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Abstract

In this paper, we introduce the role of Multinational Production (MP) in cross-country
risk sharing. We present a two-country, two-sector model with complete financial markets,
and country-specific productivity shocks to the tradable sector. Firms can do MP by opening
affiliates abroad which bear the productivity shock to the host country.

By treating MP simultaneously as a portfolio and production flow, we find that MP
affects the pattern of world risk even under the existence of a full set of contingent claims.
MP changes TFP in the host country, affecting the impact of country-specific productivity
shocks. Moreover, risk considerations increase the incentives of firms from large countries
to do MP while the opposite happens for smaller economies. As a result, the model has
predictions on the composition of international portfolios across countries: large countries
have positive (net) position of Direct Investment while small economies hold positive (net)
position of other financial assets.
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1 Introduction

When analyzing the composition of countries’ international portfolio, the literature on inter-
national risk sharing has focused on the distinction between risky and risk-free assets, without
differentiating Foreign Direct Investment (FDI) from other risky positions. The vast majority
of such macroeconomic models takes the market structure of goods and factors as given. Under
such restriction, buying shares of foreign firms or doing FDI are indeed equivalent. However,
the crucial difference between FDI and other international flows is that the former involves re-
allocation of production. Indeed, one of the most notable features of economic globalization
has been the increasing importance of Multinational Production (MP) in international goods
markets: by 2004, total sales of foreign affiliates of multinational firms represented 51% of world

GDP, almost double the share of world exports.

In this paper we introduce the role of MP both as a technology and portfolio flow in a risky
environment. We find that the change in the host country’s Total Factor Productivity (TFP)
entailed by FDI flows has implications for the pattern of world aggregate risk, even in a context
of frictionless financial markets. We also find that international risk patterns affect the location
of multinational firms and the international portfolio composition of countries. In particular,
“large” economies have more incentives to do MP —where “large” refers to the magnitude of the
impact of country-specific shocks on world financial prices—. As a consequence, these countries

tend to have a larger FDI position and, simultaneously, larger debt position.

Treating MP simultaneously as a portfolio and technology flow results in important and

novel insights:

First, it fundamentally alters previous results on the relevance of MP in international risk-

sharing. If the impact of MP on the host countries’ TFP is ignored, MP flows only affect

"World Investment Report 2006, UNCTAD.



international risk patterns under imperfect financial markets. By contrast, in the framework
proposed here, MP flows have a role in international risk diversification even if a complete set
of state contingent claims exists, as it alters the international production structure. In other
words, affiliates of multinational firms represent assets which returns are not spanned by existing

securities.

Second, the interaction between these two roles of MP results in novel cross-country impli-
cations for the location of firms. We find that for “large” economies, these two roles of MP
as a portfolio and technology flow are complements: risk considerations increase incentives of
firms from “large” countries to do MP while the opposite happens for “smaller” economies. In
the context of frictionless financial assets, risk neutral firms internalize the risk diversification
motive of risk averse consumers through asset prices. Therefore, firms from the “large” economy
create value by reallocating production towards the “small” economy, as they create assets that

pay relatively more in those states of the world in which consumption is lower.

We present a two-country stochastic model with a full set of contingent financial assets.
There are two sectors: tradable and non-tradable. The sources of uncertainty are country-
specific shocks that affect the relative price of tradable to non-tradable goods. In the spirit of
Melitz (2003), firms in the non-tradable sector are heterogenous in technology, compete monop-
olistically, and can do MP by opening affiliates abroad after paying an entry cost. Multinational
firms are treated as technology entities, that is, affiliates replicate their parent firm’s technology.
Still, they face the host country specific shock and, as a result, MP profits co-move with host

country risk.

Unlike the rest of the literature on international risk-sharing, we do not differentiate assets
according to their risk. Rather, our analysis distinguishes the following two international assets:
FDI, which involves changes in relative TFP across countries; and a financial portfolio of other

risky and risk-free assets, that we reinterpret as fully contingent claims. The representative



consumer holds these securities, and shares of national firms, some of which are multinationals.?

We recognize that countries are asymmetric and, as a result, country specific shocks have
different impact on world output. We model this feature by assuming that countries differ in
their productivity level. Then, a relative bad shock to the most productive economy has bigger
impact on world output. This sole source of asymmetry introduces aggregate risk: the “small”
economy cannot provide full insurance to the “large” economy. In this context, reallocation of
production from the “large” to the “small” economy improves the capacity of the less productive
country to provide insurance. The role of MP in reshaping international risk patterns results
from the assumption that affiliate plants bear the host country specific shock. Then, an increase
in the number of affiliates located in the “small” economy reduces the disparity in TFP across
countries and, as a result, lowers the differences in the impact of country specific shocks on world

output.

The existence of frictionless financial markets results in efficient consumption allocations
and geographical distribution of multinational firms. We find that, indeed, prices of financial
securities give multinationals from the “large” economy more incentives to do MP, while the
opposite is true for firms from the “small”economy. Contingent claims that pay in states with
relatively scarce world output are more expensive. Those states are characterized by a negative
shock to the “large” economy. Since MP profits co-move with the shock in the host country,
MP profits of multinational firms from the “small” country are higher when world output is
relatively abundant, while profits of multinational firms from the “large” country are higher
when world output is relatively scarce and the price of contingent claims is high. As a result,
everything else equal, risk increases the value of multinational production for firms from the
“large” economy. These results are reinforced when risk diversification is more valuable, that is,

the larger the volatility of country-specific shocks or the higher the risk aversion of consumers.

2Results are not affected if national firms are initially owned by national consumers and later sold in the
international market.



Our model builds on Grossman and Razin (1984, 1985) and the literature on trade and
international risk sharing.® They introduce production risk into a model that determines the
international pattern of trade and capital flows. They analyze the choice between risky and risk-
less production done by asymmetric economies and find, as we do, that risky production in the
small economy is more valuable. We build on that result, and endogenize the location of firms in
a similar risky environment. Our paper is also close to Svensson (1988). He characterizes trade
in a set of assets, complete or incomplete, in a stochastic endowment economy. Using the law
of comparative advantages, he compares the price of assets across states and across countries
under autarky to determine the pattern of international trade of financial assets once financial
markets are integrated. In the same spirit, in this paper, we compare the price of assets across
states in a world without MP to characterize the geographical pattern of multinational firms

once economies open to this type of technology flows.

To our knowledge, no study has analyzed the role of MP in international risk-sharing treating
it simultaneously as a portfolio and technology flow.? On the one hand, the international trade
literature has focused on the role of MP as a way of serving foreign consumers by replicating
production facilities abroad (horizontal FDI), or splitting the production chain to take advantage
of cheap input costs (vertical FDI).> This literature emphasizes the role of MP in the exchange
of goods but does not address its implications in terms of international risk-sharing. On the
other hand, the international business cycle literature has mainly treated MP as a portfolio

flow abstracting from the changes in relative TFP across countries that this flow entails. This

3See, for instance, Obstfeld and Cole (1991), Tesar (1993), and Backus and Smith (1993).

