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Abstract

This paper studies the extensive and intensive margins of firms’ global sourcing decisions.
We develop a quantifiable multi-country sourcing model in which heterogeneous firms self-select
into importing based on their productivity and country-specific variables (wages, trade costs,
and technology). The model delivers a simple closed-form solution for firm profits as a function
of the countries from which a firm imports, as well as those countries’ characteristics. A key
feature of the profit function is that the marginal change in profits from adding a country to
the firm’s set depends on the other countries in the set. These interdependencies make the
analysis of the extensive margin of sourcing more complicated than in models of exporting,
where entry is typically assumed to be independent across markets. Under plausible parametric
restrictions, however, selection into importing features complementarity across markets. In this
case, firms’ sourcing strategies follow a strict hierarchical structure also predicted by exporting
models. Our quantitative analysis exploits these complementarities to distinguish between a
country’s potential as a marginal cost-reducing source of inputs and the fixed cost associated
with sourcing from this country. Counterfactual exercises suggest that a shock to the potential
benefits of sourcing from a country leads to significant and heterogeneous changes in sourcing
across both countries and firms.
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1 Introduction

In recent years, theoretical research in international trade has adopted a decidedly granular ap-
proach. The workhorse models in the literature now derive aggregate trade and multinational
activity flows by aggregating the individual decisions of firms in the world economy. This novel
approach is empirically anchored in a series of studies in the 1990s that demonstrate the existence
of a large degree of intraindustry heterogeneity in revenue, productivity, factor inputs, and export
participation across firms. With regards to export behavior, the studies show that only a small
fraction of firms, those appearing to be particularly productive, engage in exporting, and that most
exporting firms sell only to a few markets. This so-called extensive margin of trade has been shown
to be important in understanding variation in aggregate exports across destination markets.

The typical model in this literature focuses on the export decisions of heterogeneous firms
producing differentiated final goods that are demanded by consumers worldwide. In the real world,
however, a significant share of the volume of international trade — possibly up to two-thirds — is
accounted for by shipments of intermediate inputs (see Johnson and Noguera, 2012). As a result,
and to the extent that the firms systematically select into importing, it is likely that firm-level
import decisions are at least as important as firm-level export decisions in explaining aggregate
trade patterns.

Given that every international trade transaction involves an exporter and an importer, one might
wonder: why should one care about whether the extensive margin of trade is shaped by the export
or import decisions of firms? Or, in other words, is the export versus import distinction relevant
for the aggregate implications of models with intraindustry heterogeneity? This paper develops
a new framework to analyze the margins of global sourcing in a multi-country environment and
uses the model to highlight, both theoretically as well as empirically, several differential features
of the determination of the margins of trade relative to their determination in canonical models of
exporting.

Although the margins of trade have been much more systematically studied on the export
side than on the import side, it is well-known that the extensive margins of imports (the number
of importing firms and the number of imported products) are important in explaining aggregate
imports, and that import-market participation varies systematically with firm characteristics. For
instance, Bernard et al. (2009) find that about 65 percent of the cross-country variation in U.S.
imports is accounted for the extensive margins of imports, while Bernard et al. (2007) show that
U.S. importers are on average more than twice as large and about 12 percent more productive than
non-importers. !

Figure 1 provides a graphical illustration of the size premium of importers and how it varies

with the number of countries from which a firm sources.? The figure indicates that firms that

!We obtain very similar findings when replicating these analyses for the sample of U.S. manufacturing firms used
in our empirical analysis (see the Online Appendix).

2To construct the figure, we regress the log of firm sales on cumulative dummies for the number of countries from
which a firm sources and industry controls. The omitted category is non-importers, so the premia are interpreted as
the difference in size between non-importers and firms that import from at least one country, at least two countries,



import from one country are more than twice the size of non-importers, firms that source from 13
are about four log points larger, and firms sourcing from 25 or more countries are over six log points
bigger than non-importers. These enormous differences are suggestive of the empirical relevance of
country-specific fixed costs of sourcing, which limit the ability of small firms to select into importing

from a large number of countries.?

Figure 1: Sales premia and minimum number of sourcing countries in 2007
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Not only are fixed costs of sourcing sizable, but they also seem to vary significantly across
countries. To see this, consider Table 1, which lists the top ten sourcing countries for U.S. manu-
facturers in 2007, based on the number of importing firms. These countries account for 93 percent
of importers in our sample and 74 percent of imports. The first two columns provide the country
rank by number of firms and by import value. Canada ranks number one for manufacturers in both
dimensions. For other countries, however, there are significant differences in these ranks. China is
number two for firms but only number three for value. Mexico, the number two country in terms
of value, ranks eighth in terms of the number of importing firms. Columns 3-4 provide details on
the number of firms that import from each country and the fraction of total importers they repre-
sent. Columns 5-6 give similar information for import values. It is clear that there are significant
differences across countries in extensive and intensive margins. For example, the U.K. and Taiwan
account for only three and two percent of total imports respectively, but 18 percent of all importers
source from the U.K. and 16 percent source from Taiwan. These considerable divergences between
the intensive and extensive margins of trade are suggestive of the importance of heterogeneity in

the fixed costs of sourcing from particular countries. Under this interpretation, Table 1 appears

etc. The horizontal axis denotes the number of countries from which a firm sources, with 1 corresponding to firms
that use only domestic inputs.

3These premia are robust to controlling for the number of products a firm imports and the number of products it
exports and thus do not merely capture the fact that larger firms import more products. Consistent with selection
into importing, the same qualitative pattern is also evident among firms that did not import in 2002 and when using
employment or productivity rather than sales. See the Online Appendix for additional details.



to indicate that relative to the sourcing potential of these countries, fixed costs of sourcing are

disproportionately high in Mexico and Japan and low in Italy and Taiwan.

Table 1: Top 10 source countries for U.S. firms, by number of firms

Rank by: Number of Importers Value of Imports
Firms Value Firms % of Total Imports % of Total

Canada 1 1 37,800 59 145,700 16
China 2 3 21,400 33 121,980 13
Germany 3 5 13,000 20 62,930 7
United Kingdom 4 6 11,500 18 30,750 3
Taiwan 5 11 10,500 16 16,630

Italy 6 13 8,500 13 13,230 1
Japan 7 4 8,000 12 112,250 12
Mexico 8 2 7,800 12 125,960 14
France 9 9 6,100 9 22,980 3
Korea, South 10 10 5,600 9 20,390 2

Notes: Sample is U.S. firms with some manufacturing activity in 2007. Number of firms rounded to
nearest 100 for disclosure avoidance. Imports in millions of $s, rounded to nearest 10 million for disclosure
avoidance.

Motivated by these patterns, in section 2 we develop a quantifiable multi-country sourcing
model with heterogeneous firms in which firms self-select into importing based on their productivity
and country-specific variables (wages, trade costs, and technology). Firms can, in principle, buy
intermediate inputs from any country in the world. Nevertheless, adding a country to the set of
countries a firm is able to import from requires incurring a market-specific fixed cost. As a result,
relatively unproductive firms naturally opt out of importing from certain countries that are not
particularly attractive sources of inputs.

Once a firm has determined the set of countries from which it has secured the ability to source
inputs — which we refer to as its global sourcing strategy — it then learns the various firm-specific
efficiency levels with which each input can be produced in each of these ‘active’ countries. These
efficiency levels are assumed to be drawn from an extreme-value Fréchet distribution, as in Eaton
and Kortum (2002). Factoring labor costs in those countries as well as transport costs, firms then
decide the optimal source for each of the inputs used in production.

The model delivers a simple closed-form solution for the profits of the firm as a function of
its sourcing capability, which in turn is a function of the set of countries from which a firm has
paid the fixed costs to import and those countries’ characteristics (wages, trade costs, and average
technology). The sourcing capability of a firm increases when a country is added to its sourcing
strategy. Intuitively, by enlarging that set, the firm benefits from greater competition among
suppliers, and thereby lowers the effective cost of its intermediate input bundle. The choice of

a sourcing strategy therefore trades off lower variable cost of production against the greater fixed



costs associated with a more complex global sourcing strategy. Quite intuitively, we show that more
productive firms necessarily choose strategies that give them (weakly) higher sourcing capabilities,
which implies that their cost advantage is magnified by their sourcing decisions, thus generating
an increased skewness in the size distribution of firms.

