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Abstract
This paper explains two puzzling facts: international nominal bonds and equity portfolios are
biased domestically. In our two-country model, holding domestic government nominal debt
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domestic agents. A third feature explains why agents choose to hold primarily domestic
equity: government spending falls on domestic goods. Then, an increase in government
spending raises the returns on domestic equity, providing a hedge against the subsequent
increase in taxes. These conclusions are robust to a wide range of preference parameter
values and the incompleteness of financial markets. A calibrated version of the model
predicts asset holdings that quantitatively match the data.
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1 Introduction

While international trade in bonds and equity has increased greatly in the
last two decades, country portfolios still show a sizeable bias towards domes-
tic assets. For example, Burger and Warnock (2003) find that foreign bonds
comprised about 6% of U.S. investors’ bond portfolios in 1997 and 4% in 2001
and Kyrychenko (2005) finds that around 95% of U.S. bond holders choose to
hold only domestic bonds. Moreover, Nechio (2009) shows that in the U.S.,
only around 2 % of government bond holders hold any kind of foreign bonds,
including indirect holdings through mutual funds.! Corroborating this evi-
dence further, Fidora et al (2003) show that there is substantial home bias
in bond holdings for several advanced countries.? Such evidence points to-
wards significant domestic bias in international bond portfolios. Similarly,
table 1, reproduced from Coeurdacier et al (2007), shows that international
equity portfolios are heavily biased domestically as countries hold a signifi-
cantly higher fraction of their portfolios in domestic equity as compared to the
world market capitalization share of their stock markets.

From the perspective of standard international macroeconomic models, the
degree of home asset bias observed in the data is a long-standing puzzle, as it
implies a lack of international risk sharing among countries. For equity hold-
ings, Lucas (1982) showed in a two-country economy with trade in claims to
domestic and foreign endowments that perfect risk sharing against endowment
shocks can be supported by each agent owning half the claims to the home
endowment and half to the foreign endowment.?> For debt holdings, if there
are idiosyncratic risk to returns on bonds, one would similarly expect agents
to diversify their portfolio holdings.

Our baseline model that yields exact analytical solutions is a standard two-
country two-good two-period endowment economy model with trade in equi-
ties and one-period government nominal bonds. The government issues debt

and taxes domestic agents to finance its expenditure on the domestic good.

'Burger and Warnock (2003) use the 1997 and 2001 benchmark surveys of U.S. Holdings
of Foreign Securities while Kyrychenko (2005) and Nechio (2009) use the Survey of Consumer
Finances.

2In particular, they compute home bias for bonds in Japan, U.K., Germany, Italy, and
France using IMF data. They also show that in fact, home bias in bonds is stronger than
home bias in equities.

3Moreover, in a production economy model, Baxter and Jermann (1997) show that opti-
mal portfolio holdings involve shorting domestic assets. This implies that the data is highly
at odds with the theory.



In this frictionless set-up with complete markets, we show that equilibrium
portfolio holdings are biased completely towards domestic debt and equity.
To our knowledge, this is the first paper to generate joint home bias in both
nominal government debt and equity in a standard frictionless international
macroeconomic model.

What drives our results? Holding domestic bonds offers insurance against
shocks that lead to a revaluation of government debt, such as innovations
to the price level. For example, in the case of bonds with nominal returns
known one period in advance, the risk that agents face is in the form of the
price level next period. If the price level is higher than expected at home,
then agents will realize a lower real return on domestic bonds. With a higher
price level at home however, the expected value of future taxes on domestic
agents is lower since the real value of debt outstanding has decreased and the
intertemporal government budget constraint has to be satisfied. Therefore,
real return on domestic bonds and taxes co-move positively and, since the
government taxes only domestic agents, holding only domestic bonds achieves
optimal risk-sharing.

Holding only domestic equity is an optimal portfolio decision because gov-
ernment spending falls on domestic goods. Then, a positive domestic gov-
ernment spending shock will increase the relative price of the domestic good.
This means that the relative return of claims on the domestic good is higher
compared to the claims on the foreign good. Since government spending has
increased, in order to fulfill the intertemporal government budget constraint,
domestic taxes have to increase. Therefore, to hedge against this risk, agents
will want to hold an asset that offers a relatively higher return. Domestic
equity is precisely such an asset.

These basic mechanisms that lead to home asset bias are fully operative
when we relax the simplifying assumptions of our baseline model. The only
requirements for home bias in nominal government debt are the presence of
some debt revaluation risk (such as nominal risk) that can be hedged through
nominal bonds and taxes falling relatively more on the domestic agent. We
view these features as a realistic description of the behavior of the governments

of at least the industrialized countries. Similarly, the home equity bias result

4We are following a long standing tradition in international macroeconomic models that
assumes that government spending falls relatively more on domestic (or non-traded) goods.
For a recent example, see Corsetti and Pesenti (2001).



is robust to some government spending on foreign goods as long as government
spending shocks fall relatively more on domestic goods compared to foreign
goods. A general result of our paper is that to generate equity home bias, a
sufficient condition is for the government’s consumption to be roughly more
biased than the consumer’s towards domestic goods. Moreover, while in our
baseline model, we consider complete markets to derive analytical solutions
and isolate the basic mechanisms at work, we relax this assumption and show
that our results on home asset bias are still valid under imperfect international
risk-sharing.

To assess the empirical relevance of our paper in resolving the home asset
bias puzzle, we undertake two exercises. First, we conduct a model based
quantitative evaluation of our results. We present a fully dynamic version of
the two country model with production, numerically solve for portfolio choice
under the realistic assumption of incomplete markets and distortionary taxes,
and show that a calibrated model is able to quantitatively match the portfolio
holdings observed in the data.’ Second, we discuss existing empirical evidence
and conduct additional empirical exercises that validate the key mechanisms
of our paper. We tackle questions such as: does the data provide support
for a positive correlation between realized real returns on domestic bonds and
taxes? Is this correlation driven by inflation movements? Is there evidence for
a positive correlation between domestic equity returns and government spend-
ing? Is government spending more biased towards domestic goods compared
to private consumption?

Home bias in nominal government debt has been neglected in the litera-
ture, while home bias in equity has been extensively addressed. Since this
literature is quite voluminous, here we discuss a set of approaches that are
directly relevant for comparison with our set-up.® One approach, exemplified
in important papers by Kollmann (2006) and Obstfeld (2006), focuses on a
preference bias of agents towards consuming domestic goods. This bias is mo-
tivated by the empirical observation that the majority of private consumption
falls on domestic goods. Then, with only country specific endowment shocks,
these models generate domestic bias in equity if the elasticity of substitution

between domestic and foreign goods is less than one. The intuition for this

5Therefore, while our basic mechanism behind debt bias is reminiscent of the Ricardian
equivalence result in Barro (1974), our results hold under a more general environment.
SFor a recent survey of this literature, see Coeurdacier and Rey (2011).



result is the following. When a positive endowment shock hits the domestic
economy, the terms of trade deteriorates and the real exchange rate depre-
ciates. Since the domestic agent is biased towards consuming the domestic
good and that good has become cheaper, risk-sharing involves holding an as-
set whose returns are relatively lower. With an elasticity of substitution lower
than one, the deterioration in terms of trade is so strong that the return on
domestic equity is in fact lower than that on foreign equity. Therefore, agents
are biased towards holding domestic equity.

In these models, equity positions are used to hedge against real exchange
rate risk and they imply a high and positive correlation between the real
exchange rate and relative equity returns. As van Wincoop and Warnock
(2006) point out however, the empirical evidence for this mechanism appears
to be not very strong since the data shows a very low correlation. Compared
to this literature, our results hold even when we do not assume any preference
bias in consumption, that is, when there is no real exchange rate movement.
This leads to a zero correlation between the real exchange rate and relative
equity returns. Therefore in our mechanism, equity positions are not used to
hedge against real exchange rate risk. Even for the empirically realistic case
of consumption home bias and hence real exchange rate movement, since our
incomplete markets model is driven by both supply and government spending
shocks, the correlation between the real exchange rate and equity returns is
not pinned down to be high and positive. Moreover, our results are robust to
a wide range of values for the elasticity of substitution between domestic and
foreign goods, including whether it is greater than or less than one.

A second important approach, best exemplified by Heathcote and Perri
(2007), explains the observed equity bias by a negative correlation between
relative domestic equity returns and relative non-diversifiable labor income.
In their business cycle model with production and investment, domestic eq-
uity bias is an optimal way to risk share against country specific productivity
shocks. Given a positive productivity shock, labor income is higher and there-
fore agents will hold primarily domestic equity if the return on it is lower than
foreign equity. In their set-up, equity is a claim to the capital stock and the
relative price of capital is equal to the relative price of consumption. A posi-
tive productivity shock depreciates the real exchange rate and thereby, leads
to a devaluation of the domestic capital stock. Under a range of parameter

values, this devaluation is so strong that the return on domestic equity is lower



than foreign equity. This mechanism relies on a preference bias towards the
domestic goods in consumption and investment, which is not the case in our
baseline model. Overall, our paper is independent from and complementary
to theirs, especially since we generate substantial home bias in equity holdings
even in a model without investment.”

In another interesting approach, Coeurdacier et al (2007) generate home
bias in equities without requiring equity positions to hedge against real ex-
change rate risk. In their endowment economy model, a new set of shocks,
called redistributive shocks, redistribute income randomly between equity and
non-diversifiable income. These break the perfect correlation between the real
exchange rate and relative equity returns while creating an incentive to hold
domestic equity. In the presence of such shocks, to hedge against them, agents
want to hold domestic equity since in states of the world where due to a pos-
itive redistribution shock, domestic equity income is lower, non-diversifiable
income will be higher.® In our paper, the shocks that we use, government
expenditure shocks, have already been extensively used in the literature, for
example in Obstfeld (1989) and Backus, Kehoe and Kydland (1994).°

2 Simple Model

We start with a simple model for two reasons. First, it enables us to derive
exact analytical solutions that provide intuition for the mechanism behind our
results. Second, it makes clear which assumptions are essential to generate

our results.

2.1 Baseline Setup

We consider a two-period (¢ = 0,1) two symmetric countries (home (H), for-
eign (F')) model. The representative household in each country starts with

initial wealth and makes portfolio decisions in period 0 and consumes only in

"Moreover, when preferences are not restricted to log utility, which is the baseline case
of Heathcote and Perri (2007), their model also predicts a high and positive correlation
between the real exchange rate and relative equity returns, which as we pointed out earlier,
is low in the data.

8There is an empirical debate on the existence and relevance of such a shock. See for
example, Julliard (2006).

In independent ongoing work, Coeurdacier and Gourinchas (2008) mention government
spending shock as an alternative to redistribtive shock. In this paper, we explore the role
of government spending thoroughly.



period 1. Two goods, Y and Y¥, are endowed to the respective countries in
period 1. Each country has a government that only taxes the representative
consumer in its country, spends only on domestic goods, and is subject to a
budget constraint. The government issues nominal debt in period 0, spends
in period 1, and taxes and retires all debt in period 1. We allow for trade
in government nominal bonds and claims on the realization of endowments,

which we interpret as equity trading.

2.1.1 Consumers

For simplicity, in this section, we restrict the agent’s preferences as given in
assumption 1 below.

Assumption 1: The agents have log utility, no preference bias for do-
mestic goods, and unit elasticity of substitution between domestic and foreign
goods.