*Aizenman and Marion (2004), and Goldberg and Kolstad (1995) study the location of MP activities under
uncertainty. Both frameworks and motivations are very different from ours. They do not address the change in
aggregate risk that results from reallocation of production nor do they have financial assets that allow firms to
optimally diversify risk.

See Markusen (1984); Brainard (1997); Markusen and Venables (1998); Carr, Markusen, and Maskus (2001);
Helpman, Melitz, and Yeaple (2004); Ramondo (2005), Burstein and Monge (2006), McGrattan and Prescott
(2007), for horizontal FDI. See Helpman (1984), Antras (2003), Antras and Helpman (2004), for vertical FDI.

5See for example Backus and Smith (1993), Backus, Kehoe, and Kydland (1995), Baxter and Jermann (1997),
Perri and Heathcote (2004), and Mendoza, Quadrini, and Rios-Rull (2006).



disconnection between international macroeconomics and trade misses interesting and relevant

interactions.

Finally, our paper has predictions for the composition of international portfolios across coun-
tries. In risky environments, “large” countries are net sources of multinational firms and hence
have positive (net) Foreign Direct Investment positions. As a counterpart, this model predicts
negative net positions on financial assets other than FDI. The negative position on the rest of
financial assets follows from two features of the model: first, firms in the “large” country borrow
to finance the entry cost to multinational activities; and second, since the “large” economy has
a higher share of multinational firms, the dividends from its national firms are internationally
diversified. As a result, consumers from the “large” country do not rely on other international
assets to diversify country-specific risk. In this sense, we contribute to the literature on inter-

national portfolio composition.”

The paper has the following structure. Section 2 presents the set-up of the model; Section 3
characterizes the equilibrium and describes the main mechanism of the model; Section 4 presents

some numerical examples; and Section 5 concludes.

2 Model

This is a stochastic, two-period, two-country model with complete financial markets. There are
two sectors: tradable and non-tradable. The tradable sector is subject to a country-specific

productivity shock.

Firms in the non-tradable sector are heterogenous in productivity. They can do MP by

opening affiliates abroad, after paying an entry cost. Affiliates inherit the productivity parameter

"Lewis (2006) findings are consistent with this result. She finds that international equity markets have become
more highly correlated across countries and, as a result, the attainable diversification from foreign diversification
is declining.



from the source firm but bear the shock to the host country. Hence, MP profits co-move with

host country risk.

Consumers hold shares of national firms that include multinationals and Arrow-Debreu se-

curities.

2.1 Set-up

There are two countries, Home and Foreign, of size L and L*, respectively. Firms can do MP
by opening affiliates abroad. Hence, it is relevant to distinguish between national (ownership
criteria) and domestic (location criteria) variables. We indicate with an asterisk * those variables

that are owned by Foreign consumers, irrespectively of location.

There are two periods: an initial period, before country-shocks are realized, in which trade in
Arrow-Debreu securities and Foreign Direct Investment (FDI) take place; and a second period,

after uncertainty is realized, in which production and consumption take place.

Let the vector s € S denote the state of the world economy in this second period, which is
characterized by the realization of country productivity shocks. Assume that there is a finite
discrete number of states: S = {s1;s2;...; 8, }, each with probability Pr(s), > . g Pr(s) =1, and
0 <Pr(s) <1

Each economy produces two types of goods: an aggregate CES non-tradable consumption

good

Onr(s) = MEQ c(w)n;ldw] " (1)

with elasticity of substitution n > 1, and price index:

Pere) = | [ ptor | 2)

7



and a freely-traded homogenous consumption good Cr(s) that is used as numeraire, Pr = 1.

Preferences. The representative consumer supplies L units of labor and maximizes the fol-

lowing expected utility from consumption:

l1—0c
U=5Y Pris) S ®)
ses
where o > 1
C(s) = [Cr(s)7 +Cnr(s)7 |7, (4)

the elasticity of substitution between tradable and non-tradable sectors is assumed lower than

one: p < 1.8 The price index for C (s) is:

1

P(s) = [1+ Pur(s) ] (5)
Total expenditure in each individual good w is

_ [ 77
o) = || (o), ©)

where X nr(s) is aggregate expenditure in the CES good:

xr () = (2) e o), )

and X (s) is aggregate expenditure. Total expenditure in the homogeneous good is:

X (s) = (PES))”X (5). (5)

8In a sample of 30 industrialized countries and developing nations, Stockman and Tesar (1995) find an elasticity
of substitution between traded and non-traded goods of 0.44.



Technology. There is a continuum of firms of measure one, each producing a differentiated
good w. Each firm operates an only-labor constant returns to scale technology with productivity
z(w). The parameter z(w) is known, and drawn from a country-specific distribution, G(z) and

G*(z), for Home and Foreign respectively, independently distributed across countries.

Additionally, countries are subject to a country-specific productivity shock to the tradable
sector, W(s) and W*(s), which is the only source of risk in this economy. Hence, the world

aggregate state is s = {W, W*}. We refer to this shock as wage-shock.

Firms can open affiliate plants abroad with the same productivity parameter z(w) as the one
they have at home. Hence, production functions for a Home firm producing good w at Home

and Foreign are, respectively:

ya(w,s) = A-z(w)-l(w,s), 9)

Ym(w,s) = A" z(w) M (w,s). (10)

where y4(w, s) and y,, (w, s) are domestic and foreign output, while /(w, s) and I* (w, s) are labor
requirements. Since the only parameter that varies across differentiated goods is the firm-specific
productivity z(w), and goods enter symmetrically in preferences, we can rename each good w

by its productivity z. Total profits of a Home firm with productivity z are given by:

7(z,8) = mq(2,8) + 7(2)mm(2, 9), (11)

where 7(z) is one if the firm does MP and zero otherwise, m4(z, s) denotes profits at Home, and

Tm (8, z) profits in Foreign.

Firms compete monopolistically. Hence, the price charged by a firm with productivity z at



Home is:

and in Foreign:

p(z,8) = —— - S (13)

The tradable homogeneous consumption good is produced under constant returns to scale
with an only-labor technology and productivity W (s): Y3 (s) = W (s) Ly (s). Provided that
this good is produced everywhere, nominal wages at Home and Foreign are, respectively, W (s)

and W* (s).9

Assets Structure. The representative consumer in each country holds two types of assets:
shares of firms, 0(z) and fully contingent bonds B(s). Firms are assumed to be owned by
national consumers 6(z) = 1 for z € Z and 6*(z) = 1 for » € Z*.'° The budget constraint is

therefore:

> q(s)P(s)C(s) = Bo+ Y _q(s) {LW (s) + /

7 (z,5)dG (2)} (14)
s€S seS 2€Z

where ¢ (s) is the date-0 price of an Arrow-Debreu security that pays one unit of the numeraire
in state s, and By is initial net wealth. Finally 7 (z,s) denotes profits of Home firms with
technology z. From the consumer’s optimization problem, the Euler equation for securities is:

o(o) = PEEIEE) PR o), (15)

where u/.(C') corresponds to the marginal utility of consumption in tradable goods and X is the

multiplier on the Home consumer’s budget constraint.

