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Abstract
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holdings. In this benchmark model it is shown why the hedging of both
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1 Introduction

Why residents of most major industrialized countries hold most of their wealth in
domestic assets, forgoing the benefits of diversifying their portfolios? Even after
recent research have documented an explosion of international asset trade, the so
called home equity bias is still sizable’. Sercu and Vanpée (2007) is one of the latest
studies documenting this fact and making a complete review of the recent literature
on equity home bias.

The goal of this paper is twofold. First, I introduce into a DSGE model portfolio
choice in equities by using the method developped by Devereux and Sutherland
(2007). This method can be implemented both when markets are complete and
incomplete. Second, the paper shows that for reasonable parameter values it is
efficient for home agents to hold a portfolio biased toward home equity. Moreover,
the results are reinforced by the fact that in the paper, I abstract from barriers
to international capital movements and assume that any investor can purchase any
security without transaction costs.

I start by building a dynamic stochastic general equilibrium model of interna-
tional portfolio choice, with home bias in consumption generated by both a prefer-
ence parameter and trade costs in goods, a la Coeurdacier (2006). In this setup,
I use the method developped by Devereux and Sutherland (2007) to solve for the
optimal portfolios.

With this benchmark model at hand, I am able to replicate several results from
the existing literature and to explain the difficulties that previous studies had to
create home equity bias. Precisely, the benchmark model is able to generalize the
results of Lucas (1982), Baxter and Jermann (1997), Cole and Obstfeld (1991),
Coeurdacier (2006), and Kollmann (2006).

The analysis uses a two-country general equilibrium model with tradable goods.
The production sector of each country is subject to stochastic productivity shocks.
Households supply labor elastically and maximize expected inter-temporal utility
from consumption. They finance their consumption expenditures by trading in
equities issued by firms in both countries.

Then, I deviate from this benchmark model by inserting heterogeneity of firms
(in terms of productivity), fixed export costs and a non-tradable sector, as in Ghironi
and Melitz (2005). The motivation for fixed export costs comes from a relatively
recent and growing area of interest in the economic literature (Das et al. (2007),
Jensen and Bernard (2001), Melitz (2003)). These fixed export costs, when in
interaction with the heterogeneous firms setup and with the non-tradable sector,
are able to generate home equity preference.

Moreover, I extend the model by adding more exogenous shocks than assets, in
a similar way as in Coeurdacier et al. (2007). However, the shocks in this paper
are much more intuitive and come from a more structural setup. By introducing
other than just productivity shocks, I relax the assumption that markets are com-
plete, thus the optimal portfolios are studied in a general equilibrium framework
with incomplete asset markets. Finding an equilibrium of a model with incomplete

see Lane and Milesi-Ferretti (2001), Milesi-Ferretti and Lane (2005), Lane and Milesi-Ferretti
(2007) and Gourinchas and Rey (2007).



markets is challenging, because in such economy any shifts in the distribution of
wealth affect the dynamics of asset returns, which in turn determine the variations
in risk-premia and investors’ protfolios. Therefore, I use the solution method de-
velopped by Devereux and Sutherland (2007) to solve for optimal portfolios even in
incomplete markets.

The results will show significant improvements, not only in terms of home eq-
uity positions, but because markets are now incomplete, this helps explaining the
consumption-real exchange rate anomaly (see Backus and Smith (1993)). The re-
sults will also be more robust to parameter changes.

The remainder of the paper is organized as follows. Section 2 makes a brief
review of the related literature. In section 3 I build the benchmark model. Section
4 provides a brief description of the solution method developped by Devereux and
Sutherland (2007). Section 5 shows the closed form solution and discuss the results
for the benchmark model. In section 6 I build a new setup with a non-tradable sector,
fixed export costs and heterogeneous firms. A closed form solution is provided, then I
make the extension to an incomplete markets setup and discuss the findings. Section
7 concludes.

2 Literature Review

A large strand of literature in international portfolio choice has tried to explain the
equity home bias. Some authors study portfolio choice in models with consump-
tion home bias®>. This comes in line with Obstfeld and Rogoff (2006) who have
argued that the trade costs (which generate consumption home bias) can solve the
equity home bias puzzle. Kollmann (2006) generates portfolio home bias in an en-
dowment economy with home bias in consumption. Coeurdacier (2006) introduce
a combination of small frictions and trade costs and finds that the larger home
bias in consumption, the larger the home bias in portfolios. But the majority of
these models can only generate equity home bias when the substitution elasticity
between domestic and imported goods is smaller than unity. Recent literature (see
Coeurdacier et al. (2007)) has argued that a model with just supply shocks cannot
generate equity home bias, except in the case when relative equity returns is highly
positively correlated with terms of trade. Empirically, this correlation is close to
zero®.

The Coeurdacier et al. (2007) study is the most closely related to my work.
However, there are two main differences between my work and Coeurdacier et al.
(2007). First, I show how in my model a productivity shock can propagate into
the economy both as a supply and a redistributive shock (a shock that increases
dividends of domestic firms while reducing domestic labor income). By constrast, in
their setup they introduce both supply and redistributive shocks separately. Second,
my setup offers a way to introduce demand shocks through the variety effects, in a
much more intuitive way that in Coeurdacier et al. (2007).

Other studies analyse the impact of non-tradable income on equity home bias.

2see Coeurdacier (2006), Kollmann (2006), Hnatkovska (2005).
3van Wincoop and Warnock (2006)



According to this literature, the presence of labor income either worsens the home
equity bias (see Baxter and Jermann (1997)) or helps explaining it (see Bottazzi
et al. (1996), Julliard (2003), and Engel and Matsumoto (2006)).

This paper is also related to the literature on the role of relative prices in inter-
national risk-sharing. Cole and Obstfeld (1991) showed in a two-country endowment
economy with complete markets that, when preferences are symmetric Cobb-Douglas
or separable, any variations in relative endowments induces an exactly off-setting
change in relative prices, and thus any portfolio ensures perfect risk sharing. Heath-
cote and Perri (2007) goes into the same direction by extending the Cole and Ob-
stfeld (1991) analysis to a production economy. My study is also related to Uppal
(1993), who has shown in a complete general equilibrium setting with shipping costs
that only investors less risk-averse than log will prefer home stocks.

Recently, new methodologies have been developped to solve for optimal portfo-
lios in DSGE models, whether markets are complete or incomplete. Devereux and
Sutherland (2007) build one of this methods, which is the simplest since it com-
plements standard quantitative methods commonly used in DSGE models. Related
and similar works are Tille and van Wincoop (2007) and Evans and Hnatkovska
(2005).

3 A Benchmark Model

3.1 Households and Firms

The world consists of two symmetric countries, home and foreign (foreign variables
are denoted by an asterisk). Each country is populated by a unit mass of atomistic
households, which maximize expected intertemporal utility from consumption and
supply labor elastically. The utility of the home agents is
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where ¢ is the Frisch elasticity of labor supply to wages (intertemporal elasticity
of substitution in labor supply) and x > 0. The subjective discount factor is 5 €
(0,1) and p > 0 is the coefficient of relative risk aversion. The home composite
consumption aggregate over home and foreign good categories, C;, is defined as
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with u > % the parameter of assymetry in preferences and 6 the elasticity of
substitution between home and foreign goods. All goods are tradable, but if goods
are shipped to the another country, then a fraction 7 < 1 is lost in transit, as in
Coeurdacier (2006). Cp, and Cp,; are CES aggregators over varieties produced in
the home (foreign) country:
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where ¢ > 1 is the symmetric elasticity of substitution across goods, which is
assumed to be the same for home and for foreign country. The aggregate consumer
price index for home agents is therefore

1
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Households in each country hold two types of assets: shares in a mutual fund
of domestic firms and shares in a mutual fund of foreign firms. There is frictionless
international trade in equities. The home budget constraint is given by*

*
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where W, is the real net wealth’, w; is the real wage rate, II; is the total real
profit of home firms, ap and ag- are holdings of home and foreign equities. The
real return of home and foreign equities are respectively rx and r},. All the financial
variables (W, Wy, g, aps s, gy Ve s TE r*E’t) are defined in terms of the home
consumption good.

There is a fixed number of firms in each country, Np and Nj,. Each firm is
producing a different variety. Firms are homogeneous in the benchmark model. The
extension to a case with heterogeneous firms and only a fraction of exporting firms is
done in Section 6. Each firm produce a differentiated variety with an homogeneous
technology which requires only labor:

Yi (h) = Ay ()

All firms face a residual demand curve with constant elasticity ¢ in both markets,
and set fully flexible prices that reflect the same proportional markup ¢/ (¢ — 1) over
marginal cost. Let p, (h) and p} (h) denote nominal domestic and export prices of a
home firm. The domestic and export prices in real terms relative to the price index
in the destination market are given by

pt(h)_ ¢ wy
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41 am assuming that, by default, all capital in a country is owned by the residents of that
country. This allows me to treat equity claims to capital income as inside assets, i.e. assets in zero
net supply, and is purely an accounting convention. This approach makes the derivations easier
and prepares the setup to the solution method of Devereux and Sutherland (2007).