A key feature of the derived profit function is that the marginal change in profits from adding
a country to the firm’s set depends on the set of countries from which a firm imports, as well as
those countries’ characteristics. This contrasts with standard models of selection into exporting
featuring constant marginal costs, in which the decision to service a given market is independent of
that same decision in other markets. Whether the decisions to source from different countries are
complements or substitutes crucially depends on a parametric restriction involving the elasticity
of demand faced by the final-good producer and the Fréchet parameter governing the variance in
the distribution of firm-specific input efficiencies across locations. Selection into importing features
complementarity across markets whenever demand is relatively elastic (so profits are particularly
responsive to variable cost reductions) and whenever input efficiency levels are relatively heteroge-
neous across markets (so that the reduction in expected costs achieved by adding an extra country
in the set of active locations is relatively high).

Conversely, when demand is inelastic or input efficiency draws are fairly homogeneous, the
addition of country to a firm’s global sourcing strategy instead reduces the marginal gain from
adding other locations. In such a situation, the problem of a firm optimally choosing its sourcing
strategy is extremely hard to characterize, both analytically as well as quantitatively, since it boils
down to solving a combinatorial problem with 27 elements (where J is the number of countries)
with little guidance from the model.

The case with complementary sourcing decisions turns out to be much more tractable and
delivers sharp results rationalizing the monotonicity in the sales premia observed in Figure 1.
In particular, we use standard tools from the monotone comparative statics literature to show
that the sourcing strategies of firms follow a strict hierarchical structure in which the number of
countries in a firm’s sourcing strategy is (weakly) increasing in the firm’s core productivity level.
The attractiveness of a sourcing location is being shaped not only by wages, technology, transport
costs, but also by fixed costs of offshoring associated with that sourcing location.

We also use the model to show how the aggregation of firms’ sourcing decisions shapes aggregate
input flows across countries. As in heterogeneous firms models of exporting, the extensive margin
of global sourcing tends to amplify the response of trade flows to changes in variable trade costs.
In fact, in the knife-edge case in which parameter values are such that the sourcing decisions are
independent across markets, and when assuming a Pareto distribution of core productivities across
final-good producers, our model delivers a gravity equation for input flows that is identical to those
derived by Chaney (2008), Arkolakis et al. (2008), or Helpman et al. (2008) in models of exporting.
When we depart from that knife-edge case, however, our model gives rise to an extended gravity
equation featuring third market effects, which invalidates the estimation of the aggregate trade

elasticity with standard approaches.



Our quantitative analysis enables separate identification of the sourcing potential (a function of
technology, trade cost, and wages) of a country and the fixed cost of sourcing from that country. In a
first step, we use the structure of the model to recover the sourcing potential of 64 foreign countries
from U.S. firm-level data on the intensive margin of intermediate input purchases. In the second
step, we use the estimated sourcing potentials and data on average markups in U.S. manufacturing
to estimate the Fréchet parameter governing the dispersion in productivity of intermediate good
producers and the elasticity of final-good demand. We find robust evidence suggesting that the
extensive margin sourcing decisions of U.S. firms are complements, consistent with the pattern
documented in Figure 1. Furthermore, our estimates imply that a firm sourcing from all foreign
countries faces 7 to 11 percent lower variable costs, with the exact value depending on the preferred
specification for the estimation of the dispersion parameter.? In our third and final step, we estimate
firm-country-specific fixed costs that depend on country characteristics using simulated method of
moments. To do so, we adopt the iterative algorithm developed by Jia (2008), which exploits the
complementarities in the ‘entry’ decisions of firms, and uses lattice theory to greatly reduce the
dimensionality of the firm’s optimal sourcing strategy problem. We estimate a median fixed cost
of sourcing from a country of 40-60 thousand U.S. dollars and find around 30 percent lower fixed
cost of sourcing for countries with a common language. Our estimated model matches moments of
the size distributions of U.S. firms’ input purchases and the shares of firms importing from foreign
countries. We are in the process of using our estimates from the model to perform a series of
counterfactual exercises.

Our paper is related to several strands of the literature. We build on the approach in Tintelnot
(2012) of embedding the Eaton and Kortum (2002) stochastic representation of technology into
the problem of a firm optimally choosing a production location in a multi-country world. The
focus of our paper is nevertheless quite distinct. While Tintelnot (2012) studies the location of
final-good production of multi-product multinational firms, we instead develop a model of global
sourcing of inputs. Rodriguez-Clare (2010) and Garetto (2013) also adapt the Eaton and Kortum
(2002) framework to the study of global sourcing decisions but in two-country models and with
very different goals in mind.”

Several recent papers have explored the implications of foreign intermediate inputs on firm
performance and aggregate productivity. These include the studies by Amiti and Konings (2007)
for Indonesia, Goldberg et al. (2010) and Loecker et al. (2012) for India, Halpern et al. (2011) for
Hungary, and Gopinath and Neiman (2013) for Argentina. Because the focus of these papers is
largely empirical, these authors develop simple two-country models in which domestic and foreign
inputs are assumed to be imperfectly substitutable, so that the productivity improvements resulting

from an increase in imports of intermediate inputs are associated with love-for-variety effects, as

4Quantitatively, this is comparable to the findings of Halpern et al. (2011) for Hungarian firms. Using a two-
country model and a method similar to Olley and Pakes (1996), they find that importing all foreign varieties would
increase firm productivity of a Hungarian firm by 12 percent.

®See also Ramondo and Rodriguez-Clare (2013) and Arkolakis et al. (2013) for recent related contributions to
quantitative models of multinational activity.



in Ethier (1982). Instead, in our framework, inputs are not differentiated by country of origin,
and the gains in profitability associated with an expansion in the extensive margin of imports are
brought about by an increase in competition across input sources. Moreover, our model can flexibly
accommodate an arbitrary number of countries and is thus a more reliable tool for quantitative
and counterfactual analysis.

Our paper is not the first one to describe the inherent difficulties in solving for the extensive
margin of imports in a multi-country model with multiple intermediate inputs. Yeaple (2003) and
Grossman et al. (2006) obtain partial characterizations of this problem when focusing on models
with at most three countries and at most two inputs. In a model with an arbitrary number of
countries and inputs, Blaum et al. (2013) discuss the existence of interdependencies across sourcing
decisions analogous to those in our model (although with a love-for-variety model in mind), and
conclude that their model provides no general predictions for the extensive margin of importing.
Instead, we show that under certain plausible parametric restrictions, the problem can actually be
characterized with standard optimization techniques.® In addition, we adopt an algorithm from the
industrial organization literature that exploits features of the profit function to solve what would
otherwise be a computationally infeasible problem.

Finally, at a broader level, our paper naturally relates to the vast literature on offshoring, and
particularly to the work of Antras and Helpman (2004, 2008), Antras et al. (2006), Grossman and
Rossi-Hansberg (2008, 2012), and Fort (2013) who all emphasize the importance of heterogeneity
for understanding the margins of offshoring. Relative to those papers, our focus is on the role
of heterogeneous productivity (rather than heterogeneous skills or offshoring costs), and we also
provide a tractable multi-country model, while those papers are based on two-country frameworks.”

The rest of the paper is structured as follows. We describe the assumptions of our multi-
country model of global sourcing in section 2 and solve for the equilibrium in section 3. In section
4 we describe the firm-level data and provide reduced-form evidence that supports our theoretical
framework. We estimate the model structurally in section 5 and perform several counterfactual

exercises in section 6. Section 7 concludes.

2 Theoretical Framework

In this section we develop our quantifiable multi-country model of global sourcing.

5The seminal applications of the mathematics of complementarity in the economics literature are Vives (1990)
and Milgrom and Roberts (1990). Grossman and Maggi (2000) and Costinot (2009) are particularly influential
applications of these techniques in international trade environments.

"The focus in our paper is on international trade transactions in which firms are both on the buying and selling
side of the transaction. As such, our work is somewhat related to a burgeoning literature that studies firm-to-firm
interactions, including the work of Blum et al. (2010), Eaton et al. (2012), Eaton et al. (2013), Carballo et al. (2013),
Bernard et al. (2013), Dragusanu (2014), and Monarch (2013).



2.1 Preferences and Endowments

Consider a world consisting of J countries where individuals value the consumption of differentiated

varieties of manufactured goods according to a standard symmetric CES aggregator
(o/o—1)

Uy = /q(w)<f’—1>/0dw Lo, (1)
wEQj

where ; is the set of manufacturing varieties available to consumers in country j € J (with some
abuse of notation we denote by J both the number as well as the set of countries). These preferences
are assumed to be common worldwide and give rise to the following demand for variety w in country
7

gj (W) = Ej Py 'pj (w) ™7, (2)
where p; (w) is the price of variety w, P; is the standard ideal price index associated with (1), and
E; is aggregate spending on manufacturing goods in country j. For what follows it will be useful

to define a (manufacturing) market demand term for market j as follows

1 l1—0
Bj:< 7 ) E;P7 L. (3)
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There is a unique factor of production, labor, which commands a wage w; in country j. When we
close the model in general equilibrium, we later introduce an additional non-manufacturing sector
into the economy. This non-manufacturing sector captures a constant share of the economy’s
spending, also employs labor, and is large enough to pin down wages in terms of that ‘outside’
sector’s output. Although these assumptions are not important for the qualitative results of the
paper, they are necessary for tractability in performing counterfactual exercises in our multi-country

sourcing environment.