Foreign Direct Investment. Foreign Direct Investment (FDI) takes place in the following

91t will never be optimal to do MP in this sector.
10The results are not affected if national firms are initially owned by national consumers and sold in the
international market.

10



way.'! Firms decide whether to become multinationals or not before the realization of country
shocks. If they decide to enter the foreign market, they pay a one time entry cost, f and f*, for
Home and Foreign, respectively. The value of doing MP for a firm with productivity z is given
by the expected discounted stream of profits 3 g ¢q(s)mn(2,s). Both countries are endowed
with an initial stock of investment tradable good, Yy and Y. The MP entry cost is paid in
units of this good, which international price is denoted by py. Therefore, the FDI decision is

characterized by the following rule:

N () mmlz8) < fppir(z) =0,

seS

Finally, the initial net wealth in the budget constraint (14) is given by
Bo=ps - [ rice)|. (16)
z€Z

2.2 Equilibrium

We define the equilibrium in two steps. First, we characterize national equilibrium prices and
quantities as functions of the state vector s, the number of firms doing MP, and aggregate ex-
penditure at Home and Foreign, X (s) and X*(s). In the second step, we define the international

equilibrium.

1Note the distinction between FDI and MP: the first one refers to the Balance of Payment flow and in our
model occurs only once, i.e. the initial setting-up of affiliates abroad; the second one refers to the productive
activities of affiliates abroad, e.g. sales, profits, employment, and occurs every period.

11



2.2.1 National Equilibrium

As it is explained in the next subsection, the FDI decision follows a cut-off rule. We denote Z

(and z* for Foreign) the productivity level for which firms with z above Z become multinationals,

and firms with z below Z stay domestic:

Vz

v
R
\]

—
N

N—
I

Vz < Z:7(2)=0.

The national equilibrium prices and quantities are characterized as functions of the state

vector s, the cut-off rule for doing MP activities, Z and z*, and aggregate expenditure at Home

and Foreign, X (s) and X™*(s).

Define the following aggregate productivity indexes:

Zy = / 217 HG(2),

Zmin

N
3
Il

z

and analogously for Foreign firms, Z; and Z;,.

/00 217G (2),

(17)

(18)

From (2), (12), and (13), price indices for the composite good, at Home and Foreign, are

given by:
4 1
PNT(S) = /’j . (5) . (Zd + Z:;’L) 1*77’
. n Wis) . L
Pyr(s) = F T (23 + Zpy) T

The only source of uncertainty in this model comes from the realization of the productivity

12



shock in the tradable sector —i.e. wage shock-. Notice from equations (19) and (20) that the
impact of such a shock on the relative price of tradable to non-tradable goods depends on the
number of firms operating in that market, which is measured by the aggregate productivity

indexes Z; and Z7,. Indeed, the price elasticity to a wage-shock is given by:

orP W
Epw = g = 1= PP e(0,1), (21)

1
which decreases in the overall productivity in the non-tradable sector A(Zz+ Z,)7-1. In other

words, the location of firms alters both average TFP in the host country and the impact of the

country specific wage shocks on the relative price between tradable and non-tradable goods.'?

Profits for an individual Home firm with productivity z at Home are given by:

21

1
my(z,8) = - ——— - X s), 22
d(2,5) D 77 N (8) (22)
and in Foreign:
L2 23

Hence, aggregate profits for domestic and multinational firms from Home are given by:

My (s) — /Oo Wd(z,s)dG(z):;-Zd_Zi_dZ*-XNT(s), (24)
00 1 Zn .
() = [ (e, GE) = - Xivr (). (25)

Analogous expressions characterize aggregate profits of Foreign firms.

Profits of multinational firms, II,, (s), follow the evolution of total expenditure in non-

2Notice that the real exchange rate is P(s)/P*(s). From (5), the real exchange rate is lower in states where
W (s) is lower relative to W*(s).

13



tradable goods in the host market , X3,. Since consumption is a CES bundle of homogenous
and composite goods with elasticity p < 1, the share of expenditure in the non-tradable sector
Xip(s) /X*(s) increases in states where P (s) is higher.!® That is, for a given level of
expenditure, MP profits of Home multinationals are higher in those states where the host wage

shock, W*, is large.

Equilibrium for each good z, is given by the feasibility constraint in state s:

y(z,8) = c(z,8). (26)

From (6), (9), (10) and (26), aggregate labor demands in the non-tradable sector, for national

and foreign firms at Home, are:

n—1 1 Zq

L — . ) X
a(s) n Wi(s) Zg+ Z, N (8).
-1 1 z
Li(s) = ! m__ Xy (s).

n W s) Za+ 2,

Labor demand in the homogeneous good sector at Home follows from the labor resource con-
straint:

L=1Ly(s)+Lyg(s)+ L}, (s). (27)
Finally, Home’s net exports are given by:
NX (s)=Lp(s) W (s) — X (s).

Combining equations (5), (19) and the labor resource constraint (27), we can rewrite net exports

3In the Cobb-Douglas case, p = 1, income and substitution effects cancel out and XX (s) /X™* (s) remains
constant across states.

14



as follows:

NX (s) = LW (s) — (1 - 51;W) X (s), (28)

where pyy corresponds to the price elasticity to the wage-shock in (21). Analogous condition

characterizes Foreign’s net exports.

2.2.2 International Equilibrium

FDI occurs before uncertainty is realized. From (23), MP profits increase in z. Therefore:

Z q(s)gﬂ'm(z, s) > 0. (29)
0z

seS

That is, expected MP profits increase in z. The optimal MP entry decision is therefore given
by a cut-off rule, characterized by a productivity level Z for which firms are indifferent between

becoming multinationals or not:

> a(s)mm(z,s) = f*opy. (30)

seS

S ae)malzs) = fopy. (31)

seS

where py is the world price of the investment good, and it can be interpreted as the equilibrium
price that clears the FDI market. As long as there exists a positive entry cost f - py, only the
most productive firms do MP. It follows from (29) that expected MP profits net of entry cost

increase in z.

