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Abstract

Much attention has been devoted to the quantification of the gains from trade. In this
paper we argue for the need to quantify the gains from openness. This notion includes
not only trade but all the other ways through which countries interact. We devote special
attention to multinational production (MP), which in 2004 was more than twice as large
as trade flows. We present and estimate a model where countries interact through trade
as well as MP, and then quantify the overall gains from openness and the role of both
of these channels in generating those gains. We build a model where trade and MP
are alternative ways to serve a foreign market, which makes them substitutes, but MP
also relies on imports of intermediate goods from the home country, which make them
complements. The model also allows for “bridge” MP, or export platforms, creating an
additional channel for complementarities between trade and MP. Our results imply that
the gains from openness are much larger than the gains from trade — this is thanks to the
large gains from MP, but these gains from trade are larger than the ones calculated using
models with only trade. Further, our estimated model suggests complementarity between
trade and MP.
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1 Introduction

Much attention has been devoted to the quantification of the gains from trade. In this paper
we argue for the need to quantify the gains from openness. The notion of openness includes not
only trade but all the other ways through which countries interact. Even if a country were to
shut down trade, it could still benefit from foreign ideas through the activity of foreign affiliates
of multinational firms (what we call multinational production) as well as the flow of ideas
through migration, books, journals and the Internet, among others. Multinational production
is arguably one of the most important channels through which countries benefit from openness.
It is certainly as important as (if not more than) trade: by 2004, total sales of foreign affiliates
of multinational firms in the world were more than twice as high as world exports. Furthermore,
over the past two decades, while exports increased by a factor of five, sales of foreign affiliates
have increased by a factor of seven (UNCTAD’s World Investment Report, 2006).

The goal of this paper is to construct and calibrate a general equilibrium model where
countries interact through trade and multinational production (MP), and then to quantify the
overall gains from openness and the role of both of these channels in generating those gains. Our
results imply that the gains from openness are much larger than the gains from trade — this is
thanks to the large gains from MP, but these gains from trade are larger than the ones calculated
using models with only trade. Further, our estimated model suggests complementarity between
trade and MP.

Calculating the gains from trade in a model that allows for trade and MP represents a sig-
nificant departure from the standard practice in the literature, which is to consider trade as the
only channel through which countries interact.! Similarly, studies quantifying the gains from
MP are based on models that do not allow for trade.? Considering each of these channels sepa-
rately, however, may understate or overstate the associated gains depending on the existence of
significant sources of complementarity or substitutability among them. Suppose that MP de-
pends on the ability of foreign affiliates to import inputs from their home country. In this case,
shutting down trade would also decrease MP and generate losses beyond those calculated in
models with trade but no MP. Alternatively, trade and MP may behave as substitutes because

they are competing ways of serving foreign markets. In this case, shutting down trade would

1Some recent attempts to quantify gains from trade in Ricardian models are Eaton and Kortum (2002),
Alvarez and Lucas (2007), Waugh (2007), and Fieler (2007).
2See Burstein and Monge-Naranjo (2007), McGrattan and Precott (2007), and Ramondo (2006).



generate smaller losses than in models with only trade because MP would partially replace the
lost trade.

The literature has typically modeled trade and “horizontal” Foreign Direct Investment (FDI)
as substitutes in the context of the “proximity-concentration” trade-off: firms choose to either
serve a foreign market by exporting or opening an affiliate there (Brainard, 1997; Markusen
and Venables, 1997; Helpman, Melitz, and Yeaple, 2004). On the other hand, the literature
has modeled trade and “vertical” FDI as complements: foreign affiliates rely on intermediate
goods imported from their parent firms to produce goods that are consumed in other markets
(Markusen, 1984; Grossman and Helpman, 1985; Antras, 2003). The empirical evidence appears
consistent with both of these views. Studies using data at the industry, product, or firm level,
have concluded that MP and trade flows in intermediate inputs, often conducted within the
firm, are complements, while MP and trade flows in final goods are substitutes (Belderbos and
Sleuwaegen, 1988; Blonigen, 2001; Head and Ries, 2001; Head, Ries, and Spencer, 2004).

This paper presents a general equilibrium, multi-country, Ricardian model of trade and MP.
The model has two sectors: tradable intermediate goods, and non-tradable consumption goods.
All goods are produced with constant-returns-to-scale technologies which differ across countries,
creating incentives for trade and MP. For non-tradable goods, serving a foreign market can only
be done through MP, but for tradable goods we have to consider the choice between exports
and MP. Trade flows are affected by iceberg-type costs that may vary across country pairs. To
avoid these costs or to benefit from lower costs abroad, firms producing tradable goods may
prefer to serve a country through MP rather than exports. But MP entails some efficiency
losses as well. Moreover, to introduce complementarity between trade and MP, we assume that
affiliates rely, at least partially, on imported inputs from their home country; in our empirical
approach, we think of this as “intra-firm” trade.® Since these imports are affected by trade
costs (just as regular “arm-length” trade), this creates an extra cost of MP.

Our set-up allows firms to use a third country as a “bridge” or export platform, to serve
a particular market; we refer to this as “bridge MP”, or simply BMP.# For example, a firm

from country ¢ producing a tradable good v can serve country n by doing MP in country [, and

3The empirical evidence points to significant intra-firm trade flows related to multinational activities (Hanson,
Mataloni, and Slaughter, 2003; Bernard, Jensen, and Schott, 2005; and Alfaro and Charlton, 2007).

4We avoid referring to this type of MP as “vertical” MP because the main motivation for BMP in our model
is to avoid trade costs rather than allocating different stages of the production process across locations according
to their comparative advantage.



ship it to country n. This entails MP costs associated with the pair {7,[}, and also trade costs
associated with the pair {I,n}.5

The multiplicity of choices regarding how to serve a foreign market makes trade and MP
substitutes: exports and MP are alternative ways of serving a foreign market. However, the
possibility of BMP creates complementarities between trade and MP: the decision by country ¢
of serving market n producing in a third country [ generates a trade flow from [ to n associated
with MP from ¢ to [. Moreover, when country i serves market n through MP, there is an
“intra-firm” trade flow in intermediate inputs from country ¢ associated with it. Thus, even in
a world without BMP, our model generates complementarities between trade and MP.5

We estimate the model using data on bilateral trade and MP flows for a set of OECD coun-
tries, as well as data on intra-firm trade flows for U.S. multinationals and foreign multinationals
operating in the U.S. However, as it is well known, the trade data alone cannot identify the
parameter that determines the strength of comparative advantage — 6 in Eaton and Kortum
(2002). Thus, we appeal to the model’s implications for the long run growth rate to calibrate
this parameter. In particular, although the model we present is static, in the Appendix we
show that the equilibrium of the static model can be seen as the steady state equilibrium of a
dynamic model where productivity evolves according to an exogenous “research” process. This
dynamic model exhibits quasi-endogenous growth as in Jones (1995) and Kortum (1997), and
is closely related to Eaton and Kortum (2001). Importantly, growth is driven by the same
mechanism that generates the gains from openness in the static model, namely the aggregate
economies of scale associated with the fact that a larger population is linked to a higher stock
of non-rival ideas. This is why calibrating the comparative advantage parameter so that the
dynamic model generates a growth rate that matches the one we observe in the data seems
appropriate.

We use the estimated model to compute the joint gains from trade and MP; we think of
these gains as the overall gains from openness. We also compute the separate gains from these

two channels. Our results suggest that the gains from openness are much higher than the gains

SEven among rich countries, foreign subsidiaries of multinationals often sell a sizable part of their output
outside of the host country. For example, around 30% of total sales of US affiliates in Europe are not done in
the host country of production (Blonigen, 2005).

6We note that MP can be seen as a channel for international technology diffusion, since a country’s tech-
nologies end up being used abroad. In this sense, our model captures the idea that trade facilitates technology
diffusion, at least diffusion associated with multinational activities. On the other hand, our model does not in-
corporate any causal link whereby trade or MP enhance international knowledge spillovers. The large literature
on this topic is surveyed in Keller (2004).



from trade: the average OECD country’s real income is 15% higher thanks to the joint gains
from trade and MP compared to isolation (i.e., no trade and no MP). In contrast, shutting
down trade would lead to real income losses of only 3% for the average OECD country. The
difference between these two numbers arises due to the large gains from MP in our estimated
model: shutting down MP would lead to loses of 9% for the average OECD country. Of course,
these gains and losses are much higher for smaller countries. For example, gains from openness
are 30% for Belgium whereas they are only 5% for the United States. As a small country,
Belgium benefits greatly both from trade and MP, although the gains from MP almost double
those from trade.

As we mentioned above, the fact that exports and MP are alternative ways to serve foreign
consumers makes trade and MP substitutes, but the existence of BMP and the assumption
that MP generates a demand for home-country inputs makes trade and MP complements. The
estimated model suggests that the second force dominates, so that trade and MP behave as

complements.

2 The Model

We extend Eaton and Kortum’s (2002) model of trade to incorporate MP. Our model is Ricar-
dian with a continuum of tradable intermediate goods and non-tradable final goods, produced
under constant-returns-to-scale. We adopt the probabilistic representation of technologies as
first introduced by Eaton and Kortum (2002), but we enrich it to incorporate MP. We embed

the model into a general equilibrium framework similar to the one in Alvarez and Lucas (2007).

2.1 The Closed Economy

To introduce the notation and main features of our model, consider first a closed economy
with L units of labor. A representative agent consumes a continuum of final goods, indexed by

u € [0, 1] in quantities gf(u), deriving utility

1
U= 4=,
0

with e > 0. Final goods are produced with labor and a continuum of intermediate goods indexed

by v € [0,1]. Formally, intermediate goods are aggregated into a composite intermediate good



via a CES production function,

1
o—1 _o
Q=] a0 @,
0
with 0 > 0. This composite intermediate good and labor are used to produce final goods via

Cobb-Douglas technologies with varying productivity levels,

qr(w) = 27 (u) Ly (w)*Qp(u) . (1)

The variables Ly(u) and Q(u) denote the quantity of labor and the composite intermediate
good used in the production of final good u, respectively, and z;(u) is a productivity parameter.

Similarly, intermediate goods are produced according to

Gg(v) = 29() Ly (v) Qg (v) 7. (2)

Resource constraints are
1 1
/Lf(u)du—l—/ L,(v)dv = L,

01 01
Qf(u)du+/ Qg(v)dv = Q.
0

0

To complete the description of the environment in the closed economy, we assume that
the productivity parameters zy(u) and z4(v) are random variables drawn independently from
a Fréchet distribution with parameters T and § > max{1,0 — 1}, F(z) = exp (—Tz7"), for
z > 0.