2.2 Technology and Market Structure

There exists a measure N; of final-good producers in each country j € J and each of these producers
owns a blueprint to produce a single differentiated variety. The market structure of final good
production is characterized by monopolistic competition and there is free entry into the industry.
Production of final-good varieties requires the assembly of a bundle of intermediates. Interme-
diates can be offshored and a key feature of the equilibrium will be determining the location of
production of different intermediates. The bundle of intermediates contains a continuum of mea-
sure one of inputs, assumed to be imperfectly substitutable with each other, with a constant and
symmetric elasticity of substitution equal to p. Very little will depend on the particular value of p.
We index final-good firms by their ‘core productivity’, which we denote by ¢, and which governs
the mapping between the bundle of inputs and final-good production. All intermediates are pro-

duced with labor under firm-specific technologies featuring constant returns to scale. We denote by



aj (v, ) firm ¢’s unit labor requirement associated with the production of intermediate v € [0, 1]
in country j € J. Intermediates are produced by a competitive fringe of suppliers in each country
and thus the free-on-board price paid by firm ¢ for input v in country j is given by a; (v, ¢) wj.g

With the above assumptions and notation at hand, we can express the marginal cost for firm

© based in country ¢ of producing a unit of a final-good variety as

1/(1-p)
ci ({j (v)}izowp> = 30 ( /0 1 (Ti3 ) @50 (v, 9) wicy) " d’”) ! : (4)

where {j (”)}11;:0 corresponds to the infinitely-dimensional vector of locations of intermediate input
production and 7;;(,) denotes the iceberg trade costs between the base country ¢ and the production
location j (v). For simplicity, we assume that final-good varieties are prohibitively costly to trade
across borders, although we will later relax this assumption and briefly study the joint determination
of the extensive margins of both exports and imports.

Final-good producers are heterogeneous in their core productivity level . Following Melitz
(2003), we assume that firms draw their value of ¢ from a country-specific distribution g; (¢), with
support in [p,,00), and with an associated continuous cumulative distribution G; (¢).

Building on Eaton and Kortum (2002), we treat the (infinite-dimensional) vector of firm-specific
intermediate input efficiencies a; (v, ¢) as the realization of an extreme value distribution. More

specifically, firm ¢ draws the value of a; (v, ) for a given location j from the Fréchet distribution
Pr(a; (v,0) <a) =e 5" with Tj > 0. (5)

These firm-specific draws are assumed to be independent across locations and inputs. Note that
we specify these draws as being independent of the firm’s core productivity, ¢, but a higher core
productivity enables firms to transform the bundle of intermediates into more units of final goods.
As in Eaton and Kortum (2002), T} governs the state of technology in country j, while 6 determines
the variability of productivity draws across inputs, with a lower 6 fostering the emergence of com-
parative advantage within the range of intermediates sector across countries.” It will be convenient
to denote by a; (¢) = {a; (v, cp)}qu:[) the vector of of unit labor requirements drawn by firm ¢ in
country j.

Although firms can potentially draw a vector a; (¢) for any country j € J, we assume that a
firm from country ¢ only acquires the capability to offshore intermediates to j and learns this vector
after incurring a fixed cost equal to f;; units of labor in country i (at a cost w;f;;). We denote
by Ji(¢) C J the set of countries for which a firm based in i with productivity ¢ has paid the
associated fixed cost of offshoring wj f;;. For brevity, we will often refer to J; (¢) as the sourcing

strategy of that firm.

8Implicitly, we assume that contracts between final-good producers and suppliers are perfectly enforceable, so that
the firm-specificity of technology is irrelevant for the prices at which inputs are transacted.

9For technical reasons, we assume 6 > p — 1. Apart from satisfying this restriction, the value of p does not matter
for any outcomes of interest and will be absorbed into a constant.



Apart from these fixed costs of offshoring, we consider an equilibrium with free entry of final-
good producers, in which entry entails a fixed cost equal to fe; units of labor in the country where
the bundle of intermediate goods is assembled into the final good (country 4 in our notation above).
As in Melitz (2003), final-good producers only learn their productivity ¢ after paying the entry
cost, but are assumed to choose their sourcing strategy with knowledge of that core productivity
level. We will sometimes refer to workers employed in input production as production workers
and to those employed to cover fixed costs as mon-production workers. This will facilitate the
structural estimation of model in section 5, but is immaterial for the equilibrium, since these
different occupations provide the same remuneration for workers.

This completes the description of the key assumptions of the model.

3 Equilibrium

We solve for the equilibrium of the model in three steps. First, we describe optimal firm behavior
conditional on a given sourcing strategy J; (¢). Second, we characterize the choice of this sourcing
strategy and relate our results to some of the stylized facts discussed in the Introduction. Third, we
aggregate the firm-level decisions and solve for the general equilibrium of the model. We conclude
this section by outlining the implications of our framework for bilateral trade across countries and

by briefly discussing two extensions of our framework.

3.1 Firm Behavior Conditional on a Sourcing Strategy

Consider a firm based in country i with productivity ¢ that has incurred all fixed costs associated
with a given sourcing strategy J; (¢). In light of the cost function in (4), it is clear that after drawing
the vector a; (¢) for each country j € J; (¢), the firm will choose the location of production of any
input v that solves min; {7;a; (v, ¢)w;}. Although such a problem might seem hard to characterize
at first glance, we can follow closely the analysis in Eaton and Kortum (2002) to provide a simple
characterization of it. In particular, using the properties of the Fréchet distribution in (5), one
can show that the firm will source a positive measure of intermediates from each country in its
sourcing strategy set J; (¢). Furthermore, the share of intermediate input purchases sourced from
any country j (including the home country ) is simply given by

6 () =GR it e gi) (©

and x;; (¢) = 0 otherwise, where

Oi(p)= > Th(riwwi) ™. (7)

keTi(p)

The term ©; () summarizes the sourcing capability of firm ¢ from i. Note then that each country

7’s market share in the firm’s purchases of intermediates corresponds to this country’s contribution



to this sourcing capability ©; (¢). Countries in the set J; (¢) with lower wages w;, more advanced
technologies T}, or lower distance from country 7 are predicted to have higher market shares in the
intermediate input purchases of firms based in country i. We shall refer to the term T} (Tijwj)_e
as the sourcing potential of country j from the point of view of firms in 3.

It may seem surprising that the dependence of country j’s market share x;; (¢) on wages and
trade costs is shaped by the Fréchet parameter 6 and not by the substitutability across inputs, as
governed by the parameter p in equation (4). The reason for this, as in Eaton and Kortum (2002),
is that variation in market shares is explained exclusively by a product-level extensive margin.'©
After choosing the least cost source of supply for each input v, the overall marginal cost faced

by firm ¢ from ¢ can be expressed, after some nontrivial derivations, as

¢ () = ; (161 ()", (8)

0/(1=p) 4

r % and I' is the gamma function.

where v = Note that in light of equation
(7), the addition of a new location to the set J; () increases the sourcing capability of the firm
and necessarily lowers its effective marginal cost. Intuitively, an extra location grants the firm an
additional cost draw for all varieties v € [0, 1], and it is thus natural that this greater competition
among suppliers will reduce the expected minimum sourcing cost per intermediate. In fact, the
addition of a country to J; (¢) lowers the expected price paid for all varieties v, and not just for
those that are ultimately sourced from the country being added to J; (). This feature of the model
distinguishes our framework from Armington-style love-for-variety models, in which the addition of
an input location also decreases costs and increases revenue-based productivity, but in which the
price paid for a country’s variety is unaffected by the inclusion of other countries in the set J; (p).!?

