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1 Introduction

Recent decades have seen substantial increases in international gross asset positions and
capital flows (see e.g. Lane and Milesi Feretti (2001, 2007)). Given the large size of the
outstanding positions, changes in valuations of these assets can potentially have a large effect
on macroeconomic outcomes. However, until recently, economists were not able to shed
much light on the determinants of these asset positions, as standard open economy models
contained very simple portfolio decisions, if any at all. What is more, stylised facts on the
nature of international asset positions were thin on the ground. It is therefore not surprising
that the literature has mostly focussed on trying to explain "home equity bias”, the well
documented fact that a large fraction of domestic equity is held by domestic owners (see
French and Poterba (1991)). While home equity bias has somewhat decreased over the past
few decades, it is still sizable and very common. This fact has been called a bias, as the most
basic optimising model of portfolio choice would imply full diversification (Lucas (1982)),
suggesting that all agents hold the same risky portfolio with the share of domestic equity
held equal to the share of the country in the world market portfolio. Many explanations have
since been put forward to account for the observed bias, including frictions in the trading of
goods or assets or informational frictions, with varying degrees of success (see Lewis (1999),
Karolyi and Stulz (2003) and Sercu and Vanpee (2007) for surveys of the literature). Another
strand of the literature, however, has argued that once we go beyond the basic models that
have been used to study international asset positions and introduce features which have been
shown to be important in macroeconomic analyses of closed economies, equity home bias
can be explained in the context of standard macroeconomic models, without introducing
additional frictions that pertain only to an international dimension. In most of these models,
equity positions can be understood as positions derived from an explicit diversification
motive, and positions driven by motives to hedge against consumption expenditure risk and

risk arising from nontradable income, most notably human capital. !. Thus, Heathcote and

In many settings, consumption expenditure and the real exchange are perfectly correlated and in those
cases we will use the latter expression as a synonym for the former.



Perri (2008) show that simply introducing capital accumulation is enough to generate home
bias in equity positions, as the response of investment implies that equity holdings are good
hedges against consumption expenditure and human capital risk. However, in their model,
portfolios are also very sensitive to changes in parameters and portfolios generally exhibit
excessive home bias for realistic parameter values.
In all of the models above, the portfolio decision of agents essentially only consists of choosing
the share of domestic equity held. But after recent methodological advances that allowed the
use of standard solution methods to solve models with more sophisticated portfolio choice,
a growing literature has developed that analyses optimal portfolios in an environment with
multiple assets. 2 Thus, Coeurdacier et al. (2008) and Engel and Matsumoto (2008) develop
models which are able to generate relatively realistic degrees of equity home bias and robust
equity and bond portfolios. In the former paper, the key innovation is to allow for trade
in real bonds in addition to capital accumulation, while the latter paper introduces sticky
prices and trade in foreign exchange forwards, while abstracting from capital accumulation.
In both papers, the basic mechanism that generates equity home bias and robust portfolios
is similar and consists of two distinct features. Firstly, equities are good at hedging human
capital risk, due to the possibility of capital accumulation in Coeuracier et al (2009) and
due to sticky prices in Engel and Matsumoto (2009). Secondly, bonds are used to hedge
real exchange rate risk. This is because the real bonds traded in Coeurdacier et al (2009)
are perfectly correlated with real exchange rate risk, while in Engel and Matsumoto (2008),
equities are a poor hedge for real exchange rate risk.

We analyse models that feature capital accumulation, nominal rigidities, endogenous
monetary policy and trade in nominal bonds as well as equities. Models which allow for
capital accumulation are, of course, standard in closed economy business cycle analysis, go-

ing back at least to the seminal contributions of Kydland and Prescott (1982) and Long and

2Devereux and Sutherland (2007a, 2008a) and Tille and van Wincoop (2008) present an essentially
identical solution method that allows a general class of open economy model with multiple assets to be
solved using standard algorithms. Devereux and Saito (2005), Evans and Hnatkovska (2006) and Judd et
al. (2002) describe alternative solution approaches.



Plosser (1983), owing to the fact that the volatility of investment accounts for a significant
fraction of the volatility of output. For open economies, there are at least two additional
reasons that call for the inclusion of investment. Firstly, one of the key functions of the
international capital market is to finance international investment. Secondly, net exports
are to found to be strongly countercyclical and investment is key in generating this correla-
tion, both theoretically and in the data (Backus et al (1992, 1994)). Nominal rigidities and
Taylor type monetary policy rules are by now the standard way to introduce real effects
of monetary policy into macroeconomic models (see Gali (2008) and Woodford (2003) for
introductions). Finally, the bulk of bond issuance is in nominal bonds.

We find that once we allow for capital accumulation and some nominal risk in bond
trading, the portfolio implications of standard macroeconomic models are no longer as
convincing. In particular, we find that equity home bias is often excessively large or negative
and that bond positions can be vary from large positive to large negative positions in
domestic bonds. More generally, portfolios are often unstable and sensitive to changes in
parameters, as equity and bond returns are often highly correlated. The reason is twofold:
Firstly, equities are often a good hedge for consumption expenditure risk in the general
model: As in Heathcote and Perri (2008) and Coeurdacier et al (2008), equity returns tend
to be high when the real exchange rate appreciates, because of the response of investment.
Secondly, nominal bonds are usually not much better at hedging real exchange rate risk,
and often worse, due to nominal risk. Equity returns and bond returns are frequently
highly correlated, implying that both equity and bond positions are heavily affected by the
desires to hedge consumption expenditure risk and generating relatively extreme positions.
Our benchmark model features productivity and interest rate shocks, trade in equities and
one period nominal bonds and a central bank that is moderately aggressive in targeting
CPI inflation. However, the result is remarkably robust, spanning most of the plausible
parameter space, as well as allowing for trade in long term bonds, investment shocks or
different monetary policy reaction functions.

In Engel and Matsumoto (2008a), equity returns are procyclical. In a boom, output is



demand determined in the short term, as the nominal rigidities imply that firms cannot lower
prices to stimulate demand to the same extent as with flexible prices. As a consequence,
labour demand falls and, with a sufficient degree of price rigidity, so do human capital
returns. Firm profits rise due to higher productivity and so do relative equity returns,
implying that domestic equity is a good hedge for human capital risk. We will call this the
"sticky price channel”. On the contrary, we find that, as in Heathcote and Perri (2008)
and Coeurdacier et al (2008), equity returns are countercyclical in the model, as higher
investment in a boom and nominal depreciation imply a persistent relative fall in dividends.
Nevertheless, domestic equity continues to be a good hedge for human capital risk, as
both labour demand and wages rise due to the increase in demand. We will call this the
”investment channel” and it is the investment channel that dominates in this respect in our
model.

In most models considered below, we will have two shocks and two assets per country.
It can then be shown that markets are effectively complete, up to a linear approximation.
In those cases, linearised consumption expenditures are perfectly correlated with the real
exchange rate. Real exchange rates are found to be procyclical, implying that the Home real
exchange rate depreciations during a boom?. Since equity returns also fall during a boom,
domestic equity is then a good hedge for consumption expenditure risk. In our benchmark
model, the Home currency initially depreciates during a boom, but appreciates in the long
term. Since returns of one period bonds are equal to the unexpected appreciation during the
following period, while returns of a long term bond are equal to the presented discounted
value of all future appreciations, short term bond returns are countercyclical, while long
term bond returns are procyclical. Thus, while a long position in short term bonds would
be a good hedge for real exchange rate risk, a long position in long term bonds would not be,
indicating that long term bonds are not necessarily better at hedging long term exchange

rate risk, despite depending on all future nominal exchange rates rather than just the next

3Note that real exchange rates are defined as the Foreign price level times the nominal exchange rate
divided by the Home price level, implying that a rise in the real exchange rate implies a Home real depre-
ciation.



period appreciation.

More generally, we find that equities are surprisingly often as good at hedging real
exchange rate risk as nominal bonds. Firstly, this is because equity returns are often highly
correlated with real exchange rate risk, due to the dynamic nature of the model and the role
of capital accumulation. Secondly, nominal bond returns are often not very closely related
to real exchange rates, again for two reasons. Firstly, the presence of nominal risk puts
an upper bound on the degree to which nominal and real exchange rates are related here.
Bonds do become better hedges for real exchange rates, as we increase the degree of price
rigidity, but we often require substantial (and sometimes unrealistic) degrees of price rigidity
to achieve that bond returns are significantly more highly correlated with real exchange rate
risk than equity returns. What is more, the model with capital accumulation and nominal
rigidities exhibits real indeterminacy for high degrees of price rigidity, limiting the degree
to which we can arbitrarily increase the extent to which bonds can hedge real exchange
rate risk through this route without simultaneously changing other parts of the model (see
Carlstrom and Fuerst (2005) for a discussion in a closed economy context). Secondly, there
is an issue with the time dimension. In the long run, all prices are flexible. This implies
that, as we look further into the future, nominal and real exchange rates are less closely
related and even long lived bonds will be less good at hedging real exchange rates far in
the future. In the case of short term bonds, there is also "maturity mismatch” in the sense
that the maturity of the risk is infinite, while the maturity of the asset is only one period
(and the maturity of the alternative asset, equity, is infinite as well). If current and future
real exchange rate changes are not too closely correlated, short term bonds will then not be
very good at hedging real exchange rate risk.