To describe the competitive equilibrium for this economy it is convenient to introduce the
notion of an input bundle for the production of final goods, and an input bundle for the production
of intermediate goods, both of which are produced via Cobb-Douglas production functions with
labor and the composite intermediate good, and used to produce final and intermediate goods,
as specified in (1) and (2), respectively. The unit cost of the input bundle for final goods is
¢y = Aw®P}~*, and the unit cost of the input bundle for intermediate goods is ¢, = Bw’ P} =7,
where w and P, are the wage and the price of the composite intermediate good, respectively,
A=a%1-a)*! and B = 37°(1— )L In a competitive equilibrium prices of final goods
are given by pg(u) = ¢s/zs(u), and prices of intermediate goods are given by p,(v) = ¢,/z4(v).
In turn, the aggregate price for intermediates, P,, satisfies P} =7 = fol py(v)17dv. Figure 1

g
illustrates the cost structure in the closed economy.



Figure 1: Cost Structure in the Closed Economy
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The characterization of the equilibrium follows closely the analysis in Eaton and Kortum
(2002) and Alvarez and Lucas (2007), so we omit the details. Suffice to say here that the
equilibrium real wage is given by

5= T 3)
where P;~¢ = (fol pf(u)l_adu> is the ideal price index for final goods, n = (1 — )/, and 7 is

a positive constant.”

2.2 The World Economy

Now consider a set of countries indexed by i € {1,...,1} with preferences and technologies
described above. Country ¢ has L; units of labor. Intermediate goods are tradable but final
goods are not. Trade is subject to iceberg-type costs: d,; > 1 units of any good must be shipped
from country [ for one unit to arrive in country n. We assume that d,, = 1, and the triangle
inequality holds (i.e., d,; < d,,;d;; for all n, [, 7).

Each country 7 has a technology to produce each final good and each intermediate good, at
home or abroad. These technologies are described by the vectors z;(u) = {zp1:(w), ..., zpri(u) }
and zy(v) = {251:(v), ..., 2Zgri(v)}. When a country ¢ produces in another country [ # i, we

say that there is multinational production (MP) by country i in country [. [Sometimes, we

"In Alvarez and Lucas (2007) the real wage is proportional to T7/? rather than T(*7/¢ The difference
arises because we also have T' affecting the productivity for final goods.



just say that MP in country [ is carried out by country ¢ “multinationals”.] The corresponding
productivity parameter in this case is zp;(u), or zgi(v). We adopt the convention that the
subscript n denotes the destination country, [ the country of production, and i the country
where the technology originates. Note that if zp;(u) = zgi(v) = 0 whenever [ # i, for all
u,v € [0, 1], our model collapses to the Alvarez and Lucas (2007) version of Eaton and Kortum
(2002) model of trade but no MP.

In turns, MP incurs an “iceberg” type efficiency loss of h;; > 1 associated with using an
idea from ¢ to produce in [. Thus, whereas national production of final good u in country [
entails unit cost ¢ /zp(u), MP of final good u by ¢ in [ entails unit cost cphy;/zp;(u). We
assume that h; = 1. Similarly, whereas national production of intermediate good v in [ has
unit cost cg/zgu(v), MP of intermediate good v by i in [ entails unit cost cy;/zqi(v). The
unit cost ¢y, differs from ¢y hy; because we assume that MP in intermediate goods requires the
use of what we call a multinational input bundle for the production of intermediate goods. In
particular, we assume that the multinational input bundle combines the national input bundle
from the home country (i.e., the country where the technology originates) and the host country
(i.e., the country where production takes place). The home country national input bundle
must be shipped to the host country of production, and this implies paying the corresponding
transportation cost. The cost of the home country national input bundle used in MP by country
¢ in country [ is then cgd;;. The host country national input bundle has cost ¢y, but MP incurs
an “iceberg” type efficiency loss of h;; > 1 associated with using an idea from 4 to produce in [.
The cost of the host country national input used in MP by ¢ in [ is then cyhy;. Combining the
costs of home and host country national inputs into a CES aggregator, we get the unit cost of
the multinational input bundle for intermediates produced by i in [,

1

ci = | (1 —a) (cuhu)' ™ +a (ng‘dli)rf] L (4)

where a € [0,1] and £ > 1. Note that cg; = ¢4 Moreover, if a = 0, then ¢y = ¢yl The
parameter £ indicates the degree of complementarity between the national input bundles from
the home and host countries. It is a key parameter for our estimated welfare gains.

Finally, we assume that the productivity vectors z;(u) and z,,(v) for each good are random

variables that are drawn independently across goods and countries from a multivariate Fréchet



oo

distribution with parameters (Ty;, T, ..., T1;), > max{1,0 — 1}, and p € [0, 1),

Fi(zs) = exp |— <Z <le (Zsli)9>1ip> B . (5)

Note that

lim Fi(z,x, ..., Zgi, ..., T) = €Xp [—Tliz_e} ,

S sli
so that the marginal distributions are Fréchet. The parameter p determines the degree of
correlation among the elements of zg;: if p = 0, productivity levels are uncorrelated across pro-
duction locations, while in the limit as p — 1, they are perfectly correlated, so that productivity

is independent of the production location (i.e., zg; = 2z, for all [).

2.3 Equilibrium Analysis

Since final goods are identical except for their productivity parameters (i.e., they enter prefer-
ences symmetrically), we follow Alvarez and Lucas (2007), drop index u, and label final goods
by Z; = (21, ...,2zs7). Similarly, we label intermediate goods by Z, = (24, ..., Z¢r). The unit
cost of a final good Z; in country n produced with a technology from country i is ¢, huni/ 2 fni,
while the unit cost of an intermediate good Z, in country n produced in country [ with a
technology from country i is cgidn;/2gii-

In a competitive equilibrium the price of final good Z; in country n is simply the minimum
unit cost at which this good can be obtained, which is given by ps,(Zy) = min, cpnhni/ 2.
Similarly, the price of intermediate good Z, in country n is py,(Z,) = min,; cgidnu/zg:. Note
that if [ = ¢, then the intermediate good is exported from ¢ to n while if ¢ # [ = n, then there
is MP from i to n. Finally, if i # [ and [ # n, then country [ is used as an export platform by
country ¢ to serve country n. We say that in this case there is “bridge MP”, or simply BMP,
by country ¢ in country [.

The following proposition, which is proved in the Appendix, describes a number of conve-
nient results regarding the choice of goods according to the origin of the technology and the

location of production, as well as a characterization of prices and expenditure shares.

Proposition 1 (a) The shares of final and intermediate goods that country n buys produced

8This distribution is discussed in footnote 14, Eaton and Kortum (2002).



with country i technologies are, respectively,

CI)gni
P )

gn gn

(I)fni
¢fm’ = @fn and gbgnz‘ =

where

q)fni = Tni (Cfnhni>_9 ; q)gm'

1 I=p
(Z <le (Cglidnl)_e) 1p> ) and q)sn = Z q)sni; fOT s = f) g,

l

(b) Of the intermediate goods bought by country n that are produced with country i technologies,

the share that is produced in country l is

1

-0\ 1I—-p
T1li (cgli dnl ) .
Wgni,l - q)— ’
gni

(¢) The average price of goods that are purchased in any market n does not depend on the source
of the technology or the location of production; and

(d) The price index in country n, is given by

Psn = ’7(1)5_1/9 (6)

n )

for s =g, f, where y =T(1+ (1 —0)/0)Y'=7, and T(-) is the Gamma function.

Since ®,, for s = g, f is a function of model’s parameters and unit costs, cg,, which in turn
is a function of wages and the price index P,,, the set of equations associated with (6), for
s =g and n = {1,..., I}, implicitly determines P, as a function of w = (wy, ...,wy). In vector
notation, this defines the function P,(w): I — I (see Alvarez and Lucas, 2007). Together with
P

(W), equation (6) for s = f also defines a function Pr(w) that determines the price index for

final goods as a function of wages.

The total expenditure on final goods by country n is equal to the country’s total income,
wy, L,. We refer to the total value of final goods produced in n with country i technologies as
the value of MP in final goods by i in n, denoted by Y7,;. Part (c) of Proposition 1 implies
that ¢g,; and 7g,;; not only represent the share of goods purchased by country n produced with

different technologies and in different production locations, but also expenditure shares. Thus,

Note that Y. Yy = wnLn Y ; ¢ni = Wy L.



Since total expenditure on intermediates by country n is Fy,(Q),, the value of MP in inter-
mediates by country 7 in country [ to serve country n is ¢gniTgni i FPyn@Qr. Thus, total MP by i
inlis

lfgli = Z (bgniﬂ'gm',lpgnQn- (7)

Total imports by country n from [ are given by the sum of intermediate goods produced
in country ! with technologies from any other country, » . ¢gniTgniiFyn@n, plus the imports
of country [’s input bundle for intermediates used by country [’s multinationals operating in
country n. To compute this second term, let w,; be the cost share of the home country input
bundle for the production of intermediates in country n by multinationals from country {. From
(4), w = a(cudn/ cgnl)l_g. The value of imports of the input bundle for intermediates by n
from [ associated with MP by [ in n is w;,;Yy,. Total imports by country n from [ # n are then
given by

Xn = Z GgniTgni 1 PgnQn + Wi Ygni- (8)
i

For country n , aggregate imports are simply » , 4n Xn1, while aggregate exports are > 4n Xin-

The trade balance condition is then
Y Xu=) X (9)
I#n l#n
As in Alvarez and Lucas (2007), the total expenditure on the composite intermediate good
is proportional to the country’s total income.

Proposition 2 P,,Q, = nw,L,, for all n, where n = (1 — a)/p.

Since the terms ¢,;, T, and wy; are functions of w, then the trade balance conditions constitute
a system of I equations in w. This system of equations together with some normalization of

wages yields an equilibrium wage vector w.?

2.4 Gravity

In general, it is not possible to express trade flows from [ to n as a function of the bilateral trade

cost d,,; and country specific variables for [ and n: the general model does not have a gravity

9We use the following normalization: Zle w; L; = 1.

10



equation. However, there is one special case for which a gravity equation can be derived. When
p =0 and a =0, it can be shown that
—6
1} (cqdnt)
—0
> Ty (Cordni)

where T = ), Tlihl_ie is an adjusted technology parameter for [ that takes into account the

X, = Nwy Ly, (10)

possibility of using technologies from other countries appropriately discounted by the efficiency
losses hy;. This expression is exactly as the one in Eaton and Kortum (2002), and implies that
country [’s normalized import share in country n depends only on the trade cost d,;, and the

price indices P, and Py,

an/wnLn _ (dnlpgl)19 (11)
X”/wlLl P .

gn
In the gravity literature, d,,; is called a “bilateral resistance” term while Py and P, are called
“multilateral resistance” terms.