Using the demand equation (2) and the derived marginal cost function in (8), we can express

the firm’s profits conditional on a sourcing strategy J; () as

i (0) =" (10 (@) VO B —w; > Sy (9)
j€Ti(e)

where B; is given in (3). As is clear from equation (9), when deciding whether to add a new country

Jj to the set J; (), the firm trades off the reduction in costs associated with the inclusion of that

0More specifically, firm ¢ from i sources a disproportionate measure of inputs from locations in its sourcing
strategy J; () featuring particularly favorable production costs (as summarized by T} (ri;w;)~?). This oversampling
in turn puts upwards pressure on the average price that firm ¢ from i ends up paying for inputs purchased from
those attractive locations. As it turns out, these two effects on prices (low costs but oversampling) exactly cancel
each other to the point at which the distribution of input prices paid by firm ¢ from ¢ in any country j € J; (¢)
is identical. As a result, variation in market shares simply reflects the fact that firms buy more inputs from more
attractive sourcing locations.

1 These derivations are analogous to those performed by Eaton and Kortum (2002) to solve for the aggregate price
index in their model of trade in final goods.

123ee, among other, Halpern et al. (2011), Goldberg et al. (2010), and Gopinath and Neiman (2013). The cost
function in (8) and profit function below in (9) are actually isomorphic (up to a scalar) to those derived from an
Armington model in which inputs are differentiated by country of origin and their elasticity of substitution is constant
and given by (14 6) /0. We will empirically defend our modeling choices in section 4.1.
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country in the set J; (¢) — which increases the sourcing capability ©; (¢) — against the payment of
the additional fixed cost w; f;;. We next turn to studying the optimal determination of the sourcing
strategy J; (¢)-

3.2 Optimal Sourcing Strategy

Each firm’s optimal sourcing strategy is a combinatorial optimization problem in which a set
Ji (¢) C J of locations is chosen to maximize the firm’s profits m; (¢) in (9). We can alterna-

tively express this problem as

(0-1)/0

max (¢, Lin, Ligy oo Liy) = Z i (rijw;) ™ Bi—w; » Ijjfij,  (10)
1i;€{0,1}]_, .

where the indicator variable I;; takes a value of 1 when j € J; () and 0 otherwise. In theory, with
knowledge of the small number of parameters that appear in (10), this problem could be solved
computationally by calculating firm profits for different combinations of locations and picking the
unique strategy yielding that highest level of profits. Nevertheless, this would amount to computing
profits for 27 possible strategies, which is clearly infeasible unless one chooses a small enough set
J of candidate countries. In section 5, we will discuss alternative approaches to circumvent this
dimensionality problem when estimating some of the parameters of the model. For the time being,
we focus on providing a characterization of some key analytic features of the solution to this optimal
sourcing strategy problem.

The problem in (10) is not straightforward to solve because the decision to include a country
j in the set J; (¢) depends on the number and characteristics of the other countries in this set.
That dependence is in turn crucially shaped by whether (o — 1) /6 is higher or lower than one.
When (0 — 1) /6 > 1, the profit function m; (¢) features increasing differences in (I;5, I;) for j,k €
{1,...,J} and j # k, and as a result the marginal gain from adding a new location to J; (¢)
is increasing in the number of elements in that set. This case is more likely to apply whenever
demand is elastic and thus profits are particularly responsive to variable cost reductions (high o),
and whenever input efficiency levels are relatively heterogeneous across markets (low 6), so that
the expected reduction in costs achieved by adding an extra country into the set of active locations
is relatively high. In the converse case in which (o — 1) /6 < 1, we instead have that firm profits
feature decreasing differences in (I;j, I;%), and the marginal gain from adding a new location to
Ji (¢) is decreasing in the number of elements in that set. We shall refer to the case (0 — 1) /6 > 1
as the complements case, and to the case (o0 — 1) /0 < 1 as the substitutes case.

Regardless of parameter values, we can use the fact that the profit function (10) is supermodular
in ¢ and ©; (¢) to establish that:

Proposition 1. The solution I;; (¢) € {0 1}/ ;-1 to the optimal sourcing problem (10) is such that

a firm’s sourcing capability ©; (¢) = Z Li; (@) T (Tijwj)~ % is nondecreasing in .
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Although this is not the focus of our analysis, it is worth pointing out that Proposition 1 has
interesting implications for the size distribution of firms as implied by our model. Note that firm

sales are given by a multiple o of operating profits or
R () = 09° ' (161 ()" B. (11)

If the sourcing capability of firms were independent of ¢, then the size distribution of firms would
be governed by the distribution of the term ¢?~!. Nevertheless, with ©; () being nondecreasing
in ¢, the equilibrium size distribution of firms will feature more positive skewness than as implied
by the distribution of ¢?~!. For instance, if G; (¢) is a log-normal distribution with mean u and
variance o2, o7~ is also distributed log-normal with mean (o — 1) y and variance (o — 1)? 62, Yet,
Proposition 1 suggests that the actual firm size distribution will exhibit a fatter right tail than as
predicted by a log-normal distribution estimated on the whole population of firms. As a result, the
size distribution of the relatively large firms may be better approximated by distributions featuring
higher positive skewness than the log-normal, such as the Pareto distribution. These implications
of the model are broadly consistent with available empirical evidence on the size distribution of
firms (see, for instance, Rossi-Hansberg and Wright, 2007, particularly their Figure 1).

It is important to emphasize that the result in Proposition 1 that a firm’s sourcing capability
is increasing in productivity does not imply that the extensive margin of sourcing at the firm
level (i.e., the number of elements of J; (¢)) is necessarily increasing in firm productivity as well.
For example, a highly productive firm from ¢ might pay a large fixed cost to be able to offshore
to a country j with a particularly high sourcing potential (i.e., a high value of T} (Tijwj)_g) -
thus greatly increasing ©; — after which the marginal incentive to add further locations might be
greatly diminished in the substitutes case, that is whenever (o — 1) /6 < 1. Under these parameter
conditions, it may not be profitable for a low productivity firm to pay a large fixed cost to access a
high sourcing potential country. Instead, the low productivity firm may source from two countries
with relatively low measures of sourcing potential but also with lower fixed costs.?

The evidence in Figure 1 in the Introduction suggests, however, that the extensive margin of
offshoring does appear to respond positively to productivity. Furthermore, as we shall show in
section 4.1 below, there also exists some evidence of the existence of a hierarchical structure in the
sourcing location decisions of U.S. firms. In terms of our model, this would amount to the sourcing
strategy J; () of relatively unproductive firms being a strict subset of the sourcing strategy of
relatively productive firms, or J; (¢r) C Ji (pm) for o > ¢r. As we show in the Appendix, this

strong pattern is in fact implied by our model in the complements case, and thus we have that:

Proposition 2. Whenever (¢ — 1) /6 > 1, the solution I;; (¢) € {0, 1};-]:1 to the optimal sourcing
problem (10) is such that J; (¢r) C Ji () for ou > ¢, where J; (¢) = {j : Lj () = 1}.

13The profit function exhibits decreasing differences in a firm’s sourcing strategy whenever o — 1 < 6. As a result,
this restriction on the parameter values may lead to non-hierarchical sourcing patterns (i.e., low productivity firms
source from countries from high productivity firms do not source) when countries with high sourcing potential also
have relatively high fixed costs. The evidence presented in Table 1 suggests this is case, at least for some countries.
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In the complements case, the model thus delivers a ‘pecking order’ in the extensive margin of
offshoring which is reminiscent of the one typically obtained in models of exporting with hetero-
geneous firms, such as Eaton et al. (2011). Another implication of Proposition 2 is that, for firms
with a sufficiently low value of core productivity ¢, the set J; (¢) may be a singleton, and the
associated unique profitable location j of input production will necessarily be the one associated
with the highest ratio Tj (Tijw]’)io / fij- This in turn implies that if fixed costs of offshoring are dis-
proportionately large relative to fixed costs of domestic sourcing, so that f;; < f;; for any j # 1, the
model is consistent with the observed superior performance of firms engaged in offshoring relative
to firms sourcing exclusively in the domestic economy.

The characterization results in Propositions 1 and 2 are useful for interpreting some of the
stylized facts regarding the extensive margin of offshoring discussed in the Introduction. It should
also be clear that if countries only differ along one dimension (either sourcing potential or fixed
costs), then they can be uniquely ranked in terms of their ‘sourcing appeal’ for all firms. When
countries differ along these two dimensions — as suggested by Table 1 — then a particular country’s
rank may be different for high versus low productivity firms. It follows from Proposition 2, however,
that under the complements case, if one were to be able to rank countries by an index of their
‘sourcing appeal’, the measure of firms from ¢ sourcing from a given country would be increasing in
that index, and the computationally intensive problem (10) could be greatly simplified. Although
it is obvious from (10) that such an index of sourcing appeal for a country j should be increasing in
T} (Tijwj)_e and decreasing in f;;, it is less clear how ezactly such an index should aggregate these
variables.

