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Chapter 1

Introduction

The greatest improvement in the productive powers of labour [...] seem to
have been the effects of the division of labour.

As it is the power of exchanging that gives occasion to the division of labour,
so the extent of this division must always be limited by the extent of that
power, or, in other words, by the extent of the market.

Adam Smith (1776), An Inquiry into the Nature and Causes of the Wealth
of Nations, Volume I, Book I, Chapters I and III.

1.1 Plan of the dissertation

In the days of Adam Smith, the various stages required to produce a good were
usually concentrated in close geographical proximity. While the efficiency gains
derivable from splitting production processes into separate tasks had been un-
veiled, the division of labor generally proceeded locally. The costs of transporting
parts and components from one production facility to another, particularly across
borders, were prohibitively high for most commodities.

Nowadays, more than two centuries later, the picture has changed dramatically.
In fact, the division of labor has become truly international and production chains
increasingly stretch over several national borders. To reap the benefits of the di-
vision of labor, firms no longer need to concentrate production in a single factory.
They are now able to "fine-tune" the locational pattern of individual production
stages to international factor prices (Kohler 2004b). Each stage can be located
where production is cheapest, so that countries increasingly specialize in partic-
ular "tasks' rather than entire production chains (Grossman and Rossi-Hansberg
2008b). As a result, intermediate goods and services are being shipped across the
globe, either at arm’s length or in the form of intra-firm trade by multinational
companies. In brief, the past two decades or so have witnessed the rise of vertical
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linkages, i.e. cross-country links established by international production chains.!
Empirical evidence documenting the growing importance of vertical linkages will
be presented in Section 1.2.

The sweeping changes in the international division of labor have been facili-
tated by a decline in distance costs. Technological advances in transportation and
communication have greatly reduced the frictions associated with a spatially frag-
mented production process. In particular, new forms of telecommunication, such
as the internet and electronic mail, have facilitated the coordination and monitor-
ing of distant production activities. Faster transport, e.g. in the form of airborne
trade and faster vessels, has made it viable to ship fragments "just in time" from
one factory to the other at reasonable cost (Hummels 2001). Hummels and Schaur
(2012) reckon that each day in transit is equivalent to an ad-valorem tariff of 0.6 to
2.3 percent and that trade in parts and components is particularly time-sensitive.
At the same time, economic liberalization has provided a powerful catalyst for
the expansion of vertical linkages. Many countries have torn down barriers to
international trade, cut red tape, and embraced foreign direct investment.

vertical linkages Chapters2&3  international trade

Chapters4 & 5 Chapter 5

macroeconomic dynamics

Figure 1.1 Synopsis of the dissertation

The expansion of vertical linkages is not only transforming the international di-
vision of labor, but has profound consequences for international trade and macroe-
conomic dynamics, too. This is, in a nutshell, the main theme of this dissertation
(see Figure 1.1 for a synopsis). The first part of the dissertation, i.e. Chapter 2,
takes the perspective of international trade theory. More specifically, the chapter
puts forward a novel mechanism explaining how vertical linkages have contributed
to the staggering long-run growth in international trade over recent decades. The
second part of the dissertation shifts the focus to international macroeconomics.
Chapter 3 demonstrates theoretically that more extensive vertical linkages raise
the short-run volatility and cross-country synchronization of trade flows, while
Chapter 4 develops a DSGE model with truly endogenous vertical linkages. The

T will use the terms wertical fragmentation or international fragmentation of production to
refer to the general process resulting in vertical linkages. By contrast, offshoring describes the
corresponding internationalization strategy of an individual firm.
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findings of Chapter 3 complement the work by Kose and Yi (2001, 2006), who
showed that vertical linkages also foster output co-movement. However, vertical
linkages are not the only form of international integration that has progressed
rapidly over the past two decades. Against this backdrop, Chapter 5 seeks to
disentangle the various channels involved in international business cycle synchro-
nization, including trade and financial linkages. Chapter 6 brings together the
main findings from the previous chapters.

In greater detail, Chapter 2 is devoted to the longer-term consequences of ver-
tical linkages for international trade. The chapter proposes a novel mechanism
that helps explain the surge in world trade over the last two decades: the export-
magnification effect of offshoring. It is shown analytically in a general equilibrium
model with heterogeneous firms that a fall in variable offshoring costs boosts trade
in differentiated final goods through an intra-industry reallocation of resources to-
wards the more productive firms. More specifically, lower barriers to offshoring
reduce the average costs of inputs for offshoring firms and allow more firms to
source cheap foreign intermediates, which improves firm-level price competitive-
ness. This, in turn, translates into higher export quantities of incumbent exporters
(intensive margin) and the entry of new exporters (extensive margin). The increase
in final goods trade comes on top of the boost to trade in intermediates. Hence
the mechanism proposed in Chapter 2 is consistent with the fact that the share of
intermediate goods in international trade has remained broadly stable over recent
years (see Section 1.2). Chapter 2 also sheds some light on the determinants of
the sourcing decision at the firm level. In the model, firms are free to source their
inputs at home or abroad, in both cases at arm’s length. While foreign inter-
mediates are cheaper than domestic ones, they are associated with variable and
fixed offshoring costs. Due to this trade-off, only the more productive firms find it
optimal to purchase foreign intermediates.

Chapter 5 enters the realm of international macroeconomics. It explores theo-
retically how vertical linkages affect the short-term dynamics of international trade
flows. As a matter of fact, world trade has not only increased tremendously over re-
cent decades, but has also become more volatile relative to production and income.
A case in point is the collapse of world trade in 2008-09. At that time, international
trade flows declined dramatically, also relative to output. It is widely held that the
international fragmentation of production has been a key driver of the increased
volatility of trade. The chapter provides a rigorous theoretical foundation for this
idea. Based on a minimal International Real Business Cycle (IRBC) model with
vertical linkages, it is shown how closer vertical linkages between countries raise
the volatility of international trade. The chapter also demonstrates numerically
that the cross-country synchronization of trade flows rises as vertical linkages be-
come more important. This finding dovetails nicely with the fact that the trade
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collapse of 2008-09 was not only exceptionally severe but also highly synchronized
across countries. In brief, the model not only helps explain the longer-term in-
crease in the volatility of trade, but is also consistent with key stylized facts of the
global downturn of 2008-09.

Chapter 4 takes the macroeconomic analysis of vertical linkages - or offshoring,
for that matter - one step further. More specifically, I build a Dynamic Stochastic
General Equilibrium (DSGE) model in which both the intensive and extensive mar-
gins of offshoring are endogenous. The extensive margin of offshoring refers to the
range of production stages located offshore, while the intensive margin relates to
the quantity of a given intermediate produced offshore (Kohler 20045). Standard
micro-founded macro models typically treat the extensive margin as exogenous.
More specifically, they typically rely on Armington aggregators to bundle domes-
tic and foreign inputs. A fixed weight is assigned to each component and, in the
case of changes in relative input prices, firms vary only the relative quantities of
these bundles. While this strategy is understandable on the grounds of modeling
parsimony, it is unclear how the shutdown of the extensive margin of offshoring
affects the international transmission of shocks. To shed some light on this issue,
Chapter 4 presents a medium-scale DSGE model with truly endogenous vertical
linkages. In the model, firms are free to decide on both the range of intermediates
to be imported from abroad (extensive margin) and the quantity of each imported
intermediate (intensive margin). In the most general model variant, the exten-
sive margin is pinned down by a trade-off between task-specific offshoring costs
and task-specific technology. There are no fixed costs. The underlying method-
ology is in the spirit of the continuous goods model by Dornbusch, Fischer and
Samuelson (1977). The dynamics of the full-fledged model are then compared with
those of the same model where the extensive margin of offshoring is exogenously
fixed. As it turns out, the dynamics of the two model variants are very similar.
Moreover, the extensive margin hardly fluctuates over the business cycle, even if
firms can costlessly shift back and forth between domestic and foreign sourcing.
Hence the findings suggest that fixing the extensive margin of offshoring is largely
inconsequential in standard DSGE models. These findings also justify ex post the
modeling approach chosen in Chapter 3, where vertical linkages are modeled using
a standard Armington aggregator.

Chapter 5 retains the focus on the link between international linkages and
macroeconomic dynamics. More specifically, it studies empirically how economic
integration affects international business cycle synchronization. The underlying
empirical model captures not only vertical linkages, but also financial ties and
other relevant channels for the international transmission of shocks. While ver-
tical linkages have increased tremendously over the past two decades, economic
integration has also progressed in other areas, particularly in financial markets.
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Drawing on a large cross-section of countries, the chapter disentangles the role of
the various channels, including trade and financial linkages as well as the similarity
in sectoral specialization. One of the novelties of this chapter compared with the
existing literature is that it takes into account cross-country linkages established
by FDI. This is important, since foreign direct investment is one of the salient fea-
tures of the recent wave of globalization (Bordo, Eichengreen and Irwin 1999). The
results confirm that output co-movement is higher for country pairs with closer
trade linkages and similar patterns of sectoral specialization. By contrast, there is
no conclusive evidence of a direct relationship between bilateral financial linkages
and output correlation. That said, the results suggest that financial integration
spurs business cycle synchronization indirectly by raising the similarity in sectoral
specialization. I also find that FDI and portfolio investment have very similar
effects on international output co-movement.

Chapter 6 brings together the main findings from the previous chapters and
presents a synopsis of the relationship between vertical linkages, international
trade, and macroeconomic dynamics.

1.2 The rise of vertical linkages: Empirical evi-
dence

Since vertical linkages take center stage throughout this dissertation, this section
presents a brief overview of the vast body of empirical evidence documenting their
growing importance.

To start with, case studies provide an illustrative, though incomplete, picture
of the international fragmentation of production. Consider the iPhone. Although
the product is sold by a U.S. based firm, Apple, only a few tasks, such as re-
search and development as well as marketing, are based in the United States. The
production process itself largely takes place overseas, with final assembly being
located in China. Yet, of the estimated USD 178.96 wholesale costs, only around
3.6 percent reflect Chinese value added, according to Xing and Detert (2010). The
bulk of the parts and components assembled in China are imported from abroad,
with around 33.9 percent stemming from Japan, 16.8 percent from Germany, 12.8
percent from South Korea and 6.0 percent from the United States. For instance,
the display module and touch screen are produced in Japan, the application pro-
cessor is manufactured in South Korea, the baseband comes from Germany and
other parts from the United States. If anything, the preceding calculation un-
derestimates the true extent of the international fragmentation of the production
process, since the parts and components imported from, say, Germany are also
likely to embody foreign value added. Nevertheless, the example illustrates the



6 Chapter 1. Introduction

global scope and high degree of specialization characterizing the web of vertical
linkages that are permeating the world economy.

Turning to aggregate indicators of vertical linkages, a widely used measure is
the share of imported intermediates in total intermediate inputs used in the manu-
facturing sector. The data plotted in Figure 2.1 are based on OECD input-output
tables for 29 OECD economies at two points in time, namely the mid-1990s and
the mid-2000s. While the extent to which intermediates are imported varies sub-
stantially across countries, the share of imported intermediates increased in the
vast majority of OECD countries over this period. Particularly large increases
in the share of imported inputs were recorded in the Central and Eastern Euro-
pean economies, such as the Czech Republic, Slovakia, and Slovenia, which have
increasingly been integrated into European production networks.

Numerous studies based on input-output tables confirm the expansion of verti-
cal linkages (e.g. Campa and Goldberg 1997, Feenstra 1998, Feenstra and Hanson
1996). Buoyant international trade along the value chain also shows up in data
on trade in parts and components (e.g. Yeats 1998) and processing trade (e.g. Eg-
ger and Egger 2005).2 Furthermore, Bernard, Jensen, Redding and Schott (2007)
reckon that the high correlation between the industries with high shares of im-
porting firms and those with high shares of exporters can be seen as an indirect
indication of the importance of vertical linkages.

Imported inputs are not only used in the production of goods and services
absorbed domestically. In fact, exports also increasingly embody foreign value
added and fragments often cross national borders several times before reaching
their final destination. Hummels, Ishii and Yi (2001) show that the use of imported
inputs in the production of exports ("vertical specialization") rose substantially
between 1970 and 1990 and explains around one-third of the growth in overall
export growth over this period. Breda, Cappariello and Zizza (2008) come to
similar conclusions for a set of European economies. In countries that are heavily
involved in international production chains - such as Mexico, China, and other
emerging economies in Asia - foreign value added nowadays accounts for around
40 percent of gross exports, as illustrated by Figure 1.3. By the same token,
the vertical fragmentation of production creates challenges for the measurement
of trade. International trade flows are traditionally recorded in gross terms. In
the presence of vertical linkages and multiple border crossings, these statistics can
become an unreliable measure of the value added by individual countries along the

2Trade in parts and components refers to product groups in the Standard International Trade
Classification (SITC) that are unambiguously used as inputs for the production of other products.
The category is essentially a subset of intermediate goods trade, as it excludes items for which
the distinction between intermediate and final use is not clear-cut. Processing trade involves
imports of foreign inputs for the production of a good which is then re-exported. Processing
trade often benefits from preferential tariffs.
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Figure 1.2 The growth in vertical linkages over time. The figure shows the share of
imported intermediates in total intermediates used in the manufacturing sector for 29
OECD countries (mid-1990s vs. mid-2000s). Data missing for New Zealand, Mexico,
South Korea, and Switzerland. The straight line shows the 45°-line. Source: OECD
(STAN database).

production chain.?

Conventional wisdom has it that the vertical fragmentation of production has
also led to an increase in the share of intermediate goods in total world trade.
However, this is not borne out by the facts. On the one hand, trade in intermediates
has rapidly increased over recent years and accounts for a significant share of
global trade. The World Trade Organization estimates that, in 2008, the share
of intermediate manufactured products in non-fuel world trade was around 40
percent (WTO 2009). Miroudot, Lanz and Ragoussis (2009) reckon that trade in
intermediate inputs makes up 56 percent of world trade in goods and 73 percent
of global trade in services. They also find that the average annual growth rate
of trade in intermediate inputs between 1995 and 2006 was around 6 percent for
goods and 7 percent for services in volume terms. On the other hand, trade in final
goods expanded in parallel to trade in intermediates. As a consequence, the share
of intermediate goods in total merchandize trade did not increase over this period

3 A number of methodologies have recently been developed to partially overcome this problem.
They typically combine information from input-output tables with data on gross trade flows. See,
for instance, Koopman, Powers, Wang and Wei (2010) and Johnson and Noguera (forthcoming).
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Australia, New Zealand
Brazil

Canada

China

EFTA

EU

EU accession countries
Hong Kong

India

Indonesia

Japan

Korea
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Mexico

Philippines

Rest of Americas
Rest of East Asia
Rest of South Asia
Rest of the world
Russian Federation
South Africa
Taiwan
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T
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Figure 1.3 Decomposition of gross exports into value added components. For various
countries and regions, the figure presents a breakdown of gross exports into (i) domestic
value added, (ii) foreign value added and (iii) domestic value added returned from abroad.
Source: Adapted from Koopman et al. (2010).

(Hummels et al. 2001, Miroudot et al. 2009). This is consistent with evidence
from extra-EU15 trade, where imports and exports of intermediate goods were less
dynamic in volume terms than consumption and capital goods (see Figure 1.4).
How this stylized fact can be reconciled with an important role of vertical linkages
in explaining the longer-term growth in international trade will be discussed in
Chapter 2.

While vertical linkages have indeed become international, proximity still mat-
ters (Leamer 2007). Production chains often retain a regional focus. A case in point
are the close linkages between the United States and the Mexican maquiladoras.
Bergin, Feenstra and Hanson (2007) report that almost half of Mexico’s exports
are produced in these offshoring industries, the bulk of which is exported to the
United States. Similarly, Europe has witnessed the emergence of complex regional
production networks. Falk and Wolfmayr (2008) find that EU "core" countries in-
creasingly import material inputs from low-wage countries, particularly from those
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Figure 1.4 Breakdown of extra-euro area trade. The figure shows extra-euro area im-
port and export volumes of goods by Broad Economic Categories (BEC). Indices, March
2000=100; 3-month moving averages. Source: Eurostat (External Trade Statistics).

in Central and Eastern Europe. Since this often involves multinational firms from
"core" Europe and assembly plants in Central and Eastern Europe, intra-firm trade
looms large. For instance, intra-firm trade accounts for around 20 percent of Aus-
trian exports to Eastern Europe and around 70 percent of its imports from these
countries; estimates for Germany are lower, around 10 percent for exports and 20
percent for imports (Marin 2006).*

However, vertical linkages not only tie together high-income countries with
lower-income countries. In fact, Grossman and Rossi-Hansberg (2008a) reckon
that trade in tasks predominantly takes place between similar countries and build
a model to explain this phenomenon. In the model, countries with similar relative
factor endowments find it optimal to trade tasks among each other, since individ-
ual tasks generate local spillovers. Here, factor price differentials are no longer
the main driver of offshoring. The importance of vertical linkages among similar
countries is also illustrated by the fact that the bulk of intermediates imported by
advanced economies originate in other advanced economies (Miroudot et al. 2009).
Notwithstanding this, the birth of regional core-periphery blocks has often led
to a substitution away from imports from high-income countries, without raising
the share of imported intermediates in total intermediates used (Egger and Egger
2005, Molnar, Pain and Taglioni 2007).

The sourcing decision of an individual firm has not only a locational but also an
organizational dimension. A firm willing to source inputs from abroad can either
purchase them from non-related parties (offshore outsourcing) or from foreign affil-

4Buch and Kleinert (2006) provide an in-depth analysis of the patterns of German FDI in
Central and Eastern Europe.
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iates. Available evidence suggests that both sourcing modes are quantitatively im-
portant. Imports of intermediates at arm’s length are the dominant international
sourcing mode for smaller, less productive firms and tend to be more important
in industries with high capital and skill intensity (Bernard et al. 2007, Kohler and
Smolka 2011, Tomiura 2007). At the same time, importers of foreign inputs tend
to be more productive than firms sourcing their inputs domestically.

The largest and most productive firms, however, typically source their inputs
from foreign affiliates. As a result, intra-firm trade nowadays accounts for a sig-
nificant share of international trade. For the United States, data from the Census
Bureau show that the overall share of related-party trade in U.S. imports has
slightly increased over recent years and currently stands at 49 percent.> However,
as Bernard, Jensen, Redding and Schott (2010) point out, the aggregate figures
conceal considerable variation across trading partners and industries. For instance,
around 70 percent of U.S. imports from Japan and Mexico occur between related
parties, whereas only 2 percent of imports from Bangladesh represent intra-firm
trade.

While intra-firm trade accounts for a large fraction of total U.S. trade, the
trade activities of U.S. multinationals with non-related parties have increased at
a faster pace than trade of U.S. multinationals with related parties over recent
years (see Figure 1.5).% Furthermore, even if a multinational firm owns foreign
affiliates that are vertically linked with the parent (according to industry-level
input-output tables), this does not necessarily give rise to physical trade flows
between the affiliate and the parent. In fact, Ramondo, Rappoport and Ruhl
(2011) find that affiliates that are, in principle, located upstream or downstream
of their U.S. parent tend to sell their products to unrelated parties in the country
of operation. They argue that the bulk of actual intra-firm trade is concentrated
on a small number of large affiliates.

The coexistence of foreign sourcing at arm’s length and vertical integration
within the boundaries of multinational firms has inspired a burgeoning literature
on the organizational dimension of the sourcing decision.” In the context of this
dissertation, however, the organizational dimension of the sourcing decision is of
secondary order. After all, both sourcing modes establish vertical linkages between
countries and thereby open up a channel for the transmission of shocks across
borders. Moreover, both sourcing modes allow firms to tap cheap foreign inputs
and both are associated with international trade in intermediates, either within

5Loosely speaking, related-party trade in the Census Bureau data includes all transactions
between a U.S. importer or exporter and a foreign entity where either party owns, directly or
indirectly, at least 10 percent (exports) or 6 percent (imports) of the other party.

6See also Zeile (2003).

"See, for instance, Antras and Helpman (2004, 2008) who highlight contractual frictions af-
fecting the sourcing decision of individual firms.
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Figure 1.5 Share of intra-firm trade in the total trade activities of U.S. multinationals.
Source: Bureau of Economic Analysis.

or beyond the boundaries of the sourcing firm. Therefore, I will mainly focus on
the locational dimension of the sourcing decision, i.e. whether a particular input
is sourced domestically or from abroad.

Data on foreign direct investment (FDI) provide an alternative view on the
empirical relevance of vertical linkages. Global FDI stocks have increased almost
fivefold since the early 1980s and now stand at roughly 30 percent of world GDP.
Empirical evidence suggests that this wave of FDI has been dominated by hor-
izontal FDI, where multinational firms set up or acquire foreign affiliates whose
products are roughly similar to those the firm produces for the home market. This
form of FDI is usually driven by market access motives ("proximity-concentration
trade-off"). Vertical FDI, where firms geographically fragment the production
process to take advantage of international factor price differentials, is generally
thought to be of secondary order.® Looking at the internationalization strate-
gies of German multinationals, Buch, Kleinert, Lipponer and Toubal (2005) find
that cost-saving motives are clearly dominated by market-access motives. This is
consistent with evidence from other countries, including the United States (e.g.
Brainard 1993, Markusen 1995, 2004).

8Helpman (1984) and Helpman and Krugman (1985) develop an influential theoretical frame-
work for the analysis of vertical FDI. For a synthesis of the various motives for FDI, see Yeaple
(2003a) and Grossman, Helpman and Szeidl (2006).
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Notwithstanding this, a number of recent papers have argued that vertical FDI
could be more prevalent than previously thought. Alfaro and Charlton (2009), for
instance, demonstrate that vertical FDI is often misclassified as horizontal FDI at
standard aggregation levels. Hanson, Mataloni and Slaughter (2001) show that the
cross-country variation in intra-firm trade is consistent with a vertical motive for
FDI. Looking at the structure of U.S. FDI, Yeaple (2003b) finds that, in industries
with high (low) skilled-labor intensities, FDI tends to flow into countries where
skilled labor is relatively abundant (scarce), consistent with an important role for
vertical FDI driven by comparative advantage.

In summary, there is ample empirical evidence that vertical linkages have been
rapidly expanding over recent years and have become a salient feature of the
recent wave of globalization. In line with Adam Smith’s hypothesis (as quoted
at the beginning of this chapter), lower distance costs have effectively enlarged
the "extent of the market" open to individual firms and thereby promoted a finer
international division of labor.”

9Kohler (2004a) outlines the conditions under which this process is associated with a welfare
gain or "fragmentation surplus”.



Chapter 2

Vertical linkages and the
long-term growth in international
trade!

2.1 Introduction

The past two decades have seen globalization proceed at an ever finer level of res-
olution (see Chapter 1). Production is increasingly sliced up into separate tasks
that can be traded internationally (Grossman and Rossi-Hansberg 2008b). As a
result, more and more firms are engaged in offshoring: they either import inter-
mediates from offshore affiliates or purchase foreign intermediates at arm’s length.
This "high-resolution globalization" (Baldwin 2006, 2008) has been paralleled by a
surge in world merchandize trade. The global trade-to-GDP ratio almost doubled
between the mid-1980s and 2008, from 14 to 27 percent. While the ratio dropped
precipitously amid the global downturn of 2008-09, it quickly rebounded there-
after. The longer-term increase in the ratio of trade to manufacturing production
was even sharper (Irwin 2005).

This chapter proposes a novel mechanism linking the rise of offshoring and the
intensification of world trade, based on a general equilibrium model with hetero-
geneous firms. It is shown analytically that a fall in offshoring costs boosts trade
in differentiated final goods through an intra-industry reallocation of resources
towards the more productive firms: the export-magnification effect of offshoring.
In a nutshell, lower barriers to offshoring allow more domestic firms to source
cheap foreign intermediates and reduce the input costs of offshoring firms, which
improves firm-level price competitiveness. This, in turn, translates into higher

TThis chapter is based on joint work with Jérn Kleinert, published as an ECB Working Paper:
Kleinert and Zorell (2012).
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export quantities of exporters (intensive margin) and the entry of new exporters
(extensive margin), thereby fostering trade in final goods.

The analysis rests on a three-sector multi-country general equilibrium model
with heterogeneous firms in the vein of Melitz (2003). There are many symmetric
advanced economies and one "workbench country" (think of China or the Central
and Eastern European countries). Ricardian comparative advantages determine
the equilibrium trade patterns: the advanced economies import cheap intermedi-
ates from the workbench country in return for a homogeneous consumption good.
At the same time, they trade differentiated products among each other to satisfy
consumers’ love of variety. The export-magnification effect describes the increase
in final goods trade among the advanced economies resulting from a drop in off-
shoring costs vis-a-vis the workbench country. Thus, neither income growth nor
lower trade costs between the advanced economies drive the rise in bilateral trade
between these countries.

Crucially, each firm in the differentiated good sector is free to decide not only
whether to export or not (export decision) but also whether to purchase interme-
diates at home or abroad (offshoring decision). Both exporting and offshoring is
subject to variable and fixed costs. Therefore, only the larger, more productive
firms engage in offshoring: the cost reductions generated by offshoring are propor-
tional to the amount of intermediates used, whereas the fixed costs are identical for
all firms. Likewise, only the most productive firms simultaneously engage in both
offshoring and exporting. This self-selection of firms into exporting and sourcing
modes is indeed broadly consistent with empirical evidence (Tomiura 2007).

Following the description of the equilibrium with trade in final goods and off-
shoring, the chapter studies analytically the consequences of closer integration of
the workbench country into the global economy - modeled as a fall in variable off-
shoring costs. Not surprisingly, inter-industry trade in homogeneous intermediate
and final goods intensifies. More remarkably, given that trade costs in differenti-
ated final goods between the advanced economies have remained unchanged, closer
integration of intermediate goods markets also boosts exports of final goods at both
the intensive and extensive margin. Access to cheaper intermediates from abroad
allows highly productive firms to increase their export quantities and additional
firms manage to become exporters. The ensuing reallocation of resources toward
the more productive firms raises the average firm efficiency in the differentiated
final good sector. This, in turn, lowers the consumption price level and raises real
wages, thereby leading to a long-run welfare gain.

Of course, the idea that offshoring (or the vertical fragmentation of production,
for that matter) partly accounts for the surge in world trade is not new. That said,
the mechanism proposed in this chapter differs considerably from those in the ex-
isting theoretical literature, which has largely relied on models with representative
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firms. Most prominently, Yi (2003) demonstrated in a homogeneous firms setup
that multiple border crossings of intermediate goods render trade more respon-
sive to changes in trade costs, which brings down the trade elasticity required to
explain the actual increase in world trade. By their very nature, representative
firm models cannot capture the intra-industry reallocation of resources described
in this chapter, which generates an increase in final goods trade in response to
lower offshoring costs, over and above the intensification in intermediates trade.

The model is related to an extensive offshoring literature. The concept of off-
shoring used here is in the tradition of the theory of international fragmentation
(Deardorff 1998, 2001, Jones 2000, Kohler 2004b). Hence, the profitability of off-
shoring solely depends on the interplay of comparative advantages and offshoring
costs. All imperfections in contracting and matching that feature so prominently in
other approaches to offshoring (Antras 2003, Feenstra and Hanson 2005, Grossman
and Helpman 2005) are excluded.

The model is also related to a few papers featuring heterogeneous firms models
with trade in intermediates. Kasahara and Lapham (2008) study the decision to
import and export in an extended Melitz framework. However, the paper does not
analyze analytically the comparative static trade effects of a marginal drop in off-
shoring costs. Moreover, the model setup differs considerably from that presented
here. Since all countries are identical in the model by Kasahara and Lapham
(2008), it best describes trade among a group of fairly similar advanced or emerg-
ing economies respectively. Fixed import costs are firm-specific and subject to
shocks. Moreover, importers use all available varieties of domestic and foreign
intermediates, since there are increasing returns to variety in the production func-
tion. Furthermore, Bas (2009) constructs a multi-sector model with heterogeneous
firms and endogenous markups where the imported input intensity and import
tariffs vary across industries. It is shown empirically that industries with lower
import tariffs or higher import dependence generate more exporters and higher
export sales than other industries. By contrast, the focus of this chapter is on
the within-industry trade effects of changes in offshoring costs over time. In a re-
lated paper, Kugler and Verhoogen (2008) use an extended Melitz model to study
the hypothesis that input quality and plant productivity are complementary in
generating output quality. In contrast to the theoretical framework proposed in
this chapter, trade takes place between two symmetric countries and there can be
quality differences in both intermediate and final goods.