To understand why this result does not hold in the general case with p > 0, note that
there are I ways to produce any intermediate good, resulting from the combination of I source
countries and I production locations. The productivity parameters zg1;, 242, ..., 291; associated
with source country i are positively correlated (since p > 0) whereas the productivity param-
eters 2y, Zgi2, .-, Zgur associated with production location [ are uncorrelated (by assumption of
independence across the vectors zg;, for ¢ = 1,2,...,1). The different degrees of correlation
among the elements of the columns and rows of the Z, matrix makes it generally impossible to
express all the determinants of bilateral trade flows in a bilateral resistance term together with
multilateral resistance terms, as in (11).%°

Analogously, we can explore whether there is a gravity-like relationship for MP flows. In
the special case with p = 0 and a > 0, using (7) and some manipulation, we get

T}zc_le d lPl -0
Yo =y ' —25-- ( 7 9> vk
Pgle Z Pgn

n
The second term on the RHS can be interpreted as the “market potential” of country [, while

the term Tzng_l? / Pg_le captures the “relative competitiveness” of ¢ technologies in country [. If

19The only exception is when a = 0 and Tj;h;;” is “separable” in the sense that it can be written as the
product of a source and a destination-specific terms: Th-hl;(; = N\, for all [,4. In this case we obtain an
o
expression similar to (10) but with 77 substituted by 7} = A", and 6 substituted by /(1 — p). The reason
why this works is that the distribution of (Zg1, Zg2, ..., Zg1), for Zgz = max; {zg/cqu}, is multivariate Fréchet
with parameters 6 and p.

11



we use W, to denote the market potential of country [ in intermediates, then we can write

~ -0
Y/ hgii Pyi
gl /W _ glit g : (12)
Yoii / Vi Pyl
where Egl? = (le‘Cg_l? / Tiicg_g) is an average relative cost of producing in country [ rather than in

country ¢ with country ¢’s technologies.

2.5 Symmetry

To gain some additional intuition about the model, we consider the case of symmetric countries.
The symmetric case can be solved analytically, yet the basic intuition carries to the general
case with asymmetric countries. We calculate the gains from openness, and explore the role
of trade and MP in generating those gains. We are particularly interested in understanding
the conditions under which trade and MP behave as substitutes or complements. We are
also interested in the sources of complementarity — that is, we want to differentiate between the
complementarity that arises from the possibility of doing “bridge” MP and the complementarity
that arises from the possibility of using the home country’s input bundle in MP activities (i.e.
the role of the parameters ¢ and a).

Symmetry entails L; = L for all i; d,; = d, hy = h, for all | # n; and d,,;, = hyp, = 1
for all n. Moreover, we assume that T;; = T, for all [,7. In equilibrium wages, costs, and
prices are equalized across countries, w, = w, ¢, = ¢, and P,, = P,, for s = g, f. Thus,
the cost of the multinational input bundle collapses to ¢y, = m - ¢, (and ¢y = ¢,), where
m= [(1 —a)ht= + adl_ﬂ Tlﬁ Thus, the share of spending in the home input bundle done by
MP is simply w = a(d/m)'~¢.

The equilibrium is characterized as follows. In the case of final goods the situation is
straightforward: a country uses its own technologies for local production to serve domestic
consumers, and for MP abroad to serve foreign consumers. For intermediate goods, there is
trade, MP and BMP. Countries use some of their own technologies for local production to satisfy
domestic and foreign consumers through exports. They also engage in MP abroad, for which
the resulting output is sold to local consumers (MP), sent back home or sold to third markets
(BMP). There is also trade associated with the import of the home country input bundle for
MP.

For intermediate goods, in the special case with p — 1, we can show that BMP vanishes,

12



and trade and MP do not overlap: if d > h, there is only MP and trade associated with MP
(i.e., imports of the home country input bundle), but there is no other trade of individual
intermediate goods; while if A > d, there is only trade (no MP) (see the Appendix).

In general, we can solve for the real wage in terms of trade and MP costs, d, h and m, and

parameters 6, 1, and p.

Proposition 3 Under symmetry, the equilibrium real wage is given by

LA I+ (=D A+ (T - )AL T (13)
Py
where
Ay = (140~ 1)(md)—13>)1_” (14)
A = (d*% T (] — 2)(md)10ﬂ>1p, (15)

and 7 is a constant.

This result shows how access to foreign ideas through trade and MP increases a country’s
real wage. We discuss this further in the context of the associated results about the gains from
trade and MP.

Gains The gains from openness (GO) are given by the change in the real wage, w/Py, from
isolation (d, h — o0) to the “benchmark”(d,h < oco). The gains from trade (GT') are the gains
of moving from isolation to only trade (d < oo, h — o0), while the gains from MP (GM P) are
the gains of moving from isolation to only MP (h < 0o, d — o0). Finally, we calculate the gains
of moving from a situation with only MP (h < 0o, d — 00) to a situation with both trade and

MP (h,d < o0). This alternative definition of gains from trade is denoted by GT".

Proposition 4 Under symmetry, gains from openness are:

S

GO = [1+4(I— 1A% - [Ag+ (I — DA | (16)

where Ay and Ay are given by (14) and (15), respectively.
Gains from trade are:

n

GT = lim GO = [1+ (I -1)d"’]?, (17)

h—oo
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while gains from MP are:

n

[+ =1)m )’ (18)

=

GMP = 1lim GO = [1+ (I —1)h"’]

d—oo

where

m = limm:(l—a)ﬁ h. (19)

d—oo

Finally, gains from trade given MP are:

GO {AO + (- 1)A1] ¢ | (20)

T =GP~ T+ =D

The expression for GT' in equation (17) indicates that a country that opens up to only
trade benefits from I — 1 foreign technologies, but at a “discount” of d=?. Not surprisingly, GT
decreases with d. Similarly, the expression for GM P in equation (18) indicates that a country
that opens up to only MP benefits from I — 1 foreign technologies, but at a discount of m~?
(i.e. the cost adjustment of the multinational input bundle when trade is not feasible) in the
intermediate goods’ sector, and at a discount A~? in the final goods’ sector. Indeed, GM P
decreases with h.

Gains from openness in equation (16) indicate that a country that opens up to both trade
and MP in the intermediate goods’ sector benefits from using its own technologies, at home
and abroad, captured by the term A, and I — 1 foreign technologies, captured by the term A;.
When domestic technologies are used (the term A,), production can be carried out in [ — 1
foreign locations through MP at the cost m, and then goods shipped back home at the cost d.
Hence, technologies are “fully” discounted at (md)~% (=), In turn, foreign technologies can be
accessed by importing goods in which case they are discounted by d=%/(=#) (first term in A,),
by doing MP in which case they are discounted by m=%=#) (second term in A;), and by doing
BMP in I —2 different locations in which case the full discount (md)~% =) applies (third term
in Ay). The term in the first bracket in equation (16) captures the gains from accessing (I — 1)
foreign technologies through MP in the final goods’ sector, at a discount of h~°.

It is clear that GO decreases with h as well as d: the higher the MP or trade costs, the lower
the gains from openness. Additionally, the parameter p only appears in GO, in association with
intermediates’ goods, but not in GT' and GM P. Since p indicates the correlation between cost
draws for a given source country across different production locations, it is only relevant when

BMP is feasible, that is, when both trade and MP are allowed. We can see that GO increases
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with p: the lower the correlation between technologies used to produce in different countries
by firms of a given origin, the larger the gains from doing BMP (as shown in Lemma 2 in the
Appendix).

Finally, gains from trade given MP in equation (20) indicate that, with respect to having
only MP, a country that opens up to trade derives extra benefits coming from the possibility
of doing BMP, and using the home input bundle for MP.

We talk about complementarity and substitutability between trade and MP in two equivalent
ways. Trade and MP are complements when GO > GT x GM P, or GT" > GT. Trade and MP
are substitutes when GO < GT x GMP or GT" < GT'. Finally, trade and MP are independent
when GO = GT x GMP or GT' = GT.!!

The following proposition shows under which parameters’ configuration, trade and MP

behave as substitutes or complements.

Proposition 5 (a) For p =0 and a > 0, trade and MP are complements; (b) for p =0 and
a = 0, trade and MP are independent; (c) for any 0 < p < 1 and a = 0, trade and MP are
substitutes; and (d) for a > 0 and £ — 1 > 0, there exists p such that for p < (>)p, trade and
MP are complements (substitutes).

Moreover, for a > 0: (a) & — 1 implies GO > GT - GMP; and, (b) & — oo implies
GO <GT-GMP.

Note that for a = 0, trade and MP behave always as substitutes. Thus, BMP is not enough
in our model to generate complementarity between trade and MP; at most, when p = 0, BMP
generates independence (GO = GT x GM P, or GT = GT").

Also, the (sufficient) condition in part (d) is £ —1 > 6. While £ — 1 governs the effect of trade
costs on trade flows in Armington or Krugman models, # has an analogous role in Ricardian
models. Thus, & > 1 + 0 means that the effect of trade costs on “intra-firm” trade flows is

larger than their effect on “arms-length” trade flows.

3 Model’s Calibration

As explained below, we calibrate the model’s parameters using data on bilateral trade in man-

ufacturing goods and bilateral gross value of production of foreign affiliates, normalized by

1Since GM P > 0 then sign (GO — GT x GMP) = sign (C9=SLXCEMP) hyt from (20) we can write GT' =

GMP
GO/GMP, hence sign (S9=8TxXEMP) — sjgn (GT' — GT).
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expenditure in manufacturing and all sectors, respectively, as well as intra-firm imports of for-
eign affiliates, a size measure of equipped-labor, and real income per capita. We use standard
bilateral variables such as distance, common border, and common language, to calibrate trade
and MP costs. We consider nineteen OECD countries.

We use the calibrated version of the model to calculate gains from openness, and in this
way, illustrate the rich implications of the model for the interactions among trade and MP. We
are particularly interested in understanding the role of intra-firm trade and BMP in generating
complementarity, and in affecting the contribution of trade and MP to welfare gains. We show

how gains from trade and MP change with some key parameters of the model.

3.1 Data Description

We restrict our analysis to a set of nineteen OECD countries: Australia, Austria, Belgium/Luxemburg,
Canada, Denmark, Spain, Finland, France, United Kingdom, Germany, Greece, Italy, Japan,
Netherlands, Norway, New Zealand, Portugal, Sweden, United States.'? For bilateral variables,

we have 342 observations, each corresponding to a country-pair. Depending on availability, our
observations are an average over the period 1990-2002, or for the late nineties.