We can obtain sharper characterizations of the solution to the sourcing strategy problem in (10)
by making additional assumptions. Consider first a situation in which the fixed costs of offshoring
are common for all foreign countries, so f;; = fio for all j # i. In such a case, and regardless
of the value of (¢ — 1) /6, one could then rank foreign locations j # i according to their sourcing
potential 7 (Tijwj)_g and denote by i, = {i1,42 ...,97-1} the country with the r-th highest value
of T} (Tijwj)fe. Having constructed i,, it then follows that for any firm with productivity ¢ from
i that offshores to at least one country, iy € J; (¢); for any firm that offshores to at least two
countries, we have is € J; (¢), and so on. In other words, not only does the extensive margin
increase monotonically with firm productivity, but it does so in a manner uniquely determined by
the ranking of the T} (Tijw]’)ie sourcing potential terms. It is important to emphasize that this
result holds both in the complements case as well as in the substitutes case, though again it relies
on the assumption of identical offshoring fixed costs across sourcing countries, an assumption that
appears particularly dubious in light of the evidence documented in Table 1 in the Introduction.

Even in the presence of cross-country differences in the fixed costs of offshoring, a similar sharp
result emerges in the knife-edge case in which (0 —1) /6 = 1. In that case, the addition of an
element to the set J; () has no effect on the decision to add any other element to the set, and
the same pecking order pattern described in the previous paragraph applies, but when one ranks

foreign locations according to the ratio Tj (Tz‘j'wj)_a / fi; rather than T} (Tijwj)_e. This result is
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analogous to the one obtained in standard models of selection into exporting featuring constant
marginal costs, in which the decision to service a given market is independent of that same decision
in other markets.

We can also use the properties of the profit function to derive a few firm level comparative
statics that hold constant the market demand level B;. First, and quite naturally, a reduction
in any iceberg trade cost 7;; or fixed cost of sourcing f;; (weakly) increases the firm’s sourcing
capability ©; (¢) and thus firm-level profits. Second, in the complements case, a reduction of any
Ti; or fi; also (weakly) increase the extensive margin of global sourcing, in the sense that the set
Ji (¢) is nondecreasing in 7;; and f;; for any j. Finally, and perhaps more surprisingly, in the
complements case it is also the case that a reduction of any 7;; or f;; increases (weakly) firm-level
bilateral input purchases from all countries. Intuitively, in such a case, complementarities are
strong enough to dominate the direct substitution effect related to market shares shifting towards
the locations whose costs of sourcing have been reduced. It should be emphasized, however, that
these results apply when holding the level of B; fixed, when in fact it would be affected by these
same parameter changes. As we shall see in our counteractual exercises in section 6, the endogenous
response of B; appears to be quantitatively important in our estimation, and thus the implications

we derive from changes in trade costs are much more nuanced than those discussed above.

3.3 Industry and General Equilibrium

Consider now the general equilibrium of the model. As mentioned before, we will simplify matters
by assuming that consumers spend a constant share (which we denote by 7) of their income in
manufacturing. The remaining share 1 — n of income is spent on a perfectly competitive non-
manufacturing sector that competes for labor with manufacturing firms. Technology in that sector
is linear in labor and we assume that 1 — 7 is large enough to guarantee that the wage rate w; in
each country ¢ is pinned down by labor productivity in that sector. We thus can treat wages as
exogenous in solving for the equilibrium in each country’s manufacturing sector. For simplicity,
we also assume that this ‘outside’ sector’s output is homogeneous, freely tradable across countries,
and serves as a numeraire in the model.

We next turn to describing the equilibrium in the manufacturing sector and in particular of
the market demand term B;. Given our assumption that final-good producers only observe their
productivity after paying the fixed cost of entry, we can use equation (9) to express the free-entry

condition in manufacturing as

[t B Y gy | dGite) = wits (12)
Bi JETi(#)

In the lower bound of the integral, ¢; denotes the productivity of the least productive active firm
in country ¢. Firms with productivity ¢ < ¢; cannot profitably source from any country and thus

exit upon observing their productivity level. Note that B; affects expected operating profits both
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directly via the explicit term on the left-hand-side of (12), but also indirectly through its impact
on the determination of @;, J; (¢)and O; (¢). Despite these rich effects (and the fact that the
set J; () is not easily determined), in the Appendix we show that one can appeal to monotone

comparative statics arguments to prove that:
Proposition 3. Equation (12) delivers a unique market demand level B; for each country i € J.

This result applies both in the complements case as well as in the substitutes case and ensures
the existence of a unique industry equilibrium. In particular, the firm-level combinatorial problem
in (10) delivers a unique solution given a market demand B; and exogenous parameters (including
wages). Furthermore, the equilibrium measure N; of entrants in the industry is easily solved from
equations (3) and (12), by appealing to the marginal cost in (8), to constant-mark-up pricing, and

to the fact that spending F; in manufacturing is a share n of (labor) income. This delivers:
nLi

U(f;f > fijdGz‘(SO)Jrfei)

JETi(¢)

N; = (13)

With this expression at hand, the equilibrium number of active firms is simply given by N; [1 — G (;)].14

3.4 Gravity

In this section we explore the implications of our model for the aggregate volume of bilateral trade in
manufacturing goods across countries. Because we have assumed that final goods are nontradable,
we can focus on characterizing aggregate intermediate input trade flows between any two countries ¢
and j. Given that firm spending on intermediate inputs constitutes a share (o — 1) /o of revenue for
all firms, we can use equation (11) and aggregate across firms, to obtain aggregate manufacturing

imports from country j by firms based in i:

0o
My = (0 = ) NiBi [ 65 (9) (001 (0) 671G ). (14)
Bij

In this expression, ¢;; denotes the productivity of the least productive firm from 4 offshoring to
J, while x5 () is given in (6) for j € J;(¢) and by x;; (¢) = 0 otherwise. We next re-express
equation (11) so that it is comparable to gravity equations used in empirical analyses. With that
goal in mind, we begin with two special cases that permit a comparison of the implications of our
model for the structure of trade flows with those of some recent models of trade with productivity

heterogeneity.

Universal Importing Consider first consider the case in which the fixed costs of offshoring are

low enough to ensure that all firms acquire the capability to source inputs from all countries.

14n the Online Appendix, we show that in the complements case, and when ¢ is distributed Pareto with shape
parameter s, we can further reduce equation (13) to N; = (0 —1)nL;i/ (0K fei). In such a case, the measure of
entrants is independent of trade costs.
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This is obviously counterfactual in light of the stylized facts in the Introduction, but studying this
unrealistic benchmark environment will prove to be useful below. To simplify matters, we abstract
from fixed costs of sourcing altogether and set them to zero.

When all firms import from everywhere, the optimal sourcing strategy of all firms in ¢ is simply
given by J; (¢) = {1,2,...., J}, and both ©; = >, ; T} (Tikwk)_e and thus y;; are independent
of ¢. This allows one to greatly simplify the equilibrium values for B; and Nj; in (12) and (13).
Plugging these values into (14), we can express aggregate manufacturing imports from country j
by firms based in 7 as

E;

M =3, (735) "

Qj

E -
>k o, (Tjk)

where remember that E; equals country i’s total spending in manufacturing goods (which itself

(15)

is a multiple o/ (o — 1) of country i’s worldwide absorption of intermediate inputs) and Q; =
> i My; denotes the total production of intermediate inputs in country j. Equation (15) is a
standard gravity equation relating bilateral trade flows to bilateral trade barriers 7;;, the importer
country’s total absorption in manufacturing, the exporter country’s total production of tradable
manufacturing goods, and multilateral resistance terms. The latter are reflected in ©; (which is a
negative transform of the importing country’s ideal price index) and in the summation term in the
denominator of the second term.'®

Notice that equation (15) structurally justifies the use of an empirical log-linear specification for
bilateral trade flows with importer and exporter asymmetric fixed effects and measures of bilateral
trade frictions 7;;. Furthermore, the model indicates that, in the absence of selection into importing,
the elasticity of trade flows with respect to changes in these bilateral trade frictions is shaped by
the Fréchet parameter 6, just as in the Eaton and Kortum (2002) framework. The intuition for
this result is analogous to our earlier discussion of the effects of bilateral trade frictions on the
cross-section of import purchases at the firm level. This should not be surprising since, in the
absence of selection into offshoring, all firms buy inputs from all markets according to the same
market shares x;;.

How does the introduction of fixed costs of sourcing and selection into offshoring affect the
gravity specification in (15)7 In order to gain intuition it is convenient to first consider the knife-
edge case in which ¢ — 1 = 6, and thus the extensive margin of global sourcing can be studied

independently across countries.

