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Abstract

Cross-country variation in production costs encourages the relocation of production facilities
to other countries, a process known as offshoring through vertical foreign direct investment. I
examine the effect of offshoring on the international transmission of business cycles. Unlike the
existing macroeconomic literature, I distinguish between fluctuations in the number of offshoring
firms (the extensive margin) and in the value added per offshoring firm (the intensive margin) as
separate transmission mechanisms. In the model, firms are heterogeneous in labor productivity.
They face a sunk entry cost in the domestic market and an additional fixed cost to produce offshore.
Offshoring increases with the difference between the domestic and foreign cost of effective labor
and with firm-specific productivity. The key results are: (1) The model replicates the procyclical
pattern of offshoring and the extensive and intensive margin dynamics that I document using data
from Mexico’s maquiladora sector; (2) Offshoring enhances the comovement of output between the
countries involved; and (3) Offshoring reduces price dispersion across countries, because it dampens
the real exchange rate appreciation that follows a productivity increase in the parent country
(the Harrod-Balassa-Samuelson effect). The results are relevant for the study of macroeconomic
interdependence between countries separated by persistent wage differences, such as the U.S. and
Mexico or the original and new EU members.
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1 Introduction

Firms often follow strategies that involve the fragmentation of production chains and the establishment
of foreign affiliates at locations with relatively lower labor costs, an activity known in the international
trade literature as offshoring through vertical foreign direct investment (FDI) (Helpman, 1984).! Un-
like production under horizontal FDI - which means that foreign affiliates attempt to gain market
access by replicating the operations of their parent firms in the country where final consumption takes
place - the type of vertically-integrated production that I model is primarily motivated by lower pro-
duction costs, as foreign affiliates add value to the final goods sold in the multinationals’ country of
origin or in third countries.? The number of offshoring firms (which I refer to as the extensive margin
of offshoring) and the real value added per offshoring firm (the intensive margin) fluctuate over the
business cycle, and thus affect output, prices and wages in both the parent and the host countries.?

This paper contributes to the international macroeconomics literature by analyzing the extensive
and intensive margins of offshoring as separate transmission mechanisms of business cycles between
the parent and the host country. I model offshoring as an endogenous, firm-level decision that depends
on the difference between the domestic and the foreign cost per unit of effective labor, the fixed cost
of offshore production, and the trade cost of shipping output back to the parent country. Fluctuations
in the number of offshoring firms are linked to domestic firm entry and to the resulting changes in
the relative cost of effective labor. Thus, an aggregate productivity increase in the parent country
encourages domestic firm entry and causes domestic wages to rise faster than productivity, as labor
demand increases to cover entry requirements. In turn, the increase in the domestic cost of effective
labor causes more firms to relocate production offshore. The gradual increase in the number of
offshoring firms mirrors the gradual appreciation of the cost of effective labor generated by domestic
firm entry.

I document a set of stylized facts that characterize the cyclicality of offshoring from U.S. manu-

4

facturing to Mexico’s maquiladora sector.® Using the number of maquiladora establishments as an

T attach different meanings to "offshoring" and "outsourcing." The former concerns the integration of multinational
firms across borders through vertical or/and horizontal FDI. In contrast, the latter takes place when a firm purchases
intermediate inputs or services from an unaffiliated supplier - either at home or abroad - rather than producing it in
house. See Helpman (2006) for an extensive discussion of the related literature.

?Helpman, Melitz and Yeaple (2004) model horizontal FDI and exports as alternative internationalization strategies
for multinational firms; Contessi (2006) analyzes this tradeoff in a dynamic framework.

3In this paper I maintain a one-to-one identification between an offshoring firm, a final good variety, and an offshore
plant. Under this assumption, offshoring at the extensive margin can also be interpreted as the number of offshoring
plants every period; offshoring at the intensive margin can be interpreted as the value added per offshoring plant.

4 Mexico’s maquiladora sector consists of manufacturing plants that import intermediate goods, process them, and
export the resulting output (Gruben, 2001). The sector accounts for 20 percent of the Mexico’s manufacturing value



empirical proxy for the extensive margin, I find that the value added offshore is procyclical with U.S.
manufacturing output, and also that the extensive margin varies notably over the business cycle (Fig-
ure 6).% I also show that expansions in U.S. output precede increases in the number of maquiladora
establishments by at least three quarters, a result that highlights the inter-temporal link between
U.S. manufacturing and the extensive margin of offshoring. Bergin, Feenstra, and Hanson (2008) also
analyze the extent to which fluctuations in the extensive margin of offshoring account for variations
in Mexico’s maquiladora employment. They show that more than one third of the adjustment in
industry-level employment and nearly one half of the adjustment in maquiladora’s total employment
occur at the extensive margin (i.e. through variation in the number of establishments over time).5

Despite the empirical evidence, the theoretical macroeconomic literature addressing the business
cycle implications of offshore production does not fully capture the inter-temporal dynamics of off-
shoring at the extensive and the intensive margins. For instance, Burstein, Kurz, and Tesar (2008)
examine the role of production sharing in the transmission of business cycles in a two-country model
in which the location of plants is fixed over time.” Bergin, Feenstra, and Hanson (2007) also focus on
the importance of offshore production in amplifying the transmission of shocks across countries, but
they do so with a model in which the intensive margin does not react, and the number of offshoring
firms makes an abrupt shift rather than a gradual adjustment over time (as in the data) in response
to aggregate shocks.

I address these deficiencies by incorporating the endogenous determination of the number of off-
shoring firms in a two-country (North and South), dynamic stochastic general equilibrium (DSGE)
model with firm entry and firm heterogeneity, along the lines of Melitz (2003) and Ghironi and Melitz
(2005). Firm entry is subject to a sunk cost reflecting the regulation associated with starting a business
in the country of origin. Following entry, each firm can use either domestic or foreign inputs in the

production of a different variety of final goods. The use of foreign inputs involves the establishment

added (INEGI), nearly 50 percent of the Mexico’s exports, and approximately 25 percent of Mexico’s employment (Bergin,
Feenstra, Hanson, 2007, 2008).

® Although not entirely owned by U.S. multinationals, the maquiladora plants import most of their inputs (82 percent)
and send most of their gross output (90 percent) from/to the U.S. (Hausman and Kaytko, 2003; Burstein, Kurtz and
Tesar, 2008). For this reason, I use the number of maquiladora establishments as an empirical proxy for the extensive
margin of offshoring.

SRecent empirical literature highlights the role of the extensive margin in international trade and the presence of fixed
exporting costs: Baldwin and Harrigan (2007) show that the number of traded goods (the extensive margin) decreases
with distance and increases with the size of the importing country. Besedes and Prusa (2006) find that the survival
rate of exports for differentiated good varieties increases with the initial transaction size and also with the length of
the relationship. Hummels and Klenow (2005) show that larger economies have larger exports, and that the extensive
margin accounts for as much as 60 percent of this difference.

"In Burstein, Kurtz and Tesar (2008), the low substitutability between the domestic and foreign varieties entering an
Armington composite enhances the cross-country co-movement of output.



of an offshore production plant and is subject to a fixed offshoring cost per-period. Also, offshoring
involves the so-called iceberg trade costs that reflect transportation, insurance, and trade barriers,
costs incurred in the shipping of final good varieties produced offshore back to the country of origin.
Thus, when deciding on where to locate production (domestically vs. offshore), each firm balances the
lower foreign costs of effective labor against the fixed and trade costs associated with offshore produc-
tion.® Since firms are heterogeneous in productivity, the decision to produce offshore is firm-specific:
Only the more productive firms can afford the fixed costs of offshoring, and their number varies over
time. The model also implies that the relocation of production offshore takes place one-way: Since
the cost of effective labor is relatively lower in the South, only Northern firms have the incentive to
relocate production offshore. All Southern firms produce domestically.” The implications of the model
are consistent with the empirical evidence provided by recent studies on the determinants of vertical
production networks. For instance, Hanson, Mataloni, and Slaughter (2005) show that U.S. multi-
national firms import more intermediate inputs when their foreign affiliates benefit from lower wages
and lower trade costs in the host economy. Kurz (2006) shows that U.S. firms choosing to offshore
are ezr-ante larger and more productive than their domestic counterparts, as their higher idiosyncratic
productivity levels allow them to cover the fixed costs of offshoring.

The key results of the paper are as follows. First, the model generates a procyclical pattern of
offshoring that is consistent with the stylized facts from Mexico’s maquiladora industry. In particular,
following an economic expansion in the parent country, the value added per offshoring firm spikes on
impact. However, domestic firm entry leads to an appreciation of the terms of labor and generates
a gradual increase in the number of offshoring firms over time.!? Second, offshoring enhances the
comovement of output relative to the benchmark model with exports developed in Ghironi and Melitz
(2005). As firm entry places upward pressure on the domestic effective wage and causes more firms to
relocate production offshore, higher demand for domestic labor (due to firm entry) and sequentially
higher demand for offshore labor (due to the relocation of production) enhance the comovement of

wages and aggregate incomes.!! The result is consistent with the empirical regularity documented by

81 define the cost of effective labor as the ratio between the real wage and aggregate productivity (w:/Z; in the North
and w; /Z; in the South).

T derive an asymmetric steady state in which differences in the regulation of firm entry in the country of origin are
translated in differences in real effective wages across countries. In the model, I set firm entry costs to be higher in
the South; in turn, since the more regulated economy attracts a smaller number of firms, labor demand and the cost of
effective labor are lower in the South.

0The terms of labor is defined as the ratio between the Southern and Northern real cost of effective labor expressed

in units of the same consumption basket, TOL; = %;étz: as in Ghironi and Melitz (2005). An increase in the cost of
effective labor in the North would cause the terms of labor to appreciate (i.e. TOL decreases).

“1n contrast, in the traditional IRBC literature, a domestic increase in aggregate productivity leads to increased



Burstein, Kurz, and Tesar (2007) that countries with higher production-sharing trade links tend to
exhibit higher correlations of manufacturing output. Third, offshoring narrows the price dispersion
across countries, as it dampens the appreciation of the real exchange rate that follows an increase in
aggregate productivity in the parent country (the Harrod-Balassa-Samuelson effect). This result is
driven by several channels, including the upward pressure on the foreign wage, the decrease in the
size of the domestic non-traded sector, the decline in import prices and in the availability of foreign
varieties as offshoring crowds out the less productive foreign exporters. Fourth, offshoring enhances
the procyclicality of investment and firm entry in the parent country relative to the benchmark model
with exports only, as the lower-cost alternative of offshoring increases the profitability of domestic
firms. In turn, the employment loss caused by offshoring is partially offset by the employment gain
generated by greater domestic firm entry.

This paper is related to a growing body of macroeconomic literature that focuses on endogenous
firm entry and adjustments along the extensive margin of exports (but not of offshoring). For example,
Ghironi and Melitz (2005) study the export decision of firms in the presence of fixed exporting costs,
in a framework with firm entry and firm heterogeneity. Alessandria and Choi (2007) analyze the
extensive margin of exports in a model with sunk and continuation fixed costs that explains the
"exporter hysteresis" behavior.!? Corsetti, Martin, and Pesenti (2007) examine the terms-of-trade
implications of productivity improvements affecting the entry of firms and the production sector, in
a model in which the extensive margin of exports is endogenous. And Mejean (2006) emphasizes the
implications of endogenous firm entry in the tradable sector for the real exchange rate dynamics and
the Harrod-Balassa-Samuelson effect.

The study of macroeconomic implications of offshoring through vertical FDI is particularly relevant
for pairs of countries and for economic areas that are separated by persistent differences in the cost
of effective labor. For instance, offshoring through vertical FDI has been important for the U.S.
multinational firms acting within the NAFTA region, and also within Central and South America: As
much as 50 percent of the manufacturing sales of U.S. affiliates in Mexico and 26 percent in Latin
America as a whole were directed towards their U.S. parent firms in 2005 (as opposed to only 3 percent
for the U.S. affiliates in Europe and 5 percent in the Asia-Pacific region; BEA, 2007). A similar pattern
exists between Western Europe and the new member countries of the European Union (Marin, 2006;

Meyer, 2006).

production at home but not offshore, such as in Backus, Kehoe, Kydland (1992).
12nExporter hysteresis" refers to the behavior of firms that continue to serve the foreign market even after a real
exchange rate appreciation reduces their export competitiveness.



The rest of this paper is organized as follows: Section 2 introduces a DSGE model of offshoring
that allows for fluctuations in offshoring at both the extensive and the intensive margins; Section 3
defines the average productivity levels of the firms producing domestically and offshore; Section 4
discusses the model calibration; Section 5 presents the results, including the macroeconomic dynamics
in the presence of aggregate productivity shocks, as well as a comparison of the empirical moments of
offshoring to Mexico and their model counterparts; Section 6 concludes with a summary and proposed

extensions of the model.

2 Model of Offshoring with Heterogeneous Firms

2.1 Model Setup: Markets and Production Strategies

This section summarizes the two-stage model of firm entry and offshore production, illustrated in
Figure 1. In the first stage, an unbounded pool of potential entrant firms face a trade-off between
the sunk entry cost (reflecting the cost of starting a business in the firms’ country of origin), the
expected stream of future monopolistic profits, and the probability of exit very period, as in Ghironi
and Melitz (2005, henceforth GM2005). Only after paying the sunk entry cost, each firm is assigned
an idiosyncratic labor productivity factor that is drawn independently from a common distribution

over a support interval, and that the firm keeps for the entire duration of its life.