As in Devereux and Sutherland (2007a, 2008b), monetary policy does affect asset returns
here. In particular, monetary policy affects the dynamics of the nominal exchange rates
and thereby the hedging properties of bond returns, but only in very extreme cases can
it increase the correlation between real exchange rate risk and bond returns enough to

produce robust portfolios. In the wide majority of cases, equities will be as good as bonds



at hedging real exchange rate risk. Since real exchange rate risk is large in this model and
correlations between the two asset returns are high, this implies that asset positions are
often extreme, ranging from excessive home bias to excessive foreign bias and large positive
to large negative positions in domestic bonds. While we can in most cases allocate the asset
positions to parts driven by real exchange rate risk and human capital risk, respectively,
rationalising the positions is often difficult beyond the fact that high correlations between
the assets imply large and offsetting positions.

We experiment with a variety of model specifications, in order to test the robustness
of our results. In particular, we also investigate a version of the model with investment
efficiency shocks. Investment shocks have recently been shown to be important for explaining
output fluctuations in closed economies (see Fisher (2002,2006), Justiciano and Primiceri
(2006), Justiciano et al (2007)). However, in our setting, while they often change portfolios
substantially, they usually do not help in bringing them closer to the data, as they lower
the correlation with real exchange rate risk for both equities and bonds.

In our empirical analysis, we use data on G7 countries to estimate the relevant covari-
ances of equity and bond returns with human capital and real exchange rate risk. We find
that these hedging demands can in fact explain equity home bias in the US, Japan, and to
some extent the UK, but not in other countries. What is more, equity home bias is in all
countries driven by the motive to hedge human capital risk and not real exchange rate risk.
This empirical exercise also sheds also highlights two areas, where the model and data are
quite far apart: Firstly, equity return innovations are not volatile enough and too correlated
with the sources of risk in our model. Secondly, real exchange rate risk in the model is too

large.

2 Model

There are two symmetric countries, Home (H) and Foreign (F) , indexed by i. Each country

is specialised in the production of a composite good using a continuum of country specific



intermediate goods. Intermediate goods are produced using labour and capital. The factors
of production and the intermediate goods which immobile between countries, but composite
goods are traded. In addition to trade in composite goods, countries trade in nominal bonds

and equities.

2.1 Households

Country ¢ is inhabited by a representative consumer with a utility function that is separable

in consumption and labour:

U Zﬁ] zlt—f] o Lzlj—t)] (1)
o Tyw)’

where C;; is the consumption aggregator of country 7, and P&t is the consumption price
index. The discount rate 3, the intertemporal elasticity of substitution o, the Frisch labour
supply elasticity w and the parameter ¢ governing labour supply in the steady state are

common across countries. The consumption aggregator for country 7 is defined as:

¢
¢

Cuw = [a? (€)% + (1 —ae)”* (C1) 7] )

where ac > 1/2 is the consumption home bias parameter and ¢ is the elasticity of substitu-
tion between Home and Foreign goods. These preferences imply the following consumption

price indices for Home and Foreign:
1
i i 1—¢> i -4
Péu = Jac (P)' ™+ (1 =ac) (F) ™77 3)

where Pj’t is the price in country ¢ of the composite good produced in country j. All prices

are quoted in terms of the local currency. The optimal allocation across consumption goods



is then given by:

i —¢ i -9
Cl,=ac PZ’t Cit Ci,=(1—ac) i Cis (4)
PCt PC,t

where C’]ﬁt denotes consumption of good j by agent 7. The first order conditions for labour

W,
0y, = (P—t> Cr7, (5)
Cit

which describe the standard condition that the marginal disutility of labour today has to

supply are given by:

equal the marginal utility of consumption times the real wage.

Consumption of the Home and Foreign aggregate consumption goods are given by

Cje = ( /O 1 (Clo ()™ dk‘) - : (6)

where C},t (k) is consumption of the kth intermediate good in country j by the agent in
country ¢ and ¢ is the elasticity of substitution between varieties in consumption. Optimal

consumption of Home and Foreign intermediate goods then implies:

Ct, (k) = Pj’t 60? (7)
k)

where P]’t is the price in country ¢ of the good produced in country j. The price indices for

Home and Foreign composite goods are then:

P = ( / (P ) dk) - (8)

and the real exchange rate @) is defined as:

H
PC,t

Qt = StPCF:t (9)




2.2 Capital Accumulation

At time ¢, each country possesses a capital stock K;;. Country specific capital stocks
depreciate at rate  and are augmented by country specific investment I; ;:

Kiti1=01—0) K111+ Ly, (10)

where investment in country i's capital stock is a CES aggregate of the Home and Foreign

composite good:

L= [af (1) + (1 —an (1) 7 ] (11)

¢ is the elasticity of substitution between the Home and Foreign good in investment, and
a; > 1/2 signifies local bias in investment. The Home and Foreign composite investment

goods are produced using by a CES composite of Home and Foreign varieties:

b= ([ ™) )

where ¢ is the elasticity of substitution between intermediate goods of the same country in

investment. We do not distinguish between the elasticities of substitution in consumption

and investment to save on notation. Demand for investment is then given by:

) pi °
B = ()t (13
' P, (k) 7

where the price indices for Home and Foreign goods are as described above.

At time ¢, the stock of capital in each country is rented out in a spot market for a
rental rate RZKt Since optimal investment implies that the expected discounted payoff from

investment is equal to its marginal cost at time t, it is determined by:

i 1 i
1 = BE; D1 i (Rth +(1-9) PI,t+1) ; (14)
1.t
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where w;t 41 1s the stochastic discount factors applied by the owners of the country 7 capital

stock at time ¢ to discount date ¢ + 1 profits.

2.3 Firms

Each country contains a continuum of firms, each producing a differentiated intermediate

good, indexed by k, using capital and labour. The production function is given by:
Vi (k) = Agy (Lig (k)" (K (K)' 7 (15)

where A;; is the exogenous level of productivity in country ¢ and alpha is the elasticity of
production with respect to labour. In each country, capital and labour are traded on an
aggregate spot market. Firms maximise the present discounted value of profits and choose
labour and capital to minimise the cost of production. The cost function of a producer is

then given by the solution to the following problem

: K
> K L
Ki,t(rkr)lyllrlli,t(k) R%t it (k) +WiiLiy (k)

s.t.

Yii (k) = Aiy (Lig (k)" (K (k))l—a

which implies
LH,t (k) . « Ri{t
Ki,t (k’) - 1-— (6% Wi,t '

(16)

Thus, all producers produce using the same ratio of labour to capital. The total and

marginal cost functions, = (Y) and ¢ (Y) are then given by:

— }/; k -« « —(l—«a —«
= (Y () = REE () + WL, () = O (i) =i (1 ) 0 0o
1,t
aTCZ’ 1 11—« o —(1—« —a
0 (Vi () = =% = 4= (RE) Wi (1 -0 a™. (18)
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Total demand for each intermediate good is composed of domestic demand for consumption
and investment and foreign demand for consumption and investment. Equating production
with total demand then implies:

Yie (k) = Cf, (k) + G, (k) + I, (k) + 17, (k). (19)

)

where the demand functions are as given above. Firms take these demand functions as given
and choose prices in local currency in Home and Foreign to maximise profits. Per period

profits of Home firms are given by:
M (k) = Py (k) Y, (k) + Pigy (k) Si¥ip, (k) = O (YVire (k) (20)

where Y/, (k) = Cff , (k) + Iff , (k) , Y}, (k) = Ch, (k) + If;, (k) and O (-) is the total cost
function of a firm in country 7. S; is the nominal exchange rate defined as number of units
of Home currency per unit of Foreign currency. While firms rent capital and labour on
spot markets, they can only reset prices with a probability of 1 — 0 every period. A firm
reoptimising in period ¢ will choose a price ]Bft that maximises the current market value of
profits generated while the price remains in effective, taking all other prices as given. Thus,

it solves:

o

ﬁrjnagf Z elEt [w§7t+l (Hi,t <k7 ﬁi{ta ﬁzl,t>>:| ) (21)
it 0t =0
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where @y}, is the stochastic discount factor used to discount profits of a firm in country i
at time t 4 [ back to time ¢. Optimal prices are then given by:
3
~ e B, legtJrleLt (PJ{I{,tJrl) Y£t+l

Bl (k) = s e 22
’ e=1 E X2, Qlwfm (P ff,m) Yé{t“

0o gl _H F o\ F
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F,t — o0 €
e—1E > leftﬂﬁ (Pi) Y
~ B35 gloF  (PE\ on VFE
Pﬁt (k) = € tzl_o t,t+l( F,t+l) OFt Fittl (25)
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As usual, optimal prices thus depend on discounted marginal costs over the expected lifetime
of the price set. The nature of price rigidities implies that Home and Foreign goods prices

evolve according to:

1
1—¢

Pi, = (0 (Pi) "+ (1-0) (ﬁ;”t)l_a) (26)

2.4 Financial Markets

There is trade in Home and Foreign one period nominal bonds and Home and Foreign equity.
Nominal bonds pay one unit of the domestic currency in each period and are in net zero
supply. Owners of equity of country 7 receive a claim to country ¢ dividends D;; defined
below. The total supply of equity in each country is normalised to unity. It is assumed that
in period 0 each household owns the stock of domestic equity and that bond positions are

zero. The gross nominal returns in domestic currency for bonds and equity are:
s
Di,t + Pi,t+1

B _
S Ri,tJrl -
it it

RY .y = (27)

where th (th) is the return on holdings of country i equity (bonds) and stt (R’Bt) are the

prices of country i equity (bonds). Dividends are now composed of profits earned by the

13



firm plus the rent earned for using capital minus investment spending;:

D, =1, + R K — PiL Ty

The budget constraint for Home in period ¢ is then given by:

Sg,tpg,t + Sg,tng,tst + Bg,tpf?t + Bgtpg,tst
= Wy+Lps+ Sg’t_l (DH,t + P};t) + Sl{%t—l (DF,t + Pﬁt) St

+BJ 1+ B, 1S — PH,Chy, (28)

where S, (B!,) are holdings of country j equity (bonds) by country i in period ¢. The asset

Euler equations are then given by:

C —0 PH D + PS 7
/GEt ( Ht+1 > If,t Ht+1 - Ht+1 - 1 (29)
CHyt P Cit+1 P Hit i
CH,t—i—l - Pé{t DF,tH + Pl:g,tﬂ St+1
BE; 7 5 =1 (30)
CH,t Pc,t+1 PFJ St i
Cres1\ Pg,t Dy i1 + Pg,tﬂ Sy
BE 7 3 =1 (31)
CF,t PC,t+1 PH,t St+1_
C —0 PF D + PS ]
ﬁEt ( F,t—l—l) FC,t Fit+1 - Fi+1 - 1 (32)
CF,t Pc,t+1 PF,t
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2.5 Market Clearing

The market clearing condition for goods are given by:

For assets, we have:

Chi+Ch,+ I, + 1, = Y,

CH, +Ch, +

H F
SH,t + SH,t =

Bg,t + BIF{,t =

The real exchange rate @ is:

Q=

2.6 Monetary Authorities

I+ 15, = Yy
1 S +SE =1
0  Bi,+Bp,=0

H
Py
F

SePe

(33)

(34)

(35)

(36)

(41)

We assume that the monetary authority sets the nominal interest rate according to a simple

rule that is, however, subject to shocks. In Devereux and Sutherland (2008), these shocks

are interpreted as financial market shocks, but as in their paper, the role of these shocks

more generally here is to introduce shocks to domestic inflation rates which are not related

to productivity. Devereux and Sutherland (2007) also provide a more extensive discussion
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of the role of the monetary policy rule. In our benchmark case, monetary policy is set

according to:

; gl
L[ Py
Rfv == — exp (m;¢) , 42

,t ﬁ (Pé7t_1> ( ,t) ( )

where 7 determines the monetary policy responsiveness to inflation and m, is a mean zero
shock to interest rates. It is worth pointing out that, while in Devereux and Sutherland
(2008), firms set prices according to producer currency pricing and the central bank stabilises

PPI inflation rates, we assume that prices are set according to local currency pricing and

the central bank stabilises CPI inflation.

2.7 Exogenous Processes

In order to close the model, we need to specify the nature of the stochastic processes. There
are two sources of uncertainty per country. Productivity shocks in each country evolve
according to:

log (A i41) = palog (Ais) +€aiit1, (43)

where €4, +41 is a mean zero shock to productivity, and p4 governs the persistence of pro-

ductivity. The interest rate shock is represented by:

M1 = PMMit + EMit+1 (44)

where €p7,,+1 is a mean zero shock to interest rates, and pp, governs the persistence of

Interest rates.

2.8 Equilibrium and Solution Method

An equilibrium in this economy is a set of quantities NF Ag 4, K1, Krit1, Yae, Yer, Cre, Crs Ty,
H ~H (~F ~F 71H [H [H [F H @H QF QF pH pH RF F
]F,tacH,uCF,taCF,t’CH,t>[H,tv[F,tajF,tajH,uDH,taDF,taWH,UWFJ?SH,t?SF,tvSH,tvSF,t’BH,taBF,tﬂBH,taBF,tH

: H pH pF pF pH pF pH pF :
prices Py, Piy, Pry, Prry, Poy, Pooy, Prys Pry, Qi St and shocks Ag g, Apy, My, Mg, which
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satisfy the following conditions:

1. the consumption allocations (equations 4 & 7)
2. the first order conditions for labour supply (equations 5)
3. the investment allocations (equations 13)
4. the first order conditions for capital accumulation (equations 14)
5. the Home household’s budget constraint (equation 28)
6. the household’s first order conditions for asset purchases (equations 29 - 36)
7. the aggregate capital labour ratios (equations 16)
8. the firms’ pricing decisions (equations 22 - 25)
9. the market clearing conditions for goods (equations 37 - 38)
10. the market clearing conditions for assets (equations 39 - 40)
11. the laws of motion for the exogenous processes (equations 43 - 44)

12. the monetary policy rule (equations 42 )

However, we do not solve for this equilibrium. Instead, we solve for a linear approx-
imation to this equilibrium around the nonstochastic steady state, applying the methods
developed by Devereux and Sutherland (2008). The solution method consists of three steps.
First, we solve for a first order approximate solution to the above equations around the
nonstochastic steady state, conditional on the steady state portfolio. Secondly, we solve for
the steady state portfolio as a function of the provisional first order approximate solution.
Finally, we combine the provisional first order accurate solution and steady state portfolios
to arrive at the full solution of the model. The appendix gives some more detail on the

solution method.
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3 General Results

As mentioned above, we focus on a first order accurate solution of the equilium. In the
appendix, we present all the linear model equations. Here, we comment on several important
relationships that hold in the linearised model. Firstly, all assets are equivalent to the first

order:

~ ~ . . 1
E; [RSH',t+j] =Lk [Rg,tﬂ} =L [Rg,t+j] = Ly [Rg,tﬂ} = Baﬂ >1

implying zero linearised return differentials in expectation. Note that our solution approach
will use a second order approximation of returns in order to be able to solve for portfolios.
Secondly, realised nominal returns in terms of Home currency for Home and Foreign one

period nominal bonds are, in linearised form:

Rf, = B |~ (Cry—Cro) + (PH — PH,L ) (45)

=B ~ ~ ~

Rp, = Rp,+7Zi—Zi (46)
= _Et—l —0 (aHyt - aH,t_1> + (ﬁCI'{,tfl — ﬁé’{,t+jfl) + /Z\ti| 3 (47)

which implies that the linearised return differential between Home and Foreign bonds is

equal to unexpected nominal depreciation in the following period:

~B ~B

Ry, — Rpy = E, [_Z\t} ; (48)

where Et = FE;, — F;_1. Thus, Home bonds will have a positive relative payoff when the
Home currency unexpectedly appreciates, while they will offer a negative relative payoff if
the Home currency unexpectedly depreciates. Relative equity returns are, to a first order
approximation, given by:

RFt - EH,t = (1 - 5) Et ) (49)

Z B (DF,t+j — Dpyqj + Zt+j)
j=0
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which implies that the relative return of Home equities is given by the present discounted
sum of unexpected changes to all future dividends. Thus, bond returns only depend on an

expectation of values in the following period, while equity returns depend on the infinite

future.
. . . c - pH
The stochastic discount factors for Home and Foreign households are (%) ( 5 gcti 1)
Cras1\ ° [ Pls : : f e A A DH DH
and ( Crs ) (Pg,t’-&-1> , respectively, or, linearising, —o (CH,,;H - CH7t> - (PatJrl - Pat>
and —o (5F7t+1 — 6F7t — 135 41— 135 t) . The discount factors enter the Euler equations for

investment, (14), and the pricing equations for financial assets, (22) - (25). When markets
are complete, the stochastic discount factors are equalised between Home and Foreign agents
in all states of nature. With incomplete markets, however, the stochastic discount factors
will in general differ between different investors. However, as is shown in the appendix, the
stochastic discount factor of the Home and the Foreign agent are identical at this level of

approximation, once we express them in the same units:

Ey [—U <6H,t+1 - aHt) - (ﬁng - ﬁ&)] (50)
= Et |:_0 <6F,t+1 - aF,t) - <ﬁ£t+1 - ﬁ£t>] + /Z\t - Z\t—i-l- (51)

In our benchmark model, there are two sources of uncertainty and two assets per country.
With zero initial net foreign asset positions, it can then be shown that markets are complete
to a first order approximation and we have perfect risk sharing. This means that, to a
first order approximation, the decentralised equilibrium could be found as a solution to a
planner’s problem with the appropriate welfare weights. This property has the following
implications. Firstly, it implies that the Backus-Smith-Kollmann (BSK) condition holds in
linearised form:

—0 <6H7t — C\F,t) = ﬁé’;{t — :g\t — ﬁgt = _Q\t- (52&)

Thus, relative consumption is perfectly correlated with the real exchange rate. Note that
unlike in closed economies, complete markets do not imply that the marginal utility of

consumption is perfectly correlated, as it is now efficient for agents to consume less when
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prices are high. Secondly, the portfolios derived are independent of the covariance matrix of
innovations. It also implies that all real quantities in this economy are stationary. Note that
the previous result, that stochastic discount factors are equalised between the two countries
once they are expressed in the same units, is not due to the fact that markets are complete
to a first order approximation, but simply as a result of the order of approximation. Thus,
in the case where the number of assets is smaller than the number of shocks, the result will
still hold, while risk sharing will be imperfect.