SW, = o1+ + aa ¢ Tepresent also the total net claims of home agents on the foreign country at
the end of period t (i.e. the net foreign assets of home agents).
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where Q; = P;/P; is the consumption-based real exchange rate (units of home
consumption per unit of foreign consumption) and ¢ = ﬁ The domestic price is

expressed in units of home consumption. The export price is expressed in units of

foreign consumption.
Overall firm productivity is subject to aggregate (country-specific) shocks. Home
and foreign productivity shocks are auto-regressive processes of the form

log Ay = Cylog Ay 1 +eay, logAf = Cylog Ay |+l

where €4, and €% , are zero-mean i.i.d. shocks with Var[ea,] = Var {5271:} = 0%
and Cov [e A7t,€*A’t] = 0. The covariance is set to zero in the benchmark model,
but the Devereux and Sutherland (2007) methodology allows for changes. In the
benchmark model I will also assume (4, = (.

3.2 Equilibrium
3.2.1 Households and Firms

In what follows I will use the foreign equity as the numeraire. This allows me to
re-write the home budget constraint as

Wt =Qapt—1Tzt + Wtfl'r*E’t + tht + Ht — Ct

where r,; = gy — 5, measures the excess return of home equity on foreign
equity. A similar equation is obtained for the foreign budget constraint

1. 1
o T
Note that the real exchange rate @), enters (2) because wealth, portfolio holdings,
and returns are defined in terms of the home consumption good.
At the end of each period, agents select the portfolio of equities to hold in the
following period. Thus, the first order conditions with respect to ag;_; (for the
home agent) and ap, ; (for the foreign agent) are respectively
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The optimal consumption-leisure tradeoff implies (for home and foreign agents
respectively)
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The home consumer’s demand for home and foreign composite goods may be
written as
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The home consumer’s demand for home and foreign varieties may be written as

By using the domestic prices equation (1), we can express firm profits in terms
of firm’s revenue

1 p; (h)
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Thus, we can write the aggregate profits as a constant fraction of total revenue
1 h
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3.2.2 Market Clearing

A firm satisfies two sources of demand: those of home and foreign households. The
market clearing condition for the domestic firms goods in the domestic market is
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A similar equation is found for the domestic firms in the foreign market (note
that here we need to take into account the fact that when exporting, a fraction 7 is
lost in transit):
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The total production of firms is thus Y; (k) = Yp; (h)+Yx (k). Similar equations
are obtained for foreign firms.
Labor market clearing implies

NDlt (h) — Lt

and a similar equation for the foreign country. Finally, financial assets are as-
sumed to be in zero net supply, so financial markets in equilibrium must fulfill:

O[Eﬂf -+ Oé*E',t = O, aE*,t + Oé*E'*,t == O

In what follows, I will compute ag; using the methodology developped by Dev-
ereux and Sutherland (2007). It should be understood, therefore, that af, , = —ag,,
apr = Wiy — agy, and ap., = Wi + ag;. Furthermore, to provide an economic
interpretation of the solution, I will re-express o, in terms of the proportion of
home equity held by home residents. The total value of home equity is Npv;, where
vy is the value of a home firm. Then the proportion held by home residents will be

g Qptt Npuvy
! Npuy

Returns of home and foreign firms are defined as follows
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Note that, as specified earlier, both returns are defined in terms of the home
consumption good. All the equations of the model and the steady state calculation
are grouped in the appendix section A.

4 Solution method

It is easy to show why neither the non-stochastic steady state nor a first-order
approximation of the model provide enough equations to tie down the zero or first-
order components of ag ;.

First, in the non-stochastic equilibrium, equations (3)-(4) imply rg = rg«, i.e.
all assets pay the same rate of return. This implies that, for a given wealth W, all
portfolio allocations pay the same return, so any value of ag, is consistent with equi-
librium. Thus the non-stochastic steady state does not tie down a unique portfolio
allocation.

Second, in a first-order approximation of the model, equations (3)-(4) imply



E; [PEit1] = By [Fp+141], i.e. all assets have the same expected rate of return. Again,
any value of ag, is consistent with equilibrium.

The problem is easy to state in economic terms. Since in the non-stochastic
steady state there is, by definition, no risk, while in a first-order approximation
there is certainty equivalence, neither the non-stochastic steady state nor the first-
order approximation capture the different risk characteristics of assets. Thus, in
both cases, assets cannot be distinguished.

The Devereux and Sutherland (2007) algorithm is based on the work of Samuel-
son (1970), who established that, in order to derive the zero-order component of
the portfolio, it is necessary to approximate the portfolio problem up to the sec-
ond order. While Samuelson approached the problem by approximating the agent’s
utility function, Devereux and Sutherland take approximations of agents’ first-order
conditions.

The log-linearization of the main equilibrium conditions of the model is presented
in the appendix section B. Following Devereux and Sutherland (2007), the equation
which pins down the solution for optimal portfolios is

- sk Qt+1 N
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The problem is then reduced to find the matrices Ry, Ry, Dy, Dy which satisfy:
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Note that we do not need Dj in what follows (although we can compute it). &,
replaces &7, 441 and is treated temporarily as an exogenous i.i.d. variable. Once
matrices Ry, Ry, D1, D5 are found, the equilibrim portfolio choice is found in closed
form:

& = [RySDLR, — Dy RySR)) ™ RoXD), (5)

5 Results

The computation of the closed form solution is described in appendix section D.
The proportion of home equity held by home residents is

1 10 (20— V) A (U —p)200pu —2u+ T — p¥)

sty —F —*1a T (6)

with T' = pU? — 4pWuf) + 4pp0 — W2 +4p¥ — 4%, U = p+ (1 — p)t'=% and A
represents the share of labor income in total income. This solution is particularly
easy to interpret. The first term (1/2) represents the equity portfolio as analyzed
by Lucas (1982): in a single-good world with zero labor income, equity portfolios
are fully diversified. The second term is identical to the one in Coeurdacier (2006)
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and represents the hedging of the real exchange rate. This term disappears when
there is no consumption home bias (¢ = 1/2 and ¢t = 1). The sign of this term is
analysed by Coeurdacier (2006) and will also be discussed through this section. The
third term represents the hedging of the labor income risk. This term will be shown
to be negative, which confirms the Baxter and Jermann (1997) result: since labor
and capital income are perfectly positively correlated, it will induce foreign equity
bias. Naturally, this term will disappear when there is no labor income (A = 0).

In what follows I assume the relative risk aversion p to be greater than 1 and the
elasticity of subsitution between home and foriegn goods, @, to be also greater than
1. This is in line with empirical estimates. Let’s focus on the second term. First, it
can be shown (see appendix section E) that the numerator is a number between 0
and 1. It increases with the preference parameter for home goods p and with trade
costs t. Thus it can be interpreted as a monotonic transformation of barriers to
trade in goods. When ¥ (2, — W) is 0, then there are no barriers to trade in goods.
When U (2p — W) is 1, then the markets are segmented. This term is similar to
found in Coeurdacier (2006). The denominator depends on four parameters: pu, t,
p, and 0. Figure 1 shows this term for different values of p and ¢, when p = {2,5}
and 0 = {1.2,2,3}.

WValue of the denominator for p=2 and 6=1.2 Walue of the denominator for p=2 and 6=2 WValue of the denominator for p=2 and =3

N -,
S
)

0.8

Value of the denominator for p=5 and 8=2 Value of the denominator for p=5 and 6=3

Figure 1: The denominator I in (6) for different values of u, ¢, p and 6. The bold black line in
each graph represents the combinations {y,t} for which T' = 0. These lines can be interpreted as
a generalization of Cole and Obstfeld (1991).

The bold black line in each graph represents the combinations {y,t} for which
I' = 0. In these cases the portfolio is indeterminate. This can be interpreted as

10



an extension of Cole and Obstfeld (1991): home and foreign equities have perfectly
correlated returns. In this case, an increase in home output is exactly offset by the
response ot the home terms-of-trade. As Coeurdacier (2006) points out, the cases
I' > 0 are unrealistic for plausible parameter values. This can also be seen in figure
1. Which means that, for most parameter values, the second term will be negative
and thus will generate foreign equity bias.

For the third term, it can be shown (see appendix section E) that the numerator
is always positive. Same discussion as before applies for the denominator. It then
follows that this term is also negative and generate foreign equity bias. This comes
in line with Baxter and Jermann (1997).

It results that this setup will not be able to generate home equity bias, due to
hedging of the changes in the real exchange rate (second term) and of the changes
in the labor income (third term).

This is a quite general setup: it is able to encompass several works done so far
in the existing literature. The special cases below will prove this fact and will help
us to get more intuition.

5.1 Special case: Lucas (1982)

Let us fix g = 1/2, no trade costs ¢ = 1 (no home bias in consumption, ¥ (2u — ¥) =
0) and fix labor income share A = 0. It then follows that both the second and the
third term will vanish. The optimal portfolio holding of domestic households (as a
proportion of home equity) will be 1/2. This is the well-known result of Lucas (1982),
who states that, in equilibrium, all households hold identical equity portfolios, as
this permits full risk sharing.

5.2 Special case: Baxter and Jermann (1997)

Let us fix p = 1/2 and no trade costs ¢ = 1 (no home bias in consumption,
U (2u— W) = 0). It follows that the second term dissapears. The optimal port-
folio holding as a proportion of home equity becomes

1-2A
2(1—A)’

which is exactly the formula (2) in Baxter and Jermann (1997). For example, if
labor income is 2/3 of total income, then the optimal choice willl be —1/2: house-
holds short home equity in order to hedge for labor income risk. This is a well
known result due to the fact that, in this model, capital income and labor income
are perfectly positively correlated.