The domestic representative agent then maximizes the following expected

utility (analogous for the foreign agent)

Ey [log C{'] (1)

where CH is the composite consumption good and is subject to the following

budget constraints in period 0 and 1, respectively

Wy = B{™ + Byl + ¢f B" + ¢ By and (2)

H H F
on g BEBE" | REBYTQu  WIECRT VB QAT
R Pl Pl P

where Eéq 7 is the home agent’s holding of claims to endowment je{h, f} in
time 0, Bé{ 7 is the home agent’s holding of nominal bonds in j currency, qg is
the price of a claim on endowment j, and R% is the nominal interest rate on
public debt of country 5.!° Similarly, Plj are the price indices for the respective

consumption bundles, Pfj is the price of good j in country ie{h, f}, @1 is the
S, PF
L

period model, a no-Ponzi condition implies that the total bond holdings of the

real exchange rate defined as )1 = and 71 are taxes. Since this is a two-

consumer in period 1, Bf h—{—Bf{ 7 should be greater or equal to zero. In writing

eqn.(3), we have already imposed the optimality condition, Bf" + BIH )

10Note that in eqn.(2), we normalize the price level in both countries and the nominal
exchange rate to 1 in period 0.



As eqn.(2) makes clear, there is no consumption at ¢ = 0, but at this date,
agents are allowed to trade assets. The home agent starts with initial wealth,
WH, which is equal to his asset holdings in period 0. No consumption or
storage technology in period 0 implies that the sum of the wealth of the two
agents should be equal to the sum of government debts and the value of the
stock of equity. We add an additional restriction that W = W{" = W, where
Wy is a constant. In other words, agents have a symmetric initial endowment
of wealth.

In period 1, after the shocks are realized, households consume using their
resulting financial income less taxes, as captured by eqn.(3). The composite
consumption good is a Cobb-Douglas aggregate of domestic and foreign final

goods

o — (C{{h)o.s <C,1Hf>0'5 (4)

where Cf™" and C}"/ are home consumption of the domestic and foreign goods.'!

As is well known, expenditure minimization by the agent will imply the fol-
0.5

lowing utility-based aggregate price index at home P = 2 (P h)0'5 (PlH f )
The law of one price holds for the two traded goods, implying PH" = S, Pf™*,

F
Ple = SlPlFf, and (); = S},—PHI = 1. The terms of trade, the ratio of price of
1
Hh Fh
exports to imports, facing the domestic economy is defined as % or as 4
1

Pl

The optimality conditions of the home consumer are

RH RF y H pHh yF PFf
Ey H0 H| Ey HO FQl = Eqy Hl Hl H| Eo 1FQ11{ 1F (5)
Ci' Py Ci' Py a0 C7 P qy C7" Pi
o - ©
citr o Pt

The first set of equations show the standard non-arbitrage conditions for the
four assets available while the second equation governs the relative demand of

the home good with respect to the foreign good.

I'Note the unitary elasticity of substituion between the two goods and no preference bias
in consumption.



2.1.2 Government

Each government starts in period 0 with a stock of nominal debt (home (B{),
foreign (BZ')) and collects tax on its agent in period 1 (home (7¥), foreign
(7). In period 1, the home government (analogous for the foreign govern-

ment) consumes only domestic goods and is subject to the budget constraint

B RYBY g (B

By combining the transversality conditions of the two agents, B" +BlH F =
H F
0 and Bf Y+ B = 0, it follows that i + 24 = 0, that s, the total debt of the
1 1
two governments in period 1 is equal to zero. Here, we add the assumption that
Bl _ Bl _
pr =5 =0

We think that this is a reasonable additional restriction since other possibilities

each government pays any outstanding debt in period 1, that is

such as allowing % to be negative and ﬁ—f; to be positive would imply that
country H would be subsidizing country /' government ’s consumption. This
restriction, along with the optimality conditions of the agents, implies, BHf" =
B = B = Bf'Y = 0. Moreover, we assume that governments start with
the same amount of debt, i.e., Bi = BY = By. From eqn.(2), it follows then
that Wy > By.

2.1.3 Market Clearing

For goods, market clearing conditions are

cihyofh it =y o o+ ey =Y (8)

In the market for assets notice that there is an outside supply of claims on
endowments, which is normalized to 1, and of nominal bonds issued by the

government. Market-clearing conditions are then
Ef'+ g =1 EMN 4+ BT =1 (9)
Bl 4+ B'" = B, B} + B}’ = B,. (10)

2.1.4 Uncertainty

We allow for three different types of shocks. First, we assume that a monetary

authority controls the price level in period 1, which is a known value in period



0 plus an error in period 1. That is, P = P + ¢l and Pf = PF + &F.
We motivate this shock as a policy-maker choosing the price level with an
error. In section 3, these policy shocks come from monetary policy through
a Taylor-type rule. Second, we allow for endowment shocks Y = Y# 4 e¥h,
Y =Y/ + &?ff and third, we take government i’s expenditure to be an
exogenous process, GIP = ¢6h and GI = ¢/, All &/ are independent with
mean 0 and standard deviation o;. We normalize the standard deviation
of all the shocks to 1 in the analytical sections of the paper and relax this

simplification in section 3.

2.1.5 Competitive Equilibrium

An equilibrium is a set of endogenous variables ® 5 that satisfies the consumer’s
maximization problem, government behavior, and market-clearing conditions,
given initial conditions ®; and exogenous processes ® x. The endogenous vari-
able set @ comprises of all consumption allocations, asset allocations, prices,
exchange rates, and taxes of both countries, that is, &y = {CH" ' cf7,
ol Bt By Bt By By, B, By, Bt P, PP P Qu
S1, qo, T8, 7'}, The initial conditions set ®; is given by the initial amount
of government outstanding nominal bonds, pre-determined interests on these
bonds, and the initial wealth of each agent, that is, ®; = {B,, Wy, R, RLY}.
The exogenous variable set ® xy encompasses the shocks in the economy, that
is, &x = {Y\", Y/, ¢i"", &1, P, PPy

2.2 Portfolio Holdings

In this simple set-up we derive optimal portfolio holdings using a guess-and-
verify method. In our economy, the allocations from the social planner’s prob-
lem and that from trade of a complete set of state contingent securities coincide
for some welfare weights. As is well known, while considering equal welfare
weights for these ex-ante identical economies, the allocations under complete
markets are given by equating the ratio of marginal utilities of the domestic
and foreign agents to the relative price of the domestic and foreign goods.!?
That is

12When we allow government consumption to fall on the foreign good in section 2.3, the
exogenous processes GH/ and G should be added to ®x.
13Note that we consider two countries that have the same level of initial wealth.

10
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where the second equality holds because of no preference bias for domestic

=@ =1 (11)

goods in consumption. We guess that in a competitive equilibrium, our model
with trade in a limited number of assets, such as equity and bonds, is able to
replicate this complete market allocation that would prevail with a full set of
state contingent securities. We then back-out equity and bond holdings that
indeed support these allocations.

Our main result, given in Proposition 1 below, shows that in this envi-
ronment, as an optimal outcome, there is complete home bias in nominal
government bonds and equity. These portfolio holdings are able to achieve

perfect risk-sharing between the countries.

Proposition 1. Given assumption 1, (i) in the presence of nominal, endow-
ment, and government expenditure shocks, if (ii) the government tazes only the
domestic agent and (iii) all government expenditure falls on domestic goods,
then the agent holds a) only the nominal bonds of her own government and b)

only domestic equity.

Proof. Using our market completeness conjecture leads to

CH
C_lf =1 =1 (12)
or
cll =cf. (13)

Using eqns.(6), (8), and (12) we get
1 1
ot = ot = SO -G off = = S -G,
Plugging this back to eqn.(4) yields

1 1 1
Cff =S = G (v - 617> (14)

11



and to eqn.(6) yields

3 1
PthzylF_fo;Pthzl YlF_fo Qand pfle(mH_G{{h)z
piryfH -Gt pft 2\ Y -G P2 \yr -Gt
(15)
Combining eqns.(3) and (7) leads us to
RHBH pHh RHBHh  RpFRHf yH pHh yF pFf
OH L 20720 o aEnil 020 D0 pHRIL M1 pHFTL T
1 P1[{ 1 Plj—I Plj—I PlF 0 Plk[ 0 PlF
(16)

Using eqns.(14) and (15) in (16) we get

1 ; , RHBH 1(YF—GFr\?
- YH . GHh 5 YF . GFf 5 0 0 GHh_ 1 1 —
2( 1 1 ) ( 1 1 ) + PlH + 1 9 YIH o G{{h

1 1
RHBHh RFBHf 1 YF_GFf 2 1 /YH _ gHR\ 2
o SR IE  pp (S ) e mpvry (S

The market completeness condition is then satisfied only if we can find
ElM BN BN and B that satisfy the above equation for all realizations of
shocks and are not contingent on them. The unique asset allocation that fulfills
this requirement is B = BE, Béq I =y, Ei™M =1 and Eéq I = 0. Competitive
equilibrium prices that support these consumption and asset allocations are
those that satisfy qi' = qf = Wy — By and R = R and eqn. (5). O

Complete home bond bias is an optimal outcome because it provides insur-
ance against nominal shocks and the resulting movement in taxes. To see this,
ignoring government spending shocks for now, notice from eqn.(7) and % =0
that there is a clear negative relationship between the price level and the taxes
at home in period 1. This implies a positive correlation between returns on
domestic bonds and domestic taxation. Then from eqn.(3) and ignoring equity
positions for now, it is clear that by holding primarily domestic government
bonds, the agent will be able to hedge against the movement in taxation that
results from a shock to the domestic price level. In particular, holding for-
eign nominal bonds will lead to exposure to foreign price shocks without being
compensated by the resulting tax movement. We want to emphasize that the
only requirements for our result are some uncertainty with respect to the price

level, as well as the fact that the government taxes only her citizen

12



Complete home equity bias is an optimal outcome because it provides in-
surance against government spending shocks and the resulting movement in
taxes. When a domestic government spending shock hits, domestic taxes have
to increase to fulfill the budget constraint. Given this increase in taxes, the
agents would like to hold more of an asset that has a higher rate of return.
When government spending falls only on the domestic good, it increases the
relative price of the domestic good compared to the foreign good. This can be

. pHh  yF_gFf . . .
seen clearly from the expression PlH ;= Yllft G%”L' This implies that the relative
1
rates of return on domestic equity are higher, since the difference in returns
vH pHh [ plT
Pt

between domestic and foreign equity is given by . Hence, optimal
equity portfolios are biased domestically.

Note that as shown in Cole and Obstfeld (1991), with assumption 1, equity
allocation with only endowments shocks is indeterminate, as all possible com-
binations of equity allocations achieve perfect risk sharing. This is because
the terms of trade movement perfectly pools all risk arising from endowment
shocks, regardless of equity holdings.!* Here, we introduce government ex-
penditure shocks in addition to endowment shocks, and have shown that this
result can be overturned, and that there is a specific allocation for equity which
achieves the complete market allocation. In fact when government spending
falls only on domestic goods, it leads to a complete home bias in equity hold-
ings. Finally, we want to emphasize that our proof makes clear that equity and
bond portfolio decisions are separable as positions on these assets are taken to
insure against different shocks. Thus, if we had a set-up where there is trade
only in bonds and only nominal shocks, optimal bond positions would imply
complete home bias as in proposition 1. Similarly, if we had a set-up where
there is trade only in equity with government spending and endowment shocks,

optimal equity positions would imply complete home bias as in proposition 1.

2.3 Model Extensions

To assess the robustness of our results, we now allow for general preferences and

relax the simplifying assumption on government spending we made above. The

14To see the Cole and Obstfeld (1991) indeterminacy result with only endowment shocks,

H npH
note that in that case, the condition to be satisfied reduces to: %YlH %YlF z + Bolo

1 1
Ry Bi'™ | R{Bi! HhyH1 (Y52 Hfvr1 (Y2 . o ,
PH + PF + By Yy 2 \vm + By Yy 2(vr) - This condition can be satisfied

for: Bh = Bl Béqf =0, and any value of E{".