The national equilibrium prices and quantities can be all characterized as functions of the
state vector s, the cut-off rule for doing MP activities, Z and z*, and aggregate expenditure at

Home and Foreign, X (s) and X*(s). Replacing these functions in (14), the aggregate budget

15



constraint can be re-written as the Balance of Payment condition. We can now close the model

and define the international equilibrium as follows:

Definition. For a given initial wealth, Yy and Y, the international equilibrium is a vector

[X(s),X*(s),B(s), B*(s)], for each s € S, a pair {Z,Z*}, and prices [p¢, {q(s)}ses] such that:

1. Euler equation (15) is satisfied for both countries;
2. The zero profit conditions for MP in equations (30) and (31) are satisfied;

3. The Arrow-Debreu securities are in zero net supply:

B (s)+ B*(s) =0;

4. The world resource constraint at the initial investment period is satisfied:

Yo+Yy =[1-GEIf +[1-GE)NSf (32)
5. The intertemporal budget constraint (14) is satisfied for Home and Foreign
6. The resource constraint for the homogeneous tradable good holds, for each s:

NX (s)+ NX*(s) = 0. (33)

3 MP under Country-Specific Uncertainty

We describe the main mechanism of the model assuming the following. First, to emphasize
the effects of MP on international risk diversification, we assume that country-specific wage

shocks take only two values, are symmetric, and perfectly negatively correlated across countries:

16



s € {s1,s2}, where s; = {Wr,W}} and sy = {Wg, W}, with Wy, = W} and Wy = Wj;.
Second, we assume that the source of world aggregate risk comes from a single asymmetry across
countries: Home’s non-tradable sector is more productive than Foreign’s (A > A*). As we show
next, this single asymmetry implies different impact of country-specific shocks on international

markets. The remaining parameters are assumed equal across countries.

We focus on the deterministic equilibrium, and analyze a perturbation of it. The main results

are derived by comparing equilibria with and without MP.

3.1 Complete Financial Markets without MP

In a world with complete financial markets without MP, Arrow-Debreu prices co-move with
shocks to the more productive country, that is, these prices are more responsive to shocks
to the Home country. The existence of a full set of Arrow-Debreu securities guarantees perfect
international risk sharing: countries “share” tradable goods such that the ratio of their marginal

utilities of consumption is constant across states. From the Euler Equation (equation 15),

up(C(s)) _ w(C(s)/P(s) _ A

up(C* () — w/(C*(s))/P*(s) ~ A*

where A and A\* correspond to the Lagrange multipliers on the budget constraint for Home
and Foreign, respectively.!4,'® The only source of non-diversifiable risk in the consumption of
tradable goods derives from the assumption on asymmetric countries: when A > A* a shock to
Home has a larger impact on international markets than a shock of equal magnitude to Foreign.

If countries were symmetric (A = A*), all risk would be diversifiable: the world supply of the

tradable good would be constant across states, and marginal utilities across countries would

“The multipliers A and A\* are also the inverse of the welfare weights of the corresponding planner’s problem,
which is presented in the Appendix.

15The existence of non-tradable goods prevents Purchasing Power Parity from holding. Indeed, each state of
nature s is characterized by a different real exchange rate —i.e. P (s)/P* (s)—.

17



be equalized in each state, u/.(C (s)) = w/-(C* (s)). Hence, the impact of (symmetric) country
shocks on world resources would be identical whether the shock hits Home or Foreign. With
symmetric countries, not only the ratio but also the level of marginal utilities —and Arrow-Debreu

prices- would be constant across states (from 15), u/.(C (s1)) = u/p(C (s2)).

However, with asymmetric countries where A > A* even if shocks are perfectly negatively
correlated across countries, there is some undiversifiable risk derived from the asymmetric im-
pact of country shocks on world markets. Foreign cannot fully insure Home, and the marginal
utility of consumption in tradable goods is higher in states where the negative shock hits Home,
wp(C (s1)) > wp(C (s2)). In other words, Arrow-Debreu prices are higher in sy = {Wp, W};}

than in so = {Wn, W;}: q(s1) > q(s2). Proposition 1 proves this result.

Proposition 1. Assume A > A*. Countries are otherwise identical. For w"fl) < ﬁ—p, mn a
world without MP, Arrow-Debreu prices are higher in si than in sp, where s1 = {Wr, W} and

S9 — {WH, WL*}.16

Proof. See Appendix. O

The mechanism behind Proposition 1, that is, the co-movement of Arrow-Debreu prices
with shocks to the more productive country, follows from the different reaction of countries’ net
exports to country shocks. This reaction results from consumers deciding, in each state, the
allocation of consumption between tradable and non-tradable goods, governed by the elasticity
of substitution p; and the allocation of consumption across states, governed by the risk aversion
0. The elasticity of substitution n among non-tradable goods governs the size of the mark-up

charged by firms, and therefore, affects the amount of labor they demand. Higher 7 implies

®Notice that we can still impose that the cross-derivative of the marginal utility of consumption of tradable
goods (Cr) with respect to non-tradable goods (Cnr) is positive, as in Tesar (1993): 1—p >1—1/0 > (1—p) /7.
Furthermore, for the range of empirical estimates for these parameters, both conditions hold: p = 0.44 (Stockman
and Tesar, 1993), 0 = 2 (Backus and Smith, 1992), and n = 3.1 (Broda and Weinstein 2006).
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stronger reaction of labor demand to changes in prices. Intuitively, the condition in Proposi-
tion 1 requires consumers having relatively high risk aversion o, low elasticity of substitution
across tradable and non-tradable goods, p, and within non-tradable goods, n.'7 In other words,
consumers prefer relatively more to stabilize consumption across states than to stabilize the
composition of consumption between tradable and non-tradable goods within states. Interest-
ingly, although preference parameters are assumed identical across countries, the consumers’
response to symmetric shocks is different in each country: the impact of wage shocks on the
relative price of non-tradable goods is lower for the more productive economy. Consequently, the
composition of consumption (and labor allocation) between tradable and non-tradable goods is
also less volatile at Home, within states. Then, when this economy is hit by a positive wage
shock, relatively more tradable goods are freed into the international market than when Foreign
is hit by a similar positive shock; the Arrow-Debreu price in this state decreases to induce a shift
in the demand for tradable goods toward this “tradable-abundant” state. In other words, to
smooth marginal utilities of consumption across states, Home relies more on sharing risk across
states with Foreign, that is freeing tradable goods into the international market, than changing

the composition of consumption between tradable and non-tradable goods within each state.

Lets analyze in more detail the different reactions of countries’ net exports to country shocks.

Consider the following perturbation to the deterministic equilibrium: dWW* > 0—a positive shock

—Ozy

to Foreign wages—, and dWW = 0. Define the elasticity of x with respect to y as £,y = oy x

Differentiating the Euler Equation in (15) with respect to W*, the elasticity of Arrow-Debreu

prices to the shock W* is:

§qw+ = —o8c-w+ — Epaws = —0&cw. (34)

"With perfect competition (1 — oo), labor demand reacts one-to-one to changes in relative prices, and the
condition in Proposition 1 always holds.
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Proposition 1 showed that, with A > A*, {w < §qw= < 0.