The remainder of this chapter is structured as follows. Section 2.2 presents the
motivation for the theoretical analysis, while Section 2.3 introduces the theoretical
framework. Section 2.4 studies the effects of lower offshoring costs on individual
firms and the overall economy. This is complemented by other comparative statics,
including the effects of lower export costs. Section 2.5 concludes.
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2.2 The issue

International trade has increased tremendously over the last two decades. Nei-
ther income growth nor reductions in trade costs and tariffs can explain this phe-
nomenon exhaustively. Time series regressions would usually apply a globalization
time trend to account for this "unexplained" growth in trade (Ca’Zorzi and Schnatz
2007, Murata, Turner, Rae and LeFouler 2000). An impression of the increase in
trade is given in Figure 2.1, which presents the developments in EU15 trade since
the 1990s. The cumulated increase in trade over this period was much stronger
than the increase in the GDP of the EU15, which implies an increase in the trade-
to-GDP ratio. In standard trade models, these large increases of trade relative
to GDP cannot be sufficiently explained by reductions in trade costs and tariffs
alone. While trade costs and tariffs have indeed fallen over recent decades (see, for
instance, Hummels 2007), the elasticity of trade with respect to trade costs that
is needed to generate the observed trade response is implausibly large in standard
models (Yi 2003).
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Figure 2.1 EU15 GDP and manufacturing export values by partner region (indices,
1988=100). Source: OECD (STAN database), own composition.

An obvious candidate to resolve this puzzle is the vertical fragmentation of
production, which gained momentum in the mid-1980s, in parallel to the surge
in world trade. Related explanations have so far been centered around the fact
that intermediate goods often cross borders several times (with little value added
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at a particular production stage) before arriving at their final destination. The
most basic argument highlights that, in practice, trade is measured in gross terms,
whereas GDP is measured in terms of value added. This inflates the trade-to-GDP
ratio, partially rendering the surge in world trade a statistical artifact.

However, if this were the whole story, one would expect intermediates trade
to increase significantly over time relative to trade in final goods. This is not
borne out by the data: while trade in intermediates has increased at a rapid pace
over the last two decades, trade in final goods has followed virtually in lockstep.
As a result, the share of intermediate goods in total merchandize trade has not
increased over this period (Hummels et al. 2001, Miroudot et al. 2009). This is
consistent with evidence from extra-EU15 trade, where intermediate goods have
been less dynamic in volume terms than final goods since 2000 (see Section 1.2).

Against this backdrop, this chapter develops a novel mechanism that (i) re-
serves an important role for the vertical fragmentation of production in explaining
the surge in world trade and (ii) is consistent with a stable trade share of interme-
diates. In essence, it is shown analytically how intensified trade in intermediates
(or offshoring, for that matter) boosts trade in final goods in a heterogeneous firms
setup.

Consistent with the narrative proposed here, exports are higher in OECD coun-
tries where offshoring is more prevalent. This point is illustrated by Figure 2.2,
which plots a country’s exports (scaled by GDP) in relation to the ratio of in-
termediate goods in total intermediates used in the production of that particular
country. The relationship is clearly positive. This positive relationship survives
at the five percent level of significance if year and country fixed effects control for
unobserved effects (and country size).

2.3 The model

This section develops the theoretical framework underlying the analysis. The
world consists of n + 1 perfectly symmetric countries ("advanced economies') and
another country, called the "workbench country" (W). The advanced economies
host three sectors. In the first sector (Y), a homogeneous final good is produced
under perfect competition. This homogeneous good is consumed by households and
traded without any costs between countries. Firms in the second sector (I) produce
a homogeneous intermediate good under perfect competition. In the third sector
(X), firms combine labor and the intermediate good to produce a differentiated
consumption good. This good is traded only between the advanced economies to
satisfy consumers’ love of variety. The sole factor of production, labor, is mobile
between sectors but not between countries. Hence there is just one wage rate
within each country. However, labor productivity may vary across sectors.
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Figure 2.2 Manufacturing exports over GDP and share of imported intermediates in
total intermediate goods used. For all available OECD countries, the figure plots the
share of imported intermediate inputs in total intermediates used against the exports-to-
GDP ratio (pooled data for mid-1990s, early 2000s, mid-2000s). Source: OECD (STAN
database).

Country W is not directly involved in producing or trading the differentiated
final good. Its main purpose is to serve as a supplier of intermediate goods for
the other countries. In essence, this separation allows to maintain the assumption
that all countries trading the differentiated final good are symmetric.

Final good producers in the differentiated good sector differ in terms of pro-
ductivity in the vein of Melitz (2003). Crucially, they can purchase intermediates
either from domestic or from foreign suppliers. The latter case refers to offshoring.
The price of intermediates from country W is lower than that of domestic inter-
mediates. The lower price results from the Ricardian comparative advantage in
the production of intermediates (relative to the production of the homogeneous
final good) that W enjoys by assumption. In addition, offshoring requires fixed
costs. Think of the resources necessary to establish an office overseas for coordi-
nation purposes. The existence of fixed offshoring costs triggers self-selection of
firms into the sourcing modes. Only firms with high productivity manage to take
benefit of cheap foreign intermediates, because they can bear the burden of higher
fixed costs.

While, in the model, trade in intermediates is at arm’s length, it would be
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straightforward to write the model in terms of intra-firm trade (involving vertical
FDI), without any change in the main findings.

2.3.1 Households

Households in all advanced economies have identical preferences. In the following,
I describe only one of the n+ 1 symmetric countries, called the home country (H).
Unless stated otherwise, the other countries go through analogously.

The representative household has Cobb-Douglas preferences over the homoge-
neous final good, Y, and the bundle of differentiated goods, X:

U=X°Y"F  (0<p<1). (2.1)

The X-bundle, in turn, is a CES aggregator over the mass of available varieties,
which is endogenous and denoted by €2:

X = [/wegx(w)pdw} 3 (2.2)

Here, x(w) is consumption of a single variety w € (2. Varieties are substitutes,
with p = (¢ — 1)/0 and o denoting the elasticity of substitution (o > 1).
The price index of the differentiate good, P, is then given by:

]1/(”) . (2.3)

Px = {/ p(w)~7dk
we
Here, p(w) is the consumer price of variety w.

Total expenditures, F, are made up of expenditures on good X and Y: F =
Ex + Ey. Cobb-Douglas preferences imply that consumers spend a constant ex-
penditure share § on the differentiated good. Expenditures on a single variety w
are given by: e(w) = (p(w)/Px)' "7 Ex.

2.3.2 The homogeneous goods sectors

Each advanced economy hosts three sectors. Two of them are characterized by
perfect competition between producers of homogeneous goods: the final good Y
and the intermediate good I. In these two sectors, labor is the only input for
production. Labor productivity, denoted by ¢y and ¢ respectively, differs across
industries, but is the same for all firms within each industry. Since labor is mobile
between sectors, there is a unique wage rate w. The same is true for the other
countries. Sector Y’s raison d’étre is to pin down these wage rates.
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Both homogeneous goods sectors are characterized by a production technology
that is linear in labor:

Y = gOyLy (24)

The two homogeneous goods are also produced in the workbench country.
Sector-specific labor productivities in the workbench country, ¢y and ¢y, dif-
fer from those in the advanced economies. In the following, it is assumed that all
countries (including the workbench country) have a positive output of both Y and
I. Hence there is no complete specialization.

Good Y is the numeraire so that py = 1. Perfect competition implies py =
1 =w/py and py = w" /. Notice that superscript w stands for the workbench
country W. Since good Y is traded without costs between countries, prices are
equalized: py = py = 1. This pins down the wage rates: w = ¢y and w" = @§.
As the intermediate good sector is also perfectly competitive, factory prices are

determined as
w w
Yr o $r Pr Pr

where the superscript d indicates the intermediate goods produced by domestic
firms in the advanced countries. Trade in intermediates involves variable trade
costs 77 (with 77 > 1). Assuming iceberg costs, the c.i.f. price of the foreign inter-
mediate good is p‘}f F— 7rpY. If the c.i.f. price of foreign intermediates were higher
than the price of domestic intermediates, no domestic firm would find it prof-
itable to source intermediates from abroad. Therefore, the following assumption

is critical:

(2.6)

Assumption A.1 Foreign’s comparative advantage in the production of good [
(relative to production of good Y ) is large enough to make up for the trade costs
77. In other words, the c.i.f. price of foreign intermediates, p?ff, is lower than the
price of domestic intermediates, p}:

w of f
S0Y/S0};>n>1 s ooy
w1/t Pr

This assumption on comparative advantages determines the equilibrium pattern
of trade between each advanced economy and the workbench country. It requires
trade costs 77 not to be too large. Under this assumption, the advanced economies
import intermediate goods from the workbench country and export the homoge-
neous final good Y in exchange. In addition, the advanced economies trade the
differentiated final goods among each other. Although they do not trade the ho-
mogeneous good Y among each other, they share the same price py = 1, since
they all trade Y freely with W.
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2.3.3 Differentiated good sector

In the third sector, heterogeneous firms produce a differentiated final good (X)
under Dixit-Stiglitz-type monopolistic competition. Production requires domestic
labor and an intermediate good. The production technology is of Cobb-Douglas
type, with « representing the importance of the intermediate input (0 < o < 1).

Crucially, as in Melitz (2003), firms differ in their productivity ¢, which is
drawn at entry from a common distribution g(p).! Furthermore, firms are free
to source their intermediates either from domestic or foreign suppliers. Hence the
second key element determining a firm’s production costs (next to its productivity
draw) is the price p% that the firm pays for intermediate inputs:

& Pl if the firm sources domestic intermediates
Pr =19 _off (2.7)
pr

if the firm sources foreign intermediates.

It is convenient to define a summary measure - called firm efficiency - that
combines a firm’s productivity level ¢ and its unit cost of intermediate inputs:
oF = ©/(p¥)?. As will become obvious, the optimal sourcing decision and there-
fore the firm-specific sourcing cost of intermediates depend on firm productivity:
pk = pk(p). More specifically, more productive firms will opt for foreign intermedi-
ates, whereas less productive firms will have to content themselves with domestic
ones. (The conditions under which this partitioning of firms holds will be de-
scribed below.) This implies that firm efficiency is itself a function of the firm’s
productivity level. For the sake of simplicity, firms will be indexed by ¢*, bearing
in mind that firm efficiency is ultimately determined by firm-specific productivity.
Note that offshoring reduces the marginal costs of a manufacturing firm similarly
to an increase in productivity.

Since the production technology is of Cobb-Douglas type, variable costs are
given by ¢(¢*) = wl=*/¢*. In this setting of monopolistic competition, every firm
sets its price p(¢*) optimally by multiplying its marginal costs with a fixed markup
factor of 1/p. Hence revenues from domestic sales are given by:

1— 1—0o
o FE
d ] X (2.8)

po* Py
Production of the final good requires fixed overhead costs f, in terms of labor.

Hence, if a firm sources its intermediates domestically (k = d), its profits from
sales at home are given by:

i (%)

g

ru(¢h) = [

71'H(gbd) = - fpw- (2'9)

Tt is assumed that the (0 — 1)th uncentered moment of g(¢) is finite. This will ensure that
the productivity of the average firm is finite.
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If a firm purchases foreign intermediates (k = of f), it faces additional fixed costs
of offshoring, f;. Profits can then be written as:

—r
mu(e) = (4w (2.10)

In both cases, profits rise with firm efficiency ¢* and aggregate demand, whereas
they depend negatively on the domestic wage rate and fixed costs.

Firms whose productivity is too low to recoup the fixed costs f, have to leave
the market immediately after drawing their productivity. Let the minimum pro-
ductivity a firm must have drawn to survive be denoted by @,,;,. Firms with
productivity ¢ = @,,;,, will make zero profits. This implies that the minimum
productivity is given by:

—« d\ ¢ L
) (o) o
pPx Ex

N JR—
Pmin =

Notice that 7z (¢*(Pmin)) = ofyw. For the time being, it is taken as given that
the marginal firm entering the market neither exports nor engages in offshoring.
Hence it is possible to derive the minimum efficiency: QASmm = @rmin/ (PH)°.

Every firm is free to source its intermediates from abroad. By assumption A.1,
the price of foreign intermediates is lower than that of domestic ones. Nevertheless,
the least productive firms cannot afford to engage in offshoring. Since they sell less
than their competitors, the lower variable cost associated with offshoring cannot
make up for the fixed cost f;. Therefore, offshoring is only profitable for firms
passing a certain threshold productivity. Let this productivity level for which a
firm is indifferent between domestic sourcing and offshoring be denoted by @,ys.
Then:

1
a(l—o s _1
o <p?ff> (1-0o) : 1 w= (pdye <Jf[w> o-1
volf i pPx Ex

J1 = p?ff o) e
) 1057)

The corresponding firm efficiency is: ¢, 7f = Poss/ (p?f f ).

As already indicated, it is assumed that only the most productive firms find it
profitable to export. In addition to f, and f7, they have to bear the fixed cost of
exporting, f... At the same time, however, these firms are able to lift their sales
by serving foreign consumers. Recall that country H trades the differentiated
good only with the n symmetric advanced economies. Owing to the symmetry

(2.12)
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assumption, a firm will either serve all n export markets or none at all. Total
profits are therefore given by:

w(@) = my (¢°7) + nmp(6°7)

- (1 + nTl_o) TH(¢Off)/U - (fp + fr+ nf@l") w. <2.13>

Here, 7 denotes iceberg trade costs associated with the final good (7 > 1).
The cutoff productivity level @, ¢ for which an offshoring firm is indifferent
between exporting and non-exporting is given by:

_1
wlfa(p?ff)a <0fexw> o—1
pPX EX

1 ° o
e (22) ()
f pf

Notice that 5693,0” = @exvoff/(p?ff)a.

As indicated above, it is taken taken as given that @i < @off < Peworf- The
following assumptions, together with assumption A.1, ensure that this partitioning
of firms indeed holds true (see Section 2.6.1 in the appendix).

@e:c,aff =T
(2.14)

Assumption A.2 The comparative advantage of the workbench country in pro-
ducing the intermediate good, adjusted for distance costs, i.e. TV @r/Yoy =
P8 Jpd s in the interval (min{py, P}, max{py, s }), where

LT fp+f1 ’ 2= fezTU_l .

To ensure that the minimum productivity @e, of¢ is larger than the minimum
productivity @,sr, as assumed above, the following assumption is needed, which
has a similar counterpart in Melitz (2003):

Assumption A.3 The threshold levels are ordered such that: ps > py. That
requires fp, + fr < fe.7" L.

In essence, the competitive edge of foreign suppliers of intermediates must be large
enough to make offshoring profitable for some domestic firms. At the same time, it
cannot be too large, because otherwise all firms would engage in offshoring. Higher
variable trade costs 7 enlarge the interval of admissible relative prices p?f ! /p%. The
same is true for higher fixed costs f, and higher fixed export costs f.,, whereas the
interval shrinks with higher fixed offshoring costs f;. If f; were zero, no level of
variable offshoring costs 7; would be large enough to restore the assumed ordering
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of firms, since all firms would self-select into the same sourcing mode. Violation of
assumptions A.1 through A.3 would give rise to a different partitioning of firms in
equilibrium. Offshoring could then turn out to be profitable for no firm, all firms,
or only exporters.

The partitioning of firms assumed above (Pmin < Poff < Pewofy) is entirely
motivated by empirical evidence. The first inequality should be uncontroversial
in the light of overwhelming evidence that firms involved in international trade
tend to be more productive than "non-traders". It is also a well-established fact
that firms involved in both importing and exporting are generally more productive
than firms that only import or only export.? This justifies the assumption that
the most productive firms choose to import and export.

It is less obvious which of the two "incomplete" internationalization strategies -
i.e. only exporting or only offshoring - requires higher productivity. In the model,
the two strategies cannot occur simultaneously in equilibrium. If offshoring is less
demanding in terms of firm productivity, for instance, the export-only strategy will
always be dominated. Looking at data on Japanese manufacturing firms, Tomiura
(2007) finds that firms engaged in international outsourcing are less productive
than firms that only export (and both have higher productivity than non-traders),
although the productivity differential between outsourcers and exporters is rela-
tively small. This is consistent with the assumptions on the ordering of cut-off
productivities.

While there is also a growing literature comparing the characteristics of im-
porting and exporting firms, it is of limited use for the purposes of this chapter.
The main reason is that most of the studies do not differentiate between imports
of intermediates and final goods (including capital and consumption goods). For
instance, Castellani, Serti and Tomasi (2010) find that Italian firms which are
engaged only in importing generally have higher productivity than firms involved
in exporting only. This is consistent with evidence for Belgium (Muuls and Pisu
2009) and Hungary (Altomonte and Békés 2010). Castellani et al. (2010) caution,
however, that their findings may partly reflect imports of capital goods and sec-
toral composition effects, since the incidence of firms only involved in importing is
higher for capital intensive industries. Moreover, the evidence from this literature
on the pecking order of importing and exporting firms is far from clear-cut. In con-
trast to the studies previously mentioned, McCann (2009) finds that, in Ireland,
exporters-only are significantly more productive than importers-only. For China,
Manova and Zhang (2009) show that there are more small firms (which tend to
be less productive) among importers than among exporters. Andersson, L66f and
Johansson (2008) show for Sweden that the "productivity premium" is of similar

2For a survey of the related empirical literature, see Bernard, Jensen, Redding and Schott
(2011), Wagner (2007, 2011). See also Bernard, Jensen and Schott (2009).
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magnitude for exports and imports. Due to data constraints, all these studies
cannot capture the import content of domestic intermediates used by domestic
firms.

Against this backdrop, it appears reasonable to stick to the assumption that
offshoring is less demanding in terms of productivity (@orf < Pesoff). However,
it will be discussed below how a different ordering of cut-off productivities would
affect the main results.

2.3.4 Aggregation

In this model, all aggregate variables can be expressed in terms of appropriate
industry-level averages. It is convenient to use weights reflecting the relative out-
put shares of individual firms. Differences in the relative output shares of two indi-
vidual firms will be driven by differences in firm efficiency: z(¢")/z(¢") = (¢"/¢')°.
Therefore, cross-firm averages based on output shares must take into account dif-
ferent input costs (as long as the firms do not share the same sourcing mode).
Against this backdrop, let ¢ denote the average efficiency of all domestic firms
and ¢, the average efficiency of all firms active in country H (including foreign
exporters):

¢ = [ . lu(sO)dsorll
_ { [Mag +Moff¢>offl+Mex7off~g;;ff]}m (2.15)
¢ = { { ¢7" Y My of s (7' ¢eroff)01:|}“- (2.16)

Here, (@) = g(¢)/[1 — G(@min)] is the equilibrium productivity distribution.
Furthermore, ¢4, ¢orr, and ¢e,orr represent the average efficiency of the three
groups of domestic firms in equilibrium (see Section 2.6.2 in the appendix). To
be more concrete, gbd denotes the average efficiency of firms that neither export
nor import, gbof 7 that of firms only engaged in offshoring, and gbex off the efficiency
of firms that simultaneously import intermediates and export final goods. The
mass of firms in each group is My, M,s¢, and My of. Similarly, M denotes the
total mass of domestic firms and M; the mass of all firms active in country H.
By symmetry, qgt is also the average efficiency of all domestic firms, taking into
account the foreign sales of domestic exporters and controlling for transport costs
T.

It is now straightforward to express all aggregate variables as functions of the
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average efficiency ¢;:

I
Px = M/ p(¢)

Rx = Myru(¢:) = Mr(o),

Furthermore, welfare per worker, W, is captured by the real wage rate:

T S N I A
Notice that P = Pupy ? /3 = P3/B, where 3 = [3°(1 — 8)'~#]. Domestic labor
supply, L, is exogenous. Also, recall that w and p¢ are determined by labor
productivity in the homogeneous goods sectors.

It is important to realize that domestic welfare rises with the minimum pro-
ductivity, @min. Analogous reasoning applies to the other advanced economies.
However, welfare in country W is fixed at ¢}, as households in W consume only
the numeraire good Y. Since the nominal wage rate in terms of the numeraire is
fixed, so is welfare in country W.

2.3.5 Open economy equilibrium
Differentiated good sector

There is market entry in off-equilibrium situations, with new firms competing
profits away. Market entry in the differentiated good sector is subject to fixed
costs f. in terms of labor. Failure must be taken into account, as paying the fixed
costs of entry does not guarantee that the entrant’s productivity draw exceeds
@min- Therefore, expected profits are given by vy, 7, where vy, = 1 — G(@pin) is
the ex-ante probability of successful entry and 7 = W(gg) is the average profit of
all surviving domestic firms in sector X. Firms enter as long as expected profits

exceed fixed market entry costs f.w. This yields the free entry (FE) condition:

T = few. (2.18)

Vin

Furthermore, average profits of domestic firms earned at home and abroad, 7,
can be written as:

T = vam(Da) + Vor ;7 (Poss) + Vewog ;T (Pewofs)- (2.19)

Notice that vy, vofp, and vegop¢ stand for the probabilities of belonging to one
of the three equilibrium groups of firms, conditional on successful entry: v, =

[G(Pors) = G(@min)|/[1 = G(Prmin)], Vors = [G(Pexors) = G(@orp)l/[1 = G(Grmin)];
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and Vegoff = [1 — G(@ewoff)]/[1 — G(Pmin)]. Also, recall that average profits
are functions of the minimum productivity level @,,;,. Following Melitz (2003),
equation (2.19) is called the zero cutoff profit condition (ZCP). The ZCP and FE
conditions together identify a unique equilibrium, as illustrated by Figure 2.3 (see
Section 2.6.3 in the appendix for details).

™

Zero cutoff profit

@min @off '

Figure 2.3 Open economy equilibrium. See Section 2.6.3 in the appendix for details.

Market clearing

The world market for good X clears if
(n+1)Ex = (n+1)fwL = (n+ 1)Rx. (2.20)

Hence aggregate revenues in sector X are exogenously fixed: Ry = fwlL. This
implies that, if Py falls, aggregate output in the differentiated good sector will
increase.

For the world market for homogeneous good Y to clear, total demand must
equal supply. Due to Cobb-Douglas preferences, consumers will always spend a
fraction (1 — ) of their total expenditure on good Y. Consumers in country W
spend their entire income on the homogeneous final good. Thus:

(n+1)Ey + EY =(n+1)(1 - fwL+w LY = (n+1)Y +Y". (2.21)

Since world demand for good Y is fixed, changes in Y and Y need to cancel
out. Hence an increase in the supply of good Y in the advanced economies, say,
must be compensated by a decrease in the supply originating in country W. Then
labor market clearing in W requires that labor shifts to sector I: LY = Ly + LY.
Consequently, W’s output of intermediates will increase.
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The domestic labor market is in equilibrium if L = Ly + L;+ Lx+ L.. Here, L,
denotes labor used upon entry in the manufacturing sector: L, = M f.. M is the
mass of firms in equilibrium. This mass is determined by the free-entry condition:
fe = [1 = G(Pmin)|7/w. Combining the preceding equations yields: L. = M7 /w.
Hence profits in sector X are fully paid out to the investment workers facilitating
entry. This ensures that total household income equals the wage bill.

The world market for intermediate goods is in equilibrium if the advanced
economies’ demand for intermediates equals the world supply of intermediates.
Furthermore, trade between the advanced economies is always balanced, by the
symmetry assumption. Finally, recall that country W imports good Y and exports
its entire output of intermediates, pyI*. Hence W’s trade with the group of
advanced economies (expressed in terms of f.o.b. prices) is balanced if pyIV =
EY —Y".

2.4 The impact of economic integration

The model presented in the previous section allows me to study the impacts of eco-
nomic integration on individual firms, international trade, and aggregate welfare
in a comparative static analysis. The first step consists of exploring the conse-
quences of lower variable offshoring costs. It is shown that a decline in these costs
stimulates trade in differentiated final goods. In a second step, the impacts of
changes in other model parameters are briefly discussed. The formal analysis is
relegated to Section 2.6.4 in the appendix.

2.4.1 Competition effects of lower marginal offshoring costs

Over the last two decades, the "glue" holding together individual production stages
in close geographical proximity has gradually melted (Baldwin 2006). For instance,
new forms of telecommunication - such as the internet - have facilitated the mon-
itoring and coordination of remote links of the supply chain. At the same time,
political liberalization has reduced artificial barriers to trade in intermediates. In
particular, a number of countries - including China and the Central and Eastern
European countries - that lend themselves to produce intermediates for the ad-
vanced economies have been gradually integrated into the world economy. In the
model, these developments are captured by a drop in variable offshoring costs,
77. All other exogenous parameters, including the variable costs of exporting final
goods, remain unchanged.?

3Note that 77 and 7 not only differ because they are related to different goods (intermediate
versus final goods), but also because they apply to different country pairs. Trade costs of final
goods, 7, concern trade among the advanced countries, while trade costs 7; relate to trade
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What are the impacts of a marginal drop in variable offshoring costs? The new
equilibrium is determined by the zero-cutoff profit condition (ZCP) and the free
entry condition (FE). While the FE condition in equation (2.18) remains unaffected
by the change in 77, the ZCP condition in (2.19) shifts to the right in (¢, 7) space.
As a result, the cutoff productivity level in the new equilibrium, @ ;.. is higher
than the one in the previous equilibrium. (Notice that variables with a prime
correspond to the new equilibrium with lower offshoring costs.) With slight abuse
of terminology, this finding can be summarized as follows:*

Result R.1 Competition intensifies. A marginal drop in variable offshoring
costs (17) forces the least productive firms to quit the domestic market.

This may come as a surprise, because the least productive firms do not engage
in offshoring (due to the fixed offshoring costs) and, therefore, are not directly
affected by changes in 7;. However, they are harmed by an indirect effect stemming
from increased competition in the domestic market. Several mechanisms are at
play. To start with, all firms that already sourced their intermediates from abroad
before the drop in 77 see their marginal cost fall, because the c.i.f. price of foreign
intermediates declines. Moreover, lower offshoring costs render foreign sourcing
profitable for more domestic firms, i.e. the cutoff productivity @,¢; falls. The
decrease in input costs of incumbent and new offshoring firms translates into lower
prices of their varieties. This downward pressure on the aggregate price level
Py stiffens competition in the domestic market. In addition, additional foreign
exporters enter the domestic market, intensifying competition further. All these
mechanisms contribute to the extinction of the least productive firms.

2.4.2 Trade effects of lower marginal offshoring costs

One can now move on to show that the drop in variable offshoring costs stimulates
not only trade in intermediates but also trade in differentiated final goods. More
specifically, one can demonstrate that lower offshoring costs allow incumbent ex-
porters to increase their export quantities (intensive margin) and enable additional
domestic firms to become exporters (extensive margin).

Turning to the extensive margin first, notice that, for a marginal fall in variable
offshoring costs from 7; to 77, we have:

~/ / (¢ -~/
Pevors _ () (%) <1 (2.22)

@el‘,Off I Pmin

between the workbench country and the advanced countries.

40f course, the overall degree of competition in the differentiated good sector is indexed by o.
Hence the intensification of competition actually refers to the deterioration in the relative prices
of low-productivity firms.



30 Chapter 2. Vertical linkages and the long-term growth in international trade

The first term on the right-hand side of the equality captures the direct effect of
lower variable offshoring costs on incumbent offshoring firms. A drop in 7; leads
to lower marginal costs and, ceteris paribus, higher profits from foreign sales. This
direct effect makes exporting profitable for some firms that were previously unable
to sell to foreign markets. However, there is also an indirect effect - captured by
the second term on the right-hand side - stemming from the increase in competi-
tion. This countervailing effect diminishes the profitability of exporting, because
stiffened competition weighs on the market shares of less productive exporters.
At first sight, it appears that the overall effect is ambiguous. Yet, one can show
analytically that the direct effect will always outweigh the indirect effect so that
the overall effect is positive (see Section 2.6.4 in the appendix, equation (2.29)).
Thus, lower variable offshoring costs always lead to a decrease in the export cutoff
productivity, allowing additional domestic firms to enter the export markets.?

A reduction in offshoring costs also boosts exports of differentiated final goods
through the intensive margin, i.e. incumbent exporters increase their export quan-
tities. This reflects a cross-country reallocation of market shares from low-
productivity to high-productivity firms. More specifically, incumbent exporters
from country H experience a drop in input costs, which allows them to sell their
variety at a lower price. This, in turn, gives them a competitive edge in foreign
markets over local competitors whose productivity is too low to render offshoring
profitable. Notably, price competitiveness vis-a-vis competing exporters from third
countries does not improve. Since the advanced economies are assumed to be per-
fectly symmetric, foreign exporters experience the same drop in input costs as
the domestic exporters. Thus, the mirror image of higher domestic exports are
diminishing sales of foreign low-productivity, non-exporting firms.

To derive the effect on the intensive margin analytically, notice that, in nominal
terms, the intensive margin corresponds to the revenues from foreign sales. Export
revenues must rise in response to lower offshoring costs, since

() K) <¢m>

SACLED 1)\ Pmin
Here, inequality (2.22) has been used. A similar expression holds for real exports.
The key finding can be summarized as follows:

-0

> 1. (2.23)

Result R.2 The export-magnification effect of offshoring. A marginal
drop in variable offshoring costs (17) fosters intra-industry trade in differentiated

5Tt should be noted that one cannot pin down the overall mass of new exporters without
restrictions on the shape of the productivity distribution function. For the sake of simplicity, the
change in the cutoff export productivity is referred to as the change in the extensive margin of
exports.
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final goods among the advanced economies through both the intensive and extensive
margin of trade.