The appendix also shows that the budget constraint of the Home agent can be written

as:

NFApy = NFAp; 1Ry, + &y + NXuy, (53)

where the net foreign asset position of the Home agent, NF Ay, is given by Foreign assets

held by the Home agent minus Home assets held by the Foreign agent:
NFAy, = Sg,P2,Zy+ Bi, Zy — Sg, Pi, — Bpy P (54)

€my 1s the excess return on the Home portfolio defined as the difference between actual net
foreign assets at the beginning of period ¢ and net foreign assets at period ¢ had all wealth

been invested in Home equity:

¢ne = (SHio1—1) (P, + D) + Sp_y (PR + Dry) S

+Bj, 1+ B, 1S — NFAp 1Ry, (55)
N Xy, are Home net exports defined as:
NXuy =Y Pil,+ Yy, Pip St — Imy Py — PE,Chy. (56)
Linearising (54) gives:
@H,t = ﬁF\AH,t—l% + gH,t + ﬁH,t; (57)
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where ﬁF\AHi = % and NX Hi = N);H’t and Y is steady state output.

Using (52a) and (57), we can then derive a partial equilibrium expression for equity

holdings as a function of hedging motives (for details, see the appendix):

~ o~ ~Q —~ o~
(1-5) (CCOURtB (Rg, Rf) + covgy (Rt ,Rf)) — W Leovgp (RtW , R;?)

2 Dvarps (Rf)

(58)
where COURB (Eg,éf) = Et [(1 = %) (@t - P [@tlﬁf]) (ﬁf - P ﬁﬂﬁf])] , COURB (E?,Ef) =
E[(=2) (S # (@ — P |QuslBE] )) (BE = PBSIRE))|  covgs (RY, RS =
E (R —p[B¥\Re]) (Rs - P [REIBE])] vargs (BS) = B (B — P [ﬁf@tBDQ and
D, W, L,S are steady state dividends, wages, labour, and equity holdings, respectively.
ﬁtw is the (linearised) relative return to human capital defined as: JBLJVLIVt — E% ~ 7, =
(1-5) E, Z]o-io B (WH,tJrj + ZH,t+j - WF,tJrj - ZF,t+j - Zﬂ') :

While condition (58) is not structural, it provides some useful intuition about the drivers of
equity positions in this model. It is also worth noting that this condition holds in a fairly
general class of models, i.e. all dynamic models with complete markets, trade in equities
and one period nominal bonds and labour income as the only nontradable source of income.

According to (58), the optimal equity position depends on four terms. The first term
shows that this model would generate perfectly diversified portfolios (S S = %) in the absence
of any concern for the real exchange rate or labour income, i.e. for c =1 and WL = 0. The
second and third term arise from a motive to hedge movements in personal consumption
expenditures which are here perfectly correlated with the real exchange rate*. The BSK
condition, (52a) indicates that optimal risk sharing implies that consumption falls when
the real exchange rate appreciates and the fall in consumption is larger the larger is the
intertemporal elasticity of substitution. For high values of the intertemporal elasticity of

substitution (o < 1), relative consumption falls so much in response to a rise in the real

exchange rate that relative consumption expenditure also falls. Since optimal consump-

4Note that a rise in Q) here denotes a real exchange rate depreciation
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tion spending would be lower in the case when the real exchange rate appreciates, agents
would, ceteris paribus, prefer to hold an asset that has low payoffs when the real exchange
rate appreciates. For the more realistic case of low intertemporal elasticity of substitution
(o0 > 1), agents would prefer to hold an asset that pays more when the real exchange rate
appreciates. Finally, the last term arises from a motive to hedge movements in the return to
human capital and it implies that agents would prefer to hold an asset that has high payoffs
when the returns to human capital are low, and vice versa. Note, however, that nominal
bonds can also be used to hedge some or all of these sources of risk. What is important
for equity positions is thus not the unconditional comovement of equity returns with these
sources of risk, but their comovement conditional on the returns to the nominal bond.

It is instructive at this point to compare this expression with equivalent ones implied
by other papers in the literature. In Heathcote and Perri (2008), there are no nominal
rigidities and equities are the only asset traded. Since their benchmark model also only
features one shock, markets are effectively complete. This implies that the reduced form
expression analogous to (58) would be very similar, with the main difference being that the
equity position only depends on the the unconditional comovement between relative equity
returns and the sources of risk. In Coeurdacier et al. (2008), prices are flexible and infinitely
lived real bonds are traded instead of nominal bonds. This implies that while the relevant
covariances are conditional on bond returns, it is the real bond returns that we have to
condition on. Since the payoff of the real bonds is perfectly correlated with current and
future real exchange rates, movements in the real exchange rate are completely hedged using
real bonds and the equity positions are determined by the conditional covariance between
relative equity returns and returns to human capital. Coeurdacier and Gourinchas (2008)
provide an analysis of a very general class of models in a static setting. Their expressions
would thus often look similar to (58), with the key difference being that the terms would
only involve contemporaneous covariances. Finally, Engel and Matsumoto (2008) analyse
a model with nominal rigidities and complete markets in a dynamic setting which would

imply the same partial equilibrium expression that we present here.
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We can derive a similar expression for bond holdings which is:

~ 2@ ~,
Ccovgs (R?,RF) + Ccovgs (Rt ,RtB) + %cavRts (RtW,RtB>

B=; . (59)

Duvargs (EtB )

where congg (B \R2) = B [((1= 1) S 0 (@ = P Qo)) ) (B2 = P [RE1R])] conns (7
E((=2) (Q-Plars])) (RE - P REIRS|)| s covns (R, RE) = B | (R - P RYIRS]) (R
and vargs (EtB) = E, (Ef - P [Eﬂfif])z The bond position is determined by three
terms, which are very similar to the terms that determine the equity portfolio. The first
and second terms are again related to the desire to hedge movements in the real exchange
rate and imply that, for ¢ > 1, agent go long in domestic bonds, if bond returns are nega-
tively correlated with the real exchange rate, while they hold positive positions in domestic
bonds if o < 1. The motive to hedge movements in the return to human capital imply that
domestic bonds are held if their returns are negatively correlated with the returns to human
capital. Again, as in the case of equity, the relevant covariances are conditional, in this case
conditional on relative equity returns.
The expressions in (58) and (59) are very useful, because they consist of the regression

coefficients of the following regressions:

EXV = 6w,s§f + 6w,b§tB + Ew,t (60)
ﬁg = ﬁq,sﬁf + ﬁq,bﬁtB + Eqt (61)
ﬁtQ = ﬂg,sﬁf + 6§,b§tB + gt (62)

Below, we thus use (58) and (59) as well as the regression coeffients obtained from (60) to

(62) extensively in order to gain intuition about the drivers of portfolios.
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3.1 Calibration

The parameters that need to be calibrated in our benchmark model are 3, pa, par, 0, @, ac,ar, 0, a, .0, €, w, -
and the elements of the covariance matrix 3. We adopt a benchmark calibration that closely
follows the literature on international business cycles and portfolios, whenever possible (e.g.
Backus et al. (1994), Chari et al. (2002), Coeurdacier et al. (2007, 2008), Heathcote and
Perri (2008)). The model is assumed to run at quarterly frequency and we thus set the dis-
count factor 8 to 0.99 which implies an annual steady state real interest rate of 4.1%. The
rate of depreciation is set to 6 = 0.025 implying an annual rate of depreciation of almost
10%. The degrees of consumption and investment home bias are set to ac = a; = 0.85,
implying a steady state import/GDP ratio of 15%.The elasticity of output with respect to
labour, «, is set to 0.66. The elasticity of substitution between individual varieties, ¢, is set
to 10, implying a steady state markup of 11%. The elasticity of substitution between Home
and Foreign goods, ¢, is set to 1.5 and the risk aversion coefficient is set to be o = 2. This
implies that the share of consumption in total output is 0.78. The parameter governing the
disutility of labour is set to ¢ = 9.7. We set 6 = 0.75, implying that one quarter of firms can
change prices during every quarter and an average life of prices of one year. The elasticity
of labour supply, w, is set to one, which, together with i, e, and « implies a labour share of
0.59. The persistence of the productivity and interest rate shocks are set to ps = 0.91 and
pv = 0.9, respectively. As mentioned above, markets are complete to a first order which
implies that portfolios are not sensitive to changes in the covariance matrix. However, the
covariance matrix does, of course, matter for the volatility and the comovement of many

real variables in the system. In our benchmark, the covariance matrix is given by:

0.012 0.0054 O 0
5 0.0054 0.012 0 0
0 0 0.012 0

0 0 0 0.012 |
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4 Portfolios

In this section, we compute optimal portfolios in a variety of settings. First, we consider a
model without nominal rigidities in order to illustrate the main drivers arising from the pos-
sibility of capital accumulation. In such a model, optimal portfolios involve zero positions in
nominal bonds, while domestic equity is a good hedge for both human capital and real ex-
change rate risk, leading to equity home bias. We then analyse portfolios in a model without
capital accumulation, but with price rigidities. In such a model, equities are a good hedge
for human capital risk, while nominal bonds are a good hedge for real exchange rate risk, for
sufficient degrees of price rigidity. In the general model with both capital accumulation and
nominal rigidities, the investment channel dominates. This again implies that equities are a
good hedge for real exchange rate risk, and in many cases a better hedge for real exchange
rate risk than nominal bonds, even for high degrees of nominal rigidity or monetary policy
responsiveness. This result is quite robust in a variety of settings, including other values
for the intertemporal elasticity of substitution, the elasticity of substitution between Home
and Foreign goods, with long term bonds, different monetary policy functions or pricing
regimes, consumption and labour shares, shock persistence, or investment shocks. Shocks

to equity prices make portfolios more robust by shutting down equity trade completely.

4.1 Model without Nominal Rigidities

First, we consider a version of the model where all firms are free to set prices in all periods.
This model is very similar to the model in Heathcote and Perri (2008) and generates the
same equity portfolio for their parameterisation (¢ — oo,0 = 1,¢ = 1). There are four
main differences to the model in Heathcote and Perri (2008): i) we allow for monopolistic
competition, ii) we introduce a monetary authority that sets interest rates, iii) we introduce
a second shock, namely shocks to the nominal interest rate, and iv) we allow for the trading
of nominal bonds, but it turns out that the only relevant changes for portfolios are our

different parameterisations, including the degree of monopolistic competition. Even these
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effects, however, are only quantitative and of limited size. Trading of nominal bonds, interest
rate shocks and the monetary policy rule all have no effect on equity portfolios, as will be
clear below, and optimal bond portfolios are always zero.

In order to build intuition for the structure of optimal portfolios and the mechanics of
models with capital accumulation, it is useful to focus on the effects of productivity shocks.
Figures 1 and 2 present the impulse responses to a positive relative shock to Home pro-
ductivity for a number of Home variables. A positive relative shock to Home productivity
implies that Home productivity rises, but Foreign productivity falls by the same amount to
leave average world productivity unchanged. Due to the symmetry of the two countries in
the model, the responses of Foreign variables will be the exact mirror image of the responses
of Home variables and we can ignore them without loss of information. In response to a
positive relative Home productivity shock Home output rises. This rise in Home output is
initially driven by the increase in Home productivity and a rise in Home labour, but high
investment in the initial periods also implies an increase in the capital stock which makes
the rise in Home output more persistent. Home labour output rises in the initial periods,
as wages rise and the substitution effect outweighs the income effect. The rise in wages
is driven by the increase in productivity and an increase in the demand for consumption
and investment. The increase in investment is driven by two forces: a desire to save in
order to smooth consumption and a desire to build up capital, as it is now more productive.
The positive relative shock to Home productivity also implies a real depreciation of Home
currency due to the increase in the supply of the Home good which is more prominent in
the Home consumption basket.

The behaviour of nominal variables is strongly affected by monetary policy. With our pa-
rameterisation, monetary policy responds moderately strongly to CPI inflation. Initially,
the Home CPI rises, as demand for foreign goods is high. The nominal exchange rate de-
preciates to help bring about the real depreciation. Over time, import demand falls and
the price of the Home good continues to fall. However, as the supply of the Home good

returns to the steady state level, a real appreciation is required and this requires a nominal
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appreciation. A different way of looking at exchange rate dynamics is that the fall in the
Home price level induces a fall in Home nominal interest rates. In order for expected bond
returns to be equalised, a nominal appreciation of the Home currency is then necessary. It
is worth noting here that the monetary authority stabilises CPI inflation and not the price
level and that we therefore do not observe that prices return to the steady state level.

Now that we have analysed the basic responses in this economy, let us look at the hedging
demands identified in (58)°. Above, we identified real exchange rate movements and move-
ments in the returns to human capital as the drivers of portfolio decisions. As mentioned
above, the real exchange rate depreciates initially and only slowly converges from above to
its steady state value. Thus, for ¢ > 1, in order to hedge movements in the real exchange
rate, agents would like to hold an asset that has low payoffs in response to a positive pro-
ductivity shock. We also noted that Home wages and labour hours increased in response to
a productivity shock. Relative returns to human capital are also affected by the nominal
exchange rate which first depreciates and then appreciates, but it can be shown that relative
returns to Home human capital increase in response to a productivity shock. Thus, again,
agents would prefer to hold an asset that has a low payoff in response to a positive pro-
ductivity shock. So how do asset returns respond? (49) shows that relative equity returns
depend on the expected discounted value of future dividends. Dividends in turn are the sum
of profits and capital income, minus investment. Home profits and capital income increase,
despite a rise in the Home wage, but this effect is dominated by the increase in investment
which is also more important than the movement in nominal exchange rates. The strong
response of investment implies a persistent negative response of relative dividends, implying
that relative equity returns fall in response to a productivity shock. This means that Home
equity is in principle a good hedge for both real exchange rate risk and human capital risk.
Relative nominal bond returns are equal to unexpected nominal exchange rate apprecia-

tion. Since the nominal exchange rate initially depreciates, nominal bonds can thus also be

5The correct partial equilibrium expression for portfolios is slightly different in this case. See the appendix
for details.
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a good hedge for both real exchange rate and human capital risk in response to productivity
shocks.

What about responses to monetary shocks? In this model - with perfect price flexibility -,
monetary shocks only affect nominal variables in equilibrium - all prices and the nominal
exchange rate. Thus, all real variables are unaffected by monetary shocks, as long as the
net foreign asset position is not affected. Consequently, relative equity returns and relative
returns to human capital and the real exchange rate are also unaffected. The nominal ex-
change rate, however, does move in response to monetary shocks and so do relative bond
returns. Thus, Home equity is again a good hedge for real exchange rate and human capital
risk, while, here, nominal bonds are not. In fact, the only way for agents to insulate them-
selves from the monetary shock is by holding zero bond positions. We can then think of
portfolios in two ways. Structurally, domestic equity is used to hedge against productivity
shocks, while bonds are used to hedge nominal shocks. Another way to think about it is that
Home equity is used to hedge both human capital and real exchange rate risk, while bonds
do not contribute to insure against these sources of uncertainty. Note that since markets are
complete to a first order, these portfolios achieve perfect risk sharing at this level of approx-
imation. It is worth remembering that the main mechanism that drives portfolios here is
capital accumulation: The response of investment implies that returns to human capital and
relative equity returns are negatively correlated. The response of investment also implies
that relative equity returns and the real exchange rate are negatively correlated. Finally,
the possibility of investment increases the persistence of the model potentially increasing
asset positions.

Tables A1 and A2 in the appendix give portfolios for a variety of parameter combinations
and decompose asset positions into the parts driven by real exchange rate and human capital
risk. Here, we only comment on a few major characteristics. As already noted by Heathcote
and Perri (2008), this model can generate significant home bias in equity portfolios. The
home bias in equity portfolios is driven both by the motive to hedge movements in real

exchange rates and by the motive to hedge labour income risk. It is worth noting that,
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quantitatively, the motive to hedge movements in real exchange rates is more important
for equity portfolios than the desire to smooth human capital risk. In general, the model
generates too much home bias, often involving short positions in foreign equity. Portfolios
are discontinuous in some parameters. For example, for high enough values of the elasticity
of substitution between Home and Foreign goods, relative equity returns respond positively
to productivity shocks, making them poor hedges for human capital and real exchange rate
risk and implying short positions, often large in magnitude, in domestic equity. Finally, as
already mentioned, optimal international asset portfolios involve zero bond positions which
are clearly counterfactual. Monetary policy, here simply parameterised by =, only affects

the response of nominal variables and thus has no effect on portfolios.

4.2 Model without Investment

We now consider a model with nominal price rigidities, but without investment. To that
purpose, we set the rate of depreciation, J, to zero and assume investment to be zero at
all times, implying that the capital stock in each country is fixed. Otherwise, we keep all
other elements of the model unchanged. This model is very similar in spirit to the models
presented in Engel and Matsumoto (2008a,b). The major differences are the type of price
stickiness and the nature of monetary policy. Engel and Matsumoto (2008a,b) assume that
a fraction of firms chooses prices before shocks are observed, while the remainder of firms
is free to choose prices after observing the shocks. They further assume that agents derive
utility from holding real money balances and make the supply of nominal money balances
exogenous and stochastic.