In the deterministic case, the consumers’ intertemporal budget constraint implies NX =

NX* = 0. From equation (28), for Foreign, we have:

NX* = I'W* — X* (1 - gP*W*> . (35)
U

Further, feasibility for tradable goods implies NX + NX* = 0, and differentiating with

respect to W*, we get:

dNX W 4 dNX*
dW* dw*

W* =0. (36)
The reaction of Foreign’s net exports in equation (36) to W* is then:

AN X* depye X
e M (LW ) Exewe > 0, (37)

where W*d&p«y+/dW* = (1 — p)E&prw+ (1 —Ep+w~+) > 0 (from equation 21), and {x+w+ =

(U?_l) Eprw+ — %ng* > 0 (from the first equality in 34).

Foreign net exports react to the shock through three channels. The first term in equation (37)
corresponds to the direct effect of an increase in productivity in the tradable sector. The second
term captures the effect of the wage shock on labor demand in the non-tradable sector: higher
wages translate in a higher relative price of non-tradable goods that, in turns, shift demand
away the non-tradable sector and, consequently, free labor from this sector towards the tradable
sector. These first two terms positively affect Foreign net exports. The third term counteracts:
it corresponds to the increase in Foreign’s absorption X* that follows from an increase in both
the aggregate price level P*, and aggregate consumption C*. This increase in C* is induced

by the decrease in Arrow-Debreu prices. Indeed, these prices decrease with the wage shock,
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Analogously, the reaction of Home net exports to the Foreign shock W* is given by:

dNX
W*=—(LW - NX)&xw+X <0, (38)
AW
where, from (34), Exw+ = Eow+= = —(1/0)Ew+ > 0, because W* do not affect Home prices

—£pw+ = 0. Hence, the effect of the Foreign wage shock on Home net exports entirely depends

on the impact on Home aggregate consumption.

Combining equations (36), (37), and the fact that in the deterministic equilibrium NX* = 0,

the elasticity of Arrow-Debreu prices with respect to W* is:

L*w*

qu* = O'—LW T L*W* (—1 + \ch) 5 (39)
where
« o—1 (1 —&pew)
% = Epepye —(1=p) ————=|, 40
c=¢r (1=7) (n— &Epaw) 10)

and W7, < 1. Hence, {gw+ < 0. In particular, the response of Arrow-Debreu prices to Foreign
shocks, given by the elasticity in (39), increases (in absolute terms) with relative country size,
%, and for "?_1 > 1;7]"’, decreases (in absolute terms) with Ep«py+. Since A > A* we

have Epeyy= > Epw .18 Tt follows that Eqw < &gw+ < 0, as established in Proposition 1.

Summing up, a wage shock has larger impact on Arrow-Debreu prices when it hits the more
productive economy. Equivalently, a state with a positive wage shock to Home, and a symmetric

negative shock to Foreign implies a lower Arrow-Debreu price.

Byo <UL < 1.
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3.2 Complete Financial Markets with MP

By reallocating technologies, and altering relative productivity across countries, MP reshapes
the patterns of world risk. Proposition 2 shows that, if production reallocates from Home (the
most productive country) to Foreign, the gap in the marginal utility of consumption of tradable
goods across states is smaller in an economy with MP (denoted by MP) than in an economy

without MP (denoted by C):
0 <u'§7(Cls1) — w37 (C(s2)) < u'F(Cls1)) — w'F(C(s2)).

Equivalently, the gap in Arrow-Debreu prices across states narrows.

Proposition 2. Assume A > A*. Countries are otherwise identical. For ‘7771 > %, the gap

in Arrow-Debreu prices across states narrows if production reallocates from Home to Foreign.
Proof. See Appendix. O

MP acts by (i) increasing productivity in the non-tradable sector in Foreign, and (ii) increas-

ing (decreasing) Foreign (Home) net exports in all states of nature.

Intuitively, an increase in the number of firms located in Foreign results in a less volatile
consumption bundle of tradable and non-tradable goods (and hence labor allocation across
sectors), within states. The counterpart is that Foreign’s net exports react more to its own
shock than in a world without MP, which results in a higher impact of Foreign shocks on Arrow-

Debreu prices.

Consider again the following perturbation to the deterministic equilibrium: dW* > 0, and
dW = 0. The reaction of Foreign and Home’s net exports is characterized, as in the case without

MP, by equations (37) and (38). However, due to MP, net exports are not necessarily zero; MP
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entry costs and net MP profits have to be taken into account. Replacing in the intertemporal
budget constraint in equation (14) the initial wealth from equation (16), the intertemporal
budget constraint for Foreign, in the deterministic case, can be re-written as zero balance of
payment:

NX* [T, — Tl + 55 (Y0~ [ [1 = G ()]} =0, (41)

m

where II,, and II' are aggregate MP profits for Home and Foreign, respectively, given by
equation (25). Further replacing MP profits by (25), and using the zero profit condition for FDI

in (31), we get:1?

NX* = —mp, (z){ Zm__ ZTl RO (1— G(z))] } (42)

E*n—l

=0
The difference between equation (35) and (42) is given by the existence of multinational

firms. If Home firms do more MP than Foreign firms, then (Z < Z*). Given the definition for

Zm in (18), then Z,, > Z,, and from the feasibility condition for the investment good in (32),

2Yo/f = 1—-G(Z) + [1 — G(z*), it follows that 0 < E*Zn—*'ﬁl — E%Tl < ? — (1—=G(2)). Then,
Foreign’s net exports are positive: tradable goods are shipped to Home under the form of net
MP profits. Moreover, also from (32), we get that dz/dz* = —dG (z*) /dG (Z). Differentiating
(42), it can be proved that Foreign’s net exports increase with the number of affiliates from

Home located there, dNX*/dz < 0 (and the corresponding reduction of affiliates from Foreign
located at Home, dNX™*/dz* > 0).

Using (36), (37) and (38), the impact of a Foreign shock on Arrow-Debreu prices is given by:

L*W* . NX*
cav = o e |1 e (1= 2o )| )

where W}, is defined analogously to W¢, in equation (40), and NX* is given by equation (28).

19Recall that we assume f = f* and Yy = Y5'.
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The key result here is that Arrow-Debreu prices are more responsive to a Foreign shock when

there is more MP (lower %) located there, 0 |{gw+| /0Z < 0.

Comparing equation (43) with the analogous equation for the case without MP, (39), it
is clear that MP increases the impact of Foreign shocks on Arrow-Debreu prices through two

channels:

1. The non-tradable sectors become more similar across countries when firms reallocate to-
wards the least productive country. Aggregate productivity in the non-tradable sector is
given by A (Zg+ Z;“I)ﬁ for Home, and A* (Z] + Zm)ﬁ for Foreign. These expressions
include the country-specific productivity (A), and an aggregate index of firm-specific pro-
ductivity, that includes domestic (Z4) and foreign firms (Z;,) —as defined in equations

(17) and (18). Recall that the price index for non-tradable goods in Foreign is given by:

N n W*(s N 1
Pyr(s) = -1 Ai)'(Zd+Zm)1"'

From the price elasticity in (21), we know that {p«y» = 1 — P**~1. Thus, an increase
in Z, results in lower {p«y+. Comparing ¥3,p and W5, as defined in equation (40), it

follows that Wg, > ¥}, p.