13



representative consumer maximizes

g\1l-o
Eo &] o>0

l1—0

where C is now defined as

n

n-1 1L -1

ol = {a% (CM T 4+ (1 —a) (c{ff> ! } n >0 (17)

where 7 is the elasticity of substitution between home and foreign goods
and a denotes the relative preference of domestic over foreign goods, with

a > 0.5 implying home consumption bias in preferences. Expenditure min-

imization by the agent will imply the following utility-based aggregate price
1

index at home P} = [a (P1Hh)1777 +(1—a) <P1Hf> lq 1_n. Moreover, as a
generalization, we specify that the government spends a constant fraction
of its total consumption on domestic goods as given by GI" = xG{{ ! and
GIT = £GFP where > 0. This means that if z > 1, government consumption

is biased towards the domestic good.

2.3.1 Complete Markets

We first consider a set-up with only government spending and nominal shocks,
which implies complete markets upto a first-order approximation. As shown
extensively in the literature starting with Lucas (1982), in an environment
with idiosyncratic shocks to endowment and no consumption bias in prefer-
ences, the agent’s optimal allocation for claims on the realization of these
endowments would seek complete diversification of his country-specific risk.
Here we show that this result can be overturned, and substantial home eq-
uity bias can be generated as an optimal portfolio decision, when stochastic
government expenditure is biased towards domestic goods.

In the appendix in proposition 2 we show that domestic holdings of home

equity, denoted here for simplicity by €, are given by

9_%+1<2a_1)[1+x(Qa—1_4na(a—1)>+l_l} (18

2 r—1 o 20 — 1 o
15 . H Hh P
°The exogenous processes for government expenditures are then Gy' = Giy'"Zx +
1
H pHf Gh F FhPFh F prs G
GlfPllH =" and G =Gy PllF GlfPllF zelf.
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and that the agent holds only domestic nominal bonds.!® Notice that for

a = 0.5, eqn.(18) reduces to

o 1(10e ) a9

In this case, we also show in proposition 2 that eqn.(19) implies home equity
bias whenever x > 1. For a general value of a using eqn.(18), we find numer-
ically that once we assume o > 0.2,'7 2 > 1 is still a sufficient condition for
home bias in equity, regardless of the value of 7.

What is the intuition for this result? As before, when a positive domestic
government spending shock hits, domestic taxes have to increase to fulfill the
budget constraint. Given this increase in taxes, the agents would like to hold
more of an asset that has a higher rate of return. When government spending
falls relatively more on the domestic good, since it is effectively a positive
demand shock, it increases the relative price of the domestic good compared
to the foreign good, ]51H h 151H ! Since the relative rate of return on domestic
equity is given by (YlH + f’th — f’1H> — (YlF + f’le — le) = Pth — f)le, it
is now higher than before. Hence, optimal portfolios are biased domestically
as it provides a hedge against taxation resulting from government expenditure
shocks.

Notice that 6 is a decreasing function of z, if z > 1. The intuition is clear:
in response to a government expenditure shock, x slightly above 1 would make
the relative returns on domestic equity only slightly higher and so a huge asset
position is needed to hedge against the taxation movement, which is invariant
to the composition of government expenditure. Finally, by comparing eqn.(19)
with eqn.(18), we see that there is greater home bias in equity holdings when
a > 0.5 compared to a = 0.5, whenever 7 is lower than 1. The intuition
for this result is the following. With a > 0.5, there is an additional channel
for government spending to affect equity holdings since given a government
spending shock, the real exchange rate appreciates leading to a higher price
for the domestic good. Now because the domestic agent is more biased towards
the domestic good, which has become more expensive relative to the foreign

good, and she has relatively inelastic demand as < 1, she needs to hold more

16Note that we are considering government spending and nominal shocks while excluding
endowment shocks.

17The literature, for example, Coeurdacier et al (2007), usually assumes either log-utility
or o > 1.
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of the asset with higher returns. With government spending falling relatively
more on domestic good, for the same reasons described before, domestic equity

is precisely such an asset.

2.3.2 Incomplete Markets

We have used market completeness so far to help us show our mechanisms
clearly. A necessary robustness check of our results however, is market incom-
pleteness since empirical evidence suggests that there is imperfect risk sharing

8 We take up this task by allowing for

in international financial markets.!
nominal, government spending, and endowment shocks with trade in nominal
bonds and equities. This will imply that markets are incomplete, even up to a
first order approximation. Moreover, there is a clear trade-off in the problem
of equity allocation: while endowment shocks call for full diversification, the
home-biased government expenditure shock leads to home bias in equity.

In the appendix, we show using recently developed techniques, that for
a = 0.5, the home equity allocation, 6, is given by
1 1 n(z? —1)

TR+t 20— a2

0= 3 (20)
The optimal nominal bonds allocation is Bi" = B{ that is, full home bias
once again.!” The first term in eqn.(20), which leads to § = %, reflects the
hedging motive against idiosyncratic endowment shocks. The second term re-
flects hedging against government spending shocks. When x = 1, government
spending shock does not affect the terms of trade, and hence this term is zero
and optimal equity holdings are fully diversified. In this situation, we have a
generalized version of the Lucas (1982) model with government shocks.
When x > 1 however, the second term is positive, leading to a home bias

in equity holdings. The expression makes it clear that this result does not

18GSee for example, Corsetti et al (2008). Complete market models predict perfect co-
movement between the real exchange rate and relative marginal utilities between countries.
In the absence of preferenc shocks, this implies a perfect comovement between the real ex-
change rate and relative consumption bewtween the countries. This implication is strongly
rejected empirically. This is also known as the Backus-Smith puzzle in the literature.

YNote that even here we are normalizing the variance of all the shocks to unity. Of
course, with incomplete markets, the relative variances of the shocks plays a role in portfolio
holdings. But, we have abstracted from this issue here to keep the presentation cleaner and
focused and to allow a direct comparison with the complete markets case analyzed earlier. In
the quantitative exercise in section 3, the variances of the different shocks will be calibrated
from data.
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depend on the value of 1. In fig.1, we plot the value of # for different values of
7. Notice that as = increases above 1, there is a trade off between the shocks:
while government expenditures shocks push the allocations to start high and
to decrease monotonically, endowment shocks push for diversification. The
sum of these effects leads to an initial increase and subsequent decrease of
home bias in equity allocation, as x increases.

In the case of incomplete markets and any value for o and a > 0.5, we show
the system of equations to be solved in the appendix. The final analytical
solution for portfolio holdings turns out to be cumbersome and we resort to
numerical solutions to find the condition for home bias in equity. We are
particularly interested on how these allocations depend on z, the fraction of
government consumption on domestic goods and the degree of consumers’

home bias, 1%~ . A robust result is that for reasonable values of o, x roughly

_a
l—a

7. In the appendix, we plot the results for for ¢ = 1.5 and for different values

greater than again generates home equity bias, regardless of the value of
of a and 7. It is clear that for all z > -, the home bias on equity is high.
This approximate bound z > - can be made exact in the case of log-utility,
as shown in proposition 3 in the appendix.

We see that here the change from the case with complete markets, or
incomplete markets but with a = 0.5, is that the necessary and sufficient
condition to generate home bias in equity is now x > ;*- as opposed to
x > 1. In other words, now we need the government to be more biased than
the consumer in order to generate home bias in equity, but the result is still
independent of the value of . Why does the case with incomplete markets and
a > 0.5 require more bias in government spending compared to the cases we
have analyzed before? The fundamental reason is that with incomplete mar-
kets and a > 0.5, the real exchange rate moves in response to the shocks, and
hence there arises a hedging motive against this real exchange rate movement.
In essence, since - determines the extent of agent’s bias in consumption and
the resulting role for real exchange rate hedging, r > 1%- is needed to ensure
that the terms of trade movement due to government shocks counteracts the
real exchange rate movement. Another important result in this case is that
due to market incompleteness, monetary policy affects the terms of trade and
has real effects even with log utility. As a result, we show in the appendix
that while there is still substantial home bias in bonds, the agent does not

hold only domestic bonds as it can improve insurance by holding some foreign
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bonds.

In conclusion, therefore, we have shown that in a variety of settings, com-
plete or incomplete markets, log utility or general CRRA utility, home con-
sumption bias or not, a sufficient condition for home bias in equity is that the
government spending is more biased towards domestic goods as compared to
the consumer. We have also shown that the result of home bias in bonds is
valid when we allow for the aforementioned extensions. Most importantly, we
generate home equity bias without depending on the value of 7, the elasticity

of substitution between domestic and foreign goods.*

2.4 Literature

We now briefly discuss related literature that uses a similar model environment
as the one we considered above. We are not aware of any other papers that
has shown equilibrium government debt portfolios to be predominantly do-
mestic. Devereux and Sutherland (2006) have an endowment economy model
with nominal bonds, but the bonds are inside assets in net zero supply.?! In
their model, where nominal demand is exogenous, a positive domestic endow-
ment shock has a negative effect only on the domestic price level. Therefore,
domestic bond returns are high precisely when output is high. In order to
hedge against the endowment shock, agents therefore, take a short position in
domestic nominal bonds. In our model, in contrast, a domestic endowment
shock affects both the domestic and foreign price levels by the same amount.
Thus, government debt positions cannot be used to hedge against output risk.
In fact, with only endowment shocks, domestic and foreign government bonds
are perfect substitutes. Nominal bonds are therefore used to hedge against
idiosyncratic country specific price level shocks, which as we have explained
before, create a positive correlation between taxes and returns on domestic
bonds.

For home equity bias, the literature using an endowment economy model

is fairly large. First, as explained in detail in Obstfeld (2006) and Coeurdacier

20We have also checked that all our results are robust to other model extensions such as
allowing for inflation indexed bonds and for a part of government spending to be endogenous.
The results are available on request from the authors.

21Engel and Matsumoto (2009) present a model where there is trade in forward contracts
on nominal foreign exchange. This is essentially the same as allowing for trades in inside
nominal bonds denominated in different currencies. Again, they do not consider government
(outside) nominal bonds and the associated optimal portfolio holdings, which is the focus
of our paper.
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et al (2007), the previous literature can generate home bias in equity only by
starting with the assumption that a > 0.5. In this paper, we generate equity
home bias even when a = 0.5. Second, even after assuming a > 0.5, for rea-
sonable degree of risk aversion, the mechanism requires that 7, the elasticity
of substitution between domestic and foreign goods, be (approximately) less
than 1.22 There is a great deal of uncertainty in the empirical literature re-
garding the value of 7, and most estimates put it above 1.2* Given this, we
view the fact that our result is independent of the value of 1 to be a signifi-
cant strength of our proposed mechanism. To drive home the difference from
the previous literature, table 2 compares results for equity holdings only with
endowment shocks, with those in our model with government spending shocks
and endowment shocks and a > 0.5, that is, section 2.3.2. The results are for
o = 1.5. The table makes clear that the introduction of a government spending
shock that is biased towards domestic good leads to home bias in equity, even
when 7 > 1. The previous literature, on the other hand, relies on < 1, which
is outside the range of most empirical estimates.

