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1 Introduction

The last two decades have witnessed a dramatic increase in international capital flows. Lane and
Milesi Ferretti (2001, 2006) have documented the increase in gross holdings of cross-country bond
and equities for various countries. This unparalleled expansion in private international asset trade
has largely been a developed-country phenomenon, but developing countries have also participated.
Lane and Milesi-Ferretti (2006) shows indeed that gross external financial positions now exceed
100% of GDP for major industrialized countries.

This massive wave of financial globalization has been accompanied by changes in international
portfolio in bonds and equities and changes in international risk sharing. Indeed, Sorensen et
al (2007) document the implications of financial integration for international portfolio allocation
and international risk sharing by examining OECD countries during the period 1993-2003. Their
empirical analysis shows that financial globalization has been accompanied by a decline in home
bias in debt and equity holdings with a corresponding increase in international risk-sharing. On
average they find that from 1993 to 2003 and for the countries in their sample, the value of foreign
equity holdings as a percentage of GDP increased from 0.09 to 0.31, the value of foreign debt
holdings increased from 0.47 to 1.2 and a similar pattern arises for the value of equity and debt
liabilities (from 0.1 to 0.37 for equities and 0.67 to 1.35 for debt). Their measures of international
risk-sharing displays a related pattern: income risk sharing and consumption risk sharing increased
quite steeply through the 1990s. Moreover their empirical analysis suggest that declining home
bias has been associated with strongly increasing consumption risk sharing, where the effect is
mostly due to an decline in equity home bias rather than debt home bias. In short the main
conclusion from Sorensen et al (2007) is that home bias and international risk sharing are closely
related phenomena. Obstfeld (2007) on the other hand measures the degree of risk-sharing by
looking at averages of consumption growth and real exchange rates for various country as in the
original Backus and Smith (1993) paper: using this metric there is a distinct negative relationship
(i.e. faster consumption growth is associated with a real appreciation) in the data for the period

going from 1991 to 2006 (the period of financial integration) suggesting a worsening rather than an



improvement in international risk-sharing.

Is it possible to reconcile in a common framework the aforementioned stylized facts about inter-
national capital markets? That is, can we generate less home bias through financial globalization
and what are the consequences of financial integration for international risk-sharing?

To address theoretically these questions, we construct a general equilibrium model with two
countries (Home and Foreign) and two sectors (tradable and nontradable) where each country is
specialized in its own tradable good: this model encompasses most of the current models that have
been used in recent international portfolio allocation analysis'. In order to capture different stages
of financial market integration we solve the model under various financial market configurations
(see also Devereux and Sutherland, 2006b), different in the number of assets that are traded across
countries going from the simple bonds economy to the case in which we allow trade in all equities
and bonds. At most in our economy agents can trade equities in tradable, nontradable sectors and
Home and Foreign nominal bonds. We allow for shocks to tradables and nontradables endowments
and redistributive shocks to tradable and non-tradable income as to make the international asset
structure incomplete.

Our model is driven mainly by supply shocks: in general following a positive supply shocks the
real exchange rate depreciate and in order to share risk domestic agents will hold foreign assets to
hedge against domestic income risks. In our model by introducing non-traded goods we allow for
the possibility that, depending on the origin of the supply shock (i.e. traded versus non traded), the
real exchange rate and relative consumption across countries can move in opposite directions (see
Benigno and Thoenissen, 2007) so that home assets bias in our model could result as an implication
of the lack of international risk sharing. This feature of the model though depends critically on the
type of assets that are traded internationally: when only real bonds are traded internationally, risk
sharing is limited and the comovements between real exchange rate and consumption induce agents
to short home bonds (compatible with the evidence as in Coeurdacier and Gourinchas, 2008). The

opposite result holds once we consider nominal bonds: risk sharing becomes perfect and agent go

'Our analysis is restricted, though, to a flexible price economy. Engel and Matsumoto (2007, 2008) and Devereux
and Sutherland (2006b) consider models with sticky prices.



long on home bonds. As we allow for equities to be traded (either only tradable equities or both
tradable and non-tradable equities) we find that home equity bias declines as risk sharing improves
but quantitatively the correlation between consumption and real exchange rate is well above the
one observed in the data. Moreover the possibility of trading nominal bonds along with equities
generates once again perfect risk-sharing and a strong home equity bias.

In short the main result of our analysis is that explaining simultaneously the decline in home eq-
uity bias with the size of international risk-sharing as economies become more financially integrated
constitutes still a serious challenge for international portfolio models.

In the next section we briefly review the related literature. Section 3 describes the model set-
up. Section 4 describes the parametrization and Section 5 analyzes the implications of the different

asset market structures.

2 Related Literature

Our work is related to several papers in different ways. On the role of non-tradeability in addressing
the home equity bias, Stockman and Dellas (1989) made an earlier contribution to solve for the
optimal portfolio with nontraded goods. They study an endowment economy with separable utility
between nontraded and traded goods. Their optimal equity portfolio is a combination of a well
diversified portfolio in traded good sector equities and a complete home bias portfolio in nontraded
good sector equities. In another contribution Baxter, Jermann and King (1998) study portfolio
allocation in an endowment economy and assume perfect substitutability in home and foreign
traded goods: they find that the presence of nontraded goods cannot explain home bias because
the optimal portfolio of traded good sector equities is well diversified. Moreover the optimal holdings
of nontraded good sector equities can exhibit either home bias or anti-home bias depending on the
elasticity of substitution between traded and nontraded goods. More recently Matsumoto(2007)
and Collard, Dellas, Diba and Stockman (2008) have extended the previous work by allowing for
differentiated home and foreign traded goods and non separable utility. Focusing on the role of

non-traded factors, Engel and Matsumoto (2006) show, in a sticky price framework, that home



bias may be optimal to hedge labor income risk. The closest paper to out analysis is the one by
Hnatkovska (2005) who, differently from the ones just mentioned, considers a two-sector model
with incomplete asset market structure: while we focus on the role of financial globalization she
examines the dynamic of portfolio choice to reconcile the home bias in equity holdings and high
turnover and volatility of international capital flows.

In terms of solution techniques our work use the methodology developed by Devereux and
Sutherland (2006a) and Tille and van Wincoop (2007) who derive an approximation method for
determining portfolio share in general equilibrium framework. Also, Evans and Hnatkovska (2007)
examine a similar model with a related solution methodology.

Many recent papers have addressed the issue of home equity bias: Coeurdacier, Kollmann, and
Martin (2007) present a 2-country, 2-good model with trade in equities and bonds. They focus
on “redistributive shocks” — shocks that redistribute income between firm owners and workers —
as a source of home bias in equity holdings. Coeurdacier, Kollmann, and Martin (2008) consider
a similar model, but with investment specific technological change, which they argue can explain
the home bias in equity holdings. Heathcote and Perri (2008) extend the analysis of Cole and
Obstfeld (1991) who examines the role of relative prices in international risk-sharing by considering
an economy with production. Engel and Matsumoto (2008) and Coeurdacier and Gourinchas (2008)
examines the role of bonds in diversifying international risk. Finally P. Benigno (2008) studies the

link between home equity bias and international risk-sharing in a framework with robust preferences.