We use data on manufacturing trade flows from country ¢ to country n as the empirical
counterpart for trade in intermediates, X,,; in the model. These data are from the STAN data
set for OECD countries, an average over 1990-2002.

The empirical counterpart for bilateral MP flows is the gross value of production for multi-
national affiliates from 7 in n, Y,; = Y}, + Yyn in the model.'® The available data for this
variable include all sectors combined as averages over 1990-2002. The main source of these
data is UNCTAD.!* The number of observations drops to 219 country-pairs for which we have
available data for this flow.

We normalize bilateral trade flows by the importer’s total expenditure on intermediate

goods, and our measure of bilateral MP flows by total expenditure in final goods in the host

12These countries are also the ones considered by Eaton and Kortum (2002).
13This measure includes both local sales in n and exports to any other country, including the home country 1.
14See Ramondo (2006) for a detailed description.
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country. In the model, trade shares and MP shares are given,respectively, by:

oy an
o= UL &2

where nw,, L, is total expenditure in intermediate goods, and w, L, is total expenditure in final
goods (and also total income due to the trade balance condition.)

In the data, we compute total expenditure in intermediate goods as gross production in
manufacturing in country n, plus total imports of manufacturing goods into country n from
the remaining eighteen OECD countries in the sample, minus total manufacturing exports from
country n to the rest of the world. Data on these three variables for each country are from the
STAN database. We use an average of these series over the period 1990-2002. Analogously, we
compute total expenditure in final goods for country n as gross domestic product for country n,
plus total imports into country n from the remaining eighteen OECD countries in the sample,
minus total exports from country n to the rest of the world. Data on GDP is from the World
Development Indicators, and total exports and imports are from Feenstra and Lipsey (2005),
averaged over the period 1990-2002.

We use intra-firm imports from the home country done by foreign affiliates of multinational
firms as the empirical counterpart for imports of the national input bundle for intermediates
from the home country for MP (i.e., wy;Yy,; in the model). We only have data on intra-firm
trade involving the United States, from the Bureau of Economic Analysis (BEA). We combine
data on intra-firm exports from the United States to affiliates of American multinationals in
foreign countries with data on imports done by affiliates of foreign multinationals located in the
United States from their parent firms, as an average over the period 1999-2003. We normalize
intra-firm trade flows from country 7 to n by gross production of affiliates from ¢ in n,

~ Wni ngnz

ni — s 23
“ ngnz_‘_Yfm ( )
forn=USori=US.

For the empirical counterpart of the bilateral share of MP in intermediate goods,

Ytqni
L — 24
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we use data on bilateral gross production of American affiliates abroad and foreign affiliates in
the US in the manufacturing sector as share of total gross production in the foreign market and
the US, respectively, from BEA (average over the period 1999-2003).

When the US is the source country, we are able to compute the empirical counterpart of the
share BMP in the model (i.e. the share of the value of production done by 7 in [ that is sold in
a different market n). The BEA divides total sales of American affiliates produced in country
[ into sales to the local market, to the US, and to third foreign markets. This is the empirical
counterpart for Zn# GgniTani i Xgn/ Yy + Ypi), from ¢ = US in a country [ belonging to the
OECD(19). We average out across I’s, and obtain an average bilateral BMP share for the US
affiliates in the OECD(19). We consider an average over the period 1999-2003.

We need an empirical counterpart for the variable L;. We think of this variable as capturing
the total number of “equipped” units of labor available for production, so employment must be
adjusted to account for human and physical capital available per worker. We use the measure
of equipped labor constructed by Klenow and Rodriguez-Clare (2005), for OECD(19) countries,
as an average over the nineties. Countries with more equipped labor are considered larger.

We use data on real income per capita (PPP-adjusted) to calibrate the technology parame-
ters Tj; as explained below. Data are from the Penn World Tables (6.2), as an average over the
nineties. In the model, this variable is the ratio of wy,L, /Py, to population in country n. Both
L, and population are from the data, while the wage w,, and the price index for final goods
Py, are a result of computing the model’s equilibrium.

Finally, we use bilateral distance, common border, and common language, to calibrate trade
and MP cost as explained below. These variables are from the Centre dEtudes Prospectives et
Informations internationales (CEPII). Bilateral distance is the distance in kilometers between
the largest cities in the two countries. Common language is a dummy equal to one if both
countries have the same official language or more than 20% of the population share the same
language (even if it is not the official one). Common border is equal to one if two countries

share a border.!®

3.2 Estimation Procedure

We reduce the number of parameters to calibrate by assuming the following functional forms.

First, following Fieler (2008), we assume that trade and MP costs in the intermediate goods’

15See the Appendix for summary statistics.
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sector are approximated by the following functions:

dni = 1+ (6(()i + 6§ilzstdl‘9tnl) X (5lc)lorder)bm X (5ldanguage)lm (25)
hm = 1 + (5(}; + 53@std28tnl) X (511)107"der)bm X (5l}fznguage)lm7 (26)

for all n # i, with d,, = 1 and h,, = 1. The variable dist,; is the distance (in thousands of
kilometers) between i and n. The term in parenthesis represents the effect of distance on trade
and MP costs. The variables /s (I/.s) equals one if countries share a border (a language),
and zero otherwise. Hence, if dporqer < 1 sharing a border reduces iceberg costs. Similarly,
if dianguage < 1, sharing a language reduces iceberg costs. We need to estimate a set of eight

parameters, Y = {54, 68 64, . 6" o8 on o on }.

borders Yborder’ Ylanguage’ ~language

The resulting set of parameters to calibrate is

{{ﬂi}l{i:b Ta a, 57 Ps 97 a, ﬁ} .

We set the labor share in the intermediate goods’ sector, 3, to 0.5, and the labor share
in the final sector, «, to 0.75, as calibrated by Alvarez and Lucas (2007). Then, we have
n=(1-a)/3=0.5.

Turning to @, it is well known that this parameter cannot be separately identified from the
parameters in T by running a gravity equation (see Eaton and Kortum, 2002, and Fieler, 2008).
Thus, we appeal to the model’s implications for the growth rate of real wage. The model in
the previous section is static. However, as we show in the Appendix, the equilibrium of the
static model can be seen as the steady state equilibrium of a dynamic model where the vectors
pf productivity parameters Z, and Z; evolve according to an exogenous “research” process.
This dynamic model exhibits quasi-endogenous growth as in Jones (1995) and Kortum (1997),
and is closely related to Eaton and Kortum (2001). Importantly, growth is driven by the same
mechanism that generates the gains from openness in the static model, namely the aggregate
economies of scale associated with the fact that a larger population is linked to a higher stock
of non-rival ideas. Hence, calibrating 6 to generate a growth rate in the dynamic model that
matches the one we observe in the data seems reasonable. From Eaton and Kortum (2001),
growth rates in the steady state are the same for all countries, and not affected by openness.
This implies that the growth rate for the open economy is the same as the one for the closed
economy. From equation (3), the growth rate of the real wage in the closed economy is (1+7)/6

times the growth rate of the parameter T'. In the growth model for the open economy (in the
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Appendix), there is no a single parameter 7" but rather the whole matrix of 7};s. As shown in
the Appendix, our assumptions imply that all these T};’s grow at some common rate g,. Hence

the steady state growth rate of real wages for all countries is

0= 5" o (27)
We want the model to be consistent with a growth rate of real output per worker of 1.5%, as
calculated by Klenow and Rodriguez-Clare (2005) for the OECD over the last four decades.'®
We set gy equal to the growth rate of employment in R&D over the last decades in the five top
R&D countries, which according to Jones (2002) has been 4.8%. Using (27) and n = 0.5, the
observed values for g and g, imply 8 = 7.2.
We assume that the technology parameters 7j; are given by 1j; = )\i)\ll_p , as derived in the
Appendix, where the parameters \’s represent the stock of ideas in a country. Thus, we just
need to calibrate a vector of nineteen parameters, {1, ..., A9}

We end up with the following set of parameters to calibrate,

I'= {{)\i}z‘Izla T7a7€>p} :

Our calibration procedure is as follows. Given 6, 3, «, a set of parameter values I', the matrices
for bilateral distance, common border and common language, and the vector of country sizes
L, from the data on R&D employment, we compute the model’s equilibrium, and generate
a simulated data set with 361 observations (one for each country-pair, including the domestic
pairs), for the following variables: trade shares, MP shares, “intra-firm” trade shares (w,; in 23),
and real income per capita. Additionally, the model generates MP by i in n in the intermediate
goods sector (as share of total MP by 4 in n), BMP by ¢ in [ ((as share of total MP by i in
n), trade costs d,,;, and MP costs h,;. The algorithm used to compute the model’s equilibrium
extends the one in Alvarez and Lucas (2007).

The calibration procedure searches for: (i) Y, a, £, and p such that the (weighted) sum
of the square difference of trade shares, MP shares, and intra-firm trade shares, between the
model and the data, respectively, is minimized,

1 /=~ - 2 1 e . 2 1 )
data model data model ~data ~model .
E : Nobs <an - an ) + NObS (Ynz - Ynz ) + E : \obs (wnz — Wy ) )

X Y n,imn#Ain,i=USA = ¥

n,i;n#i

16To obtain growth rate for TFP g, we need to adjust g, = 1.5% by physical capital. Assuming that the share
of physical capital in production is oy = 1/3, we get g = (1 — ax)gy = 2/3 x 1.5% = 1%.
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and (ii) the technology parameters {\;}._, such that the absolute difference of real income per
capita (relative to the US) between the model and the data is minimized.
A measure of the explanatory power of the model for trade shares R%, MP shares R, and

intra-firm trade shares R?, respectively, is given by:

~ ~ 2
data model
Zn,i;n;ﬁi Hni o an ]

R% = 1= T7dat
Zn,i;n;éi(Hn? a>2

(28)

where H = X, Y, w.

Indeed, the chosen moments are informative about the model’s parameters. Intuitively,
the sources of identification are the following. By decreasing the iceberg trade and MP cost
parameters in Y, trade and MP shares decrease, )?m and 37,”-, respectively. Increasing the
parameter a in the cost of the multinational input bundle in intermediates for MP, increases
the share of “intra-firm” trade in total MP (&,;). The parameter p helps matching bilateral
trade and MP shares, but mostly through changes in the amount of BMP; the average share of
BMP by 7 in [ increases with p. Both this moment and the amount of MP in the intermediate
relative to the final goods’ sector are left out of the calibration procedure but we report them
below. Finally, increasing the technology parameter \; increases a country’s real income per

capita.