Stage 1:
Firm entry
(sunk entry cost)

v

Stage 2:
Firms choose the destination market(s)
and the location of production

N

(1) All firms serve the (2) Some firms also serve
domestic market the foreign market
(a) Domestic (b) Produce offshore Produce domestically
production and re-import and export
(fixed offshoring cost) (fixed exporting cost)

Figure 1. Destination markets and production strategies of firms



In the second stage, post-entry firms are monopolistically competitive and heterogeneous in labor
productivity. Every period after entry, firms choose the destination market(s) that they serve as
well as the location of production, as follows: (1) Firms serving their domestic market can use either
domestic or foreign inputs in production. The use of foreign labor involves the establishment of offshore
production plants (offshoring through vertical FDI). It offers the advantage of a lower production cost,
but is subject to a per-period fixed offshoring cost, and to an iceberg trade cost that affects the final
goods shipped back to the country of origin for final consumption. (2) Some of the firms can also serve
the foreign market. To this end, they use domestic labor as the only input in the production of final
goods which they export subject to a per-period fixed exporting cost, as in GM2005. Thus, I nest the
model of GM2005 (exports only, no offshoring) as a special case in my model with offshoring.!3

The following sections describe in detail the model with firm entry and offshore production, starting

with the latter (sections 2.2) and ending with the former (section 2.5).

2.2 Firms Serving the Domestic Market: Domestic Production vs. Offshoring

This section describes the mechanisms of domestic and offshore production for the Northern firms. It
does not concern the Southern firms, as offshoring takes place one-way, from the Northern economy
to the low-wage South.

In the North, a continuum of monopolistically-competitive firms produce final goods for the do-
mestic market. Firms are heterogeneous in productivity, with each firm producing a different variety
of final goods.' Since each firm produces one variety, the firm-specific labor productivity z also serves
as an index for the existing varieties of final goods. Every period, firms producing for the domestic

market can choose one of two possible locations of production:

131 abstract from the possibility of offshoring through horizontal FDI: As an alternative to exports, firms serving
the foreign market may produce abroad using the local labor of the country whose market they target, as in Contessi
(2006), a strategy which I refer to as offshoring through horizontal FDI. The difference between offshore production under
vertical and horizontal FDI is that, under vertical FDI, firms serving their domestic market shift part of the production
chain offshore in order to take advantage of the relatively lower cost of effective labor. This reflects the relocation of
downstream production activities offshore (e.g. manufacturing, assembly and packaging) by the vertically-integrated
firms that continue to perform the upstream operations (e.g. research, marketing and sales) in the country of origin. In
contrast to vertical FDI, production under horizontal FDI is motivated by improved access to the foreign market (i.e.
obtained by avoiding the trade cost), and involves the simultaneous production of the same final good both at home (i.e.
to be sold in the home market) and offshore (i.e. to be sold in the host market).

'4The model implies that firms with productivity below the endogenous productivity cutoff zy (i.e. the less productive
firms) produce their varieties of final goods domestically, whereas those above the cutoff produce offshore.



(1) Domestic production: The Northern firm with idiosyncratic labor productivity z employs

labor [; to obtain an amount of final goods:

Ypi(2) = Zyzly, (1)
where Z; is the aggregate productivity of labor in the North and z is the firm-specific labor productivity;

(2) Offshore production: Alternatively, the firm with idiosyncratic labor productivity z may

choose to relocate production offshore using Southern labor ;' as the only input in production:
yva(z) = Zp 2l (2)

Thus, I assume that while the offshoring firm becomes subject to the Southern aggregate labor pro-
ductivity Z*, it is able to carry its own idiosyncratic labor productivity z to the Southern economy.!?
Given the demand for final good varieties produced domestically, yp () = pD,t(z)*eCt, and also the
demand for varieties produced offshore by the vertically-integrated firms, yy+(2) = py.¢(2)~Cy,'% the

monopolistically-competitive firms solve their profit-maximization problem:

{pﬁi’i)} dp(z) = ppt(2)ypt(2) — %?JD,t(Z)a 3)
= _ w:Qt B wZ‘Qt
{ﬁi};} dv(2) = pva(2)yva(z) — 7 7 wa(z) — fr o n

The cost of producing one unit of output either domestically or offshore varies not only with the cost of

wf Qt
Zf

effective labor % and across countries, but also with the level of idiosyncratic labor productivity

5Strategies (1) and (2) are extreme cases of a broader framework of offshoring, which would allow the offshoring firm
with idiosyncratic labor productivity z to use a mix of Northern and Southern labor, I; and [7. Following the specification
in Antras and Helpman (2004), I write output of every variety of final goods z as a Cobb-Douglas function of the domestic
and foreign inputs:

yva(2) = [thzt]“ [Z;*zz;‘}”‘
’ a 1-a '
In this paper, I explore the economic implications of offshoring of two extreme scenarios under different calibrations of
parameter a: At one extreme, setting = 1 shuts down offshoring under vertical FDI, as firms use exclusively domestic
inputs in production. At the other extreme, setting @ = 0 implies that offshoring firms use exclusively foreign inputs
in the production of final goods. The smaller « is, the more intensive production is in foreign inputs, i.e. the larger is
the range of operations that the multinational firm locates offshore (e.g. manufacturing, assembly, packaging, customer
service). For the two extreme cases, I use the 'Hopital rule to obtain: (llilr%)(l)a = lim BY? = lim /P8 —

a B—o0 B—o0

) In 3 o )
eﬂli”;o(/i-}) llHtgzta,l eﬁlﬁgc(l/ﬁ) _ 60

=1.
16T provide their derivation in the Appendix.



z across firms.!” I define the real exchange rate Q; = P}ift as the ratio between the price indexes in the
South and North expressed in the same currency, where €; is the nominal exchange rate. In addition
to the marginal cost, the Northern firms producing offshore incur a period-by-period fixed offshoring
cost equal to fy units of Southern effective labor, a cost that reflects the building and maintenance
of the offshore production facility.'® They also face an iceberg trade cost (7 > 1) associated with the
shipping of goods produced offshore back to the parent country: For every 7 units produced offshore,
only one unit reaches the Northern consumers, as the difference is lost due to costs associated with
trade barriers, transportation, insurance, language barriers, and differences in the legal systems, as
discussed in Anderson and Wincoop (2004).

The profit-maximization problem under monopolistic competition implies the following equilibrium

prices per unit of output produced domestically and offshore, respectively:

. 0 Wi

PD,t(Z) = m@ (5)
0wy

pvils) = g7 Zrz (6)

The resulting profits from domestic and offshore production, both expressed in units of the Northern

consumption basket C;, are:2°

1

dpy(z) = 5PD,t(z)l_€Ct7 (7)
1 *

dya(2) = Spva(2) 00, — fiy L2 (8)
9 7

To summarize the above, the profits associated with domestic and offshore production depend on
the cost of effective labor in the North and South, the fixed offshoring cost, the iceberg trade cost, as
well as the firm-specific labor productivity. Firms producing offshore benefit from the relatively lower
cost of effective labor, but their profits decline with the per-period fixed offshoring cost, and also with
the iceberg trade cost. Thus, when deciding upon the location of production every period, the firm

with productivity z compares the profit dp ;(z) it would obtain from domestic production with the

"Given the domestic and offshore real wages, w; and w; respectively, the marginal cost of producing one unit of
variety z domestically is %, and the marginal cost of producing it offshore is wzigt . The real wage w; = Wy /P, in North
is expressed in units of the domestic consumption basket; the offshore real wage w; = W{ /P is expressed in units of
the consumption basket in South.

'8 The mix of fy- units of Southern effective labor is equivalent to fyw; /Z; units of the Southern consumption basket.

19The derivations are provided in the Appendix.

20Using the demand yp(z) = pp(2) ?C and the price pp(z) = %le for domestic production, the corresponding
profit is dp(z) = §pp(2)yp(z). The profit from offshore production is analogous.




profit dy(z) it would obtain from producing the same variety offshore.

The model implies that only the relatively more productive Northern firms find it profitable to
locate production offshore every period. Despite the lower cost of effective labor in South relative
to North, only firms with idiosyncratic productivity above a certain cutoff (z > zy,;) obtain profits
that are large enough to cover the fixed offshoring cost and the iceberg trade cost. This implication
of the model is consistent with the empirical evidence provided by Kurz (2006) that firms choosing
to produce offshore are ez-ante larger and more productive than their domestic counterparts, as the
larger idiosyncratic productivity levels allow them to cover the fixed costs of offshoring.?!

As a particular case, the firm with labor productivity equal to the cutoff zy; is indifferent between
producing domestically or offshore. After accounting for the fixed offshoring cost and the iceberg trade
cost, the firm at the cutoff obtains equal profits from domestic and offshore production, a property
which I use to solve for the endogenous productivity cutoff zy; that governs the location decision of

production:

zve = {2z | dpt(2ve) = dvezvie)} - 9)

Existence of the equilibrium productivity cutoff Next I show that the existence of the
equilibrium productivity cutoff zy; requires a cross-country asymmetry in the cost of effective labor,
so that some of the Northern firms will always maintain an incentive to produce offshore.

I begin by re-writing the expressions for profits obtained from domestic and offshore production as

1-0 * 1-0 1-0
dp(z) = By (%) 29=1 and dy(z) = By <thZt,;Qt> 2971 respectively, where By = % <1Li0> Cy

is a measure of the market size in the North. In Figure 2, I plot the corresponding profits as functions

0—-1

of the idiosyncratic productivity parameter z over the support interval [z, 00). The vertical

intercepts represent the annualized value of the sunk entry cost for the case of domestic production
(-0 fE%), and the annualized value of the sunk entry cost plus the period-by-period fixed cost for

wé?t ), where parameter © = %'

the case of offshore production (—© fE% —

The existence of equilibrium productivity cutoff zy; requires that the following condition holds
every period: The profit function for offshoring must be steeper than that for domestic production,
slope {dy+(z)} > slope {dp+(z)}. When the condition is met, offshoring generates greater profits than

domestic production for the Northern firms with idiosyncratic productivity z along the upper range

2L A useful implication of firm heterogeneity along the lines of Melitz (2003) is that the more productive firms have
larger output and revenue. Given two firms with idyodyncratic productivity z2 > 21, the ratios of output and profits are

0 0-1
y(z2) (Q) > 1, ne2) = (z—z) > 1. Empirical studies show that firms using imported inputs in production not

y(z1) = \ =1 »r(z1) T =1
only are more productive, but also are larger and employ more workers (Kurz, 2006; Yasar and Morrison Paul, 2006).

10



of the support interval. The slope inequality is equivalent to:

* Z*
th Qi/Z;

<1, 10
wt/Zt ( )

which implies that the effective wage in the South must be sufficiently lower than that in the North,
so that the difference covers the iceberg trade cost (7 > 1) and thus provides an incentive for some of

the Northern firms to produce offshore every period.??

A
d(z) dp(z)
(?TD(.')
10 :mr'r.'g_j Iy faj -8'1?
v ' z
—_Of.
)z 7
w w¥
_QfE_I_‘fl’ IQ{
Z, Z*,

Figure 2. Existence of equilibrium productivity cutoff zy,t.

2.3 Firms Serving the Foreign Market: Exports

In this section I describe the problem of the exporting firms originating in the North. The equations
for the South are similar unless indicated otherwise. Variables for the Southern economy are marked
with the (*) superscript.

Firms in each economy have the option to serve the foreign market through exports, as in GM2005.
Thus, the Northern exporting firm with idiosyncratic productivity z uses an amount of domestic labor

I; in the production of final good varieties yp+(2) exported the Southern market:?

22Gee Appendix 9. A second condion, necessary to avoid the corner solution when all firms would produce offshore,
is that the productivity cutoff must be larger than the lower bound of the support interval: zv,: > zmin. This condition

wi Q¢

is equivalent to dp,¢(zZmin) < GfE% + fv —&+,which shows that the firm with idiosyncratic productivity equal to the
t

lower-bound level z,,i, would obtain zero profits from domestic production and negative profits from offshore production.
231 view exporting as a special case within a broader framework which allows firms to serve the foreign market using a

11



Y (2) = Zi2ly. (11)

The profit maximization problem of the Northern exporting firms generates the following price

and profit functions:

. 9 *'Il}tQt_l
pri(s) = g (12)
1 1—6 vk wy
dri(z) = Zpui(2) "CiQr — fu—-. (13)
0 Zy

In particular, serving the foreign market involves a period-by-period fixed exporting cost equal to fi
units of Northern effective labor as well as the iceberg trade cost 7*. The model implies that every
period ¢, the Northern firms with idiosyncratic labor productivity above a certain cutoff (z > zp ;) find
it profitable to export to the Southern market at the same time with serving their domestic market
(North). They obtain profits that are large enough to cover both the fixed cost and the iceberg trade
cost of exporting.

In the presence of firm heterogeneity, the option to export is endogenous to the model. As in
GM2005, the firm with the idiosyncratic labor productivity equal to the cutoff obtains zero profits

from exporting. Thus, the time-variant productivity cutoff zp; is obtained as:

zpy = inf{z | dg+(zv) > 0} . (14)

mix of domestic and foreign inputs in production. Production is described by the following Cobb-Douglas specification:

Ztth:| K |:Z£k2l;:|ln
7 1—mn '

yme(2) = {

where a larger n accounts for a smaller content of foreign inputs contributed by the offshore affiliates towards the

production of final goods sold in the Southern market. Thus, In addition to nesting the model with endogenous exports

as in GM2005 (which is focus of this paper, under the calibration 7 = 1), my model with offshoring can also nest the case

in which firms serving the Southern market produce exclusively through their foreign affiliates as in Contessi (2006) (which

I revisit by setting 7 = 0). Production in South through horizontal FDI allows firms to avoid the trade cost 7* by using
L In 5 Amri im

local inputs. Using the I’'Hopital rule, 57% (%)n = lim BYP = lim /P B — ealinio( B ) UHopital eﬂlaoo(l/m —e0 = 1.

B—o0 B—o0

weO—1\" w* 1—n _ .
The corresponding price and profit functions are pm +(2) = 0 (T*A) ( t ) and dy(z) = épHyt(z)l ocy Qi —

0—1 Ziz Zrz
1—
for (e T wiQu\TTT
H\ 7Z, zZr :
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2.4 Households

Financial autarky Households in each country maximize the expected lifetime utility (as a

function of consumption) and provide labor inelastically:

[e’e] Cl—fy
max E i — 15
{Bi+1, ze41} tsz:;B 1= (15)
subject to the budget constraint:
(¢ + CZ%)Ntxt + (L4 r¢)By +weL > 0 (N + Npt) ®p41 + By + Cy, (16)

where § € (0,1) is the subjective discount factor, C; is the consumption basket, and v > 0 is the
inverse of the inter-temporal elasticity of substitution.