5.3 Special case: Cole and Obstfeld (1991)

Let us fix 4 = 1/2, and 6 = 1 (unit elasticity of substitution across home and foreign
goods). It follows that, for any level of the trade costs ¢, ¥ will be equal to 1. Then
we will get indeterminancy of portfolio holdings (I' = 0): trade in goods alone will
ensure full risk-sharing across countries. This is the Cole and Obstfeld (1991) case.
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However, this case can be generalized: as shown before, for every combination of
parameters {u,t, p, 0} which yields I' = 0, we will have indeterminancy of portfolio
holdings.

5.4 Special case: Kollmann (2006)

Kollmann (2006) builds a similar model, except that there are no trade costs (¢t = 1)
and no labor income (A = 0). It follows that ¥ = 1 and ' = p — 1 + 4u — 4p® —
4ppd + 4pp20. The optimal portfolio will be

—_

L (p—1)(2p—1) _ (= 2p+ 2pp0 + p — 2p0)
2 2p—1+4pu—4p? —4pub + 4pu20  p—1+4p — 4p? — 4pub + 4pu2o

which is exactly the Kollmann (2006) result (equations (25), (24a) and (24b) in
his paper).

5.5 Special case: Coeurdacier (2006)

If we fix labor income to zero (A =0), then the model replicates the results of
Coeurdacier (2006). The optimal portfolio is

1 10 (24 — )

S+ — 1) (7

which is exactly as equation (8) in his paper. This result comes also in line with
the findings of Uppal (1993), who shows that in order to obtain home equity bias,
investors have to be less risk-averse than log. This is the case here: for reasonable
parameter values, the second term in (7) will be positive only if p < 1 (investors
are less risk-averse than log). Proportional trade costs cannot generate home equity
bias for investors more risk-averse than log.

5.6 Difficulties to explain the home equity bias

So far I have builded a general model able to replicate some of the well known
results in the existing literature. It is obvious at this point that this benchmark
model cannot generate home equity bias: both second and third terms in (6) are
negative for parameter values in line with empirical estimates.

To gain more intuition why, consider the figure 2. The left panel shows the
optimal portfolio in Coeurdacier (2006) case, for different values of trade costs (other
parameters are p = 2, = 1/2,0 = 1.1). As explained above, the second term in (7)
is negative and increasing (in absolute value) with trade costs. Which means that
increasing trade costs will lead to foreign equity bias.

Take now the right panel. In this case we insert also labor income. If the share
of capital income is one, then we obtain exactly the line in the left-hand side. If the
share of capital income is less than one, then the proportion of home equity held by
home investors will be changed due to the third term in (6). Basically, this means
that A > 0 and thus the third term in (6) will decrease even more the proportion

12



in home equity held by home households. The home equity bias puzzle is worsened,
as in Baxter and Jermann (1997).

Withoutlabor income (Coeurdacier(2006)) With labor income
T T T T .
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Figure 2: The shortcomings of the benchmark model in explainging the home equity bias. Left
panel: The special case of Coeurdacier (2006) for different values of the trade costs. Right panel:
Inserting labor income will generate a huge foreign equity bias. Other parameters are p = 2,
p=1/2, and § = 1.1. The two bold black lines in the right panel can be interpreted as follows.
The upper line represent the portfolio solution if there is no labor income (same line as in left
panel). The second line represents the portfolio solution for a share of 35% labor income. It takes

values from -43% if trade costs equals 1 to -68% if trade costs equals 2.

Why is it so difficult for the benchmark model to explain the home equity pref-
erence? There are two key points to understand portfolio biases. First, as shown
by van Wincoop and Warnock (2006), when the covariance between home excess
returns and the home real exchange rate is positive, home investors will prefer home
equities as they provide higher returns when the relative price of home goods is
higher. It can be shown that the second term in (7) can be writed as

Y

1 ( 1) COoU (fx,t+17Qt+1)
(1=

2 E vary (Fz141)

which is similar to the one obtained by van Wincoop and Warnock (2006). They
argue that this covariance-variance ratio is very close to zero in the data for the US.
Thus, the hedging term due to real exchange rate fluctuations should disappear. In
the benchmark model, this term is negative and large in absolute value. Table 1
show the value of this term for different parametrizations of the model (the VW W

%, see column 3 of the table).

Second, the benchmark model is not able to generate correlation less than 1
between labor income and dividend income. To see why this happens, I show below
the results for labor and dividend income respectively:

statistic is defined as
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0,t % home equity | VWW | p (wiLy, Npmy (h)) | p (Aét, Qt>
—11i=1 “42.9% 0

f=11,t=1.35 -53.6% -0.15

f=11,t=16 59.7% 0.24

f=13,t=1 -42.9% 0

0=13,t=1.35 -53.6% -0.15 1 -1

§=131=16 “59.8% 0.24
—15,¢=1 ~42.9% 0

f=15t=1.35 -53.7% -0.15

f=151t=1.6 -60.0% -0.24

Table 1: Results for the benchmark case. The optimal holdings in home equities for different
values of the elasticity of substitution between home and foreign goods and trade costs are shown

in column 2. Column 3 shows the VWW statistic M
vary (e, t4+1)

show the correlation between labor income and capital income, and the correlation between relative
consumption and the real exchange rate. All results are computed for a capital income share of 35

percent.

in each case. Columns 4 and 5

w, L, = (1 . l) LtAtpt (h) _ ALtAtpt (h)

Nopmo(h) = NpY, (e Ly a2 gy LtAtpt]@
t

It follows directly from here that the correlation between labor and dividend
income is equal to one. Thus, as households seek to hedge their human capital risk,
they will sell home equity. The presence of labor income worsens the home bias in
equities puzzle.

Another considerable mismatch with the empirical literature is related to the
complete markets assumption. Complete markets models counterfactually predict
perfect correlation between home to foreign marginal utilities of consumption and
the real exchange rate (see Backus and Smith (1993)). As recently documented by
Corsetti et al. (2004) and Benigno and Thoenissen (2004), the correlation between
relative consumption and the real exchange rate is low in the data.

To conclude, the home equity bias is hard to explain even if this is a quite general
setup. In the next section I will consider the extension to a non-tradable sector, fixed
export costs and heterogeneous firms. These features will considerably change the
results and will bring potential candidates to help us reconcile theory with the home
equity bias puzzle.
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6 Heterogeneous Firms

6.1 A New Setup

In this section, I add firm heterogeneity in productivity, as well as fixed costs asso-
ciated with exporting, fx. These two features will bring selection among exporters:
less productive firms cannot generate enough profits abroad to cover the fixed ex-
port costs. Thus, only a fraction of the total number of domestic firms will go to
export. These sunk costs offer a common justification to the fact that exporters
are generally more productive than non-exporters. Melitz (2003) offers a theoretical
justification of this selfselection.

The importance of the existence of sunk costs in the export markets is a relatively
recent and growing area of interest in the economic literature. Example of sunk costs
in exporting could be related to information gathering on the new market, setting up
new distribution networks, marketing and possibly repackaging the product to ap-
peal new consumers, adiministrative burdens, etc. Several works have documented
the importance of such export market entry costs. Das et al. (2007) estimate an
empirical model with marginal and fixed export costs heterogeneity based on panel
data for Columbian chemical producers. They conclude that sunk costs vary con-
siderably across plants. Also, surveys reveal that managers making export related
decisions are much more concerned with export costs that are fixed in nature rather
than high per-unit costs. Furthermore, Jensen and Bernard (2001) estimate that
the magnitude of sunk export market entry costs is important enough to generate
very large hysteresis effects associated with a plant’s export market participation.

In what follows, I will adopt the firm heterogeneity setup from Ghironi and Melitz
(2005). It assumes that firm productivity is drawn from a Pareto distribution with
shape parameter k£ and with lower bound zy;,®. A firm’s total profit increases with
its productivity. Therefore, only firms which have productivity above a cutoff level
Zx > Zmin Will export. Exporters are then a more productive subset of domestic
firms. A graph in appendix section C illustrates an example.

I will add these features in two steps. First, I will keep fixed the sunk export
costs fx and the number of exporters, Nx. I will show that a productivity shock will
also create a redistributive shock (will affect the redistribution of income between
labor and dividends). Thus, the setup can actually have a correlation between labor
income and dividend income which is less than 1, without inserting exogenously any
other shock, as in Coeurdacier et al. (2007).

Second, I will allow fixed export costs fx to vary exogenously. We will have
then 4 kinds of shocks and 2 assets, and markets will be incomplete. However,
the methodology developped by Devereux and Sutherland (2007) still allows me
to compute optimal portfolios. I will show that the results are much more robust
to changes in parameters and that the incomplete markets setup will give better
results related to the "consumption-real exchange rate anomaly" of Backus and
Smith (1993).