2. From equation (41), an increase in the number of multinationals operating in Foreign

increases Foreign’s net exports.

Hence, we conclude that ¥} > ¥}, »(1 — NX*/L*W*). Comparing (39) and (43), more MP
from Home to Foreign (lower Z) increases the reaction of Arrow-Debreu prices to Foreign shocks,

i.e. higher [£+|.
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3.3 Incentives to do MP

In the previous subsection we assume that reallocation of production occurs from Home (the
most productive country) to Foreign (the least productive). Proposition 3 shows that indeed
firms from Home have more incentives to open affiliates in Foreign, and that such incentives

increase with risk.

First, we show that in the deterministic economy, production reallocates from Home to
Foreign. Since the elasticity of substitution between tradable and non-tradable goods is assumed
lower than one (p < 1), profits of multinationals, that produce non-tradable goods, are larger in
the economy with higher prices or, equivalently, lower productivity in the non-tradable sector.

The following lemma formalizes the result.

Lemma 1. Assume A > A*. Countries are otherwise identical. For p < 1, in the deterministic

case, firms from Home do more MP (z < Z*).

Proof. See Appendix. O

Proposition 3. Assume A > A*. Countries are otherwise identical. For ﬁ < l%p, an
identical mean preserving spread over W(s) and W*(s) increases the number of firms from
Home and reduces the number of firms from Foreign doing MP. As a result, the aggregate net

expected discounted flow of MP profits for Home firms increases.
Proof. See Appendix. O

In a risky environment, the incentives for Home firms to open affiliates in Foreign increase
with risk, while the opposite it is true for Foreign firms. As analyzed in Section 2.2, with inelastic
demand functions, MP profits co-move with host country risk. In particular, profits for Home

affiliates located in Foreign are relatively larger in state sy = {W, W};}, while profits for Foreign
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affiliates located in Home are relatively larger in state so = {Wy, W;}. Thus, MP profits for
Home multinationals are higher when world output is relatively scarce, and Arrow-Debreu prices
are higher. Hence, risk provides more incentives to open foreign affiliates to firms from the more
productive country. Consider an identical mean preserving spread over W (s) and W*(s). From
Proposition 1, Arrow-Debreu prices are lower when a positive shock to W (s) hits Home (and a
symmetric negative shock to W*(s) hits Foreign). Thus, an increase in shocks volatility widens
the gap of marginal utilities across states, u,(C(s1) =/ (C(s2)) > ulp(C(s1))—ulp(C(s2)), where
C denotes consumption after the mean preserving spread. In other words, more risk amplifies

the gap in Arrow-Debreu prices across states, and therefore increases the value of insurance.

The amount of Home firms doing MP increases while the one for Foreign decreases.
Net Asset Position

The counterpart of an increase in the net value of MP for Home is a reduction in the position
on Arrow-Debreu securities, Y .o ¢ (s) B (s); the opposite is true for Foreign. Home’s consumers
demand for insurance is increasingly satisfied through MP profits, while Foreign consumers rely
more on Arrow-Debreu securities. Indeed, from the intertemporal budget constraint for Home

n (14), where initial wealth By = py [Yo — f* Loer 7(2)dG(z)], the position on Arrow-Debreu
securities is given by the demand for resources to finance MP entry costs. Consequently, as Home
does more MP, it needs more resources to finance the opening of affiliates abroad. Thus, Home
reduces its position on Arrow-Debreu securities, and increases its position on Direct Investment.
Conversely, Foreign increases its position on Arrow-Debreu securities, and decreases its position

on Direct Investment.

Since a mean preserving spread increases the demand for insurance, it also increases the
number of Home firms doing MP, (% < Z), and the price of MP, i.e. the price of the investment

good, (py > py). As a counterpart, Home’s position on Arrow-Debreu securities is lower in a
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riskier world,

S A Bs) =Y a)Bs) =pr [Yo- (1-G(3)) r] - M- (1-G @) <0,

ses ses

Summarizing, more risk, captured by a mean preserving spread over W and W™, increases
the amount of (net) MP done by the most productive country (Home) and reduces its (net)

Arrow-Debreu position.

Indeed, Home’s overall net asset position is unambiguously improved when Direct Investment
is measured as the expected discounted flow of profits due to the fact that only the most
productive firms do MP. Since the value of doing MP is equal to the entry cost for the marginal
firm with productivity Z but bigger for all other firms with z > Z, the aggregate expected
discounted flow of MP profits net of MP costs increases with the number of multinationals.
Thus, the increase in the aggregate amount of resources needed to finance MP —debt— is less
than the increase in the stream of aggregate expected MP profits. This manifests on Home’s
Balance of Payment as an overall increase in its net asset position: a more than proportional

shift toward Direct Investment away from other financial assets.

Concluding, MP affects international risk patterns in a world with asymmetric countries even
under the existence of complete financial markets. Technology flows entailed by MP affect the
relative size of economies, and the impact of country shocks on world markets. In particular, as
firms from the most productive country have more incentives to do MP, 1) countries become more
similar in terms of the impact of their shocks on world output, reducing the gap in Arrow-Debreu
prices across states, and 2) countries shift their international portfolios toward Direct Investment
away from other financial assets. These results are reinforced when risk diversification is more
valuable, that is, the larger the volatility of country-specific shocks, or the higher the risk aversion

of consumers.
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The mechanism described in this section relies on three crucial assumptions of the model: (i)
countries are asymmetric; (ii) affiliates abroad bear the shock specific to the host country; and
(iii) heterogenous firms can replicate their home technology abroad after paying a fixed entry

cost.

Finally, allocations from this problem are efficient. As shown in the Appendix, the distri-
bution of firms across countries, and consumption allocations across states coincide with those

chosen by a social planner constrained by monopolistic competition in the non-tradable sector.

4 Numerical Example

We present a numerical example to illustrate the main results of the model explained in the

previous section. We compare a two-country world with MP and no MP.

We assume that shocks follow a symmetric two-state process, and are perfectly negatively

correlated across countries.

W(s1)=W({1—A)  WHsy) =W (1+A%,

Wisa) =W(L+A)  Whsa) =W (1—A*),

with W = W' and A = A*.