The Northern household starts every period ¢ with mutual fund share holdings z; (whose market
value is U;N¢) and real bond holdings B;. It receives dividend income JtNt on the mutual fund stocks
(equal to the profit of the average firm times the number of producing firms) in proportion with its
stock holdings x;, interest r: By on bond holdings, and also labor income equal to the real wage w; for
the amount of labor L = 1 that it supplies inelastically. The Northern household purchases two types
of assets every period. First, it purchases x;,1 shares in a mutual fund of Northern firms that includes:
(i) Ny firms already producing at time ¢, either domestically or offshore, and (ii) Ng; new firms that
enter the domestic market in period ¢. Each share is worth its market value v;, equal to the net present
value of the expected stream of future profits of the average firm. Second, the household buys the
risk-free bond By41 denominated in units of the Northern consumption basket. (Bond holdings play
a role in the extended model with international trade in bonds, which I present in the Appendix.)?*
In addition, households purchase the consumption basket C}, which includes varieties of final goods

produced by Northern firms (w € Q) either domestically or offshore; it also includes the imports of

final good varieties produced by the Southern firms (w € QV):

S
| |
Jun

2Vt ) [e’e]
o—1 o—-1 * o—1
Ci ypi(w) 7 dw+ [yvi(w) T dw+ [y, (w) 7T dw| (17)
Zmin 2Vt Z)Ik{’t
Domestic production Offshore production Q‘SFN
L t J

*In the model with complete financial autarky (i.e. stocks in the mutual fund and bonds are not traded across

countries), the equilibrium conditions for stock and bond holdings are xx = x¢+1 = 1 and By

13
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where 6 > 1 is the symmetric elasticity of substitution across final good varieties. I use the home
consumption basket C; as the numeraire good; I define the real price of variety z in units of the
Northern consumption basket as p;(z) = pi(z)/P;. Thus, the the consumption-based price index in
the North is:?% )

1= [/pt(w)ledw]”, we QNN UV, (18)

The first-order conditions generate the Euler equations for bonds and stocks:

C;'=B010+r)E [Cﬁrﬂ ) (19)
~ Cer1\ ' 5 ~
Vg = ﬂ(l — (5)Et ( C, ) (dt+1 + 'Ut+1)] . (20)

2.5 Firm Entry and Exit

Following GM2005, firm entry takes place every period. It requires a sunk entry cost (reflecting
the cost of starting a business in the firms’ country of origin) equal to fr units of Northern effective
labor.?6 Potential entrants become aware of their idiosyncratic labor productivity z only after entering
the market. After paying the sunk entry cost, each firm is randomly assigned an idiosyncratic labor
productivity z which is drawn independently from a common distribution G(z) with support over the
interval [zin,00), and which the firm keeps for the entire duration of its life.

The potential entrant firms are forward looking and correctly anticipate their expected post-entry
value vy, which is given by the expected stream of future profits Jt and by the exogenous probability
0 with which they receive an exit-inducing shock every period. The forward iteration of the Euler

equation for stocks (20) generates the expression for the expected post-entry value of potential entrants:

5 = B { S oo (g)a} . (21)

s=t+1

In equilibrium, firm entry takes place until the value of the average firm v; equals the sunk entry cost

fElz”—z, both expressed in units of the Northern consumption basket:

~ Wt
= fp—. 22
Ut fE 7 ( )

5 1

251f py () denotes the price of each variety z, the price index of the home consumption basket is Py = [f Dt (w)lfedw] 1-9
for w € QNN U QPN . The demand for each variety of final goods z is y:(z) = (p:(2)/P:) "% C;.

*0r fgw:/Z; units of the consumption basket in the North.
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The Ng; firms entering at time ¢ do not produce until period ¢+1. Irrespective of their idiosyncratic
productivity, all firms - including the new entrants - are subject to a random exit shock that occurs
with probability ¢ at the end of every period after production has taken place. Thus, the law of motion

for the number of producing firms is:
Niyr = (1= 0)(Ne + Ngy), (23)

where Ny = Ny p + Ny consists of firms producing either domestically or offshore every period.

3 Solving the Model with Firm Heterogeneity

A necessary step in solving the model with firm heterogeneity is to derive analytical solutions for the
average productivity, prices and profits of the representative Northern firms that produce domestically
and offshore every period. This section also provides the expressions for aggregate accounting and the

balance of international payments that close the model with offshoring.

3.1 Average Firm Productivity Levels

Firms serving the domestic market I define two average labor productivity levels: (1) the
average productivity zZp ¢ of the Northern firms producing domestically, and (2) the average produc-
tivity zy; of the Northern firms producing offshore. I illustrate them in Figure 3, in which I plot
the density of the firm-specific labor productivity levels z over the support interval [z,in, 00). Every
period ¢, there are Np; of the relatively less productive Northern firms (z < zy,;) that choose to
produce domestically; their average productivity is Zzp;. The remaining Ny, of the relatively more
productive Northern firms (z > zy+) choose to produce offshore;?” their average productivity is EV,t'QS
Since the firm-specific labor productivities z are random draws from a common distribution G(z)

with density g(z), I write the average idiosyncratic productivities of the Northern firms producing

domestically and offshore as:

2Vt ﬁ o) ﬁ
~ 1 / o1 ~ 1 / -1
Zpt = | =—— [ 277 g(z)dz and 2y = |———= [ 27 "g(2)dz . 24
" | Glva) )  EeeEm * 2y
Zmin 2Vt

2"The total number of Northern firms is N; = Nvi+ Np .
28 The difference between Zy ¢ and zy ¢ is that the former is the average productivity of offshoring firms, whereas the
latter is the cutoff productivity above which firms produce offshore.
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Figure 3. Average labor productivities for firms serving the domestic

market through domestic (zp,t) and offshore (zy,t) production

Pareto-distributed firm productivity Following Melitz (2003) and GM2005, I assume that
the firm-specific labor productivity draws z are Pareto-distributed, with p.d.f. g(z) = kzmin/2"!
and c.d.f. G(2) = 1 — (2min/2)* over the support interval [2,n, 00). Using this assumption, I derive

analytical solutions for the average productivities of the two representative Northern firms producing

domestically and offshore as functions of the time-variant productivity cutoff zy,;:%?
1
k—(0-1) _k—(6-1)] o1
~ 2yt ~ “min ~
ZDt = VZminZVt - - and Zy; = vzyy, (25)
Vit~ “min

where the productivity cutoff®” is 2yt = zmm(Nt/Nut)(l/k), and the parameters are v = {%} 7T and
k> 0 — 1.3! Since offshoring takes place one-way, from North to South, the Southern firms serving
their domestic market (exclusively through domestic production) have a constant average productivity

H *
Zp = VZhin-

291 provide their derivation in the Appendix.

30The shares of Northern firms producing domestically and offshore, respectively, are Np +/Nt+ = G (zv,+) and Ny : /Ny =
1— G (2zv,t), where the total number of Northern firms in every period is Ny = Np ¢+ Nv,:. I use the functional form for
the Pareto c.d.f. in order to derive the productivity cutoff as zv: = zmin(Nt/vat)(l/k).

3l Parameter k reflects the dispersion of the productivity draws: A relatively larger k implies a smaller dispersion and
a higher concentration of productivities z towards the lower productivity bound zmin. Also, the condition k > 6 — 1
ensures that the variance of firm size is finite, given the average productivities of the firms producing domestically and
offshore.
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Exporting firms Under the assumption of Pareto-distributed productivity draws, GM2005 de-

fine the average productivity levels of the exporting firms originating in each economy:

. N\ 1k

~ . Nt 1/k ~ * ND,t

ZHt = VZmin N—Ht and Zit = VZmin G . (26)
’ H,t

3.2 Average Prices and Profits

After deriving the average productivities, I re-write the model in terms of three representative Northern
firms: one producing domestically, another producing offshore (each serving the Northern market),
and a third firm exporting to the foreign market. Since the Southern firms do not produce offshore
due to the wage asymmetry across countries, there are only two representative Southern firms, one
producing domestically for the local market, and the other exporting to the North.

I use the average firm productivities defined above to write the prices and profits associated with

each representative firm, as shown in Table 1:

Table 1. Average prices and profits

Production strategy Destination market Prices Profits
Domestic Domestic Ppt = gy L dpy =3 (pp)t0C
PDt = 91Zzp, Dt = g \PD,t t
~x 0 wy T 1 [~ 1-0 *
PDt = 6—1Z7%p 4 Dt = @ (pD,t> Cy
; ~ _ 0 wy Qt T _ 1/~ 1-0 wiQt
Offshore Domestic PV = 6_—17'2235‘” dve=g(pve)  Ci— fv tZt*
; ~ 0 weQ 7 1/~ \1-0
Domestic Export PHt = 59T 730> dHt =73 (pEt)  CFQy — fuzt
* ~ 170 *
~ __ 0 wi Q¢ x 1 [~ —1 * Wy
PHt = 917 Ziz3,, Ay =g (PH,t) CiQy™ — fhzr

Endogenous productivity cutoff for offshoring Using the Pareto assumption and the prop-

erty that the firm at the productivity cutoff zy; is indifferent about the location of production, I write

the link between the profits of the two representative firms as:*?

~ k e\~ 0—1 w\® (wiQe\
dyy = : dpi+——— f (2 . 2
VET = (0-1) <5D,t> pet Ta-n" \Z Z (27)

The productivity cutoff for exports is also endogenous, as in GM2005. Using the property that

the firm at the productivity cutoff zfr; obtains zero profits from exporting, the average profits from

32Gee the Appendix for the derivation.
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exports are:
0—1

0—1 Wy ~* « Wy
— e —— —_ 2
)fHZt’ anddH,t k—<0—1)fHZt* ( 8)

dH’t:k—(G—l

Price indexes The consumption price index in the Northern economy is an expression of the
average prices of goods produced domestically and offshore by the Northern firms, as well as of the

average price of goods imported from the South:

1-0

1= Nps(ppe)' ™"+ Ny (pv) " + Ny () (29)

Due to the relative wage asymmetry, there is no representative Southern firm producing offshore. The
consumption price index in the South includes only the average price of goods produced domestically

by Southern firms and that of goods imported from the North:

* ~% 1-6 ~ —0
1= ND,t (PD,t) + Nt (PH,t)1 . (30)

Total profits The total profits of the Northern firms include the average profits from domestic

production, from offshore production, and from exporting:
tht = ND,tJD,t + NV,tC?V,t + NH,tgH,t« (31)

In contrast to the Northern economy, the total profits of the Southern firms combine the profits from

domestic production and from exports only:
NE,tJt = Nl*),th,t + le,tcj}l,t' (32)

3.3 Aggregate Accounting and the Balance of International Payments

I use value added as a measure of the aggregate incomes of the two economies. The measure avoids the
double-counting of offshore production by the Northern firms, which is captured by the value added
of the Southern economy through the wage bill. Thus, I define value added as the sum of the wage

bill and the amount of stock dividends that households in each country obtain every period:
Y, = w + Nedy and Yy = wf + Np,d;. (33)

Under financial autarky in the markets for both bonds and stocks (i.e. Biy1 = By = 0 and
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Z¢41 = x¢ = 1 in equilibrium), aggregate accounting implies that households spend their income from

labor and stock holdings on consumption and investment in new firms:
Ct + NE,tﬁt = Y;g and Ct* + NEJ"IY;; = Y;/* (34)

Finally, the real exchange rate @); is determined by the balanced current account condition for the

Northern economy, which reflects the corresponding balance for the South:

Autarky ~ 1—60 il ~ 1-6 * ~ 1-0
CA; = Nui (pre) " CiQi+  Nyydyy  — Nvie(pve) " Ci— Niy (0he) G
~~ N—— ~N~
Exports Repatriated profits ~ Offshore value added Imports from Southern firms

Under financial autarky, the balanced current account condition (C’AZ4 utarky 0) implies that the sum
of (a) exports by the Northern firms to the South and (b) repatriated profits of offshore affiliates must
equal the sum of (c) the value of imports from offshore affiliates and (d) imports of final good varieties

produced by the Southern firms.

3.4 Model Summary

As shown in Appendix A.1, the baseline model with financial autarky for the Northern economy can
be summarized by 16 equations in 16 endogenous variables: Ni, Np s, Ny, Nuyt, Ng g, cjt, élVD7t, cfivvjt,
JHm ZDty 2Vits ZHt, Ut, Tt, Wy and Cy. As the Southern firms do not offshore to the high-wage North,
the Southern economy is described by only 11 equations in 11 endogenous variables: There are no
Southern counterparts for V¢, Ny, Eivv,t, Zp and zy,. In particular, the average labor productivity
of the representative Southern firm producing for the domestic market (z7,) is constant over time.

Variables Np ¢, r¢, N{ and r; are predetermined.

4 Calibration

I use a standard quarterly calibration by setting the subjective rate of time discount 8 = 0.99 to
match an average annualized interest rate of 4 percent. The coefficient of relative risk aversion is
~v = 2. Following GM2005, I set the intra-temporal elasticity of substitution at # = 3.8, a value which
corresponds to the U.S. plant and macro trade data. Although the resulting markup of 35.71 percent
over the marginal cost might appear too large compared to the standard macroeconomic literature,

its magnitude must be considered in the context of the sunk entry cost that places a wedge between
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the firms’ marginal and average cost. I also calibrate the probability of firm exit § = 0.025 to match
the annual 10 percent job destruction in the U.S.