Finally, I will allow also the number of exporters Nx to vary. This is a natural

6The density of the Pareto distribution, as well as the raw moments are presented in the
appendix section C.
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way to introduce demand shocks as in Coeurdacier et al. (2007), through variety
effects. Moreover, this offers a logical setup in terms of the correlations between
these three kinds of shocks. For example, if the aggregate productivity is increasing,
then more firms will be able to export and thus we should have a positive correlation
between productivity shocks and the number of exporters. Also, an increase in the
fixed export costs should force some firms to stop their exporting activity, thus a
natural negative correlation should be between shocks to exporting costs and shocks
to the number of exporting firms.

Due to the fixed export costs, only more productive firms will be able to generate
profits by exporting. It then results that there exist a productivity threshold, zx, for
the less productive firm in the home country able to export in the foreign country.
This productivity threshold is fixed to match the zero-export profits cutoff condition
at steady state.

As in Ghironi and Melitz (2005), the fixed export costs are measured in units
of effective labor. Firms need to hire workers from the domestic labor markets
to cover these fixed costs. This means that there will be some modifications to
the system of equations for the model with heterogeneous firms and export costs.
Basically, the labor market clearing will need an extra equation. The new steady
state calculation necessites some adaptations. All the technical details are exposed
in appendix section F.

6.2 Results for non-time varying fx and Ny

The appendix section G solves for the closed form solution. I will expose intuitively
the differences with the benchmark model. First, the total amount of labor in the
economy, L;, will be divided in two parts: the production part [; (this was the
only part in the benchmark model) and the units of labor paid as fixed costs by
the exporting firms, fol—{x. This division of labor will induce a difference in the
dynamics of the terms of trade:

AP P YA I T R
Q, @>n——b—kw<2L 1)]At oCim oV,

_ 1-6
with © = {,u +(1—p) X% (%) } equivalent to ¥ in the benchmark model,

except that it takes into account the proportion of exporting firms y. Note that the
only difference with the benchmark model is the presence of the term (2% — 1). If
all the amount of labor is used for production (there are no fixed export costs), then
[ = L and this term becomes 1. In this case, we obtain exactly the benchmark model.
Productivity shocks propagate now less strongly to terms of trade movements, since
24 —1<1.
The equation of profits need also some modifications. At the steady state, the
total profits in the home country are (see proof in appendix section G):
1 - (h) wfx
= aN DYT — N XT
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Intuitively, the first term on the right hand side is the total profit if there are no
fixed costs for exporting. This corresponds to the benchmark case. Then, these
fixed costs are substracted to obtain the net total profits in the home economy.
After some manipulations, wich are shown in appendix section G, we obtain the
following dynamics for the total profits in the home economy.

1 v B(h)
1N,y 2
A @ P I A % I A
T S (__1) - Ty, (-—1) ,
Tt . t + ) Tt ¢+ o Tt
. lND?%fL) . . . . .
with T = +——%- This equation is similar to its correspondent in the benchmark

case, except one term Y. We recognize easily that this term is larger or equal to 1.
In the case when the term is equal to 1 (no fixed export costs), then we will have
exactly the same equation as in the benchmark case.

At this point, we can have a new look on the correlation between labor income
and dividend income. Compared to the benchmark case, they are defined now as

follows.
N 1 Dt (h N
’UJtLt = Wt <lt + XfX) = (1 - 5) ZDAtltw + th—fX

At Pt At
1. Dt (h N
NDTFt (h) = 5ZDAtltpt_F()t ) — Wt ZfX

The first terms in both equations correspond to the ones in the benchmark case.
Then, we have new terms due to fixed export costs (wy NZ{X ). The presence of
these terms show that a shock in productivity will make these two incomes to move
in opposite directions. Thus, this will decrease the correlation between labor and
dividend income.

All the computations needed to obtain the closed form solution are exposed in
appendix section G. The optimal proportion of home equity held by home residents

1S

1 (p-1)O0(2u-0)
SR 5

(0 — 1) (20pp—21+6—p0) p(x-1) & ®

by 2 by

+(o—1)
with © defined before, and ¥ similar to I' found in the benchmark economy:

Y = 4u20p — 4p* — 4ppO0 + 410 + %@2 — 62

Note that in this case the share of capital income in total income is defined as
1
ND}N/M T

ASE

It then follows that the share of labor income A will be equal to 1 — TL¢> The
closed form solution is very similar to the one obtained in the benchmark case,
except that T is entering in the definition of . We notice also the presence of a

new term which will modify the hedging of the labor income risk. If we come back
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to the benchmark case, then T is equal to 1 and this fourth term dissapears. We
recognize then in this formula the same components as before. First, the Lucas
(1982) term, then the term related to the hedging of the real exchange rate. The
last two terms are related to the hedging of the labor income risk.

Non-tradable Goods Model Differentshares ofcapitalincome

~ ©
g o8

~
~
T

%in home equity
~
@

~
=)
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o
o
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Figure 3: Results of the model with fixed export costs and a non-tradable sector. The share
of capital income is calibrated to 35% in the left panels and is varying in the right panel. The
fixed export costs fx are calibrated to match a share of 20% exporting firms. The parameter k of
the Pareto distribution is calibrated to match the standard deviation of log U.S. plant sales, 1.67,
reported by Bernard et al. (2003). Other parameters are p = 2, p = 1/2, and 6 = 1.1. The bold

black line in the right graph represents the solution for 35% capital income share.

All the parameters are calibrated as in the benchmark model. Then, fx is
calibrated to match a share of 20% exporting firms. The parameter k of the Pareto
distribution is calibrated to match the standard deviation of log U.S. plant sales,
1.67, reported by Bernard et al. (2003). The share of capital income in total income
is fixed to 35%. Other parameters are p = 2, u = 1/2, § = 1.1. The results
are exposed in the Figure 3. The two left panels show the solution of the non-
tradable goods model for different levels of trade costs. The other panel shows the
solution given by the benchmark model. The interaction between fixed export costs,
heterogeneous firms and the non-tradable sector is successful in explaining the home
equity bias. The right panel shows the results if several shares of capital income are
considered. The bold black lines correspond to the one in the left panel, for a share
of 35% capital income.

A similar analysis in terms of VWW statistic, labor/dividend income correlation
and relative consumption/RER correlation is conducted in table 2. The strong
correlation between labor and dividend income has been decreased, but only for
small values of the elasticity of substitution . And we still face the problem of
the perfect negative correlation between relative consumption and the real exchange
rate, since markets remain complete.

The intuition for these results is as follows. An increase in the home aggregate
productivity will decrease the amount of labor needed for the sunk export costs. This
will lead to a decrease in the domestic labor income. In the same time, the same
shock will lead to a increase in the dividends of domestic firms. The productivity
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0,t % home equity | VWW | p (wiLy, Npmy (h)) | p (Aét, Qt>
=11t=1 79.7% -0.06 0.37

f=11,t=1.35 78.3% -0.08 0.40

f=11,t=16 T7.6% 20.09 0.42

f=13,t=1 46.7% -0.10 0.82

0=13,t=1.35 42.2% -0.16 0.86 -1

0=13,t=1.6 39.6% -0.19 0.88
—151i=1 93.4% 0.12 0.94

f=15t=1.35 16.4% -0.21 0.96

f=151t=1.6 12.3% -0.26 0.97

Table 2: Results for the fixed export costs case. The optimal holdings in home equities for

different values of the elasticity of substitution between home and foreign goods and trade costs

cov (P, i11,Qe41)
vary(Tz,t41)

4 and 5 show the correlation between labor income and capital income, and the correlation between

relative consumption and the real exchange rate. All results are computed for a capital income
share of 35 percent. The model is now able to decrease the correlation between labor and dividend
income.

are shown in column 2. Column 3 shows the VWW statistic in each case. Columns

shock will then propagate into the economy both as a supply and as a redistributive
shock. Changes in productivity do not affect only the output but also the income
distribution in the economy. Therefore, this setup is able to introduce both supply
and redistributive shocks in a more structural way than in Coeurdacier et al. (2007).

6.3 Incomplete Markets

The previous setup is still not able to decrease the perfect negative correlation
between relative consumption and the real exchange rate. This is due to the perfect
risk-sharing condition in complete markets. In this section I will try to deal with
this issue by introducing exogenous shocks to the fixed export costs fx.

Let us come back again to the definition of the labor and capital income. Since
fx. is now time varying, it results from (9)-(10) that this should intuitively lead to
further decrease in the correlation labor/capital income.

_ LY . pe (h) Nx fxu
tht = <]_ gb) ZDAtlt Pt + wy At (9)
1. D¢ (h N
NDTFt (h) = aZDAtltpt_;t ) — Wy );{;X,t (10)

The new results are exposed in table 3. As expected, the incomplete markets
setup will eliminate the perfect negative correlation between relative consumption
and the real exchange rate. However, this correlation still remains sizable in absolute
value compared to the data. Even if it is going in the right direction, the model
cannot quantitatively reproduce the low consumption-real exchange rate correlation
observed in the data.