The model presented in Section 2 has two periods. The second period can be interpreted
as the infinite future, with shocks following a stationary Markov chain and future consumption

discounted at the rate 3. When shocks follow a stationary Markov chain, the problem presented

28



in Section 2 can be re-written recursively. The (per-state) budget constraint is:

—I-/ZEZQ'(Z) z,5)dG(z Z

s'eS

_w / 0(2)[m (2, 8) + Q(z, 5)|dG(2)

where B(s") corresponds to a state-contingent one-period Arrow-Debreu security, and ¢(s'|s) is

its price conditional on the realization of s, given by the following Euler equation:

and Q(z,s) corresponds to the market price of a firm with productivity z:

Qz,5) =D a(s'I9)[n(z,8) + Q(z, 8.

s'es

Similarly, the value of doing MP for a firm with productivity z is given by:

Qup(z,8) = Y a(s'19)[mm (2, 8") + Quip(z,8')]. (44)

s'es

Arrow-Debreu securities can be reinterpreted as a portfolio position, denoted by B (s), and

its (stochastic) rate of return R(s|s) can be computed accordingly:

We interpret the income from this portfolio position as income from assets other than Direct
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Investment, and refer to it as “Other Assets”.

For current utility, we use a CRRA function with risk aversion parameter o, equal across
countries. We assume that the productivity distribution for the non-tradable sector, in each

country, is Pareto with parameters 2, and ~:

_ * _ *
where 2, = 2, and v = ~*.

The preferences and Pareto distribution parameters are taken from the literature:

Parameters Values Source

o 2 Backus, Kehoe and Kydland (1992)
P 0.44  Stockman and Tesar (1993)

n 3.1 Broda and Weinstein (2006)

Ié; 0.98  to match r = 2%

v 4 Helpman, Melitz and Yeaple (2004)
Zmin 1 normalization

As in the previous section, we focus on a single source of asymmetry across countries: A > A*.
We normalize W =W =1, L = L* =1, and f = f* = 1. We calibrate A and A* so as to

match some characteristics of the US (Home) and the Rest of the World (Foreign):

1. The relative productivity of non-tradable at Home A/W is calibrated to match the US

share of non-tradable goods:

X
% — 72%.

2. The relative productivity in non-tradable goods between Home and Foreign, A/A*, is

calibrated to match the ratio of sales of affiliates from US abroad to sales of foreign affiliates
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in the US, as recorded by BEA for the period 1985-2003, which requires A > A*:0

Sales by US af filiates abroad
Sales by Foreign af filiates in US

= 1.58.

3. The initial endowment of investment good Yj is assumed equal across countries and set
relative to f to match sales of foreign affiliates in US as share of GDP equal to 20% (from
BEA).

We analyze the effects of an identical mean-preserving spread on W and W* with A = A*.

In Figure (1), panel A, we show Arrow-Debreu prices in each states s; and sg, in a world
with and without MP, and A > A*. A shock volatility A = A* = 6.7% corresponds to a
standard deviation of consumption at Home of 2% and 3.5% in Foreign, while A = A* = 15%
implies Home consumption volatility of 4.6%, and 8% for Foreign. As shown in Proposition 1,
Arrow-Debreu prices are higher in s; (when Home is hit by the bad shock) than in so (when
Foreign is hit by the bad shock). The presence of MP narrows the gap in Arrow-Debreu prices
across states (Proposition 2). For a shock volatility, A, consistent with a standard deviation in
consumption of at Home of 2% (and 3.4% in Foreign), the existence of MP reduces the gap in

Arrow-Debreu prices across states in 17.1%.

Panel B in Figure (1) shows net MP profits for Home multinationals across states and the
average Net Value of FDI. Average across states are computed using the unconditional Arrow-

Debreu prices as a probability measure:?!

FDI - FDI* = [/ Qrp(z,8)dG (z /QMpzs)dG()

29Recall, that in the model, sales are proportional to profits II

2INotice that in risky environment with risk-averse consumers, the stream of MP profits should be discounted
using Arrow-Debreu prices that take into account risk-adjustments. The unconditional Arrow-Debreu prices
correspond to the stationary limit of the Markov probabilities.
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Figure 1:

Net MP profits for Home multinationals are higher in sy = {Wp,W};} than in s; =
{Wwu, W[} (the opposite characterizes Foreign multinationals), which coincides with the co-

movement of Arrow-Debreu prices across states: ¢ (s1) > ¢ (s2).

Table 1 shows the balance of Payment for Home, in a world with and without MP, with
A = A* = 5% that matches a consumption volatility of 1.5% at Home, and 2.6% in Foreign.

Indeed, net exports deficit is much larger in a world with MP: it represents 3.1% of GDP, and

(% of GDP) MP  no MP
Net Exports -3.1 -0.1
Net Factor Payments 3.2 0.32
Net “Other Assets”Position -47 0.96
Net Direct Investment Position® 195 —
Net Asset Position 147 0.96

% of Multinational Firms: Home 24
% of Multinational Firms: Foreign 15.6

(T): At cost value, net Direct Investment position represents 97% of GDP.

Table 1: Balance of Payments for Home.
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only 0.1% with no MP. As expected, net factor payments are larger with MP: these are the
sum of (net) returns to "other assets” (that is negative for Home), and net MP profits that are
largely positive. To finance its multinational activities, Home has a (net) debt with Foreign that
reaches 47% of GDP. Indeed, this debts disappears when there is no MP: the net position in
"other assets” is 0.96% of GDP. The net direct investment position is positive and large when
measured as in equation (44). The result is a positive overall net asset position of 147% of GDP.
Finally, as shown in the previous section, Home has relatively more multinational firms than

Foreign: 24% versus 15.6%.

Finally, Table 2 compares the standard deviation of consumption and its composition with
and without MP, in Home and Foreign, for A = A* = 5%. As shown in Proposition 2, the
existence of MP reduces the gap in the price of Arrow-Debreu securities across states. Arrow-
Debreu prices are proportional to the marginal utility of consumption of tradable goods, which
explains why the standard deviation of consumption in tradable goods decreases in a world with
MP both in Home and in Foreign. In this numerical example, the existence of MP reduces
standard deviation of consumption in tradable goods in 46% and 11%, for Home and Foreign,

respectively.

The impact of MP on the volatility of consumption in non-tradable goods varies across
countries. While the introduction of MP unambiguously decreases the standard deviation of
non-tradable consumption in Foreign, the same does not necessarily hold for Home. To see
this, consider a positive shock to wages at Home and a symmetric negative shock in Foreign:
dW = —dW* > 0. Combining equation (7) for demand for the non-tradable good Xnr(s),

and the elasticity of Arrow-Debreu prices to the shock in (34), we can compute the elasticity of
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consumption of non-tradable goods to the shock, around certainty, as follows:

Entw = —p(1—E&pw) — éfpw - % (Eqw — Eqw+)
1
EnTews = —p(l—=Epawr) — ;éP*W* + % (Eqw — Eqw=)

where {nrw = ddC%T CLNT and, from Proposition 1, (§gw — &w~+) < 0.