3.3 Results

Table 1 reports the calibrated parameters while Table 3 reports the targeted moments, both
from the data and calibrated model. Table 2 show the implied statistics for trade costs d,;,
MP costs, h,;, and the implied correlation between the two. We report the calibrated values
for the country-level technology parameters )\; in the Appendix.

Table 1 shows that the effect of distance on trade costs more than doubles the one on MP
costs: the coefficients on distance are 44, = 0.13 for trade, and 8", = 0.05, for MP. A country-
pair that is 20% further apart has 21% higher trade cost, and only 2.8% higher MP costs. The
effect of border and language is rather similar on both trade and MP costs. Overall, estimates
for these “gravity” parameters translate into 25% higher average trade costs (2.1 against 1.7)
across country-pairs, as shown in Table 2. This result is driven by the fact that there is more

MP than trade in the data. The parameter a together with the elasticity of substitution &
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Parameter Value Definition

0% o 0.13 trade and MP costs parameters
oh 0.05 in equation (26) and (25)

5gorder 0.75

6§order 0.79

6[};1nguage 0.70

Olanguage 0.68

od 0.47

on 0.45

p 0.16 correlation between costs draws in 5
a 0.20 weight of Home inputs in 4

£ 1.9 elasticity of substitution in (4)

o 0.75 labor share in final goods

I} 0.5 labor share in intermediate goods
0 7.2 parameter in (5)

Table 1: Parameters’ Estimates.

(O an (m (1v)

Avg. trade costs d,,; 2.1
(0.4)
Avg. MP costs h,,; 1.7
(0.2)

Correlation between d,; and h,; 0.98

Table 2: Calibrated Trade and MP Costs

in Table 1 regulates the magnitude of intra-firm trade.!” The parameter p, that indicates
the degree of correlation between technology draws across different locations of production,
regulates the amount of BMP, one of our “out of sample ” moments shown in Table 3. Table 3
shows statistics generated by the model’s equilibrium at the calibrated parameters. For trade
and MP shares, we report mean, standard error and correlation coefficient. The average share
of MP in manufacturing as well as the average BMP share (for US affiliates abroad) are not

included in the calibration procedure.

1"Indeed, if we calibrate the model assuming that the bilateral intra-firm trade share is 14% rather than 7.4%
as observed in the data, we need to increase a to 0.48 and decrease ¢ to 1.3.
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Moments Data Model

Avg. trade share in manufacturing from i to n 0.019  0.019
(0.03) (0.039)
Avg. MP share by i in n 0.022  0.022

(0.04)  (0.028)
Avg. “intra-firm” trade shares from i to n (for US) 0.074  0.074

(as share of MP by 7 in n) (0.07)  (0.02)
Correlation btw. trade and MP shares from i ton  0.73 0.85
Avg. MP in manufacturing by i in n (for US) 0.48 0.49
(as share of total MP by i in n) (0.12)  (0.03)
Avg. “BMP” by i in n (for US) 0.3 0.09
(as share of MP by i in n) (0.17)  (0.07)

SE in parenthesis.

Table 3: Moments: Data and Model.

As expected, the model matches the average bilateral trade and MP shares, as well as the
average bilateral intra-firm trade share for the US, as observed in the data. However, it delivers
a higher correlation between bilateral trade and MP shares than the one observed in the data.
Indeed, the model matches fairly well the proportion of MP in manufacturing as observed in
the data. One failure of the model is that it generates a low BMP share. While the data for
US affiliates in OECD countries shows that 30% of the value of production is sold in countries
other than the country of production, the model only generates 9%.®

Now, we turn to gravity and the parameter . As shown in the previous section, in a
model with trade, MP, and “intra-firm”trade in which the costs of doing trade and MP are
positively correlated, the elasticity of bilateral trade shares with respect to trade costs is not
given in general by the parameter 6 —as is standard in Ricardian models of trade. That is, the

coefficient b, in the following equation,
log X, = Dy, + S7 + by log d; + i, (29)

where DY and S7 are destination and source country fixed effects, respectively, is not equal to 6,

This means that an estimate of # coming from an OLS estimate of b, would be bias. We evaluate

8Lower p implies less correlation across technologies in different production locations, thus, more BMP.
Letting p — 0 increases the average BMP share to XX% from 9% in Table 3, but it never gets close to the
magnitude observed in the data.
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this bias by running equation 29 using the calibrated trade costs, d,;, and simulated data for
trade shares an We get Zm = —6.41.1 As expected, this coefficient is biased downward (6.41
i =7.2). The positive correlation between trade and MP costs, d,; and h,;, creates this bias:
the error term wu,,; is positively correlated with d,,;.

We can perform a similar exercise for “intra-firm”trade shares. The coefficient b, in the

following equation,

log w,; = Dy + S + b, log d,; + us.;, (30)
where D¥ and Sy are destination and source country fixed effects, respectively, is not equal to
1 — ¢, as a Krugman-type model of trade would suggest. Running OLS on 30 using simulated
data for w,; and the calibrated trade costs for d,; gives b, = —0.32. This estimate would
implied an elasticity of substitution £ of 1.3, much lower than the one we calibrate, 1.9. Again,
we find a downward bias in the OLS estimate.?

The next two tables and figures show how well the calibrated model captures the pattern
of trade and MP observed in the data. Table 4 shows the measure of the model’s explanatory
power in (28), for bilateral trade, MP, and intra-firm trade. Additionally, we present correlations
between magnitudes in the model and data for bilateral trade and MP shares across country-
pairs, aggregate exports, imports, outward MP and inward MP as share of GDP of the receiving
country, for the five model’s calibrations. Not surprisingly, the model performs fairly well in
terms of matching the observed trade and MP shares across country-pairs, 0.82 and 0.49,
respectively. The explanatory power of the model decreases to 0.38 when bilateral intra-firm
trade shares for/to the US are considered.

When we aggregate exports and imports as shares of exporter’s and importer’s GDP, respec-
tively, by country, correlations between model and data are still high, 0.82 and 0.84, respectively.
Correlations are slightly lower, 0.45, for aggregate inward MP shares, by country, measured as
total sales of foreign affiliates in the country, as share of host’s country GDP. However, the
model does much more poorly in terms of aggregate outward MP shares, by country, measured

as total sales of affiliates abroad (as shares of source country’s GDP), dropping to 0.17.

9Running OLS on 29 using the observed data for trade shares gives b, = —3.8. Interestingly, for the same
set of OECD countries but trade costs estimated in a different way, Eaton and Kortum (2002) get an estimate
of b, between 3.7 and 6.7.

20Hanson, Mataloni, and Slaughter (2005) run a similar regression to the one in 30 use data on intra-firm im-
ports in goods for further processing done by foreign affiliates of American multinational firms. Their estimates
range from -0.64 to -0.26.
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Model’s “Explanatory power”:

bilateral trade shares 0.69
bilateral MP shares 0.40
bilateral “intra-firm” trade shares (for US) 0.38

Correlations model data:

Bilateral Trade Shares 0.82
Bilateral MP Shares 0.49
Total Exports Shares 0.82
Total Imports Shares 0.84
Total Outward MP Shares 0.17
Total Inward MP Shares 0.45

Bilateral MP = gross value of production for affiliates from country 7 in n; Total Outward MP =
total gross value of production for foreign affiliates from country i; Total Inward MP = total gross
value of production for foreign affiliates in country n.

Table 4: Goodness of Fit: Calibrated Model.

We further explore the relationship between aggregate exports, imports, inward, and out-
ward MP shares, and country’s size in Figures 7?7 and ?77.

The right panel of Figure 7?7 shows outward MP as share of recipient country’s GDP, for
the model and the data, against the model’s GDP, w;L;. The model underestimates large
countries as the United States, Japan, and Germany, and overestimates small countries that
have very low (e.g. Spain and New Zealand) outward MP relative to size. The left panel shows
the analogous scatter for inward MP. The model captures reasonably well large countries, as
United States and Japan, and slightly overestimates inward MP into small countries, as share
of their size.?! Figure ?? is analogous to Figure ?? for export and import shares. The model
captures fairly accurately the pattern of aggregate export and import shares with respect to
country size; it slightly underestimates large countries such as the United States and Japan,

and a very small country such as Netherlands with very high export and import shares.??

2IThe correlation between outward MP shares and country size in the data is -0.07, while in the model is
-0.59; for inward MP, this correlation is -0.32 in the data, and -0.64 in the model.

22The correlation between export shares and country size in the data is -0.45, while in the model is -0.63; for
import shares, this correlation is -0.54 in the data, and -0.63 in the model.

25



4 Gains from Openness, Trade, and Multinational Pro-
duction

We measure gains from openness, trade, and MP by changes in real wages in terms of the final
consumption good, wy,/Pr,. We calculate real wages under: no trade and no MP (isolation),
only trade, and only MP. The increase in the real wage as we move from isolation to the cali-
brated version of the model with trade and MP yields the gains from openness, GO. Similarly,
the increase in the real wage as we move from isolation to only trade yields the gains from
trade, GT', while moving from isolation to only MP yields the gains from MP, GM P. Finally,
the increase in the real wage from only MP to trade and MP yields gains from trade in the
presence of MP, GT”, and analogously, the increase in the real wage from only trade to trade
and MP yields gains from MP in the presence of trade, GMP’. We also calculate the gains
from trade coming from a calibrated version of the model with only trade, GT™, and the gains
from MP coming from a calibrated model with only MP, GM P*. 23 Finally, we show gains
separately for the intermediate goods’ sector, where both trade and MP are possible, and for
the final goods’ sector where only MP is possible.?*

Table 5 shows average the calculated gains across OECD countries, and Table 6 presents

them by country.

(wn/Ppn) /(w,/Pp)
Avg. OECD (19) GO GT GT' GT* GMP GMP GMP*
All 1.15 1.03 1.05 1.03 1.09  1.11 1.11

Intermediate Tradable Sector 1.06 1.03 1.05 1.03 1.01 1.03 1.04
Final Non-Tradable Sector 1.08 - - - 1.08 1.05 1.07

Table 5: Gains from Openness, Trade, and MP. Average for nineteen OECD countries.

The implied average gains from openness (GO) are 15%. This is large specially compared

to gains coming from models with only trade —3%. MP seems to be an important source for

23Details of these calibrations are presented in the Appendix.