As summarized in Table 2, I calibrate the fixed costs of offshoring (fy/) and exporting (fz and f};)
as well as the Pareto distribution parameter (k) so that the model matches the importance of offshoring
and trade for the Mexican economy, as illustrated by four empirical moments: (1) Maquiladora’s
value added represents approximately 20 percent of Mexico’s manufacturing GDP (INEGI, 2008),
as compared to 25 percent in the model; (2) Maquiladora’s exports represent approximately half of
Mexico’s total exports (Bergin, Feenstra, and Hanson, 2008), as compared to 60 percent in the model;
(3) Employment in the maquiladora sector accounts for approximately 25 percent of Mexico’s total
manufacturing employment (Bergin, Feenstra, and Hanson, 2008), as compared to 22 percent in the
model; (4) Total imports represent the equivalent of 33 percent of Mexico’s GDP (INEGI, 2008), as
compared to 32 percent in the model. To this end, I set fiy = 0.0057 (the fixed cost of offshoring
for Northern firms), fg = 0.032 and f}; = 0.018 (the fixed costs of exporting for Northern and
Southern firms, respectively), as well as k = 4.2 (the Pareto distribution coefficient).?® Without loss
of generality, I set the lower bound of the support interval for firm-specific productivities in the North
and South at zym = 2, = 1.

In order to derive an asymmetric steady state in which the cost of effective labor is lower in the
South than in North, I set the sunk entry cost (i.e. which reflects the cost of starting a business) to
be larger in the South than in North (f} = 4fg, while setting fr = 1 without loss of generality).3*
The calibration reflects the considerable variation in the cost of starting a business across countries:
the monetary cost is 3.3 times higher in Mexico than in the U.S. or Canada; it is 6.2 times higher in
Hungary than in the U.K. (World Bank, 2007; see Appendix 5). The asymmetric sunk entry costs,
along with the trade iceberg cost (7 = 1.3) and the values for fy, fg and f}; reported above, generate
a steady state value for the terms of labor that is less than one (TTOL = 0.76). Thus, the steady state

cost of effective labor in the South, defined as the real wage divided by the aggregate productivity

33In the model with exports only, I set fr = 0.0260 and f}; = 0.0226 so that the fraction of Northern exporting firms
(10 percent) and that of Southern exporting firms (63 percent) match the corresponding steady state values in the model
with offshoring.

31The asymmetric sunk entry cost is one method that generates different effective wages across countries. The same
result would be achieved with at least two other modeling devices: (1) Introduce a cross-country asymmetry in the size
of firms (rather than in their number) through the price elasticity of demand. With identical sunk entry costs and equal
average labor productivity levels in the two economies, firms in the economy with the lower price elasticity of demand
charge higher markups and produce relatively lower ouput; in turn, the lower labor demand generates lower wages. (2)
Another way to generate different firm sizes across countries, similar to the one I use in this paper, would be to allow
for multi-product firms and sunk costs of creating new product varieties. While keeping the sunk firm entry costs equal
across countries, there will be fewer varieties per firm and lower demand for labor in the economy with the higher sunk
cost of creating a new variety.
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level, is 76 percent of the corresponding value in the North. The calibration provides an incentive for

the Northern firms to produce offshore in steady state.

Table 2. Baseline model with offshoring: calibration

fe=1 Sunk firm entry cost, North k=42 Pareto distribution coefficient
fp=4fE Sunk firm entry cost, South B8 =0.99 Standard quarterly calibration
fr =0.0057 Fixed cost of offshoring v=2 CRRA coefficient

fr =0.0320 Fixed cost of exporting, North | § = 0.025 Probability of firm exit

fi; = 0.0180 Fixed cost of exporting, South | § = 3.8 Intra-temporal elasticity of substitution

The resulting steady-state fraction of the Northern firms that use inputs imported from their
offshore affiliates (Ny/IN) is 1.4 percent; the ratio of exporting firms in total (Ny/N) is 10.1 percent.3’
Since I model offshoring in an asymmetric two-country framework that abstracts from exchanges
between U.S. firms and the rest of the world (other than Mexico), the steady state values reported
above are less than their empirical counterparts that include all U.S. manufacturing firms. In the data,
approximately 14 percent of the U.S. firms (other than domestic wholesalers) used imports from both
Mexico and the rest of the world in 1997 (Bernard, Jensen, Redding and Schott, 2007),%6 out of which
intra-firm imports (as opposed to arm’s length transactions) represented half of the total (Bardhan
and Jafee, 2004); approximately 21 percent of the U.S. manufacturing plants were exporters in 1992
(Bernard, Eaton, Jensen and Kortum, 2003).

The calibration also implies that the steady-state share of Northern expenditure on the varieties
produced by Northern firms domestically (66.0 percent) - firms which are relatively less productive
than the average - is less than their fraction in the total number of varieties available to Northern
consumers (89.2 percent). In contrast, since the offshore varieties are produced by the relatively more
productive Northern firms, their market share (21.2 percent) is more than their fraction in the total

number of varieties available in North (1.2 percent).?’

35In the Southern economy, the ratio of exporting firms in the total is 63 percent.

36The value would understate the fraction of plants that use imported inputs if the importing firms tend to operate
multiple plants manufacturing multiple product varieties.

37The market share of the Southern varieties in the Southern market is 61.66 percent. Their fraction in the total
number of varieties available in South (62.77) exceeds their market share.
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5 Results

5.1 Offshoring Dynamics

Under financial autarky, I log-linearize the model with offshore production around the steady state
and compute the impulse responses to a transitory 1 percent increase in aggregate productivity in the
North. I assume that productivity is described by the univariate process log Z;11 = plog Z; 4+ u;, with

the persistence parameter p = 0.9.

Offshoring at the intensive margin Figure 4 shows the impulse responses of the model with
offshoring (solid line), and contrasts them with the impulse responses of the benchmark model with
endogenous exports and no offshoring as in GM2005 (dotted line). For each variable, the horizontal
axis illustrates quarters after the initial shock, and the vertical axis shows the percent deviations from
the original steady state in each quarter.

On impact, the 1 percent increase in aggregate labor productivity in the North generates an equal
increase in the real wage w;. The increased demand for the final good varieties already produced
offshore (offshoring at the intensive margin) causes the real wage in the South (wj) and the terms of
labor (TOLt = %*étZ;“) to spike upward on impact: Since the increase in aggregate labor productivity
in the North is not replicated in the South, on impact there is excess demand for the Southern units
of effective labor. Therefore, the number of Northern firms that produce offshore (Ny;) declines on

impact due to: (1) the increase in the cost of producing offshore, and (2) the increase in the fixed cost

of relocation, both of which are sensitive to the cost of effective labor in the South.

Offshoring at the extensive margin Over the business cycle, as aggregate labor productivity
in the North persists above the initial steady state, the larger market size encourages firm entry, which
causes the number of Northern firms (Ny) to increase (Figure 4). The larger number of incumbent
firms causes an increase in labor demand in the North, and thus leads to an appreciation of the cost of
effective labor in the North relative to that in the South in the medium run (as shown by the decline
of TOL; below the initial steady state). Following the appreciation of the terms of labor, more of
the Northern firms have an incentive to relocate production to the South (offshoring at the extensive
margin). Hence, following the initial drop, the number of Northern firms that relocate production to
the South (NVy;) rises above the original steady state 4 quarters after the shock.

The initial upward spike in the Southern real wage, caused by the increased demand for final good

varieties that were already produced offshore when the shock occurred (offshoring at the intensive
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margin), is followed by a hump-shaped increase in the Southern wage which occurs as more Northern
firms relocate production offshore over the business cycle (offshoring at the extensive margin). Thus,
the adjustment along the extensive margin of offshoring places additional upward pressure on the
Southern wage, and thus causes the terms of labor to appreciate by less (TTOL to decrease by less)
in the medium run relative to the benchmark model with exports only. As a result, the higher labor
demand in the North, caused by firm entry, and subsequently the higher labor demand in the South,
caused by offshoring, enhance the cross-country comovements of wages and aggregate incomes relative

to the benchmark model with exports only.

Productivity, North (Z) Real wage, North (w) Real wage, South (w*)
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Figure 4. Endogenous offshoring (continuos line) vs. exports only (dotted line),

impulse responses to a transitory 1 percent increase in aggregate productivity in the North

5.2 Real Exchange Rate Dynamics

Average prices and product variety In this section I analyze the model’s predictions for the
dynamics of relative prices in response to aggregate shocks. Due to the existence of endogenous product
variety in the model, I use the consumer price index (CPI)-based real exchange rate @,t = 515/??‘ / P

as the theoretical counterpart to the empirical real exchange rate, since the average prices ]5t and ]35"
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best represent the corresponding empirical CPI levels, as discussed in Broda and Weinstein (2003).
To this end, I break down the welfare-based price indexes P, and P} into (a) components reflecting

average prices (P, and I/D\f‘) and (b) components reflecting product variety:3®

1~ 1~
P, = (Np;+ Ny, + Nfy) 77 Prand Pf = (Np; + Ny ) 70 Py (35)
Thus, I write the CPI-based real exchange rate as:
1-6 « \ 1—0
* TOL 7
—1-0 ND,t + NV,t + N}‘{’t Dt ( g]*_)’tt) + Npy (g;t)
@ = N .+ Ny 1\ nror, \ « [nror, ] (36)
it it ND,t (ED,t> +NV,t< tgv,t t) +NH7t |: tg;I,t t:|

where the terms of labor TOL; = % measure the cost of effective labor in the South relative to
the North; the iceberg trade costs 7 and 77 (which I allow to vary over time) affect the Northern and
Southern imports, respectively. The expression nests the model with endogenous exports of GM2005;

I shut down offshoring and revisit the GM2005 case when Ny = 0.

Analytical results While allowing for offshore production and nesting the benchmark model

with exports only of GM2005, I log-linearize (36) to obtain:1"

Q, = [sp — sy + 85 — 1] TOL+ (C1)
+(sp — SV);%D’t + SV;:N\V,t — (1 —a)sym+ (C2)
+(1=sp) (Fe—7) = (0= sp) (Fua = 7) + (C3)

1 Ny . .
S - Ny, — N* 4
+0_1<SV ND+NV+N;}>( Vit H,t)jL (C)
1 N* . . Np . .
+ [< —L 573) Npi—Nyy) — < " (SDSV)> Nps— Ny },
0—1[\Nj+ Ny ( & ’t) Np+ Ny + N ( & vt)
(C5)

38 Variable Np ; represents the number of final good varieties produced by Northern firms and sold domestically, Ny,
represents varieties produced by Northern firms offshore and sold in the Northern market, and Ny, reflects varieties

—~1—0 *
produced by Southern firms and exported to the Northern market. It follows that = (W) %79.
Dt H,t

39The CPI-based real exchange rate /Qvt deviates from the welfare-based real exchange rate Q: = £:P;"/P; due to cross-
country differences in product variety. As discussed in GM2005, an appreciation of the CPI-based real exchange rate E,?vt
(i.e. an increase in the CPI in North relative to that in South) may be offset by the increase in product variety in North
(Np,t + Ny + Nj ;) relative to South (N} ; + Ny ), so that the welfare-based real exchange rate Q; depreciates (i.e.
despite the increase in average prices, consumers derive higher utility in the market with the larger product variety).
49Gee the Appendix for the derivation.
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where parameter s, is the steady-state share of spending in the North on goods produced by Northern
firms both domestically and offshore; s, is the steady-state share of spending in the North only on
goods produced by Northern firms offshore (I revisit GM2005 when s, = 0); s}, is the steady-state
share of spending in the South on goods produced by Southern firms domestically. The calibration

of the model ensures that: (a) (s, — sy,) + s}, > 1, as the domestically-produced varieties represent

more than 50 percent of the consumption spending in each country; (b) (Mﬁ —(sp — sv)> >
0 and (% — s’b) > 0, i.e. the market shares of varieties produced domestically by the less
D H

productive firms are smaller than their fraction in the total number of varieties; and (c) finally,
(sv — %++M) > 0, i.e. the market share of varieties produced offshore by the more productive
Northern firms is larger than their fraction in the total number of varieties available in the North.
Thus, the model implies that the more productive firms are larger and have larger market shares than
their less productive counterparts, which is in line with the empirical evidence in Kurz (2006).

The log-linearized form of (36) outlines five channels (labeled C1-C5 in the log-linearized expression
above) through which the CPI-based real exchange rate is affected by: (1) changes in the price of non-
tradable goods induced by fluctuations in the terms of labor (T{O\Lt); (2) changes in the price of
offshored goods reflecting fluctuations in the average productivity of offshoring firms (§V,t> and in
the magnitude of trade costs (73); (3) changes in the relative import prices triggered by fluctuations in
the average productivity of Northern exporters (?Ht) relative to that of their Southern counterparts
(/zgz?t); (4) changes in the relative availability of varieties produced by Northern offshoring firms (Nv,t)
relative to that of Southern exported varieties (J/\\TI’}t), and (5) changes in the relative availability of

~ ~

domestic varieties (N, ) relative to that of Southern exported varieties (Nf;,).

Impulse responses I find that, relative to the benchmark model with endogenous exports,
offshoring dampens the appreciation of the real exchange rate following an aggregate productivity
improvement in the North. Specifically, the effect occurs through channels C1 (price of non-traded
goods), C3 (relative import prices) and C4 (availability of offshored vs. Southern imported varieties).
The impulse responses for the variables of interest are outlined in Figure 5; their impact on the real

exchange rate is described next.
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Figure 5. Endogenous offshoring (continuos line) vs. exports only (dotted line),

impulse responses to a transitory 1 percent increase in aggregate productivity in the North

(C1) Changes in the price of non-traded goods. In the benchmark model with endogenous
exports and no offshoring, a productivity increase in the North encourages firm entry and leads to
the appreciation of the terms of labor in the medium run (i.e. TOL; decreases). In turn, this causes
the average price of non-traded goods in the North to increase relative to that in the South, and thus
leads to the appreciation of the real exchange rate (i.e. @; decreases).

In my model, offshoring dampens the appreciation of the real exchange rate taking effect through
this channel in two ways: (a) Offshoring reduces the share of non-traded goods in total spending
(sp — sy) as s, > 0; (b) Offshoring also dampens the appreciation of the terms of labor relative to
the benchmark model with exports only (i.e. TOL; decreases by less), as the relocation of production
offshore transfers upward pressure from the domestic wage onto the foreign one.