3 A two-sector two-country model

We develop a basic two-country open economy model with tradable and non-tradedeable endow-
ments. There is a home and a foreign country, with each country endowned with its own tradable
good. Household maximize utility over infinite horizon and we consider different configurations of
financial assets that can be traded. At most there are six assets traded consisting of home and for-
eign equity shares in tradable and non tradable sectors and home and foreign nominal bonds. The

structure of the model is related to the production economies described in Benigno and Thoenissen



(2007), Chari et al. (2002) and Stockman and Tesar (1995). In what follows the general case with
all assets traded is described in details.
3.1 Consumer Behavior

The representative agent in the home economy maximizes the expected present discounted value

of the utility:

EZBS [ - +X10g<]\ét> 1)

where 3 is the discount factor with 0 < f < 1 M denotes money holdings and C' represents a

consumption index defined over tradable Cr and non tradable C'y consumption:

1 k=1 1 k=l k-1
Cy = [VECTE + (1= 7)=Cyy } ; (2)
where k is the elasticity of intratemporal substitution between Cy and Cr and v is the weight
that the households assign to tradable consumption. The tradable component of the consumption
index is in turn a CES aggregate of home and foreign tradedeable consumption goods, C'r; and Cg:

1 0-1
0

Ore = VRO, + (1 —vm)iCy, (3)

)

where where 6 is the elasticity of intratemporal substitution between Cy and Cp and vy is the
weight that the households assigns to home tradable consumption. We adopt a similar preference
specification for the foreign country except that variables are denoted with an asterisk and weights
have the F' sub-index. The consumption price index, defined as the minimum expenditure required

to purchase one unit of aggregate consumption for the home agent is given by:

1

Po= [y + (=) Pay| (4)



Meanwhile, the traded goods price index, defined as the minimum expenditure required to purchase
one unit of a traded good is given by:
1

Pry=|vaPl?+ 1 —ve)Pp | (5)
In each country agents invest their nominal wealth W; net of domestic holdings of nominal money,
in two riskless bonds denominated in the home and foreign currency and four risky assets, which are
claims on a fraction of home and foreign countries’ tradable and non-tradable sector endowments.
We denote the fraction of tradable and non-tradable endowments that accrue to shareholders as k; ;
(¢t =H,F,N,N*). Thus, (1 — k;;)Y;; represents the non-financial income received by the agents.

S; denotes the nominal exchange rate. We have that the budget constraint of the home agent is :

Wi =214 1PV + ku Yo + 22015 Ppy [V + krdYiy) (6)
+23t- 1PN [VNe + N YN + 24018 PN [V e + YN + BuiBrg—

+REpSiBri—1+ (1 — k) PuYrs + (1 — kng) PN Yng + M1 — P,Cy — M,
where W; is net nominal wealth defined as:
Wi = But + StBrt + 21t Pt Vit + 2245t Py Vi + 03PNt VN + 2a0StPN Vi (7)

B is the home holdings of internationally traded home bond with , Br; is the home holdings
of internationally traded foreign bond, z;; (i = 1,2,3,4) denote the shares of domestic and for-
eign tradable and nontradable sector equity held by the home agent. Vg4, V;,w VNt and V]f,yt are
equity prices for holding claims on the tradable and nontradable sectors in each country while
YH¢,Y;¢,YN¢ and Yﬁ’t represents the stochastic endowments (dividends). Ry and R},t repre-
sents the returns for holding home and foreign currency bonds. For the foreign country we have

that the budget constraint is given by:



* * PH7 * * * *
Wy = $1,t—1Ttt[VH7t + kHytYHﬂf] + 332,t—1PF,t[VF,t + kF,tYF,t] (8)
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Wi = + Bpy + xl,tist Vi + 25, Pp Vi + 953,1:75} VNt + 234 Py Vivg (9)

Gross nominal equity returns and bonds returns expressed in terms of the home currency are

as follows:

Ry, = PH,t[VH,t + k’H,tYH,t] Ry, = StPJ::,t [VF*,t + kF,tYF*,t]
t = ) b=
St—lP;,tflvf;k,tfl

10
’ Py 1Vui—1 (10)

Ra, = Prny[VNg + kNt YN ] = SePR Ve + BN YR ]
t = ) ,t - * *
St—le,t—lvN,t—l

)
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Rsy = R, —
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S_1

, Rt = Ry

Vi and Y; are in units of the index good 4, where i = H, F, N, N*. We multiply them by the price

of the respective index good, P;, to find the nominal equity return expressed in home currency?.

2The real returns will depend on the relative price of each index good with respect to the overall price level P :



We can express home agents’ asset holdings as shares of wealth:?

— * * —_
l’l,tPH,tVH,t = al,th fL‘Q,tStPF,tVF,t = a2,tWt

_ * *
3t PN VNt = a3 We, 241StPN VN = aa Wy

SiBrt = a5 Wy, By = ag Wy
6
Z QG t = 1.
i=0

Using the definition of gross nominal returns as in (10) and the shares of wealth invested in

assets as defined in (12), we can rewrite the budget constraint in terms of excess returns over the

Pt StP;‘,t * *
R Py P Ve, + Y, R Py Py [VFyt + YFTt]
Tt = It1t = Tot = 12t =
’ P Pr,t—1 VH.t-1 e R A Stfleplf“,t—l Vo
Py_q A P,_1 Fit—1
PN,t StPKf,t * *
R P4 Py [VNﬂf + YN,t] R P4 Py [VN,t + YN,t]
T3t = 13t = T4t = L4t =
P, Pnt—1 Vi i1 ’ P, St—1Px 1 Vv
Py = Py N,t—1
t—1 Py
rs5¢ = Rst———, T6,t = M6t
) k) Pt ) ) E) Pt
3Foreign agent’s asset holdings as shares of wealth are defined as:
P Vi
* AVHE % * * * * % *
xl,tis = al,tWt s I2,tPF,tVF,t = a2,tWt (11)
t
Pn V]
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return on the home bond, R,; = R;; — R¢; where i =1, ..., 54
Wi = [Rp1p0,0—1 + Rappan -1 + Rag oz i—1 + Rparou—1 + Raspas -1 + Re Wiy (14)

+(1 —kpt)PatYus + (1 — knyg)PniYne — PoCy — (My — My—q)

3.2 Policy rules

We close the model by considering alternative policy rules. Although prices are fully flexible in our
model, the way we specify policy rules matters as long as we have a nominal asset. This is because
the return differential between home and foreign bonds is given by the rate of (unexpected) nominal
exchange depreciation, which is affected by the policy rule in a flexible price setting. Consequently,
equilibrium portfolio shares will be affected, which will then feed back into the model.

We focus on two cases: in the first one, policy authorities stabilize their own tradable prices
(Pr+ = l,and Pp+; = 1) and in the second one they stabilize domestic consumer prices (P; = 1,and
P =1). Once we close the model the first order conditions that determine real money balances will
determine M; and M} as a residual. Having a nominal bond with a CPI targeting rule is equivalent
to having a real bond (or CPI indexed bond) with any policy rule in terms of equilibrium portfolio
and model solution. Thus to facilitate discussion, we treat bonds under these two different policy
specifications as different assets: we will refer to the nominal bond under CPI targeting rule as the

real bond.

4Similarly, the budget constraint of the foreign agent can be expressed in terms of excess returns as:

* S _ * * * * * *
Wy = fg‘ : [Ro1,600,0-1 + Re2,405 11 + Res03,i-1 + Rearai 1 + Raseas 1 + Re, ]|Wiy (13)
t

(1 - kF,t)PF,tYF,t + (1 - k;v,t)Pztr,tYJ\’;,t - Pt*ct* - (Mt* - Mt*fl)
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3.3 Equilibrium

Equilibrium in the asset markets requires home and foreign shares of stock to sum to one and home

and foreign bonds to be in zero net supply:

Tty =1, zoptas, =1 (15)
=1 po=1
T3+ X3 =1, Tag+ 1y, =

BF#/ + B}k:*’t - 0, BH,L‘ —I— B}({,t - 0

These together with equations (12) and its foreign counterpart imply the following:

aLtWt + O‘T,tStWt* = PHﬂgVH,t (16)
Wi .
Oé2,t?t + a5 Wi = Pp, Vi,
t
az Wi+ a5 SiWE = Pn Vv
W * * * *
044,t§tt + oy Wy = Py Vg
%%
St ’
O[6¢Wt + O‘g,tStWt* — 0

Wi + SiW; = Py Vi + StP}?,thf,t + PniVng + StPj{;’tVﬁ’t

The optimality conditions related to assets allocation for domestic and foreign households are

given by the following set of equations

Ey[mi 1Rl =1  i=1,..,6. (17)
Sy

Et |:m:+1RZ‘,t+1 S’t+1:| =1 1= 1, 76

11



P P c* \P
* t
where myy1 = BPH—I (Ct+1> and mj, | = IBPH—I (C:H) .