Note that one cannot pinpoint the magnitude of the contributions of the in-
tensive margin and the extensive margin to the overall change in exports without
further assumptions on the productivity distribution g(¢). The reason is that the
mass of exporters entering the foreign market has to be set against the mass of
incumbent exporters ramping up their foreign sales.

The expansion of trade between the advanced economies is non-trivial. In the
model, the advanced economies trade only differentiated final goods with each
other and the distance costs 7 associated with this type of international trade
have remained unchanged. Thus, the intensification of trade in differentiated final
goods stems entirely from the resource reallocation between heterogeneous firms.

At the same time, the drop in 77 also boosts trade in intermediates between
the advanced economies and the workbench country. For one thing, more domes-
tic firms find it profitable to import foreign intermediates (@, falls); for another
thing, the more productive firms in the differentiated goods sector, which increase
their foreign sales, demand additional imported intermediates. Both effects con-
tribute to an increase in imports of intermediates by the advanced economies.
Since trade must be balanced, higher imports of intermediates require an expan-
sion of Home’s output and exports in its comparative advantage sector Y. Labor
is reallocated from the domestic intermediate good sector to the homogeneous fi-
nal good sector Y. The additional output units of Y are traded for intermediates
from country W. This effect comes on top of the export-magnification effect of
offshoring. In other words:

Result R.3 Inter-industry trade intensifies. A marginal drop in variable
offshoring costs (17) also intensifies inter-industry trade between the advanced
economies and the workbench country. This itmplies that trade in intermediates
increases in parallel to trade in final goods.

In a nutshell, the export-magnification effect developed in this chapter provides
a novel explanation for the growth in world trade over the last two decades. The
gradual decline in offshoring costs over this period triggered a "Darwinian evolu-
tion" that gave rise to a reallocation of market shares from low-productivity firms
to high-productivity exporters. This process stimulated not only trade in interme-
diates but also trade in differentiated final goods among the advanced economies.

This basic mechanism remains intact if assumption A.3 is violated, i.e. when
offshoring-only requires higher productivity than exporting-only. (It should be
stressed again that such a partitioning of firms would not be in line with empir-
ical evidence, as presented by Tomiura (2007).) In this case, a drop in variable
offshoring costs 77 still triggers an intra-industry reallocation of resources towards



32 Chapter 2. Vertical linkages and the long-term growth in international trade

the more productive firms, which increase their exports. Interestingly, though,
a lower 77 (and, similarly, a lower f7) is now associated with an increase in the
export cut-off. This is because the least productive exporters are not engaged in
offshoring and therefore cannot benefit from lower input costs, while being hurt
by the indirect effect of increased competition. However, this is counterbalanced
by the increase in exports of the more productive exporters. In addition, inter-
industry trade is boosted by increased demand for intermediates. In the following,
the focus is again on the case in which assumption A.3 holds.

2.4.3 Impacts on revenues, profits, and aggregate welfare

Lower variable offshoring costs also have repercussions on the revenues and profits
of individual firms and aggregate welfare. In brief:

Result R.4 The intra-industry reallocation raises aggregate welfare. A
marginal drop in variable offshoring costs (17) leads to an intra-industry realloca-
tion of market share and resources towards the more productive firms. The asso-
ciated increase in average firm efficiency raises real wages and, thereby, aggregate
welfare.

To see this, note that all incumbent offshoring firms - i.e. firms with relatively high
productivity - see their domestic revenues rise:

@) (et | 20

ru(¢off)  re(¢of7)

At the same time, they benefit from higher export sales. For new exporters this
is trivial, for seasoned exporters it follows from equation (2.23). Variable profits
increase in tandem, as they are proportional to revenues. Hence, all incumbent
offshoring firms unequivocally benefit from lower offshoring costs. By contrast,
it is unclear whether the firms switching from domestic to foreign sourcing see
their profits rise or fall. On the one hand, their domestic revenues rise. On the
other hand, they now have to bear the fixed costs of offshoring. However, each
of these new offshoring firms realizes higher profits compared to a hypothetical
case in which they refrain from offshoring. Low-productivity firms which continue
to purchase domestic intermediates have to digest a fall in revenues and profits.
Increased competition squeezes their market share, whereas their input costs re-
main unchanged. Therefore, the least productive of these firms have to leave the
market.

Overall, the marginal fall in offshoring costs leads to an intra-industry real-
location of market share and resources towards the more productive firms. As a
result, the average firm efficiency is higher in the new equilibrium. The consumer
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price index falls, resulting in higher real wages. Thus, welfare unequivocally rises
in all advanced economies. While it is not clear whether the product variety avail-
able increases (because the number of additional foreign exporters could be smaller
than the number of domestic firms leaving the market), this variety-effect is always
dominated by the effect of lower average prices (see equation 2.17). However, the
associated adjustments involve a significant reallocation of labor both between and
within sectors. Such an adjustment process is likely to be painful in the presence
of frictions in labor and goods markets, which have been assumed away.

As already indicated, welfare in the workbench country W is tied to labor
productivity in sector Y and therefore not affected by the change in offshoring
costs.

2.4.4 Other comparative statics

One might expect that the impacts of a change in fized offshoring costs (f;) are
very similar to those of lower variable offshoring costs. However, a drop in fixed
offshoring costs actually raises the minimum productivity cut-off level necessary to
become a successful exporter (Pesof7) (see Section 2.6.4 in the appendix). Hence
some incumbent exporters are forced to stop selling their goods abroad. The rea-
son is that, on the one hand, competition abroad intensifies, as some foreign firms
engage in offshoring for the first time and thereby improve their competitiveness.
On the other hand, the marginal domestic firm that is indifferent between export-
ing and staying at home is assumed to be already engaged in offshoring. Hence,
a decline in fixed offshoring costs has no impact on the marginal costs of this
firm. As a result, exporting becomes unprofitable for the marginal exporter. (By
contrast, variable offshoring costs enter the marginal costs and therefore affect
foreign sales prospects.) In addition, surviving exporters see their export revenues
fall. Hence the drop in f; also has a negative effect on trade in differentiated final
goods at the intensive margin. At the same time, however, there is a positive
effect on inter-industry trade. Lower fixed costs of offshoring, f;, prompt more
firms to import foreign intermediates from the workbench country (i.e. @, falls).
In return, exports of the homogeneous good Y also rise. Hence the effect of a drop
in f; on total trade is generally ambiguous. Nevertheless, welfare in the advanced
economies unequivocally increases.

The results so far have shown that changes in variable offshoring costs have im-
portant consequences for the firms’ export decision. However, the converse is also
true, i.e. changes in parameters related to final goods’ trade among the advanced
economies also affect the firms’ offshoring decision. In fact, both a decrease in the
variable cost of trading final goods (7) and a drop in the corresponding fixed costs
(few) raise the cutoff productivity for offshoring firms, @,¢s (see Section 2.6.4 in the
appendix). The weakest firms that previously engaged in offshoring are hurt by
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the deflection of demand toward foreign exporters and have to switch to domestic
sourcing. Interestingly, the intensification of competition stems entirely from the
entry of new foreign exporters. In contrast, changes in offshoring costs also stiffen
competition through a second channel, namely the boost in competitiveness of all
domestic firms that are able to offshore. This channel is absent in the case of a
reduction in 7, since lower trade costs among the advanced countries do not affect
the marginal cost of producing for the home market. It is also worth noting that
the results are fully consistent with Melitz (2003). Hence, qualitatively, changes
in the parameters related to trade in final goods (7, f., and n) have the same
consequences on the minimum cutoff productivity and the exporting threshold as
in the Melitz model.

2.5 Conclusion

World trade drastically increased in the two decades preceding the global down-
turn of 2008-09. Based on a general equilibrium model with heterogeneous firms,
this chapter argued that the export-magnification effect of offshoring helps ex-
plain the surge in world trade. The underlying mechanism is simple and intuitive,
but non-trivial. To be more concrete, the model suggests that the decline in off-
shoring costs seen over the past decades has, first, allowed more and more firms
in the advanced economies to cut production costs by importing intermediates
from low-wage countries and, second, brought down the input costs of incumbent
offshoring firms. This improvement in price competitiveness allowed these final
goods producers to ramp up their exports (intensive margin) or to become ex-
porters for the first time (extensive margin). As a result, international trade in
differentiated final goods among the advanced economies intensified. Crucially,
the export-magnification effect reflects a reallocation of market shares towards the
high-productivity firms, since only these firms are able to bear the fixed costs
associated with offshoring and exporting.

This narrative should be seen as a complement to other explanations of the
expansion of world trade over the last two decades, such as the one provided by
Yi (2003). That said, the mechanism proposed here has the advantage of being
consistent with the stylized fact that the share of intermediates in total trade has
remained broadly stable over recent years. In essence, I have shown analytically
how trade in intermediates boosts trade in final goods.

There are several promising avenues for future research in this field. First,
it would be interesting to build a similar model featuring offshoring between ad-
vanced economies. Empirically, similar countries tend to trade intermediates heav-
ily among each other (Grossman and Rossi-Hansberg 2008a). Second, the model
could be extended to allow for asymmetries across the advanced economies, par-
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ticularly as regards the productivity distributions in the differentiated good sec-
tor. This would open up the possibility that domestic exporters improve their
competitiveness vis-a-vis foreign exporters, too, rather than only vis-a-vis foreign
non-offshoring, non-exporting firms.
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2.6 Appendix to Chapter 2

2.6.1 Ranking of cutoff productivity levels

The following ranking of productivity cutoff levels has been assumed: @,,;, <
Gotf < Pexoff- This appendix demonstrates that assumptions A.1-A.3 indeed
ensure that this ranking holds.

To start with, notice that
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Assumption A.3 ensures that p; < py < 1. Thus, the ordering @pin < @osr <
@ex,of s holds if

o
P1<—5 <p2<l (2.25)
Dy
This ranking holds true under assumptions A.1-A.3. In words, if the relative price
of intermediates is neither too large nor too small, then the cutoff productivity
levels will be ordered as described in the main text.

In principle, firms could also opt for a fourth strategy, i.e. exporting without
offshoring. However, under assumptions A.1-A.3, this strategy is always dominated
by another strategy. The derivation of this result is relatively straightforward and
therefore omitted.

2.6.2 Aggregation

In equilibrium, sector X hosts three kinds of firms. Let M denote the equilibrium
mass of incumbent firms in this sector. Then the mass of all domestic firms involved
neither in exporting nor in offshoring is given by My; = vyM. Furthermore, the
mass of incumbent offshoring firms is Mysr = v,p¢M and the mass of domestic
exporters Mey off = Vexoff M. Finally, the mass of all firms serving the domestic
market, including foreign exporters, is My = M + nMey o5

Let quSd be the average efficiency of all domestic firms that neither export nor
engage in offshoring. Analogously, QAgoff stands for the average efficiency of all
domestic firms that purchase foreign intermediates without exporting and g?smf f
for the average efficiency of all domestic exporters also engaged in offshoring. Then
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these averages can be written as:
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Notice that all averages of firm efficiency depend on the productivity cutoff levels.
Since these cutoffs are functions of @,,;,, the same is true for the averages. In
particular:
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2.6.3 Open economy equilibrium

This appendix proves that the zero cutoff profit (ZCP) condition and the free entry
(FE) condition together identify a unique cutoff level @, as in Melitz (2003).
To start with, recall that the ZCP and FE conditions together imply:

fow =[G(Boss) — C(Brmin)|m(3a) + [G(Bewors) — G(Boss)|T(Dosy)
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Average profits of the three groups of firms occurring in equilibrium are given by:

~ o—1 T
w(¢q) = (fbd) —1| fpw

¢min

¢min

~ o—1
T(Gops) = (ib"ff> —1| fyw+

~ o—1 e o1
ﬂ(gex,off) _ (d)gOJ‘f) — 1| fpw+ (qﬁg;;f) — 1] frw

_l’_

~ o—1
<A€x’off> — 1| nfe;w
(bew,off



38 Chapter 2. Vertical linkages and the long-term growth in international trade

To condensate equation (2.26), two auxiliary functions are defined:

Ut = [T ((plfoa)g_lg«w

V(e ¢") = G(¢") — G(¢).

Now, noting that V' (¢', ¢") +V (¢, ¢") = V(¢',¢") and U(¢', ¢") + U(¢", ") =
U(¢',¢"), equation (2.26) can be recast as follows:

fe = [(Smin) U (Bmin, 00) = V(Brmin, 20)| [y
+ [(@os ) U (@ogs,00) = V(@ogs, 00)] fi (2.27)
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To boil down the preceding equation even further, one can define:
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Equation (2.27) can then be rewritten as follows:

fpj<@mm> + ffj(gﬁoff) + nfea:j(@e:cmff) = fe- (228)

Recall that @, and @y of¢ are implicitly defined as functions of @,,;, by equations
(2.12) and (2.14).

It is now straightforward to show that equation (2.28) identifies a unique cutoff
level @i and that the ZCP curve cuts the FE curve from above in (¢, 7) space.
In fact, the proof is analogous to Melitz (2003) and therefore omitted. One should
keep in mind, however, that the ZCP curve has a discontinuity at ¢ = @ufs.
At this point, ¢(p) switches from ¢/(p?)* to o/ (py¥)*. That said, the previous
assumptions ensure that the equilibrium @,,;,, i.e. the intersection of the ZCP and
FE curves, is strictly to the left of this discontinuity, in the range (0, §,7f). In this
subset, j(p) and therefore the ZCP curve are continuous.

Having identified @i, equations (2.12) and (2.14) determine the remaining
cutoff levels @orr and @eyorr. All other endogenous variables can be expressed as
functions of these three cutoff levels.
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2.6.4 Comparative statics
In this appendix, the comparative statics described in Section 2.4 are derived

analytically.

Lower 77

Differentiating equation (2.28) with respect to 7; yields:

d@min _ _a@min ffj,((ﬁoff)@off + nfexj,((ﬁex,off)@em,offﬁ
dry 71D f15 (Posf)Posf + fpi' (Pmin) Pmin + nfexi’ (Pex,of f)Pex,of £

<0

Here, p = 1 — (' /pf)*) < 1.
Since d Gpin/ d 11 > —a@in/ (T1P), we have:

Aoy _ OPoss | Pofs OPmin

< — > 0.
drr Trp Gmin  OTI

Hence the direct effect of a decrease in 7; on @,ff dominates the indirect effect
operating through @,,,. Similarly, since d @pin/ d 71 > —Q@min/ 71

8@6x,off _ O‘@ex,off + @ex,off 8@mzn

— > 0. 2.29
orr TI Omin  OTI (229)

To verify this, notice that d @,/ d 77 > —a@min/T7 can be rewritten as follows:

A—1 1 fpj,((ﬁmin)@min
D T S 1 (Bor ) ogs
0o o—1
_ 5 12 (i) IO (¢(?off))g_1'
71z, ()™ @ ag A oEma)

Poff

Using equation (2.12) and the definition of p above, one arrives at:

1
o 00 ¢ o—1 a(c—1)
d .
Pr

12, (rie)” (0 d¢

Under assumption A.1, this condition always holds, since the right-hand side is
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Chapter 3

Vertical linkages and short-term
trade dynamics

3.1 Introduction

The short-run sensitivity of trade flows to business cycle fluctuations has increased
significantly over the past decades. This became evident during the "Great Trade
Collapse" (Baldwin 2009) of 2008-09. The decline in world trade at the time
was not only the most severe downturn in post-war history, but also significantly
exceeded that in global production. What is more, the increased responsiveness
of trade to changes in production and income is not confined to this downturn.
Table 3.1 presents estimation results from a simple error correction model in the
spirit of Pain, Mourougane, Sédillot and Le Fouler (2005). The model explains
the quarterly growth in real OECD imports of goods and services (IM) by the
short-run dynamics in domestic demand (D D) and relative import prices (RIM P)
as well as the deviation from the estimated long-run ("equilibrium") relationship
between these variables:!

A]Mt = o+ ﬁlADDt + ﬁgARIMPt + B3AIM15_1 + ﬁ4AIMt_4

3.1
+y(IMy—y — DDy_y — 5RIMP; 1 — 3TREND,) + €. (3:1)

Estimating the model over two distinct sub-samples, it turns out that the short-run
coefficient corresponding to domestic demand, (1, increased significantly over time,
from 1.51 in 1970-1989 to 2.66 in 1990-2011 (this holds true if the crisis period is
excluded). In other words, a given change in domestic demand nowadays triggers

'In line with the literature, the long-run demand elasticity is set to unity. This implies that
the long-run ratio of imports to domestic demand is determined by relative prices. The fact that
imports have increased faster than domestic demand over the past decades is picked up by the
linear trend in the cointegration relationship.
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a more pronounced change in trade flows, as already shown by Irwin (2002) and
Freund (2009).

1970-1989 1990-2011 1970-2011

Constant (o) -0.15%#* -0.07* -0.06%**
Dynamics

Domestic demand () 1.51%H* 2.66%** 2.20%%*
Relative import prices (f2)  0.24%** 0.50%** 0.31%**
Imports(-1) (S53) 0.29%** 0.16** 0.25%**
Imports(-4) (54) -0.10 -0.13%* -0.16%**
Error correction (v) -0.16%** -0.06** -0.06%**
Long run

Relative import prices (61)  -0.35%%* -0.54 -0.68%**
Linear trend (62) 0.00%** 0.01%k* 0.01%**
R? 0.61 0.83 0.70
Durbin-Watson statistic 2.29 2.21 2.31

Table 3.1 Responsiveness of OECD imports to changes in domestic demand. OLS
estimates from an error correction model explaining quarterly growth in OECD real
imports of goods and services (see main text). Relative import prices are defined as the
import deflator divided by the domestic demand deflator. *** ** * denote significance
at the 1%, 5%, and 10% level, respectively. All data are provided by the OECD.

It is widely held that the international fragmentation of production has been
a key driver of the increased responsiveness of trade (e.g. Bems, Johnson and Yi
2009, Freund 2009, Irwin 2002, Levchenko, Lewis and Tesar 2010, Tanaka 2009).
The idea is that this process has created a finely woven web of cross-country link-
ages through which shocks can be rapidly transmitted across the globe. However,
a rigorous theoretical foundation for the link between the prevalence of vertical
linkages and the sensitivity of trade to macroeconomic shocks has been missing so
far. This chapter aims to close this gap. Based on a minimal International Real
Business Cycle (IRBC) model with vertical linkages, this chapter shows theoret-
ically that closer vertical linkages between countries raise the short-run volatility
of international trade, also relative to GDP. Trade flows are also found to become
more synchronized across countries as vertical fragmentation gains in importance.
These findings complement earlier work by Kose and Yi (2006) which shows that
vertical linkages foster cross-country output synchronization.

The analysis in this chapter is based on a two-country RBC model with verti-
cal linkages in the vein of Kose and Yi (2001, 2006). In the model, there are two
symmetric countries, each of them hosting three sectors. In the first sector, domes-
tic labor and capital are combined to produce a homogeneous intermediate good.
In the second sector, a representative firm bundles domestic and foreign interme-
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diates into a non-tradable consumption good. The use of foreign intermediates
in domestic production gives rise to vertical linkages across countries. Crucially,
trade in intermediates is subject to quadratic transport costs. Transport services
are provided by the third sector.

To study the impacts of closer vertical linkages on trade dynamics, this chapter
looks at the impulse responses and the simulated second moments of imports and
exports under two different scenarios. The scenarios differ only in the level of trans-
port costs associated with international trade in intermediates. Lower transport
costs are associated with closer vertical linkages in steady state. The numerical ex-
periments demonstrate that extensive vertical linkages amplify the trade response
to idiosyncratic demand and supply shocks. As a result, world trade becomes
more volatile, also relative to GDP. Moreover, the cross-country synchronization
of trade flows increases as vertical linkages become more important. In a nutshell,
the model predicts that in a world with closer vertical linkages trade should be-
come more sensitive to business cycle fluctuations and more synchronized across
countries.

Hence the findings of this chapter help explain the exceptional severity and
cross-country synchronization of the Great Trade Collapse of 2008-09. The decline
in world trade at the time - around 15 percent from peak to trough - was not only
unprecedented in post-war history (see Table 3.2), but also significantly exceeded
that in global production. While it is well known that trade is among the most
volatile GDP components (e.g. Ravn and Mazzenga 2004), empirical trade models
nevertheless have difficulties explaining the magnitude of the precipitous contrac-
tion in trade in the winter of 2008-09, leaving an unexplained residual of around
30-40 percent (Levchenko et al. 2010, Yi, Bems and Johnson 2010). The theoretical
results of this chapter suggest that vertical linkages - which have drastically gained
importance over recent years - helped amplify the drop in trade. Of course, this
does not exclude that other factors also played an important role in 2008-09, in-
cluding demand composition effects (Eaton, Kortum, Neiman and Romalis 2011),
inventory dynamics (Alessandria, Kaboski and Midrigan 2010), and supply-side
financial constraints (Amiti and Weinstein 2009, Chor and Manova 2010, Iacovone
and Zavacka 2009). The predictions of the model are also consistent with the fact
that the contraction in trade flows in 2008-09 was highly synchronized across coun-
tries. In fact, in the final quarter of 2008, all OECD countries reported negative
quarterly import growth, most of them at rates in excess of -10 percent. Never be-
fore had OECD countries’ trade flows reached such a high level of synchronization.
A similar picture emerges for major non-OECD economies.

This chapter is also related to a growing literature on the role of vertical link-
ages in business cycle synchronization. Methodologically, the chapter builds on
Kose and Yi (2001, 2006) who study the potential of vertical linkages to resolve
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Episode Peak  Trough Quarters to Percentage change
...trough ...pre-crisis level trough-to-peak
1969 1968Q4 1969Q1 1 2 -0.3
1971 1971Q3  1971Q4 1 2 1.3
1974-75 | 1974Q3 1975Q2 3 6 -7.3
1980 1980Q1 1980Q3 2 4 -2.9
1982 1981Q4 1982Q4 4 6 -3.1
1986 1985Q4 1986Q1 1 2 -0.2
1998 1998Q1 1998Q)2 1 2 -0.0
2001 2000Q4 2001Q4 4 6 -3.3
2008-09 | 2008Q2 2009Q1 3 9 -14.6

Table 3.2 Downturns in world trade (1968-2010). Episodes lasting at least two quarters
are marked in bold. The table is based on quarterly seasonally-adjusted data in 2005
US dollars. Sources: OECD (MEI) and own calculations.

the so-called trade co-movement problem.? In the more recent paper, Kose and
Yi augment the Backus-Kehoe-Kydland (BKK) model with transport costs and
generalize it to the three-country case to test whether the augmented model can
explain the positive link in the data between bilateral trade intensity and GDP
correlation. They demonstrate numerically that country pairs with lower bilat-
eral transport costs and higher trade intensity indeed show higher business cycle
co-movement, although the model still fails to replicate the empirical relationship
quantitatively. While the macroeconomic literature on vertical linkages has so
far been centered on the implications for output co-movement, some papers have
studied a variety of other topics ranging from output volatility (Bergin et al. 2007)
to the effectiveness of monetary policy (Huang and Liu 2001). This chapter adds
to the existing literature in that it focuses on the implications of vertical linkages
on the volatility and co-movement of international trade flows.

The remainder of the chapter is structured as follows. Section 3.2 introduces
the theoretical model, while Section 3.3 discusses the main results from the quan-
titative experiments. Section 3.4 concludes.

3.2 The model

The main goal of this chapter is to study the implications of vertical linkages on
trade dynamics. For this purpose, I set up a minimal IRBC model with vertical
linkages in the vein of Kose and Yi (2001, 2006).

20n this issue, see also Ambler, Cardia and Zimmermann (2002), Arkolakis and Rama-
narayanan (2008), Burstein, Kurz and Tesar (2008).
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3.2.1 The representative agent

The world consists of two perfectly symmetric countries, Home and Foreign. The
world population is normalized to unity. Each country is populated by an infinitely-
lived representative agent who acts at time ¢ so as to maximize

. _1l—y
5 Pttt

T O<p<l;0<p<1;v>0). (3.2)
=0

Here, ¢; denotes consumption in period ¢ and n; hours worked. The share of con-
sumption in intratemporal utility is p, while v denotes the intertemporal elasticity
of substitution and [ the discount factor. The fixed time endowment is normalized
to 1. All variables are in per capita terms, unless otherwise noted.

The representative agent purchases domestic goods for consumption (¢;) and
investment purposes (z;). Income is derived from labor supply, n;, and the capital
stock carried over from the last period, k;. The wage and rental rates are given by
w; and r;. Government consumption, g, is financed by lump-sum taxes. All this
adds up to the representative agent’s period budget constraint:

(¢t + g + x1) = 1eky + wing + 7. (3.3)

Here, ¢; denotes the price of the domestic final good (the numeraire) and m; div-
idend income. Notice that no financial assets are traded internationally. (The
assumption of financial autarky will be relaxed later on.) Kose and Yi (2001)
show that, under financial autarky, the relationship between trade intensity and
business cycle correlation has the correct sign. With fully integrated asset mar-
kets, by contrast, higher trade intensity is actually associated with lower business
cycle synchronization. For this reason, I focus on the case of financial autarky in
the baseline version of the model.
The capital stock evolves according to the standard law of motion

ko= (1= Ok +2 (0<35<1), (3.4)

where 0 is the rate of depreciation.

Agents maximize lifetime utility subject to a sequence of budget constraints,
as given in (3.3), and capital’s law of motion, (3.4). The corresponding first-order
conditions are entirely standard:

Ur(es, 1 —ng) = Mgy (3.5)
Us(cr, 1 —my) = Ny (3.6)
EBAt1 [repr + (1= 0) @] = M (3.7)
G lee + ge + kipr — (1= 0)ky| = riky + wyng + 7. (3.8)



46 Chapter 3. Vertical linkages and short-term trade dynamics

Here, Ui(c¢;, 1 — ny) and Us(c, 1 — my) are the partial derivatives of the utility
function and )\; is the Lagrange multiplier. One can combine and rewrite the first
three of the preceding equations as follows:
1— 1—
Ct MWy

ﬂUl(CtJrla 1— nt+1) (Ttﬂ
Uy (Ct, 1- nt) di+1

E

+1—5> ~ 1. (3.10)

The first equation describes the representative agent’s optimal labor-leisure deci-
sion, while the second one is a standard Euler equation.

3.2.2 Firms

Each country hosts three sectors. In the first sector, labor and capital are com-
bined to produce an intermediate good. The second sector assembles the final
consumption and investment good, using domestic and foreign intermediates as
inputs. The use of foreign intermediates in domestic production gives rise to verti-
cal cross-country linkages. The third sector transports intermediates to final goods
producers, also across borders.

The intermediate good sector

In the first sector, perfectly competitive firms combine labor and capital to produce
an intermediate good. Each economy is completely specialized in the production
of a single intermediate good, subject to a Cobb-Douglas production function.
Output of intermediates, y;, is given by:

Yy = zkin}i™’ (0<6<1). (3.11)

Here, z; is total factor productivity (TFP), which obeys a stochastic process de-
tailed below. 6 represents the share of capital in sectoral value added.

In each period, the representative firm maximizes profits subject to the pro-
duction technology given in (3.11). The first-order conditions are given by

riky = Opey (3.12)
WiNy = (1 — Q)ptyt, (313)

where p; denotes the factory gate price of the intermediate good produced in the
home country. Hence relative factor demand is given by:
l{?t th

ol It (3.14)
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The transport sector

The transport sector distributes domestic intermediate goods to domestic and
foreign final goods producers. More specifically, the shipping firm buys domestic
goods at factory gate prices and sells them at c.i.f. prices. Transport costs within
a country are zero. However, international trade in intermediates is subject to
transport costs. They include not only shipping costs in a narrow sense but also
costs related to artificial trade barriers (such as tariffs) and other distance costs
(such as administration and information costs). Following Backus, Kehoe and
Kydland (1992), Kose and Yi (2006), Ravn and Mazzenga (1999), transport costs
are quadratic in export quantities. This specification takes into account that,
at any point in time, it is more costly to transport larger quantities at once.
Put differently, the transport technology is associated with decreasing returns to
scale. To fix ideas, think of a fixed short-term capacity of vessels (a factor of
production which is not explicitly modeled here), which complicates the transport
of larger quantities of intermediates. Technically, quadratic transport costs are
useful, because - unlike linear costs a la Samuelson - they survive the linearization
of the model.