Moreover, the previous literature’s mechanism which generates home eq-
uity bias in response to endowment shocks by relying on a > 0.5 and n <
1, implies a strong positive correlation between the real exchange rates and
equity returns. This is because equity positions are used to hedge against
real exchange rate risk. As van Wincoop and Warnock (2006) find however,
this correlation is close to 0 in the data. In our set up, when a = 0.5, the
real exchange rate upto first order is zero, and there is no correlation between
the real exchange rate and relative equity returns. We view this as another
strength of our mechanism since it clearly shows that equity bias is not a
result of hedging against real exchange rate risk. Even when there is home
consumption bias in preferences, and hence real exchange rate movement, since
we have both government spending shocks and endowment shocks, the corre-
lation between real exchange rates and equity returns is not pinned down to
be high and positive. For example, when we compute Coug(relative equity
returns;, Q1),/V arg(relative equity returns;) in the model of section 2.3.2, for
n=1.2and x =4, it is 0.0855 and for n = 1.5 and = = 4, it is —0.0450.%*

22Tn our set-up with nominal and endowment shocks, bond holdings will be completely

domestic, while equity holdings will be given by % [1 + _p+4572pa(zi);)p;(12)a_1)2} . Notice that

equity holdings are fully diversified if a = 0.5 or p = 1.
23Gee Coeurdacier et al (2007) and citations therein.
24Benigno and Nistico (2012) argue that focusing on this static correlation between real
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3 Dynamic Model with Production

3.1 Setup

In this section we present a fully dynamic infinite-horizon model with produc-
tion so that we can undertake a realistic quantitative exercise. We consider two
symmetric production economies, each populated by a representative agent.
Each country specializes in the production of one tradable final good. Within
each country, the agent consumes a domestically produced good and an im-
ported good. Both of the tradable goods are produced in differentiated brands
by a continuum of monopolistically competitive firms of measure 1. A brand
of a given good is an imperfect substitute for all other brands of that good.
Firms use only labor, that is supplied competitively and is immobile between
countries, in their production process. For simplicity, there are no intermediate
and non-tradable goods in the model. Furthermore, prices are fully flexible.
In each country, there is also a government that supplies one period non
state-contingent nominal bonds and taxes the labor income of the representa-
tive agent and profits of the firm. The government conducts monetary policy
using a interest rate rule and fiscal policy using a rule for taxes. Agents in
each country can trade claims to aggregate profits of the firms and hold domes-
tic and foreign bonds with returns denominated in the respective currencies.
Since there are three sources of aggregate uncertainty in the model: produc-
tivity shocks, monetary shocks, and government spending shocks, and asset
trade is limited to only equities and nominal bonds, markets are incomplete

and therefore, risk-sharing of the country-specific shocks is imperfect.

3.1.1 Consumer

A representative agent at home maximizes the expected present discounted

value of utility

%) 1—0o 1+v
) ()
Et;B T AT, | 0<B<Lo>0,v>0,4>0 (21)

where C[? is the composite domestic consumption good and LF is domestic

labor supply. The agent is subject to the period budget constraint

exchange rates and equity returns could be misleading in a dynamic context.
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where B Bﬁ Ji, EH" and Eﬁ ’; are holdings of domestic nominal bonds,
foreign nominal bonds, claims to aggregate after-tax profits of domestic firms,
and claims to aggregate after-tax profits of foreign firms purchased in period
t — 1 to be brought into period ¢.?°
Moreover, PH is the aggregate domestic price level, Pl is the aggregate
foreign price level, Q; is the real exchange rate, ¢! is the (real) price of one
unit of claim to domestic profits, ¢/ is the (real) price of one unit of claim to
foreign endowment, IT7 is after-tax aggregate real profits of domestic firms,
17 is after-tax aggregate real profits of foreign firms, RZ, is the nominal
interest rate on domestic bonds accruing to bond holdings in period ¢ (but
known in period ¢t — 1), RY | is the nominal interest rate on foreign bonds
accruing to bond holdings in period ¢ (but known in period ¢ — 1), 7L is the
rate of labor income tax, and w/? is the real wage at home. For future purposes,
define real wealth of the home agent W/ as

B BtHh Hf

Wi =+ e Qg B+ af BVQ
t t

The composite consumption good C}! is a CES aggregate of domestic C/"
and foreign C’tH ! final goods as defined in section 2.3. The home consumption
good CH" is produced in differentiated brands c//* by a continuum of monop-
olistically competitive home firms indexed j and of measure 1, and is defined

as

1 L —1
cih = { / cf’h(jﬁdj} 0>1 (23)
0

where the elasticity of substitution among the brands is given by . Similarly,

the foreign consumption good C’tH UBT produced in differentiated brands cf !

25We follow Devereux and Sutherland (2006), Engel and Matsumoto (2009), and Benigno
and Nistico (2012), among others, in modelling equities this way: as claims on profits of
monopolistically competitive firms.
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by a continuum of monopolistically competitive foreign firms indexed f and

of measure 1, and is defined as

[

[ 1 ORI (24)

where the elasticity of substitution among the brands is given by 6.

As is well known, expenditure minimization by the agent will imply a
utility-based aggregate price index at home, P/ exactly as in section 2.3.
Expenditure minimization will also imply the follovving1 domestic price level of
the home consumption good PH" = [fol pf{h(j)l_edj} 7 where pHt(j) is the
domestic price level of brand j of the domestic good, and the following dom(las-
tic price level of the foreign consumption good P/ = [ 01 pl(H-odf m,
where pf f (f) is the domestic price level of brand f of the foreign good.

Similarly, given the definition of the consumption goods and the price lev-

els, manipulation of the demand curves at the brand level gives

et (j) _ <pﬁh<j>)‘9 ") _ (pf%)_@. (25)

Ch P CtH f PtH f

The law of one price holds among the tradable brands and hence we have

P (G) =S p"G) P () =S pi(f) (26)

where pf™(j) and pf?(f) are the foreign price level of price of the brand j of
the domestic good and brand f of the foreign good.

Given the definition of the consumption indices and the price indices result-
ing from expenditure minimization, the optimization problem of the consumer,
that is maximizing eqn.(21) with respect to CJ7, BFr B! gl Bl and

LI subject to eqn.(22), results in

1 _ Et 6 PtHRf / BPtFRtFQt-‘rl (27)
(CH)” |(CHL)” P (CH,)" PELQ: |
1 _5 (QEH + HI{L) B (%{11 + H£1) Qi1
_ - E _ — B _ 28
e = ey TCEY e (28)
AL = (CH 7 (1 —rHuw/. (29)

22



Eqns.(27)-(28) are the familiar euler equations with respect to the four assets
that are available while eqn.(29) determines labor supply decisions of the agent
by equating the marginal rate of substitution between leisure and consumption
with after tax real wage. The budget constraint and the optimization problem
of the foreign representative agent is entirely analogous and is not presented

here to conserve space.

3.1.2 Firms

Each brand j of the domestic good is produced by a single home firm j using

the following linear production function

i () = AT () (30)

where y(j) is the domestic output of brand j, AX is the country-specific
productivity shock that follows an exogenous process, and [ () is the labor
demand by firm j. Firms hire labor in a competitive market taking the wage
as given and the labor used is homogenous across all firms j. The firms are
identical except for the fact that they produce differentiated brands for the
same good. The process for productivity is given by log A = p, log AZ | +e,,.

Firm j maximizes real profits, that is revenue less labor costs, given by
Hh( .\ 2 H(
P () v () :
% —wi'l{(5) (31)
subject to eqn.(30) and eqn.(25), leading to the familiar pricing equation

0 wh
Hh( H [ Wi
=—P" | = 32
W) = e () (32)
where monopolistically competitive firms charge a price that is a mark-up
times the nominal marginal cost.

The aggregate after tax real profits of the firms in the domestic economy

can be written as

H Wi o Yi
" = (1= 77)(F, _A_ffpt >P_tH (33)
and the optimization decision of the individual domestic firms gives
pHh 0 wH
t wt (34)

PF ~ 9—1AF
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The optimization problem of the foreign firms is entirely analogous and is not

presented here to conserve space.

3.1.3 Government

The home government faces the following period budget constraint

H
B—tg BB e - PH)Y—H yombil gl f
(35)

where B is total nominal debt issued by the home government in period ¢ and
G and GtH f respectively are the home government’s spending on domestic
and foreign good.?® The ratio of labor tax revenue vs. profit tax revenue is

for simplicity, constant

YH

riwf Ly =y |77 (P - P

PH) (36)

AH
where y is a parameter of our model.

We assume here that government spending over the differentiated brands of
the domestic and foreign goods is defined in the same way as for the consumer

with the same elasticity of substitution over the brands. That is,

%) %)

! o1 ! 0-1 o-1
cir = | [ Ta| = [ Ta] e

The ratio of government spending over domestic vs. foreign good is for sim-
plicity, constant
Gih =GP (38)

where z is a parameter of our model. Government spending follows an exoge-

nous process

H Fh Pch Ff PFf Hh
Gt = Gt <m) G PF = Pa thl + €g,t- (39)

26Notice we have no lump-sum taxes and allow the government to tax both the labor
income of the home agent and the profits of home firms so that the model can be taken to
the data realistically.
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In this paper, we do not consider explicit optimal government policy and
use simple rules as descriptions of government policy. The government con-

ducts monetary policy using a interest rate rule given by

R =, (P/PLy)" exp(er)) (40)

where the interest rate shock follows the exogenous process log eft = pplog eft_l
+ e, and fiscal policy using a rule for total tax revenue responding to real
value of debt

HrH Hh H YH BH
Ttth +Tt(P —FP) (b()( ) . (41)

Again, the foreign government’s description is completely analogous and sym-

metric.2”

3.1.4 Market Clearing

Market clearing for goods implies

(J)+th(J)+gfh(j)+gfh(j) = AMI() (42)
(f) ) +a ) +a () = ARIFG).

Similarly, market clearing for assets implies

Eih L gt =1 EfT L EfT =1 (43)
Bt 4 pFh — gl BIT 4 BFf — BF

and total labor demand by firms equaling labor supply implies

/0 17(j)dj = L. (44)

2THere we assume that taxes react to current levels of real debt. This is just for exposi-
tional convenience and does not affect our results. We also experimented with alternate tax
rules where current taxes depend on different weighted sums of lagged levels of government
debt, thereby keeping the government solvent without fiscal policy determining the price
level. Quantitative results were very similar. In addition, in the special case where all taxes
are lump-sum, a numerical exercise showed that all that matters for portfolio allocation is
how the present value of life-time taxes adjusts to innovations in the real value of debt.
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3.1.5 Competitive Equilibrium

An equilibrium is a set of quantities, ¢"(j), ¢'7(j), (), ¢1(j), 17(j),
FG). B P i B B EF, EFY BE, BE BE. b, 77 prices,
PG, pitG), it G) e G), Qu Sk odffs of, wi, wf, RI, RE, and
exogenous processes A (), AF(j), GF, GF, €,4, €., for allt > 0, that satisfy
eqns.(22)-(44).

3.2 Quantitative Analysis

Here we conduct a quantitative analysis of our production model to investigate
whether the asset holdings that our model predicts match the ones observed
in the data. We solve the model using approximation methods around a non-
stochastic symmetric steady state. The approximated equations are provided
in the appendix. Since markets are incomplete, we compute steady state asset

holdings using the same methodology detailed in the appendix for section 2.3.2.

3.2.1 Calibration

Next, we describe in detail how we calibrate the various parameters in our
model.

Preference parameters: We set 3, the discount rate, as 0.99, so that the
quarterly real interest rate is 4%, and using the estimated value of o, the risk
aversion parameter, in Smets and Wouters (2008), set it to 1.5. We choose
v, the inverse of the Frisch elasticity of labor supply, to be 4. In accordance
with many papers in international macroeconomics, such as Chari et al (2002),
we pick a, the parameter governing home bias in consumption, as 0.76. There
is no empirical consensus in the literature on the value of 7, the elasticity of
substitution between domestic and foreign goods, so we consider a range of
values from 0.95 — 4. This range encompasses values used in the literature
such as Coeurdacier et al (2007) and Chari et al (2002). We set 6 as 11, which
implies a before-tax profit share in the economy of 9%. This value is in the
ballpark of the literature.?®

Policy parameters: For the parameters governing monetary and tax policy
rules, v and ¢, respectively, to ensure the existence and uniqueness of the

price level, a sufficient condition is 7, ¢ > 1 (in which case monetary policy

2Rotemberg and Woodford (1997) estimate profit share to be 15% while Giannoni and
Woodford (2003) estimate it to be 4%.