In what follows we also assume that there is complete pass-through, i.e. Py« = Py +/Si,and
Pr = Pp+;S;. Equilibrium conditions in the good markets are obtained by equalizing the supply

of each good with the demand obtained from the consumer intratemporal maximization problem.

-0
Py -0 Pr )\ " Py . Pj*“t —K
Y — 2 ) C 5 5 C*
Ht <PT¢) < P, YaVaC: + Pj*",t P vYrvrCy
-0
Pry -0 Pri\ " Py, Pz, —K
Y* = 2 ) 1— , i 1 .
Fit <PT,t> < P, Yyr(1 —vH)Cy + Py, P vyr(l —vEp)Cy

PN: - * P;\}: " *
Vo= () - vie= (B2)a-apc
t

Finally asset prices are determined by combining the Euler equation with the definition of gross

returns. Forward iteration together with no-bubble condition gives us the following;:

u,(cs) k Y, 18
W F,S F,S ( )

oo P s (o.9]
s—tu/(cs) A * s—t
Vie= Y BB — kg Yus o, Viy = Y E{B

P
s=t+1 u'(ct) }a’f s=t+1 u'(ct
s—t ,(Cs)Pgs s—t ,(C )SS
Vi = Z B B gk YN ¢ Vi, = Z E{ B Ww Vi
s=t+1 (Ct) Pt s=t+1 /(Ct) P;

3.4 Approximated solution

To solve the model we use the approximation techniques proposed in Devereux and Sutherland
(2006a) and Tille and van Wincoop (2007). We approximate our model around the symmetric
steady state in which steady-state inflation rates are assumed to be zero (see the appendix). Given
our normalization home bias is the fraction invested by home agents in a country equity (both
tradables a; and nontradables, &3) minus the share of country’s equity in the world equity supply (in
steady state that would be W /(W +SW ") = 1/2. So home equity bias would arise if &; 4+ @z > 1/2.

If we want to measure equity bias in tradables only then the share of home country’s traded sector

12



equity in the world equity supply would be Py Vi /(PyVy + SPpVe+ PyVn + SPEVE) = 1/4 so
that home bias in tradables would arise if @; > 1/4. If international asset trade in the non-tradable
sector is not allowed then home equity bias would require a; > 1/2.

To determine the portfolio allocation we can rewrite the home and foreign portfolio choice

equations given in (17) as follows:

Ei[mit1Ryy41] =0

St
By |miyq Ryt .| = 0
t1

where R} ;1 = [Rit+1 — Reev1,Ro41 — Repr1, Rar1 — Reur1, Ragr1 — Repr1, R i1 — Re 1] s
the vector of excess returns using the home nominal bonds as a reference.

These two set of conditions imply the following equation that characterizes optimal portfolio
choice up to a second order:

N

E; [(th — 1y 4+ ASp1) Repa| =0

This is an orthogonality condition between excess returns in domestic currency and the difference
in the nominal stochastic discount factors evaluated in the same currency. Since F []:zx’t+1:| =0

up to a first order this condition can be expressed as:

Covy (1 — 1y + ASpy1, Ryp1) =0 (19)

As shown by Devereux and Sutherland (2006a), to evaluate (19) and determine the portfolio
shares, it is sufficient to take a first-order approximation of the remaining equilibrium conditions
for which the only aspect of portfolio behavior that matter is &;. The first order conditions of the

rest of the model are summarized in the appendix.
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4 Calibration

In this section, we outline our baseline calibration. We assume that the home and foreign economy
are of equal size and are calibrated in a symmetric fashion. In choosing the parameters of utility
function, we set 5 to match a 4% annual discount rate. As in Stockman and Tesar (1995) the coeffi-
cient of constant relative risk aversion, or the inverse of the intertemporal elasticity of substitution,
p, is set to 2.

We calibrate the parameters pertaining to the consumption basket in the following way. The
share of tradable goods in final consumption, -, is 0.55, while the share of home goods in tradable
consumption, v, is 0.72. The calibration of this parameter is in line with other recent studies, such
as Corsetti et al. (2008).

We assume an elasticity of substitution between home and foreign traded goods, 0, of 2.5 and
an elasticity of substitution between traded and non-traded goods, x, of 0.41, similar to what is
suggested by Stockman and Tesar (1995)°. Given p = 2, this implies that utility is non-separable
between traded and non-traded goods. Indeed, traded and non-traded goods are complements in
our benchmark calibration since kp < 1.

At first pass we proxy our process for tradable and non-tradable endowments in terms of the

6 To estimate these shocks

corresponding Solow residuals for each sector as in other studies.
Benigno and Thoenissen (2007) set US as the ‘home’ country and Japan plus the EU15 as the
‘foreign’ economy and use annual sectoral output and labour input from the Groningen Growth
and Development Centre, 60-Industry Database which spans the years 1979 - 2002. They follow
Backus, Kehoe and Kydland (1992) by imposing cross-country symmetry on the estimated shock

process. Accordingly, endowments (dividends) are given by the following first order autoregressive

process:

’Ostry and Reinhart (1992) estimate this parameter to be higher in the range of 0.66-1.44
See Benigno and Thoenissen (2007), Corsetti et al (2008), Matsumoto (2007) and Stockman and Tesar (1995).
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where d7 = 0.84 and oy = 0.30 .

log Yi ¢ or 0 0 O log Y1 VH ¢t
log Y7 0 6 0 O log Y7, _ v
Fi | _ Fit—1 Fit (20)
10g YN,t 0 0 5N 0 log YN,tfl UN.,t
| log Y3, | | 00 0 on | | log¥x, q | Ung |

For the variance-covariance matrix of endowment shocks, we

set V(vg) = V(vp) = 3.76 and V(vy) = V(vy) = 0.51. We set the covariance between tradable
and non-tradable endowments to zero at first pass to examine the role of the relative variance in
determining the equilibrium portfolio and cross correlations.

In calibrating redistributive shocks we follow Coeurdacier, Kollman and Martin (2007). They
compute the steady-state capital share to be 40% using data for G7 countries. Thus we set the
mean capital share in tradable sector as ky = 0.4 and assume that the mean capital share in the
non-tradable sector will be lower at k, = 0.2. Since under incomplete markets what matters for
optimal portfolio is the relative size of shocks, we use the standard deviations of capital share and
real GDP growth calculated by Coeurdacier et al. (2007) and set the relative size of redistributive
versus endowment shocks to V(vg;)/V (vy;) = 1.2 for i = H, F, N, N*.The autoregressive process

considered for redistributive shocks are as follows:

log k’H,t 5KT 0 0 0 log k‘H,t—l Vgt
log k3 0 ¢ 0 0 log k% vy
ERp¢ _ KT ERp1—1 n kpit (21)
log k¢ 0 0 Joxn O log kn¢—1 Ukn ot
i log ky 4 | 0 0 0 Jxn 11 log k41 | i Ukt |

Assuming redistributive shocks to be equally persistent as tradable endowment shocks we set
0T = 0N = 67 = 0.84.

After solving the model in terms of the state variables, we use these autoregressive processes to
generate simulated time series of length T for the variables of interest and compute the moments

of interest (standard deviation, covariances). We repeat this procedure J times and then compute

15



the average of the moments. We compute the moments based on these Monte Carlo simulations

because, under certain specifications, i.e. incomplete markets, our model is non-stationary.

5 Results

Before going into the details of each asset market structure we consider, we give an overview of
how optimal portfolio shares and degree of international risk sharing vary across different degrees
of financial market integration. The most basic financial market structure we consider is where
there is international trade in only one non-contingent bond. Then we consider intermediate cases
where only bonds or equities are internationally traded. The most complex asset market structure
that we consider is the case in which all equities and bonds can be traded. Table 1 reports the
results for the case where uncertainty is solely driven by shocks to tradable and non-tradable sector
endowments while Table 2 considers redistributive shocks as additional sources of risk.