If Home ships ¥, ; units of intermediates to Foreign, 742 units will dissipate in
transit so that only

(1 = TYpt)Yur = My (1 >0) (3.15)

units arrive abroad. Hence m; denotes foreign imports. Notice that Ty, ; represents
the fraction of output lost in transit. In the subsequent numerical experiments,
transport costs are expressed as a percentage of steady-state export levels, similar
to the approach chosen by Backus et al. (1992). For instance, transport costs of
10 percent are tantamount to 7 = 0.1/y, o, where y, ¢ is the steady-state level of
exports.

Profit maximization, subject to the transport technology (3.15), requires that
marginal costs equal marginal revenue:

Pr =Dy (1= 27Y04) - (3.16)

Alternatively, the preceding equation can be interpreted as a no-arbitrage condition
stating that, at the margin, the transport firm should be indifferent between selling
a unit of the domestic intermediate at home or abroad. Note that pj,, is the
c.i.f. price of domestic exports, i.e. the price paid by foreign firms for domestic
intermediates. The transport firm has positive profits in equilibrium, since p; <
Pit(1 = TYz).® These profits are distributed to the owners, i.e. the households,

3Marginal revenue is decreasing in exports: pi, (1 — 27y,.). Hence the transport firm earns
positive profits on infra-marginal units shipped overseas. Profits would be zero if the transport
technology were linear - rather than quadratic - in exports.
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and are represented by 7, in equation (3.3).

The final good sector

In the final good sector, the representative firm bundles domestic and foreign
intermediates into a final good. Production technology is characterized by a CES
function:

1/(1—c
}/( " 0<w<la>0) (3.17)
Hence v; is the output of the domestic final good and y,, denotes the quantity of
domestic intermediates used in domestic production. The elasticity of substitution
is 1/av.

The final good producers act under perfect competition and maximize profits,
subject to the production technology given in (3.17). The two first-order conditions

o {wm%*a + (1 - w)y}l;a

are:
Pt _ [”t] (3.18)
qt my
Dbt Ut “
—=(1—-w)|—] . 3.19
qt ( ) [yd,tl ( )

Here, m; are domestic imports of intermediates, defined analogously to (3.15).

3.2.3 Market clearing and forcing processes

Clearing of the intermediate goods markets requires:

Ydt + Yzt = Y- (3.20)

Recall that final goods are not traded in the benchmark version of the model.
(This assumption will be relaxed later on.) Hence the market clearing condition
for final goods is:

Vg = ¢+ T + Gt (321)

Finally, the forcing processes governing total factor productivity and govern-
ment expenditure are given by:

2 z air a2 Zi—1 €24
log [*) =1og (%) + log (1) + (= 3.22
on () =rw () + (o s (32) = () 522
log (%) =g (1) + (P11 b1z} 1og (9] 4 (ot) (3.23)
gi 7 bia b 9i1 €gt

The innovations in (3.22) and (3.23) are both distributed normally and indepen-
dently over time with contemporaneous covariance matrices >, and X, respec-
tively.
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3.2.4 Equilibrium

An equilibrium is a sequence of goods and factor prices and quantities such that
the first-order conditions to the firms’ and households’ maximization problems, as
well as the market clearing conditions, are satisfied in every period.

3.2.5 Accounting

For later use, let real imports and real GDP be defined as follows:

Imports, = pm oy (3.24)
GDPt = qo (Ct + T + gt) . (325)

Both variables are measured at the prices of a base period, namely the steady state,
and are expressed in per capita terms. Notice that gross nominal output is given by
py+qu+p;,m*, where the third element refers to revenue in the domestic transport
sector. Subtracting intermediate consumption, i.e. pyg + pmm + PYz = py + Pmm,
gives nominal GDP: quv + p;, m* — p,,m. Using the final goods market clearing
condition and imposing balanced trade, one arrives at equation (3.25). Finally,
notice that the terms of trade are given by either p,,/p?, (in c.i.f. terms) or p*/p
(in f.0.b. terms).

3.2.6 Calibration and solution

Since the model has no closed-form solution, it is linearized around a symmetric
steady state. To make the results comparable with related work, the calibration
closely follows Backus, Kehoe and Kydland (1994) and Kose and Yi (2001). A
quarterly frequency is chosen.

The two countries are symmetric, also in terms of country size. The quarterly
rate of depreciation, ¢, is set to 0.025. The discount factor S equals 0.989, so
that the quarterly rate of return on capital (net of depreciation) is roughly 1
percent. The share of consumption in the utility function, y, is set to 0.34 and the
coefficient of relative risk aversion, 7, is 2. In steady state, consumption accounts
for 65 percent of final good absorption, government expenditure for 10 percent
and investment for the remaining 25 percent. The shares are in line with long-
run averages for the United States, as reported in the Penn World Table.* The
capital-output ratio is 10.

Following Backus et al. (1994) and Kose and Yi (2001), the elasticity of substi-
tution between domestic and foreign goods in the Armington aggregator, 1/, is
set to 1.5. The capital share in production, #, equals 0.36. In line with Kose and

4See Heston, Summers and Aten (2009).
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Yi (2001), the Armington weights (i.e. the w’s) are chosen such that the steady-
state import shares under free trade equal those actually observed in U.S. data.
A standard value for the import shares in the IRBC literature is 0.15 (e.g. Backus
et al. 1994, Heathcote and Perri 2004). The implied Armington weight is w = 0.24.
As regards the trade cost parameter 7, several alternative values corresponding to
transport costs ranging from zero to 30 percent of steady-state exports are consid-
ered. This makes it possible to study the role of higher trade in intermediates on
macroeconomic dynamics.

The specification of the shock processes closely follows Ravn and Mazzenga
(2004) who, in turn, draw on Backus et al. (1992). More specifically, the symmetric
matrices A and B associated with, respectively, the technology and government
expenditure shocks are specified as:

. [0.906 0.08831’ B_ [0-95 0 1 (3.26)

0.0883 0.906 0 095

The standard deviation of the productivity innovations in both countries is 0.00852,
while the cross-country correlation between these innovations is 0.258. As regards
the government expenditure shocks, there are no cross-country spillovers. The
first-order autocorrelation is 0.95, while the standard deviation of the innovations
is 0.02 in both countries. Table 3.3 summarizes the baseline calibration.

Parameter Baseline calibration

Preferences
7 0.34
0% 2
153 0.989
Technology
6 0.36
0 0.025
@ 1/1.5
w 0.24

Table 3.3 Summary of baseline calibration

3.3 How vertical linkages affect trade dynamics

How do vertical linkages affect the dynamics of aggregate trade flows? To find an
answer to this question, the model presented in Section 3.2 is solved and simulated
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under different levels of transport costs.® In essence, this numerical experiment
replicates the longer-term decline in distance costs observed over the past decades.
New forms of telecommunication, in particular, have facilitated the coordination
and monitoring of distant production activities. At the same time, political lib-
eralization has provided a powerful catalyst. As a result, the "glue" (Baldwin
2006) that once held together individual production stages in close geographical
proximity gradually melted away, giving rise to extensive vertical linkages.

3.3.1 Impulse response analysis

To gain some intuition for the model mechanics, it is useful to study the impulse
responses of key variables to transitory shocks under different levels of transport
costs. This prepares the ground for a full-fledged simulation in Section 3.3.2.

As a benchmark, consider the case in which trade in intermediates is subject
to transport costs of 30 percent. To fix ideas, think of this "high transport costs"
case as the situation prevailing two decades ago, before the vertical fragmentation
of production gained momentum. How does the economy react in such a setting to
a temporary drop in total factor productivity (TFP) in the domestic intermediate
goods sector by one standard deviation?® The impulse responses of key variables
are shown in Figure 3.1 in the appendix. Not surprisingly, output in the intermedi-
ate good sector declines immediately. Moreover, domestic firms cut back on their
inputs of labor and, with a lag, capital, thereby further aggravating the decline
in domestic output of intermediates. Lower productivity also translates into an
increase in the factory-gate price of domestic intermediates. In fact, there is an
improvement in the domestic terms of trade, defined as the c.i.f. price of domestic
imports divided by the c.i.f. price of domestic exports (p,,/p:,). Domestic final
goods producers take advantage of this change in relative input prices by par-
tially substituting foreign intermediates for domestic ones. Their output of final
goods also declines, sending the domestic economy into recession. Since there is
no intertemporal trade in the baseline version of the model, private consumption
declines together with current income.

The domestic recession is transmitted to the foreign country through the trade
channel. More specifically, the terms-of-trade effect makes foreign factors of pro-
duction effectively less productive and thereby acts to synchronize the countries’
business cycles, as already noted by Kose and Yi (2006). As a consequence, the
factor demand of foreign firms declines together with GDP, although the recession

5The following analysis makes use of Dynare, a free software package designed for the analysis
of DSGE models. It is available online: http://www.dynare.org.

6For the time being, the off-diagonal elements of matrix A are set to zero. Abstracting from
contemporaneous technology spillovers allows to focus on the role of vertical linkages in the
transmission of shocks.
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is less severe than in Home.” The drop in foreign final demand, together with the
change in the relative prices of intermediates, reduces world demand for Home’s
intermediate good. In fact, the decline in foreign imports is steeper than that in
domestic imports, due to the terms-of-trade effect. To see this, notice that bal-
anced trade requires p,,m = p;,m*. Home’s terms-of-trade improvement therefore
implies that the contraction in the quantity of foreign imports has to exceed the
drop in the quantity of domestic imports. The retrenchment in foreign imports
(and exports) is also more severe than that in foreign GDP, i.e. the trade intensity
declines.

Now, suppose transport costs decline on the back of technological progress and
political liberalization. This gives rise to tighter vertical linkages in steady state.
More specifically, the steady-state share of imported intermediates in GDP - i.e.
Importsy/GDP, - rises from 10 percent to 15 percent as transport costs fall from
30 to 0 percent, all other things being the same.

How does the economy now respond to the same asymmetric TFP shock exam-
ined above? For the sake of simplicity, consider the extreme case of zero transport
costs. (The main findings also apply to smaller reductions in transport costs, as
shown in the following figures and tables.) The most important finding is that
the collapse of international trade is steeper in both countries under free trade
compared with the benchmark (see Figure 3.1 in the appendix). The amplifica-
tion effect is quantitatively important. Extensive vertical linkages also aggravate
the recession in the foreign country. Meanwhile, the impulse response of domes-
tic GDP remains almost unchanged compared with the benchmark. Thus, the
cross-country GDP co-movement increases, as already demonstrated by Kose and
Yi (2006). Crucially, Home’s terms-of-trade improvement is more pronounced if
intermediates are traded freely. More specifically, the drop in the prices of both
domestic and foreign intermediates is smaller than in the benchmark case.

To understand the mechanisms driving the main results, it is useful to have a
closer look at the terms-of-trade effect. The first part of the intuition, which draws
on Kose and Yi (2006), explains why the terms of trade adjust more forcefully
as transport costs fall. The second part clarifies why a sharper adjustment in
the relative price of intermediates is associated with a more severe contraction in
international trade.

To start with, think of world demand for Home’s intermediate good as being
the sum of domestic and foreign demand. As it turns out, the foreign demand
component is more sensitive to changes in prices than the domestic component. In
other words, Foreign’s demand curve for the domestic intermediate is flatter than

"The fact that the GDPs co-move - in line with the data - reflects the assumption of finan-
cial autarky, which shuts off the resource-shifting mechanism responsible for BKK’s "quantity
anomaly". Heathcote and Perri (2004) show that an RBC model with financial autarky generally
has a better fit than a complete markets model.
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Home’s own demand curve for the same product. (By the same token, Home’s
demand curve for the foreign intermediate is flatter than Foreign’s demand curve.)
To see this, notice that the overall effect of a change in the price of the domestic
intermediate consists of a substitution and an income effect. On the one hand,
an increase in the price of the domestic intermediate prompts final goods pro-
ducers in both countries to partially substitute foreign intermediates for domestic
ones. On the other hand, the change in the terms of trade also affects income. In
Home, the positive income effect partially offsets the drop in demand for domestic
intermediates, whereas the negative income effect in Foreign reinforces the substi-
tution effect. As a result, the reduction in the quantity of domestic intermediates
demanded is more severe in Foreign, i.e. Foreign’s demand curve is flatter.

As transport costs fall, foreign firms increase their steady-state absorption of
domestic intermediates. Hence Foreign receives a larger weight in world demand for
Home’s intermediate good, leading to a flatter world demand curve. This change
in the composition of world demand dampens the terms-of-trade effect in response
to an asymmetric TFP shock in Home. However, there is a second mechanism
working in the opposite direction. As transport costs fall, the steady-state share
of imported inputs in Home’s production also increases, thereby magnifying the
effect of a change in the terms of trade on domestic income. This makes Home’s
demand curve, and thereby the world demand curve, steeper. Under the baseline
calibration, the second mechanism dominates. In brief, lower transport costs are
associated with a steeper world demand curve for the domestic intermediate, which
amplifies the terms-of-trade adjustment in response to an asymmetric TFP shock.

To complete the intuition, recall that an improvement in the domestic terms
of trade renders foreign factors effectively less productive. Since Home’s terms-
of-trade improvement is more pronounced under free trade, the sharper decline
in Foreign’s marginal value product gives rise to a steeper fall in foreign produc-
tion. Weaker economic activity, in turn, is associated with lower imports from
Home. At the same time, foreign exports experience a steeper downturn, since the
price of foreign intermediates declines less than in the "high transport costs' case.
Therefore, the contraction in international trade is more severe under free trade
in intermediates.

As it turns out, lower transport costs also amplify the trade response to a
demand shock. To be more concrete, consider a temporary decline in domestic
government expenditure by one standard deviation. Figure 3.2 shows that an
expansion in vertical linkages is associated with a steeper contraction in trade.
Lower transport costs also amplify the negative repercussions on foreign GDP.
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3.3.2 Simulation

The results of the impulse response analysis suggest that trade becomes more
volatile as transport costs fall. To verify this hypothesis, the model is simulated
over 120 quarters under different levels of transport costs (1,000 times for each
level of transport costs). Notice that both countries are now directly exposed to
shocks.®

The full-fledged simulation confirms that trade becomes more volatile in a
world with more extensive fragmentation of production. In both countries, the
volatility of imports and exports increases as transport costs decline (see Table
3.4). This is accompanied by a notable increase in the variability of the terms of
trade when they are expressed in c.i.f. terms. What is more, the standard deviation
of trade also increases relative to that of GDP, despite the fact that production
also becomes more volatile.

This finding is consistent with empirical evidence showing that international
trade has become more sensitive to changes in production and income over the past
two decades (see Section 3.1). The model results suggest that this phenomenon
has been partially driven by the increasing vertical fragmentation of production.
The preceding findings also put a new complexion on the Great Trade Collapse of
2008-09, when the drop in international trade significantly exceeded that in GDP,
both at the global level and in a number of major economies (including the United
States). As already indicated, empirical trade models had a hard time explaining
the magnitude of the trade collapse, leaving an unexplained residual of around
30-40 percent (Levchenko et al. 2010, Yi et al. 2010). The findings of this chapter
suggest that vertical linkages were an important factor behind this surprisingly
steep drop in trade. Put differently, the Great Trade Collapse can be seen as a
manifestation of a longer-term development, in which the increased importance of
vertical linkages raises the responsiveness of international trade to macroeconomic
shocks.

The model also predicts that a decline in transport costs amplifies the cross-
country synchronization of international trade flows. In fact, the correlation be-
tween domestic and foreign imports increases by a factor of 2.5 as transport costs
fall from 30 to O percent (see Table 3.6). This is not entirely trivial, since the
assumption of balanced trade puts a constraint on trade values at market prices
rather than trade quantities. Hence the model provides an intuitive theoretical
explanation for the synchronized nature of the trade collapse of 2008-09.

At the same time, the cross-country correlation of output also increases with
lower transport costs, as already demonstrated by Kose and Yi (2001, 2006). Look-
ing at this finding from a cross-sectional angle, the business cycle synchronization

8 Also, contemporaneous technology spillovers are now taken into account, i.e. the off-diagonal
elements of A are those given in (3.26).
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of a country pair can be expected to increase not only with the overall level of
bilateral trade (Clark and van Wincoop 2001, Frankel and Rose 1998) but also
with the intensity of bilateral vertical linkages. This is indeed consistent with
recent cross-country evidence by Ng (2010) who finds that bilateral production
fragmentation has a positive impact on bilateral GDP correlations. It is also in
line with di Giovanni and Levchenko (2010) who find that the amplification effect
of trade linkages on sectoral output correlation is stronger for industries with high
vertical production linkages.

Unfortunately, the model clearly fails to replicate the ranking of the standard
deviations of trade and GDP typically observed in the data. Empirically, the
standard deviation of imports and exports tends to be significantly higher than
that of output. For instance, looking at quarterly data from a cross-section of 14
OECD economies over the period 1970-2000, Ravn and Mazzenga (2004) find that
the standard deviation of trade exceeds that of output by a factor of 2-3. Similarly,
the volatility of the terms of trade is approximately two times that of output. (By
contrast, the standard deviation of net exports, as a percentage of GDP, is only
0.7 times that of output.) In the model, trade flows are clearly less volatile than
GDP. The same is true for the terms of trade, at least in the baseline scenario.
However, this is a well-known shortcoming of standard IRBC models, including the
Backus et al. (1994) model.” While the presence of transport costs breaks the tight
link between the terms of trade and the marginal rate of transformation between
domestic and foreign products established by a frictionless model, as described by
Ravn and Mazzenga (2004), this is not enough to bring the volatility of trade and
the terms of trade in line with their empirical counterparts.

Intuitively, raising the steady-state import share should at least bring the
volatility of international trade flows closer to that of GDP. This is indeed the
case. However, the relative standard deviation of trade remains implausibly small
even when the import share is lifted rather strongly from the baseline level of 0.15
to 0.5 (see Table 3.4). Nevertheless, it is reassuring that the main findings still
go through. In particular, lower transport costs are associated with higher trade
volatility and closer cross-country synchronization of trade flows and GDP.

Other basic sensitivity checks confirm that the main findings are robust to vari-
ation in key model parameters. In particular, the increase in the volatility of trade
remains intact when the elasticity of substitution between domestic and foreign
goods (1/«) is lowered from 1.5 to 0.9 (see Table 3.4). Interestingly, however, the
cross-country correlation of trade falls slightly in this case as transport costs fall.
Furthermore, shutting off the mechanical transmission of shocks through contem-

9Ravn and Mazzenga (2004), for instance, note that "the high variability of trade is one of
the aspects that international trade models cannot easily account for". The low variability of the
terms of trade, in turn, is part of the well-known "price puzzle".
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poraneous technology spill-overs, as was done in Section 3.3.1, does not affect the
main results (see Table 3.4).

In a nutshell, the model predicts that an expansion of vertical linkages increases
the volatility of trade relative to GDP and the cross-country co-movement of trade
flows. The main findings are robust to basic sensitivity checks. The following
section presents two slightly more ambitious modifications of the model to further
robustify the main findings of this chapter.

3.3.3 Model modifications
Back-and-forth trade

So far, the model allowed only intermediates to be traded internationally. To check
whether this restrictive assumption on the composition of international trade is
driving the results, trade in final goods is now incorporated. For the sake of
simplicity, trade in final goods is assumed to be frictionless. This extension of the
model effectively introduces back-and-forth trade. Final goods producers make
use of imported intermediates and then partially export their products to foreign
markets.

Final goods trade is motivated by household preferences. More specifically,
households now consume both domestic and foreign goods according to a Cobb-
Douglas function:

o =iy 0<v<l). (3.27)

Here, ¢yt (cpy ) is the consumption of goods from country H (F') by the domestic
representative agent and v denotes the expenditure share of foreign goods. Optimal
intratemporal allocation of consumption requires:

1 - 14
CHt = Ct ( Vth) (3.28)
Vo qHg
1-v
V Qg
Cpy=C : . 3.29
Fi t(l_qu) (3.29)

Similar expressions hold for investment and government consumption. The cor-
responding expenditure shares of foreign goods are denoted by v, and v,. The
overall price index of domestic composite consumption is given by:

@ =v"(1- V)i(liy)qg,t%lﬁ[jty- (3.30)

Again, similar expressions hold for the price indices corresponding to the invest-
ment and government consumption bundles, respectively. The domestic consump-
tion bundle, ¢;, remains the numeraire (¢ = 1). Notice that, in equations (3.18)
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and (3.19), ¢ is now replaced by qg: In equation (3.7), ¢ is replaced by g,
where ¢, is the price index corresponding to the composite investment bundle.
Furthermore, the period budget constraint is now given by:

GCt + Qo iGr + Quae = ek + wgng + . (3.31)

For notational convenience, let ay¢ = cyi+rpi+9m and apy = cpi+Tri+9gre
denote, respectively, domestic and foreign absorption of the domestic final good.
Then the market clearing condition for the domestic consumption and investment
good can be written as:

amg + gy = vy (3.32)

Real total imports (i.e. imports of intermediate and final goods) and real GDP
are now given as:

Imports, = pm.omi + qroar; (3.33)
GDPt = qH0AH ¢ -+ qFoQF;- (334)

In the subsequent numerical experiments, the Cobb-Douglas parameter is as-
sumed to be the same for private and government consumption as well as invest-
ment: v = v, = v, = 0.06. This implies that the steady-state share of foreign
goods in total domestic expenditure is 6 percent, broadly in line with aggregate
U.S. data. Furthermore, the steady-state share of intermediate inputs is now 9
percent, which corresponds to w = 0.18. Hence total imports, i.e. imports of in-
termediate and final goods, make up 15 percent of GDP, as in the benchmark
case.

Replicating the preceding numerical experiments with the augmented model,
it turns out that the presence of final goods trade does not compromise the main
insights gathered so far. In fact, the standard deviation of total trade, including
both intermediate and final goods, is virtually the same as in the baseline scenario
and rises with lower transport costs (see Table 3.5). Moreover, the cross-country
co-movement of total imports increases again as the economy moves towards free
trade, albeit less dramatically than in the baseline scenario (see Table 3.6). Addi-
tional numerical experiments (not reported here) show that the main results also
go through for other reasonable combinations of v, v,, and v, when the overall
steady-state import share is held constant at 0.15.

Financial integration

As a final robustness check, this section relaxes the assumption of financial au-
tarky. Apart from this modification, the model is identical to the baseline case.
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Households are now allowed to trade a real bond, which is expressed in terms of
Home’s intermediate good. The new budget constraint can be written as

b 1
q (Ct + gt + l’t) +pt <1 f:ll + 2¢b?+1> = T’tk?t —+ winy + ptbt + T, (335)
t

where b;,1 denotes the bonds carried over from period ¢ to t+1 and i; is the return
on the real bond. There are quadratic bond holding costs in the vein of Kollmann
(2004) to ensure the stationarity of the model: 0.5¢b7,, (with ¢ > 0). However,
to minimize their impact on model dynamics, a value close to zero is assigned to
the parameter ¢.

As regards the household’s optimization problem, the additional first-order
condition with respect to bond holdings b;,1 can be written as:

1
EiSAt+1Pe+1 = Aep (1 + ¢bt+1> : (3.36)
+ %

Assuming that international bond holdings are zero in steady state (by = 0), we
have ’io = (1 — ﬁ)/ﬁ = T’o/(]o — 9.

The market clearing condition for the domestic intermediate good is now given

by:

1 1 . \2
i+ o+ 500 + 50 (W) = (3.37)
Finally, bond market clearing requires that the bond be in zero net supply:
by + b, = 0. (3.38)

Turning to the results, the standard deviation of trade is virtually unchanged
compared with the baseline scenario and rises with trade liberalization (see Table
3.5). The same applies to the relative standard deviation, although GDP is slightly
more volatile than in the baseline and its correlation with trade flows has signifi-
cantly increased. Since the presence of financial linkages activates the well-known
resource-shifting mechanism, the cross-county GDP correlation becomes negative
as transport costs approach zero. The de-synchronization of the two economies
is also reflected in imports, whose cross-country correlation declines as transport
costs fall.

To summarize, the main findings of this chapter are robust to several reasonable
modifications. In particular, the positive link between vertical linkages and the
volatility of trade survives if international trade in final goods or financial assets
is allowed. The result that vertical linkages go hand in hand with increased trade
synchronization remains unaffected if final goods are traded across borders, but
breaks down in the presence of an internationally traded real bond.
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3.4 Conclusion

Imports and exports have always tended to fluctuate more vigorously over the
business cycle than GDP (Ravn and Mazzenga 2004). Over the past two decades,
however, this empirical regularity has become even more pronounced. In fact,
empirical evidence shows that international trade has become more sensitive to
macroeconomic shocks. A case in point is the collapse of world trade in the winter
of 2008-09, which was more severe than a standard empirical trade model would
have predicted on the basis of the actual decline in economic activity (Levchenko
et al. 2010, Yi et al. 2010). It is widely held that the increasing importance
of vertical cross-country linkages has been a key driver of the increase in the
responsiveness of trade to macroeconomic shocks.

This chapter is a first attempt to provide a rigorous theoretical foundation for
this narrative. The analysis is based on a minimal IRBC model with vertical link-
ages in the vein of Kose and Yi (2001, 2006). Numerical experiments within this
framework demonstrate that closer vertical linkages between countries, brought
about by lower transport costs, raise the volatility of international trade. In addi-
tion, international trade becomes more synchronized across countries (under cer-
tain conditions). The main results are quite robust to several modifications of the
model. Hence the model establishes a causal link between the build-up of extensive
vertical linkages across the globe over the past two decades and the simultaneous
increase in the sensitivity of trade to macroeconomic shocks. Moreover, the results
suggest that the severity of the Great Trade Collapse of 2008-09 partly reflected
the increased responsiveness of trade on the back of pervasive vertical linkages.
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3.5 Appendix to Chapter 3
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Figure 3.1 Impulse responses to an adverse productivity shock in the home country
(With aig = big = 0).
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percentage relative
standard deviation standard deviation (¢) correlation with GDP
1 - transport costs 1 - transport costs 1 - transport costs

07 08 09 1007 08 09 10 0.7 08 09 1.0

baseline scenario
imports 0.01 0.04 0.06 0.10|0.02 0.05 0.09 0.13| 0.18 0.28 0.38 0.47
GDP 0.69 0.70 0.71 0.72 |1.00 1.00 1.00 1.00| 1.00 1.00 1.00 1.00
terms of trade (c.i.f.) 0.31 0.55 0.75 090|045 0.79 1.07 1.27| 066 0.64 0.62 0.59
terms of trade (f.o.b.) | 1.11 1.03 0.96 0.90 | 1.63 1.49 1.37 1.27 | 0.66 0.64 0.62 0.59
higher import share (0.5)
imports 0.04 0.10 0.18 0.26 | 0.12 0.26 042 0.54| 030 0.49 0.66 0.77
GDP 0.36 0.39 0.44 0.49|1.00 1.00 1.00 1.00| 1.00 1.00 1.00 1.00
terms of trade (c.i.f.) 0.32 0.57 0.77 0.92 090 147 180 191 | 058 0.46 0.34 0.24
terms of trade (f.o.b.) | 1.17 1.08 0.99 0.92 | 3.27 2.77 230 191 | 0.58 0.46 0.34 0.24
lower elasticity (0.9)
imports 0.04 0.07 0.11 0.13]0.06 0.11 0.15 0.19| 0.14 0.20 0.26 0.31
GDP 0.67 0.69 0.70 0.72 |1.00 1.00 1.00 1.00| 1.00 1.00 1.00 1.00
terms of trade (c.i.f.) 0.53 1.01 147 1.86|0.81 148 211 263 | 062 056 0.51 0.46
terms of trade (f.o.b.) | 1.94 191 1.88 1.86|2.92 280 2.71 263 | 0.62 0.56 0.51 0.46
no technology spill-overs
imports 0.01 0.03 0.06 0.09 |0.02 0.05 0.09 0.13|-0.08 0.03 0.15 0.25
GDP 0.70 0.71 0.71 0.72 | 1.00 1.00 1.00 1.00 | 1.00 1.00 1.00 1.00
terms of trade (c.i.f.) | 0.36 0.63 0.87 1.05|0.51 090 1.23 148 | 0.75 0.74 0.71 0.69
terms of trade (f.o.b.) | 1.29 1.19 1.11 1.05|1.85 1.70 1.58 1.48 | 0.75 0.74 0.71 0.69

Table 3.4 Simulated second moments, averaged over 1,000 simulations a 120 quarters. Underlying data are HP-filtered
(smoothing parameter 1,600). For details see main text. Note that exports and imports are equally volatile. The theoretical
second moments are identical in both countries due to symmetry. (a) Relative to real GDP.
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cross-country correlation
1 - transport costs
0.7 0.8 0.9 1.0

baseline scenario

imports 0.25 040 0.53 0.63

GDP 0.11 0.16 0.23 0.29
higher import share (0.5)

imports 0.28 042 054 0.61

GDP 0.32 0.57 077 0.89
lower elasticity (0.9)

imports 0.056 0.04 0.03 0.02

GDP 0.23 0.36 048 0.57
no technology spill-overs

imports -0.01 0.16 032 0.44

GDP -0.15 -0.09 -0.03 0.04
with trade in final goods

total imports 0.44 047 052 0.58

GDP 0.21 024 0.27 031
(incomplete) financial integration

imports 0.50 0.46 035 0.16

GDP 0.05 0.02 -0.04 -0.13

Table 3.6 Simulated cross-country correlations, averaged over 1,000 simulations a 120
quarters. Underlying data are HP-filtered (smoothing parameter 1,600). For details see
main text. Note that exports and imports are equally volatile. The theoretical second
moments are identical in both countries due to symmetry.