Independent Entry Decisions Whenever o — 1 = 6, one can use the formula for y;; in (6) to
simplify (14) to 16

o0
Mj; = (0 — 1) NiBAT, (rijw;) / 714G (). (16)

Pij

'5The ideal price index in country 4 is given by P/ ™7 = N; f;o pi (©)' 77 dG; (¢). In the absence of selection into
importing, this reduces to P; = (ﬁ) (Ni)l/(l_d) (’y@i)_l/g, where N; in (13) simplifies to N; = nL; /0 fe:.

16T derive this equation we appeal to the fact that the extensive margin of sourcing features a hierarchical structure
in this case (see the discussion following Proposition 2), and thus x;; > 0 for all ¢ > @;;.
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To the extent that a reduction in bilateral trade costs between ¢ and j generates an increase in
the measure of firms from ¢ sourcing in j, this expression illustrates that the elasticity of bilateral
trade flows with respect to 7;; will now be higher than the firm-level one, i .e., . In fact, as we
show in the Online Appendix, when assuming that firms draw their core productivity from a Pareto
distribution with shape parameter k > o — 1 = 6, we can express aggregate manufacturing imports

from country j by firms based in ¢ as

E; w/(o=1) k /(o Q:
Mij = ()\If (7i3) (fij)l o AR j_e 1-k/(0-1)’ (17)
' 2o g () (frj)
where
U, = z_};ii(piﬁﬂ_ﬁwf/(g_l)_l'

Although equation (17) differs in some respects from equation (15), it continues to be a well-defined
gravity equation gravity in which the ‘trade elasticity’ (i.e., the elasticity of trade flows to variable
trade costs) can be recovered from a log-linear specification that includes importer and exporter
fixed effects. A key difference in (17) relative to (15) is that this trade elasticity s is now predicted
to be higher than the one obtained when the model features no extensive margin of importing at
the country level.

It may be surprising that the Fréchet parameter 6, which was key in governing the ‘trade
elasticity’ (i.e., the elasticity of trade flows to variable trade costs) at the firm level, is now irrelevant
when computing that same elasticity at the aggregate level. To understand this result it is useful to
relate our framework to the multi-country versions of the Melitz model in Chaney (2008), Arkolakis
et al. (2008) or Helpman et al. (2008). In those models, firms pay fixed costs of exporting to obtain
additional operating profit flows proportional to ¢°~! that enter linearly and separably in the
firm’s profit function. Even though in our model, selection into offshoring increases firm profits by
reducing effective marginal costs, whenever 0 —1 = #, the gain from adding a new market is strictly
separable in the profit function and also proportional to ¢?~!. Hence, this effect is isomorphic to a
situation in which the firm obtained additional sale revenue by selecting into exporting. It is thus
not surprising that the gravity equation we obtain in (17) is essentially identical to those obtained
by Chaney (2008) or Arkolakis et al. (2008).

General Case We finally discuss the implications of our framework for bilateral trade flows in
the presence of fixed costs of offshoring and interdependencies in the extensive margin of sourcing.
Following the same steps as in the derivation of (15), we find that in the general case the volume

of imports from country j by firms from ¢ is given by

Ei -0 Qj

My = — 20 o0p,
J 1—0o Y ) B} —0 ]
B % /N 2ok pre g Th ki

(18)
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where

Aij = / " L (0) (05 (9) 10/ 571G (o). (19)

Bij
As in the previous two gravity equations in (15) and (17), the first and last terms in equation (18)
once again constitute importer and an exporter ‘fixed effects’, which relate to the importer’s total
absorption and the exporter’s total tradable production in manufacturing. Notice, however, that
even after partialling out importer and exporter fixed effects, in equation (18) we are left with both
7i; as well as A;; in (19) varying across exporters even when fixing the importer.

The presence of the term A;; has two implications for standard estimates of the gravity equation.
First, and analogously to the independent entry decisions case analyzed above, the aggregate trade
elasticity will no longer coincide with the firm-level one, given by 6. Intuitively, changes in variable
trade costs will not only affect firm-level sourcing decisions conditional on a sourcing strategy, but
will also affect these same sourcing strategies. In the plausible case in which a reduction in 7;;
disproportionately enhances the extensive margin of imports from country j, the aggregate trade
elasticity will thus be higher than . Our derivations above have demonstrated this this to be the
case whenever ¢ — 1 = . Unfortunately, a general proof of this magnification result for arbitrary
parameters o and 6 and for a general distribution of productivity G; () is intricate due to the
difficulties in the characterization of ©; (¢) in the substitutes case and due to industry equilibrium
effects.

A second distinguishing feature of equation (18) is that, as long as (¢ — 1) # 6, A;; in (19) will
be a function of ©; (¢) for ¢ > @;;, and will thus depend on technology, trade costs and wages in
all countries, and not just ¢ and j. Hence, equation (18) is an extended gravity equation — to use
the term in Morales et al. (2014) — featuring third market effects. Holding constant the sourcing
strategy of all firms (and thus ¢;; and I;; (¢) in equation (19)), it appears that the sign of these
third-market effects depends crucially on whether one is in the complements or the substitutes case.
Nevertheless, changes in trade costs naturally affect the extensive margin of sourcing and also lead
to rich industry equilibrium effects, thereby thwarting a sharp characterization of these extended

gravity effects in our model.

3.5 Extensions

In this section, we briefly outline two extensions of the model that illustrate how our framework
can accomodate additional prominent patterns of the involvement of U.S. firms in international
trade transactions. Because we will not incorporate these features into the structural estimation
and quantitative analysis in the next sections, we will limit ourselves to studying the effects of these

extensions on firm behavior, and not on the aggregate implications of the model.

A. Tradable Final Goods: Exporting and Importing

We have assumed so far that final-good varieties are prohibitively costly to trade across borders.

We have done so to focus our analysis on the determinants and implications of selection into
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global sourcing. In this section, we briefly relax this assumption and demonstrate the existence
of intuitive complementarities between the extensive margin of exporting and that of importing at
the firm level.

Suppose then that trade in final-varieties is only partially costly and involves both iceberg trade

costs Té-( as well as fixed costs z)](

is largely analogous to that in section 3.1. In particular, after observing the realization of its

of exporting. Firm behavior conditional on a sourcing strategy

supplier-specific productivity shocks, each final-good producer will continue to choose the location
of production for each input to minimize costs, which will lead to the same marginal cost function
¢i (p) obtained above in equation (8). The main novelty is that the firm will now produce output
not only for the domestic market but also for a set of endogenously chosen foreign markets, which
constitute the firm’s ‘exporting strategy’. We can then express the problem of determining the

optimal exporting and sourcing strategies of a firm from country ¢ with core productivity ¢ as:

Iz)lg (Ti)lg) e Bk:

_ —0
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Note that I™ and IX denote the vector of extensive margin import and export decisions, respec-
tively. It is straightforward to see that, whenever (o — 1) /6 > 1, this more general profit function

continues to feature increasing differences in <I jM v/ ,i” ) for j,k € {1,...,J} with j # k, and also

features increasing differences in ([ JM go) for any 5 € {1,...,J}. As a result, Proposition 2 con-
tinues to apply here and we obtain a ‘pecking order’ in the extensive margin of offshoring in the
complements case.

The key new feature of the above profit function 7; (go, M 1X ) is that it also exhibits increasing
differences in (I;, Xj) for any j,k € {1,...,J} and increasing differences in (Xj, ) for any j €
{1,...,J}. This has at least two implications. First, regardless of whether c —1 > 6 oro —1 <0,
any change in parameters that increases the sourcing capability ©; () of the firm — such as reduction
in any 7;; or an increase in any 7 — will necessarily lead to a (weak) increase in the vector Ix,
and thus (weakly) increase the export margin of exporting. Second, restricting attention to the
complements case (o — 1) /0 > 1, the model delivers a complementarity between the exporting
and importing margins of firms. For instance, holding constant the vector of residual demand
parameters B;, reductions in the costs of trading final goods across countries will not only increase
the participation of firms in export markets, but will also increase the extensive margin of sourcing,
in the sense that vector I is non-increasing in Ti)]g . Furthermore, as firm productivity increases,
the participation of firms in both export and import markets increases, and at a faster rate than

when the export margin is shut down. This complementarity result is useful in interpreting the
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fact that, as Bernard et al. (2007) indicate, 41 percent of U.S. exporting firms also import while
79 percent of importers also export. Although it would be interesting to explore the aggregate
implications of this extended framework, we shall not do so in this paper because our quantitative

exercises in the next section do not incorporate these features into the analysis.