26



will be "active" and fiscal policy "passive").? We pick 7, ¢ = 1.5 in the
baseline calibration.?® Our results are robust to the particular values that we
pick for these parameters, as long as an unique equilibrium exists. We set
y to be 4, which implies that 80% of total tax revenue is through labor taxes
and 20% through profit taxes. We choose B as 1.26, which implies a steady
state debt-to-GDP ratio of 126%. Our results are also robust to the exact
number that we pick for these parameters and we view these calibrations as a
plausible benchmark for advanced economies. The parameter z, which governs
the portion of government spending that falls on domestic goods vs. foreign
goods, is important for our analysis. We could use Corsetti and Muller (2006)
to calibrate this parameter. Their estimate would suggest a value of x around
9 for advanced economies. Here, we take a more conservative approach and
use a wide range of values of x, from 1.5 to 9, to check the robustness of our
results. We then discuss the range of values for x that is needed to generate
home bias in equities that is observed in the data.

Exogenous processes: To estimate these parameters, we use quarterly US
data from 1972:1 - 2008:4 and impose symmetry for the two countries. Using
the production function, we can measure the aggregate productivity shocks
exactly as log(AY) = log(Y;") — log(L?), i = H, F. Using real GDP and total
non-farm hours, we estimate p, = 0.98 and ¢% = 0.0036%. Since we set
v = 1.5, we then use eqn.(40) to measure nominal shocks. Using the Fed funds
rate and CPI inflation, we estimate pp = 0.45 and 0% = 0.0083%. Finally, for
government expenditure shocks, we use real Federal consumption expenditure
and estimate p; = 0.966 and o2 = 0.0077%. We assume that these exogenous
processes are uncorrelated across the two countries. These parameters are
important for our analysis since they define the risk that portfolio decisions
respond to. For this reason, we conduct several robustness checks on the
calibration of these parameters, as detailed in the robustness section below.

None of the alternate calibrations change the quantitative conclusions of the

paper.

29 An "active" monetary policy regime is one where interest rates respond strongly enough
to inflation while a "passive" fiscal regime is one where tax revenues respond strongly enough
to real debt. Also note that the bound on the fiscal policy rule to make it "passive" can
depend on whether one allows a response of tax revenues to real debt or the maturity value
of real debt.

30We do not attempt to calibrate these parameters because of the extremely simple policy
rules that we use. We simply pick symmetric values for the feedback parameters on the policy
rules.
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3.2.2 Results

Table 4 reports the steady state asset holdings of our model using the pa-
rameter values listed in table 3. The results of our calibrated model, with
consistently higher than 70% of asset holdings in domestic assets, match quan-
titatively the empirical findings for a wide range of parameter values for the
elasticity of substitution and the relative proportion of government spending
falling on domestic goods vs. foreign goods.?! Given the difficulty in the lit-
erature in generating empirically valid portfolio bias for reasonable parameter
values, we view these results as a contribution of our paper.3?

The intuition for home bond bias is the same as in section 2. In the
model, for bonds with nominal returns known one period in advance, the risk
that agents face is in the form of realized real returns next period. When a
positive interest rate shock hits, then the agents will realize lower real return on
domestic bonds.?® With lower realized real returns however, the expected value
of future taxes on domestic agents will be lower through the intertemporal
government budget constraint. Therefore, real return on domestic bonds and
taxes co-move positively in our model and since the government taxes only
domestic agents, agents hold predominantly domestic bonds to achieve optimal
risk-sharing. The reason why there is some holdings of foreign bonds is because
now monetary shocks at home have spillovers on foreign price level and relative
price levels under incomplete markets, like in section 2.3.2.

In this model, there are two reasons for home equity bias. First, a positive
domestic government spending shock that falls relatively more on domestic
goods will increase the relative price of the domestic good and imply an im-
provement in the terms of trade for the domestic economy. This means that
the relative return of claims on the domestic good is higher compared to the
claims on the foreign good. Since government spending has increased, in order
to fulfill the intertemporal government budget constraint, domestic taxes have
to increase. Therefore, in order to hedge against this risk, agents will want to

hold an asset that offers a relatively higher return. With government spending

31 Notice that the portfolio holdings are sometimes non-monotonic functions of the pa-
rameters. As we have shown with analytical solutions in our simple model, this is to be
expected, especially under incomplete markets.

32While the focus of our paper is on the prediction of the model on portfolio holdings, the
model produces reasonable values for some standard open economy moments. We provide
these results in the appendix.

33In other words, expected inflation increases.

28



falling relatively more on domestic goods, domestic equity is precisely such an
asset. So, just the presence of government spending shocks that fall asym-
metrically on domestic vs. foreign goods is sufficient to generate home bias in
equity, just like in the model in section 2.3.

Second, in this production model, the presence of profit taxes create an
additional hedging motive to hold domestic equity independently of the dis-
tribution of government spending on domestic vs. foreign goods. When a
government spending shock hits, regardless of how it falls relatively on domes-
tic goods vs. foreign goods, it leads to higher taxes, both on profits and labor.
With part of those taxes falling on profits of domestic firms, this implies that
returns on domestic equity will be lower. On the other hand, as is standard
in this kind of models, higher government spending which leads to negative
wealth effects due to higher taxes, leads to greater labor income as agents work
more. While taxes on labor income increase as well, with our calibration, the
negative wealth effect channel dominates and labor income net of taxes are
higher.* Thus, labor income and equity income will be negatively correlated
if agents hold more of an asset with lower returns. Domestic equity is precisely
such an asset. This is why here the value of x at which there is significant bias
in equity holdings is lower than {*-.

To clearly see the crucial role played by government expenditure shocks in
our results for equity holdings, we report the asset holdings for the model with
the same calibration for the other shocks, but after shutting down government
expenditure shocks. The home equity bias result disappears, unless n < 1, as

shown in table 5.

3.2.3 Alternative Calibrations

The results above are robust to various alternative calibrations of the parame-
ters governing the shocks. First, we experiment with the estimated values for
the shocks in Justiniano et al (2008). Second, we allow for decreasing returns
on labour, which affects the estimation of the productivity shocks, and also
some of the model equations. Third, we also allow for v = 2, 2.5, and 3,
which affects the estimation of the nominal shocks. Fourth, we re-calibrate
the shocks in different time periods (i) 1954:1 - 2008:4, (ii)1979:1 - 2008:4, and

34 Numerically, we find that this holds unless 6, which determines steady-state profits, is
very low.
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(iii) 1972:1 - 2000:4. None of these alternative calibrations change significantly

the quantitative conclusions of the paper.?®

3.3 Model Extensions

We now extend the model by introducing two features: (i) longer average
maturity of government debt and (ii) capital as an input in production. We
do this to address two potential concerns on the model of section 3.1. By
assuming only one-period bonds, we could be over-emphasizing the role of
price level in the returns on government debt since all surprise in returns would
come form unforeseen movements in the price level. Moreover, by assuming
no capital, we would be disregarding the role of revaluation of capital wealth
on portfolio choice. Our results below show that these extensions do not affect
our quantitative conclusions on home asset bias. We provide the new elements

of the model below while presenting the full derivations in the appendix.

3.3.1 Setup

First, rather than considering only one-period debt, we follow Woodford (2001)
and allow for the existence of a general portfolio of government debt BtH ™ that
has price ZtH ™ 36 Households engage on trade of this general government debt
instrument. In particular, this instrument’s payment structure is p? ~¢+1) for T >
t and 0 < p < 1. Thus, the value of this portfolio of bond issued in period ¢ in

t + j is given by Zﬁr’;n_j = p Zﬁjm We interpret this general instrument as a
portfolio of infinitely many bonds, whose weights are given by p’~(**1) . Thus,

p determines the average maturity of government debt: when p = 0, all debt
is of one-period maturity.®”

Second, we allow for capital as an input in production. We however, do not
allow for capital accumulation because in an important contribution, Heath-
cote and Perri (2008) show that home equity bias can emerge in a two-country
two-good model with investment and technology shocks. Our mechanism is
independent and complementary to theirs and therefore, in order to highlight

the quantitative significance of our proposed explanation in isolation, we do

35 All the details on the calibrated parameters and the asset holding results are available
on request from the authors.

36Here we use the index m to denote the fact that this bond has a certain duration in
period t.

37The average maturity of the portfolio is given by (1 — 8p)~1L.
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not present a model with investment. In this set-up, the constant returns to

scale production function now takes the form

. N O A 1—a
v () = A7 (17 ()" (B ())
where k(j) is capital used in production by firm j and « is the share of

labor. A new condition now governs the optimal choice of inputs by firms and

is given by

wlli'(j) _

TG

where 71! is the rental rate of capital. The optimal pricing decision is given by

") :LPJ’(M) (r )

9_1A_§ (1—04)1_a04a

Moreover, the supply of capital is fixed in the aggregate fol kH(j)dj = KH.
Finally, to keep the structure of the model close to the baseline case, we do
not allow for trade in claims to capital and therefore, equity holdings are still
defined as claims to aggregate after-tax profits of firms. The domestic agent
thus simply owns the capital stock K and rents it out to domestic firms at

the rate r” in a competitive market. The consumer budget constraint is then

given by
BHh,m BHf,m
Hm Fm H
Cl 2" =+ 2" =5 Qutal B +af B Q= (1=rf)uy L+ K+
t ¢

(1+pzm) B (14 p287) BE Q)
PtH + PtF

(g + ) B (oF +1IF) QB[

and the home consumer’s Euler equations from choices over bond holdings now
take the form

1 5 BPH (1 + szﬂn) 3 PF <1 + P%ﬁ?) Qi1
TA~HNe L I m | — Tt T m
ey (ct)” Pz (CH)" PELZ™Q

31



The period home government budget constraint in this set-up is then given by

H, H, Hh Hf
H,th " _ Bt—;n P +GHfPt

t PH
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t PtH PtH +p t + t PtH
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3.3.2 Results

We need to calibrate some additional parameters in this extended model. We
calibrate the steady-state capital to output ratio to be 10 (consistent with a
quarterly model). Next, we try values of o ranging from % and 1 and of p from
0 to 1. For the rest of the parameters, we use the values in table 3.

Fig. 2 shows that our results on home asset bias are robust to this model
extension for a wide range of values for a and p.3® For all the parameter values,
domestic bond positions are always above 53% and below 147% while domestic
equity positions are between 78% and 92%. Finally, note that when p = 0 and
a = 1, the portfolio positions replicate our results in section 3.2. Our preferred
calibration is one where o = 0.7 and p is set such that the median maturity
of government debt is equal to 3 years, as it was in February 2012. In this
case, the model display strong bias towards both domestic bonds (146%) and
domestic equity (89%). Moreover, in the appendix, we show that when we
shut down the government expenditure shock for this set of parameter values,
the home bias for equity disappears and in fact, optimal portfolio allocation

implies a strong position in foreign equity.

4 Empirical Evidence

In this section, we discuss in detail existing empirical evidence and our own
empirical exercises, beyond the quantitative exercise above, that additionally

validate the key mechanisms of our paper.

4.1 Home Bond Bias

We first discuss the empirical evidence in support of the mechanism that leads

to home bond bias in our paper. Note that in our model the government

38For this set of results we used x = 4 and n = 2. Our results are robust to these values.
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satisfies an intertemporal budget constraint. In an important paper, Bohn
(1998) shows evidence consistent with this for the U.S. by estimating a positive
response of primary surplus to changes in debt. Still, the evidence that is
directly relevant for our result is a positive correlation between real returns
on government bonds and the net present value of expected future primary
surpluses.®® To investigate this in the data, we follow the seminal approach
of Gourinchas and Rey (2007). Following their strategy, we decompose the
evolution of the government debt to primary surpluses and debt returns. Then,
we verify if the present value of discounted primary surplus comoves with
realized returns on government debt, and in particular, with inflation.