24GMP in the intermediate goods sector are calculated by comparing real wages under isolation and a situation
where MP is only allowed in the tradable sector (analogous calculation for GMP in the final goods’ sector).
GM PPrime in the intermediate goods’ sector are calculated by comparing real wages under only trade and under
trade and MP only in intermediates (analogous for the final goods’ sector).
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gains from openness. While the gains from trade (GT) implied by the model are 3%, the gains
from MP (GMP) are 9%. The reason is that as MP flows are higher than trade flows in the
data (for example, total inward MP flows are more than double total imports in the data), the
calibrated MP costs are lower than trade costs. Additionally, MP is feasible in the non-tradable
final goods’ sector. In fact, if we shut down MP in the non-tradable sector, GMP lowers to just
1%. The extra gains from adding MP in the final non-tradable sector are 8%. Further, GO
drops to 6% if MP were shut down in the non-tradable sector.

The calculated gains suggest that GO > GT x GM P, indicating that trade and MP are
complements. Or alternatively, GT' > GT and GMP > GMP. Notice that this com-
plementarity comes, by construction, from the intermediate tradable goods’ sector, where
GO?9 > GT9 x GM PY.

It is interesting to compare GT' to the gains from trade generated by a model with only
trade, GT™, calibrated to match bilateral trade shares and income per capita. Gains from trade
calculated this way are 3%, almost half GT’. With complementarity between trade and MP,
a model with only trade needs a lower trade cost to match the data than a model with both
trade and MP. Thus, the gains from trade in such a model are higher than GT', but still lower
than GT’. The analogous exercise for MP suggests that gains arising from a model with only
MP, GM P*, calibrated to match bilateral MP shares and income per capita, gives very similar
results to the model with trade and MP; GM P* is almost identical to GMP'. However, even
if most gains from MP are realized in the final non-tradable goods’ sector as in the model with
trade and MP, a model with only MP would overestimate gains from MP in both sectors (4%
against 3% for tradable goods, and 7% against 5% for non-tradable goods.)

In Table 6, we show GO, GT, GMP, GT', GMP', GT*, and GM P*, by country. Countries
are ordered by their size in terms of our measure of equipped labor. Indeed, gains from openness
decrease with size. Trade and MP in all countries behave as complements (GO > GT x GM P,
or, GT' > GT, or GMP' > GM P), even if the gap is different across countries. For instance,
a country like Belgium, which represents around 1% of OECD(19)’s equipped labor, has GO =
1.30, while GT x GMP = 1.26; the United States, the largest country in the sample, has
GO =1.05 and GT x GMP = 1.04.
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GO GT GMP GT GMP GT* GMP* L;/Ly

(wn/Pra) /(6 P},) (%)
New Zealand 1.08 1.01 1.05 1.02 1.07 1.01 1.05 1.1
Finland 121 1.05 1.13 1.07 1.16 1.05 1.15 1.7
Norway 1.19 1.05 1.11 1.07 1.14 1.05 1.16 1.8
Denmark 1.18 1.05 1.09 1.08 1.12 1.05 1.11 1.8
Portugal 1.21 1.04 1.14 1.07 1.17 1.04 1.12 1.9
Greece 1.20 1.03 1.14 1.06 1.17 1.03 1.16 2.3
Austria 1.21 1.06 1.11 1.09 1.14 1.06 1.12 2.3
Belgium 1.30 1.09 1.16 1.13 1.19 1.09 1.16 2.8
Sweden 1.18 1.04 1.11 1.06 1.14 1.04 1.17 3.1
Netherlands 1.17 1.04 110 1.07 1.12 1.04 1.12 4.5
Australia 1.02 1.00 1.02 1.01 1.02 1.00 1.02 6.1
Spain 1.12 1.02 1.08 1.04 1.10 1.02 1.09 8.4
Canada 1.17 1.04 1.11 1.06 1.13 1.04 1.13 11
Italy 1.08 1.01 1.05 1.03 1.07 1.02 1.06 13
France 1.14 1.02 1.09 1.04 1.11 1.03 1.12 16
Great Britain 1.12 1.02 1.09 1.04 1.10 1.02 1.11 17
Germany 1.18 1.02 1.13 1.05 1.16 1.02 1.21 27
Japan 1.02 1.00 1.02 1.00 1.02 1.00 1.04 52

United States 1.05 1.00 1.04 1.01 1.04 1.00 1.05 100

Countries are sorted by equipped labor.

Table 6: Gains from Openness, Trade, and MP, by country.

28



References

Alfaro, Laura, and Andrew Charlton. 2007. “Intra-Industry Foreign Direct Investment ”. Un-

puplished manuscript.

Alvarez, Fernando, and Robert E. Lucas. 2006. “General Equilibrium Analysis of the Eaton-

Kortum Model of International Trade”. Journal of Monetary Economics. Volume 54, Issue 6.

Belderbos, R. and L. Sleuwaegen. 1998. “Tariff jumping DFT and export substitution: Japanese
electronics firms in Europe”. International Journal of Industrial Organization, Volume 16, Issue

5, September, 601-638.

Bernard, Andrew, J. Bradford Jensen, and Peter Schott. 2005. “Importers, Exporters, and
Multinationals: a Protrait of Firms in the US that Trade Goods”. NBER, Working Paper
11404

Blonigen, B. A. 2001. “In Search Of Substitution Between Foreign Production And Exports”.
Journal of International Economics. Volume 53 (Feb), 81-104.

Blonigen, B. A. 2005. “A Review of the Empirical Literature on FDI Determinants”. Mimeo,

University of Oregon.

Brainard, Lael. 1997. “An Empirical Assessment of the Proximity-Concentration Trade-o. be-

tween Multinational Sales and Trade”. American Economic Review, 87:520.44.

Broda, Christian, and David Weinstein. 2006. “Globalization and the Gains from Variety”.

Quarterly Journal of Economics, Volume 121, Issue 2.

Burstein, Ariel, and Alex Monge-Naranjo. 2006. “Aggregate Consequences of International

Firms in Developing Countries”. Unpublished.

Carr, David, James Markusen, and Keith Maskus. 2001. “Estimating the Knowledge-Capital
Model of the Multinational Enterprise”. American Economic Review, 91: 693-708.

Eaton, Jonathan, and Samuel Kortum. 1999. “International Technology Diffusion: Theory and

Measurement”. International Economic Review, 40(3), 1999, 537-570.

Eaton, Jonathan, and Samuel Kortum. 2001. “Technology, Trade, and Growth: A Unified

Framework”. European Economic Review, 45, 742-755.

29



Eaton, Jonathan, and Samuel Kortum. 2002. “Technology, Geography and Trade”. Economet-
rica, Vol. 70(5).

Eaton, Jonathan, and Samuel Kortum. 2006. “Innovation, Diffusion, and Trade”. NBER, WP
12385.

Feenstra, Robert, and Robert Lipsey. 2005. NBER-United Nations Trade Data.

Garetto, Stefania. 2007. “Input Sourcing and Multinational Production” Mimeo, University of

Chicago.

Hanson, Gordon, Raymond Mataloni, and Matthew Slaughter. 2003. “Vertical Production Net-
works in multinational firms“. NBER Working Paper No. 9723.

Head, Keith, John Ries, and Barbara Spencer. 2004. “Vertical Networks and U.S. Auto Parts
Exports: Is Japan Different?” Journal of Economics & Management Strategy, 13(1), 37-67.

Head, Keith, and John Ries. 2004. “Exporting and FDI as Alternative Strategies”. Ozxford
REview of Economic Policy, Vol. 20, No. 3.

Helpman, Elhanan. 1984. “A Simple Theory of International Trade with Multinational Corpo-
rations”. Journal of Political Economy, 92:3, pp. 451-471.

Helpman, Elhanan, Marc Melitz, and Yona Rubinstein. 2004. “Trading Partners and Trading

Volumes”. Quarterly Journal of Economics, forthcoming.

Helpman, Elhanan, Marc Melitz, and Stephen Yeaple. 2004. “Export versus FDI with Het-
erogenous Firms”. American Economic Review, Vol. 94(1): 300-316(17).

Jones, Charles I. 1995. “R&D-Based Models of Economic Growth”. Journal of Political Econ-
omy, Vol. 103, pp. 759-784.

Jones, Charles 1. 2002.

Keller, Wolfang. (2004). “International Technology Diffusion”. Journal of Economic Literature
42: 752-782.

Keller, Wolfang. 2008. “International Trade, Foreign Direct Investment, and Technology
Spillovers”. Forthcoming in Handbook of Technological Change, edited by Bronwyn Hall and
Nathan Rosenberg, North-Holland.

30



Klenow, Peter, and Andrés Rodriguez-Clare. 2005. “Externalities and Growth”. Handbook of
Economic Growth, Vol. 1A, P. Aghion and S. Durlauf, eds., 817-861 (chapter 11).

Kortum, Samuel. 1997. Econometrica

Krugman, Paul. (1979). “Increasing Returns, Monopolistic Competition, and International

Trade”. Journal of International Economics.

Lipsey, Robert, and M. Weiss. 1981. “Foreign Production and Exports in Manufacturing In-
dustries 7. The Review of Economics and Statistics, 63(4).

Markusen, James. 1984. “Multinationals, Multi-plant Economies, and the Gains from Trade”.

Journal of International Economics, 16(205-226).

Markusen, James and Anthony Venables. 1998. “Multinational Trade and the New Trade The-
ory”. Journal of International Economics, 46(183-203).

Markusen, James. 1995. “The Boundaries of Multinational Enterprises and the Theory of In-
ternational Trade”. Journal of Economic Perspectives, Vol. 9, No. 2, pp. 169-189.

McGrattan, Ellen, and Edward Prescott. 2007. “Openness, Technology Capital, and Develop-
ment”. Federal Reserve Bank of Minneapolis WP 651.

Ramondo, Natalia. 2006. “Size, Geography, and Multinational Production”. Unpublished, Uni-

versity of Texas-Austin.

Rodriguez-Clare, Andrés. 2007. “Trade, Diffusion, and the Gains from Openness”. Unpuplished,

Penn State University.

Waugh, Michael. 2007. “International Trade and Income Differences”. Mimeo, University of

JTowa.

31



A Summary Statistics

Mean Standard Deviation Observations

Distance (in km) 6,006 6,099 342
Common Language 0.11 0.31 342
Common Border 0.09 0.28 342
bilateral trade share 0.019 0.035 342
bilateral MP share 0.021 0.043 219
bilateral intra-firm share’ 0.074 0.072 34
bilateral MP share in manufacturing’  0.48 13 33

f: from/to the United States.

Table 7: Summary Statistics.