The correlation between labor/capital income is less important than the complete
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0,t % home equity | VWW | p (wiLy, Npmy (h)) | p (Aét, Qt>
=11,t=1 86.4% -0.04 -0.13 -0.72
f=11,t=1.35 85.5% -0.05 -0.10 -0.75
f=11t=1.6 85.0% -0.06 -0.09 -0.76
f=13,t=1 61.1% -0.08 0.42 -0.63
f=13t=1.35 57.7% -0.13 0.48 -0.68
f=13,t=1.6 55.7% -0.15 0.52 -0.70
f=15t=1 38.6% -0.10 0.70 -0.56
f=15,t=1.35 32.1% -0.17 0.76 -0.63
0=15t=1.6 28.3% -0.22 0.79 -0.67

Table 3: Results for the fixed export costs case, with incomplete markets and time-varying
fixed export costs. The optimal holdings in home equities for different values of the elasticity of
substitution between home and foreign goods and trade costs are shown in column 2. Column

3 shows the VWW statistic %
between labor income and capital incbme, and the correlation between relative consumption and
the real exchange rate. All results are computed for a capital income share of 35 percent. The
model is now able to eliminate the perfect negative correlation between relative consumption and

the real exchange rate, due to the incomplete markets setup.

in each case. Columns 4 and 5 show the correlation

markets setup, and is increasing less significantly with the elasticithy of substitution
0. The model is able to generate home equity preference for a bigger range of
parameter values.

Coeurdacier et al. (2007) introduce also demand shocks in their setup. This can
be done also here by making the number of exporters Nx time-varying, and creat-
ing a demand shock through variety effects. It comes in line with recent empirical
evidence at a very desagregated level by Broda and Weinstein (2007) who suggest
that varieties changes are an important phenomenon. Moreover, in terms of the
correlation between shocks, the setup offers a simple intuition. When productivity
increases, more firms will be able to export, thus we should have a positive correla-
tion between productivity shocks and Ny shocks. When fixed export costs fx are
increasing, then less firms should be able to export, therefore we should naturally
observe a negative correlation between fx shocks and Nx shocks.

As an exercise, I fix these correlations to 0.6 and -0.6 respectively. The new
results are exposed in table 4. Home equity bias is still persistent for a large range
of parameters. In the same time, the model is able to keep low values for the
correlation labor/capital income, and to generate low correlations between relative
consumption and the real exchange rate.

These results are similar to the ones obtained by Coeurdacier et al. (2007). How-
ever, all their shocks are exogenous and in their setup it is difficult to correlate them
intuitively. In my case, I showed how a productivity shock can be interpreted botha
as a supply and a redistributive shock. My aim is to work more structurally and to
provide a setup where shocks are more intuitive. In this way, I am able to relate
demand shocks to productivity shocks by introducing varieties and heterogeneous
firms.

This setup highlights a simple mechanism which generates a correlation less than
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0,t % home equity | VWW | p (wiLy, Npmy (h)) | p (Aét, Qt>
=11,t=1 88.8% 0.04 0.29 -0.30
f=11,t=1.35 87.7% 0.03 0.31 -0.29
f=11t=1.6 87.1% 0.02 0.32 -0.28
f=13,t=1 55.6% -0.08 0.46 -0.08
f=13t=1.35 50.6% -0.12 0.51 -0.08
f=13,t=1.6 47.6% -0.14 0.54 -0.08
G=151—1 24.3% 20.08 0.61 0.01
f=15,t=1.35 13.2% -0.15 0.68 -0.01
0=15t=1.6 6.5% -0.20 0.72 -0.03

Table 4: Results for the fixed export costs case, with incomplete markets and time-varying fixed
export costs and number of exporting firms. The optimal holdings in home equities for different
values of the elasticity of substitution between home and foreign goods and trade costs are shown

in column 2. Column 3 shows the VWW statistic M
vary(Tz,t4+1)

show the correlation between labor income and capital income, and the correlation between relative
consumption and the real exchange rate. All results are computed for a capital income share of 35
percent.

in each case. Columns 4 and 5

one between labor income and capital income. The fixed export costs fx are able to
do this, without inserting exogenously redistributive shocks as in Coeurdacier et al.
(2007).

7 Conclusion

This paper builds a dynamic stochastic general equilibrium model of international
portfolio choice, with home bias in consumption generated by both a preference
parameter and trade costs in goods, a la Coeurdacier (2006). Optimal portfolios are
computed in closed form, with the method developped by Devereux and Sutherland
(2007). It is shown why this benchmark model is unable to explain home equity
bias.

Then deviations from the benchmark model are considered by inserting a setup
with heterogeneous firms, a non-tradable sector and fixed export costs. These new
features are able to explain the home equity bias for reasonable parameter values.
The model is then extended to incomplete markets and results are shown to be more
robust to parameter changes. The incomplete markets setup helps in explaining the
consumption-real exchange rate anomaly (Backus and Smith (1993)).

In comparison with similar studies, such as Coeurdacier et al. (2007), the paper
explain how the fixed export costs generate a simple mechanism which brings a
correlation less than one between labor income and capital income. Demand shocks
are intoduced naturally into the model, through variety effects. Finally, the setup
offers a clear understanding of the correlations between the shocks in the economy.
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Appendix A
The benchmark model

Wi =agi1ret +ap- 17, + NpYi (h) pt]gh) - C (11)
t
Ny Yo () (ptéh)> e (12)
0— * 0
vy (TR0 S = 0w (13)
Yi(h) =Yp:(h)+Yx, (h) (14)
pe () O w
P, 414 (15)
NpY; (h) = ALy (16)
wy = /-@Cthi (17)
h
) = Y () 2l (18)
Cy " = BE [CArE41] (19)
C;p = BBy [Cw;plr;;,tﬂ] (20)
rpg = W (21)
Add equations (12) - (21) for the foreign country:
— * 0
) Ve, () (”t DY~ (22)
_ 0
) vz 0 (22) =a-wa (23)
Y (f) =Y, (f) + Y5, (f) (24)
() 6w
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NpY (f) = AL (26)
w; = (CF)° (L})7 (27)
wop o Lo o0 (f)
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(C5)™" = BB [QQf (Ci) ™ EJ (20)
t+1
o _gn [ Q. }
(€0 = g | g (30
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Tpt = v, O, (31)

Steady-state calculation

Variables without time subscript represent steady-state values.

index is
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P70 = Py + (1) Py’
= N5l 0 (L ) e (1))

Divide by [p; (h)]"™°

il - e ]

1-0 * 1-6
= N° {u+(1—u)t1—9 [Zﬁéiﬂ }

[
&

p;:((}f)) = 1, thus we obtain

In a symmetrical steady state we have
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with O = {p+ (1 — p)t'=%}. We obtain therefore

’@ = NE Tyt (32)
We fix Y (h) =1 and A = 1. From (11), (12) and (13) we get
Yo (h) =By ), vom=(1-2)ym =g tvn

We find that (14) is automatically verified. The steady state calculation reduces to the following
system of equations:

NpY (h) 28 = ¢ from (11)
@ =_¢ from (15)
(16)

=

= 3= %
NpY (h) = AL from (16
w=kCPL?% from (17)

Replace (32) to obtain a system with 4 equations and 4 unknowns (C, Np w, L):

_o 1
N w1 =C
1
xg—l\]fjl/ell = Tflw
w=kKkCPL%

Solve first for Np

Np = [w 0 wizt| TS
61

Then the other values follow. From (18)-(21), wefind rg =3 = 1/, 7 (h)

and v = %7‘( (h).

Y (h) NS "Wt

26



Appendix B

Log-linearization

We need to define first p; (h)
which I define as 7 = p} (f)

Pt 1-6 %
= N~
[Pt (h)} P

After some manipulations we obtain

- pt7132< (h)

— Pt*, and Qt in terms of variations of the terms of trade,
— Pt (h). From appendix section A, we know that

{u+(1—u)t1_9 [mr_e}

A~ 5 B~ A
pt(h)—Pt = (\Il I)Tt
pe(f)— P = %%t
- px M . ~
pi (f) t = <\11 1) Tt
i ()~ ;= —gh
. 2 R
Qr = (\I/j — 1) Tt
As in Devereux and Sutherland (2007), I define Wy= YW __ andad=-—2— With
NpY (h) 2@ BNp Y(i)’“ :
this notation, the log-linearization of the model equations becomes
1. . .
We = SWia Vi (h) + (% - 1) #r— Gy + Gy (33)
R N R 2 N N
pCt — pBy {C’t+1} = pC{ — pEy [ t+1} + (\I'lf - 1) (Tt — By [Te41]) (34)
YDt()"‘G(*—l) =C, (35)
Ve (h) =057 = G (36)
Vi () = £p. () + (1= £) Vo (1) (37)
(%—1>%t—wt—flt (38)
Y (h) = Ay + Ly (39)
N 1.
’lﬂt = pCt + ;Lt (40)
~ 9 r ~
7o (h) = Yo () + (& — 1) 7 (41)
(=p) Ce = —pBy [ G| + Bt [P (12)
fet = (1—B) 7 (h) + By — D1 (43)

Add the equations corresponding to the foreign country:
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(14)
Yo (f)+ G%ﬂ = (45)
V() = £V, (D + (1-£) Vi, () (46)
(1 - %) o= wf — A (47)
% (1) = A + L (18)
i = pCi + 1L (19)
=% -(5-1)* (50)
(-0t = =B [Cia] +Belipn] + (B —1) Go-Bilra) 6D
= (1= ) ()4 it — 0+ (G 1) (o= ) 52)

Following propositions 1, 2 and 3 from Devereux and Sutherland (2007), I will consider ét =
Ofy+ as an exogenous ¢id variable. It then results a system of 20 equations in 20 endogenous
variables (Wy, 71, Yy (h), Yy (f), Cu, CF, Yo (h) , YD, (f), Yxo (R), Y3, (f) e, @7, Ly, L, 7o,
Ty PB4 Thy» 2E4s 254)- There is one endogenous variable predetermined as of time ¢: the home

financial wealth W,. Finally, the model features 3 exogenous variables: the aggregate productivities
A; and A and the iid shock &,.