Generally, the law of motion of the government debt is given by
by =bia(L+rq—m —g¢) +dy

where b; is government debt over GDP, r;_; is the average interest rate paid, m,
is inflation, ¢; is GDP growth rate, and d; is primary deficit over GDP. We

allow for trends in debt and deficits and approximate the budget constraint as

by = % (Bt_l + ft> +d, (45)

following the standard practice of approximating variables and assuming that

the budget constraint holds along the trend.?” In particular, note that 7, = #,_;—

~

7ty — ;- Iterating on eqn.(45) forward and taking expectations, we have

b =—FEr1 Y (0) Firs — pEa Y (p) duys. (46)
s=0 s=0

After calibrating p, we can use data on bi1, P, T, J:, and dt, together
with eqn.(46) to decompose the evolution of the government debt to primary

surpluses and debt returns using a VAR methodology.*! We describe the

39Notice that in the simple two period model in section 2, one needs a contempora-
neous correlation between primary surplus and real returns on debt. In a more general
intertemporal model, such as the one in section 3, what is essential for our results is not the
contemporaneous correlation, but rather a positve correlation between realized real bond

returns and the net present value of expected future primary surpluses.
“0Here, let 2°° be the steady state value of variable z, d the trend growth of debt such
bs

that ﬁ =d,and p=1+r* — 7% — ¢%%. Also let

re_1—r°° - Ty —758 _
1+Tssfﬂ—ssfgss — "t—-1, 1+Tssfﬂ—ssfgss -
~ g —g°* N T dy—df)? 7 be—byt
Tt 14rss—mss—gss gt, dt - bfst ’ and bt - bgst
—_p }

. Finally, let 7, = 7,1 — 7 — g and

d
41We calibrate p = 0.99, take out a linear trend from the relevant data, and use 1 lag
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details in the appendix. Note here that we need a VAR exercise to compute
the expected future values of the variables on the right hand side of eqn.(46). In
order to perform the exercise, we use the data constructed by Hall and Sargent
(2011) on effective returns of holding U.S. government debt, that accounts for
revaluation of debt in addition to interest paid. That is, the Hall and Sargent
(2011) dataset contains the required information on 7, = 7,_; — 71y — g, and by
properly measuring revaluation effects, allows us to investigate the correlation
between primary surpluses and realized effective returns.

After the decomposition, we then conduct direct tests of our mechanism.
(e.)

First, is there a positive correlation between 7, and — pFE;_4 Z (p)° cZHS in

s=0
the data? We find the correlation to be 40.4%. Second, we investigate

whether there is direct evidence for a positive correlation between 7; and
o)

pE;_1 Z (p)° cit+s, which is in fact the central mechanism behind our paper.

s=0
Indeed, we find that the correlation is 26.2%.%2

It is also worth noting that since our model posits that government debt
provides a hedge against nominal risk, a prediction is that the formation of a
monetary union should lower home debt bias. The evidence from the Euro-
pean Union is in support of this prediction: Schoenmaker and Bosch (2008)
and De Santis and Gerard (2009) show that the introduction of the Euro has
decreased the bond bias in Europe and that this decline is strongest for EMU
countries. We also want to emphasize that our paper focuses only on explain-
ing the evidence on the overwhelming share of domestic nominal bonds on total
nominal bond holdings of private agents. Thus, it is silent on other interesting
topics on global imbalances and reserve accumulation or its composition. In
particular, the recent accumulation of international reserves by central banks
of developing countries that led to a considerable fraction of US government
bonds being held by foreigners is not the focus nor is it directly relevant for

the mechanism studied in this paper.*> The central piece of evidence that is

in the VAR. Our results are robust to alternate calibration of p, de-trending the data at a
different frequency, and using 2 instead of 1 lag.
“2Note here that since 7, = #_, — 7y — gy, our results show that the correlation

oo
between 7; and /’)Et,lz(ﬁ)s JHS is being driven by the correlation between 7; and
s=0

o0 o0
/_)Et,1 Z (ﬁ)s dt+5, and not 'Iztfl and pEt,1 Z ([_))S dt+s~
s=0 s=0
43For example, one might wonder if our model mechanisms can be consistent with the
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explained by the mechanism proposed in this paper is that private agents are
biased towards holding primarily domestic nominal government bonds.**

So far, we have not discussed default risk and how that might potentially
affect our results. It is clear that simply allowing for default risk has exactly the
same implications for bond portfolio choice as our current set-up. If a country’s
government defaults on its debt, then while the return on debt goes down, so
does the tax burden on its citizens due to the intertemporal budget constraint.
Thus, again, holding primarily domestic bonds constitutes an optimal portfolio
decision. How about if the government can practice discriminatory default,
thereby punishing foreign creditors in an asymmetric fashion? While this is a
theoretical possibility, the empirical evidence for this case, as argued by Broner
and Ventura (2011) and Gennaioli, Martin, and Rossi (2011), is rather weak,

especially in recent times.

4.2 Home Equity Bias

Now, we discuss the empirical evidence in support of our mechanism for equity
bias. The most direct and relevant test of our model mechanism however is
whether there is a positive correlation between government spending shocks
and equity returns. Belo at al (2010) provide evidence that sectors that are
more exposed to government spending have higher equity returns under De-
mocratic presidential tenure.*> They thus provide an explanation for the pres-

idential pricing puzzle documented by Santa-Clara and Valkanov (2003) who

large negative foreign asset position of the United States with the rest of the world and
the fact that U.S. private investors hold around 40% of the stock of U.S. government debt.
It is true that our model currently cannot match such an empirical finding since we focus
on symmetric countries to highlight our mechanism and thus, do not model one country
dissaving substantially. At the same time however, we want to emphasize that in a model
of asymmetric countries, both a negative foreign asset position and home bond bias in the
precise sense we define in the paper can be reconciled with our mechanism at work.

441 ike all papers that assume PPP, we are also subject to the critique that in the data,
nominal exchange rate is much more volatile than relative inflation rates. We cannot resolve
the PPP puzzle in this paper. We do want to note however that in estimated DSGE
models, the shock that drives most of the variation in nominal exchange rates is a random
shock to the PPP equation. This shock at the same time is not very relevant for other
macroeconomic variables. See for example, Lubik and Schorfheide (2005). In such a case, if
agents use forward contracts on nominal exchange rates to hedge against movements induced
by this shock, then nominal bonds will continue to have a role to hedge against price level
movements. The mechanism of our paper would then still be relevant in generating bias in
nominal government bonds.

4>They use the Benchmark Input-Output Accounts released by the BEA to construct a
measure of industry’s exposure to government spending.
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had shown that excess returns in the stock market is higher under Democratic
compared to Republican presidencies. Belo et al (2010) show that the key
mechanism for their results is due to the positive effect of government spend-
ing on future profitability of firms. Moreover, as independent validation, Belo
et al (2010) also show that the difference in stock price performance of firms
with different government exposure is positively correlated with the measure
of government spending shocks identified by Ramey (2009).

As an additional test, we also use the identification mechanism of Blanchard
and Perotti (2002) in quarterly U.S. data from to 1947-2009 to construct a
series of government expenditure shocks.*® We correlate this series of shocks
with the series of S&P 500 quarterly returns. These correlations are between
5% and 10%, depending on the number of lags used in the the VAR and on the
assumptions on the elasticity of total tax to output. We thus conclude that
there indeed is evidence for our mechanism of generating home equity bias in
the U.S. data.

In addition, a general result of our paper is that to generate equity home
bias, a sufficient condition is for the government’s consumption to be roughly
more biased than the consumer’s towards domestic goods. What is the empiri-
cal support for this requirement? Corsetti and Muller (2006) provide the most
direct evidence where they show that for many OECD countries, government
spending has the lowest import content when compared to private consump-
tion and investment. For example, for the U.S. they find that the import
content is 5.8% in government spending, 11.6% in private consumption, and
15.8% in investment. Moreover, in our model, government spending shocks
improve the terms of trade. There is empirical support for this model feature:
for example, Monacelli and Perotti (2008), Muller (2008), and Corsetti and
Muller (2006) find that for the U.S., the terms of trade appreciates in response

to a government spending shock.*”

46Tn the VAR specification, the data series comprises federal government consumption, a
tax aggregate as defined in Blanchard and Perotti (2002), and GDP.

4TThere is some evidence, such as in Monacelli and Perrotti (2006), that a government
spending shock depreciates the real exchange rate. They do not directly identify the effect
on the terms of trade, however. With preference bias in consumption, our model would
predict the real exchange rate appreciating in response to a government spending shock.
Even then, Beetsma et al. (2008), Froot and Rogoff (1991), and Frankel and Razin (1992)
find that government spending appreciates the real exchange rate.
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5 Conclusion

In this paper, in a standard frictionless international macroeconomic model
with trade in equity and a government that issues nominal bonds, we showed
that equilibrium portfolios are biased towards domestic equity and debt. In
the model, holding domestic nominal debt offers insurance against shocks to
bond returns and the resulting movement in taxes, while holding domestic
equity offers optimal hedging against government expenditure shocks that fall
relatively more on domestic goods.

For there to be domestic bias in nominal bonds, only two features of the
model are essential. First, there has to be some uncertainty in the government
bond returns. Second, the government has to tax relatively more domestic
agents than foreign agents. The result is robust to a wide range of preference
parameter values and a variety of extensions such as incomplete markets, infi-
nite horizon, production economy, and distortionary taxation. We also showed
that in a variety of settings, complete or incomplete markets, log utility or gen-
eral CRRA utility, home consumption bias or not, a sufficient condition for
home bias in equity is that government spending is more biased towards do-
mestic goods as compared to the consumer. Importantly, we generate home
equity bias without depending on the value of 7, the elasticity of substitution
between domestic and foreign goods.

Empirically, we provided two sources of evidence for our model mechanisms.
First, we showed that a calibrated dynamic production economy version of the
model generates asset holdings that quantitatively matches empirical findings.
Second, outside of our quantitative model, using a wide range of tools and
the findings of the existing literature, we also showed evidence in the data

consistent with the key mechanisms that drive our results.
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6 Tables and Graphs

Country World mkt. share Dom. stock share Home bias
log(column 3/column 2)
AUS 1.2 71.7 4.09
CAN 2.4 84 3.95
FRA 4.3 79.8 2.92
GER 4 61.3 2.72
ITA 2.2 67.3 3.42
JPN 11.3 89.5 2.06
NLD 2 43.6 3.03
ESP 1.4 86 4.11
CHE 2.2 45.6 3.03
GBR 8.1 7 2.25
USA 47.8 88.7 0.62

Table 1: Domestic equity bias. Source: Coeurdacier et al (2007). ®

48World mkt share measures the share of domestic stocks in countries portfolios in 2001
for the biggest market capitalization (CPIS data). Dom. stock share measures the share
of domestic stocks in a representative sample of mutual funds, averaged over the period
1999-2000 (Chan et al. (2005)).
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Equity Holdings

n = 0.95 n=12 n=15 n=2

a=05 mnoG,  50% 50% 50% 50%
r=2% 0 192% 223% 230% 200%
a=06 mnoG,  104% 31% 43% 46%
r=2% 147T% 169% 185% 192%
a=0.7 noG, 120% —8% 32% 42%
r=22 0 127% 140% 154% 171%
a=08 mnoG,  116% —1200% 0% 31%
r=7 114% 122% 131% 144%

Table 2: Equity allocations without govt. exp. shocks vs. equity allocations
with govt. exp. shocks and = = 127“(1, for different levels of consumption bias

and elasticity of substitution.

44



Parameters  Values Parameters  Values

B 0.99 Y 4

o 1.5 B 1.26

v 4 Pa 0.98

a 0.76 Py 0.966
n 0.95 — 4 PR 0.45

9 11 o2 0.0036%
¥ 1.5 03 0.0077%
) 1.5 ok 0.0083%
T 1.5-9

Table 3: Parameter values used in the quantitative analysis of the model.