B. Endogenous Input Variety

Our benchmark model assumes that all final good producers use a measure one of inputs. We next
briefly outline how our results extend and generalize to the case in which the final-good producer
is allowed to choose the complexity of production, as captured by the measure of inputs used in
production (see Acemoglu et al. (2007)). As we shall see, this ends up producing an equilibrium
essentially identical to the one we have described above but with additional implications for how
the measure of inputs purchased by firms changes with firm productivity.

The formal details of this extension are as follows. Final-good production continues to combine
inputs according to a CES technology but we now let the measure of inputs be firm-specific and

given by n; (p). More specifically, we generalize the marginal cost function in (4) as follows:

1 ni(p) 1 1/=p)
¢ ({j (U)}f}):0790) = (p)/ (=D (/0 (Tij(0) @) (0, 0) W) pdv)

A higher value of n; (¢) enhances productivity via an input variety effect. As in Benassy (1998)
and Acemoglu et al. (2007), we introduce the term n; (go)l/ (P=1=X in front of the integral in order
to control the importance of variety effects for productivity via a parameter A disentangled from
the elasticity substitution between inputs p. In order to create a check on the optimal degree of
complexity, we assume that firms face a fixed cost equal to w;n; () fI* when combining n; (¢)
inputs in production. As in our benchmark model, in each of the countries in which the final-good
producer incurred the fixed cost of sourcing, there is a competitive fringe of potential suppliers
that can provide differentiated inputs to the firm with a firm-specific intermediate input efficiencies
drawn from a Fréchet distribution.

With a continuum of inputs, the equilibrium measure of inputs used in production by a final-
good producer has no implications for the distribution of input prices faced by that producer.
Exploiting this feature, we can use derivations analogous to those in the benchmark model and in

Eaton and Kortum (2002), to write the marginal cost of production as

() = & (ns () (201 (). (20)

and the firm’s profits conditional on a sourcing strategy J; (¢) as

mi(9) =7 (i ()7 (40 () TV By —wi D fiy — wini () £
J€Ti(9)
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where B; is again given in (3). It is clear that conditional on a sourcing strategy J; (¢) — and thus
a value of ©; (¢) —, this profit function is supermodular in productivity and the measure of inputs
n; (gp).17 Hence, a novel prediction from this extension is that more productive firms will tend to
source more inputs from all sources combined (domestic and foreign) than less productive firms,
even when these firms share a common sourcing strategy.'® In the complements case with o —1 > 6,
this variant of the model also predicts that more productive firms will tend to buy (weakly) more
inputs from any source than less productive firms.

Although the inclusion of endogenous input variety and fixed costs of sourcing at the input
level might help rationalize certain features in the data, it is important to emphasize that they
do not serve as a substitute for country-specific fixed costs of sourcing. More specifically, in the
absence of the latter type of fixed costs, our framework would not be able to account for the key
facts motivating our benchmark model, since in such a case, all firms would source inputs from all

countries, thus violating the patterns in Figure 1 and Table 1 in the Introduction.

4 Data Sources and Descriptive Evidence

In the theory section, we provide a parsimonious model that characterizes the margins of firms’
global sourcing decisions. When there are complementarities in the firm’s extensive margin sourcing
decisions, the model is consistent with the strong, increasing relationship between firm size and
the number of source countries depicted in Figure 1. The model also provides a framework for
distinguishing between country-level fixed costs and country sourcing potential — two key dimensions
along which Table 1 suggests that countries differ. Before turning to the structural estimation, we
describe the data used in the paper and provide several novel empirical facts that support the

theoretical framework.

4.1 Data Description

The primary data used in the paper are from the U.S. Census Bureau’s 2007 Economic Censuses
(EC), Longitudinal Business Database (LBD), and Import transaction database. The LBD uses ad-
ministrative record data to provide employment and industry for every private, non-farm, employer
establishment in the U.S. The ECs supplement this information with additional establishment-level
variables, such as sales, value-added, and input usage.'® The import data, collected by U.S. Customs

facilities, are based on the universe of import transactions into the U.S. They contain information

"For the choice of ng (¢) to satisfy the second-order conditions for a maximum, we need to impose that the
efficiency gains from input variety are small enough to guarantee that (¢ — 1) A < 1 holds.

18 Although our benchmark model is also consistent with more productive firms importing more inputs than less
productive firms, with a common measure of inputs, this could only be rationalized by having more productive firms
sourcing less inputs domestically than less productive firms.

The Census of Manufactures (CM) has been widely used in previous work. The other censuses are for Construc-
tion, Finance, Insurance and Real Estate, Management of Companies, Professional and Technical Services, Retail
Trade, Transportation and Warehousing, and Wholesale Trade. The variables available differ across these censuses.
This coverage ensures that we provide an accurate depiction of the entire firm compared to studies that rely solely
on the CM.
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on the products, values, countries, and related party status of firms’ imports. We match these data
at the firm level to LBD and the EC data.

The focus of this paper is on firms involved in the production of goods. We therefore limit
the analysis to firms with at least one manufacturing establishment. Because we envision a pro-
duction process entailing physical transformation activities (manufacturing) as well as headquarter
activities (design, distribution, marketing, etc.), we include firms with activities outside of manu-
facturing.?’ We also limit the sample to firms with positive sales and employment and exclude all
mineral imports from the analysis since they do not represent offshoring. Firms with at least one
manufacturing plant account for five percent of firms, 23 percent of employment, 38 percent of sales,
and 65 percent of non-mineral imports. In terms of explaining aggregate U.S. sourcing patterns,
it is critically important to include firms with manufacturing and other activities. They account
for 60 percent of U.S. imports, while manufacturing-only firms account for just five percent. The
import behavior of the firms in our sample is consistent with patterns documented in past work on
heterogeneous firms in trade. Only one quarter of U.S. manufacturing firms have positive imports
in 2007. Additional details on the sample and data construction are in the Data Appendix.

Equation (6) provides a clear formulation of the share of intermediate inputs sourced by a firm
in country ¢ from country j. In the next section, we exploit this relationship to estimate country
sourcing potential. To do so, we construct a measure of a firm’s total intermediate input purchases
based on the difference between the firm’s sales and its value added, adjusting for changes in its
inventories of final goods and materials. This approach ensures a more complete metric of a firm’s
inputs than traditional measures based purely on manufacturers’ use of materials because it takes
into account the input usage of both the manufacturing as well as the wholesale establishments
of U.S. firms.?! The model does not take a stance on whether intermediate inputs are sourced
within or across firm boundaries. For the purposes of this paper, this is of little relevance for
international transactions, but it might lead to important biases in our measure of overall input
use if a significant share of domestic inputs is produced within the firm and is recorded as value
added. For this reason, we add a firm’s total production-worker wage bill to the difference between
the firm’s sales and value added. In terms of our model, this corresponds to assuming that the

final-good producer employs production workers to manufacture internally any inputs produced by

20We recognize that focusing on firms with positive manufacturing activity will miss some offshoring, for example
by factoryless goods producers (FGPs) in the wholesale sector that have offshored all physical transformation ac-
tivities (see Bernard and Fort, 2013, for details). Unfortunately, there is no practical way to distinguish all FGPs
from traditional wholesale establishments. Furthermore, data on value-added and input usage, which is crucial for
our structural estimation is less complete for firms outside manufacturing. We also note that we cannot identify
manufacturing firms that use inputs imported by intermediaries.

2 The wholesale sector includes a significant number of plants that design goods and coordinate production, often
by offshoring, but do not perform physical transformation activities (see Bernard and Fort, 2013, for a description).
Ignoring these plants’ inputs could severely understate multi-sector firms’ total inputs. For example, Feenstra and
Jensen (2012) find that a significant fraction of some manufacturing firms’ imports are not reported as input purchases.
We address this issue by including a firm’s wholesale plants’ inputs. Although there is no way to measure inputs for
establishments outside the manufacturing and wholesale sectors, those plants are much less likely to be involved in
production or importing. An alternative approach would be to use an estimate of the demand elasticity o and exploit
the CES structure of our model to back out input usage from sales data.
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the firm, while it uses the other factors of production (nonproduction workers, physical capital, and
land) to combine intermediate inputs and cover all fixed costs. This approach is also motivated by
the notion that the services typically provided by production workers are particularly offshorable.
This new measure of total intermediate input purchases is highly correlated with traditional input
measures for manufacturing firms based on reported inputs of materials and parts. A firm’s share
of inputs from country j, x;;, is computed as imports from j divided by total input purchases. A
firm’s share of domestic inputs, x;, is simply the difference between its total input purchases and
imports, divided by total input purchases.