According to the spanning principle, markets will be potentially incomplete as long as the
number of independent shocks hitting the economy is bigger than the number of assets available for
trade. However, Table 1 shows that even with trade in only nominal bonds or trade in only tradable
sector equities, full international risk sharing can be achieved when there are only endowment
shocks. When redistributive shocks are added, full risk sharing can only be achieved with the most
complex asset market configuration, where trade in all equities and bonds is possible.

Our results suggest that full international risk sharing can be consistent with a home or a foreign
bias depending on the model specification. Full risk sharing-as reflected by a perfect correlation
between relative consumption and real exchange rate- is consistent with both a foreign bias (the
case with 2 tradable equity and 4 endowment shocks, Table 1), and a home bias ( the case with 4

equities and 2 nominal bonds with redistributive shocks, Table 2).

Tables 1 and 2 also suggest that adding more sources of uncertainty while keeping the asset
market structure unchanged, yields a switch from foreign equity bias to home equity bias, while

decreasing the degree international risk sharing. To put it differently, moving towards a world with

16



less uncertainty (a world with smaller number of shocks) would decrease the home bias and increase
international risk sharing (Compare the results in Table 1 and 2 for the cases of 2 equities and 4
equities ).

Table 1: 4 Endowment Shocks (Tradable and Non-tradable) - Different asset market structures
under baseline calibration

Ve ac—? ar ay  anT  Anp Corr(Ct—C:, Q)
Asset Market Structure (1) (2)
Non-Contingent Bond - - - - - - 0.6870 0.3513
2 Real Bonds -0.50  0.50 - - - - 0.7212 0.3874
2 Nominal Bonds 1.85 -1.85 - - - - 1 1
2 Equities (Tradable Sector)(*) - - -0.5214  1.5214 - - 1 1
4 Equities (T & NT Sectors)(**) - - -0.3669 1.0766 0.2188 0.0775 1 1

Note: (1) Conditional cor.(2) Simulated Hp-filtered series.

All calculations under baseline calibration.

(*)Eh: 04, ]%n: 0,(**)Eh: 04, ]%n: 02 and ]%h: 04, En: O for bonds only cases.

Table 2: 4 Endowment Shocks and 4 redistributive Shocks (Tradable and Non-tradable) - Different
asset market structures under baseline calibration

Ve Og? ar ak anNT gy Corr(Ct—C':, Q)
Asset Market Structure (1) (2)
2 Equities (Tradable Sector)™) - - 0.6499  0.3501 - - 0.7628  0.4853
4 Equities (T & NT Sectors) - - 0.4678 0.2419 -0.3620 0.6523 0.9168  0.7955
4 Equities& 2 Real Bonds ~ -0.1024  0.1024  0.4668 0.2428 -0.3636 0.6539  0.9171  0.7958
4 Equities& 2 Nominal Bonds ~ 5.9563  -5.9563 0.7097 0 0.2905 -0.0002 1 1

Note: (1) Conditional cor.(2) Simulated Hp-filtered series.

All calculations under baseline calibration.

]%h: 04, l;:’I’L: 02 for all except (*) where ]{;h: 04, IE:TL: 0

6 i) Bonds

We start by focusing on the case in which the only assets traded are bonds denominated in domestic

and foreign currency 7. Agents receive the full endowment as a non-financial income. The portfolio

"This is equivalent to imposing 1 = 3 = 1, and z2 = x4 = 0 in home budget constaint (?7) and 27 = 23 = 1,
x5 = x;3 = 0 in foreign budget constaint.
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orthogonality condition given in terms of the relative pricing kernel in (19) can be written in terms

of real exchange rate adjusted relative consumption and excess return on foreign bonds:

A A Qi1 7
CO’Ut(Ct_A,_l - C;+1 - T, Rm,t-',-l) =0 (22)
with Ra:,t = Rp,t — RH,t. As discussed in Section 3, policy rules matter for portfolio choice since
we are in the presence of nominal bonds. Thus in our analysis of bond portfolios we distinguish
among different policy rules, focusing on special parametric cases for the analytical solution.
a) Domestic tradable price targeting, PH,t =0 and P}t =0
When there is no consumption home bias (v = 1 —v = 0.5) the optimal bond portfolio position
is:
~ V(0 —1)

ap = —apx =
2

7(1 ~Bor) (23)

We note here that domestic households will be long in the domestic bond as long as 6 > 1.
Moreover the bond position (in this special case) is not affected by shocks to the non-traded sector
or volatility of both shocks. To explain this portfolio position it is useful to consider what would
happen to the components of the portfolio orthogonality condition given in (22) in the case in which

each country had a zero portfolio share (&g = —ap~ = 0). In particular we are interested in the

zero portfolio solution of the relative consumption and the excess returns:

(1 =9)(kp—1)

Y e Q1 <9—1 1-5 e—mmp_n) )
CG—Cf—— = — + Vgt — VFt)+ UNt—U
T ke \ 0 (1-B0r) 6 (1-Bor) (e = vre) (1—Bdon) (N =V )
(24)
N N N A A 1
Ra:,t = RF,t - RH,t = St — EtflSt = 5 (UH,t - UF,t) (25)

Without any portfolio diversification, (24) shows that in response to a positive home country
tradable shock, home relative consumption rises as long as # > 1 and kp > 1 (tradable and
non-tradable goods are gross substitutes). If kp < 1 (i.e. the tradable and non-tradable are gross

complements) agents would prefer to increase consumption of both tradable and non-tradable goods:
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the fact that the supply of non-tradables has not changed prevent them for doing so, creating a
possible negative effect on overall consumption. Still, for plausible parameters, relative consumption
increases following a positive tradable endowment shock even when traded and non-traded goods
are complements in consumption. A similar reasoning occurs when there is a shock to non-tradable
endowment: in this case the substitutability (kp > 1 or kp < 1) matters for determining the sign
of the relative consumption response.

To hedge against the consumption risk (captured by movements in (24)), agents would like to
hold domestic currency bonds when their return falls following an increase in relative consumption.
Indeed (25) shows that following a positive shock to home tradable endowment, excess return on
home bonds falls, i.e. Rw,t rises, as the nominal exchange rate depreciates. Thus home bonds
provide a good hedge against traded sector shocks for 8 > 1. We note here that excess return is not
affected at all by the substitutability or complementarity of traded and non-traded goods or the

presence of non-traded goods shocks: thus, agents cannot hedge against non-traded sector shocks

when there is no consumption home bias and the only assets available are currency bonds.

When utility is separable (kp = 1) the optimal bond portfolio position is:

G = e — Y1 —=v)(k —142v(0 — K))
(1—Bor)

(26)

Since in this case kK = %, it is possible to rewrite the above expression as follows (p = 1 gives

the log-investor under separable utility):

e a2 =1, L
o= —am = G5 (5 - ) 0

As before the bond position is not affected by shocks to the non-traded sector or volatility of
the shocks. As long as there is consumption home bias (v > 1/2) home currency holdings will be

positive. When each country has a zero portfolio share (&g = —ap+ = 0). the real exchange rate
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adjusted consumption differential and the excess returns are given by:

o G 1— —1+2u(f —
G- th Ti- BgT (K(l +;u(g(— 1)l)€)) (Wi = vr) >

Ryt = Rpy— Ry = 5 — B 1Sy (29)
K(1—4v(l—v))+40v(l —v)+BR2r —1)(k — 1+ 2v(0 — K))
(k(2v —1)24+40(1 — v)v)(1 +2v(0 — 1))(1 — Bdr)
Bor

+ (k(2v — 1)2+40(1 — v)v)(1 — BoT) Y (Ums —vEg)

~{

With separable utility relative consumption and excess returns are unaffected by shocks to
non-traded sector endowment as shown by (28) and (29). When there is a positive endowment
shock in the traded goods sector, home consumption of home traded goods will increase more than
foreign consumption of home traded goods because of the home bias in consumption. Non-traded
goods will become more expensive compared to traded goods in both countries. If 8 > k, i.e.
the elasticity of substitution between home and foreign traded goods is bigger than the elasticity
of substitution between traded and non-traded goods; home will decrease its consumption of the
foreign traded good more than it decreases its consumption of home non-traded good. The extent
of this substitution away from foreign traded goods increases with the degree of consumption home
bias v.Thus, relative consumption increases more in the face of a traded sector shock when v > %
and 0 > k. The low elasticity of substitution between traded and non-traded goods, i.e. k < 1,limits
the increase in relative consumption as consumers cannot easily substitute away from non-traded
goods which are now relatively more expensive in both countries.