Chapter 4

A DSGE model with truly
endogenous vertical linkages

4.1 Introduction

Offshoring takes place along two dimensions. The eztensive margin of offshoring
refers to the range of production activities located offshore. The intensive margin
relates to the quantity of a given intermediate imported from abroad. This termi-
nology follows Kohler (2004b). In the field of international trade theory, models
devoted to the determinants of offshoring typically allow firms to decide on both
the intensive and extensive margins of offshoring. The model developed in Chapter
2 is in this tradition. By contrast, standard DSGE models (but also many Com-
putable General Equilibrium models) build on Armington aggregators to capture
vertical linkages. In the vein of Armington (1969), intermediates are differentiated
by country of origin. This means that firms only decide on the imported quan-
tities of foreign intermediates (intensive margin), while the extensive margin of
offshoring is treated as exogenously given. The model presented in Chapter 3 also
made use of this modeling strategy.

Armington aggregators clearly have their merits, particularly on the grounds
of modeling parsimony. However, the notion of geographically differentiated in-
termediates becomes increasingly questionable in a world where distance costs are
rapidly falling and many intermediate inputs are provided electronically. More-
over, it is unclear how the shutdown of the extensive margin of offshoring in typical
DSGE models affects the international transmission of shocks. On the one hand,
one would not expect firms to switch back and forth between domestic and foreign
sourcing of a particular intermediate over the business cycle in a significant way.
Contractual obligations, information costs and similar frictions are likely to render
such a footloose sourcing strategy unprofitable. On the other hand, there need
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not be large fluctuations in the extensive margin (i.e. actual movement) for it to
play a role in macroeconomic dynamics. The mere potential for firms to relocate
production stages (i.e. mobility) might be enough to make a difference.!

Against this backdrop, I construct a medium-scale Dynamic Stochastic General
Equilibrium (DSGE) model where both the intensive and extensive margins of
offshoring are endogenous. The model combines a standard DSGE framework with
a production module in the spirit of Dornbusch et al. (1977).2 This theoretical
framework allows me to test numerically if endogenizing the extensive margin
affects the economy’s dynamic responses to macroeconomic shocks. The natural
benchmark is the same model in which the extensive margin is exogenously fixed.

In the baseline model, production of final goods requires a continuum of in-
termediate products. The technology underlying the production of intermediates
is linear in labor. Final goods producers can source their intermediates either
domestically or from abroad and they can vary the imported quantity of each in-
termediate. Hence both margins of offshoring are endogenous. Endogenizing the
extensive margin means that a new first-order optimality condition is added to the
model, which links the international division of labor to relative factor prices. I
propose two alternative scenarios differing in how the extensive margin is pinned
down. In the first scenario, firms can take advantage of cross-country wage dif-
ferentials. However, offshoring is subject to per-unit distance costs, which vary
by intermediate, as in Grossman and Rossi-Hansberg (2008b). The idea is that
some production stages are more easily located far away from the headquarters
or the place of final assembly. Firms relocate all tasks for which the lower wage
bill outweighs the variable costs of offshoring. Hence only intermediates with rel-
atively low offshoring costs are being offshored. The drawback of this modeling
strategy is that, with only one factor of production involved in the production of
intermediates, offshoring must be a one-way phenomenon. The reason is that only
firms from the high-wage country will ever find it optimal to incur offshoring costs
to relocate tasks to the foreign country. Moreover, if the countries are symmetric
in steady state, offshoring can only occur as a temporary response to transitory
wage differentials in the face of macroeconomic shocks. This is arguably a poor

In a paper devoted to the endogenous tradability of final goods, Bergin and Glick (2006)
argue along similar lines. They show that a macro model in which the margin between traded
and non-traded goods is endogenous does a better job in explaining the low volatility of the
relative price between traded and non-traded goods compared to real exchange rates. Bergin
and Glick give the following interpretation of their results: "It should be noted that the results
of this paper in no way rely upon implausibly large numbers of firms switching between traded
and non-traded status, but rather upon the simple fact that firms have the ability to make such
a switch." (p.3)

2Dornbusch et al. (1977) study international specialization and trade in a one-factor, two-
country Ricardian model with a continuum of goods. For other applications of the Dornbusch-
Fischer-Samuelson approach in macroeconomics, see, for instance, Bergin and Glick (2005, 2006).
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representation of the real-world offshoring patterns. For this reason, the second
scenario explores a different offshoring motive. Here, not the offshoring costs differ
across tasks, but the production technology does, varying across tasks and coun-
tries. Put differently, the labor requirements for some intermediates are lower in
Home, whereas foreign workers are more adept in producing the remaining inter-
mediates. This model variant is consistent with symmetry in steady state (apart
from the fact that each country offshores another part of the task continuum,
which is meaningless in this context). The intermediates produced offshore are
those for which production costs are lower abroad. In equilibrium, both countries
will be engaged in offshoring.

The chapter is related to a few papers studying the impacts of offshoring on
macroeconomic dynamics. Bergin et al. (2007) construct (two variants of) a DSGE
model to explain why the volatility of economic activity in Mexican offshoring in-
dustries (maquiladoras) is roughly twice as high as that in their U.S. counterparts.
In the model, a variable cost activity can be relocated from the United States to
Mexico, while fixed-cost R&D activities are tied to the United States. In one vari-
ant of the model, international differences in production technologies and wages
determine endogenously which industries are involved in offshoring, as in Feenstra
and Hanson (1995). Bergin et al. (2007) assume ad hoc that only variable-cost
activities can be offshored, while fixed-cost activities are tied to the home country.
In this chapter, by contrast, individual tasks do not differ in their inherent volatil-
ity. Bergin et al. (2007) primarily aim at replicating stylized facts on the industry
level, while the focus of this chapter is at the macroeconomic level. Moreover,
Bergin et al. (2007) model offshoring as an industry-specific phenomenon, while I
regard it primarily as a task-specific or input-specific phenomenon. The extensive
margin of offshoring runs along tasks, not final goods industries. Herein, I follow
Grossman and Rossi-Hansberg (20085).3

Another closely related paper is the two-country, two-factor dynamic Ricardian
model by Yi (2003), which allows for endogenous relocation of production stages.
Final goods are produced in three sequential stages. The first two stages yield
intermediate goods, which are then costlessly assembled into final goods. (The
purpose of the second stage is, essentially, to amplify the effects of a tariff cut by
allowing for multiple border crossings of intermediate goods.) Yi assumes that the
first two stages can be located in both countries and determines the pattern of
international specialization endogenously in the vein of Dornbusch et al. (1977).
Yi’s focus is on two puzzles linked to the longer-term growth in international
trade which can be partly resolved by allowing for multiple border crossings of
intermediate goods. Consequently, the model lacks the frictions and shocks that

3For an illuminating juxtaposition of industry-specific and input-specific offshoring paradigms
see Kohler (2008).
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are by now standard in DSGE models. Also, his concept of offshoring (or vertical
specialization, in Yi’s terminology) requires that a final good produced with foreign
intermediate inputs be partly exported to other countries.

The remainder of this chapter is structured as follows. In Section 4.2, I con-
struct a DSGE model in which both the intensive and the extensive margins of
offshoring are endogenous. Section 4.3 studies the dynamics of this model, while
Section 4.4 concludes.

4.2 The model

4.2.1 Firms

There are two countries, Home and Foreign. In the following, I will concentrate on
the domestic economy. Unless noted otherwise, the basic structure of the economy
is the same abroad. Foreign variables are denoted by asterisks.

Home produces a continuum of final goods varieties z € [0, n|. All varieties are
traded in a monopolistically competitive world market and all firms are perfectly
symmetric. The production of the representative final good z involves two stages,
both under the control of the final good producer. In the first stage, workers
manufacture a continuum of intermediate goods. In the second stage, these inter-
mediates are costlessly assembled into a final good variety. Final assembly is tied
to the domestic headquarters. The novel feature of this model comes into play at
the first stage: Firms are free to produce any one intermediate either at home or
offshore. Hence the geographic location of every intermediate is endogenous. This
opens up a new channel for the transmission of shocks across countries.

First stage of production

Firms need a continuum of intermediates with mass unity to produce a variety
of the final good. To facilitate comparison with Grossman and Rossi-Hansberg
(2008b), I refer to the corresponding production activities as tasks.*

Crucially, the production of every intermediate can be located in any of the
two countries. In contrast to the usual Armington assumption, a given intermedi-
ate produced offshore is a perfect substitute for the same intermediate produced
at home. Offshoring occurs if a domestic firm manufactures some intermediates
abroad. Since each intermediate has to be shipped physically or transferred elec-
tronically to the headquarters, firms can decide on the location of an individual
intermediate independently from the location of the other intermediates. Notice
that workers are barred from international migration.

“Hence "task" refers to an activity, while "intermediate" stands for the product of this activity.
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The production technology for intermediates is linear in labor. Suppose the
representative firm decides to produce intermediate i € [0, 1] in the home country.
The unit cost of intermediate ¢ produced at home is simply:

MCy4(iy,z) = ag(i)w. (4.1)

Here, w; is the domestic wage rate in period ¢ and ay (i) is the unit labor require-
ment associated with the production of intermediate ¢ at home. In general, the
unit labor requirements may differ across tasks.

If, however, the firm decides to locate intermediate ¢ offshore, it hires foreign
workers at foreign wages. Denoting by w; the foreign wage rate and by S; the
nominal exchange rate, the unit cost of performing task ¢ offshore and shipping
the produced intermediate back to the home country is:

MCp(i, z) = 7(i)ap(i)Sw; (t(7) > 1). (4.2)

Here, ap(i) is the labor coefficient corresponding to task i in Foreign and 7(7)
denotes task-specific offshoring costs, including transport costs.

For future reference, let a(i) = 7(i)ar(i)/ay (i) be the offshoring curve. For
each task i € [0, 1], this curve captures the effective labor requirement (including
distance costs) associated with sourcing task i from overseas, relative to the cor-
responding labor requirement in the case of domestic production. Hence a lower
a(7) is more favorable to offshoring. Let the individual tasks be ordered on the
unit interval such that tasks are closer to zero for which offshoring is relatively
profitable for domestic firms. This implies o/(i) > 0. I will impose the stricter
assumption that «(7) is continuous and strictly increasing in 1.

Two scenarios are nested in this generic notation. The first scenario closely
follows Grossman and Rossi-Hansberg (20080):

Scenario S.1 Task-specific offshoring costs. Offshoring costs (i) are task-
specific, but identical for domestic and foreign firms. All tasks are ordered along
the unit interval such that (i) is strictly increasing in i: 7'(i) > 0. (I also
assume 7(0) = 1.) At the same time, the representative firm encounters the same
production technology for individual tasks at home and offshore. For the sake of
simplicity, production-related unit labor requirements are assumed to be identical
for all tasks and equal to unity: agy(i) = ap(i) =1 Vi € [0,1]. The preceding
assumptions imply that a(i) = o* (7).

In Scenario S.1, the idea is that some production stages are more easily located far
away from the headquarters. Some tasks lend themselves to offshoring, because
they can be easily monitored and coordinated with other tasks from a distance
(e.g. typewriting). Other tasks, however, might be hardly offshorable, because
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they require geographical or cultural proximity to the firm’s headquarters. Think
of marketing services or guarding a firm’s domestic premises. Artificial trade
barriers, such as tariffs on trade in intermediates, can also play a role. Technically,
these offshoring costs effectively raise the unit labor requirement associated with
foreign sourcing. Factor price differentials can be the only motivation for offshoring
in scenario S.1 and they have to be large enough to compensate for distance costs.

In the second scenario, production technology varies across tasks and countries,
while offshoring costs are identical for all tasks. Hence offshoring is driven by cross-
country differences in production technology:

Scenario S.2 Country and task-specific labor productivity. Offshoring
costs are absent (T(1) = 1 for all i), while production technology is task-specific.
The unit labor requirements associated with a given task at home and offshore,
ap (i) and ap(i), may differ. Firms always face the unit labor requirements pre-
vailing in the country of production: ay(i) = aj;(i) and ap(i) = a}(i). Let all
tasks be ordered along the unit interval such that ap(i)/ay (i) is upward-sloping.
The preceding assumptions together imply that a(i) = 1/a*(i).

The two scenarios are clearly not isomorphic. While domestic and foreign
firms share the same offshoring curve in Scenario S.1, the offshoring curves are
mirror images of each other in Scenario S.2. The reason for this difference is that,
similar to Grossman and Rossi-Hansberg (2008b), I assume that offshoring costs
7(7) are determined by characteristics inherent to each task, such as whether tasks
can be seen as routine tasks or whether they are easily codified. Under these
circumstances, it would be unreasonable to posit that the 7(7) is sloping upwards
in one country and downwards in the other. Only in that case would the two
scenarios be isomorphic.

Of course, one could also think of a combination of the two scenarios in which
both transport costs and production technology are task-specific and the latter
differs across countries. Such hybrid scenarios could easily be implemented as long
as the offshoring curve a(i) is well-behaved. However, in the following I will focus
on the two extreme scenarios outlined above.

Crucially, (i) varies across tasks in both scenarios, allowing me to pin down
the optimal location of every task (see Section 4.2.1). For the time being, however,
I take as given that tasks are located optimally. Let the marginal task that is being
offshored, i.e. the extensive margin of offshoring, be denoted by I;(z). Also, recall
that the individual tasks are ordered on the unit interval such that tasks for which
offshoring is relatively profitable are closer to zero. Then all tasks in the range
(I;(2), 1] are performed at home, while the remaining tasks are located at offshore
plants.’

°If, in Scenario S.2, distance costs were non-zero (but identical for all tasks), some tasks would
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Final stage of production

In the final stage of production the representative firm costlessly bundles together
the continuum of intermediates produced in the first stage. Final assembly is
characterized by constant returns to scale and a constant elasticity of substitution,
A. This elasticity is the same for all intermediates, regardless of their country of
origin. I rule out the case of perfect substitutability. Each intermediate is equally
important, meaning that individual intermediates enter the cost function with
identical weight (normalized to unity). Note that it is important to distinguish
between the substitutability of two different tasks (which is less than perfect and
equal to A) and the substitutability of a given intermediate i produced at home
and the same intermediate produced abroad (which is perfect).
The unit cost function of the representative firm is given by:®

1

1 1 T—x
MCi(2) = 5— [ /0 (min {MC (i, 2), MCa(i, 2)}) di]
t
' L 4.3
1 It(z) ] 1—) ] 1 ) - ) FEDY ( )
- l/ (MCpy(iy2)) "di+ (MCy4(i, 2)) dz} )
Zay |Jo Ii(2)

The second equality follows from the fact that tasks are located optimally. Z4,
denotes a stochastic technology shock.

Plugging the unit cost functions corresponding to the first stage of production,
i.e. equations (4.1) and (4.2), into (4.3) gives:

1
=X

(ag(i)w) ™ dz’} . (4.4)

1 1

MOt<Z) = E

[/OQ(Z) (T(i)ap(i)Stw;“)l_)‘ di+

It(Z)

The conditional demand for labor at home and offshore, respectively, is:

Zag Wy t(2)
CYi(2) (Za MO\ ey
Lp(z) = 7 ( St /o (t()ar()) " di. (4.6)

not be traded in equilibrium.
61t would be straightforward to introduce adjustment costs on the extensive margin of off-

__ 2
shoring: MCy(z) = Fé#’(:)MC’t(z), where 'y (2) = 1+ % [%i) - 1] (¢1 > 0). The idea would
be that swiftly setting up or closing down offshore production facilities is costlier than gradual
adjustment. To simplify the optimization problem of the firm, it is convenient to let adjustment
costs depend on the (lagged) aggregate level of the extensive margin of offshoring, I;_1. How-
ever, the impulse response analysis will show that the adjustments in the extensive margin of
offshoring are rather small, even in the absence of adjustment costs. Therefore, I abstract from

adjustment costs to simplify the exposition.
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Here, Lp(2) is the amount of foreign labor needed by firm z to produce tasks
[0, I;(#)] offshore and Lg.(z) is the quantity of domestic labor needed for tasks
(I,(2),1]. Yy(z) is the quantity of the final good variety z produced in period ¢. A
more detailed look at the production module of the model is provided in Section
4.5.1 in the appendix.

Pinning down the extensive margin

Which intermediates should be produced offshore? Obviously, the representative
firm will relocate all tasks that can be sourced at lower cost from offshore plants.
The total cost of a given intermediate is made up of production costs and, in
Scenario S.1, offshoring costs. This calculus is reflected in the first-order condition
with respect to [,(2):

a(li(z))

Wy
Sywy '

(4.7)

This marginal offshoring condition states that the cost of producing the marginal
intermediate [,(z) at home must be identical to the cost of sourcing it from an
offshore plant, provided that an interior solution exists.” A very similar expression
holds in the static model by Grossman and Rossi-Hansberg (20085). When de-
ciding on the location of individual production stages, the representative firm will
generally take into account three factors: the relative wage rate (right-hand side)
as well as productivity differences and offshoring costs, as summarized by the off-
shoring curve «(7) (left-hand side). In general, sourcing a given task ¢ from offshore
will be profitable only if the unit cost is lower at foreign plants, i.e. a(i) < w;/Syw;.
More specifically, in Scenario S.1, in which technology is the same in both coun-
tries, the representative firm will find it optimal to offshore only tasks that are
associated with relatively low distance costs and produce all remaining intermedi-
ates at home. In Scenario S.2, all tasks for which Foreign enjoys an absolute cost
advantage in production will be offshored.

The foreign representative firm is also free to produce intermediates in Home
and therefore faces a similar optimization problem. The foreign offshoring curve
a*(i) is defined over the same ordered set of tasks as Home’s and the marginal
offshoring condition is given by:

1 . Wy
a*(IF(z))  Swp

(4.8)

"Formally, recall that « is continuous and strictly increasing in i. Suppose w; > a(0)S;w; and
wy < a1)S;w;. Then, by the intermediate value theorem, there is an intermediate I;(z) € (0,1)
that satisfies wy = a(I¢(z))Siwy.
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w

Foreign firms will offshore all tasks for which 1/a*(i) > w;/Suw;, where a*(i) =
T()ay(i)/ap(i) = a(i)ay(i)/ap(i). In Scenario S.1, this implies that 1/a(i) >
wy/(Sywy). In Scenario S.2, we have (i) > w;/(Sywy).

In Scenario S.1, in which a(i) = a*(i), offshoring must be a one-way phe-
nomenon. The reason is that only firms from the high-wage country will ever find
it optimal to incur offshoring costs to relocate tasks to the other country. Tech-
nically, (4.7) and (4.8) simply cannot be fulfilled at the same time, unless wages
are equalized across countries, in which case there is no offshoring (since 7(0) =1
and 7/(i) > 0). If the countries are symmetric in steady state, offshoring can
only occur as a temporary response to transitory wage differentials in the face of
macroeconomic shocks. This is arguably a poor representation of the real-world
offshoring patterns.

In Scenario S.2, by contrast, two-way offshoring is possible. In this case, a*(7)
is strictly falling in ¢ and we have a(i) = 1/a*(i) due to cross-country differences
in production technology. Figure 4.1 depicts the resulting pattern of international
specialization. Domestic firms relocate all tasks [0, [;] to Foreign, while perform-
ing the other tasks at home. Foreign firms offshore tasks (/;,1] to Home and
keep the others at their headquarters. Hence tasks [0, I;) are performed only in
Home and tasks [I;, 1] only in Foreign. The higher the domestic wage rate relative
to the foreign one, the more tasks are being performed offshore, ceteris paribus.
Analogously, all other things being equal, an across-the-board increase in rela-
tive productivity at offshore plants translates into more extensive offshoring. This
model variant also allows for the presence of offshoring even in a symmetric steady
state (apart from the fact that each country offshores another part of the task
continuum, which is inconsequential).

Price Setting

Having arranged production efficiently, the representative domestic firm has to
choose the optimal price of variety z, pg(z). In the tradition of Rotemberg
(1982), individual goods prices are costly to adjust. More specifically, adjustment
costs rise with the rate of change in firm z’s price relative to the past rate of change
in the price index Py corresponding to the bundle of all domestic varieties:

r (z) = ¢l pHJ(’Z)/pH,tfl(Z
" 2 PH7t—1/PH7t—2

Adjustment costs are expressed in terms of forgone profits, as in Laxton and Pesenti
(2003). For convenience, disbursements ensuing from price adjustments are paid
directly to the domestic households in a lump-sum fashion.

With price adjustment costs as specified in (4.9) the choice of today’s price
affects tomorrow’s profit due to the fact that setting a different price tomorrow

) _ 1) (60> 0). (4.9)
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Figure 4.1 Pinning down the extensive margin of offshoring with country and task-
specific labor productivity (Scenario S.2).

will be costly. More specifically, the representative firm maximizes expected future
profits,

Eq {f: Gou [(1 = Tpa2)) (prra(2) — MCu(2) m)}} | (410

where (p; is the households’ stochastic discount factor between periods 0 and ¢
(with (oo = 1). Firms use this measure to discount future profits, because they
are entirely owned by domestic households.

The firm takes into account price adjustment costs, as specified in (4.9), and a
downward-sloping demand curve:

—0
Vi(z) = (@) Y, (411)

Here, Y; is the aggregate demand for domestic final goods varieties and @ is the
elasticity of substitution between domestic varieties, as determined by household
preferences (see the following section).

The first-order condition for this dynamic maximization problem is:

11— Tpy(2)] [para(2)(1 — 0) + OMC,(2)] = P () = ML) praal2)

N 8pH,t(2)
O'pii1(2) Yira(2)
oy v [Pren(z) = MCun(2) pHJ(Z)} |

+ E, {At,t-‘rl
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(4.12)

Here, I have used the fact that Aosr1/Xo: = Ais1. In the absence of price ad-
justment costs (¢p = 0), equation (4.12) collapses to the standard markup rule:
pui(z) = 5% MCy(z). The same is true in a non-stochastic steady state.

Firms set export prices in their own currency and there are no impediments
to trade in final goods. Hence, by the law of one price, foreign consumers pay
Ph.4(2) = pr(2)/S; for a domestic variety z.

4.2.2 Households

The household module of the model is quite standard and leans on the workhorse
DSGE model by Laxton and Pesenti (2003).

The world is populated by a continuum of infinitely-lived households with mass
unity. A fraction n lives in Home. The expected lifetime utility of the representa-
tive household j € [0, n] is given by

oS B [U(CH) - VLG  (0<p<1), (4.13)

where [ is the subjective discount factor.
Consumption preferences exhibit external habit persistence:

_ Zc,t [Ct(j) - WCt—l]l_U

l1—0

U(Ci(4))

Here, Cy(j) denotes the representative household’s consumption at date ¢ and Cy_;
is aggregate consumption in period ¢ — 1. The shock term Z¢; is common to all
households. Throughout this text, a Z denotes an exogenous shock variable. The
underlying stochastic processes are described below.
Disutility from labor is specified as
Ly(j)"+

VI(L:(j)) = T (4.15)

where L;(7) is labor supply in ¢.

0<y<1). (4.14)

Intra-temporal optimization

The representative household consumes all varieties of domestic and foreign goods.
For final goods, I adopt the simplifying Armington assumption, since the main
focus of this chapter is on vertical linkages in production. Hence the real con-
sumption index Cy(j) is defined as:

14

T+ (1-w)rCr(G)T T (0<w<l).  (416)

v

Ci(j) = [w¥ Cuy ()
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Here, w is the weight of domestic goods in consumption. Parameter v denotes the
elasticity of substitution between the bundle of domestic varieties, Cy(j), and
the bundle of foreign varieties, Cr¢(j). These bundles, in turn, are given by

Cual) = [(i) [ enitico™ as B (117)

_0_
-1

crt) = [(125)" et az] (419

where 6 is the elasticity of substitution between individual varieties of the same
origin (with 6 > v).

In each period the representative household decides on the optimal pattern of
consumption. From the static optimization problem of the representative house-
hold 7, one easily derives j’s goods demand:

Cudi) = (F24) ) (4.19)
Crali) = (1-) (24) ) (4.20)
e\ .
cr(J, 2) n\ Pu, Cr(d) (4.21)
)
cre(J,2") = 1 i n (pFPfZ )> Cra(d)- (4.22)

Here, Py, and Pp; are domestic price indices corresponding to Cp4(j) and Cry(j),
respectively. Analogously, py(2) and pr,(z*) are the domestic-currency prices of
domestic variety z € [0,n] and foreign variety z* € [n, 1], respectively. Finally,
cu(J,2) and cpy(7, 2*) are the quantities consumed of z and z*.
The consumption-based price index is defined as the minimum expenditure
that is necessary to purchase one unit of the consumption aggregate:
1

P, = [wPhy + (1 - w)Pi" |7 (4.23)

Price sub-indices can be computed as:

1 =3
Py, = {/ pH,t(Z)l_edZ} (4.24)
n Jo

1
-0

1 1
Pry = {1_”/ PF,t(Z*)lodZ*} . (4.25)
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Inter-temporal optimization

The representative household j supplies labor, L;(j), at the nominal wage rate w;.
Income is also derived from beginning-of-period-t money holdings M; ;(j) and
public transfers T;(j).

Domestic households hold three types of assets, namely shares in a mutual fund
fed by the profits of all domestic firms, bonds denominated in domestic currency,
and bonds denominated in foreign currency. Shares entitle to dividends II;(j) at
the end of period t. There is no international trade in equities. Domestic bond
holdings D,(j) and foreign bond holdings F;(j) pay off their yield at the beginning
of period t. The nominal interest rates ¢, and ¢; are known in period t—1. Domestic
households holding foreign bonds pay fees to intermediaries. Following Laxton and
Pesenti (2003), bond fees are paid as a fraction of the gross yield on foreign bonds
and depend on Home’s net asset position:®

exp(pp2Si—1Fy/P—1) — 1

g, = )
Fe = ér1 exp(ppaSi—1Fy/Pioq) + 1

(4.26)

Here, we have 0 < ¢ < 1, ¢ppo > 0, and F; = [ Fi(j)dj. When Home is a net
lender, bond fees rise asymptotically to ¢p; as F' goes to infinity. Thus, households
have to give away an increasing fraction of their gross yield. When Home is a net
borrower, bond fees fall asymptotically to —¢pg1, i.e. domestic households pay an
increasing premium. This ensures that net asset positions are stationary and the
economies converge asymptotically to a steady state. Also, it implies that there
is a well-defined steady state with zero net asset positions, as shown by Schmitt-
Grohé and Uribe (2003). Bond fees are handed back to the public in a lump-sum
fashion.

Income is also spent on the consumption of final goods, Cy(j), and domestic
currency holdings, M;(j). As in Laxton and Pesenti (2003) and Schmitt-Grohé
and Uribe (2004), consumption is subject to transaction costs I'c;(j) depending
on the individual money velocity, v:(j) = PC:(j)/M:(j):

Feuli) = dernli) + 22 =2 focrden (127)

The representative household takes these costs into account when deciding on
the optimal level of money holdings. Shopping costs are included in the model
to create an incentive for households to hold money. For the sake of simplicity,

8A note on the time subscripts: I'g; lowers earnings paid on foreign bonds carried over from
period t — 1 to t. Its magnitude is determined by the aggregate level of foreign bonds held by
domestic residents at the end of period t — 1, F}, the exchange rate, and the price level in that
period.
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shopping costs are transferred directly to the households in a lump-sum fashion.
All in all, revenues in the amount of R;(7) accrue to household j. Notice that R;(j)
includes dividends from domestic final goods producers and is treated as given by
an individual household.

All this adds up to household j’s flow budget constraint:

Diy1(3) + SiFi1(d) + Mi(5) + BiCi(5) [1 + Tep(4)]
< (1 +1i)Di(j) + (1 414;) (1 = Try) SeF(4) + My—1(j) (4.28)
+12(5) + Re(J) + we Lo (5)-
The representative household maximizes the expected lifetime utility (4.13) subject

to the sequence of flow budget constraints. At any date ¢, the optimality conditions
with respect to consumption and bond holdings may be written as:

. . S
L= (14 41)EGprr = (L4071 (1 = Tragr) Ey {Ct,tJrlg_l} . (4.29)
t

Notice that the stochastic discount factor between periods ¢ and ¢ 4 1 is given by

BRU'(Crsr(7) [1+Teald) + T ()uil)]
PeysU'(Cy(5)) [1 4 Tewi1 () + Doy (501 (5)

Crit1 = (4.30)

and that I'c ,(j) = Ol¢,¢(j)/0v (7). In a non-stochastic, zero-inflation steady state,
the nominal interest rates are equalized.
Labor supply is given by:

ZC,twt
(Ci(4) —vCi1)?