Both here and in Engel and Matsumoto (2008a,b), money has real effects due to the presence
of nominal rigidities: Since not all firms can change prices, changes in the nominal interest
rate also imply changes in the real interest rate which in turn affect other real variables.
Figure 3 and 4 present impulse responses to productivity shocks in this model with our
benchmark calibration, while figures 5 and 6 present the responses to monetary shocks.

Following a relative Home productivity shock, Home output increases, but by less than
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the increase in productivity, as labour demand falls. As productivity rises, marginal costs
fall. With perfect price flexibility, optimal prices would also fall, as they are a markup over
marginal costs. In this model, optimal prices also fall, as firms would like to reduce prices
in order to increase the quantity produced and sold. Due to the price rigidities, however,
not all firms can reduce prices, so demand cannot expand as strongly as with flexible prices.
Thus, with sufficient degrees of price flexibility, firms cut labour demand, as they can now
produce more output with the same amount of labour input. Since those firms that are
allowed to change prices, do cut them, the Home price level falls. As in the model without
nominal rigidities, the real exchange rate depreciates due to the increase in the supply of
the Home good, while the nominal exchange rate first depreciates, but appreciates in the
long run. Firm profits and dividends rise, as productivity rises and labour demand falls and
this effect outweighs the fall in prices. Due to the rise in dividends, relative Home equity
returns increase, while the relative returns to labour income are negative, as labour demand
falls. A long position in domestic equity is then a good hedge for human capital risk, but a
poor hedge for real exchange rate risk. Nominal bond returns are positive, as the nominal
exchange rate initially depreciates. Thus, nominal bonds are a good hedge for real exchange
rates, but a poor hedge for human capital.

Following a monetary shock that increases nominal interest rates, real interest rates
increase. The increase in real interest rates reduces domestic demand, leading to a fall in
output and labour demand. The fall in demand induces a fall in prices further increasing
real interest rates. Since output of the Home good has fallen, its relative price should
increase which, due to local bias in consumption implies a real appreciation of the Home
currency. Since Home prices have fallen, this implies that the nominal exchange rate has
to appreciate by more than the appreciation of the real exchange rate. Despite the positive
shock to nominal interest rates, nominal interest rates end up falling initially, as the central
bank can react contemporaneously to the fall in inflation. Relative Home dividends increase,
as the fall in Home dividends is more than compensated by the increase in the nominal

exchange rate. The persistent rise in relative Home dividends implies a positive response of
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relative Home equity returns. For relative Home labour income, however, the appreciation
of the nominal exchange rate is not sufficient to compensate for the fall in nominal Home
labour income and returns to human capital are negative. Thus, domestic equity is again
a good hedge for human capital. Since the real exchange rate appreciates, domestic equity
is also a good hedge for real exchange rate fluctuations. Since the nominal exchange rate
initially appreciates, relative nominal bond returns are positive and bonds are also good
hedges for human capital and real exchange rate risk.

We thus find that, for sufficiently sticky nominal goods prices, domestic equity is a good
hedge for human capital risk under both shocks, while nominal bonds are good hedges for
real exchange rate risk. This intuition is confirmed when looking at the optimal portfolios
in this economy. Again, we defer a more detailed discussion of portfolios to the appendix,
but comment only on the most salient features here. Firstly, we can see that for sufficiently
sticky nominal goods prices, equity portfolios exhibit realistic home bias, as the share of
domestic equities held is between one half and one. Equity portfolios are mainly determined
by a motive to hedge movements in the returns to human capital, while mainly the nominal
bonds are used to hedge movements in the real exchange rate. A relatively high degree
of price stickiness is crucial for this result: As the degree of price stickiness falls, equity
portfolios become less home biased, for two reasons. Firstly, as prices become less sticky,
returns to equity and human capital become more correlated, until at some point, the
correlation becomes positive and a short position in domestic equity is required to hedge
human capital risk. Secondly, as price stickiness falls, nominal bond returns become less
closely related to movements in the real exchange rate and equity positions correspondingly
take one a bigger role in hedging real exchange rate risk also. Since equity returns and the
real exchange rate are positively correlated, this implies again that agents would be pushed

towards holding a negative position in domestic equity to hedge real exchange rate risk.
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4.3 Model with Nominal Rigidities and Investment

We now consider a model that features both nominal rigidities and investment. Both nom-
inal rigidities and investment are widely assumed to be important for business cycle fluc-
tuations though many models continue to feature only one of the two properties. In open
economy settings, models similar to ours have been used to generate realistic real exchange
rate dynamics (Chari et al. (2002)) and cross country correlations in output and asset re-
turns (Kollmann (2001)). Our contribution is to introduce nontrivial portfolio choice with
trade in nominal bonds and equities into these models.

Figures 5 to 6 present the impulse responses of various variables to a relative Home pro-
ductivity shock. As we can see, this model shares many qualitative features with the model
without nominal rigidities. However, the combination of nominal rigidities and capital ac-
cumulation endogenously creates substantial persistence in the response to shocks. Home
output rises and the rise in output is initially magnified by an increase in labour hours and
driven both by an increase in consumption and investment. The resulting increase in the
capital stock makes the rise in Home output both stronger and more persistent. The in-
crease in investment and consumption demand induce an increase in the demand for labour
in the initial periods after the shock, while the increase in labour demand and the rise in
productivity induce an increase in the Home wage. The rise in consumption and investment
drives an initial negative response of net exports. The rise in imports also drives an increase
in the Home price of the Foreign good which in turn induces an increase in the Home price
level. The real exchange rate depreciates due to the increase in the supply of the Home good
and the local bias in consumption and investment. Since the Home CPI initially rises, a
real depreciation necessitates a nominal depreciation. Over time, however, as Home demand
and therefore prices fall, the nominal exchange rate appreciates. As in the model without
nominal rigidities, relative Home dividends fall, mainly due to the rise in investment. The
persistent fall in relative dividends implies a negative relative equity return. Due to an
increase in both labour demand and wages, Home labour income and the returns to human

capital respond positively, implying that, again, Home equity is a good hedge for domestic

32



labour income risk. Since the real exchange rate depreciates, Home equity is again also a
good hedge for real exchange rate risk. Relative returns of Home nominal bonds are nega-
tive, as the nominal exchange rate initially depreciates, which implies that Home nominal
bonds are in principle also good hedges for both human capital and real exchange rate risk.

Now consider the monetary shock. Due to nominal price rigidities, this monetary shock
now has real effects. In particular, a positive relative shock to the Home nominal interest rate
implies a rise in the Home real interest rate also. This rise in the real interest rate chokes off
domestic demand for both consumption and investment. The fall in demand induces a fall in
prices. Since the central bank here can react even to a contemporaneous fall in inflation, it
lowers the nominal interest rate, and to an extent that the nominal interest rate in fact falls
despite the positive monetary shock. Note, however that prices still fall more so that real
interest rates increase. The fall in demand induces a fall in output which, with unchanged
productivity, translates initially into a fall in labour demand and a decrease in the demand
for investment. The fall in Home output induces a relative increase in the scarcity of the
Home good and thus a real Home appreciation. Since Home prices fall, this implies an
even stronger nominal Home appreciation. Both the Home wage and labour demand fall,
implying a fall in Home labour income and the returns to human capital. Home dividends
increase, as profits increase due to lower labour costs and the nominal appreciation, while
investment falls. The persistent rise in dividends implies positive relative returns to Home
equity. This implies that Home equity is again a good hedge for human capital risk and real
exchange rate risk. Similarly, Home nominal bonds are also a good hedge for real exchange
rate and human capital risk.

Thus the model with both nominal rigidities and investment behaves more like the model
without nominal rigidities when considering the productivity shock, and more like the model
without investment when considering the monetary shock. Overall, however, capital accu-
mulation remains an important driver of the behaviour of many variables, including portfolio
decisions. In particular, we saw that relative equity returns fell in response to a productivity

shock, as in the model without nominal rigidities, while they rose in response to a mone-
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tary shock, unlike in the model without investment. The returns to human fall increase in
response to a productivity shock and fall in response to a monetary shock, just as in the
model without price rigidities and unlike in the case of the model without investment. The
behaviour of nominal and real exchange rates is qualitatively much like in the case without
investment. But remember that for virtually all variables, the persistence of the responses
to shocks is magnified by the combination of nominal rigidity and capital accumulation.
So what does that imply for portfolios? As noted before, both equities and nominal bonds
are in principle good hedges for both real exchange rate and human capital risk in this
model. What is more, neither asset is perfectly correlated with one of the sources of risk
so that, both assets are in general affected by both sources of risk and asset returns are
highly correlated. What is more, for our benchmark parameterisation, equity returns and
nominal bond returns are highly correlated. This implies that in order to span the space
of consumption allocations, agents may ideally hold large and offsetting positions. What
is more, the fact that assets are highly correlated implies that asset positions can be quite
sensitive to the value of certain parameters and are not easy to understand. Finally, the
high endogenous persistence of the model will also tend to produce large asset positions.