Domestic Holdings
r=1.5 T =2 r=4 T =38 r=9

n=0.95 Bonds 88% 93% 98% 104%  105%
Equity  80% 83% 86% 91% 91%

n=12 Bonds 108% 108%  112%  118%  119%
Equity  81% 81% 84% 86% 87%

n=15 Bonds 110% 110% 113% 115% 115%
Equity  79% 9%  81%  83%  83%

n=2 Bonds 105% 105% 105% 103% 103%

Equity 7% % 78% 80% 80%
n=4 Bonds 84% 81% 78% 78% 75%
Equity  74% 74% 74% 74% 75%

Table 4: Domestic asset holdings - quantitative model
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Domestic Holdings: No Government Expenditure Shocks

Equity
n=0.95 118%
n=12 —100%
n=15 20%

Table 5: Domestic asset holdings - no govt expenditure shocks

7 T T
—etha=0.95
—etha=1.2
etha=1.5
etha=2
—above thisline=HOME BIAS

Equity Holdings

| | | | | | | |
-1 0 1 2 3 4 5 6 7 8
Share of Domestic Government Purchases

Fig 1: Equity holdings as a function of  under general preferences and

complete markets
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1 Appendix

1.1 Extensions of the two-period model

Here we describe the log-linearized version of the model where all the shocks are present. We log-
linearize around the symmetric non-stochastic values of the variables in period 1.! We present the
equations for the domestic agent only and the foreign agent’s equations are analogous.

The domestic agent’s optimality conditions for the two goods are:

GUIT Gl < (BI B O G = ({7 — P 0
The definition of the consumption indices log-linearized gives
CH =aClh + (1 —a)CFT CF = oCFT + (1 —a)CF (2)

and the corresponding welfare based price indices are

P = aP™" + (1 —a)PFT  PI =aP[T +(1—a)P" (3)

Next, the law of one price log-linearized gives

Pthzgl-f—Pth ]51Hf=»§1+P1Ff. (4)

Because we allow for consumption home bias and shocks lead to movements in relative prices, shocks
will also affect the real exchange rate in our model. The real exchange rate follows

Qi = (20— 1)(P'T - P'"). (5)

The goods market clearing relations are given by

aCfh + (1 —a)CFM v Gih G =Y ol + (1 -a)CY + 6+ G =Y. (6)
Finally, in the case where markets are complete, we have

o(Cff =) =Qu. (7)
Let’s derive the log-linear budget constraint. By the symmetry in the two countries and market
clearing, we know that Ef" = E(ff = 0 and E(?f = Ef™ =1 — 0. We denote this holding by 6
to simplify notation and to make clear that it does not depend on the realization of the shocks in
t = 1. Analogously, using the bond holdings’ market clearing and assuming symmetry between the
two governments’ debt, i.e. Bff = B}’ we have that B{" = Béwf =z and Béif =B{" =B -z,
where z and B = B = BL" are simplified notation. These relations simplify the consumer budget
constraint as

Cffvritl = ()P - P Y ) — (0 -1)(P" — P!+ YI) ~ R{' 2P = R (B—2)(P{ — Q1)- (8)

The government budget constraint is, up to a first order approximation

1k for log- deviations of k and k for the value of the k in absence of shocks.



il =gl g — RUBP. (9)

1.1.1 Complete markets

Proposition 2: Upto a first-order, (i) in the presence of nominal and government expenditure
shocks, if (ii) the representative agent has CRRA utility, no preference bias in consumption, and
CES preferences over domestic and foreign goods, (iii) the government taxes only domestic agents,
and (iv) the government expenditure ratio between domestic goods and foreign goods is « , then
(a) the agent holds only the bonds of her government (b) z > 1 implies home equity bias.

Proof: Eqn.(8) becomes:

Cffrttt = (0P =PI+ Y —(0-1) (P — P+ Y") — R 2P — R (B—2) (P = Qu). (10)

Here, we derive the portfolio allocation with a general a and ¢ and in the end we relate to the specific
case of the proposition where a = 0.5. Using eqns.(9), (2), (6), and (7), we can write eqn.(10) as

20 —1 A -
GGl -G -Gl = <2(2—9—a)+ aa ) (Pth—Ple) (11)
+ Ro(B = 2) (P! = P') + Ro(B - 2)Q1. (12)

Then, using eqns.(1), (2), (6), and (7), we get

20—1 (1—a)n 1 . .
H F H
GHh_G! f+th—G1f:(2a—1)< g T e (Pth—Pl f). (13)

Eqns.(13) and (11) determine the stochastic process for Pf/h — PlH 7. Once we realize that
(PIH - 131F ) is an exogenous stochastic process independent of all the government expenditure

processes, the only way the two equations are consistent is when z = B. For the foreign agent, the
proof is the same. This shows that each agent holds only her own government’s bond.
From eqn.(13) and using z = B, we have

20=1]  sun -
G{ih_th_G{{f_fo:[2(2+9—a)(a )](Pth—Ple)

g

Using that GT" = fof and fo = 2G| we can re-write eqn.(13) as

(@ = DG =61 = o= 1) |20 L2y e (B - B )

and eqn.(11) as

2a

(2O = 6" = |22+ 0 - a) 4 (20 (B — B (15)

Since eqns.(14) and (15) must hold for all realization of shocks and 6§ cannot be contingent on the



shocks, we find that

(2a_1)[1+x<2a—1_4an(a—1))+1_1] (16)

rz—1 o 20— 1 o

DN =

1
0=_
5+

With @ = 0.5, 7 = 1 and o = 1, the equivalent of eqn.(16) is § = —1- + 1. With a = 0.5 and
general n and o, eqn.(16) is 6 = (% + 1), and it follows trivially that > 1 implies 6 > 0.5,

that is, home bias in equity. This gives us the proof.
1.1.2 Incomplete Markets

Because markets are incomplete, we follow Devereux and Sutherland (2006) in order to compute
equilibrium portfolios. This consists in satisfying a second order accurate approximation of the
household Euler equation, which in our case has the form:

(et -2) -0 a)

where Ti,l ,1=1,2 and 3, is the excess returns of all assets with respect to a reference asset, which
in our case is the returns on foreign equity. Formally, the definitions are

Ey

T L
P2 = —RUPH — v}l - pEI _ pH
# _ _RFPF 4 () — VF — PRI _ pH.

In other words, using the equilibrium conditions, we can write C’f{ - C’f — % = Z4(0,2)*¢} and
o1 =Zp(0,2) % (), where ¢ = [ Vi YF @iV gt PH PF ] andi,,=[ 7L #2 73 ].
Then the solution for 6 and z is given by the following system of equations
Ea(0,2)X5(0,2) =0 (18)

where ¥ = Ey [</1C1] Again here we consider ¥ = .

In the case where there is no consumption bias of the agent, that is ¢ = 0.5, it implies that Ql =
0. Using demand and market-clearing conditions as well as the budget and resource constraints, we
get

(—1+20)(1 ) v

—(—1+29)£1 1—12 Yﬁ“f

off —of = | 0ROl | G
(1+200-35);a50) Gy

2Ry(B — 2) P’

—2R(B — z) =
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while 7, = ( ;"5 ) is given by
T
}le
}/1F
1 1 1 1 1 1
A I it S e/
Te1 = _ 1 i _ ir 1 _ixfl —R 0 GFh
2n 2n 2n 14z 2n 1+ 0 AlH
Pl
Py

Then, using the methodology above (Eqn.(18)), we have a system of two equations and two
variables that gives the following allocations:

P i)
2 2(n—-12(1+2)2+2(1 —2)?
z=B.

Proposition 3: Upto a first-order, (i) in the presence of nominal, endowment, and government
expenditure shocks, if (ii) the representative agent has log-utility, preference bias in consumption
for domestic goods, and CES preferences over domestic and foreign goods, (iii) the government
taxes only domestic agents, and (iv) the government expenditure ratio between domestic goods and
foreign goods is x , then (a) there is home nominal bond bias (b) > % implies home equity bias.

Proof: The set of equations to be solved is given below. We can re-write the system as

-1 1 | cHn
e B S (| e
a 0 l—a 0 crh [
0 l-a 0 a ckt
?H
0 0 0 0 0 0 YF
0 —(0-1) —z—1 0 Ro(B—2) —Ro(B-2) GHI
1 0 -z -1 0 0 GFh
0 1 -1 =z 0 0 pH
pF

We can solve for the consumption levels in terms of the shocks. Using also that Qt = (2a —
1)(PHS — PHR) we can re-write excess returns as

YH
yF
(1 =100 0 0 GHI (! (CHM — CHT)
“\0 -1 0 0 —Ry 0 GFh a n '
PH
pF
We can use eqn.(18) for 0 and z, using 0 = 1. The resulting expressions for § and z, while closed-
form, are very cumbersome to put in text. We have shown using a symbolic package that z > %~



is the sufficient condition to generate home bias in equity.
We report in the figure below the numerical results on asset holdings as we vary z in this set-up
for 0 = 1.5 and different values of a and 7..
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. 3
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1.2 Calibrated dynamic production economy
1.2.1 First-order approximation

To solve the model, we use an approximation around a symmetric non-stochastic steady state where
the net foreign assets of the countries, wealth of the consumer less government debt, is equal to
zero. In addition, steady state aggregate consumption, aggregate price levels, and aggregate output
are equal to one while government spending is equal to zero. Next, we present the system of
log-linearized equations that are relevant for determining portfolio holdings.

Consumer The FOCs of the home agent log-linearized give

—oCH = B, [—aéﬁl +PH 4+ RE - Pﬁl} (19)

—oCH = E, [—aé{il +PF+RF — PR+ Qi1 — Qt} (20)
~oCft = By |-oCHL, + Bifly —af' + (1- AL, (21)
—oCl = E, [—Uéﬁ1 + B3 — @l + (1= By + Q1 — Qt] (22)



=L

while the FOCs of the foreign agent log-linearized and combined with FOCs of the domestic agent
gives

—o[CF = CF|+ Q= —oB [CL, - CLL + B [Qu]. (24)
Similarly the definitions of the various aggregate indices and the demand curve can be written
as
CH =aClh + (1 —a)CFT P =aPP" + (1 —a)PF! (25)
Gt = G = (B — P, (26)

The real exchange rate can be expressed as
R e (27)
and the law of one price in aggregate terms as

=8, +pP" PRI =g, 4+ PIT (28)

Finally, the consumer’s budget constraint can be written as

N N 1 - .
CH + BWH = BB(Wfil +#) — (Flw) #7+ (29)
. BHS g AHh F AHf
(1 -7 w(w + L) + 3 f;7t+q 3 f§t+q 5 e
where R R A
ftl :Ptfil +R£1 _PtH (30)
is the real return on domestic nominal bonds and
Tt*(PFl +RI, - PP+ Qi Q- 1)*7"1‘ (31)
e = (Bar" — qfil + (1= B){T) — 7 (32)
o= (865 =y + (=N + Q= Qo) — 7 (33)

are the excess returns of foreign nominal bonds, domestic equity, and foreign equity over domestic
nominal bonds.

Firms The aggregate production technology log-linearized yields
= AP + LY (34)

while profits and the pricing rule are given by



Government The government budget constraint can be expressed as

B (Bt - PtH) =3B (R{{l + By — PtH)— <1 + ;) 7l (%f +of + ﬁf’)+th+GfIf. (36)

Moreover, we can write the monetary policy rule as
R =~ (PtH - [:)tlzl> t et
and the fiscal policy rule as
#f + L =6 (B - PT).