(C2) Changes in the price of offshored goods. On impact, due to the initial spike in the

Southern wage (caused by offshoring at the intensive margin), the number of offshoring firms declines
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and their average productivity rises. In the medium run, however, due to the appreciation of the cost
of effective labor in the North relative to the South, offshoring becomes a more profitable option. Thus,
the average productivity zy; of offshoring firms declines and their average price increases. Offshoring
contributes to the appreciation of the real exchange rate through this channel.

Exogenous policy changes can also affect the price of goods produced offshore. For instance, tariff
cuts for the varieties of final goods produced offshore (i.e. a policy measure reflected by a decrease in
7¢) would dampen the appreciation of the CPI-based real exchange rate.

(C3) Changes in relative import prices. In the benchmark model with exports only, the
appreciation of the terms of labor reduces the export profitability of the Northern firms relative to
that of their Southern counterparts. In turn, the average productivity of the surviving Northern
exporters (Zp+) increases relative to that of the Southern exporters (E;Lt>, and the average price of
the Southern imports to decline relative to that of the Northern imports. This causes the real exchange
rate to appreciate.

Offshoring reverses this effect. The upwards pressure on the Southern wage causes the export
profitability of the Southern firms to decline, and thus the productivity of the surviving Southern
exporters to increase by more than that of their Northern counterparts. In contrast to the benchmark
model with exports only, offshoring causes the average price of the Northern imports to decline relative
to the average price of the Southern imports, a result which dampens the appreciation of the real
exchange rate through import prices.

(C4) Expenditure switching from imports towards offshored goods. Following an increase
in aggregate productivity, offshoring puts upward pressure on the Southern wage and reduces the com-
petitiveness of the Southern exports. Thus, Northern consumers switch their expenditure away from
the increasingly less competitive Southern varieties (N;Lt decreases) and towards the relatively cheaper
varieties produced by Northern firms offshore (NV,t increases). The result dampens the appreciation
of the real exchange rate in the medium run. It is consistent with the empirical evidence that FDI
inflows in Mexico were associated with a decline in Mexico’s low-wage competitiveness during the late
1990s (Gallagher and Zarsky, 2007).

(C5) Expenditure switching from imports towards domestic goods. Firm entry in the
North generates an increase in the number of domestic varieties (N D,t) relative to foreign imported
varieties (NNj;,) available to Northern consumers. In turn, consumers switch their expenditures from
imports towards the final good varieties produced domestically by the relatively less productive firms,

and which are available at relatively higher average prices. As in the model with exports only, this
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channel works towards the appreciation of the real exchange rate.

5.3 Empirical Moments: The Cyclicality of Offshoring

In this section I show that offshore production to Mexico’s maquiladora sector is pro-cyclical with
fluctuations in the U.S. manufacturing output. The result is robust across several indicators of off-
shoring: real value added, hours worked, and the number of establishments in the maquiladora sector.
The finding invites the construction of the model in which offshore production is procyclical with
domestic output, and in which the extensive margin of offshoring (proxied empirically by the number
of establishments) plays a special role in the cross-country transmission of business cycle fluctuations.

The absence of local consumption and the dominant share of the U.S. as the destination market
make Mexico’s maquiladora sector an appropriate empirical setup to study the cyclicality of off-
shoring through vertical FDI. By definition, plants operating under Mexico’s maquiladora program
import inputs, process them, and ship the resulting goods back to the country of origin (Gruben,
2001). Although not all plants in Mexico’s maquiladora sector are owned by U.S. firms, most of the
maquiladora’s imported inputs (82 percent in 2001) originate in the U.S. (Hausman and Haytko, 2003),
and most of the maquiladora’s value added (roughly 90 percent) is exported to the U.S. (Burstein,
Kurz, Tesar, 2007).

In panels A-C of Figure 6 (left) I plot the three maquiladora indicators (real value added, total
hours worked, and the number of establishments) against the industrial production index for U.S.
manufacturing.?’ T apply the Baxter-King bandpass-filter to the quarterly data in natural logs for the
interval 1990:1-2006:4 in order to eliminate fluctuations with periodicity lower than 18 months and
greater than eight years. The visual inspection of the filtered data suggests that the U.S. economic
expansion throughout the 1990s, as well as the recession in 2001, were associated with similar devel-
opments in the maquiladora sector. Also, the unconditional correlations summarized in panels D-F of
Figure 6 (right) suggest that offshoring to Mexico is procyclical with fluctuations in U.S. manufactur-
ing. In particular, the correlations of offshoring with lags and leads of the U.S. manufacturing index
suggest that U.S. output is contemporaneously correlated with the number of hours worked in the

maquiladora sector, whereas it tends to lead the number of maquiladora establishments (offshoring at

1T use quarterly data for the interval between 1990:1 and 2006:4. The data for U.S. manufacturing (i.e. seasonally
adjusted real industrial production and the nominal hourly wage in manufacturing) is provided by the Board of Governors
of the Federal Reserve System and by the U.S. Bureau of Labor Statistics. Data for Mexico’s maquiladora sector (real
value added, hours worked and the number of plants), at monthly frequency and without seasonal adjustment, is provided
by the Instituto Nacional de Estadistica y Geograffa (INEGI), Mexico. Thus, I take the quarterly averages of the Mexican
data and perform the seasonal adjustment using the X-12-ARIMA method of the U.S. Census Bureau.
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Figure 6. Mexico’s maquiladora and U.S. manufacturing industrial production

5.4 Theoretical Moments: The Cyclicality of Offshoring

Theoretical measures of offshoring In this section I explore the ability of the model to
replicate the cyclicality of offshoring to Mexico’s maquiladora industry relative to fluctuations in U.S.
manufacturing. In particular, I distinguish between the extensive margin of offshoring (the number
of offshoring firms) and the intensive margin (the value added per offshoring firm). Using the usual

demand and price functions under monopolistic competition for the varieties produced offshore, the

42 Although the interval of three quarters may appear too short for the creation of new offshore plants, this finding
must be considered in light of the fact that a considerable fraction of the non-U.S. owned maquiladora plants represent
arm’s length contractors that have the flexibility to enter into and exit from outsourcing relationships with U.S. firms
over the business cycle.
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total value added contributed by offshore affiliates is:*3

0 Wt TtTOLt 1-6

VA; = N, —
t Vit 9—1Zt 2Vt

Cy, with 6 > 1. (37)

I measure the extensive margin as the number of offshoring firms every period, Ny, and the intensive

margin of offshoring as the real value added per offshoring firm, VAg ; /Ny ;.

The determinants of offshoring Using the expression for total value added in (37), and holding
fixed the cost of effective labor in the North, the following regularities become apparent: (a) Offshoring
decreases with the terms of labor (O0VA;/0TOL; < 0), because the higher is the cost of effective labor
in the South relative to North, the lower is the incentive to produce offshore; (b) Offshoring decreases
with the trade cost affecting the shipping goods produced by offshore affiliates back to the country of
origin (0VA;/01; < 0), cost which reflects the magnitude of tariffs, trade barriers, transportation and
insurance costs; (¢) The value added offshore increases with the average productivity of the offshoring
firms (OVA;/0zy+ > 0); and (d) Offshoring depends on the number of firms that produce offshore
every period (OVA;/ONy; > 0), a number that is inversely related to the fixed cost of offshoring (fy).
The predictions of the model are in line with the empirical evidence provided by Hanson, Mataloni and
Slaugther (2005) that demand for imported inputs by U.S. multinational firms increases when their

offshore affiliates benefit from relatively lower low-skilled foreign wages and face lower trade costs.

The productivity process I introduce elastic labor supply in the baseline model of offshoring
under financial autarky, using the standard calibration described above. I also assume that aggregate
productivity in the North and in the South follow a bivariate autoregressive process:

log Z, * log Z;_
82t | _ | Pz pzz gt1+§t’ (38)

log Zf pz+7z  Pz* log Z;_, &
and that the productivity shocks are the only source of international business cycles in the model.
Following Backus, Kehoe, and Kydland (1992), I set the persistence parameters to pz = pz+ = 0.906,
and the spillover parameters to pzz+ = pz+z = 0.088; the variance of the shocks is 0.00852 and the

covariance is 0.18728 x 10~*, values which correspond to a correlation of innovations of 0.258.

43To compute moments, I deflate the value added offshore by the average CPI in the North economy in order to
1

eliminate the variety effect, i.e. (VA),, = P (VA) /P:, where P, = N,"° P,.
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Empirical vs. theoretical correlations Table 3 (panel A) provides the empirical moments
of offshoring from U.S. manufacturing to Mexico’s maquiladora sector. It includes the empirical cor-
relations of the maquiladora indicators (the number of establishments and the total value added per
establishment**) with lags and leads of the industrial production index for U.S. manufacturing. In
addition, Figure 7 contrasts the empirical moments with their theoretical counterparts generated by
the model.

The model is successful in generating the procyclical variation in the total value added offshore
relative to fluctuations in U.S. manufacturing output (Table 3). The contemporaneous correlation
between the offshore value added and manufacturing output in the North (0.78) is remarkably close
to the corresponding empirical correlation between the value added in Mexico’s maquiladora and U.S.

manufacturing output (0.71).

Table 3. Correlations of the maquiladora variables at ¢t with GDP in North (yg) at ¢t + j

j -8 -6 -4 -2 0 +2 44 46

A. Empirical correlations with lags and leads of U.S. manufacturing IP

Value added in maquiladora 0.26 0.36 0.64 0.85 0.71 0.33 0.06 —0.04 —-0.20
Number of establishments 0.34 0.62 0.82 0.77 0.49 0.22 0.05 —-0.14 -0.37

Value added per establishment —0.23 —-0.55 —-0.51 -0.16 0.08 0.06 0.00 0.16

B. Model with elastic labor supply under financial autarky

Value added (V Ag) —0.04 009 028 051 078 086 092  0.93
Number of firms (Ny') 028 041 045 031 -0.19 -0.16 —0.11 —0.07 —0.03
Value added per firm (22) —0.29 —-0.40 -0.43 —0.26 027 025 020 0.16

Turning towards the extensive margin (Figure 7, panel A), the data shows a strong and positive
correlation between the number of maquiladora establishments and past U.S. manufacturing output,
a result which suggests that U.S. economic expansions tend to lead the number of establishments by
at least three quarters. The model is successful qualitatively in capturing this pattern: In the model,
the correlation between the number of offshoring firms and past output in the North is positive (it
peaks for Northern output lagged by four quarters). The result is caused by the fact that, following

a productivity improvement in the North, offshoring at the extensive margin increases gradually over

41 use the number of establishments in the maquiladora sector as an empirical proxy for the extensive margin of
offshoring, and the real value added per establishment as an empirical proxy for the intensive margin.
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time, a pattern which mirrors the gradual appreciation of the Northern wage over time caused by
domestic firm entry.

The model generates one implication that is at odds with the data, namely that the contem-
poraneous correlation between the number of offshoring firms and output in the North is negative
(rather than positive as in the data). On impact, the greater demand for Southern varieties causes
the Southern wage to spike upwards, thus reducing the number of offshoring firms and generating a
negative contemporaneous correlation between the number of offshoring firms and Northern output.
The introduction of a sunk offshoring cost in the model (to replace the fixed, per-period offshoring
cost) would address this issue.

Regarding the intensive margin (Figure 7, panel B), the empirical correlation between value added
per maquiladora establishment and the past manufacturing output is negative and statistically sig-
nificant. The model is successful in replicating this pattern as well: In the model, the correlation
between the intensive margin and past output in North is negative. The value added per offshoring
firm declines several quarters after an increase in aggregate labor productivity in North: Following
the appreciation of the terms of labor, the amount of value added per offshoring firm declines because

the number of firms producing offshore increases faster than the total value added.

(A) The Extensive Margin (B) The Intensive Margin

Correlations: Number of Maquila Estab. at t with US IP at t+] Correlations: Value Added per Estab. at t with US IP at t+]
1 1 I I ! : ! 1 1 ‘ T T T 1 T

—&— Data
--------- 95% conf. band

Correlation
Correlation

: i : j lags/leads of US IP
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8

j lags/leads of US IP

Figure 7. Empirical vs. theoretical moments, financial autarky with elastic labor supply
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5.5 Theoretical Moments: Cross-Country Comovement of Output and Consump-

tion

In this section I examine the cross-country correlations of national income and consumption generated
by the model with offshoring relative to those from the model with exports only. I also conduct
sensitivity analysis for a wide range of possible values of the key model parameters. Under the
baseline framework of offshoring with financial autarky, I assume that productivity follows the bivariate
autoregressive process in (38), and that aggregate productivity shocks are the only sources of business

cycle fluctuations.

The productivity process I devote particular attention to the matrix of persistence and
spillover coefficients in the bivariate productivity process, using parameter values that are in line
with those used in the international real business cycle literature. In particular, I focus on three cases:
(1) Low persistence (pz = pz+= = 0.906) and positive spillover parameters (pzz+ = pz+z = 0.088) as
in Backus, Kehoe, and Kydland (1992, 1994); (2) Near-unit persistence (pz = pz+ = 0.999) and zero
spillover parameters as in Baxter and Farr (2005), with the variance of shocks 0.00852 and covariance
0.18728 * 10~* (correlation 0.26) from Backus, Kehoe, and Kydland (1992); (3) Asymmetric persis-
tence (pz = 0.996 and pz- = 0.951) with the shock being more volatile for Mexico than for the U.S.
(i.e. variances 0.013957072 vs. 0.00509392) and the covariance 0.1898 * 10~* (correlation 0.27), as
estimated in Mandelman and Zlate (2008) using total factor productivity (TFP) data for the U.S. and
Mexico.