With our benchmark calibration, agents take short positions in domestic equity and large
long positions in domestic bonds. Both bonds and equity are highly correlated with real ex-
change rate risk, but the correlation is marginally higher for bonds which explains their long
position. The equity position is negative due to offsetting the effect of nominal bonds when
it comes to real exchange rate hedging, while human capital risk actually makes a positive
contribution to equity home bias. Thus, unlike Coeurdacier et al. (2008), we do not find
that portfolios are robust, because different sources of risk are allocated to different assets.
So why are our results so different? Firstly, in Coeurdacier et al. (2008), infinitely lived
real bonds are traded. With infinitely lived real bonds, relative bond returns are perfectly
correlated with the real exchange rate. It can then be shown that real exchange rate risk
is entirely hedged using bonds and does not affect equity positions. Equity positions then

solely depend on the conditional covariance with human capital returns. More generally, in
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order to generate robust portfolios, we need to reduce the correlation between the two assets,
and achieve that the relative correlation of equity with respect to real exchange rate risk is
substantially different from the relative correlation with respect to human capital risk. So
why are portfolios so unstable in this model? There are a number of reasons. Firstly, the
real exchange rate motive is very prominent here and it is this motive that drives extreme
portfolio positions. The real exchange rate motive is large, because the size of consump-
tion spending in this model is relatively large (more on this below). Secondly, equity is a
good hedge for real exchange rate risk. This property is quite closely linked to the possibil-
ity of capital accumulation. Capital accumulation implies that relative equity returns are
negatively correlated with the real exchange rate and the correlation is very strong here,
as there is no strong force to separate movements in investment from changes in output.
Thirdly, while nominal bonds are highly correlated with real exchange rate risk, they are
not necessarily better hedges for this source of risk than equities. The association between
nominal bond returns and real exchange rate risk is weakened by two forces. Firstly, there
is the presence of nominal risk. Secondly, bonds only have a maturity of one period and
are thus unlikely to be perfectly correlated with real exchange rate risk of infinite maturity.
Note, however, that longer maturity of bonds does not necessarily increase its usefulness
as an asset to hedge long run risk. Below, we discuss the effects of several features of the
model and present portfolios for many parameter configurations. However, we find that it
is surprisingly difficult to come up a model that generates robust portfolios along the lines

of Coeurdacier et al. (2008).

4.3.1 Intertemporal Elasticity of Substitution/ Risk Aversion

As is well known, standard macroeconomic models have great difficulties to explain many
asset pricing facts. In particular, some authors (see e.g. Mehra and Prescott (1985)) find
that very high degrees of risk aversion are necessary to explain equity risk premia. We thus
investigate the robustness of our results with respect to different values for the coefficient

of relative risk aversion o. As can be seen in table la, higher values of o cannot generate
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more realistic asset positions. On the contrary, we find that higher degrees of risk aversion
increase asset position. This implies that positions in Foreign equity become even larger
meaning that agents take larger short positions in Home equity. Home bias in equities is
negative even for low values of 0. The large foreign bias in equity positions is mainly due to
real exchange rate hedging, while the human capital motive makes a positive contribution
to equity positions for sufficiently high degrees of risk aversion. Optimal bond positions
are always positive and also increase with o. The increase is again mainly driven by the
real exchange rate motive and bond positions quickly become very large, as agents have a
stronger motive to hedge risk. Asset positions are mainly affected by an increased desire
to hedge risk, but asset correlations also change somewhat. In general, we find that the
correlation between bond returns and current and future exchange rates is more strongly
negative than for equity returns. Thus, for o > 1, long positions in bonds are used to hedge
consumption expenditure. As o rises, investment reacts more strongly to shocks, and equity

thus becomes a better hedge for human capital risk.

4.3.2 Elasticity of Substitution between Home and Foreign Goods

Cole and Obstfeld (1991) recognised that in models with more than one goods, diversifica-
tion using assets may not be necessary in order to hedge the international dimension of risk.
This is because changes in relative prices can provide some insurance without explicit di-
versification of portfolios. The strength of the response of relative prices is strongly affected
by the elasticity of substitution between Home and Foreign goods, ¢. Correspondingly, this
parameter has a relatively large influence on portfolios in many settings, including Engel
and and Matsumoto (2008a,b) and Heathcote and Perri (2008). This is also true here, as
can be seen in table 1b. However, the table also shows that there is only a small range
for ¢ that can produce a realistic degree of home bias in equity positions. Equity positions
become more negative, as we increase ¢, turning from excessive home bias to large negative
positions in domestic equity. This is mainly due to the effect of human capital hedging. As

¢ increases, the response of relative prices becomes smaller. This implies that relative equity
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returns become less negatively correlated with human capital returns, and the correlation
in fact ultimately turns positive. Thus, human capital hedging increase home bias for low
values of ¢, while it increases foreign bias for high values of ¢. The real exchange rate motive
induces foreign bias in equity positions, but its effect becomes progressively smaller, as ¢
increases, as the effect of changes in relative prices becomes smaller. Only for ¢ close to one,
are equity positions of a realistic magnitude. However, even in that case, realistic equity
positions arise as the result of the fact that the contributions of the two hedging motives
offset each other to a large extent, implying that the resulting portfolio is not very robust.
Positions in Home bonds rise strongly, as ¢ increases, moving from large negative to large
positive positions. This is mainly driven by human capital hedging. For low values of ¢,
bonds and equities have similar hedging properties for human capital, implying opposite
effects of human capital on equity and debt. For higher values of ¢, bonds become better at
hedging human capital risk, implying long positions in bonds. Again, as ¢ rises, the effects
of the real exchange rate motive become smaller. It is worth noting that while ¢ has a large
effect on asset positions, portfolios are not discontinuous in ¢, unlike in Heathcote and Perri
(2008), Coeurdacier (2008) and the model without nominal rigidities presented above. This
is due to the fact that, as long bond positions become less good at hedging real exchange
rate positions, progressively more hedging of human capital risk is done using the bonds, as

in the model without investment above or Engel and Matsumoto (2008a,b).

4.3.3 The Degree of Nominal Rigidity

As shown above, with perfect price flexibility, optimal bond positions are always zero. As
noted above, this is the result of two effects. Firstly, monetary shocks are then pure noise
and only affect prices and nominal exchange rates. Zero bond positions then allow agents to
avoid letting the noise affect net foreign asset positions. Secondly, trade in equities is enough
to allow perfect risk sharing With nominal rigidities, however, money is no longer neutral.
This implies that shocks to the interest rate have an effect on real variables. What is more,

trade in equities is no longer sufficient to complete the market. Both of these effects imply
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that optimal bond positions are no longer zero for § > 0. In table 2a, we present portfolios
for different degrees of price rigidity. An increase in 6 has several effects that are relevant
for portfolios. For low levels of 6, portfolios are, as expected, very similar to the ones in
the model without nominal rigidities. Relative equity returns are strongly correlated with
both human capital and real exchange rate risk and home equity bias is too strong as a
result. Bond positions are small and negative, as nominal bond returns are very noisy.
As 0 increases, the contributions of all hedging motives become larger and home bias in
equity and positions in foreign bonds become larger as a result. This is because equity and
bond returns become more correlated, implying that agents take larger offsetting positions
in order to span the space of allocations. The correlation between the two asset returns at
some point becomes so high that asset positions become very large. As mentioned before,
initially equity returns are more highly (negatively) correlated with real exchange rate risk
than bond returns. However, as 6 increases, the correlation between equity returns and real
exchange rate risk falls, while the correlation between bond returns and real exchange rate
risk is only moderately negative for low values of 8, but increases quickly. We can see that
for a certain value of 6, 6%, the correlation between bond returns and real exchange rates
becomes larger than for equity returns and we observe a discontinuity in portfolio positions.
For values of @ larger than 6*, the nominal bonds are better hedges for real exchange rates
than equity and drive positive positions in domestic bonds. For 6 > 6*, initially optimal
positions in Home equity are negative, as the correlation between equity and bond returns
remains high and implies offsetting positions in the two assets. As 6 further increase, the
difference between the correlation of bond returns with real exchange rate risk and of equity
returns becomes larger, implying that equity returns are then mainly used to hedge human
capital risk, while bonds are used hedge real exchange rate risk. There are thus some values
of 6 for which we observe realistic degrees of home bias, though the appropriate degrees of
price rigidity are somewhat outside the range used in the literature. It is also worth noting
that in this model, the contribution of human capital hedging to Home equity bias is always

positive, as the correlation between relative equity returns and human capital returns is
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negative even at low levels of price rigidity, due to the response of investment.