B Additional results: Alternative Calibrations

C Proofs

Proof of Proposition 1. Consider first the case of intermediate goods and let pg,; =

ming ¢gidpi/ 2g1iPgnii- The probability that pg,; is lower than p is

Ggm’ (p> = 1—-Pr (Zglz‘ < Cglz'dnl/p for all l)

a1
= 1 - exXp | — (Z <Ez (cglidnl/p)_0> 1_P>
l
= 11— exp [_q)gmpg]

Since Gyyi(p) is independent across ¢, then the reasoning in Eaton and Kortum (2002) can be im-
mediately applied to show that country n will buy goods produced with country i’s technologies
for a measure of goods equal to ¢y = Pyni/ D ; @gnj. The corresponding result for final goods
in point (a) of Proposition 1 is derived simply by letting d,; — oo for n # [.

Moving on to part (b), consider the intermediate goods that country n buys that are pro-
duced with country i technologies. What is the share of these goods that are produced in
country [? This is equal to the probability that, for a specific good, country [ is the cheapest

location for i to produce for n with its technology. This is equivalent to CQ;"?”Z < ngic_lij or
gt gjr
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Data Model
Equipped Labor Population real GDP pc real GDP pc Ai
(relative to US)

Australia 0.061 0.0688 0.7774 0.7455 0.678
Austria 0.0231 0.0304 0.7385 0.7212 0.5937
Belgium 0.0281 0.0385 0.7341 0.7026 0.5134
Canada 0.1084 0.1114 0.8079 0.7993 0.4452
Denmark 0.0183 0.0199 0.8207 0.8409 0.5854
Spain 0.0837 0.1493 0.5457 0.5003 0.6173
Finland 0.0167 0.0194 0.6901 0.7009 0.4008
France 0.1597 0.2254 0.708 0.7113 0.8174
Great Britain 0.1647 0.223 0.6828 0.6902 0.6965
Germany 0.269 0.3092 0.7293 0.7954 0.5795
Greece 0.023 0.0396 0.4441 0.4018 0.2654
Italy 0.1342 0.2177 0.7039 0.6496 1.0536
Japan 0.5218 0.4768 0.8127 0.9048 0.6446
Netherlands 0.0449 0.0587 0.7389 0.73 0.6676
Norway 0.0176 0.0166 0.827 0.898 0.4598
New Zealand 0.0114 0.0139 0.591 0.5198 0.278
Portugal 0.0192 0.0377 0.4733 0.3743 0.3064
Sweden 0.0309 0.0333 0.7285 0.7829 0.4699
United States 1 1 1 1 1

Table 8: Country’s Statistics: Data and Model.

Cgjidnj

Zgji < [Cgh " ] zg; for all j # [. Without loss of generality, assume that [ = 1. The probability

that zj; < an; ;21; for all j # 1 where a,, ; = Cgi’ﬂ is given by fo Fi(z,ani2%, ..., ani12)dz. But
g z

N - 1 1
5 - —0—-1 il —0
Fi(z, anip?, ..., Gnij12) = ((Cglidnl)e (I)ni> T, "0z exp [— (cg1idn1)? Ppiz

and
/ Gcglidm@mz_e_l exp [—cgh-dnl@m-z_g] dz =1
0

This implies that

1

00 (Tu (Cg1idn1)_0> v
/ Fi(z,ani2%, ..., Qpi12)dz = -
0

2 <Tyz (cjidnj)—f)) =5

and the result follows immediately.
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Data Model

as % of GDP  Exports Imports MP Exports Imports MP
inward outward inward outward

Australia 0.05 0.10 0.28 0.10 0.02 0.02 0.08 0.18
Austria 0.18 0.24 0.29 0.13 0.32 0.32 0.45 1.75
Belgium 0.45 0.48 0.46 0.22 0.38 0.38 0.61 1.62
Canada 0.23 0.22 0.46 0.26 0.22 0.22 0.48 0.74
Denmark 0.23 0.19 0.12 0.17 0.27 0.27 0.38 1.63
Spain 0.11 0.15 0.25 0.03 0.13 0.13 0.37 0.41
Finland 0.22 0.16 0.23 0.48 0.25 0.25 0.51 1.13
France 0.13 0.14 0.20 0.18 0.16 0.16 0.40 0.39
Great Britain 0.12 0.15 0.35 0.32 0.12 0.12 0.38 0.36
Germany 0.16 0.13 0.29 0.29 0.13 0.13 0.54 0.16
Greece 0.09 0.17 0.07 0.01 0.16 0.16 0.55 0.52
Italy 0.12 0.12 0.15 0.07 0.10 0.10 0.25 0.39
Japan 0.05 0.02 0.06 0.16 0.01 0.01 0.09 0.02
Netherlands 0.32 0.27 0.50 1.00 0.24 0.24 0.41 0.94
Norway 0.11 0.17 0.17 0.18 0.25 0.25 0.45 1.24
New Zealand 0.14 0.18 0.25 0.04 0.07 0.07 0.28 0.53
Portugal 0.18 0.26 0.58 0.04 0.22 0.22 0.53 0.82
Sweden 0.23 0.19 0.32 0.36 0.21 0.21 0.48 0.77

United States 0.04 0.05 0.18 0.16 0.03 0.03 0.17 0.06

Table 9: Trade and MP Statistics: Data and Model.

trade and MP only trade only MP

(I) hgni — 00 dp; — 00

0% 0.13 0.13 N/A
oh 0.05 N/A 0.05
0L der 0.75 0.75 N/A
OB ter 0.79 N/A 0.79
Ot mguage 0.70 0.70 N/A

P nguage 0.68 N/A 0.68

d 0.47 0.46 N/A
on 0.45 N/A 0.49
a 0.20 N/A N/A
p 0.16 0.16 0.16
0 7.2 7.2 7.2

Table 10: Three calibrations: trade and MP, only trade, and only MP.
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trade and MP  only trade only MP

“Explanatory power” for:

bilateral trade shares 0.69 0.69 N/A
bilateral MP shares 0.40 N/A 0.24
bilateral intra-firm trade shares 0.38 N/A N/A
Correlations model data:

Bilateral Trade Shares 0.82 0.82 N/A
Bilateral MP Shares 0.49 N/A 0.35
Total Exports Shares 0.82 0.80 N/A
Total Imports Shares 0.84 0.81 N/A
Total Outward MP Shares 0.17 N/A 0.08
Total Inward MP Shares 0.45 N/A 0.29
Implied Costs:

Avg. trade costs (dp;) 2.1 2.1 N/A
Avg. MP costs (hgn;) 1.7 N/A 1.7

Bilateral MP = sales of affiliates from country ¢ in n; Total Outward MP = total sales of foreign
affiliates from country 4; Total Inward MP = total sales of foreign affiliates in country n.

Table 11: Goodness of Fit: benchmark, only trade, and only MP.

To prove part (c), focus on intermediate goods and condition on market n and technologies
from country ¢. The probability that pg,; < p and that [ is the least cost production location to
reach n is the probability that d,cgi/zg; < p and dnjcgji/2gji = dniCgii/ Zgiis OF Zg1i > dniCai/P

dnjCgji — dnjcgji

and zg; < 72z, Without loss of generality, assume that [ = 1 and again let a,; ;

dnlcgli - dnlcgli ’

We want to compute fdoolc \i/p Fi(z,ani 2%, ..., an;12)dz. But simple math establishes that
nl1lCgli

oo - 1
/ Fi(z,ani22, ... Qpig2)dz = ((dnlcgh-)e <I>gm> e Ty " (1 — exp (_(pgm.p"))
d

n1Cqg1i/P

The distribution of prices in market n conditional on the good on the good produced in 1 with
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technology 7, we need to divide by m,;1¢4n:. This yields a probability equal to
1 - exXp (_(I)gnzpe) = Ggm(p)

Since this does not depend on 1, it implies that for market n and conditioning on country ¢
technologies, the distribution of p that actually are produced in [ is the same for [ = 1,2, ..., 1.
But independence across i allows us to apply the results from Eaton and Kortum (2002) to
establish that the distribution of prices for goods that n actually buys from i is G, (p) =
1—exp (—q)gnp‘)) for all 7. This implies that the average price of goods is the same irrespective
of where they are produced and irrespective of the origin of the technology. The proof for final
goods follows immediately from independence across the 1.

Finally, part (d) follows from the fact that Gg,(p) = 1 — exp (—@ang) and Gp,(p) =
1 —exp (—®,p’) and the results in Eaton and Kortum (2002).00

Proof of Proposition 2. First note that P,Q, is the total cost of the intermediate
goods used in production in country n. We first calculate the total cost of the intermediate
goods produced in country n. This is wy, Ly, + Pyn@Qgn, plus the intra-firm imports of foreign
multinationals located in n, ), 4n Wn;Ygni, minus the exports of the domestic input bundle
for intermediates to country n’s subsidiaries abroad, ). 4n WinYyin. Hence, the total cost of

intermediate goods produced in country n is

W, mn+ ann+ E Wm gnt E wm gin-.

i#n i#n
In equilibrium, this must be equal to the value of intermediate goods produced in country n,
hence
WnLun + PynQgn + Y wni¥ani = D winYgin = D Youi (31)
i#n i#n i
But

Z gni Z Z gbg]zﬂ-g]z n ija
7

and from () we then have

Z Y;]m Z ¢gm7Tgm n gnQn + Z n W]nY;;jn)

J#n
Substituting into (31) and simplifying we get

wann + Pgann + Z Wm‘}/gm Z (bgmﬂ-gm n gnQn + Z Xm
i#En i#n
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Using the trade balance condition (9) to substitute >, X, for 3°,, X, using (), and then

simplifying yields

wann + pangn = (Z Z ¢gnjﬁgnj,i> PgnQn
i
But >, Z]’ OgnjTgnji = Zj Ggnj i Tgnji = 1, hence,

wnLgn + Pgann = gnQn~

Lfn_ (6% Pgn
Qm \1l—-a) w,’

We know that

and

Plugging 34 into 32 we get

(%) PynQgn + PynQgn = PynQn,
from which we get Qg, = (1 — ) Qn. Using Qs + Qgn = @y, we have
Qpn = BQn.
Plugging Q,, = (1 — 3) @, back into (32), we get
Wy Ly, = BPgn Q.
Using L,y + L, = Ly, we have
Wy (Ly — L) = BPyQn.

From (33) and (35), we get

11—«

wann = ( “ ) ﬁPgnQn

(35)

Using (36), we then have Ly, = (ﬁ) (L, — L¢y), and hence Ly, = aL,. Plugging into (36),

we get finally get (1 — a)w, Ly, = Py Qn, o PpQy = nwy,L,. M
Proof of Proposition 3. Under symmetry , w; = w, for all 7.

intermediate goods, in Proposition 1, collapses to:

Py = 7\1,;1/9
= (B)P [Ag+ (I — 1A% - T 50 - .
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where

[

Ay = <1+(I—1)(md)1ﬂ>1p
A= (0 +m—12+(1—2)(md)—li°p)l_p.