The demand for real balances depends positively on the consumption level and
negatively on the nominal interest rate:

(4.31)

L) =
t(]) Pt

Mt(]) :Ct(]) ¢Cl

I oo + e

144441

(4.32)

The following transversality condition also applies:

lim o {Go, [Mio1(j) + (1 + i) Du() + (1 +7) (1= Try) S:E()]} = 0. (4.33)
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4.2.3 Government

Finally, aggregate public transfers, T, = ;' T;(j) d j, enter the government’s budget
constraint:

E + PHﬂth - Mt - Mt—l' (434)

Here, M, is total money supply in period . Government purchases, G, and lump-
sum transfers must add up to seigniorage earnings. The government consumes only
domestic goods and the elasticity of substitution between varieties, 6, is identical
to that of private households.

4.2.4 Aggregation and market clearing

Given the symmetry across households and across firms, aggregated equations
are straightforward to derive and therefore omitted. To derive a current account
equation, notice that aggregate private transfers, R;, are made up of dividends
and rebates of transaction costs:

Rt = PHﬂgY; — thH,t — SthLRt =+ FF,t(l + Z:)StFt (435)
The current account equation boils down to:
Di1 + SiFiiq + Py Gy + P.Cy (1 4+ Tey)
= (1 + it)Dt -+ (1 -+ ZI)StE + PH,t}/zé — Stw:LF7t -+ th*H,t'

In equilibrium, bonds must be in zero net supply: D; + D; = 0 and I} + F; = 0.
Clearing of domestic and foreign labor markets requires L; = Ly, + L}, and
Ly = Ly, + Lpy. Here, L}, and L7, stand for the foreign firms’ labor demand in
Foreign and Home, respectively. Goods markets are in equilibrium if

Yi=Cuy(14Tcy) + Crpy (14 T8,) + G (4.37)
Y =Cp, (14T%,) + Cre (14 Tey) + Gy (4.38)

Clearing conditions for the money markets are merely bookkeeping. Furthermore,
one clearing condition is redundant by Walras’ law.

(4.36)

4.2.5 Stochastic processes

The domestic economy is confronted with shocks to production technology (Z4),
consumption preferences (Z¢), money supply (M) and government purchases (g =
G/Y). The stochastic processes are specified as follows:

log(u:) = (1 — pu) log(ug) + pulog(ui—1) + zut- (4.39)

Here, u € {9, M, Z, Zc} and 0 < p, < 1. Furthermore, uy denotes the corre-
sponding steady state level, while z,, is Gaussian white noise.
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4.3 The role of the extensive margin in macro-
economic dynamics

Having set up a model with truly endogenous vertical linkages, I now study the
role of the extensive margin of offshoring in macroeconomic dynamics. To this
end, I compare the dynamics of the model under two different assumptions. In
the first case, the intensive and extensive margins of offshoring are endogenous, as
described in the previous section. In the second case, by contrast, the extensive
margin of offshoring is exogenously fixed at 0.5. This means that both countries
always import exactly one-half of the continuum of intermediates from abroad.
Essentially, firms treat domestic and foreign intermediates as two distinct bundles
and only vary the input quantities of these bundles. The equations presented in
the previous section continue to hold, with the exception of the marginal offshoring
condition (4.7), which disappears. Both variants start out from the same (sym-
metric) non-stochastic steady state. Since the model has no closed-form solution
(regardless of whether the extensive margin is endogenous or not), it is linearized
around the steady state and solved numerically.?

4.3.1 Calibration

An analysis of the dynamic properties of the model requires that the offshoring
curves, a(i) and a*(i), be specified. In the following, I concentrate on Scenario S.2
in which offshoring is driven by differences in task-specific production technology.
This scenario has the advantage of allowing for offshoring in a symmetric steady
state. Without loss of generality, then, let all tasks be ordered such that a(7) is
increasing in ¢. To simplify the analysis, I adopt the stricter assumption that all
tasks have different labor coefficients. To keep matters as simple as possible, I
assume 7(i) = 1, ag (i) = aj; (i) = exp[ty(1—1)] and ap(i) = a}.(i) = exp(vi). This
implies the following functional form of the offshoring curve:

a(i) = 700 e 1)) (4.40)

ap (i)

Recall that, in Scenario S.2, the foreign offshoring curve is simply a mirror image
of the domestic one: (i) = 1/a*(i). Plugging this functional form into equations

9The results are based on Dynare, a free software package designed for the analysis of DSGE
models. It is available online: http://www.dynare.org.
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(4.7) and (4.8) yields:

I =05 l1 + ;log (Si”;tﬂ (4.41)
I =05 ll - ;log (Sz”;tﬂ . (4.42)

Notice that the preceding equations imply that I; = 1 — I} for all ¢. Hence the
tasks offshored by Home are exactly those produced locally by Foreign, and vice
versa, due to the absence of offshoring costs.

Table 4.1 summarizes the baseline calibration. For the sake of simplicity, I
assume that the two countries are perfectly symmetric in the initial steady state.
This implies that both countries import exactly one-half of the continuum of in-
termediates from abroad (I, = Ij = 0.5). In the baseline calibration, I assume
1 = 1. The elasticity of substitution between individual intermediates, J, is set to
1.5, a fairly standard value in the macroeconomic literature.

Parameter Value
Preferences Parameter Value
B 1.0379-2 Frictions
Y 0.95 b 0.011
o 1/3 bc2 0.075
K 25 dF1 0.05
v Z Pr2 0.1
w 0.5 op 50
4 6 Forcing processes
Technology PA 0.95
A 1.5 Pg 0.95
(G 1.0 P 0.95
ap (i) exp[¢(1 — 4] pL 0.95
ap(i) exp (i) PM 0.9
a(i) exp[y(2i — 1)]

Table 4.1 Baseline calibration. The calibration is perfectly symmetric for both coun-
tries.

As mentioned above, the demand side of this model leans on Laxton and Pesenti
(2003), who calibrate their model to euro area and Czech data. In the following,
I largely follow the calibration referring to the euro area economy. To start with,
the subjective discount factor is 3 = 1.037%25. Given identical discount factors,
nominal interest rates are equalized in steady state and steady-state foreign asset
positions are zero, i.e. Dy = Fy = 0. The intra-temporal elasticity of substitution



82 Chapter 4. A DSGE model with truly endogenous vertical linkages

between individual varieties is # = 6. This implies a steady-state markup factor
of /(0 — 1) = 1.2. The elasticity between domestic and foreign goods, absent
in Laxton and Pesenti (2003), is somewhat lower: v = 5. I also adopt the pa-
rameterization for the shopping cost parameters: ¢c; = 0.011 and ¢y = 0.075.
As Laxton and Pesenti (2003), I opt for a combination of high habit persistence,
v = 0.95, and a relatively high elasticity of substitution, ¢ = 1/3. The inverse
of the Frisch elasticity of labor supply is ¢ = 2.5. Finally, the auto-correlation
coefficients and standard deviations governing the shock processes are also largely
taken from Laxton and Pesenti (2003).

4.3.2 Impulse response analysis

In the following, I will study the impulse responses generated by the model for
a variety of standard macroeconomic shocks. For each shock, two different sets
of impulse responses are considered. In the first case, the extensive margin of
offshoring is fixed, as in a standard DSGE model, whereas the second model variant
treats the extensive margin as an endogenous variable to be determined by the
interplay of relative productivity and wages.

To start with, consider a temporary one-percent increase in domestic total fac-
tor productivity (TFP), Z4, in the case in which the extensive margin of offshoring
is exogenous. Recall that TFP only affects the bundling efficiency at the final stage
of production, but has no direct impact on the first stage of production. The cor-
responding impulse responses are plotted in Figures 4.2-4.3 (dashed lines).!® The
temporary increase in domestic TFP immediately leads to a marked drop in the
marginal cost of Home’s final good and prompts domestic firms to lower the prices
of their final goods varieties. The adjustment is smoothed over time due to price
adjustments costs. The decline in the price of the domestic final good leads to
a deterioration in Home’s terms of trade (Ppy/Pr), which prompts households in
both countries to increase their consumption of Home’s final good relative to For-
eign’s. Since output is demand determined, domestic firms temporarily scale up
production to satisfy the increased demand. This, in turn, requires higher inputs
of both domestic and foreign intermediates. Put differently, offshoring proceeds
along the intensive margin. Meanwhile, domestic households increase the over-
all level of consumption, since the spike in domestic output is tantamount to a
transitory increase in income. To smooth consumption over time, the increased
income is also partially saved and lent to Foreign. International borrowing allows
foreign households to increase their consumption in the short run, too, despite the

10For the sake of readability, the charts show the impulse response functions only up to the
60" quarter. However, all variables revert to their initial steady state level over a longer time
horizon. The slow reversion to the steady state reflects, among other things, the high degree of
habit persistence and the presence of price adjustments costs.
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temporary drop in foreign output. In light of the boost to short-run consump-
tion, households in both countries seek to reduce labor supply. This is even more
pronounced in Home, which is witnessing a higher increase in consumption. This
inward shift in the supply of domestic labor relative to foreign labor goes hand
in hand with an increase in the relative wage rate.!’ That said, the changes in
relative employment and relative wages are marginal. This should not come as
a surprise, since the TFP shock affects the relative labor input of domestic firms
(Ly/Lp) and the relative demand for intermediates only indirectly, through the
general equilibrium effects on relative wages. By contrast, the impacts of the shock
on the market for final goods are direct and larger in magnitude.

How does the model respond to the same TFP shock if the extensive margin of
offshoring is endogenous? Final goods producers are now free to switch between
domestic and foreign sourcing of every individual intermediate. The solid lines in
Figures 4.2-4.3 show the corresponding model dynamics. For the overwhelming
majority of variables - including output, employment, consumption and the con-
sumption price index - the impulse responses are almost indistinguishable from
those in the model with exogenous /. What is more, the adjustment in the ex-
tensive margin itself is very small. The extensive margin of offshoring increases
only marginally, meaning that a larger range of products is being imported from
Foreign. This relocation of production activities is triggered by the - marginal -
increase in the relative wage rate, which renders production in Foreign more at-
tractive. The rise in the extensive margin, in turn, further attenuates the increase
in the relative wage rate, as it shifts the firms’ labor demand towards foreign
workers. The tepid response of the extensive margin is reassuring, since larger
short-run variations in the extensive margin of offshoring would arguably be at
odds with reality. Firms are unlikely to vigorously switch back and forth between
domestic and foreign sourcing over the business cycle. Remarkably, however, the
low responsiveness of the extensive margin in the model does not rely on fixed
costs of offshoring or sourcing frictions.

The simultaneous increases in the extensive and intensive margins together
result in higher imports of foreign intermediates, Xz. The increase in inputs of
foreign intermediates relative to domestic ones is more pronounced than in the
model with exogenous I. This is also evident from the following relationship
(derived in Section 4.5.1 in the appendix):

Xeo  ((w \M[ Jhan() P di T
Xue <Stw;"> [f011(7<i)aF(i))1Adi : (4.43)

If the extensive margin is exogenous, the second term on the right-hand side is a

HUNote that the (aggregate) relative labor demand and supply functions are only implicitly
defined.
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constant. Firms then respond to a given increase in the relative wage rate, w/Sw*,
by using relatively more foreign intermediates, with an elasticity of substitution
equal to A. If the extensive margin is endogenous, firms choose to relocate some
tasks to Foreign when domestic labor becomes relatively expensive. This lowers
the second term on the right-hand side of the preceding equation. As a result, the
overall response of relative input quantities to a given change in the relative wage
rate will be more pronounced if the extensive margin is endogenous. Of course,
this is a partial equilibrium effect. In general equilibrium, the attractiveness of
foreign intermediates will act to raise the demand for foreign labor, putting upward
pressure on foreign wages. This effect, together with other general equilibrium
effects, will act to counterbalance the initial attractiveness of foreign intermediates.
A priori, it is therefore ambiguous if the relative wage rate responds more forcefully
to shocks with an endogenous extensive margin. The overall impact will depend
on the nature of the shock and the underlying calibration.

A similar picture also emerges for other macroeconomic shocks. Starting with a
money supply shock (M), the impulse responses of the two model variants are again
hardly distinguishable (see Figures 4.4-4.5). The temporary increase in domestic
money supply puts downward pressure on the domestic interest rate. Against this
backdrop, the representative domestic household decides to consume more and
work less in the short run. The consumption price index temporarily increases.
Meanwhile, foreign output declines, while foreign consumption increases with the
help of funds from Home. All these adjustments take place regardless of whether
firms can decide on the location of their production activities. Again, the extensive
margin of offshoring itself shows only a tepid response to the transitory increase in
money supply. If the extensive margin of offshoring is allowed to vary, it increases
marginally on the back of a small increase in the relative wage rate.

Similar results are obtained for consumption preference shocks and government
expenditure shocks. Starting with the latter, recall that an increase in g amounts to
an increase in government expenditure as a share of output and that it is associated
with an increase in lump-sum taxes. In the case of an exogenous extensive margin,
households therefore work more and borrow from abroad to smooth consumption
over time, as illustrated by Figures 4.6-4.7. Nevertheless, domestic output increases
on account of higher public demand for consumption goods. Endogenizing I does
not change the dynamics. Now, consider the preference shock. A positive shock to
Z¢c means that households temporarily derive greater utility from a given level of
consumption. Since consumption transitorily becomes more attractive, households
consume more in the short run (see Figures 4.8-4.9). To this end, they work more
and borrow from Foreign. The extensive margin of offshoring declines slightly,
since foreign workers become more expensive compared with their domestic peers.
Again, the impulse responses are virtually identical for both model variants.
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Next, turn to Figures 4.10-4.11, which describe the model dynamics in the face
of a domestic labor supply shock. Interestingly, the differences between the im-
pulse responses of the two model variants are now more pronounced, although only
qualitatively. A positive shock to Z; means that households experience a more
pronounced disutility of labor, which is tantamount to a negative labor supply
shock. Not surprisingly, the retrenchment in domestic employment exerts upward
pressure on the relative wage rate. If the extensive margin of offshoring is en-
dogenous, a wider range of intermediates is being imported in response to the
increased production costs at domestic plants. The fact that Home temporarily
relinquishes some tasks to Foreign, in turn, mitigates the upward pressure on the
relative wage rate. Overall, the discrepancies between the impulse responses are
more pronounced than for the other shocks discussed so far. This should not come
as a surprise, since the labor supply shock has a more direct impact on the labor
market and, thereby, the relative wage rate. The larger the response of relative
labor costs, the more valuable the opportunity to vary the location of production
along the extensive margin. Notwithstanding this, the impulse responses exhibit
only qualitative differences.

4.3.3 Sensitivity analysis

The preceding impulse analysis suggests that the dynamics of the model with
truly endogenous vertical linkages are very similar to those of the model relying
on the Armington assumption. In the following, I test whether this finding is
robust to variations in two key parameters: the elasticity of substitution between
intermediates (A) and the parameter governing the curvature of the offshoring
curve ().

First, suppose the parameter 1 is set to 0.1. A lower v is equivalent to a
higher sensitivity of the extensive margin of offshoring to changes in the relative
wage rate around the symmetric steady. Figures 4.12-4.13 show the corresponding
impulse responses for the same idiosyncratic TFP shock studied in Section 4.3.2.
As before, the dashed lines refer to the model with exogenous I, whereas the solid
lines correspond to the model with endogenous extensive margin. It is evident that
the main finding of the previous section continues to hold. To be more specific,
the impulse responses are virtually the same regardless of whether the extensive
margin of offshoring is endogenous or not. While the increase in the extensive
margin is higher than under the baseline calibration, it remains rather small.

Second, I impose a relatively high value for the elasticity of substitution be-
tween intermediates, A = 2.5, while the offshoring curve parameter is set back to
the baseline calibration. This implies that firms’ demand for intermediates is now
more responsive to changes in production costs at home and abroad. However, the
impulse responses in the face of a TFP shock once more turn out to be very similar
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for the model with endogenous I and the model with truly endogenous vertical
linkages (see Figures 4.14-4.15).

4.3.4 Summary

In summary, the impulse responses in the face of the standard shocks considered
here are very similar for both model variants. This finding is very robust to changes
in key model parameters. It seems fair to conclude that the dynamics of the
medium-scale DSGE model are fairly similar regardless of whether the extensive
margin of offshoring is endogenous or not. All shocks considered here also have
in common that the extensive margin of offshoring responds only marginally even
if it is, in principle, allowed to fluctuate over the business cycle. Hence, from
a macroeconomic perspective, it appears to be generally acceptable to study a
model with vertical linkages where the extensive margin is exogenous, even if
vertical linkages and the transmission of shocks are at the heart of the analysis.
After all, determining the patterns of trade endogenously is not a means in itself
in macro models. According to the law of parsimony, the model with exogenous
extensive margin will therefore arguably be preferable for most macroeconomic
applications.

4.4 Conclusion

This chapter has shed some light on the role of the extensive margin of offshoring in
macroeconomic dynamics. I constructed a medium-scale DSGE model with truly
endogenous vertical linkages. The model departs from the Armington assumption
underlying workhorse DSGE models in that firms are free to decide on both the
intensive and extensive margins of offshoring. In the most general model variant,
the extensive margin is pinned down by a trade-off between task-specific offshoring
costs and task-specific technology. The underlying methodology is in the spirit of
Dornbusch et al. (1977).

In this theoretical framework, I studied how the extensive margin of offshoring
affects the economy’s dynamic responses to macroeconomic shocks. For this pur-
pose, I compared the impulse responses of the model with endogenous extensive
margin with a model variant where this margin is treated as exogenously given.
For a variety of standard macroeconomic shocks, the impulse responses turned
out to be very similar for both model variants. Moreover, the extensive margin
of offshoring responded only marginally to shocks, even in the model with truly
endogenous vertical linkages. The only notable difference between the dynamics
of the two model variants concerns the relative wage rate. If the extensive margin
is endogenous, it acts to attenuate the changes in relative wages. For instance,
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an increase in domestic relative to foreign labor costs triggers a relocation of pro-
duction activities towards Foreign, which exerts upward pressure on foreign wages
and thereby partially offsets the initial change in relative wages. However, this
mechanism has only very limited impacts on the rest of the economy.

The bottom line is that the extensive margin does not act as an important
channel for the propagation of shocks in an otherwise fairly standard DSGE model.
Since pinning down the patterns of trade endogenously is not a means in itself in
macro models, macroeconomists are well-advised to model vertical linkages with
Armington aggregators. This approach ensures a parsimonious modeling structure
and simplifies the calibration. The findings of this chapter also justify ex post the
modeling approach chosen in Chapter 3.

It is important to bear in mind that this analysis was exclusively focused on the
role of the extensive margin of offshoring in macroeconomic dynamics. Of course,
endogeneity of the extensive margin remains essential in trade models studying
the longer-term patterns of international specialization.
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4.5 Appendix to Chapter 4

4.5.1 Production technology

This appendix presents the dual production functions corresponding to the unit
cost functions in Section 4.2. It also derives the demand for intermediates.

The production function corresponding to the unit cost function (4.3) reads as
follows:

1 A—1 =1
Yi(2) = Zay (/ x(i,2) > di)
0

A
= Zay (Xpa(2)S + Xuao(2)5 )70

Here, x:(i, z) is the input quantity of intermediate i. Xp(z) and Xpy.(2) are the
bundles of foreign and domestic intermediates used in the production of the final
good. They are defined as:

(4.44)

N
Xrpi(2) = /o rpe(t,2) > di (4.45)

A

- [ ) o o

A

Xpo(2) = < / i, 2) S di) o (4.47)

t(2)

[ (T Z
- [/MZ)( e ) d] . (4.48)

It is now straightforward to derive the demand of the representative firm for the
bundles of foreign and domestic intermediates:

A

Xri(z) = };,(jt) (Z;jgitij)> (4.49)
A

Xi(2) = Zi) (Zﬁtéi fé?) (4.50)

Here, I have used the following definitions:

1

It(z) . 17}\ . 1—X
MCpy(z) = /O MCpy(i, ) di (4.51)

MCy(2) = < MCHi(z‘,z)l‘Adi)H. (4.52)

It(Z)
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Recall that MCpy(i,z), MCp4(i,z) and MCy(z) are given in equations (4.1),
(4.2), and (4.3), respectively.
Relative demand for foreign intermediates is then given by:

Xpa(2)  (MCpy(2)\"
XH,t(Z) (MCth(z)> (4.53)

:< wy )A{ f[lt(z) ap (i)' di ]H (4.54)

Sewt ) | " (r(i)ap(i) T di

4.5.2 Figures
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Figure 4.2 Impulse responses to a productivity shock in the home country (Z4). All
impulse responses show the percentage deviation from the initial steady state. Solid
lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.
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Figure 4.3 Impulse responses to a productivity shock in the home country (Z4). The
response of the extensive margin of offshoring, I, is in levels. All other impulse responses
show the percentage deviation from the initial steady state. Solid lines refer to the model
with endogenous extensive margin of offshoring, while dashed lines correspond to the

impulses with exogenous I.
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Figure 4.4 Impulse responses to a monetary shock in the home country (M). All
impulse responses show the percentage deviation from the initial steady state. Solid
lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.
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Figure 4.5 Impulse responses to a monetary shock in the home country (M). The
response of the extensive margin of offshoring, I, is in levels. All other impulse responses
show the percentage deviation from the initial steady state. Solid lines refer to the model
with endogenous extensive margin of offshoring, while dashed lines correspond to the
impulses with exogenous I.
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Figure 4.6 Impulse responses to a government expenditure shock in the home country
(g). All impulse responses show the percentage deviation from the initial steady state.
Solid lines refer to the model with endogenous extensive margin of offshoring, while
dashed lines correspond to the impulses with exogenous I.
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Figure 4.7 Impulse responses to a government expenditure shock in the home country
(g9). The response of the extensive margin of offshoring, I, is in levels. All other impulse
responses show the percentage deviation from the initial steady state. Solid lines refer to
the model with endogenous extensive margin of offshoring, while dashed lines correspond
to the impulses with exogenous I.
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Figure 4.8 Impulse responses to a consumption shock in the home country (Z¢g). All
impulse responses show the percentage deviation from the initial steady state. Solid
lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.
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Figure 4.9 Impulse responses to a consumption shock in the home country (Z¢). The
response of the extensive margin of offshoring, I, is in levels. All other impulse responses
show the percentage deviation from the initial steady state. Solid lines refer to the model
with endogenous extensive margin of offshoring, while dashed lines correspond to the

impulses with exogenous I.
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Figure 4.10 Impulse responses to a labor supply shock in the home country (7). All
impulse responses show the percentage deviation from the initial steady state. Solid
lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.
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Figure 4.11 Impulse responses to a labor supply shock in the home country (Zr). The
response of the extensive margin of offshoring, I, is in levels. All other impulse responses
show the percentage deviation from the initial steady state. Solid lines refer to the model
with endogenous extensive margin of offshoring, while dashed lines correspond to the
impulses with exogenous I.
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Figure 4.12 Impulse responses to a productivity shock in the home country (Z4) with
low . All impulse responses show the percentage deviation from the initial steady
state. Solid lines refer to the model with endogenous extensive margin of offshoring,
while dashed lines correspond to the impulses with exogenous I.



100 Chapter 4. A DSGE model with truly endogenous vertical linkages
Home: extensive margin of offshoring Foreign: extensive margin of offshoring
0.5002 0.5002
0.5 /_L 0.5 L//F——
0.4998 : : 0.4998 : :
0 20 40 60 0 20 40 60
Relative employment: LL Home: XH/XF
0.1 0.2
0 \e 0 L:;_/::—?_‘_’"___“
-0.1 : : -0.2 : :
0 20 40 60 0 20 40 60
Home: CH/ CF Relative wage rate: wW/SW
5 0.05
/\ ojf——==- —
0 : ' -0.05 : :
0 20 40 60 0 20 40 60
Home: PH/PF Exchange rate
0 0
-0.5 \/ -0.1 M
-1 : : -0.2L——. :
0 20 40 60 0 20 40 60

Figure 4.13 Impulse responses to a productivity shock in the home country (Z4) with
low . The response of the extensive margin of offshoring, I, is in levels. All other

impulse responses show the percentage deviation from the initial steady state.

Solid

lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.
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Figure 4.14 Impulse responses to a productivity shock in the home country (Z4) with
high A. All impulse responses show the percentage deviation from the initial steady
state. Solid lines refer to the model with endogenous extensive margin of offshoring,
while dashed lines correspond to the impulses with exogenous I.
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Figure 4.15 Impulse responses to a productivity shock in the home country (Z4) with
high A. The response of the extensive margin of offshoring, I, is in levels. All other
impulse responses show the percentage deviation from the initial steady state. Solid
lines refer to the model with endogenous extensive margin of offshoring, while dashed
lines correspond to the impulses with exogenous I.



Chapter 5

International linkages and
business cycle sylflchromizati01r13t

5.1 Introduction

The financial crisis that started in the United States in 2007 led to a severe down-
turn in many advanced and emerging economies. It is widely held that the remark-
able cross-country synchronization of the downturn was promoted by the real and
financial linkages established over decades of brisk economic integration. World
trade had expanded significantly faster than world GDP over the years leading up
the crisis (see Figure 5.1). In parallel, financial integration had progressed even
more rapidly, as illustrated by surging international asset holdings (see Figure
5.2). Hence, at the eve of the financial crisis, the global economy was covered
by a fine-meshed grid of trade and financial linkages, which allowed for the rapid
transmission of macroeconomic shocks across the globe.

However, while the overall level of economic integration has clearly trended
upward worldwide, integration has not progressed uniformly across countries and
regions. In particular, countries in close geographical (or cultural) proximity con-
tinue to be more closely integrated with each other.! In addition, cross-country
differences in sectoral specialization persist, counteracting the synchronization of
national business cycles. Not surprisingly, therefore, there remains a significant
variation in bilateral output correlations across country pairs. For instance, the

¥This chapter is based on joint work with Stéphane Dées, published as an ECB Working
Paper and as an article in the Open Economies Review: Dées and Zorell (2011) and Dées and
Zorell (2012).

!This is in line with gravity models in the spirit of Tinbergen (1962). Gravity variables are
found to be a good predictor not only for bilateral trade linkages (e.g. Anderson 1979, Anderson
and van Wincoop 2003), but also for cross-border equity flows (e.g. Portes and Rey 2005) and
FDI (e.g. Kleinert and Toubal 2010).
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Figure 5.1 World trade and world GDP (constant prices). Indices, 1980=100. Source:
IMF (World Economic Outlook database).

output correlation between France and Spain over the period 1993-2007 was as
high as 0.93 (based on HP-filtered annual GDP data), whereas Portugal and New
Zealand exhibited a correlation of -0.76.

Against this backdrop, this chapter explores empirically the determinants of
international output co-movement in a cross section of 56 advanced and emerging
economies. Drawing on the work by Imbs (2004, 2006), I estimate a system of
equations which links, for each country pair, trade integration, financial integra-
tion, and the sectoral structure of production to the international synchronization
of business cycles. The setting captures both direct and indirect effects of economic
integration on output co-movement, which allows me to disentangle the role of the
various channels and study the complex interaction of the various driving forces.

The chapter adds to the existing literature in that it provides a comprehen-
sive assessment of how different types of financial linkages affect business cycle
co-movement. More specifically, I look at the role of FDI as well as portfolio in-
vestment and its sub-components (equity and debt securities). This allows me
to explore whether the various forms of financial integration have different effects
on business cycle synchronization. To the best of my knowledge, this is the first
attempt to explore the role of FDI linkages in a simultaneous equations framework
modeling the drivers of business cycle synchronization.? Taking FDI linkages into

2Hsu, Wu and Yau (2011) also look at the relationship between FDI linkages and output
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Figure 5.2 International financial asset holdings (global assets plus liabilities as a per-
centage of world GDP). "Debt securities" covers portfolio debt securities and other invest-
ment, such as bank loans. Source: Updated and extended version of data set constructed
by Lane and Milesi-Ferretti (2007).

account is important for at least two reasons. First, although the bulk of interna-
tional asset holdings continues to be related to portfolio investment (particularly
debt securities), many countries witnessed a significant increase in the stock of
inward and outward FDI holdings over the past decades (see Figure 5.3). The
prevalence of FDI can even be seen as one of the characteristics setting the most
recent wave of globalization apart from previous ones (Bordo et al. 1999). Sec-
ond, the impacts of FDI on business cycle synchronization could differ from those
of other financial linkages. Prima facie, stronger FDI linkages could have either
a positive or a negative effect on output co-movement. On the one hand, large
bilateral FDI holdings could mean that a technology shock in the home country
is directly transmitted to the host country, because the parent companies may
provide for rapid technology spillovers (Jansen and Stokman 2004). Parent com-
panies suffering from a recession in the home country might also be forced to cut
back employment and production abroad. To the extent that FDI is of a hori-

co-movement in a simultaneous equations framework, based on panel data. It should be noted,
however, that the paper was published after the publication of the working paper underlying this
chapter (Dées and Zorell 2011) and was brought to my knowledge only recently. The paper only
considers FDI linkages and ignores other forms of financial integration.
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zontal nature, it could also lead to an assimilation of production structures and
thereby foster output co-movement. For vertical FDI, the terms of trade effect
described in Chapter 3 (and by Kose and Yi 2001, 2006) is another possible rea-
son for closer output co-movement. On the other hand, one can also think of a
negative effect of FDI linkages on business cycle synchronization. For instance,
foreign subsidiaries might facilitate the rapid transfer of capital and production
effort if the host country enjoys an idiosyncratic productivity shock, similar to the
resource shifting mechanism envisaged by Backus et al. (1992).
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Figure 5.3 FDI stocks of five major economies over time (percentages of GDP). Source:
Updated and extended version of data set constructed by Lane and Milesi-Ferretti (2007).