However, we cannot arbitrarily increase the degree of nominal rigidity in this model,
for the following reason. As shown by Carlstrom and Fuerst (2000), compared to standard
New Keynesian models, the addition of investment spending makes models with simple
monetary rules more likely to exhibit real indeterminacy. By real indeterminacy, it is meant
that the behaviour one of more real variables is not pinned down by the model. In particular,
Carlstrom and Fuerst (2000) show that the Taylor principle does no longer hold, i.e. that
it is not sufficient for real determinacy that monetary policy responds at least one-to-one
to increases in expected inflation. We find that our model with the benchmark calibration
exhibits real indeterminacy for values of ¢ larger than around 0.8, whereby the precise cutoff
value for 6, 5, above which the model displays real indeterminacy, depends on a number of
other parameters. In particular, as expected, it depends on the response of monetary policy.
We thus find that the model is determinate for § = 0.85 for v > 3 and for 8 = 0.95 for
~ > 25, which are the values used in table 2a and throughout the rest of the paper whenever
we consider values degrees of nominal rigidity above 0.8. It is worth noting that while the
model generates realistic and robust levels of equity home bias and bond portfolios for these
parameters, they lie somewhat outside the range of values for these parameters that the

theoretical and empirical literature regards as plausible.

4.3.4 Monetary Policy

As in all New Keynesian models, monetary policy has important welfare effects due to in-
efficiencies present in these models. Above, we also commented on the role of monetary
in bringing about real determinacy. In addition, as already emphasised by Devereux and
Sutherland (2007b, 2008b), monetary policy also affects portfolios by affecting asset returns.
In particular, monetary policy strongly affects the dynamics of nominal exchange rates and
thus the behaviour of bond returns. In Devereux and Sutherland (2007b, 2008b), monetary
policy was irrelevant, as long as markets were complete to a first order approximation. Here,

however, monetary policy has an effect even with first order complete markets. Of partic-
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ular interest here is whether a strongly responsive monetary policy, by making prices less
responsive to shocks, can increase the association between nominal and real exchange rates
and thus increase the extent to which nominal bonds can hedge against real exchange rate
fluctuations. However, as can be seen in table 3, the effects of changes in v on portfolios
are both qualitatively and quantitatively insignificant. This is because due the short matu-
rity of nominal bonds, monetary policy only has a limited effect on the properties of bond
returns. Thus, the stance of monetary policy, ceteris paribus, does not allow the model to

produce more realistic portfolios.

4.3.5 Long Term Bonds

In our benchmark model, agents trade in equities and one period nominal bonds. Bond
returns are then given by the unexpected contemporaneous appreciation of the nominal
exchange rate. rates. It could then be conjectured that the reason why bonds are not more
closely related with real exchange rate risk is the short maturity of the bonds and that by
increasing the maturity of the bonds, realistic and robust a la Coeuracier et al. (2008) could
be generated. We therefore now allow agents to trade equities and infinitely lived nominal
bonds. These bonds pay one unit of domestic currency in each period. Bond prices are

then, in domestic currency:
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Relative bond returns are then, to a first order approximation, given by the discounted sum

of future changes in the nominal exchange rate:
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Markets are again complete, to a first order approximation. However, we need to slightly
amend our partial expressions for portfolios to accomodate the fact that bonds are now long

lived. We have:
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Bond positions are now given by:
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However, and perhaps counterintuitively, it can be shown that longer lived bonds are
not necessarily better assets to hedge real exchange rate risk. This is true in our setup,
for two reasons. The first reason is apparent from a look at figure 11 which reproduce
the impulse responses of real and nominal exchange rates for our benchmark calibration.
The first row shows the impulse responses to a relative Home productivity shock. The real
exchange rate always depreciates, but the nominal exchange rate initially depreciates, but it
appreciates in the long run. Since nominal bond returns now depend on the discounted sum
of all current and future changes in nominal exchange rates, nominal bond returns respond

positively, implying that taking a short position in nominal bonds would now provide some

insurance against real exchange rate risk. However, as the second row in figure 11 shows, in
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response to an interest rate shock, both the nominal and the real exchange rate appreciate,
implying that a long position in domestic bonds would hedge against real exchange rate
exposure. Thus, the dynamic response of nominal exchange rates implies that we would
expect the correlation between long term nominal bond returns and real exchange rate risk
to be lower than with short term bonds. There is in fact a second reason to suspect that
long term bonds are less strongly correlated with real exchange rate risk than short term
bonds. This is because in this setup the association between nominal and real exchange
rates is determined mainly by the degree of price rigidity. In our benchmark calibration,
only one quarter of firms can reset prices in every quarter. However, in the long run, prices
are flexible and that implies that, while the current nominal and real exchange rates will
move closely in line with each other, nominal and real exchange rates far in the future
will do less so. Thus the expected value of future discounted changes in nominal and real
exchange rates will be less closely related than contemporaneous ones. This, again, will
tend to reduce the correlation between long term nominal bond returns and real exchange
rate risk. In tables 4 and 5, we present portfolios and correlations for different values of
nominal rigidity and monetary policy responsiveness when agents trade long term bonds.
There are several interesting findings. Firstly, for none of the parameter combinations
are nominal bonds better hedges for future real exchange rates than domestic equities.
Correspondingly, agents take long positions in equity in order to hedge their real exchange
rate exposure and take short positions in nominal bonds, for virtually all parameter values.
Only for very high levels of nominal rigidity do agents take long positions in domestic bonds
to hedge real exchange rate risk. A look at the correlations indicates that correlations
between short term bonds and real exchange rate risk are, in general, more strongly negative
than for long term bonds, especially for low values of #. Only at very high degrees of
nominal rigidity, are long term bonds more highly correlated with real exchange rate risk.
As before, equity positions generally exhibit too much home bias, and the home bias is driven
both by hedging against human capital and real exchange rate risk. Equity positions are

qualitatively and, for the most part, quantitatively little affected by changes in the degree of
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nominal rigidity or monetary policy responsiveness. As expected, however, bond positions
are strongly affected by the degree of nominal rigidity. As 6 increases, the correlation
between bond returns and real exchange rate risk quickly increases from very low levels
and is the main driver behind the negative bond positions. Increases in monetary policy
responsiveness have a relatively strong effect on correlations between asset returns and
sources of risk. However, while monetary policy now has a quantitatively larger effect
on portfolios, it again does not lead to qualitatively different asset positions. We thus
conclude that allowing agents to trade long term bonds does not generate robust and realistic

portfolios, if anything, it does the opposite here.

4.3.6 Consumption and Labour Share

In virtually all our exercises, portfolios are more affected by the motive to hedge movements
in personal consumption expenditures/real exchange rates than human. The big size of the
real exchange rate motive also appears to be the prime culprit for the instability of portfolios
in many cases. In this section, we examine whether the instability can be ameliorated by
reducing the relative importance of the exchange rate motive. The strength of the two
hedging motives is affected by many aspects of the model. Two of these are the level of
consumption spending and labour income in the steady state. In table 6, we thus present
portfolios with parameter configurations that imply a lower consumption share or higher
labour income.

In our benchmark calibration, the elasticity of output with respect to labour is @ = 0.66.
However, due to imperfect competition and the presence of profits in the model, this value
is not equal to the labour share. With an elasticity of substitution between individual
varieties of ¢ = 10, the labour share is then 0.59 of output. As we increase « to 0.7, the
total labour share increases to 0.63. The real exchange rate motive then indeed becomes less
important and home bias becomes less negative, though agents still take negative positions
in Home equity. Further increasing o to 0.75 implies a labour share of 0.68 and Home

agents now take a positive position in Home equity, but foreign bias remains. An increase

43



in the elasticity of substitution between individual varieties, ¢, has the effect of reducing
the steady state markup and thus profits. This also has the effect of increasing the labour
share in the steady state. However, as we increase € to 20 and thus the labour share to 0.63,
the real exchange rate motive does not become less important and the foreign equity bias
in fact becomes even larger.

In our benchmark calibration, the consumption share is 0.78 of output. Two parameters
that affect the steady state consumption share are the discount factor § and the rate of
depreciation 9. A higher discount factor § implies lower steady state consumption, as agents
are more happy to defer consumption to the future. A higher rate of depreciation implies
that investment needs to be raised, on average, in order to replenish the capital stock. Note
that changes in the intertemporal elasticity of substitution ¢ does not affect the consumption
share, as agents increase the capital stock in a way that increases both consumption and
output equally, leaving the consumption share unchanged. For g = 0.995, the consumption
share ¢/y falls to 0.75. However, perhaps somewhat surprisingly, asset positions become
more extreme and more affected by real exchange rates. This is because, as the discount
rate increases, agents care more about the future and therefore increase their asset positions.
What is more, the more important the future is, the less will agents like to hold nominal
bonds, as nominal bond returns become increasingly less correlated with real exchange rates
as we look further into the future. An increase of the rate of depreciation, 9, to 0.05 reduces
the steady state consumption share to 0.75 also. We now see a smaller effect of the real
exchange rate motive on portfolios and that agents now take substantially positive positions
in Home equity though home bias is still negative. However, it is worth noting that o = 0.05
implies an annual depreciation rate of 20% which is far outside the range generally used in
business cycle studies.

The right value for the consumption share is also not entirely uncontroversial. OECD data
that includes government consumption shows that most countries have consumption shares,
including durables, of 0.7 — 0.8, but the share becomes smaller when durables consumption

is included in investment (add some discus