[DETALIT DOAR PENTRU TINE]
codul Matlab (simplu) se gaseste in \MODEL MATLAB\BENCHMARK
a) cu el poti sa faci toate cazurile speciale
b) poti sa faci si impulse responses
codul Matlab (iteratii) se gaseste in \MODEL MATLAB\BENCHMARK IT
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Appendix C

The Pareto Distribution
The density of the Pareto distribution is

k

x
f (Z‘, kaxrn) = kxkr—tl’ for x >z,

The expected value of a random variable following a Pareto distribution is ’Z“Cj The variance

k—n"
Dispersion decreases as k increases and the firm productivity levels are increasingly concen-
trated toward their lower bound zp;,. An example is presented in the following figure.

2
o [ @m k _kzp,
is (k_l> +— and the raw moments are defined as y,,=

The Pareto distribution, zmin=1

—6— k=25, variance=3.33
9 —6— k=10, variance=0.14

0 VYV VvV VvV VvV VYV
2 25

Following Melitz (2003), the average productivity level of all domestic firms is defined as

1 1
ZD = Zmin {%} o Average productivity of exporting firms, Zx, is equal to zx {%} o ,
where zx is the zero export profit cutoff level.
I define n = % Since exporting firms are more productive in average than all domestic firms,
we have > 1. The proportion of exporting firms is defined as x = %—g Using the definition of
the cumulative Pareto distribution, we can find the relationship between 1 and x:

k
X = &:1—G(ZX): <Zm1n>

X

(zén;)k == 1)]&1 - (i)k

We obtain therefore that x = 7~*. The figure below illustrates an example:

Export threshold zx

Exporting firms
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Appendix D

Benchmark Model - Closed Form solution

The calculations for the closed form solution are tedious. Everything becomes a lot easier when
using some symbolic computation toolbox. In this case, I use the Symbolic Math toolbox of Matlab.
Following Devereux and Sutherland (2007), the equation which pins down the solution for optimal

portfolios is
A A% Qt+1 A
(Ct+1 ~ G = | e

_ Qit1
P

By =0+O(€3)

It follows that we need to compute CA’tH — CA’;‘H and 7 ¢41.

First Term (C't+1 — C’f L Qtp“)

Start with the budget constraints [28] for the home and foreign agents:

. 1.4 N R A - n
We = Wit Vi) + (% - 1) o — Gy + gy

. 1. . e
W = —BWFHLY; (f) - (%—1> Tt — Cf — agy

Take the difference of the two budget constraints and write everything at time ¢ + 1:

Wt = BWtJrl - thJrl + gCtJrl + 5 (1 - %) Tip1 — BOTy 141, (53)

with Yq1 = Yiq1 (h) —)Aft’fH (f) and Cppq = Craq —C’;‘+1. Use [30 - 35] and [39 - 44] to compute
Yip1. Start with

Yier = Vi (h) = Y4 (f)
G0 () + (1= 5) Yors )] = [5V5000 (D + (1= §) Vi ()]

Then replace Yp ¢4 1 (h), Yx.r11 (), etc. Replace also from equations [33 - 35] and [43 - 44]
(1 — %) T¢+1 as a function of Cyy1, Ayy1 and Yyy1. After some manipulations we obtain

2u 440 B -
Yipr = (\IJ - 1) Cit1 + T (1 - a) Tt41

2 216 1 1
(\Ilf - 1) Cip1 + % [(1 + ) Ay —pCryq — Yt+1:| ,
2 @

with Ay = Ay — Ay . It then follows that

_ U (—ppW — 2+ T) % (p+1)
Yen= (1/ W W+ w)) Cent (1/ W) (g + w))) o

Having now Y1, from equations [33 - 35] and [43 - 44] we obtain 7411 as a function of Ciyq
and A;y only:

U (pp¥ + 21— ) Pty
(\IJ_IJJ) (\IJQD‘FQMG) (‘IJ—H) (\I’QO—Q—QMQ) t+1

Come back to (53) and replace Y11 and 7,41 to obtain

(54)

Tip1=—1/2 Ciy1+1/2
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W, = BWii1 +ACi1 + BAyy — B,y with (55)

A - CpetVotoulptpd—1/2pp¥ —p+1/27)5
Vo420
B _1/2(s0+1)(—‘1/+2u9),3
Vp+2u0

Iterate (55) forward and take expectations at time ¢+ 1 to obtain:

Wirr =AY BBt [Cororil +BY B Brst [Arvori]
=0 1=0

The last term dissapears, since &, is a iid variable. To sumarize, we know that

Wy = BWipr + ACei1 + BAra — BE
Wirr = AY BB [Copari + B B Brra [Ariay]
=0 1=0

Replace Wt+1 from second equation in first equation to obtain:

W, = ACi1 + BA26iEt+l [Ctyoti (56)
i=0
+BA1 + BB B'Biia [Aryar]
i=0
—B141

Compute the right hand side term by term. From equation [29], we know that
1 o ~
Ci =E¢ [Cepa] - ;Et [Qt-‘rl - Qt}
Iterate forward up to time ¢t 4+ n to obtain.
1A 1x
Ci—=Qi =By |Coyn — —Qrin
p p

Replace Q; with (%‘ — 1) 74, use (54), and write everything in terms of C; and Ay:

C(Ct + DAt = CEt [(Ct+n] + DEt [At+n] s with
0 U (ppV + 21 — 0)
C = 1+1/2(2= -1
2(25 1) 5w =y 5 20

(=2p+ U)W (p+1)
p (¥ — ) (P + 200)

We know that By 1 [Aryori] = ¢4 Ay . Tt follows that

D = 1/2

D

D 7
oAt — ECAHAtH (57)

Eit1 [Ciro+i] = Cipr +

We can replace this into the first line in (56):
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ACi1 + BAY  BBii1 [Crrori] = ACir + LAY f |:(Ct+1 + oA - C<f4+1At+1:|
i=0 i=0

1 D 1

= (.A-l—,@./ll — ﬂ) Ciy1 + <5«4

D
Cm A Ca >At+1

ST
Second line in (56) is

BA+1 + BB Z B'Brgr (Ao = By +BAi Z (BCa)'
=0 i=

i=1
B
= T pe, e
Finally, the equation (56) becomes:
X 1 D 1 D ¢, B .
= _ - i A _
W, <~A+5A1_ﬁ> Ct+1+<ﬂA01_ﬂ CI_B<A+1_6<A> 141 — B
= ECip1 + FAr1 — B
with
£ - _1/2(29Wp+ 2u0 — 2pp 4+ 2V + U — ppW¥ —2p) B
(U +2u8) (=1 + B)
f =

(-0 24 ) o202t (@ -

(1 +1/2 (26 - 1) U (ppl + 20— T) p~ ' (T — )~ (T + 2ﬂ9)*1)

1/48% ((20pp + 211) 0 — 201+ 2V + T — ppW — 2p1) (=2 + U)W (0 + 1)

172 (p+1) (=¥ +2u0) B
(P +2u0) (1 — BC4)

From here we obtain Cyy1:

1. F B2
Ci = EWt - gAt-&-l + Eft-u (58)
The term that we need to compute is Cyy1 — ét*+1 _ Qe

p

A A Qt-‘rl
Cipr = Oy — ——

1/ 2u
=Ci41— - ( - 1) Tt41
p p\¥
Use (54) to replace 7441 and obtain

_ Qtp+1 = IW + KAy + LE
with
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(1= 8) (p¥2%p + 4pTud — 4pp?0 + 4p? — 4p¥ + U?)
B (20pup + 210 — 204 + 2V + W — ppW — 21) (¥ — 1) p
(p+1) (=1+5) (2pp0 — 21+ ¥ — Tp)
p (200up + 200 — 201 + 2V + W — ppW — 2p) (=1 + BC4)
(1= B8) (p9p + 4pP b — 4pp°6 + 4p* — 4pV¥ + U?)
(20ppp 42010 — 201 420 + W — ppW¥ — 21) (¥ — 1) p

J

Second Term (7;411)

From equations [38] and [47] we obtain

N 2 . R
Poir1 = (1 = B) Pey1 + BViqpq — V, — (\Ilf — 1) (Te41 — Tt) (60)
where Py = 7ty 1 (h) — 77, (f) and Vi = 0441 — 07 ;. We know that B [F 441] = 0. Thus
2 . 2 .
0=(1—B)E¢ [Prya] 4 BB [Viega] — Ve — <\IJM - 1) By [Te4a] + (\I/f - 1) g

or

-V + <2\5 - 1> 7t =— (1= B) Bt [Peg1] — BB [Vigp1] + <2\5 - 1> Ey [Fe41]

Replace it in (60) to obtain

Fopr1 = (1= B) (Poy1 — By [Prga]) + B (Vigr — By [Via]) — (2\5 - 1) (o1 =By [Tea]) - (61)