Excess returns become a complicated expression when v # %as shown in (29). Again the key
parameters that determine excess returns on home bonds, which is negatively related to unexpected
home currency depreciation, are the extent of consumption home bias captured by (2v— 1) and the

relative substitutability among home and foreign traded goods and among traded and non-traded
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goods as given by (0 — k).

For plausible parameter values, excess returns on home bonds are negative following traded
sector endowment shocks, while relative consumption is positive, which makes home bonds a good
hedge against real exchange rate fluctuations.

In general, for our calibration, in this case (PH¢ = 0 and P;,t = 0) domestic agents are long
in home currency bonds (Table 3). Once agents hold the optimal amount of currency bonds,
consumption and real exchange rate becomes perfectly correlated. Indeed, following a positive
supply-side shock to the home economy’s traded goods sector, home agents become wealthier and
demand more goods of all types. Despite this, through their portfolio allocation they share risk
with foreigners and transfer resources to them so that foreign consumption increases more than in
the zero-portfolio case [SEE FIGURE 1].

For the special case in which there is no home bias and utility is separable it is possible to derive
an analytical expression for the conditional correlation between consumption differential and the

real exchange rate®:

0_2
(L=7) % —7®

9T
2 2
\/((1 — )2 72<1>> (j—f; + <I>>
T T

. From (30) we can see that once we substitute the optimal portfolio

Corri_1(Cy — CF, Q) = (30)

(1-B)*(2ap—(0—1))
7207 (1-Bé7)?

allocation we obtain that the conditional correlation is always equal to 1 so that in this case there

where & =

is perfect international risk sharing.

b) Consumer price targeting, P, = 0 and P} = 0 (Real Bond)

When utility is separable (kp = 1) and there is no consumption home bias (v = 1 — v = 0.5)

8The conditional correlation helps us in understanding the determinants of international risk-sharing. In the
quantitative analysis we report both the conditional cross correlation and the HP-filtered cross correlation which is
the one comparable with the empirical evidence presented earlier.

21



the optimal bond portfolio position is:

= — * = 31
ap ap 2(1 — Bér) (1= ~)2602p(1 — 55T)gi (31)

2
T

-y [ a-pa-ye-

The optimal portfolio position can be decomposed in two terms: the first term is the one that
correspond to the portfolio under tradable price targeting while the second term is specific to
consumer price targeting. Because of the second component, domestic households will be short in
the domestic bond so that &g < 0. Moreover, the optimal bond portfolio depends critically among
other things on the relative variance between traded and non-traded sector shocks. When there
are only non-tradable shocks % — 00, &g — 0. As before we consider what would happen in
the case in which each country had a zero portfolio share (&g = —ap+ = 0). In particular we are

interested in the behavior of the two components of the portfolio orthogonality condition-relative

consumption and the excess returns:

Y e Qe -1 1-8 B
Ct Ct P = 0 (1 — ﬁ(ST) (’UH¢ UF,t) (33)
Ryt =Rpi— Ruys =S —Er 18 = Qi — B, 1Qy (34)
1/(1=8)1=~)0-1 - i
(2 v+ om0

From (34) we can see the link between optimal bond position and the excess return on for-

eign bonds. Following a positive tradable endowment shock, under consumer price targeting, the

9Under non-separability the expression that determines the optimal portfolio position is more complicated and
the sign of the bond position depends on the degree of substitutability between tradable and non-tradable:

oo =-ao = (51) (3 r) (2) it )

where A = kp(1 — B8on) — (1 — B)(1 — ) (kp — 1).
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exchange rate appreciate as long as 6 > 1. Home consumption on the other hand will increase com-
pared to foreign consumption following the same positive tradable endowment shock. This implies
that domestic bonds will be a poor hedge against consumption risk if tradable shocks are the main
source of uncertainty. On the other hand, following a positive non-tradable endowment shock, ex-
cess return on home bonds will be higher while relative consumption will remain unchanged. This
would also discourage holdings of home bonds '°

In general, for our calibration, in this case (Pt = 0 and Pt* = 0) domestic agents are short
in home currency bonds (Table 3). Once agents hold the optimal amount of currency bonds,
consumption and real exchange rate becomes imperfectly correlated. Indeed, following a positive
supply-side shock to the home economy’s traded goods sector, home agents become wealthier and
demand more goods of all types. In this case there is no enough risk-sharing either through portfolio
allocation or the terms of trade and because of this foreign consumption does not increase by as
much as home consumption. Also the real exchange rate appreciates since the Balassa-Samuelson
effect dominates the terms of trade effect [SEE FIGURE 2].

For the special case in which there is no home bias and utility is separable it is possible to derive
an analytical expression for the conditional correlation between consumption differential and the

real exchange rate:

0Under non-separability we have more complicated expression for the consumption differential and the excess
return:

O 6-1 1-8 Ltylsp—1)

R R vt~ vr) )
+ 1-5 (1 - ’Y)(’fp - 1) (,UN’t _ U]*V,t)

(1-Bén) Kp

Ra:,t = RF,t - RH,t = S’t - Et—lgt
f—1 1—-5 1—+

0 (1-B6r) w

1—x A (
£ (L4+~(kp—1)) (1 —Bén)

(UH,t - UF,t) (36)

+

UN,t — U*N,t)
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o2
—(1 — V)Tlfrg# + K/’)/Q@

COTTt_l(C't — ét*, Qt) = > >
J(@=8 + (2 0) (132 +0)
or 9T

where

26(1 — B) — yw(1 — o)

T T 26— A1 - ) — (1 - Fon)
T, = (1—36N)
2ap(1 - B)(1 —~) —v&(1 — BdN)
o _ [0-1 1-3 2

0 2ap(l—pB)(1—7v)—yk(l—Bor)

Even if (37) is still a complicated expression, it is possible to show that when the relative variance
of tradable shocks increases (% becomes lower), domestic agents short more domestic currency
bonds and international risk sharing worsen. So that in this case imperfect risk sharing is driven
by the Balassa-Samuelson effect combined with CPI targeting (see also Benigno and Thoenissen
(2007)) and it is the outcome of an optimal portfolio allocation.

To have a better idea on how the different factors affect the cross-correlation and the home
currency position, in Figures 3-5 we do sensitivity analysis by varying the %, 0 and x. The fact
that more negative home currency position is associated with lower consumption-real exchange
rate cross-correlation is a robust feature of this case as we consider lower volatility of non-tradable
shocks, higher 6 (as long as # > 1) and lower x. While in general we find that while this case is com-
patible with lack of imperfect risk sharing, quantitatively the cross-correlation between consumption
differential and real exchange rates is still above the one measured empirically. For example a neg-
ative cross correlation would be consistent with a relative variace ratio, %, extremely low. So even
if international asset trade is restricted to nominal currency bonds, it is difficult for this class of

models to replicate the empirical evidence.

Table 3 summarizes optimal home bond positions and implied relative consumption real ex-
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change rate correlations under the two policy rules we consider for our benchmark calibration and

for the special cases of symmetric prefences and separable utility.

Table 3: 2 Nominal Bonds, 4 Endowment Shocks - Baseline model and sensitivity analysis

Covt(Rz,tht) et
- W COTT(Ct Ct?Qt)

a/C (1) 2 @ (2)

Home bonds

Py 4= 0 and P;',t: 0

Baseline calibration 1.85 0.2088 0.2095 1 1
v=20.5 2.06 0.0000  -0.0021 1 1
k=10.5 1.83 0.2420 0.2420 1 1

Ptz 0 and p;,t: 0

Baseline calibration -0.50 1 0.9830  0.7212 0.3874
vr=20.5 -0.83 1 0.9853  0.8142 0.5265
k=0.5 -0.23 1 0.9832  0.7298 0.4511

Note: (1) Conditional (2) Simulated Hp-filtered series. Ry ¢=Rp ;—Rp ¢,i.e. excess return on foreign bonds.