The introduction of MP affects {nrw and {np+ w+ in two ways: First, it results in a larger
number of firms operating in both countries (this effect is particularly important in Foreign where
most new affiliates are located). From equation (21), this results in a lower price elasticities to
the shock, ((pw and {p«pw+), in both countries. And second, as shown in Proposition 2, the

introduction of MP reduces the gap between £, and gpy«.

For p < %, as in our calibration, the two factors contribute to reduce the impact of the shock
in consumption of non-tradable goods in Foreign (-2% in our numerical example). In the case of
Home, the two factors counteract without an overall prediction on the ultimate impact of MP
on the volatility of consumption in non-tradable goods. In our numerical example, the standard
deviation of consumption in non-tradable goods at Home is 3% larger in a world with MP than

without MP, and results in a higher standard deviation of aggregate consumption C.

(02/E;) MP noMP

(%)
C 152 151
c* 2.66  2.73

CnT 2.13  2.07
Clp 278 284
Cr 0.07 0.3

b 0.57  0.64

Table 2: Consumption Volatility.
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5 Conclusions

This paper emphasizes the connection between production location and the pattern of inter-
national risk. In particular, the scope for international risk diversification is improved when
production is reallocated towards economies with business cycles less correlated with the world
risk pattern. Reallocation of production towards such economies may be triggered by a number
of different factors, namely a reduction on trade cost, improvements in the investment opportu-

nities in those countries, or, as analyzed in this paper, by “Multinational Production”.

The main contribution of this paper is to uncover the dual role of MP as a technology and
portfolio flow in international risk sharing. MP affects international risk diversification even with
complete financial markets, as it alters host country’s productivity, and the impact of country
specific shocks on international goods and assets markets. Moreover, we find that risk affects the
optimal location of multinational firms, and therefore, the international portfolio composition
of countries. In particular, risk sharing considerations provide, endogenously, more incentives to
firms from the most productive country to do MP and consequently: 1) brings countries closer
together in terms of the impact of their country shocks on world output reducing differences
between Arrow-Debreu prices across states; and 2) shifts its international portfolio composition
toward Direct Investment away from other financial assets. These results are reinforced when

risk diversification is more valuable, that is, the larger the volatility of country-specific shocks.
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6 Appendix: Proofs

6.1 Proof of Lemma 1

By contradiction. Assume Z = z* in the zero profit conditions (30) and (31). Since G (2) =
G*(z), f = f*, and Yy = Y{/, it follows that E*Z,,—:El = E%—Tl and f*(1-G(2Z)=f1-G((Z)) =
Yy =Y. Replacing in equation (42), the aggregate expenditure functions on non-tradable goods
in the two countries are given by:

Xyr = ﬂnLW
n—&pw
* €P*W* kY7
X = = nl*W
NT n—Eprw K

Countries are assumed to only differ in the non-tradable productivity: A > A*. The price
elasticity with respect to the shock negatively depends on the productivity in the non-tradable

sector o€ (1 )
azw = - Ap Epw (1 —Epw) <0

which implies {pw < Eprw=. It follows that Xnyr < X3, and therefore z < z*, which is a
contradiction. With the same argument it can also be ruled out that z > z*. It follows that if
A > A*, then z < Z*.

6.2 Proof of Proposition 3

Notice that a mean preserving spread implies 7/, (s1) — 7, (s2) > 7T (81) — 7 (s2), which
combined with the widening in the gap in Arrow-Debreu prices across states results in an
increase in the discounted MP profits of Home firms (and the opposite for Foreign’s). That

is, forall z: 37 g q (s) 7' (2,8) > Y cqq(s)m (2,8) > > cqq(s)m(2,5).

Then, for the marginal firms in Home and Foreign, Z and z*, the following inequalities are
satisfied (from MP entry condition):

Ysesd (s)m (2,5) S Doses(8)m(Z,8)  >cgq(s)m(Z",s) - > sesd ()7 (5*78)'

fr fr f f

which implies that a mean preserving spread lowers the cut-off level for Home firms (z/ < z) and
rises it for Foreign firms (Z* > z*). Therefore: [1 — G (Z')] > [1 — G (Z)], while the amount of
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MP by Foreign firms decreases, [1 — G (z*)] < [1 — G (z¥)] Finally, it follows that

> d () —10 () > D al(s) 0

ses seS

6.3 Social Planner

The optimal allocation I' = {Cr (s) ,C7 (s) , Cnr (s) , CNp (8), Ly (s), Ly (s) , Z,Z*} corresponds
to the following program

maXZﬁPT ) {Au (C(s)) + Xu (C* (s))}

s.t.
Cs) = [or®F +Cnr (97 ]
¢(s) =[G + (97"
Cnr (s) = n;lA(L Ly (8)) (Za+ Z5)7T
Crr(s) = ”;IA* (L — L (8)) (Z5 + Z) 7T

Cr(s)+Cr(s) = Wi(s)Ln(s) + W= (s) L} ()
Yo+Yy I-GEI+0-GE)f

where the term ”Tfl corresponds to the distortion imposed by monopolistic competition in

the non-tradable sector. The existence of monopolistic competition introduces a gap (7771;1 < 1)

between the marginal rate of substitution and the marginal rate of transformation of tradable
to non-tradable goods:

Cr (s) %_LW(S) T
<CNT<s>> “a-1 A Gitim)

This expression is equivalent to the ones derived for the decentralized equilibrium (7), (8),
and the relative price between tradables and non-tradables in (19). Replacing, we can express
aggregate consumption as a function of consumption in the tradable good:

C(s) = Cr(s)

n W(s) A b B
1 g+ 25 )1-
+[77—1 4 (2t Zn) n}
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The efficient allocation involves perfect international risk sharing:

—

1
Wi(s %\ l=p|1=p
1+[—n21 4 (Zd+Zm)1*"} } /

A _u(C(s)) [

X T W(C) [H [ (Zﬁzmw]lp]lip O]

Notice that the condition above is equivalent to the decentralized condition for international
risk sharing derived from the Euler Equation (15) and the price level (5).

Finally, the optimal entry decision for foreign and domestic firms is characterized by:

s 1 1—p _ﬁ s z*n—l
1+[77W()(Zd+z;;>m] ] ZV_(B(1_L,1(5))

S APE () |1+ |

Zat 25~ 110

Notice that in the decentralized problem, the following expressions characterize the labor in the
non-tradable sector, profits for the marginal firm doing MP, and price level:

=11
(1—=Ln(s) = TWXNT (s)
. 1 ozt
Tm, (Z ,S) = EmXNT(S)
s L 1i-e | 1-p
P(s) = |1+ {Awfi)(zﬁz;)w} ]

Then, using the Euler Equation for the Arrow-Debreu prices (15), the optimal entry condition
of the social planner is equivalent to the following decentralized solution:

> qls)my (55) = fuo
ZQ(S)Wm(ZS) = o

which corresponds to the free entry condition in the decentralized economy (30).
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