The price index for final goods is then:

Pf = ’}/\I/_l/e
_ —07-1/0 p-1/6
= Y1+ -1)hr°] T e
— 1+ (=1 gue Pl

_n
0

= (YA OB [1+T =R’ 7 [Ag+ (I —1)Ay]”

Then, the real wage is:

D=

— = T4+ =D A+ (I — 1A T

where 7 = (vA) (vB)".1

Characterization of Symmetric Equilibrium
Under symmetry, we can derive explicit expressions for the trade and MP shares as well as
for the real wage. MP in final goods from any other country as a share of a country’s total

income is given by
Fpo Yo M7
T = w,L, 1+ —1h"

for i # n. The term h~% captures the impact of the efficiency loss of MP on equilibrium MP

flows; it acts as a “discount” on the importance of foreign technologies.

Turning to intermediate goods, we have
Y, =Yyi/mwnLy, =Yn + Y0+ YyBa

for i # n. The term 379 p captures MP for goods destined to stay in the domestic market, while
579370 is MP for goods that go back to the country where the technology originates, and ?QBJ
goes to a third market. Both 179 B,o and 179 B,1 take place through BMP. The respective formulas

are

-5, - -5, 6
oo Ay 7(md) T o A TPmT T
PO N+ (T=DA; " T Ao+ (T —1)AY

1__1
1

(I —2)A, "7 (md) ™7
Ao+ (I —1)A

Yop1 =
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The equilibrium trade share is given by:
X = Xoi/mwp Ly, = XO,B + )~(1 + )?1,3 + W?g

for [ # n. The term )?07 p captures the imports of goods produced abroad with a country’s own
technologies through BMP; the term )?1 is the standard component associated with imports
from a country that used that country’s technology for production; the term )N(L B captures
the imports of goods produced with foreign technologies through BMP; and the term w?g
captures the imports of the input bundle for domestic operations of foreign multinationals.
The formulas for )?07 g and X 1,5 are the same as the formulas for 579 B0 and 379 B,1, respectively,
while X; = i;gl(d/m)*o/(l*p).
It is easy to see from these results that the total value of BMP as a share total MP is

Yyno0 + Yyna Y

BMP = S
Yy Yy +Y,

Assume p — 1, that is, technology draws are the same across production locations. In this case,
BMP — 0. Further, when i > d, Y, — 0, and there is only trade, X = d~?/(1+(I—1)d~?). On
the contrary, when h < d, trade is just associated with MP flows, X = wm™?/(1+(I-1)m™?) =

wYj.

Proof of Proposition 4. The real wage under under isolation is obtained by letting d — oo
and h — oo in (13):
w \ 150L -
~_1 =7
— = T
(P ) > !

By setting h — oo in 13, the real wage when there is only trade is:

(%)T — 5 14+ (I =1)d"]

Similarly, the real wage when there is only MP is:

1+n

A

SIS

w MPZN—l. _ DAY RN A
(Pf) I+ -)p) T+ I - ymTl) T

where

ﬁzzdlimm:(l—a)ﬁh.

Thus, GO are just P{°° /Py, GT = P{*° P}, GMP = P{°°/P}'* and GTM* /P;.00
Lemma 1 GO is decreasing in p.
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Proof of Lemma 1. Assume [ > 2, m,d> 1,60 > 1and p € [0,1). We want to show that

0 1-p

GO (p) = [14 (T~ 1)(may 7% |4 (1= 1) [ 5% w5 4 (1= 2)(md) 7% ]

is decreasing in p. Note that if m — oo or d — oo then dGOY(p)/d(1 — p) — 0. Also note
that [1+ (I — 1)(md)~%/0=F)] "7 is clearly increasing in 1 — p because 1 + (I — 1)(md)~/0=)
is higher than one. It is left to show that [d~%/(=) 4 m=0/0=r) 4 (T — 2)(md)*9/(1*”)}1_p is
increasing in 1 — p. Without loss of generality, we assume that m > d > 1, then 7 > 1. We

have

=l () g}

Since 1+ (%) T (1-2m 00 > 1,8 > 1 m > 1 {14 (5) 7 4 (1= 2metan )

is increasing in 1 — p. In the case of d > m, the logic is the same.[J

Lemma 2 Forp— 1, >1+460, GO < GT x GMP9I.

Proof of Lemma 2. Recall that GOY = [Ag + (I — 1)A]"?. For p — 1, Ay in equation
(14) collapses to:

limAy = ——m—=1
po1 0 min [1; (md)?] ’

and A; in equation (15) collapses to:

d® for h>d

limA; = - ! =
p—1 min [d%; (m)?; (md)?] m= for h<d
Hence:
1+ (I -1)d"? for h>d
,l)igi GO =

1+ —-1)m™ for h<d.
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Recall that GT x GMP9 = 1+ (I — 1) [d? +m™ %+ (I — 1)(dm)~?]. Then, with h > d,
GO9I < GT x GM P9, and GT' = GOI/GMP? < GT.
With h < d, GOI < GT x GM P9, and GT' < GT, only if

(m™?—m™?) <d? 1+ -1m’].
Hence, it is sufficient that:

(-0 -

,and m = (1 — a)l%éh, the sufficient condition is:

1

Replacing m = |:ad1_§+(1—a)h1*§:| 1-¢

9 %
= =i
(1 —a)(ﬁ)l_g—l—a - (1—a)(ﬁ)1_5 <1,
d d
that it is satisfied if ¢ —1 > 6. [J

Proof of Proposition 5. Let GO = GO/ - GOY, that is, decompose gains from openness
into a term for gains in the final goods’ sector, GO’ = [1 + (I — 1)h_9} 1/0, and another term for
gains in the intermediate goods’ sector, GOY = [1+ (I — 1) (d™ +m™" + (I — 1)(md)_9)}n/9.
Similarly, gains from MP can be decompose in an analogous way, GMP = GM P/ - GM P9,
where GO/ = GM P?. Thus, GT'/GM P?.

(a) a > 0, m > m. Thus, for p =0, it is straightforward that GO > GT x GM P?Y:

GO? = [1+(I=1)(d"+m™+ (I —1)(md)~*)]"’

GT x GMP® = [1+4 (I —1)(d +m "+ (I —1)(md)™)]"".

It follows that GT" = GOY/GM P9 > GT.

(b) For a = 0, m = m. Hence, for p =0, GO = GT x GMPY, and GT' = GT.

(c) For a = 0, m = m. By Lemma 1, we know that dGO?/dp < 0. Then, GOJ_, > GO’
for any 0 < p < 1. By 2), GO;_, = GT x GMP?. 1t follows that for any p € (0,1),
GOY < GT x GMPY, and hence, GT"/GMPY < GT.

(d) For @ > 0, m > m. By Lemma 1, we know that dGO?/dp < 0. Also, d(GT X
GMP9)dp — 1. By 1), we know that for p = 0, GOY > GT x GM PY. By Lemma 2, for p — 1,
ifté>1+60, GO < GT x GM P?Y. By continuity, it follows that there exits p € (0,1) such that
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for p < p, GO9 > GT x GM P9 and GT"9/GM P9 > GT; and for p > p, GO9I < GT x GM P
and GT' = GO9/GM P? < GT.

Moreover, for a > 0, & — 1 implies that m — oo, and hence GM P — 0. It follows then
that GO > GT x GM P. Conversely, £ — oo implies that m, m — min [h,d]. This implies that
GO <GT xGMP. O

D The Dynamic Model

Imagine that each country is composed of a number of locations. Let [v denote location v in
country [ and let IN; be the number of locations in country /. An idea in country ¢ has a produc-
tivity ¢ in location v of country [. Assume that the vector q; = (q11i; G12i5 -5 QiNyis -+ Qr1is Q1255 --

is drawn from the following multivariate distribution:

-1 (55(%) )

=1 v=1

with S0 STV - 0/070) « c=0/0=0) for p € (0,1) and 6 > 1. Note that the marginal distribu-
tion of q; > € for any lvi is 1 — (qui/€)~?, so we can think of H(-) as a multivariate Pareto
distribution.

Research is modeled as the creation of ideas, although for simplicity here we assume that
this is exogenous. In particular, we assume that there is an instantaneous (and constant) rate
of arrival (; of new ideas per person in country i. The parameter (; varies across countries
and captures differences in the “research” productivity across countries, while £ is a common
parameter that will be normalized below. Ideas are specific to goods, and the good to which
an idea applies can be an intermediate good or a final good with equal probability. If the
idea applies to an intermediate (final) good the identity of the good is drawn from a uniform
distribution in v € [0,1] (u € [0,1]). This implies that at time ¢ there is a probability R;(t) =
E(;L;(t) of drawing an idea for any particular (intermediate or final) good. The arrival of ideas
is then a Poisson process with rate function €R;(¢), so the number of ideas that have arrived for
a particular good by time ¢ is distributed Poisson with rate £X;(t), where \;(t) = fot R;(s)ds.
(From here onwards, we suppress the time index as long as it does not cause confusion.)

The technology frontier for country ¢ is the upper envelope of all the vectors q;. That is,
letting €2;,; denote the set of all ¢;,; associated with ideas existing in country ¢ at a certain

point in time, then the technology frontier for country i is x; = (max{qi1; € Q11;}, max{q2; €
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Quai}y oy max{qin: € Qunyity - max{qr; € Qrii}y ..., max{qrn,; € Qn,i}). This is distributed

according to

> e_g’\i (g)\l)k k
Pr(Xin < @iy Xing < Trngi) = Z TH(Xi)
= !

[ Sl - k
= e N Z [6)\’Hk—$xz)] — o EN(1-H(x:))
k=0 ’

o

I

N, s \ 17
= exp |-\ (ZZQ{J‘”)

=1 v=1

for ZZI:I ZNZ g 0/0=p) g=0/(=r) | Letting 2z; = max {zy, ..., Tin,i } be the highest productiv-

v=1 “lvi

ity among all country ¢ ideas as they apply to locations of country [/, then

I oy 1=p
Fi(z) = exp | -2\ (Z Nz, 1‘”)

=1
0
for 21121 Nz, "7 < g70/0=p) Letting Ty = NN, 77, setting 2% = 1, and taking the limit as
e? — 0, then we get the multivariate Fréchet distribution in 5.
Assuming that L; grows at the constant rate g, (assumed to be common across countries)
then in steady state we must have \; = R;/gr, so A; and hence T}; grow at rate g, for all [, 3.

This implies that the static equilibrium described in Section 2.2 is replicated at all dates, and

that the real wage in all countries is increasing at rate g = (1 +1)gr.
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