6.1 ii) Equities

6.1.1 Tradable sector equities

We now focus on another incomplete asset market structure in which we only allow for international
trade in tradable sector equities. This case is obtained by letting By = B =0, x3 =1 and x4 =0
in home budget constraint given by (6) and Bj; = B}, = 0, 5 = 0 and z} = 1 in foreign budget
constraint given by (8). Recall that in this case home equities bias in tradable would require
ar > 1/2 since world equities supply consists only of tradable equities.

We distinguish different cases depending on the number of shocks and the fraction of the en-
dowment which is distributed to household (i.e “labor income”) (See Table 4). In order to generate
home bias for our baseline calibration we need to have redistributive shocks as in the analysis of
Coeurdacier, Kollman and Martin (2007). Without redistributive shocks, agents go long on foreign
equity the bigger is the share of labor income. Intuitively when the share of labor income increases,

foreign equities becomes a better hedge against domestic shock so that agents tend to reduce their
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home equity position. In the presence of redistributive shocks because of uncertainty related to
the fraction of labor income, households will tend to have more domestic equities. In general the

presence of redistributive shocks does not affect the consumption differential at the zero portfolio

solution (i.e. C; — Cf — th depends only on tradable and non-tradable endowment shocks) while it
does affect the excess return since, for example, a positive redistributive shock that increase labor
income reduces the return on home equities. This is why foreign equities are not a good hedge
against redistributive shocks and agents increase holdings of domestic tradable equities. This effect
is bigger the bigger the size of the redistributive shock relative to tradable endowment shock [SEE
FIGURE 7.

In the case with endowment shocks only, international risk-sharing is perfect despite the presence
of non-tradable shocks: by choosing optimally their portfolio of tradable equities agents perfectly
insure themselves against fluctuations in relative consumption.On the other hand, the presence of
redistributive shocks tend to lower the cross correlation between consumption and real exchange
rate. Relative consumption and real exchange rate cam move in opposite directions in the face of
a tradable endowment shock [SEE FIGURE 6]. As in the only bonds case, decreasing the relative
volatility of non-tradable shocks, (%) reduces the degree of risk-sharing but it doesn’t have any
effect on the share of tradable equities; the higher is the elasticity of intratemporal substitution
(for & > 1) the lower is the consumption real exchange rate cross-correlation but the lower is the
degree of home bias [SEE FIGURES 8 AND 9]. In the presence of redistributive shocks, since the
equities also hedge against fluctuations in non-financial income in addition to fluctuations in real
exchange rate, the covariance-variance ratio of excess returns and real exchange rate decreases and
becomes more in line with data reported in van Wincoop and Warnock (2007).

In terms of the empirical evidence discussed at the beginning, this case suggests that a model
with international asset trade in tradable sector equities would be consistent with imperfect risk-
sharing and home bias in equities as long as there are redistributive shocks. From a quantitative
point of view, though, the cross-correlation between consumption differential and the real exchange

rate is still above the one observed in the data. The presence of non-tradable shocks contributes
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2
to lower it but not sufficiently at least for plausible calibration of Z—év
T

Table 4: 2 Tradable Sector Equities, Different Combinations of Endowment and Redistributive
Shocks - Baseline model and sensitivity analysis

CO’U(Rzyt 7Qt)

International Trade in Tradable Sector Equities W COTT(thCI, Qt)
ar @ 1)@ Q@
2 Tradable Endowment Shocks
E:h: 1,vy=1,vr=205 0.5000  0.5000 0 0 1 1
Eh: 1,v=0.55,v =0.72 0.3914 0.6086 -0.9973 -1.0026 1 1
Eh: 0.4,7 = 0.55,v = 0.72 (Baseline) -0.5214  1.5214 -0.9973 -1.0026 1 1
4 Endowment Shocks (Tradable&NT)
l;:h: 1,7v=0.55,vr =0.72 0.3914  0.6086 -0.9973 -0.9960 1 1
E‘h: 0.4,7 = 0.55,v = 0.72 (Baseline) -0.5214  1.5214 -0.9973 -0.9960 1 1
4 Endowment+2 Redistributive Shocks
]_fh: 1,7v=0.55,vr =0.72 0.8600  0.1400 -0.2294 -0.2246 0.7628 0.4853
];h: 0.4,7 = 0.55,v = 0.72 (Baseline) 0.6499  0.3501 -0.2295 -0.2247 0.7628 0.4853

Note: (1) Conditional (2) Simulated Hp— filtered series. Ry t=Ro2 1—Ri1 t,i.e. excess return on foreign equity.

6.1.2 Tradable and Non-tradable Sector Equities

We now allow also for equity trade in the non-tradable sector. In this case home equity bias in
tradable would require ar > 1/4 since world equities supply consists only of tradable and non
tradables equities while home equity bias would require &y + ayp > 1/2. In Table 5 we report
the detailed results for this case. As in the previous case the results depend critically on the
presence of redistributive shocks and the fraction of endowment which is distributed to households.
When there are only endowment shocks, international asset markets are complete: if the weight
on nontradable, v, is 0.5, utility is separable between tradable and non-tradable goods (kp = 1)

and there is no home bias in preferences (v = 0.5), with both tradable and non-tradable sector
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endowments fully capitalisable (k, = 1,k, = 1), we replicate the Stockman and Dellas (1989)
outcome of full-diversification in tradable sector equities and full home bias in non-tradable sector
equities. This specific case implies ar + ayr = 3/4. Assuming tradable and non-tradable goods
are complements (kp < 1)—keeping everything else constant- leaves the share of tradable equities
unchanged while increases the portfolio share of foreign non-tradable sector equity as discussed in
Collard, Dellas, Diba, Stockman (2007). For the separable case but allowing for consumption home
bias (v = 0.72) we get foreign bias in tradable sector equity (consistent with Table 4). But there
is still home equity bias in overall portfolio as the home agents hold the total home non-tradable
equity stock (again this is consistent with Collard et. al. (2007)). Once we reduce the steady-state
capital share of tradable and non-tradable endowment to 0.4 and 0.2, respectively, agents hedge
against domestic shock by increasing their holding of foreign equities: home agents short home
tradable sector equity and sell some of the home non-tradable equity stock to buy more of the

foreign tradable sector equity, which creates a foreign bias in overall portfolio.

Once we allow for redistributive shocks asset markets become incomplete. As in the previous
case, the presence of redistributive shocks determines a sizable home bias in tradable sector equities.
In the presence of redistributive shocks agents hedge against movements in the real exchange
rate coming from the relative prices of non-tradable by increasing also their share of non-tradable
equities. But once we allow for an increase in labor income share (k,< 1) agents hedge against
domestic shock to non-tradable by increasing their holding of foreign non-tradable equities.reverting
the previous result and reducing significantly the degree of home bias.

But as in the case above, changes in the structure of international portfolio do not have any
significant impact on the degree of international risk-sharing: what determines a lower cross corre-
lation between consumption and real exchange rate (for our calibration it ranges from 0.75 to 0.8)
is the presence of redistributive shocks.