We will compute (61) term by term. From [36] and [45] we obtain:

Piyr =Yg +2 (% - 1) Tit1

Both Y;y; and 7,41 are known from the previous point, as function of C,y; and A;yy. Sub-
stituting them into the last equation yields

Py = MCt+1 + ./\/'At+1, with (62)
M = 2pp — Vo —2pubp + ppW + 20 —
Y+ 2140
N o= ¥ (et+l)
Yo+ 2ub

We can substitute Cyy; from (58):

1. F 4
Pi1 = M <8Wt - gAtJrl + §§t+1> + NAi
M . MF M -
= e (V-5 ) P
Then Pt+1 — Et [Pt+1] will be equal to
MF Mp
Py — Ee [Pryq] = (N - 5) Appr + TB&H (63)
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Note that I ignore terms at time ¢ since at the end, they will all reduce to 0. Second term to
be computed is Vi1 — By [Viy1]. The Euler equations for home and foreign country are:

€)™ = BE {(CHI)PW}

Ut

. o \—p T T
(Ct) ro= 5Et {( t+1) pM]

"
Vg

Bring v; and v; on the left hand side. Iterate forward, impose transversality conditions and

obtain
Citi - .
Ct t+12

> BB
i=1

(0 =
oo _
7 C*l P *
CHIES Zﬁ [, < Ct: ) 7Tt+i]
i=1 t

At the steady state we have v = %w. Log-linearize around the steady state:

1 fﬁﬁt = pl ﬁﬁét - P;ﬁiEt |:C't+i} + ;ﬂZEt [Ty
IR WL CHED WAL R

Take the difference of these equations and write everything at time ¢ + 1:

1-6
B

Following (57) and (62) we have

1-p

Vigr =pCip1 —p 3

> BEig1 [Coprsi] + > BEy [Pryiyi] (64)
i=1 i=1

ZﬁiEtH[CtHH]ﬂcHﬁ(D f_D_Ka >At+1

= 1-f Cl1-B C1-5C,
and
X M MD MD
ZﬂlEt Prii144] = %Cﬂrl —+ [Clﬁﬁ + (N - C) 1 BCECA] Ay

i=1

Regroup everything into (64):

Vig1 = PCiyy + QA

with P and Q higly complicated expressions which I do not show here to save space. Then
Vit1 — By [Viy1] will be equal to

PF PB,
Vipr —E¢ [Vepa] = <Q - 5) Aty + ?ﬂft+l (65)

Finnally, last term in (61) to be comuted is 7441 — E¢ [T¢+1]. Use formula (54) to obtain
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#4141 = RCipq + SAsyq, with

U (ppV + 21 — 0)

(¥ — p) (Ve + 200)
U2 (p+1)

R = —1/2

S = 1/2
P =) (gt 20)

and

Tip1 — By [Te41] = <S - 7?) Apyr + %ﬂgtﬂ (66)
Regroup now (63), (65) and (66) into (61):
Pot1 = (1= B) (Pry1 — By [Prga]) + B (Vigr — By [Viga]) — <2\5 - 1> (Tt+1 — By [Te4a])  (67)

Toprl = 1A +Uét+1, with
T e+ (=1+8)pB-1)

2
(=2up + 2% + 20p0p + 2010 — ppW — 2p + V) (=1 + B(4)
(=14 B) (V2 — dpp?0p — p¥2p — 6V + dppubp¥ — 20 + 412 + 2W2¢p)

u
(U — 1) (—2pp + 2¥p + 20u0p + 2060 — ppV¥ — 24+ V)

Solution for &

We can use now the closed form solution in Devereux and Sutherland (2007) to obtain
(2ubp — 2pu + W — pW) (¥ — )

(=14 B) (4pYud — 4pp20 + 4p? — 4p¥ — p¥2 4 V2)

Compute then the proportion of home equity held by home residents:

[}

5 amet Npy, aBNpY (B)EE + Npon |, GNDY (1)

(e = = —

g Nth ND%TF NDiliB%NDY (h) pi(F},L)
o
1-8¢

In the benchmark case the share of capital income in total income is defined as

™ 1

NpYZH ¢
It then follows that the share of labor income A is 1 — T%b The benchmark case closed form
solution becomes

1 (20pp —2p — p¥ + W) (=W + 1) ¢ 1 (20np—2p—p¥ + ) (- +p)

(4pp20 — 4p? — 4pTpf + 4p + pW2 — U2) T

¢

with ' = pW? — 4pWuf + 4ppu20 — U2 + 4u¥ — 42, Rearrange terms to obtain
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(U —p) (2p0p —2p+ ¥ — p¥)

1 1
-+ = -1
2 + 2 + r (¢ )+ r
_ Ly L+2(0 —p) (2000 — 20+ ¥ — p¥) LA (¥ —p) (2000 — 20+ ¥ — p¥)
2 2T 1—A r
Take the numerator of the second term:
D+ 2(0 —p) (2000 —2u+ T — pl) = —p®2 4+ W2 — 2,0 + 2p0,

= p(2Up— %) — (2¥p — ¥?)
= (p-1)¥(2u-Y)

This leads to the following solution for af:

1 19 (2u— ) A (U —p) (2000 — 21+ T — p¥)
Eii — —
e R R U gy y

36



Appendix E
Proof that ¥ (2 — V) is between 0 and 1

We know that ¥ =y + (1 — p) t17%, thus we will have

p<¥<1
and
2u—1<2u—Vv <p
Multiplying these two equations yields
0<pu@u—1)<V(2u-¥)<p<l

The function ¥ (2 — ¥) is an increasing function in g and ¢

E\IJ(2M—\II) = 2u+2u-1)t'"7 >0
o

9 K19
Cyu-v) = - 019
G- =~ 100

Proof that (¥ — pu) (2p0p — 2pu + ¥ — pW¥) is positive

First term is positive, since ¥ > p. We use the same inequality for the second term:

200p — 200+ (1 —p) > 2p0p — 2+ p(1—p) = [p(20 = 1) =1 >0
It then follows that

(U —p) (2p0p — 20+ ¥ — p¥) >0
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Appendix F

Model with heterogeneous firms and export costs

* ~ pt (h
Wi=apt-1rp:t+ apt-17g, + NDY;]#
t
~ 0
= h
Np *Yp,u (ptlg )> = puCi
t
0—¢ _ ~% (h) 6 1
Ny " Yxs (pt ; > -=0-pC;
X , P; : M
1\F .
Fi=tooe (3) P
ﬁt (h) _ ¢ Wi
Pt d) —1 2DAt
NpY; = AiZply
Ix
t t XAt
1
wy = HCtth“’
~ fX 1~ ﬁt (h)
2 Y,
m-i—thAt 3 f 2
C;P = [Ct:»plrE,t—i-l]
Crl=E [C;rplr*E,t—i-l]
Tt + Uy
TEt= —=
Vt—1
o= (BEON' L
(ND) - Dt P* = /”LCt
t
"\ =2 T Pt (f) 1
N 1-¢ - = 1 _ C
1z, (22) §=a-wa
O 1\ -
Yy = YE),t + <77> Y,
pi (f) _ o wy
Py ¢—1ZpA;
NpY[ = AjZpl;
* * * fX
Ly =1 + Ny =
t t XAt
1
wi = x(C7)" (L)?
x* * fX 1 N*ﬁ;tk (f)
T, +w Xy = -Y. -
t t At d) t pt
*\ TP __ Qt * —p
() " =E T (Ot+1) TEt+1
t+1

(C)" =B {Q?; (c;;l)"’r*mﬂ]

Ty + 0 Qi1
TEt = — =
Uiy @y
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Steady-state calculation

Variables without time subscript represent steady-state values. The aggregate consumer price
index is

1-0
Pt

,UP}I, +(1—p Pplﬂte}
1-0

= Nl (W] NE (1= ) [ ()]

Divide by [p; (R)]*™°

] = b o )

it () [50])

p"(f)
p(h)

In a symmetrical steady state we have = 1, thus we obtain

_ 1-0
with © = {u +(1- )X% (%) . We obtain therefore

a1
= N TerT (91)
I solve first for the fixed export cost fx which... completeaza aici. The average profit from

exporting is:

.15 p(h) wfx
WX—%YXT—T (92)

Proof Start with total revenues from exporting for all the Nx firms:

NxYx. P(* )Qt* = Nx#x+ Nxwilx + Nx w;lfx
t

where [ x,¢ represents the average labor used by each exporting firm. Thus, we know that

- Yxy _1 V.
Zx Ay nZpAi

Replacing this in (93) and simplifying Nx yields

- pr(h) 1 . wy 1 wi fx
Y; Z = I, Ve
Xt P* Qtt 7TX,t+~DAtn Xt T A,
—1p:(h) 1~
_ s 7t+¢ pe(h) 1 . w fx
o P Ap
We know that 2 B (h) Qi%ﬁ ;Et’”. Substitute this in the lase equation to obtain
1o pi(h) ¢p—11- pi(h)  wifx
nX,t P, =Txt+ ¢77X Pt+At7
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and, finally