Table 4 shows the cross-country correlations of output Corr(Yg, Y};) and consumption Corr(Cr, C},),
both for the model with offshoring and for the benchmark model with exports only, for each of the
three productivity specifications described above.?® The results show that offshoring enhances the
cross-country comovement of both output and consumption relative to the benchmark model with ex-
ports only. In particular, under the specification with near-unit persistence, the model with offshoring
under financial autarky reverses the ranking of correlations (the cross-country correlation of output
exceeds that of consumption), thus addressing the output-consumption correlation puzzle observed in
the international real business cycle literature, as discussed in Backus, Kehoe, and Kydland (1992,

1994).

45Tn order to compute the cross-country correlations of national income and consumption, I deflate the corresponding
variables by the average price indices in each country. For instance, I deflate the national income in North as Yr: =

~ 1~
P.Y;/P;, where P; = (ND,t + Nv,: + N}}’t) ¢=1 P,, since the empirical price deflators are best represented by the average
price index P; rather than the welfare-based price index P, as discussed in Ghironi and Melitz (2005).
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Table 4. Output and consumption comovement, financial autarky

Calibration: (1) Low persistence, (2) High persistence, (3) Asymmetric persistence,
o7 = pge = 0.906 07 = pge = 0.999 p7 = 0.996, pge = 0.951
Model: Offshoring No offshoring | Offshoring No offshoring | Offshoring No offshoring
Corr(Yr, Y7) 0.41 0.39 0.33 0.25 0.35 0.27
Corr(Cr, C%) 0.96 0.92 0.32 0.28 0.40 0.28

Sensitivity to p, 6, 7 1 also check the sensitivity of the cross-country correlations of output and

consumption to variations in the following parameters: (a) the persistence of the bivariate autore-

gressive productivity process pz (with zero spillovers); (b) the elasticity of substitution between the

Northern and Southern final good varieties 0; and (c) the iceberg trade cost 7.

The results in Figure 8 show that the model with offshoring under financial autarky generates

larger cross-country correlations for both output and consumption relative to the benchmark model

with exports, a result which holds for a wide range of values for the persistence parameter ¢z € [0.9,1),

the elasticity of substitution § € [2.5, 4.1] and the iceberg trade cost 7 € [1.20, 1.33]. In particular,

the cross-country correlation of output declines with the iceberg trade cost. Following a positive shock

in the North, a larger trade cost dampens the firms’ incentive to relocate production offshore, which

leads to a lower co-movement of output. The result is in line with the stylized facts documented in

Burstein, Kurz, and Tesar (2007), namely that countries involved in production sharing more intensely

with each other tend to display higher correlations of manufacturing output.
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Figure 8. Offshoring under financial autarky: comovement sensitivity to pz, 0 and 7.
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5.6 Theoretical Moments: Offshoring and the Macroeconomy

Table 5 shows the theoretical moments generated by the models with offshoring (panel B) and with
exports only as in GM2005 (panel C), under the baseline framework with inelastic labor supply aug-
mented with international trade in bonds. (The framework with international trade in bonds is de-
scribed in Appendix 2.) The empirical moments reported in the table are those computed in Man-
delman and Zlate (2008) based on data for the U.S. and Mexico. I assume that productivity follows
the bivariate productivity process in (38), with the persistence parameter py = pz+ = 0.906, pos-
itive spillover parameters pzz+ = pz+z = 0.088, the variance of shocks 0.00852 and the covariance
0.18728 x 10~4, as in Backus, Kehoe, and Kydland (1992, 1994).

The results are largely similar to the ones in GM2005, with a couple of exceptions on which I
focus here. First, investment in the North becomes more pro-cyclical with the Northern output in the
presence of offshoring. The correlation between output and investment in the North (where the latter
is measured as both total investment in firm entry and the number of new entrant firms) is larger in the
model with offshoring (0.89 for each) than in the model with exports only (0.86 and 0.87, respectively).
The result is due to the fact that, when offshoring is available as a low-cost alternative to domestic
production, the expected profitability of potential entrants in the Northern economy increases, and so
do investment and firm entry. In turn, the employment loss caused by offshoring is partially offset by
the employment gain generated by stronger firm entry in the presence of offshoring. (The result is in
line with the employment dynamics discussed in Appendix 3).

Second, the trade balance for the North becomes more counter-cyclical in the model with offshoring
than in the benchmark model with exports only: The correlation between the relative trade balance
and output in the North is more negative with offshoring (—0.12) than with exports only (—0.10); the
correlation between the offshore value added and the trade balance is negative (—0.23). The result is
due to the fact that the imports of offshored varieties contribute to the expanding trade deficit that
follows a productivity increase in the North; also, the stronger domestic firm entry in the presence of
offshoring increases lending from the South to North.

Nonetheless, when allowing for international trade in bonds, there is no notable increase in the co-
movement of output in the model with offshoring relative to the model with exports only. The transfer
of resources through lending towards the more productive Northern economy (and the resulting decline

in Southern output) offsets the enhanced comovement generated by offshoring at the extensive margin.
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Table 5. Offshoring and the macroeconomy: empirical vs. theoretical moments

Absolute Relative Correlations Other
std. dev. std. dev. with output in: correlations

(a) Empirical moments | U.S. Mex | U.S. Mex | U.S. Mex

Output 1.24 2.32 1.00 1.00 — — | YR YR 0.16

Consumption 093 284 | 0.75 1.23 | 0.83 0.92 | Cgr,Cj -0.04

Investment 4.18 9.26 3.36 4.00 0.90 0.90 | I,I* 0.21

Trade balance (%) 0.33 1471 026 147 | -0.42 -0.72 %g, Qcpr -0.47

North South | North South | North  South

(b) Offshoring, financial integration

Output (yr and y3) 0.95  0.92 1.00  1.00 - — | YR, YR 0.40

Consumption (Cgr and CF) 064 0.60 | 0.67 065| 091 0.87 | Cgr,Cj 0.97

Investment (05 and v£*) 323 433 | 340 471| 089 082 |0k, 0k —0.56

Firm entry (Ng and Nj,) 326  4.40 3.43 478 | 0.89 0.83 y’%y_%, % 0.97

Trade balance (74 ) 010 011| 011  012|-012 020 | $&,Qopr 014

CPI-based RER (Qcpr) 0.06 0.06 C%, Q 0.74
TBr,VAr —0.23

(c) No offshoring (GM2005), financial integration

Output (yr and yj) 0.95 0.92 1.00 1.00 — — | YR, YR 0.40

Consumption (Cgr and CF) 0.65  0.61 0.68  0.66 | 0.91 0.89 | Cg,Cj 0.96

Investment (vE and v5*) 3.64 383 | 383 416| 086  0.84 | vk, vE* —0.55

Firm entry (Ng and N},) 3.66  3.93 3.85 427 | 0.87 0.85 %, % 0.97

Trade balance (74 ) 011 011| 012 012{-010 —0.04 | $&,Qcpr  —0.02

CPI-based RER (Qcpr) 0.04 0.04 &.Q 0.74
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6 Conclusion

In this paper I study the way in which the relocation of production to other countries alters the cross-
country transmission of business cycles. In particular, I focus on the fluctuations in the extensive and
intensive margins of offshoring (the number of firms and the value added per firm, respectively), and
analyze their impact on output, wages and relative prices in the parent and the host country. Thus,
my study adds to the theoretical literature of macroeconomics and international trade which abstracts
from the dynamics of offshoring along the extensive and the intensive margins. In the model, offshore
production is determined endogenously in the presence of domestic firm entry and heterogeneity in
labor productivity across firms. Offshoring depends on the difference between the domestic and foreign
cost of effective labor, on the firm-specific labor productivity, as well as on the fixed and iceberg trade
costs.

The key results of the paper are as follows. First, the model is successful in replicating the pro-
cyclical pattern of offshoring as well as the dynamics of offshoring along the extensive and intensive
margins, which I document using data from Mexico’s maquiladora sector. Following an aggregate
productivity increase in the country of origin, the amount of value added per offshoring firm (the
intensive margin) spikes upward on impact, and decreases afterwards. In the medium run, however,
domestic firm entry causes the domestic wage to increase faster than aggregate productivity, which
in turn determines some of the more productive firms to relocate production offshore. The gradual
response of the number of offshoring firms (the extensive margin) mirrors the steady appreciation of
the cost of effective labor that follows domestic firm entry. Thus, the model is consistent with the
empirical regularity that expansions in U.S. manufacturing output precede increases in the number of
offshore plants in Mexico’s maquiladora sector.

Second, offshoring enhances the cross-country comovement of manufacturing output relative to
the model with endogenous exports. As firm entry in the parent country leads to the appreciation of
the terms of labor, the higher demand for domestic labor (due to firm entry) and sequentially higher
demand for labor offshore (due to the relocation of production) enhance the co-movement of wages
and aggregate incomes. The result is consistent with the stylized fact outlined in Burstein, Kurz,
and Tesar (2008), that countries with stronger production sharing trade links tend to display a closer
comovement of manufacturing output.

Third, offshoring reduces the price level gap between the countries involved, because it dampens

the appreciation of the real exchange rate that follows an aggregate productivity improvement in
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the parent country (the Harrod-Balassa-Samuelson effect) through several channels. In particular,
offshoring transfers some of the upward pressure from the domestic wage (caused by domestic firm
entry) onto the foreign wage (through the relocation of production), and thus dampens the appreciation
of the terms of labor; offshoring also leads to a decrease in the average import prices and crowds out
the increasingly less competitive foreign exports.

I recognize the possibility for several interesting extensions to this paper. First, the model with
endogenous offshoring allows for an in-depth analysis of the impact that the relocation of production
makes on employment and wages, both in the parent and in the host countries. The employment
dynamics discussed in Appendix 3 show that, as offshoring enhances firm entry in the parent country,
the domestic job loss caused by offshoring is partially offset by the creation of new jobs associated with
new product varieties. Second, the model allows for the study of welfare implications of offshoring
and trade liberalization, as discussed in Appendix 4. Third, in an empirical extension of the paper, I
study the dynamic response of the extensive and intensive margins of offshore production in Mexico’s
maquiladora sector to long-run labor productivity shocks in U.S. manufacturing that I identify as
permanent, country-specific technology shocks as in Gali (1999). Fourth and finally, one extension
with rich policy implications involves the study of dynamic interactions between offshore production
and labor migration within an integrated framework in which labor mobility is driven by fluctuations

in relative wages, as in Mandelman and Zlate (2008).
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APPENDIX

A Appendix

A.1 Offshoring under Financial Autarky

Table A.1. Model Summary, Financial Autarky

Euler equation, bonds C,"=814r1)E {C’t:ﬂ

Cr " =B (1+77) B[O |

S

Euler equation, stocks v = p(1—90)E; (Cth) (di+1 + Vit1)

~* * * C* 77 A:k ~*

vf =B (1= 0")Ey ( éf) (diy1 +074)
Free entry =1 o

ok fEwi

t — Z;;

Rule of motion, # firms Niy1=(1—-0)(Nt + Ngy)
NJ*J,tH =(1- 5>(N1*J,t + NE,t)
Aggregate accounting Ci+ Ngvy = wi L + Ntcz
Cf + Nﬁ,t@ =wy L™ + NB,t‘f’f‘f

Consumption price index 1= Np, (5D’t)179 + Ny (5‘“)170 + Ny (ﬁ?{t> -
1= Np, (3b)  + Noae (i)™

Total profits Ntcit = ND,tJD,t + NV7tCYV,t + NH7tCYH,t
Nf),tjf = NB,tJ*D,t + N;I,tgjf,t

Number of firms (Home) Ny = Npi+ Ny

~ -1 ~ *
VEDI profits link (Home)  dv,; = == (zw) dps + 25ty v 52

Zpit
HFDI profits link C?HJg = ﬁil)]‘ﬁ%

N | * WY
Ayt = —o-n/nz*

1
Zk—(G—l)Zk—(G—l):| yi)

Vit min

Dom. productivity (Home) Zp: = vzmin2vs .

’ ZV,t_zr];in
o N NN
VFEDI productivity (Home) 2Vt = VZmin (N—Vtt) /
1/k
HFDI productivity ZHt = VZmin (%)
>k * N* ’ 1/k
Fits = Vi (v5)
~ 1-0
Balanced trade Ni¢ (pH,t)lfe CiQi+Nyydyy = Nyy (pv,t)lfe Ci+Njp, (p}{’t> Cy

The baseline model with financial autarky for the Northern economy is summarized by 16 equations
in 16 endogenous variables: Ny, Np s, Ny, Nut, N, Jt, CA{D,t, Jv,t, EH,t, ZDyts 2Vity ZH,t»> Uty Tt, Wy and

C;. As the Southern firms do not offshore to the high-wage North, the Southern economy is described
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by only 11 equations in 11 endogenous variables: There are no Southern counterparts for Ny, Ny, JV,t,
Zp and zZy,. In particular, the average labor productivity of the representative domestic Southern

firm (27,) is constant over time. Variables Np¢, ry, N; and r} are predetermined.

A.2 Offshoring with Financial Integration

I allow for trade in international bonds in an extended version of the model with endogenous offshoring.
Following GM2005, T assume that: (1) International asset markets are incomplete, as households in
each country issue risk-free bonds denominated in their own currency. (2) Nominal returns are indexed
to inflation in each economy, so that each type of bonds provides a real return denominated in units
of that country’s consumption basket. (3) In order to avoid the indeterminacy of steady-state net
foreign assets and non-stationarity, I introduce quadratic costs of adjustment for bond holdings, a tool
which allows to pin down the steady state and also to ensure stationarity in the presence of temporary
shocks.

