,_,(r” +s, —s,_, —(m —m,_,)) is constant. We can solve directly for

these expectations from equations (A.4) and (A.5), using the covariances and variances
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implied by our solution in (A.18) — (A.33). But the following restriction links (A.4) and
(A.5):

cov, , (- mt,r)+;va (r)y=cov_ (-m,s +1 )+ ;va (s, +1)). (A.46)
We verify this by using r, =r" +%rtR , to rewrite (A.44) as:

cov, (M, " =)+ Zvar (' + £ -2 6 - Zvar, (1 + 1) =0, (A4D)

It is easy to see that the first term is zero,
cov,_, (m,r* —m7) =cov,_,(m,Ya")=0, (A.48)

where,

r=a-ppfs e or, L p oot Sk

ol-7)y  1-Cl+ol-1)y 1+wy/1—ﬂ3R]'

The intuition is the same as the static model. Because forward contracts provide hedge
against monetary shocks, the relative return on equity after adjusted monetary shocks is not
correlated with home monetary shocks.

The second and third terms

var,_, (mf +r, —%rf‘)—vart_l(rtW +%rtR) = vart_l(mtR)—2covt_1(mtR,%rtR) (A.49)

1 1 . . . .
Because cov, ,(m7,=r*)==var_(m?), we confirm that this allocation in fact
2 2

satisfies the first order conditions for asset allocations. So (A.3) — (A.5) are satisfied.

A4.4 Human Wealth

To verify that (A.34) and (A.35) provide the solution for human wealth (A.15), we
use (A.18) — (A.21) to write:

h =

Wt+s + It+s )

EA(
R 1
l// +1) t+s It+s + mt+s += 2 mt+s

. . (A.50)
'0 95 o a + 0= SEa[ }mtw +§mtR}

21+

“‘m “‘m “‘m “‘m
< &MS &MS LM8

(w+
[ -2 ﬂSs weld P, L[myusz}}
+y 1- B, 21+ oy 1- B9 B 2
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Then subtracting the foreign counterpart of (A.50), we get (A.34), and adding the foreign
counterpart gives us (A.35).

A.4.5 Budget Constraint

First, world budget constraint expressed in home currency is the following.

oY+ +iﬂ{(1 OV +ch }—ma O +v 1)+ﬁ;(n“w+h&> (A51)

where we have used y, =y, . We have also used &, (s, — f,) + 5, (s, + f,) =0, which requires
5, =4, . This requires some explanation. The home currency earnings, expressed in home
currency, from the forward market are &,(S,—F,). That means that the foreign currency

earnings for the foreign country are St(g—l), which can be written as ,F, (i—i). So,

t t t

the foreign budget constraint, symmetrically to the home budget constraint, will contain the

term &*(i—i) , Where 8" =4,F,. Using this relationship, we can establish:
t t

S, =——e" Pt =—LtLlegMPt=5, (A.52)

where we have used (A.27),and m—p=m'—p  and T =¢C".
The world budget constraint holds with any realization of a" and m" since equation

(A.51) simply indicates that total world wealth carried over into the next period is equal to
the value of previous wealth, plus returns, less world consumption. More explicitly, because

V + hl - E Zﬂ (ﬂ-t+s +Wt+s + I’:/Xs = ﬂ E Zﬂ (pt+s +Ct+s) (A53)
both sides of the equation are the sum of future consumption.

Finally, we examine relative budget constraint.

ptR +CtR —$ +_LIB{(1_§)V1R +é,htR _St}

(A.54)

= DI =8 =G A 80T T 0 s ) 208

Direct substitution from the solutions verifies this equation, but it is helpful to break
this down into steps.

44



Using 7 =y, =7, , and the solutions for ¢}, p,and s,, we can write
(——1)T +—[(1 SN +¢ht -mi]
= _—(1— IR —mi=2y, (1" M) +m§('}HR — M) +25m¢ (A.55)

+m[(1 Ve +¢himd]

Using relative returns (A.28) — (A.31), we get

[(1—1)1—25}m +i[(1 OWR +Eh® —mF]
p 1-p

(-)o-)-7 1 r o=l pg }}@R (A56)
I+ol-7)y 1-Cl+o(l-7)y 1+oyl-59%

= {(1— 27 )= +1){

(-o-D-7 o-1 B% |« ~
+%xW+n{1+wa_ﬂw +1+ww1_ﬂ%}} /Ja OV, +Chf, —mE,]

By substituting expressions for 6, and y, from (A.32) and (A.33). into (A.56), we get
BlA-WV +¢hE—mi]= (-, +<hE —-mE,. (A.57)

But (A.34) and (A.36) give us
L=V +¢h-mf =0. (A58)

so (A.57) holds.
We have verified that equations (A.1)-(A.6) and (A.14)-(A.17) are satisfied.
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