Overall, the results of the following empirical analysis confirm that economic in-
tegration fosters business cycle synchronization. Above all, the GDPs of economies
with more intensive bilateral trade move more closely together. Similarity in pro-
duction structure also leads to closer business cycle co-movement, which may point
to the presence of common (industry-specific) shocks. By contrast, there is no
evidence of a direct relationship between bilateral financial linkages and output
correlation. In this respect, the results are located between existing papers finding
a positive direct effect (e.g. Imbs 2004, 2006, Kose, Prasad and Terrones 2003b)
and those pointing to a negative relationship between financial linkages and out-
put correlations (e.g. Garcia-Herrero and Ruiz 2008, Kalemli-Ozcan, Papaioannou
and Peydré 2009). Notwithstanding this, I find that financial integration increases
business cycle synchronization indirectly in that it fosters the assimilation of the
sectoral structure of production. The indirect effects are large enough to more
than offset the direct effect, so that the overall effect of financial integration on
output co-movement becomes positive.

Crucially, the main findings hold true regardless of whether financial integration
is measured in terms of FDI or portfolio holdings. This implies that, taking into
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account indirect effects, cross-country FDI linkages go hand in hand with closer
output synchronization. While the relationship was ambiguous ex ante, in the data
the mechanisms giving rise to a positive relationship between FDI and output cor-
relation (such as faster technology spillovers or Kose and Yi’s terms of trade effect)
appear to dominate the others.? It is also noteworthy that the main results from
the full sample (which includes 56 advanced and emerging economies) are fairly
similar to those from the sub-samples covering only OECD and EU countries, re-
spectively. Interestingly, though, the direct link between financial integration and
output correlation becomes positive and significant when the sample is restricted
to EU countries. The estimated direct impact of financial integration on output
co-movement also becomes positive and significant when the instruments for finan-
cial integration used in the baseline regressions (indicators of de iure restrictions
on cross-border capital flows provided by Schindler 2009) are replaced by the same
set of instruments used by Imbs (2004, 2006).* Both sets appear to be relevant
instruments, according to standard diagnostic tests. I therefore conclude that the
positive direct effect of financial integration highlighted by Imbs (2004, 2006) is
not as robust as the other results. This point clearly deserves special attention in
future research.

The remainder of this chapter is structured as follows. The next section briefly
reviews the related theoretical and empirical literature. The empirical methodol-
ogy is described in Section 5.3, while Section 5.4 discusses the results. Section 5.5
concludes.

5.2 Literature review

Explaining international output co-movement is challenging. Empirically, the in-
ternational correlation of output varies significantly across country pairs, but tends
to be positive (e.g. Ambler, Cardia and Zimmermann 2004, Backus et al. 1992).
There is also some evidence of a secular increase in international business cycle
synchronization among industrialized countries over the 20" century (Bordo and
Helbling 2011).%> Furthermore, the observed cross-country correlation is generally
larger for output than for consumption or productivity. In a seminal paper, Backus
et al. (1992) showed that this is at odds with the predictions of a basic two-country,
one-sector RBC model, where agents have access to complete markets for state-
contingent claims and can trade goods costlessly between countries. In such a

3Hsu et al. (2011) come to similar conclusions.

4Imbs (2004, 2006) makes use of institutional variables from La Porta, Lopez-de-Silanes,
Shleifer and Vishny (1998).

°For contrasting evidence on the co-movement between the United States and the rest of the
world, see Heathcote and Perri (2004).
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model, agents respond to an idiosyncratic TFP shock by shifting capital into the
country experiencing the temporary boom. This results in low, or even negative
international output correlation. At the same time, the cross-country consumption
correlation is significantly higher, because agents in both countries seek to smooth
consumption over time. The discrepancy between the model results and the data
was dubbed the "quantity anomaly" by Backus et al. (1992). The BKK paper
spawned an extensive theoretical literature on international output co-movement,
which has identified a number of factors that can bring the model results closer
to the data. For instance, there are papers modifying the standard IRBC model
to include incomplete asset markets (e.g. Baxter and Crucini 1995, Kehoe and
Perri 2002, Kouparitsas 1996), non-traded goods (e.g. Stockman and Tesar 1995),
multiple sectors (e.g. Ambler et al. 2002), or vertical linkages (e.g. Burstein et al.
2008, Huang and Liu 2004, Kose and Yi 2001, 2006).

While the theoretical literature has come closer to replicating the observed
cross-country output correlation and its ranking compared with the cross-country
correlations of other macro variables (particularly consumption), a consensus on
the most relevant drivers of business cycle synchronization has not emerged yet.
A first strand of the literature emphasizes the role of common shocks to explain
output co-movement. For instance, Bordo and Helbling (2011) argue that common
shocks are the dominant driver of the secular increase in business cycle synchroniza-
tion observed among the industrialized economies over the past century. Using a
structural VAR approach, Stock and Watson (2005) also find that common shocks
play an important role in explaining the changes in output co-movement among
the G7 countries (although they find evidence of lower output synchronization over
the most recent decades). Kose, Otrok and Whiteman (2003) and Crucini, Kose
and Otrok (2011) document the importance of common factors driving business
cycles, particularly in developed economies, on the basis of dynamic factor models.

The second school of thought, which is closer to this chapter, focuses on the
role of international transmission channels. Starting with trade linkages, theo-
retical models do not provide definitive guidance on whether they have a positive
impact on output co-movement or not. If trade fosters specialization (according to
comparative advantages) and industry-specific shocks are important, closer trade
linkages could result in more idiosyncratic business cycles. By contrast, if higher
trade linkages increase intra-industry trade (also in parts and components), then
stronger trade ties might lead to higher business cycle synchronization (see, for
instance, Kose and Yi 2001). Despite the theoretical ambiguity, a vast body
of empirical studies documents that countries with closer trade linkages exhibit
higher output co-movement (e.g. Clark and van Wincoop 2001, Frankel and Rose
1998, Imbs 2004, 2006, Kose, Prasad and Terrones 20035, Kose and Yi 2006). Re-
cent papers looking specifically at the role of vertical linkages also find a positive
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link with business cycle synchronization (e.g. di Giovanni and Levchenko 2010, Ng
2010).

Turning to the role of financial integration, the picture is less clear-cut.® For in-
stance, Kouparitsas (1996) shows in an IRBC framework that financial integration
lowers output synchronization if asset markets are complete, whereas it increases
output co-movement if agents only have access to a non-contingent bond. Heath-
cote and Perri (2004) find that financial integration responds endogenously to
less correlated real shocks and diminishes output co-movement. Empirically, Imbs
(2004, 2006) finds evidence of a positive direct impact of financial integration on
business cycle synchronization. Kose, Prasad and Terrones (2003b) come to sim-
ilar conclusions. By contrast, Kalemli-Ozcan, Sorensen and Yosha (2003) reckon
that financial integration leads to higher specialization of production and, thereby,
lowers output co-movement. The intuition is that international trade in financial
assets allows countries to insure against idiosyncratic risk, which enables them
to exploit their comparative advantages.” Using a rich panel dataset on banks’
international exposure, Kalemli-Ozcan et al. (2009) also find a negative relation-
ship between financial integration and business cycle synchronization. The panel
data allow to control for time-invariant country-pair factors and global trends af-
fecting both financial integration and business cycle patterns. While most of the
existing empirical studies focus on financial linkages in the form of portfolio in-
vestment or "other investment" (including bank loans), a handful of papers also
look at FDI linkages. Based on a single-equation framework, Jansen and Stokman
(2004) find that economies with closer FDI linkages exhibit higher business cycle
synchronization. Hsu et al. (2011) arrive at similar conclusions.

The work by Imbs (2004, 2006), on which this chapter is based, can be seen as
a synthesis of the two competing strands of the literature. On the one hand, Imbs
emphasizes the role of international integration in explaining output co-movement.
He finds that both trade and financial linkages are conducive to synchronization.
On the other hand, he also takes the cross-country similarity of the sectoral struc-
ture of production into account. The latter partially picks up the role of common
shocks, since countries with similar industries are more likely to face similar shocks,
as highlighted by the literature on optimal currency areas. The similarity of pro-
duction is found to be an important explanatory factor for international output
co-movement. In contrast to other papers, Imbs estimates a system of simultaneous
equations linking output correlation, trade, financial linkages, and the similarity

6There is also an extensive literature on the role of financial integration on output volatility.
See, for instance, Buch (2002), Buch, Dépke and Pierdzioch (2004, 2005).

"However, financial integration between two economies could also increase the similarity of
their production structures, as foreign investment could be concentrated on similar activities, for
instance those dependent on external funds (Imbs 2006, Rajan and Zingales 1998).
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in production rather than relying on a single-equation framework.® Thereby, Imbs
takes into account not only the direct effects of international linkages on output co-
movement, but also indirect effects working through the interaction of the various
determinants.

5.3 Methodology

5.3.1 Framework

Following Imbs (2004, 2006), I estimate a system of four equations relating bilateral
output correlations with measures of trade and financial integration as well as the
similarity in the sectoral production structure. Each observation corresponds to a
country pair (i, 7):

Pij = O + Oélﬂ’j + OCQEJ' + OégSi,j + 064]1,10‘ + 6171'0' (5 1)
Tij = Do+ Pl + PaSij+ Bslasj + €24 (5.2)
Sij = Yo+mnTi;+reli;+v3ls;+ s (5.3)
Fij = o+ 01la;;+ €3, (5.4)

Here, the four endogenous variables are the bilateral output correlation p, the
bilateral trade intensity 7', an index S capturing the similarity between countries
1 and 7, and the intensity of financial links between these two countries, denoted
F. I, I, I3 and I, denote exogenous variables.

Equation (5.1) is rather standard in the literature studying the empirical deter-
minants of cross-country GDP correlation in the vein of Frankel and Rose (1998)
and relates bilateral output correlations to measures of trade and financial inte-
gration as well as the similarity in production patterns. Equations (5.2) to (5.4)
capture the interaction of the endogenous explanatory variables, which makes it
possible to disentangle direct from indirect channels. The specification of these
equations leans on Imbs (2004, 2006).° Figure 5.4 gives an overview of the esti-
mation framework and shows the various channels through which economic and
financial integration affect cross-country output correlations.

Equations (5.1)-(5.4) form a system of simultaneous equations. This means
that some of the regressors will be correlated with the error terms and that Or-
dinary Least Squares (OLS) estimates will be biased. To overcome simultaneity
bias, I follow Imbs (2004) in estimating the system using the Three-Stage Least
Squares (3SLS) estimator going back to Zellner and Theil (1962). 3SLS is essen-
tially a combination of a Seemingly Unrelated Regression (SUR) and Two-Stage

8 Abbott, Easaw and Xing (2008) and Garcia-Herrero and Ruiz (2008) use a similar approach.
9Tmbs (2004) estimates a similar system with 3; = 0, while Imbs (2006) imposes 32 = v; = 0
and includes T" as a dependent variable in equation (5.4).
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Figure 5.4 Estimation framework

Least Squares (2SLS). Unlike 2SLS, however, 3SLS is a full information estimator
that takes the covariance structure between the error terms into account. 3SLS is
therefore not only consistent but generally also asymptotically more efficient than
2S5LS in this context (e.g. Hausman 1984). The drawback of this estimator is that
it is more vulnerable to misspecification. All coefficients in all equations would
be inconsistently estimated if one of the equations were misspecified. Therefore, I
will also consider alternative estimation methods.

5.3.2 Data

As in Imbs (2006), the dependent variable, p; ;, is the pairwise correlation of HP-
filtered GDPs, computed over the period 1993-2007. The GDP data are taken from
the IMF’s International Financial Statistics (IFS). (See also the data overview in
Section 5.6.2 in the appendix.) Table 5.1 shows that the baseline measure of
business cycle synchronization, which is based on HP-filtered annual time series,
is highly correlated with measures based on alternative filtering techniques.!®
Bilateral trade linkages are captured by an indicator proposed by Deardorft
(1998), which corrects for the size (or "mass") of the two trading partners:

1« (BEXyj+ M) NYW,
1’71: L= J> J> .
i =T NY;NY ;,

t

(5.5)

Here, £X;;; and IM,;; denote total merchandize exports and imports, respec-
tively, from country ¢ to country j. Furthermore, NY W, stands for world nominal
output, while NY,;, and NY;; denote the nominal GDP in countries ¢ and j,
respectively.

10The estimation results based on these alternative filtering methods are not reported here,
but are very similar to those presented below and consistent with the main conclusions.
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Turning to financial market integration, existing studies in this branch of the
literature focus on portfolio investment. This chapter goes beyond the existing
literature in that it also uses FDI-related linkages as an alternative measure of
financial integration. Bilateral FDI linkages - as reported by the OECD’s Foreign
Direct Investment Statistics - are measured as the sum of country i’s FDI position
in country j and j’s FDI position in i:

1
Fij =7 Y (Fiju+ Fiig) - (5.6)

t

Since most countries report inward as well as outward FDI holdings, it is possible to
expand the sample beyond the pairs formed by the 30 reporting OECD economies.
Analogously, portfolio investment linkages are measured as the sum of bilateral
portfolio investment positions (taken from the IMF-CPIS database). I also look
at the decomposition of portfolio linkages into two broad sub-categories, namely
equity and debt securities. For all categories of financial linkages, I also compute
alternative measures correcting for country size. They are defined analogously to
the trade indicator in equation (5.5):

~ 1 (Fiji+ Fiiy) NYW,
F,;=—= i 3% . 5.7
JoT zt: NY . NY ;, (5:.7)
Similarities in the production structure are measured as follows:
1 N
Sz',j = f Z Z |5n,i,t - Sn,j,t| . (58)
t n

Here, s,,; (s ) is sector n’s share in total value added in country ¢ (j). The total
number of sectors is N. If ¢ and j are completely symmetric, then S;; = 0. Hence
an increase in S is tantamount to greater specialization. I use UNIDO data on
gross value added for six broad sectors.!!

I now turn to the description of the exogenous variables and instruments. To
start with, Iy comprises standard gravity variables: the bilateral distance between
the countries’ capitals and two dummy variables indicating, respectively, if the
countries share a common border and if they used to be part of a single jurisdiction.

In line with Tmbs (2004), both the bilateral (log) product of, and the difference
between GDPs per capita are included in I,. This choice is motivated by Imbs
and Wacziarg (2003) who find that specialization patterns depend on income per
capita and that this relationship is non-monotonous. As countries become more

HThe six sectors are: Agriculture, hunting, forestry, fishing (ISIC A-B); mining, manufactur-
ing, utilities (ISIC C-E); construction (ISIC F); wholesale, retail trade, restaurants and hotels
(ISIC G-H); transport, storage and communication (ISIC I); other Activities (ISIC J-P).
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affluent, they first diversify their production, only to specialize again when they
pass a certain threshold.

The baseline regressions also involve the use of instruments for financial inte-
gration. The financial instruments are taken from the panel data set by Schindler
(2009), which contains various summary measures of de iure restrictions on cross-
border financial transactions for 91 countries. Like several others (e.g. Miniane
2004), Schindler (2009) draws on the IMF’s Annual Report on Exchange Arrange-
ments and Exchange Restrictions (AREAER). For the purposes of this chapter,
Schindler’s data set has the advantage of providing information on cross-border fi-
nancial restrictions separately for various asset categories. In addition, the country
coverage is fairly broad, ranging from low-income to high-income countries. In the
regressions, I make use of summary measures covering both inward and outward
restrictions.'? While the underlying AREAER series are binary dummy variables,
Schindler’s summary measures take on any value between zero and one. In the
sensitivity analysis, I will also make use of an alternative set of instruments for
financial linkages constructed by La Porta et al. (1998). This data set comprises
several measures of legal institutions in finance: shareholder rights (with variables
showing whether one share carries one vote, whether the distribution of dividends
is mandatory, whether proxy vote by mail is allowed, and the percentage of capital
necessary to call an extraordinary shareholders’ meeting), creditor rights, and an
assessment of accounting standards and the rule of law. This set of instruments
has the advantage of allowing for a direct comparison with the estimates by Imbs
(2004, 2006). The drawback is that the variables do not so much relate to cross-
border financial transactions, but rather to the local legal framework in finance in
general.

All in all, the full sample comprises 56 countries (see Section 5.6.3 in the ap-
pendix). Taking into account missing observations, one arrives at a maximum of
964 country pairs for the whole sample. By comparison, Imbs (2004) only con-
sidered 24 countries and Imbs (2006) included 41 countries in the sample. Two
sub-samples - covering only OECD and EU countries, respectively - are also con-
sidered to check the robustness of the results obtained with the full sample.

12The summary measure is the arithmetic average of inward and outward restrictions. I also
experimented with a measure that always picks the more severe restriction (i.e. either the inward
or the outward restriction), without changes to the main results.
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5.4 Empirical results

5.4.1 Descriptive statistics

Before delving into the econometric analysis, this section presents a few descriptive
statistics. Table 5.2 reports summary statistics for the most important variable,
i.e. output correlation. The cross-sectional variation in bilateral output correlation
coefficients is large, but fairly similar for the various (sub-)samples considered.
The average output correlation is around 0.3 in all samples. Some of the highest
correlations are observed for EU country pairs, such as France and Spain (0.93) or
Belgium and Germany (0.88).

Table 5.3 presents the unconditional correlations of the endogenous variables.
A few interesting results emerge. First, for the full sample, the correlation with
the output co-movement variable (p) is lowest for trade integration (8 percent)
and much higher for the similarity in production structure (20 percent) and fi-
nancial integration (between 20 and 30 percent). While the correlation between
p and S remains broadly unchanged whatever sample considered, the correlations
between p and T" and between p and F' are highest when the pairs are restricted to
OECD countries. Second, the correlation between trade and financial integration
is overall rather low. However, when considering FDI-based relationships, this cor-
relation increases somewhat (standing between 10 and 20 percent). Third, there is
a rather high correlation between the similarity index S and financial integration
F (between 30 and 45 percent), especially when F' is measured by portfolio invest-
ment. Finally, the correlation across the various measures of financial integration
is very high. However, while this correlation is close to 90 percent between equity
investment and debt holdings, it is somewhat lower between portfolio and FDI-
based measures, justifying the approach to estimate the system with alternative
measures of financial integration.

Overall, while this simple correlation-based analysis anticipates some of the
estimation-based results, it shows above all the complexity of the interconnections
across the various channels that are at play in the international transmission of
shocks. It also calls for an empirical analysis based on a system of simultaneous
equations, as detailed above, given the potential for high and significant indirect
effects between output correlations and its various determinants.

5.4.2 Estimation results

In the following, I will estimate the system described in Section 5.3. In doing
so, I will consider several alternative measures of financial integration (FDI as
well as portfolio investment and its sub-components) and samples with different
country coverage (full sample, OECD economies and EU Member States). Since
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the main results are obtained by instrumenting financial integration by a new set
of indicators, the robustness of the results is tested by using an alternative set of
instruments - based on La Porta et al. (1998) - that is widely used in the literature.

Table 5.4 gives the 3SLS estimates of equations (5.1)-(5.4) for the period 1993-
2007 and reports estimates with financial integration measured by various asset
categories (FDI as well as portfolio investment and its sub-categories). Estimations
reported in Table 5.5 restrict the sample to OECD pairs, while Table 5.6 presents
the results for pairs of EU Member States.

Among the determinants of output correlations, trade integration and the sim-
ilarity in production structure are significant with the expected signs (equation
(5.1)). To be more specific, trade integration tends to foster business cycle syn-
chronization. This is in line with a vast body of literature (e.g. Clark and van
Wincoop 2001, Frankel and Rose 1998, Kose and Yi 2001). The value of the coef-
ficient «y is higher when restricting the sample to OECD or EU pairs. However,
this coefficient is found to be insignificant for EU pairs when F' is measured by
FDI or equity investment. This result may come as a surprise. In fact, in a sim-
ilar exercise, Abbott et al. (2008) identify a positive and significant relationship
between trade intensity and business cycle correlation for 16 European countries
(when looking at the individual-country results). However, one should keep in
mind that the EU Member States share relatively strong bilateral trade linkages.
Restricting the sample to these countries thus reduces not only the sample size,
but also the variance in the trade variable, diminishing the precision with which
the coefficient «; is estimated.

Furthermore, the coefficient associated with similarities in sectoral structure is
in most cases negative, i.e. the more similar two countries are (low .S), the higher
is the correlation of their outputs. The coefficient is slightly lower when the sample
includes only OECD or EU economies. This effect is in line with Imbs (2006). The
intuition is that countries with similar sectoral characteristics are more likely to
be hit by similar (sector-specific) shocks. Hence the results are indicative of an
important role of common shocks in driving business cycle synchronization.

In contrast to Imbs (2004, 2006), there is no evidence of a positive, significant
relationship between bilateral financial linkages and business cycle correlation.
ap is positive and significant only in two cases: when F' is measured using debt
holdings and when the sample is restricted to EU country pairs. This important
finding will be discussed in greater detail below.

Concerning the indirect effects working through trade (equation (5.2)), the im-
pact of financial integration on trade is negative, as shown by the estimates of /3.
Thus, closer financial integration is associated with lower bilateral trade linkages.
While Imbs (2006) had difficulties finding significant effects of finance on trade,
the coefficients here are significant and negative regardless of the measure of finan-
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cial linkages used. The interpretation of this result is particularly straightforward
when financial linkages are measured by FDI. In this case, trade and financial in-
tegration can be seen as substitutes. After all, FDI continues to be dominated by
horizontal rather than vertical investment, despite the increasing role of vertical
linkages (e.g. Markusen 1995). From the perspective of an individual firm, hori-
zontal FDI is an alternative strategy to exporting (Helpman, Melitz and Yeaple
2004), providing direct access to the host country and, possibly, neighboring mar-
kets. This interpretation is also consistent with the fact that the absolute value
of 1 is higher when restricting the sample to EU countries. In fact, direct in-
vestment among advanced economies, such as the EU member states, tends to be
more of a horizontal nature. (In the OECD sample, ; has the same sign, but is
not significant.) Furthermore, similarity in production structures stimulates trade
(B2 < 0), especially when F' is measured by portfolio investment.

Finally, the indirect channels operating through structural similarity (equation
(5.4)) appear relevant. Trade linkages between two countries reduce the similarity
in their structure of production (y; > 0). This could reflect the fact that (inter-
industry) trade allows countries to specialize on specific industries according to
comparative advantages. Interestingly, the corresponding coefficient is highest
when F' is measured by FDI. However, the effect is not significant when restricting
the sample to EU country pairs.

Concerning the effects of financial integration on structural similarity, the sign
of 7, is a priori ambivalent, as pointed out by Imbs (2006). Financial integration
could either favor specialization in different sectors or rather foster the concentra-
tion of activities in certain sectors, e.g. those dependent on foreign capital. Unlike
Kalemli-Ozcan, Sorensen and Yosha (2001) and Kalemli-Ozcan et al. (2003), I
find that 5 is negative and significant, regardless of the sample considered. Hence
closer financial linkages are associated with greater similarity in production. The
effect is particularly strong for the OECD sample. Also, when F' is measured by
FDI, the value of 7, is - in absolute terms - higher than when it is measured by
portfolio investment.

As a full information estimator, 3SLS is sensitive to misspecification. However,
the main findings remain intact if the equations are estimated separately using
either 2SLS or the Generalized Method of Moments (GMM). In particular, as re-
mains negative and insignificant (see Table 5.4). Furthermore, the 3SLS estimates
of as remain insignificant if one corrects the measure of financial linkages for the
economic size of the country pairs (see the last column in Table 5.4).

Figure 5.5 summarizes the main results. Economies with tighter bilateral trade
linkages tend to move more closely together. Also, similarity in the sectoral com-
position of production leads to closer business cycle co-movement. By contrast,
there is no evidence of a direct effect of financial linkages on output correlation.
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It is remarkable that the main results go through regardless of the measure of
financial integration used. This suggests that FDI and portfolio investment have
very similar effects on business cycle synchronization.

In a way, the insignificance of the direct effect of finance on output synchro-
nization positions this chapter between papers finding a positive effect (e.g. Imbs
2004, 2006, Kose, Prasad and Terrones 2003a) and those pointing to a negative
relationship (e.g. Garcia-Herrero and Ruiz 2008, Kalemli-Ozcan et al. 2009). In
principle, the discrepancy between these findings is not surprising, given that the
theoretical predictions on the link between financial integration and business cycle
co-movement are not clear-cut either (see Section 5.2). Anyway, the issue is of
central importance and therefore merits further investigation. In a first step, I
will therefore first explore whether the indirect effects of financial integration may
compensate for the absence of a significant direct link (Section 5.4.3). In a second
step, I will investigate whether the discrepancy between Imb’s results and those
presented here might reflect the use of different instruments for financial linkages
(Section 5.4.4).

Business cycle
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Figure 5.5 Summary of estimation results

5.4.3 Disentangling the importance of the different chan-
nels

The system of equations (5.1)-(5.4) allows for a complex interplay of direct and
indirect channels affecting business cycle synchronization. Thus, the direct effects
suggested by equation (5.1) could be offset by the indirect ones captured by the
remaining equations. To derive the overall impacts of trade and financial integra-
tion as well as sectoral similarity, respectively, the direct and indirect effects are
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combined, using the results from the simultaneous estimation.'® Tables 5.8 and 5.9
report the values for the indirect channels together with the overall effects when
F'is measured by FDI and portfolio investment, respectively.

To start with, it turns out that the direct effect of trade on output correlations
(1) is overall found to be positive and significant. Given the specification of the
system, indirect trade effects can only stem from interactions with sectoral sim-
ilarity, S. As already shown, trade integration tends to reduce the similarity in
production structure. As this in turn reduces output correlation, the indirect effect
of trade on business cycle synchronization (ag7;) tends to be negative, counter-
vailing the direct impact. However, the overall effect (a; + a37;) remains positive
and significant. It is highest in the OECD sub-sample and in the EU sub-sample,
when F' is measured by portfolio investment. Only in one case, using the whole
sample and measuring F' by FDI, do the indirect effects of trade cancel out the
direct ones.

Turning to sectoral similarity S, the system allows only for indirect effects
through trade integration. Since lower similarity tends to be associated with lower
trade linkages, this may reinforce the direct effect. However, the indirect effects
are found to be small and insignificant. Thus, the overall impact (ag + a1/3)
is fairly close to the direct one, confirming that higher similarity in production
structures leads to higher business cycle synchronization. The effect is largest
when estimating the system on the full sample.

As already indicated, taking heed of indirect channels is particularly relevant
for financial integration. While no positive, significant direct effects of financial
linkages on output correlation have been found, the indirect effects are large enough
to change the overall assessment. The first indirect effect stems from interactions
with trade integration. Since financial integration tends to reduce bilateral trade
(and trade fosters output correlation), this indirect effect could diminish the impact
of financial linkages on business cycle correlation. However, as shown in Tables
5.8 and 5.9, this indirect effect is small and in most cases insignificant. The
second indirect effect operates through sectoral similarity. The estimates show that
financial integration between two countries makes them more similar in terms of
sectoral production patterns. Sectoral similarity, in turn, tends to increase output
correlation. Thus, the second indirect channel creates a positive link between
financial integration and business cycle synchronization. The effect is large and
significant, so that the overall financial channel is clearly positive and significant.

13The overall effects of, say, T can be derived by using equations (5.3)-(5.4) to eliminate S and
F from equation (5.1) and taking the derivative of p with respect to T'. This yields a; +a37;. For
similarity S, the overall effect is given by as + a182. The overall effect of F' is more complicated,
since both S and T respond endogenously to changes in F: as + a1 + asys + a1 8272 + 71 (61 +
Bav2)/((c1fB2 + a3)(1 — B2y1)). That said, the last two summands, which capture the most
roundabout effects, will turn out to be close to zero and can be ignored in a first approximation.
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It is especially large for the sub-samples including only OECD or EU countries. In
a nutshell, I find that financial linkages do not foster international business cycle
synchronization directly, but rather indirectly, by increasing the similarity of the
financially integrated economies. Such an indirect effect would go unnoticed in a
single-equation framework, which underlines the advantages of the simultaneous
equations approach chosen in this chapter.