While quantitatively the home equity position is highly sensitive to parameter specification, we
note that as we increase the number of assets (from 2 to 4) we observe a combined reduction of

both home equity bias and an increase in international risk-sharing.
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Table 5: Tradable and Non-tradable Sector Equities, Different Combinations of Endowment and
Redistributive Shocks - Baseline model and sensitivity analysis

Tradable and Non-Tradable Sector Equities ar Ozi_;w QaNT a}k\/T COTT(C’t—é:, Qt)
4 Endowment Shocks (Tradable&NT) (1) (2)

Cases with kp= 1, k,= 1 0.25 0.25 0.50 0 1 1
7=0.5v=0.5kxr=0.5 0.25 0.25 0.50 0 1 1
v=0.5v=0.5k=041 0.25 0.25  0.4794  0.0206 1 1
v=0.5v=0.72,k = 0.5 0.2006 0.2994  0.50 0 1 1

Cases with kp= 0.4, k,= 0.2 -0.1666  0.8333  0.3333 0 1 1
7=0.5v=0.5kx=0.5 -0.1666  0.8333  0.3333 0 1 1

v =0.55v=0.72,k = 0.41 -0.3669 1.0766 0.2188  0.0715 1 1

4 Endowment & 4 Redistributive Shocks
Cases with kp=1,k,=1

v=05v=0.5kr=0.5 0.4423  0.0577 0.3856 0.1144 0.9185  0.7751
v=0.5,vr=0.5,k =041 0.4423  0.0577 0.3610 0.1390 0.9319 0.8097
v=0.5v=0.72,k=0.5 0.4309 0.0691 0.3489  0.1511 0.9124 0.7861
Cases with l;:h: 0.4, Enz 0.2

v=0.5,v=0.5,k=0.5 0.4744 0.1923 -0.0482 0.3814 0.9185 0.7751
v =0.55,v =0.72, k = 0.41 0.4678 0.2419 -0.3620 0.6523 0.9168 0.7955

Note: (1) Conditional (2) Simulated Hp— filtered series.

6.1.3 Bonds, tradable and Non-tradable equities

We now allow also for bonds trade along with equities trade (full financial integration). As
before home equity bias in tradable would require ap > 1/4 while home equity bias would require
ar + ayr > 1/2.Here bond portfolios are expressed as a share of total wealth. 11 In Tables 6 and
7, we report the results for the cases in which we allow for international trade in real and nominal

bonds, respectively.!?

UTo facilitate comparison with 2 bonds only case given in Table 2, where we express bond portfolio as a share
of steady state consumption, i.e. a/C , we can multiply the bond shares given in Table 4 by steady state wealth-
consumption ratio % = %

12Having a nominal bond with a CPI targeting rule is equivalent to having a real bond (or CPI indexed bond)
with any policy rule in terms of equilibrium portfolio and model solution. Thus to facilitate discussion, we treat
bonds under these two different policy specifications as different assets: we will refer to the nominal bond under CPI

targeting rule as the real bond.
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Compared with the only equities case, the presence of real bonds doesn’t add much: the equity
position is basically the same as in the previous case and the bond position is negative as expected.
As before we note the instability of the non-tradable equity position once we reduce the steady state
capital share of tradable and non-tradable endowment. Also there are no substantial differences in
terms of cross-correlation between consumption and real exchange rate.

With nominal bonds on the other hand there is no portfolio diversification: agents optimally
hold home equities both in tradable and non-tradable endowment. As in the bonds only case,
agents are long in domestic currency bonds and there is perfect international risk-sharing.

These results are consistent with recent theoretical framework that have addressed the home eq-
uity bias in various setting with market completeness or incompleteness like Coeurdacier, Kollmann
and Martin (2007, 2008), Coeurdacier and Gourinchas (2008) and Collard et al. (2007).

Despite higher financial integration, home equity bias is still a robust feature of the model

contradicting the empirical evidence that suggests a decline in home bias in the last decade.

Table 6: Real Bonds, Tradable and Non-Tradable Sector Equities with Endowment and Redistrib-
utive Shocks - Baseline model and sensitivity analysis

= ~F =~
Real Bonds, T and NT Equities I%a ah anNT  Qnp ap ap  Corr(C,—Cy,Qy)

(1) (2)

Cases with kp,=1,k,=1 0.4423 0.0577 0.3877 0.1123 -0.0143 0.0143 0.9228 0.7844

v=05,v=05k=0.5 0.4423 0.0577 0.3877  0.1123 -0.0143 0.0143  0.9228 0.7844

v=05,y=05k=041 04423 00577 0.3642 0.1358 -0.0137 0.0137 0.9347 0.8164

v=05,r=0.72,k=0.5 04306 0.0694 0.3485 0.1515 -0.0014 0.0014 0.9128 0.7866
Cases with k= 0.4, k,,= 0.2

v=0.5,v=0.5rk=0.5 0.4743  0.1923 -0.0409 0.3742 -0.0478 0.0478 0.9228 0.7844
v =0.55,vr =0.72,k = 0.41 04668 0.2428 -0.3636 0.6539 -0.0041 0.0041 0.9171 0.7958

Note: (1) Conditional (2) Simulated Hp— filtered series.
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Table 7: Real Bonds, Tradable and Non-Tradable Sector Equities with Endowment and Redistrib-
utive Shocks - Baseline model and sensitivity analysis

Nominal Bonds, T and NT Equities ar Ozi:,w QNT O‘*NT ap Ot*B COT?“(ét—éZ, Qt)
L @
Cases with kp=1,k,=1 0.5000  0.0000  0.5000 0 0.0750 -0.0750 1 1
v=0.5,vr=05,k=0.5 0.5000  0.0000  0.5000 0 0.0750 -0.0750 1 1
v=0.5,vr =05,k =0.41 0.5000 0.0000 0.4997  0.0003 0.0750 -0.0750 1 1
v=0.5,vr=0.72,k =0.5 0.5000 0 0.5000 0 0.0666 -0.0666 1 1

Cases with k= 0.4, k,= 0.2
v=0.5,v=0.5kxk=05 0.6666 0 0.3334 0 0.2500  -0.2500 1 1
v=0.55,v=0.72,k = 0.41 0.7097 0 0.2905 -0.0002 0.2385 -0.2385 1 1

Note: (1) Conditional (2) Simulated Hp— filtered series.
7 Conclusion

This paper shows that current portfolio models are unable to address the current trend in inter-
national financial markets. The main challenge is to replicate within the same model the observed
pattern in the international portfolio allocation with the current (low) degree of international risk-
sharing. A promising avenue in this respect might be to depart from standard preference assump-
tion (see for example P. Benigno, 2008) or to consider alternative information structure (as in Tille
and van Wincoop, 2008). In a current work in progress we are investigating the extent to which

Epstein-Zin preferences could help in addressing the aforementioned regularities.

8 Appendix

Steady state
From the Euler equations (17), m = m* = f and Ry = Ry = R3 = R4 = R5 = Rg = s

Vi
knYp

From the equations that define the nominal returns of the assets (10) we obtain that

Vi = Vo Vi _ % The asset market equilibrium given in 16 imply the following in the

kY knY:, kxyy

steady-state:
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541W—|—5¢>{SW* = pth
W XAk DX 7%
asW +a3SW* = P, V,,
%74 _ _
dug + W = PV
V_V XAk
5[5§ + 5[5W == O
agW +aiSWw* =0

W+ SW* = PV, + SP{V{ + P, V,, + SP, V!

As the initial wealth distribution is not determined we choose steady state net wealth as in
P. Benigno (2007) and assume W = SW”. We normalize k; and Y; for i = h, f*,m,n* such that

PV, = S’Pf‘_/f = PV, = SP! _h* = 0.5W. With this normalization, steady-state asset shares

satisfy:

ar+aj =05
s +a; =05
as+a3=0.5
as+ay =05

a5 + @; =0
Qg + @Z =0
This normalization also implies that &; = 0.5z; for ¢ = 1,...,4.S0 in our framework home bias
is the fraction invested by home agents in a country equity (both tradables a; and nontradables,

@3) minus the share of country’s equity in the world equity supply (in steady state that would be

W /(W 4+ SW") = 1/2. So home bias would arise if @ + a3 > 1/2.
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If we want to measure equity bias in tradables only then the share of home country’s traded
sector equity in the world equity supply would be PV} /(PyVj, + S’vaf—i— PV, + SP: Vhf )=1/4
so that home bias in tradables would arise if @; > 1/4. If international asset trade in the non-
tradable sector is not allowed then a; > 1/2.All relative prices are equal to 1 in the symmetric
steady-state and S = 1. Using the goods market equilibrium conditions given in (??), we can pin

down steady-state consumption relative to tradable and nontradable sector output as follows:'?

c  Ccr 1
?H_YH_’YHVH"F’YFVF
oo 1
Yo Yr  yg(l—vh)+yr(l—vp)
c oo
Yv Yy l—ny
C c* 1

with

C_'H:'yHVHC_', C_'F:’VH(l—VH)C_'*

Cy = vpvrC, Cr=vp(1—vp)C*

First Order Approximation to the Rest of the Model:
First Order Approximation to the Rest of the Model:

For any variable y ,except R, we define log-deviation from the steady-state, § as iy = log(% ).