- 1 -~ ﬁt (h) U)th
T = —Y -
Xt an Xt Pt At

Evaluating this equation at the steady state, one obtains (92). We also know that, given the
fixed costs fx, there is a firm with productivity zx > 2z, such that it’s exporting profits are zero.
All firms with productivity larger than zx will export and all firms with productivity between zyi,
and zx will produce only for the home market. This is because for them exporting is not profitable.
From the firm with productivity equal to the threshold zx, the zero-export cutoff condition is

O o 1 w \'"’ = « Wifx
TXt = r) (d)ththAt Ny (1=p)Cf = A, 0 (94)

For the exporting firms, the average profit is equal to

1 10 4,
ixe= 2 (St ) M - wer -

o \o—1 Qi ixA A
We know that Zx = zx {%} ﬁ. We replace this in the last equation to obtain
. k Qe 1w\ =3 . wifx

e T {k_(ﬁb—l)} ¢(¢—1tQthAt) Nyt =m G- Ay

- (h—fmﬁ‘l) o

by using the zero export profit cutoff condition (94). Taking now this equation and combining
it with (92) yields

1—-6
l: k :| i—9 wth _ i ~ ﬁ(h)
F—0-1] A o' X P
11 (B (h)
= R _ Yi
X ( @) P
We know that >4 = %ﬁ‘g’). Thus, we can replace %*:
1—-6
k e ¢—1, p(h) 11 1y o (h)
_ —t=——(1-=)Y—=
[k—w—l)} W =5 178) Y
Simplify by %ﬁh) to obtain the level of fixed export costs fx which match the steady state

fraction of exporters y = %—)D‘:

e 4

From here I will proceed as in the steady state calculation of the benchmark model. I fix Yy =1
and A = 1. Then the steady state calculation reduces to the following system of equations:




Solve now for Np as in the benchmark model:

- 1 -1
1 ~ Y ¢ 1
Np = @gj/iiyp ~7+fo A_%
¢ Zp
The other steady-state values follow.

Log-linearization

We need to re-define py (k) — Pr, pi (h) — Py, and Q; in terms of variations of the terms of trade,

which I define as 7, = p; (f) — pi (h). From the steady-state calculation, we know that

] = e () [ER))

After some manipulations we obtain

P =P = (5-1)#
P =P = &
i (H-Pr = —(5-1)7
i () P} = gt

2

As in Devereux and Sutherland (2007), I define W; = %, and & =
DI —p—

notation, the log-linearization of the model equations becomes

1 N ~ N I ~ A
Wy = BWt—l +Y + (%*1) Tt — Oy + Qg

A A A A 2
pCt — pEt I:Ct+1:| = pCt* — pEt |:Ct*+1:| + ((_/; — 1) (7A't — Et [7A't+1])

Vou+0(5-1) 7 =0

6
Vs — og%t =C
i i (1 )i
(%—1)@:@—&
fft = At + Zt
Liy =i, + XX 4,

~ 1 -
Wy = pCy + — Ly

(=p) Cy = —pEy {Ot+1} + B [FE,t41)
Tet = (1— )7+ B0 — Vs
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Add the equations corresponding to the foreign country:

Y5, —0 (% - 1) 7 =Cf (107)

Y+ H%ﬂ =, (108)

O % Ko 1Y Ok

Y = 6YD’t + (1 - 6> Yx. (109)
VLR P *

(1 9) o= wf — A (110)
= Ar+10; (111)

L*Lr =10 + Nflfx Ar (112)

Wy = pCy + fﬁj (113)

* A f * 7l~*ﬁ*(f) Ok ﬁ, Ak
TRy +w” X (wt A ) = ¢Y P [Yt (9 1) Tt:| (114)
Ak Ak A 2 ~ N

(=p) €7 = =pBy [Cia| + B [ 0] + (g - 1) (71 — By [Fera)) (115)

o x| pa - 2p . .

Py = (1= B) 7, + POy — 1 — (@ - 1) (Te—1 — 71) (116)

As in Devereux and Sutherland (2007), I will consider ét = afy,. as an exogenous ¢4d variable.
The above equatlons constitute a system of 22 equations in 22 endogenous variables (Wt, Tty Y, (h),
Y* (f) Otv Ct’ YDt(h) Y[*)t(f) YXt(h) Y)?t(f) Wy, wtv Lt7 t7 ltv ltv Tt 7Tt’ 7’Et7 TEt? ZEt?
Z%.+)- There is one endogenous variable predetermined as of time ¢: the home financial wealth W

As in the benchmark model, there are 3 exogenous variables: the aggregate productivities A; and
A} and the iid shock &,.

[DETALITI DOAR PENTRU TINE]

codul Matlab (simplu) se gaseste in \MODEL MATLAB\EXPORT
codul Matlab (iteratii) se gaseste in \MODEL MATLAB\EXPORT IT
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Appendix G
Non-Tradable Goods Model - Closed Form Solution

I follow exactly the same steps as in the benchmark case. Following Devereux and Sutherland
(2007), the equation which pins down the solution for optimal portfolios is

A A Qt+1 .
<Ot+1_ :H_T Tz,t+1

It follows that we need to compute C’t+1 — CA’;_1 — Qi1 anq T4,++1. DBefore doing so, some
equations need to be modified. First, the total amount of labor in the economy, L;, will be divided
in two parts: the production part [; (the only part in the benchmark model) and the units of labor
paid as fixed costs by the exporting firms, N ;“f X, This division of labor will induce a difference in
the dynamics of the terms of trade:

AV R NN PR P

_ 1-0
with © = {u +(1- u)x% (i) . This © is equivalent to ¥ in the benchmark model,

n

Et :O+O<Ed)

except that it takes into account the proportion of exporting firms y. Note that the only difference
with the benchmark model is the presence of the term (2% — 1). If all the amount of labor is used
for production (there are no fixed export costs), then [ = L and this term becomes 1. In this case,
we obtain exactly the benchmark model. Following this modification, The first equation which is
modified is the differential in output:

2 410 .
Yi1 = ((5_1> Ct+1+% (1—%) Ti41

2 2010 1 l 1
<@u - 1) Copr + % Kl + 2 <2L - 1)) Avir —pCiyq — ;YtJrl

Then all the reasoning for the term C; ., — Cf - % is similar as before. At the steady
state, the total profits in the home country are

Intuitively, the first term on the right hand side is the total profit if there are no fixed costs
for exporting. Then, these fixed costs are substracted to obtain the net total profits in the home
economy. Write equation [101] in a slightly different form

. w . P 1 ~p(h) 14 )
e () = L P i ()

From equation [97] we know that (wt — At) = (% — 1) 7¢. It then follows that

5 wix (b N _ Ly oP(W) e n Y

mh o+ Nx o (@ 1)rt = NV [Yt+(® 1) %,
) 1. -ph)w [1. ~p(h )
The = ¢NDY”§D)1@+[¢NDYP§,Q—NX“?} (£-1)
. 1o op(h) e 7 R
Ty = &NDY iz )/}—i—w(@—l)ﬁ

Divide by 7
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o = ;NDjﬁg)ﬁ+(g 1) 7
- T}Q—k(%—l)%t,

1 - D(h)
. sNpY . . . .. . .
with T = #——"—_ This equation is similar to its correspondent in the benchmark case,

except one term Y. We recognize easily that this term is larger or equal to 1. In case that the
term is equal to 1 (no fixed export costs), then we will have exactly the same equation as in the

benchmark case.
We can use now the closed form solution in Devereux and Sutherland (2007) to obtain

(2u8p — 211 — p© + ©) (=O + p)
(—1+8) (4Tpu20p — AT p2 — 4ppOOY + 4T O + pO2 — TO?2)

Compute then the proportion of home equity held by home residents:

d:

apt+ Npvy aBNpY (h) @ “FND%?T . aNpY (h) @
Npuvy ND%T( NDﬁﬂ'
= 1+apY(1-7)

Replace & to obtain

Wf -1 (20pp — 21— p© +0) (=© + 1) T¢
t (AT u20p — 4T p? — 4upOOY + 4T 0 + pO? — TO?2)

Do similar calculus as in the benchmark case

(20up —2u—pO +0) (=0 +p) ¢
(4p20p — 4p2 — 4ppOB + 410 + £O2 — ©2)
1 1 (20up — 21— p© + ©) (—O + 1)

2 + 2 (4p260p — 4p® — 4ppOf + 40 + £62 — ©2) ¢

Intermediary result:

(6-1) (@—u)(29up£2u+@—p@)

1 Y42(0—p)(20up—2u+6 — pO
of =1+ ( u)(;zp 2 ro) |

with ¥ = 4420p — 4p® — 4upO0O + 4u0 + %@2 — ©2. Note that ¥ is similar to I' obtained in
the benchmark case. Take the numerator of the second term:

S 420 — ) (20up —2u+ 0 — pO) = %@2+@2—2p@2—2p@+2/¢p@
= %@2—p92+@2—p@2—2u@+2up@

~ 02 (;—1)4—([)—1)@(2#—@)

Finally, obtain the closed form solution for home equity holdings:

1 (p-1)©(21-0)
2t by

O — ) (20up — 24+ O — pO) p(+ —1)©?
-t u)(2up22u+ p)+p(T2 )E'
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Note that in this case the share of capital income in total income is defined as

T _ L
Npy 2 T

It then follows that the share of labor income A is 1 — “r%;b
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