The infinitely-lived representative household in the North maximizes the inter-temporal utility

subject to the constraint:

(di + 0)) Ny + wi L+ (14 7¢) Buy + (1+77) QeBrs + T (39)

~ T ™
> Cy+ 9 (Nt + Ngyt) @1 + Brap1 + 5 (Bht+1)* + QiByiy1 + §Qt (Bfir1)?,

where 7 and ri are the rates of return of the North and South-specific bonds; (1 + 7;)Bp; and
(14+77)Q¢ By denote the principal and interest income from holdings of each type of bonds; § (Bh7t+1)2
and 5Q; (B f’t+1)2 are the cost of adjusting bond holdings, respectively; T} is the fee rebate. Setting
7 = 0.0025, I add the two Euler equations for bonds to the baseline model:

C —
L4+ 7By i1 = B(1+141) By < é.H) ) (40)
t
C -
1+ 7mBpiy1 = B(1+ 7“:+1)Et% ( t+1> : (41)
Q¢ Cy

The budget constraint of the Southern household is similar, and the corresponding Fuler equations
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for bonds are:

* -
L 7Bl = B+ 1) B ( *) , (42)
’ Qi1 \ C;
N
L7 B s = (4 1) B ( 5+*1> , (43)
t

The market clearing conditions for bonds are:

Bp+1+ Bj g =0, (44)

Bfyp1 + Bjypy = 0. (45)

Thus, financial integration through trade in bonds adds 4 new variables (B, +, By, B, B;t) and
6 new equations (40, 41, 42, 43, 44 and 45) while removing the original two Euler equations from
the baseline model with financial autarky. Trade in bonds also involves changes in the aggregate
accounting equations and in the balanced current account condition. I re-write the expressions for

aggregate accounting in the North and South as:

Ci+ Ng0p + Biy1 + Qi Byiy1 = wi L + tht + (1 4+7) Bry + (1 +1;) Qi By, (46)

Cy + NE,J: + Q;lBZ,tH + B},t—&-l = w;L* + NB,tJI + (1 +7) Q;lBZ,t + (1 +7)) B;;,t' (47)

I also replace the balanced current account condition from the model with financial autarky with the

expression for the balance of international payments:

TBi+  Nygdvy  +71eBns +7{QiByi = (Bhit1 — Bni) — Qt (Bfir1 — Byy) (48)
———
Repatriated profits Income from bonds Change in bond holdings

which shows that the current account balance (the trade balance plus repatriated profits of foreign

affiliates plus investment income) must equal the negative of the financial account balance (the change
in bond holdings).
A.3 Employment Dynamics

Theoretical measures of sectoral employment In this section I study the effect of offshoring
on employment in both the North and the South. To this end, I focus on the offshoring sector in the

Southern economy in addition to the three employment sectors in each economy (entry, domestic and
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exporting) described in GM2005.%6 The representative Northern offshoring firm hires Southern labor

both for covering the fixed cost of offshoring (fy/Z; units of Southern labor every period) and for

91
Zf

production (T{}t = c’lvvﬂgu?%ét + fv%=). Thus, I write the total employment in the offshoring sector as:
) t

L= Nva (lie + v /27 (49)

The log-linearized expressions for total employment in each economy are:

~ Lg+ Lp~ Ly~
L;=—L —L —L
t 7 “Et + 7 Dt + 7 Hb (50)
T Ly Tx L} T Ly Tx Ly T
Ly = TZLV,t + ffLE,t + T?LD,t + ffLH,t7 (51)

where the calibration implies that the steady state shares of employment in the North are 22, 53 and
25 percent for the entry, domestic and exporting sectors. In the South, they are 15, 48 and 15 percent

respectively, plus the remaining 22 percent in the offshoring sector.

Impulse responses for a productivity increase in the North Figure A.1 illustrates the
employment dynamics in the offshoring model in response to a positive productivity shock in the
North, when productivity follows the autoregressive univariate process log Z;11 = plog Z; + u; with
persistence parameter p = 0.9. In order to analyze the employment dynamics, I add elastic labor

supply to the framework with offshoring under financial autarky.*”

161 North, labor is hired for production by the representative firm serving the domestic market (Flvpyt = %JQt units

of labor), as well as by the representative exporting firm that hires labor both for production (’lVH7t = JH,t% + fu GZ_tl)
and for covering the fixed cost of exporting every period (%1) Thus, the total amount of labor hired by each sector in

North is Lp+ = ND,JDJ and Lg: = Nu+ (TH,t + %)7 respectively. In addition, the new entrants in each economy hire

labor to cover the sunk entry costs (é—lf units of labor per new entrant in North); the total amount of labor hired by the
entry sector in North is NEyth—bt’ every period.
4"The representative household aiming to maximize the expected inter-temporal utility
X s 1+1/4 . . . . -
{BmaXL , {Et S Bt (ln Cs — x%)} consumes and supplies L; working hours elastically in a competitive la-
ty Tt,lit s=t

bor market subject to the budget constraint Bit1 + 0 (Nt + Ngt) 2e41 + Cr = (1 +14) B + (Jt + U¢) New + we Ly, where
x > 0 is the weight of disutility from labor in the period utility function, and ¥ > 0 is the Frisch elasticity of labor
supply to wages and the inter-temporal elasticity of substitution in labor supply. Following King, Plosser and Rebello
(1988) and the discussions in Campbell (1994) and Bilbie et al. (2006), I use log utility for consumption (which is
equivalent to setting v = 1 in the baseline model) in order to obtain constant steady state labor supply in a model
in which utility is additively separable over consumption and hours. I incorporate the usual first order conditions
with respect to hours worked into the model, X(Lt)% = w:C; ' and x* (Lt)wi* = w;C; ™ Using the baseline model
calibration, I set the weight parameter y = 0.9188 and x* = 0.9458, so that the steady-state level of hours worked is

— P
equal to unit, L = {f:} = 1. The wage elasticity of labor supply in North and South is ¢ = 3.
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Figure A.1. Employment dynamics,

impulse responses to a transitory 1 percent productivity shock in North

In the North, on impact, employment rises in the entry sector and declines in the domestic and
exporting sectors. Thus, the reallocation of labor across sectors supports the creation of new product
varieties following the productivity improvement in the Northern economy, both in the model with
offshoring and in the model with exports only.

Important differences in employment dynamics across the two models become visible in the medium
run. As the option to produce offshore improves the average profitability of prospective entrants, firm
entry is more persistent and employment in the entry sector declines by less in the medium run in
the model with offshoring than in the model with exports only. Also in the medium run, offshoring
stimulates employment in the Northern exporting sector, as the creation of new product varieties and
the dampened appreciation of the terms of labor enhance the competitiveness of the Northern exports
relative to the model with exports only. However, offshoring reduces employment in the Northern

domestic sector, partly due to the relocation of production to the South, and partly due to the

46



APPENDIX

within-country reallocation of employment towards the entry and the exporting sectors in the North.
Overall, the employment loss in the North caused by offshoring is (partly) offset by the employment
gains generated by enhanced product creation and export competitiveness in the North.

In the Southern economy, the increase in employment in the offshoring sector offsets the loss in
the domestic and exporting sectors, as well as the loss in the entry sector in the short run. The result
is in line with the empirical evidence that given the crowding out of domestic investment, most of the
new jobs in Mexico’s manufacturing (96 percent) during 1994-2002 were in the maquiladora sector

(Gallagher and Zarsky, 2007).

A.4 Welfare Analysis: Trade Costs and Offshore Production

In this section I analyze the welfare effect of a sudden and permanent decrease in the iceberg trade cost
affecting the imports of offshored product varieties from 79 = 1.3 to 71 = 1.2 (a deterministic shock),
in addition to the stochastic transitory shocks to aggregate productivity. To this end, I log-linearize
the model using a second order approximation around the steady state, and assume that productivity
follows the bivariate autoregressive process described in expression (38), with the persistence, spillover
and variance-covariance matrix of shocks from Backus, Kehoe, and Kydland (1992, 1994).

Figure A.2 plots the transition paths to the new steady state for key variables of the model. The
lower trade cost associated with offshoring increases profitability and hence stimulates firm entry in the
North. In turn, the total number of Northern firms, the real wage, output and consumption converge to
relatively higher steady state levels, an outcome which is welfare-enhancing for the Northern economy.
The total value added offshore and the number of offshoring firms also converge to higher steady state

levels. In the Southern economy, the real wage, consumption and output decrease to lower steady
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state values due to the crowding out of domestic entry by offshoring.

lceberg trade cost for offshored goods Real wage, Morth Real wage, South
265
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Figure A.2. Transition paths to new steady states, following a permanent decrease

in the iceberg trade cost of offshoring (from 79 = 1.3 to 7 = 1.2)

In order to compute the consumption-equivalent gain for the North, I compare the level of welfare
that the Northern household obtains in the initial steady state (Vp) with the level of welfare it holds
as of period ¢’ when the decrease in the trade cost of offshoring takes place (Vi ):

1 o0

Vo= 0 (Coera) and Vi = ECS 70 (@), @)

v=t’

where the welfare level of period t' takes into account the discounted stream of utilities that the
Northern household achieves at all future periods during the transition path to the new steady state.
Then I define the constants Cy and C to denote the permanent streams of consumption necessary to

generate the welfare values Vj and Vy:

= V—_— d ) = —
Vo=q—gy oy adWw=gmpg7

(53)
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and compute the consumption-equivalent welfare gain (A > 0) or loss (A < 0) that corresponds to the

permanent decrease of the iceberg trade cost for offshored goods:

A= <gl - 1) % 100. (54)

0

Figure A.3 (continuous line) plots the consumption-equivalent welfare gain measured as a percent-
age increase in steady-state consumption (on the vertical axis) associated with the permanent decrease
in the trade cost for offshored goods; I allow the elasticity of substitution between domestic and off-
shored varieties (on the horizontal axis) to vary over € € [3.1, 3.9]. The results show that the Northern
economy obtains a welfare gain that exceeds the equivalent of 5 percent of initial consumption for
the entire range of elasticity values. Moreover, the gain increases with the degree of complementarity

between the domestic and offshored varieties.

%)

£ 10.0
AT ———

5.0

25

0.0

Consumption-equivalent gain/loss

= Trade liberalization for offshoring only
—=—Both offshoring and imports of Southern varieties
= = 'Imports of Southern varieties only

Figure A.3. Consumption-equivalent welfare gain/loss, following a permanent decrease

in the iceberg trade cost of offshoring (from 79 = 1.3 to 7 = 1.2)

A.5 Asymmetric Firm Entry Costs

The World Bank’s Doing Business report outlines the large variation in the regulation of starting a
business across countries at different levels of economic development (Table A.2). For instance, the

monetary cost is 3.3 times higher in Mexico than in the U.S. or Canada; it is 6.2 times higher in
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Hungary than in the U.K.

Table A.2. Firm entry costs, selected economies

Economy Procedures Duration Monetary Cost Relative Cost

(number) (days) (USD) (U.S.=1.0)
U.S. 6 6 314.79 1.0
Canada 2 3 325.53 1.0
Mexico 8 27 1,046.71 3.3
Germany 9 18 2,087.34 6.6
U.K. 6 13 321.44 1.0
France ) 7 402.05 1.3
Poland 10 31 1,736.28 5.5
Czech Republic 10 17 1,344.08 4.3
Hungary 6 16 1,938.15 6.2

(Source: World Bank, Doing Business Report, 2007)

A.6 Solution for the Asymmetric Steady State (TOL < 1)

In this section I provide the steady state solution for the offshoring model with cross-country differences
in the cost of effective labor in steady state (’TOL < 1). To this end, I use an integrated framework
that nests both the baseline model with offshoring («« = 0,7 = 1) and the benchmark model with
exports (o = 1,17 = 1) as in Ghironi and Melitz (2005), as described in the text.

I provide a numerical solution for the unique steady state using a non-linear system of 12 equations
(listed below) in 12 unknowns. The unknowns are the steady state values of: zy (the offshoring cutoff
productivity), zgy (the exporting cutoff productivity in North), TOL, %, Q, ‘%D, ‘%‘/, ‘%H, z5 (the
exporting cutoff productivity in South), pg, pj;, and N—]\%. Subsequently, the numerical solution for
the initial 12 variables allows for an analytical solution for the steady state values of the remaining
variables of the model. A technical appendix providing their complete derivation is available upon
request.

I use the following pricing and profit formulas (in which Z = Z* = 1) in order to derive the steady

state solution:

50



APPENDIX

Table A.3. Prices and Profits

Prices Profits

Domestic prod., North pp = (ﬁ%% C?Dﬂf = %(ppvt) C

. ~ 1-6
Domestic prod., South  p}, = %g—f dp, = % D t) Cy

D K K
Offshore prod. (VFDI) py = 75 £ (rTOL)'™  dyy = § (pve)' " C = frwTOL'-®
Exports/HFDI, North  py = O;Lj WQLTOLY  dyy = L (5 0 Cr Qi — frwTOLY
E HFDI. South 7% = -2 " *Q 1t e 1 (s 1_90 =1 _ pwo (Wi (_1 \1=7"

xports/ , pouth P = 777 z;; (ro1) Ht = 6 \PHt 1Q — frw™ 75 (ror)

In addition, using that

v = %d, Ng = 1‘%6]\[, and v = few in the expression for total profits

in the Northern economy, the first equation in the system is:

— B(1-9) Np dp NVCTV+NHdH

B0-0) P TN w T Nw TN w (55)
k k k
e 3= (1) =1 ()3 - (3
Next, the profit formulas for the Northern economy imply:
1 1 _k—(6-1)
dp k o(1— 1-0_x(6-1 "z —1
F-nl" QQ - o1 (56)
dv _ k 1—a+0(a—n) 1-6 —t (@t 1«
w - ho@o1/tor QQ o) cmaw - HTOLT(6T)
(IH 0-1) 1—
A T fpwTOLY
w k- (@-nHwToL (58)
dy F 1 d 0—1
v_ v D ( ) frwTOLY~. (59)

o _k—(6-1)
w —
2y

1$+k—(9—1)

The expression for total profits in the Southern economy implies:

1-p5"(1-06") .. k " 0(n*—1) _n*(0—1) A0—1 _+1—0 C"Q
5 fE_k_(e_l)fHTOL i (60)
-1 ([ 1\F _
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Next, the consumption ratio adjusted for the real exchange rate is:

x\ 0—1
C fl*{ 9( *_1 _ ZHTT]
— Moo -nge-1 (ZHT 3 1
C*Q  fu © N 2T (o1

Using the balanced current account condition, I obtain:

0-1 0(a+n*—1)
ko | (0 =1) 2y TOL
(1 —a) 2y TOL k—()fH( > (9 1) (1—a—n*) +fV (62)
fH - fH - *—1
= A TOL™ A* TOL"
N* O N* O bl
where A = (77 + (1577)) ooy — (1—m) and A* = (77* + & )> oy — (L")
The expression for the real exchange rate in steady state is:
. TOL1—9+( *nTOLl 77)1 -0 9 1- k]\]/v\/;
Q7=
(1_2,‘;1::) glzk Z(:jl)_lfév* b 01 k]\Z[V (rTOL)=)A=0) 4 ,x0-1-k N_ (TTOL)” *(1-0)
Vv
(63)
The remaining equations are:
Ok ot 1—p8* !
[y )fHTOLn TEa-eEE (64)
0k 1—-8 , pio-t
o T Ln '\*9 1 =1 H
N (pn o = =t (66)
Np \pw) o
where
_ 1 7 \" -1 . N
o [ <TOL> ] +ZHkN* ’ (67)
-1 _k—(0-1) 6—1 -1
-1 * z * N
Q= (1-2,F zV) T TOL)" O™ 420k |2V (rTOL)" +a—1] ok ( ) :
= ZV)(zH oy oL T | 10D T\ Ny
(68)
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A.7 Demand Functions and the Welfare-Based Price Index

The Northern representative household minimizes the total expenditure associated with the consump-
tion basket Cy, which includes final good varieties produced by the Northern firms domestically (yp ),

offshore (yv,;), as well as final good varieties produced by Southern firms (y}‘q?t):

2Vt o] e’}
. * *
min P,Cy = /pD,t(Z)yD,t(z)dz+ /pV,t(z)yV,t(z>dZ+ /pH,t(Z)Z/H,t(Z)dZ , (69)
{yD,t(Z)v yv,t(2) 55 4 (2) )
Zmin 2Vt ZH,t
Produced domestically Produced offshore Produced by gouthern firms

0
: e 01 ® o1 >0 o | :
subject to Cp = | [ yps(2) 7 dz+ [yva(2) 7 dz+ [ yj(2) 7 dz . The first-order condi-
Zmin 2Vt Z;I,t
tions with respect to yp ¢(2), yv,(2) and yj; ,(2) imply:
1 _1 i _1 " _1
po,t(2) = MCypu(2) 77, pua(z) = MG yve(2)”7 and piyi(2) = MCyir,(2) 77, (70)
which I use to re-write the total expenditure amount:
2Vt 00 [e 9]
P,Cy = /pD,t(Z)yD,t(Z>dZ+ /pv,t(z)yv,t(z)der /pH,t(z)y;I,t(z)dz = (71)
Zmin 2Vt Z;{,t
2Vt [e’]
" -1 0—1 " 0—1
= MGy ypu(2) @ dz+ [ yvu(z) @ dz+ [ yp(2) 7 dz| = MGy (72)
Zmin 2Vt Z;{,t
01
C, 0

Next I insert the resulting identity A\; = P; and the demand functions yp(z) = (pD’t(Z)/Pt)_G Cy,
-0
yvi(z) = (pv;t(z)/Pt)_g Ct, y.(2) = (p*H,t(z)/Pt) C; into the expression for total expenditure,

2Vt ) [e'e]
PCy = [ ppi(2)yps(2)dz + [ pvi(2)yve(2)dz + [ p*H’t(z)y}}’t(z)dz, in order to derive the price
Zmin 2Vt Z;I,t
index: )
2Vt ) oo -0
P = /pDﬂg(Z)l_edZ—'- /pw(z)l_edz%— /pH,t(z)l_edz . (73)
Zmin 2Vt Z;I,t

Throughout the model I use the consumption basket as the numeraire good in each economy. Thus,
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the real prices of final good varieties expressed in units of the Northern consumption basket are:

_ pp(2) _ pva(2) % _ p?[,t(z)
ppi(2) = P pvi(z) = P, and pyr4(2) = P (74)
and the demand functions for final good varieties become:
yp(2) = ppa(2)~Ch yvia(2) = pvp(2)"Ch, and yy(2) = pire(2)°Cr. (75)

A.8 Profit Maximization with Domestic and Offshore Production

Northern firms producing domestically Firms set optimal prices by solving the profit max-
imization problem:
Wy

max PD,t(Z)yD,t(Z) - 7?/D,t(z)' (76)
{pp.(2)} Zyz

Using the demand function yp(z) = pD7t(z)_eCt, the price is equal to the marginal cost multiplied

by the markup:

Oyp.i(2) wy Oypt(2) 0  wy

Do (2)  Zi2 =0= = 77
Oppa(2)  Ziz ppal2) poi(2) = g7~ (77)

yp,t(2) + pp,i(2)

Northern firms producing offshore The firm with idiosyncratic labor productivity z that
produces final goods using a mix of domestic and offshore inputs solves the following profit maximizing

problem:*®

we \* [ wiQ ' wi\® (wiQr\'
{maX}Pv,t(Z)yV,t(Z)— (th> <T Z;‘z> yD,t(Z)—fV <Zt> ( Zy ) . (78)

PVt

Using the demand function yy4(2) = pv.¢(2)~?Cy, the resulting price formula is:

B 9 & o w;Qt 11—«
pval?) = g (th> (T Zr2 ) ' (79)

*®The cost minimization problem in the broader framework of offshoring, min wil; + 7w;Q:l} so that yve(z) =
1o\l

a x _gxl—a a * 1-a
[%] [M] , leads to the following expression for the marginal cost: MC; = (ﬂ) (M) .

e 11— Ziz Z;‘z
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Firms serving the foreign market The pricing formulas for the firms from either country

serving the foreign market through either exports or horizontal FDI can be obtained in a similar way:

0 wiQ "\ (w7 0 wiQ\" [(w '
_ * d pt (2) = il .
) = g () (L) g = o (PR2) (5 (50)

A.9 Existence of Equilibrium for the Offshoring Productivity Cutoff (zy,)

As discussed in the text, two conditions must hold every period in order to ensure the existence of
equilibrium productivity cutoff zy; : (1) dy(2) is steeper than dp+(2), and (2) zmin < 2v¢. The first
condition implies that the effective wage in South must be low enough relative to the effective wage

in North (TOL; < 1) in order to offset the iceberg trade cost (7 > 1):

wi Qy
—_— TOL 1. 1
TZ,;“ <Zt <— 7TOL; < (81)

The second condition, zmin < 2v, requires that:

Ofp% + fv g
Slope(dy(2)) < —— 2

Zznnl ,
9—11 0 % = GC <®f +f w;(Qt
Fming \ 917, t E VT
1 0 W 1-0 tht
9(9—1thmin> Ct<®fE +f 7
w
th(me) < @fE' +fV tZ?tv (82)
t

where © = %. The last inequality shows that the profit obtained from domestic production by

the firm with the minimum productivity Z,;, must be smaller than the sum of the per-period value of
the sunk entry cost and the fixed cost of offshoring. In other words, the firm that obtains zero profit
from domestic production would make negative profits if it engages in offshore production, i.e. the

firm with productivity z,.;,» does not produce in either country.
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A.10 Average Firm-Specific Productivities under the Pareto Distribution

Northern firms producing offshore

[ o -1 [e.e]
1 z .
=~ 0—1 Vit 6—1"*min
v = z z)dz = dz -
' 1 —G(zvy) / 9(2) <zmin> / k1
B 2Vt 2Vt
k k -1 1
AVt kzmin 0—1—k k 6-1
= z =vzyy, wherev= | ——— . 83
(zmm> k—(0—1)"Vt " k—(0—-1) (83)
Northern firms producing domestically
- z i » 1
Vit 6—1 Vit 6—1
b k 9 k
~ 1 _ th _ k‘Z :
Zpt = / 227 1g(2)dz = |55 2° liknff dz =
G(zv7t) ZV,t ~ Zmin z
L Zmin Zmin
- i 1
k -1
_ Vit kzpin ( 0—1—k _ 29717k> _
- k k . Vit min -
_zV,t ~ Zmin (9 k 1)
1 1
k -1 k—(0—1)  _k—(6—1)] -1
- (ZminZV,t) 1 o 1 . ) zV,t ~ Zmin (84)
B k—(0-1)  _k—(6-1) = VZminZVit k& :
min Vit ZV,t min Vit min

A.11 Average Profits: Domestic and Offshore Production

The average profit of the Northern firms producing domestically is:

1{ 0w r"ct 1[ 0 wt]lect%—l

Cfiv = d z = — — ~ N N 1 7 =
i =dpi(Zpe) = 5 | g7 ZiZpy 016—12 “Dit
B [ k—(6—1 k—(6—1) ]
1 [ 0 wt:| ! 90 ( )9_1 ZV,t( )~ Zmin( :
= | t (VZmin2v % % -
010-12, 2yt~ Zmin
_ [ k—(6-1) k—(6-1)]
1 [ 0 wy T 60 (vz )9_1 Ayt ~ “min _
= - | — t i -
010—-1 ZtZVﬂ: | . Z\k}ﬂf - Zrknin
dp,t(zv,e)
k—(6—1)  _k—(6—1)
1| v, ~ Zmi
= dp 1(2v) (Vzmin) "' |
ZMt ~ Zmin
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Similarly, the average profit of the Northern firm producing offshore through vertical FDI is:

e ~ 1 0  wiQy 1= wt “ wZQt -
dv,=d = |t _ Zt —
vt = dvi(Zvs) 7 [T 71 Z:g\/,t:| Cy— fv Z 7
1 0 wiQy -0 Ol f “(wrQy o _
“ol"0-1 z ve = fv Z -

i 1 0 wiQ wi Q¢ 1o 0—1 0—1 wp\ ¢ wyQ Lo
_{H[THZZ‘ZV,J gy ( t> (%) } s n(7) (5

dV,t(ZV,t)

_ 0—1 w\* (wiQe)'
_ 0—-1 R —t et
= dV7t<ZV,t>V + k— (9 -1) v (Zt) < Zf >

The Northern firm with productivity equal to the cutoff zy; is indifferent between locating pro-

duction domestically or offshore. Hence, the identity of profits at the productivity cutoff, dp¢(zv) =
dy+(zvy), and the two expressions above allow to write the link between the profits to the two repre-

sentative Northern firms:

-1

(;lv B 1 0—1 z‘k/,_t(@_l) _ Zrlzli_n(e_l) g 1 . 01 f % o w:Qt j e B
Vit = VZmin z‘k/’t — zﬁlin Dit¥ E—(0-1) v Zy zr N
:dD;r(ZV,t)
-1
k—(0-1 k—(0—-1 a " _a
_ 10 ZV,t( ) zmin( ) 7 n 0—1 f (U%) <wt Qt> ! _
min Z\k/"t — Zﬁlin Dt L (9 — 1) \% 7, Zik
k 2Vt -1 ~ 0—1 Wt @ w:@t 1o
= —D d —_ — . 85
kE—(0-1) <ZD¢) D’t+k‘—(0—l)fv Ly Zf (85)
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A.12 The Real Exchange Rate

Np e+ Ny +NF

—~1-6
Using the definition Q) = ( NE N,
ot ot

) 170 and the notation Z\~ft = Np; + Ny, + Niy,

Nt* = Np 4+ Ny I re-write the CPI-based real exchange rate as:

1-6
~ * ~x * ~ * 1-6
@«176 N, Npy (PD,tPt 5t> + Nt (pr P/ er)
t T T _ B N _ _ 160
t Npt (ppsP) ™" + Ny (pvaP) 0 + Niry |:p*H7tPt:|

. % 'lU*P*E, 179 ’T* 77 'LU*P*&, 1—9
7, Noa (%) + N () 52
Nt* (TtTOLt)liatht 1

1-6 —6 * 1-6
tht * (TtTOLt)n tht
Np.t (ztzp,t> + Ny [ Zizva } + Niy [ Zig,

* — —nq1-0
ND,t [YlOLt}l 9+ Np 4 [(Tt*)nTOLt1 ’7}

Ny | #p, Ny ZHt
= 1_,‘,9 it lt_a - e ~ 1-0° (86)
N‘?’t 1 + Ny,t (’TtTQLt) + Hit (TszLt) 1
N, ZD,t N, 2Vt N, ZH

In what follows I use the notation sp = Np (%)179 + Ny [Z—%’V (TTOL)PQ] e to denote the
steady-state share of spending in North on goods produced by Northern firms both domestically
and offshore. Expression s, = Ny [ZLgV (TTOL)l_O‘} o denotes the steady-state share of spending
in North on goods produced by Northern firms offshore only (i.e. s, < sp). Expression s}, =
N}, (%)1_9 denotes the steady-state share of spending in South on goods produced by Southern
firms domestically. I also take into account that the average productivity of Southern firms producing
domestically EE’t is a constant. Using all of the above, I log-linearize the CPI-based real exchange

rate:

(1-0)0, = b [N;;,t _ N, +(1-0) T/\OLt] 4
0L 5p) R = N0+ (1 0) (477 + (1= ) TOL,~ )| -
~ (50 = 0) [N = M= (1= 0)Z| -
. [ﬁw N+ (1-6) (1~ o) (7 + TOL) - %)] -
— (1= sp) [N;},t ~ N+ (1= 6) (i (7 + TOL) - ?;,t)] .

Setting n = n* = 1 to nest the Ghironi and Melitz (2005) model with endogenous exports (i.e.

firms in each economy serve the foreign markets through exports), the log-linearized expression for
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the CPI-based real exchange rate becomes:

~

Q,=[sp—(1—a)sy+sp—1] T/O\Lt—i- (87)
+ (SD — Sv)§D7t + SVjZf:V’t — (]. — Oé)Sv?t‘i_
=* ~ * = o~k
+(1=sp) (Fue—7) - (0= sp) (e —77) +
1 N\ (o <
i1 <Sv - N) (Fva=Nive) +

1[5 5) ) (3o - 55)]
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