5.4.4 Sensitivity to the financial integration instruments

The estimation strategy in this chapter involves the use of instruments for finan-
cial integration. The financial instruments in the benchmark estimations rely on
measures of de iure restrictions on cross-border financial transactions, provided
by Schindler (2009). By contrast, Imbs (2004, 2006) uses institutional variables
from La Porta et al. (1998). Instrument diagnostics suggest that both sets - which
have been described in Section 5.3.2 - are relevant instruments for financial inte-
gration.!4

To check whether the choice of instruments for financial integration might influ-
ence the results, I re-estimate the system using - like Imbs - the set of institutional
variables from La Porta et al. (1998). It turns out that, consistent with Imbs’
findings, the direct effect of financial integration on p becomes positive for the
OECD sample when using the variables from La Porta et al. (1998) (see Table
5.10). However, the choice of the instruments does not fully explain the differ-
ences between Imbs’ results and the findings in this chapter, since the direct effect
of financial integration remains insignificant for the whole sample.

In fact, the sampling also seems to matter. The sample used here - comprising
between 756 and 964 pairs, depending on the specification - is broader than the
one used by Imbs. Imbs (2004) works with 276 pairs and Imbs (2006) with a max-
imum of 347 pairs. Using a much broader sample, also in terms of income levels
and stage of financial development, seems to influence the results. Garcia-Herrero
and Ruiz (2008) also obtain results that are different from Imbs’ using a sam-
ple that includes many emerging economies (but only Spain as the counterpart).
Overall, the findings are consistent with the notion that financial integration is
more relevant for business cycle synchronization among the advanced economies.
This interpretation is in line with Kose, Prasad and Terrones (2003b) who show
that the positive effect of economic integration on output co-movement is largely
confined to the industrialized countries.

n particular, looking at the first-stage results and applying the critical values developed by
Stock and Yogo (2002) to the corresponding F-statistics, the null hypothesis that the financial
instruments are weak is rejected at the 5 percent significance level in both cases. For more details
on this test, see also Stock, Wright and Yogo (2002). Notwithstanding this, the first-stage fit is
somewhat better for the broader set of instruments based on La Porta et al. (1998).
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To summarize, the estimated direct effect of financial integration on business
cycle synchronization seems to be more sensitive to the use of alternative samples
and instruments than the other main results. This not only puts a new complex-
ion on the results by Imbs (2004, 2006), but also deserves special attention in
future research. There is also some tentative evidence that financial integration
plays a more important role in synchronizing business cycles among the advanced
economies compared with the mixed sample of advanced emerging economies.

5.5 Conclusion

Drawing on the work by Imbs (2004, 2006), the empirical analysis in this chapter
has brought some evidence about the role of trade and financial linkages in inter-
national business cycle synchronization. The results confirm that trade linkages
foster output co-movement. In addition, similar production structures are associ-
ated with closer business cycle co-movement, which is likely to reflect the role of
common shocks. By contrast, there is no evidence of a direct relationship between
bilateral financial linkages and output correlation. However, financial integration
fosters business cycle synchronization indirectly by raising the similarity in produc-
tion structures. The indirect effects are large enough to render the overall effect
positive. Notwithstanding this, the analysis indicates that the estimated direct
effects of financial integration are quite sensitive to the set of financial instruments
used and the underlying sample. This issue deserves greater attention in future
research. By contrast, the results are quite robust the use of alternative measures
of financial integration. In particular, FDI and portfolio investment are found to
have similar effects on output co-movement. Accounting for indirect effects, both
forms of financial integration seem to be conducive to closer output co-movement.

At first sight, the absence of a direct link between financial integration and
output co-movement appears to be at odds with the experience during the global
financial crisis of 2007-09. At the time, the demise of Lehman Brothers sent shock
waves through international financial markets and virtually the entire world econ-
omy into a tailspin. However, Rose and Spiegel (2009) find no evidence that
ex-ante bilateral exposure can explain the differential impact of the global finan-
cial crisis in a large cross section of countries. Hence the crisis may have involved
an element of pure contagion or a common global shock, to which countries were
exposed more or less independently of their financial ties with the United States.
In addition, it cannot be excluded that the measures of financial integration used
in this chapter do not fully capture all relevant transmission channels. For in-
stance, the initial shock may have been propagated across borders through the
lending activities of internationally active banks. Buch (2004) finds evidence for
this mechanism, looking at the activities of German banks in smaller EU countries.
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Third-country effects might also have played a role in the crisis of 2007-09, but are
hard to capture in a model looking at bilateral country linkages. Bringing together
these additional drivers of international business cycle synchronization with those
described in this chapter is a promising avenue for future research.
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5.6 Appendix to Chapter 5

5.6.1 Tables

| BP CF DIFF HP

BP 1.00

CF 0.77 1.00

DIFF | 0.77 0.68 1.00

HP 0.74 050 093 1.00

Table 5.1 Correlation of alternative output co-movement measures. For each country
pair, the correlation of the cyclical GDP component is computed (annual frequency)
using alternative filters. The table shows the correlation of these output co-movement
measures. "BP' is the Baxter-King Band-Pass filter, "CF" is the asymmetric Christiano-
Fitzgerald filter, "DIFF" refers to simple log differences, and "HP" is the Hodrick-Prescott
filter.

Full OECD EU

Mean 0.31 0.34 0.33
Median 0.36 0.39 0.38
Maximum  0.97 0.94 0.93
Minimum -0.79 -0.76 -0.79
Std. Dev.  0.38 0.36 0.39
Skewness  -0.46 -0.63 -0.57
Kurtosis 2.46 2.76 2.61
Obs. 1,027 428 270

Table 5.2 GDP correlation - Summary statistics. The table is based on HP-filtered
annual times series.
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p T Frpr  Fpr  Feg FDB S
Whole sample
) 1.00
T 0.08 1.00

Frpr 030  0.10 1.00

Fpr 025 -0.02 0.76 1.00

Fgg 0.19 -0.02 076 092 1.00

Fpp 027 -0.00 073 097 084 1.00

S -0.20  0.03 -0.29 -043 -0.39 -0.43 1.00

OECD sample

I 1.00

T 0.18  1.00

Frpr 042 0.21 1.00

Fpr 041 009 079 1.00

5% 035 005 080 095 1.00

Fpp 035 012 075 098  0.88 1.00

S -0.19 -0.01 -0.29 -040 -0.39 -0.39 1.00
EU sample

P 1.00

T 0.03 1.00

Frpr 037  0.09 1.00

Fpr 035 -0.09 0.80 1.00

Fgg 0.35 0.01 0.78  0.93 1.00

Fpp 034 -013 078 099 0.89 1.00

S -0.25 -0.06 -0.32 -046 -041 -0.45 1.00

Table 5.3 Unconditional correlations. All variables measured in logs, except for p. p
measures the bilateral GDP correlation on the basis of HP-filtered annual data. T is
the measure of bilateral trade described in the text. Frpr, Fpr, Fpg and Fpp are
the measures of bilateral financial asset holdings based on foreign direct investment,
portfolio investment, equity and debt holdings, respectively. S measures the cross-
country similarity in production structures.
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Measure of F

Frpr Fpp Frg Fppg Frpr
(1) GDP correlation
Trade links (1) 0.05 0.04 0.04 0.02 0.05
(3.06)  (3.24)  (3.10)  (1.69)  (1.90)
Fin. links (az) 0.02 001 000 002  -0.01
(-1.38)  (-1.20)  (0.10)  (1.82)  (-0.42)
Prod. struct. (ag3) -0.23 -0.26 -0.22  -0.12 -0.21

(-4.50) (-4.81) (-3.91) (-1.83) (-4.19)

(2) Trade links T’

Fin. links (3) -0.07 -0.05 -0.08 -0.10 -0.32
(-2.18)  (-2.22)  (-2.95) (-2.73)  (-3.01)
Prod. struct. (f2) -0.23 -0.37 -0.31 -0.38 -0.36

(-1.55)  (-2.59) (-2.01) (-2.14) (-1.73)

(3) Prod. struct.S

Trade links (71) 0.14 0.07 0.07 0.07 0.36
(4.56)  (3.65)  (2.84)  (3.17)  (6.34)
Fin. links (72) -020 -010 -012 -0.12  -0.35
(-8.42)  (-9.31) (-7.36) (-7.92) (-7.16)

Obs. 853 964 756 814 790

Table 5.4 Estimation results - full sample. All variables measured in logs, except for
p. p measures the bilateral GDP correlation on the basis of HP-filtered annual data.
T is the measure of bilateral trade described in the main text. Frps, Fpr, Frg, Fpp
are the measures of bilateral financial asset holdings based on foreign direct investment,
portfolio investment, equity and debt holdings, respectively. Fpps is the alternative
measure of financial linkages, which corrects for country size (based on FDI holdings).
S measures the cross-country similarity in production structures. Estimation using 3SLS,
with instruments described in the main text. ¢-statistics in parentheses.
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Measure of F'

Frpr Fpr Fgg Fpg
(1) GDP correlation
Trade links (o) 007 007 007 007
(3.12)  (4.46)  (4.56)  (3.87)
Fin. links (o) 002 002 002  0.04
(1.03)  (1.13)  (1.54)  (2.33)
Prod. struct. (ag) -0.19 -0.17 -0.18  -0.13
(-3.13)  (-2.50)  (-2.52)  (-1.94)
(2) Trade links T’
Fin. links (5;) 003 007  -012  -0.20
(-0.62)  (-1.75)  (-3.09)  (-3.50)
Prod. struct. (f2) -0.34  -0.60 - 0.65 -0.93
(-2.00)  (-2.94) (-3.53)  (-3.93)
(3) Prod. struct.S
Trade links (1) 0.19 008 006  0.09
(4.43)  (2.97)  (2.15)  (3.10)
Fin. links (v2) -0.23  -015 - 017  -0.16
(-6.74)  (-9.16) (-8.04)  (-8.30)
Obs. 416 421 391 393

Table 5.5 Estimation results - OECD sample. All variables measured in logs, except for
p. p measures the bilateral GDP correlation on the basis of HP-filtered annual data. T
is the measure of bilateral trade described in the main text. Frpr, Fpr, Frg, Fpp are
the measures of bilateral financial asset holdings based on foreign direct investment,
portfolio investment, equity and debt holdings, respectively. S measures the cross-
country similarity in production structures. Estimation using 3SLS, with instruments
described in the main text. t-statistics in parentheses.
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Measure of F

Frpr Fpp Fgq Fpg
(1) GDP correlation
Trade links (a1) 003 006 004  0.07
(1.05)  (2.12)  (L54)  (2.31)
Fin. links (a) 004 003 002  0.04
(2.01)  (252)  (1.52)  (3.14)
Prod. struct. (a3) -0.19 -0.21 -0.27  -0.15
(-2.64) (-2.61) (-3.49) (-1.74)
(2) Trade links T’
Fin. links (81) 011 011 -0.10  -0.13
(-3.54)  (-4.25)  (-3.99)  (-4.53)
Prod. struct. (32) -0.16 -0.06 - 0.23 -0.53
(-1.04)  (-1.29)  (-1.49) (-3.21)
(3) Prod. struct.S
Trade links (71) 0.06 -0.06 - 0.03 -0.07
(0.92)  (-1.29)  (-0.60)  (-1.28)
Fin. links (v2) -0.13 -0.09 - 0.08 -0.10
(-4.96)  (-5.60) (-4.87) (-5.83)
Obs. 251 268 242 265

Table 5.6 Estimation results - EU sample. All variables measured in logs, except for
p. p measures the bilateral GDP correlation on the basis of HP-filtered annual data. T
is the measure of bilateral trade described in the main text. Frpr, Fpr, Frq, Fpp are
the measures of bilateral financial asset holdings based on foreign direct investment,
portfolio investment, equity and debt holdings, respectively. S measures the cross-
country similarity in production structures. Estimation using 3SLS, with instruments

described in the main text. t-statistics in parentheses.
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Estimator
3SLS OLS 2SLS GMM

(1) GDP correlation

Trade links () 0.05 0.00 0.04 0.05
(3.06) (-0.11) (2.53)  (3.25)

Fin. links (ao) -0.02 0.02 -0.01 -0.02
(-1.38)  (4.06) (-0.59)  (-1.39)

Prod. struct. (o) -0.23 -0.08 -0.18 -0.23

(-4.50)  (-3.75)  (-3.44)  (-4.30)

(2) Trade links T’

Fin. links (8) 0.07 000  -0.07  -0.04
(-2.18)  (0.44)  (-2.08)  (-1.37)
Prod. struct. (82) -0.23 -0.03 -0.22 -0.11

(-1.55)  (-0.63) (-1.48)  (-0.82)

(3) Prod. struct.S

Trade links (1) 0.14 0.01 0.14 0.14
(4.56)  (0.47)  (4.61)  (4.92)

Fin. links (72) 020  -0.06 -020  -0.21
(-8.42) (-8.93) (-8.35) (-10.06)

Obs. 853 853 853 853

Table 5.7 Estimation results using alternative estimators (full sample, F' measured by
FDI). All variables measured in logs, except for p. p measures the bilateral GDP cor-
relation on the basis of HP-filtered annual data. T is the measure of bilateral trade
described in the main text. S measures the cross-country similarity in production struc-
tures. t-statistics in parentheses.
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Sample
Whole OECD EU
Trade channel

Direct (a7 ) 0.05%**  0.07** 0.03
Indirect
via prod. struct. (aszy; ) -0.03%%*  -0.04** - 0.01
Overall (o + agy1 ) 0.01 0.02* 0.02
Prod. struct. channel
Direct (a3 ) -0.23%** - -0.19%** - (.19%**
Indirect
via trade (a2 ) - 0.01 - 0.02* - 0.00
Overall (a3 + 152 ) -0.25%%F Q. 21%FFF (0, 19%**
Financial channel
Direct (a2 ) - 0.02 0.02 0.04%**
Indirect
via trade (a1/1 ) -0.00* - 0.00 - 0.00
via prod. struct. (asye2 ) 0.05%**  0.04***  (.02%*
Overall (see below) 0.03***  0.06***  0.06%**

Table 5.8 Channels of business cycle synchronization (with F measured by FDI). The
values are computed on the basis of the estimates reported in Tables 5.4, 5.5 and 5.6.
The derivation of the overall effect of financial integration is discussed in the main text.
*ik 3% % denote (joint) significance at the 1%, 5%, and 10% levels.
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Sample

Whole OECD EU

Trade channel

Direct (a7 )
Indirect

via prod. struct. (asvy; )
Overall (o + asm1 )

0.04***  0.07***  0.06**

-0.02%* -0.01* 0.01
0.02* 0.06%** 0.07**

Prod. struct. channel

Direct (a3 )
Indirect
via trade (152 )

Overall (ag 4+ 182 )

-0.26%* S0.17HF% - .21

- 0.02%* - 0.04** -0.03*
S0.27FHK Q.21 (.24

Financial channel

Direct (g )
Indirect
via trade (o181 )

via prod. struct. (asy2 )

Overall (see below)

- 0.01 0.02 0.03**

- 0.00* - 0.01* - 0.01*
0.03*** 0.03** 0.027%*
0.01%** 0.04%** 0.04%**

Table 5.9 Channels of business cycle synchronization (with F measured by portfolio
investment). The values are computed on the basis of the estimates reported in Tables
5.4, 5.5 and 5.6. The derivation of the overall effect of financial integration is discussed
in the main text. ***/**/* denote (joint) significance at the 1%, 5%, and 10% levels.
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Instruments
Schindler (2009) La Porta et al. (1998)
Measure of ' Frpr Fprp Frpr Fpp
Whole Sample
Direct -0.02 -0.01 0.01 -0.01
Overall 0.03***  0.01*%** 0.02%** (.03%**
OECD Sample
Direct 0.02 0.02 0.05%**  (0.04%**
Overall 0.06%**  0.04***  0.06%** 0.05%**
EU Sample
Direct 0.04*** 0.03**  0.04*** 0.02
Overall 0.06%**  0.04*** 0.06%** 0.05%**

Table 5.10 Effects of financial linkages on output co-movement - Alternative sets of
instruments. Frpr and Fpp are the measures of bilateral financial asset holdings based
on respectively foreign direct investment and portfolio investment. The derivation of the
direct and overall effects is the same as for Tables 5.8 and 5.9. *** /** /* denote (joint)
significance at the 1%, 5%, and 10% levels.
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5.6.2 Data sources

Variables Data Sources No. Countries
Output correl. (p) GDP IMF IFS 56
Trade links (7)) Exports IMF DOTS 56
Imports IMF DOTS 56
World nominal GDP IMF IFS 56
Financial links (F')  FDI holdings OECD FDI source: 30
Statistics
destin.: 56
Portfolio Investment IMF CPIS source: 30
destin.: 56
Prod. struct. (S) Sector share in UNIDO 56

value added

Instruments for:

Trade (I3 ) Bilateral distance CEPII 56
Common border CEPII 56
Past single jurisdiction ~ CEPII 56
Prod. struct. (I3 ) GDP per capita United Nations 56
Finance (I ) Financial restrictions Schindler (2009) 56
FDI restrictions Schindler (2009) 56
Other (see main text) La Porta 39

et al. (1998)

Table 5.11 Data sources. The variables are computed as averages over 1993-2007, ex-
cept FDI holdings (2000-06), portfolio investment (2001-07) and production structure
(2000-07). IFS: International Financial Statistics; DOTS: Direction of Trade Statis-
tics; CPIS: Coordinated Portfolio Investment Survey. For the production structure (.5),
UNIDO data on gross value added for six broad sectors are used: Agriculture, hunting,
forestry, fishing (ISIC A-B); mining, manufacturing, utilities (ISIC C-E); construction
(ISIC F); wholesale, retail trade, restaurants and hotels (ISIC G-H); transport, storage
and communication (ISIC I); other Activities (ISIC J-P).

5.6.3 Country groups

Full sample (56 countries): Argentina, Australia, Austria, Belgium, Brazil,
Bulgaria, Canada, Chile, Colombia, Costa Rica, Cyprus, Czech Republic, Den-
mark, Egypt, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, In-
dia, Indonesia, Ireland, Israel, Italy, Japan, Latvia, Korea, Luxembourg, Malaysia,
Malta, Mauritius, Mexico, Netherlands, New Zealand, Norway, Pakistan, Panama,
Philippines, Poland, Portugal, Romania, Russia, Slovak Republic, South Africa,
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Spain, Sweden, Switzerland, Thailand, Turkey, Ukraine, United Kingdom, United
States, Uruguay, Venezuela.

OECD economies (30 countries): Australia, Austria, Belgium, Canada, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, New Zealand, Norway,
Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland, Turkey, United
Kingdom, United States.

EU sample (25 countries):' Austria, Belgium, Bulgaria, Cyprus, Czech Re-
public, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slo-
vak Republic, Spain, Sweden, United Kingdom.

15For data availability reasons, Slovenia and Lithuania have not been included in the panel.



Chapter 6

Concluding remarks

Facilitated by technical advances and economic liberalization, the division of la-
bor is now operating at a finer level of resolution than at any point in history
(Baldwin 2006). As a result, the world economy is increasingly permeated by ver-
tical linkages. Production chains nowadays often run across several borders, with
parts and components being shipped across the globe. Not only can production
and consumption occur at a distance (as has been the case almost since time im-
memorial), but it is becoming increasingly viable to spatially separate individual
production stages that used to be concentrated in a single factory. By the same
token, a product’s country of origin is becoming an elusive concept.

In many advanced and emerging economies, the share of imported intermedi-
ates in total intermediates used in the manufacturing sector has increased signifi-
cantly over the past two decades (see Chapter 1). In larger European economies,
including Germany, around one-third of all intermediates are nowadays imported
from abroad. Small, open economies that are tightly integrated into international
production networks import more than two-thirds of their intermediates. As a
result, trade in final goods increasingly embodies foreign value added.

When vertical linkages - or offshoring, for that matter - gradually came into
the limelight in the 1990s, both the public debate and academic research were at
first primarily concerned with potential labor market effects. This narrow focus,
while understandable, misses the fact that the rise of vertical linkages has also had
profound consequences for international trade and macroeconomic dynamics. This
dissertation has highlighted some of these impacts, which have so far received only
little attention in the literature.

Chapter 2 proposed a novel way of linking the rise of vertical linkages and the
stunning increase in world trade in the two decades preceding the global down-
turn of 2008-09. Conventional wisdom has it that the increase in world trade is
largely a statistical artifact. Since trade is measured in gross terms, the argument
goes, the international fragmentation of production implies that ever larger trade
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flows are recorded, even if the value added exchanged between countries remains
unchanged. However, this narrative misses an important element. Based on a
general equilibrium model with heterogeneous firms, I showed analytically that a
decline in offshoring costs fosters not only trade in intermediates but also trade in
final goods through an intra-industry reallocation of resources towards the more
productive and export-prone firms. Unlike existing explanations, the underlying
mechanism - the "export-magnification effect of offshoring" - is consistent with the
fact that the share of intermediates in total world trade has remained broadly
stable over recent years. In the model, lower offshoring costs trigger a Darwinian
selection process in which the most productive firms flourish at the expense of the
less productive firms, with positive effects on aggregate productivity and welfare.
That some firms benefit from extended offshoring possibilities, while others, within
the same industry, are worse off, is a good example of the fine-brushed welfare im-
pacts of the present wave of globalization, in which winners and losers are often
hard to identify ex ante, as highlighted by Baldwin (2008).

The next chapters made the point that vertical linkages are not only relevant
for international trade, but also deserve greater attention in the field of interna-
tional macroeconomics. After all, vertical linkages establish a finely woven channel
system through which shocks are transmitted rapidly across the globe. While the
intuition is straightforward, the exact impacts on the second moments of macro
variables are still poorly understood. To some extent, this reflects the fact that
the international fragmentation of production has so far been primarily dealt with
from the static, deterministic perspective of trade theory. Chapters 3 and 4 can
be seen as a step towards closing this gap.

Chapter 3 demonstrated, in the context of a minimal IRBC model, that more
extensive vertical linkages increase the sensitivity of international trade to macroe-
conomic shocks and, under certain conditions, the cross-country synchronization
of trade flows. In the light of the expansion of vertical linkages over the past
two decades, these findings provide an intuitive explanation for the fact that in-
ternational trade flows have become more volatile over this period, also relative
to output. The results also improve our understanding of the highly synchronized
contraction in international trade in 2008-09. Vertical linkages helped amplify and
propagate the shock that hit the world economy at the time. This "structural"
explanation complements other narratives related to, say, demand composition
effects, the inventory cycle, or financial factors.

That trade becomes more volatile as vertical linkages expand may appear some-
what disturbing at first sight. It should be noted, however, that this outcome
reflects a (constrained) Pareto-efficient allocation of resources. Attempts to ob-
struct the development of international supply chains would therefore clearly be
mistaken, also due to the other long-run welfare gains offered by the vertical frag-
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mentation of production (Kohler 2004a).

Chapter 4 put under scrutiny the standard modeling of vertical linkages in
DSGE models. In a workhorse DGSE model, domestic and foreign intermedi-
ates are typically bundled together using Armington aggregators. This implies
that firms adjust only the quantities of imported intermediates (intensive margin),
while the range of imported intermediates (extensive margin) is exogenously fixed.
Chapter 4 departed from this standard modeling strategy. More specifically, I
constructed a medium-scale DSGE model in which both the intensive and the ex-
tensive margins of offshoring are endogenous. In this comprehensive framework, it
was shown numerically that endogeneity of the extensive margin hardly affects the
model dynamics in the face of standard macroeconomic shocks. Furthermore, the
extensive margin was found to be rather unresponsive at business cycle frequency.
I concluded that, while offshoring as such has important implications for macro
dynamics, the phenomenon can safely be studied using Armington aggregators.
This modeling strategy has clear advantages both in terms of modeling parsimony
and the availability of benchmark parameter values widely used in the literature.
These findings also justified the modeling approach chosen in the previous chapter.

Taken together, the findings of Chapters 2 and 3 suggest that a world with
more vertical linkages is also one in which national business cycles move more
closely together: vertical linkages stimulate international trade, which, in turn,
is conducive to closer business cycle synchronization. This conjecture is indeed
in line with Kose and Yi (2001, 2006) who demonstrate both theoretically and
empirically that the international fragmentation of production raises output co-
movement. Notwithstanding this, economic integration - or globalization, for that
matter - has progressed not only in the form of sprawling vertical linkages but also
in other parts of the economy, particularly in financial markets. Against this back-
drop, Chapter 5 examined the determinants of international output co-movement
in greater detail and disentangled the various channels based on a simultaneous
equations approach. The results confirm that trade linkages and similar produc-
tion structures are conducive to highly synchronized business cycles. By contrast,
there is no evidence of a direct impact of closer financial ties on the correlation
of national GDPs. However, financial integration indirectly raises business cycle
synchronization by increasing the similarity of production structures. The chap-
ter went beyond the existing literature in that it also considered FDI linkages as
a channel for the international transmission of shocks. It was shown that FDI
and portfolio investment have very similar effects on business cycle synchroniza-
tion. The chapter also presented some tentative evidence indicating that shock
transmission through financial channels is more relevant among the industrialized
economies compared with the mixed sample of advanced and emerging economies.

In summary, it seems fair to conclude that the spreading of vertical linkages has
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had profound consequences for international trade and macroeconomic dynamics.
Above all, the expansion of vertical linkages has been a driving force behind the
longer-term increase in world trade. For one thing, the international fragmenta-
tion of production means that goods and their components cross borders several
times before arriving at their final destination. Since trade is measured in gross
terms, this process inflates the flow of commodities. For another thing, the decline
in offshoring costs has also triggered an intra-industry reallocation of resources
towards the more productive, export-oriented final goods producers, with stim-
ulating effects on trade in final goods. Furthermore, vertical linkages establish
a channel system through which macroeconomic shocks are rapidly transmitted
across national borders. It is not surprising, therefore, that the rise of vertical
linkages has amplified the short-run volatility and cross-country synchronization
of international trade flows. More generally, the expansion of vertical linkages has
contributed to the ongoing integration of the global economy, both directly and
indirectly, through increased trade in final goods. In such a tightly interconnected
world, national business cycles increasingly move in sync. In essence, a more and
more fine-brushed division of labor spawns ever larger trade flows that are flow-
ing in a more volatile and synchronized fashion across the globe, adding to the
integration of the global economy.

Looking ahead, the expansion of vertical linkages is likely to continue over the
medium term as long as the underlying technological and political driving forces
endure. While it stands to reason that technological advances will keep lowering
distance costs over the years ahead, the political dimension is more uncertain. The
decline of distance costs could easily be interrupted or even reversed by political
measures, just as the previous phase of globalization was brought to an end during
the inter-war period.! In an environment of lackluster growth and unemployment
at historically high levels in many advanced economies, policy makers may be
increasingly tempted to succumb to protectionist pressures to stimulate growth in
the short run in a "beggar-thy-neighbor" fashion. Looking at evidence from the
Great Depression of the 1930s, Eichengreen and Irwin (2010) find that governments
were more likely to resort to protectionist measures if other policy options were
exhausted. In this sense, protectionism was seen as a second-best macroeconomic
policy in the face of constraints on monetary and fiscal policy. This does not bode
well for the near-term future. Many economies are facing sovereign debt levels and
sovereign spreads at elevated, if not unsustainable levels and, in some economies,
conventional monetary policy is facing the zero lower bound. Hence, the room for
manoeuvre for fiscal and monetary policy is very limited in these economies, which
could prompt policy makers to impose protectionist measures.

I An authoritative account of the different phases of globalization is provided by Bordo et al.
(1999).
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While internationally fragmented production networks would be particularly
vulnerable in case of a protectionist backlash, they could also make this outcome
less likely. In the presence of international supply chains, tariffs and other arti-
ficial trade barriers are set to raise the costs of imports used as inputs in some
domestic industries, resulting in a cost-push shock for domestic firms. To the
extent that policy makers are concerned about the fate of firms and workers in
these industries, they might be less inclined to impose import barriers in the first
place. Indeed, Gawande, Hoekman and Cui (2011) find that greater dependence
on vertical linkages was the most important factor explaining why some countries
were less prone than others to impose trade-restricting measures in the wake of
the global economic downturn of 2008-09. Against this backdrop, it stands to
reason that vertical linkages will continue to play an important role in the global
economy over the years ahead. In the words of Adam Smith, a continuation of the
decline in distance costs and the ensuing international fragmentation of production
would greatly enhance the "productive powers of labour", one of the cornerstones
of contemporary prosperity.
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