The relationship between government spending on domestic and foreign goods, and the tax revenues
through labor and profits can be written as

GHh = zGHT (37)
FE bl L =27+ 0 0 (B - PI) = (0 - 1) (@ff - AT). (38)

Market clearing The market clearing condition for goods at the aggregate level can be expressed
as
aCf"+ (1—a)Cf" Gyt =yv" T+ Gl vl =Y (39)

while the asset market clearing condition in terms of steady state values are given by
EHM L EFh— 1 EHS BRI (40)
BHh £ B — B BHI 4 BFS — B (41)

1.2.2 Solution for steady-state portfolio

The technique used to determine steady state portfolio holdings under incomplete markets is the
same as described earlier for the two-period model. That is, we take second order approximations
of the domestic and foreign consumer’s euler equations and combine them to get

B, (C{il - CE, - Q;“) f';“l] =0; i=1:3. (42)

Then, we solve the system of equations up to first order approximation for given values of BHI Ak and
AHT Then, we check if the resulting dynamics of variables satisfy the euler equations upto second



order accuracy. We iterate until a fixed-point for the asset holdings is found.

1.2.3 Moments of the calibrated model

We report below some standard open economy business cycle moments produced from a simulation
of our calibrated model. The data counterparts are taken from Backus and Kehoe (1992) and
Corsetti e tal (2008).

Moments of calibrated Model

Volatilities
Data Model
Consumption 1.47% 1.86%
Trade Balance 0.97% 1.77%

St. Dev. Relative to GDP
Data Model

Real Exchange Rate 3.9 0.5
Terms of Trade 1.7 1.0
Consumption 0.9 1.0
Employment 1.2 0.3
Correlations

Data Model

Consumption and GDP 0.82 0.37
Trade Balance and GDP —-0.2 0.32
ToT and Relative GDPs —-0.33 —-0.73
ToT and Relative Consumption —0.74 —0.92

1.3 Extensions of the dynamic production economy

Here we provide details on the extended model that features a term structure of government debt
and capital as an input in production.
A representative agent at home maximizes the expected present discounted value of utility

00 1—0o 1+v
def)(Z)
Etgﬂ - A T 0<B<1,0>0 >0, A>0

where CH is the composite domestic consumption good and L is domestic labor supply. The
agent is subject to the period budget constraint

Hh,m Hfm

B B
cff + 2 P gt P g g B gl BUQ = (1 el L 4 KT
t t




(1028 B (102 B
PtH + PtF

+ Qi+ (¢ +1") BN + (¢f +107) QB
where BIfhm  BHEIm - pHR - and EFJ are holdings of domestic nominal bonds, foreign nominal
bonds, claims to aggregate after-tax profits of domestic firms, and claims to aggregate after-tax
profits of foreign firms purchased in period ¢t — 1 to be brought into period ¢t. The domestic agents
thus simply owns the capital stock K7 and rents it out to firms at the rate /7 in a competitive
market. Note that here the bonds are a general portfolio of infinitely many bonds and p determines
the average maturity of debt. We describe this set-up in detail later below.

Moreover, PH is the aggregate domestic price level, PF" is the aggregate foreign price level, @ is
the real exchange rate, g is the (real) price of one unit of claim to domestic profits, ¢/ is the (real)
price of one unit of claim to foreign endowment, IT/ is after-tax aggregate real profits of domestic
firms, IIF is after-tax aggregate real profits of foreign firms, ZtH '™ is the price of domestic bonds,
ZtF "™ is the price of foreign bonds, 7F is the rate of labor income tax, and w{? is the real wage at
home.

The composite consumption good C is a CES aggregate of domestic C/T"* and foreign CtH ! final
goods. The home consumption good CI" is produced in differentiated brands ¢/’ by a continuum
of monopolistically competitive home firms indexed j and of measure 1, and is defined as

0
6—1

1
ofth = [/ cfh(j)seldj} 6>1
0

where the elasticity of substitution among the brands is given by 6. Similarly, the foreign con-
sumption good CtH T s produced in differentiated brands cf f by a continuum of monopolistically
competitive foreign firms indexed f and of measure 1, and is defined as

B = [/O ctHf(f)%ldf}“

where the elasticity of substitution among the brands is given by 6.
As is well known, expenditure minimization by the agent will imply a utility-based aggregate
price index at home, P. Expenditure minimization will also imply the following domestic price

level of the home consumption good P/Th = Uol pfh(j)lfedj] " where pHh(45) is the domestic

price level of brand j of the domestic good, and the following domestic price level of the foreign

01 ptHf(f)l’edf} m, where pf/(f) is the domestic price level of brand

consumption good PtHf = {
f of the foreign good.
Similarly, given the definition of the consumption goods and the price levels, manipulation of

the demand curves at the brand level gives

i Pl et P

The law of one price holds among the tradable brands and hence we have

) _ (p,{“(j))‘e '’ (7) _ (pff(ﬁ)e.

pi"G) = S pf"(5) i () = Se p Y (f)



where pf™(j) and pf f (f) are the foreign price level of price of the brand j of the domestic good
and brand f of the foreign good.

Given the definition of the consumption indices and the price indices resulting from expenditure
minimization, the optimization problem of the consumer results in

C[pe(et) ] [oer (it
o = t o m = t o m
(cf) (ci,)” pH, z" (CH)) PELZP™Q
L E, B (g + 1074 _ g B (qfi +T0E ) Qt+1]
ch” T () e (CE)) af Q

MEL) = (Cf) 7 A =P’

Each brand j of the domestic good is produced by a single home firm j using the following

production function
Hy - H (1H Y (L.H )1~
yp () =4 (lt (])) (kt (]))

where y (j) is the domestic output of brand j, A is the country-specific productivity shock that
follows an exogenous process, [f1(j) is the labor demand by firm j, and kf(j) is capital used in
production by firm j and « is the share of labor. Firms hire labor and capital in a competitive market
taking the wage and rental rate of capital as given. The labor and capital used is homogenous across
all firms j. The firms are identical except for the fact that they produce differentiated brands for
the same good. The process for productivity is given by log AX = p, log A® | + €,+. The supply
of capital is fixed in the aggregate.

The optimal choice of inputs by firms is given by

wi'' () _ «

ek G) e
where ; is the rental rate of capital and the nominal marginal cost is given by

L P w) ()"
MCy =
t (1 _a)l—a e AH

Firm j maximizes real profits, that is revenue less labor costs, given by

Hh( Hy
P (3) vt (4) , ,
TpE T wi e G) =k G)

leading to the familiar pricing equation

9 P (i) (i)
pHR(5) H—IA{I< (1—a) a0 )

where monopolistically competitive firms charge a price that is a mark-up times the nominal mar-
ginal cost M C.
The aggregate after tax real profits of the firms in the domestic economy can be written as

10



« 11—«
' YT (1—a) T acal PN

and the optimization decision of the individual domestic firms gives

Pt ()" ()"

PH 0-1(1—-a) *avAl’

The optimization problem of the foreign firms is entirely analogous and is not presented here to
conserve space.

For government debt, rather than considering only one-period debt, we follow Woodford (2001)
and allow for the existence of a general portfolio of government debt BtH "™ that has price ZtH 2
Households engage on trade of this general government debt instrument. In particular, this instru-
ment’s payment structure is p? ¢tV for T'> ¢ and 0 < p < 1. Thus, the value of this portfolio of

bond issued in period t in t+ j is given by Zg_’;l*j = MZg_;” We interpret this general instrument

as a portfolio of infinitely many bonds, whose weights are given by p7 ~(*+1) | p thus determines the
average maturity of government debt: when p = 0, all debt is of one-period maturity.? The period
home government budget constraint in this set-up is then given by

H, H,m « 11—«
ZH,m Bt " — Btfl (1 + pZH,m) _ TL’LUHLH — g7 PHh _ (U}f[) (Tﬁ) PH }/tH
t PtH PtH t t Yt t t (1 . a)l—a a“A{I t PtH
pHR " pHS
+GHh t 4 G fot
t PtH t PtH

where BtH "™ is total nominal debt issued by the home government in period ¢t and GH" and
Gflf respectively are the home government’s spending on domestic and foreign good. The ratio of
labor tax revenue vs. profit tax revenue is for simplicity, constant

[eY 11—
(- G v

(1-a) “acafl’" ) PF

L HpH _
Tywg Ly =y

where y is a parameter of our model.

We assume here that government spending over the differentiated brands of the domestic and
foreign goods is defined in the same way as for the consumer with the same elasticity of substitution
over the brands. That is,

2] 6
1 71 1 71
RN R H H -1
Gf”’=U g (5) dy] th=U g () df} :
0 0
The ratio of government spending over domestic vs. foreign good is for simplicity, constant

GtHh _ .’L‘fo

2Here we use the index m to denote the fact that this bond has a certain duration in period t.
3The average maturity of the portfolio is given by (1 — Bp)~ L.
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where z is a parameter of our model. Government spending follows an exogenous process

H Fh 1 ch Ff ) th Hh
G/ =G G = G .
t t (PtFQt) + Gy PtF pg Gi_1 + €g,t

We do not consider explicit optimal government policy and use simple rules as descriptions of
government policy. The government conducts monetary policy using a version of the interest rate
rule given by

L+ pZH{n ¥
< ZH,rtrj_ =70 (PtH/Pf{l) eXP(th)
t

where the interest rate shock follows the exogenous process logel!, = pplogel, | + e, and fiscal
policy using a rule for total tax revenue responding to real value of debt

« 11—« ¢
LoHpH o v [ pHh _ (w{)" (r{") pH v B/
Tiwy Ly + 1y t (1 a)l—(x o AH t PtH = ¢y PtH .
- t

Again, the foreign government’s description is completely analogous and symmetric.
Market clearing for goods implies

e G) + e G) 4 M G) o) = AT 6T (kG
I D e (el = AT EG)T REG) T
while market clearing for assets implies
Eft L pFr =1 EFT L EFf =1
gt 4 gt = gt it g = pim
and total labor demand by firms equaling labor supply and capital being fixed in the aggregate
implies

1
Alﬂﬁ@:Lf

1
/ R (G)dj = K = K
0

We next provide results for asset holdings when we shut down government spending shocks in
the model

Domestic Holdings - Model Extension
No Govnt Expenditure Shock

Bonds —525%
Equity —163%

12



1.4 VAR methodology
We have

3t71 e

Ei i (p)’ [JHSH
s=0

o0

()’ ft+s] -p
s=0
which we rewrite as

by = —E, E, i (p)° " [JHSH .

s=1

Z (msjl ft-&-S] -p

Now lets derive the VAR representation that we need to compute the RHS of this expression.

’

We will estimate the following VAR(p) where y; = (Ft, dy, Et)

Y= OYi—1+ Y2+ ..+ Qpu—p t+ €.
Next, it is convenient to write the VAR (p) in a VAR(1) form, by stacking appropriately

Ut = OYr—1 + &
where §; = (yg, Ypqy - ,yg_p+1)/, €& = (€,0), and ¢ is the companion matrix
¢1 ¢)2 ¢3 i ¢p71 ¢p
I 0 0 .. 0 0
6= 0 I 0 .. 0 0
0o 0 o0 . 1 0

Here I is a 3 * 3 identity matrix and 0 is a 3 * 3 matrix of zeros.
Then, given this VAR (1) notation, we have

Eiys = &Yt

Also, define the following vectors that pick out the relevant elements from 7,

eT = [1 Opfl] y ergt = ft
el =1010, 0]; e’y = dy

eb = [0 01 Op,3]; ebyt = Bt.
Next, we can then derive the two components of the RHS of the intertermporal budget constraint

o0

b == (p)"" Eifrys

s=1

13



Similarly, we have

_ -1
=" (p) (I —po)" G-
Given the estimates of ¢ and our resulting estimates for b, we then compute the correlations

between 7441 and btd and between 7,4 and —bf.

14
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