Rzi,tfﬁ

The log-deviation of excess return R.;; can be characterized as Ry;; = =

Combining home and foreign Euler equations:

13Using the budget constraints, (14, 13) and normalizing resdistributive parameters so that ‘I_ih = l_ﬁf, kn = k5, we
can show that steady-state consumption in home and foreign countries are equalized, i.e. C = C*.
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E; T/flt+1 - ?3\7,;_1 + §t+1 — §tj| =0 (38)

Home stochastic discount factor:

iy =P — P+ patfl - Pat (39)

Foreign stochastic discount factor:

Wi = By — By + pCfy - oGy (40)

Home budget constraint:

B D Pt
Wy = BWt—l + BRG,t + Ry 000 + Rapg o + Reg gz + Rps oy + Rys pois
- PyYy - - - PyYy - - - PyYy - - PnYn -
1-— = P Y, 1-k% = P Y, —k —kyg:— k —
+(1—kg) o (Pt + Yie) + ( N) o7 (PNt +Ynyt) — kn w eH— kN i)
PC ~ -
_W(Pt + Ct)
where
- o .
Q; = 3 fori=1,...,6.
Fo _ (1-0) 1
w B ) 1=QQ—ku)vgve +vpvr) — (L —kn)(1 —vg)
PuYy _ PuYu PC _ (1—ﬁ> _ YHVH +VFVF
w rPC W B ) 1—=0—ky)vygve +vpvr) — (1 —kn)(1 —vg)
PyYy NYNPC_<1—5> L=
w PC W B ) 1—=1—=ku)ygva +vpvr) — (L —kn)(1 —vpy)
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From Euler equations we can show that
Rey = —Ey_y1iy

Home Non-Traded Goods Market Clearing;:

S C A C ~ ~
Pive = 5 (1= 7)Co = 5w(L = 7i)(Pys = P) (12
N N

Foreign Non-Traded Goods Market Clearing:

Yie = o5 (L= vp)CF = Som(l = vp)(Pry — FY) (43)

Home Traded Goods Market Clearing:

S CH A C% -~ C* .
Yy, = —Ci+ HLCr+r=L
Hit Vi H‘YH t+/€YHQt
AV
- (9(1 — i) — (k= 0)(vi —UF)YH> (Pus — Py (44)
H

—K(1—vg) (PT,t — PN,t)

Foreign Traded Good Market Clearing

~ Cp . C% . C% .
Y = £ TFc* 7F
Fit 7t + 7t + oa Qt

_ <ng (k= 0)(vp — UH)§§> (PF,t - PH,t) (45)

—K(1—vg) (PT,t — PN,t)
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where Q; is the real exchange rate defined as:
Qt:pt*‘i‘gt_pt-
It is possible to decompose the real exchange rate as follows:

A~

Home CPI:

P, = ’YHPTJ: +(1— ’YH)PN,t

Home Traded Price Index:

Pri=vgPu;+ (1 —vy)Pry

Foreign CPI:

b= "YFPY*‘,t + (1 - ’YF)PXI,t

Foreign Traded Price Index:

Pi*”,t = VFP;I,t +(1— VF)P;‘,t

Law of one price holds for imports:

P = Py S

Equity Prices:
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Q= (v =T+ (L= ) PRy = Pry) — (1= 7)(Pry — Pry)

(46)

(47)

(48)

(50)

(51)

(52)



Virs — BEVii1 = pCi— (P — B) — pECiiq + Ey(Py g1 — Prya) (53)
+(1 = B)Ei(kprsi1 + Yirses1)

Viy = BE Vi = pCi— (Phy+ S — P) — pECria (54)
+Et(P;’,t+1 + 81— P) +(1— /B)Et(];F,tJrl + Vi)

Vi —BEVNi1 = pCi— (Pxi— PB) — pECiia + Ef(Pngi1 — Pr1) (55)
+(1 = B)Ey(kn i1 + Y1)

VKﬂt - 6Etvziﬁ7,t+1 = pCy— (p;(/t +8; — B) — pE:Cria (56)

+Et(PJ>:7,t+1 + 841 — Pip) + (1 - 5)Et(l%7v,t+1 + Yﬁ,tﬂ)

Realized Excess Returns:

Rzl,t

~

R:p2,t

N

Rz*S,t

Rx4,t

N

Rx5,t

= Rl,t — Rﬁ,t = /B(VH,t - Et—lvH,t) + (1 - ﬁ)(ifH,t + YH,t — Et—lkH,t — Et—lyH,t) (57)
+Pyy — Ei1Pyy

= Ryy—Rey = B(Viy — EiaVi) + (1= B)(kpy + Y5, — Evrkpy — Er1Y5,)  (58)
+P}, — By Phy + S — E 1Sy

= RS,t — Rﬁ,t = B(VN,t — Et—lvN,t) +(1- ﬁ)(l%N,t + YN,t - Et—ll;N,t - Et—lf/N,t) (59)
+PN,t - Et—le,t

= R4,t - Rﬁ,t = B(V];kf,t - Et—lvﬁ,t) + (1 - ﬂ)(if}k\/t + ?j\kf,t - Et—lif}k\/,t - Et—lyﬁ,ﬂ (60)
+PYy, — By 1Py + S — Er 1S

= R5,t - R6,t =S — E;15; (61)

The log-linearized model characterized by 23 equations from (38) to (61) involves the following

sequence

of 25 variables:
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{mam*aéaC’*vPvp*apHapF7p]§7p;‘apTap;va7p;\}vStaQta
R:cl:EmQaézSaRz47Rm5,t7VH7V}?’kaVNv‘A/];k[aW}

We close the model by either a domestic tradable price targeting rule, i.e. P}t =0and ]ADH,t =0,

or by a CPI targeting rule, i.e. Pt* —0and P, =0
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Figure 1: Impulse response to domestic tradable endowment shock for the case with 2 nominal
bonds & tradable PPI targeting under benchmark calibration
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Figure 2: Impulse response to domestic tradable endowment shock for the case with 2 nominal
bonds & CPI targeting under benchmark calibration
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Figure 3: Sensitivity Analysis. Home bond position and cross-correlation between the real exchange
rate and relative consumption for the case of 2 nominal bonds with CPI targeting for different values
of relative variance of non-tradable to tradable endowment shocks
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Figure 4: Sensitivity Analysis. Home bond position and cross-correlation between the real exchange

rate and relative consumption for the case of 2 nominal bonds with CPI targeting for different values
of 6.
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Figure 5: Sensitivity Analysis. Home bond position and cross-correlation between the real exchange
rate and relative consumption for the case of 2 nominal bonds with CPI targeting for different values
of k.
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Figure 6: Impulse response to domestic tradable endowment shock for the case with 2 tradable
sector equities under benchmark calibration
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Figure 7: Sensitivity Analysis. Home equity share in home portfolio and cross-correlation between
the real exchange rate and relative consumption for the case of 2 tradable sector equities for different
values of relative variance of redistributive shocks to tradable endowment shocks.
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Figure 8: Sensitivity Analysis. Home equity share in home portfolio and cross-correlation between
the real exchange rate and relative consumption for the case of 2 tradable sector equities for different
values of relative variance of non-tradable to tradable endowment shocks
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Figure 9: Sensitivity Analysis. Home equity share in home portfolio and cross-correlation between
the real exchange rate and relative consumption for the case of 2 tradable sector equities for different
values of 6.
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