The model predicts an important role for country characteristics in determining country-level
fixed costs and sourcing potential. We compile a dataset with the key country characteristics—
technology, wages, and tariffs, as well as other controls— from various sources. Country R&D data
for 2007 are from the World Bank Development Indicators. Wage data are from the ILO data
described by Oostendorp (2005). Tariffs are the simple average of country tariffs from the World
Bank WITS database. Distance and language are from CEPII. Physical capital is based on the
methodology in Hall and Jones (1999), but constructed using the most recent data from the Penn
World Tables. Control of corruption is from the World Bank’s Worldwide Governance Indicators.
We measure country human capital using the Hall and Jones (1999) methodology with updated
data from Barro and Lee (2010). We also obtain country population from Barro and Lee (2010).

4.2 Descriptive Evidence

In this subsection, we provide reduced-form evidence that supports the notion that firms source
multiple inputs from multiple countries. In addition, we show that firms tend to source multiple
inputs per country and that they generally source a specific input from a single location. Finally,

we provide evidence that firms follow a hierarchical pattern in their sourcing decisions.

4.2.1 Multiple inputs and countries

Two key assumptions that drive our theoretical approach are that firms source multiple inputs and
that they may source these inputs from multiple countries. While the Census data do not provide
detailed information about the total number of inputs used by a firm, the linked import data can
shed light on the number of foreign inputs firms use. To exploit these data, we define a product as
a distinct Harmonized Schedule ten-digit code, of which there are nearly 17,000 categories in the
U.S. import data. Table 2 presents the firm-level statistics for importers on the number of countries
from which a firm sources, as well as the number of unique HS10 products that it imports. The
first column shows that, on average, firms import 12 products from about three foreign countries.
There is considerable heterogeneity in these statistics across firms. The 95th percentile is 11 for

the number of source countries and 41 for the number of imported products.
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Table 2: Firm-level statistics on the number of source countries and imported inputs

Mean Std. Dev. 25th Ptile Median 95th Ptile

Country Count  3.26 5.09 1 2 11
Product Count 11.91 48.89 1 3 41

Notes: The first row reports on the number of countries from which a firm imports. The
second row reports on the number of unique HS10 products a firm imports.

4.2.2 The number of products per country and countries per product

In contrast to an Armington framework in which products are differentiated by country of origin,
in our model we assume that each input could be sourced from any country. As a result, when a
firm profit maximizes, it will only source each input from its lowest cost location. It is important
to recognize that in either framework there will be interdependencies in a firm’s extensive margin
decision about which countries to include in its sourcing strategy. In other words, the Armington
assumption cannot be used to simplify the firm’s extensive margin sourcing decision. The two
frameworks do lead to different predictions, however, in terms of how firms respond to shocks. In
an Armington model, a shock to trade costs will only affect the amount that a firm sources of a
particular product, while firms in our model will respond by changing the set of products sourced,
as well as how much they source of each product.

Consistent with our model, we document that while firms tend to source multiple inputs per
country, they seldom buy the same product from more than one country. The left panel of Table 3
presents statistics on the firm-level mean, median, and maximum number of products that a firm
imports from a particular country. We report the mean, median, and 95th percentile of these firm-
level measures.?? The average of the firm-level mean is 2.78 products imported per country and the
95th percentile of the firm-level mean is 8.23. Column 3 shows that the average of the maximum
number of products a firm imports from a particular country is 7.21 and the 95th percentile is 25
products per country.

The right panel of Table 3 presents the same firm-level statistics for the number of countries
from which a firm imports the same HS10 product. Almost every statistic reported in this table
is about one. The median firm imports a single product from an average of only 1.03 countries.
The median number of countries per product for firms is always 1.00, even for the 95th percentile
of firms. Finally, the maximum number of countries per product for the median firm is still just
one, while firms in the 95th percentile import the same product from a maximum of four countries.
These results provide strong support for the premise that firms source each input from one location.
In the Appendix we show that this pattern is still evident when the sample of importers is limited

to firms that source from at least three countries. We also provide the statistics at the HS6 level

22Data confidentiality protection rules preclude us from disclosing exact percentiles. Statistics for all percentiles
are therefore the average for all firms that are within +/- one percent of a given percentile.
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and show that every statistic on the number of countries from which a firm sources a given product
is lower than the comparable statistic for the number of countries to which a firm exports a given

product.

Table 3: Firm-level statistics on the number of imported products per source country and the
number of source countries per imported product

Products Per Country Countries Per Product
Firm-level Firm-level

Mean Median Max Mean Median Max

Mean 2.78 2.18 7.21 1.11 1.00 1.61

Median  2.00 2.00 2.00 1.03 1.00 1.00

95%tile  8.23 5.00 25.00 1.78 1.00 4.00

Notes: The left panel reports on the number of unique HS10 products
that a firm imports from a particular country. The right panel reports
on the number of countries from which a firm imports the same HS10
product.

4.2.3 Hierarchies in firm sourcing patterns

We conclude this section by assessing the extent to which firms follow a hierarchical pecking order
in their import behavior. Specifically, we count the number of firms that import from Canada (the
top destination by firm rank) and no other countries, the number that import from Canada and
China (the top two destinations) and no others, the number that import from Canada, China, and
Germany and no others, and so on. When calculating these numbers, we limit the analysis to the
top ten countries by firm rank. Table 4 presents the results. The first column shows the number
of firms that import from each string of countries. To assess the significance of these numbers,
column three provides the number of firms that would import from each string if sourcing decisions
were independent and the fraction of actual firms importing from a given country represented that
independent probability. The total fraction of firms that follows a pecking order is 36.0, almost

twice the 19.6 percent that would be observed under independence.

This pattern is reminiscent of the results found by Eaton et al. (2011) in their study of French
exporters. While it is certainly suggestive of a pecking order in which country characteristics make
some countries particularly appealing for all U.S. firms, it also points to a high degree of firm-
specific idiosyncracies in the selection of a firm’s sourcing strategy. We will incorporate this feature
of the data in our structural analysis by extending the theory to allow for firm-country-specific

fixed costs.

25



Table 4: U.S. firms importing from strings of top 10 countries

Data Under Independence
String Firms % of Importers Firms % of Importers
CA 17,980 29.82 6,760 11.21
CA-CH 2,210 3.67 3,730 6.19
CA-CH-DE 340 0.56 1,030 1.71
CA-CH-DE-GB 150 0.25 240 0.40
CA-CH-DE-GB-TW 80 0.13 50 0.08
CA-CH-DE-GB-TW-IT 30 0.05 10 0.02
CA-CH-DE-GB-TW-IT-JP 30 0.05 0 0.00
CA-CH-DE-GB-TW-IT-JP-MX 50 0.08 0 0.00
CA-CH-DE-GB-TW-IT-JP-MX-FR 160 0.27 0 0.00
CA-CH-DE-GB-TW-IT-JP-MX-FR-KR 650 1.08 0 0.00
TOTAL Following Pecking Order 21,680 36.0 11,820 19.6

Notes: The string CA means importing from Canada but no other among the top 10; CA-CH means importing from
Canada and China but no other, and so forth. % of Importers shows percent of each category relative to all firms that
import from top 10 countries.

5 Structural Analysis

Having described the firm-level data, we now use it in conjunction with country-level data to
estimate the key parameters of the model. We distinguish country sourcing potential from the fixed
costs of sourcing and we quantity the extent to which the latter depend upon distance, common
language, and control of corruption. The parameter estimates obtained here are also critical for
performing the counterfactual exercises in the next section.

The structural analysis is performed in three distinct steps. In the first step, we use a simple
linear regression to obtain an estimate of each country’s sourcing potential T (Tijwj)79 from a U.S.
perspective (i.e., i = U.S.). In the second step, we estimate the productivity dispersion parameter,
0, by projecting the estimated sourcing potential values on observed cost shifters and other controls.
We also measure the elasticity of demand, o, from observed variable mark-ups. In the third and
final step, we estimate the fixed costs of sourcing and other distributional parameters via simulated
method of moments. To make the firm’s problem computationally feasible, we apply the technique
in Jia (2008), originally designed to estimate an entry game among chains and other discount
retailers in a large number of markets, to the sourcing strategy choices of U.S. firms.

Because we use data on the sourcing strategies of firms from a single country, in what follows,
we often drop the subscript ¢ from the notation, with the understanding that the unique importing
country is the U.S. We also denote a firm by superscript n. To facilitate the estimation, we include
only those countries that have at least 200 U.S. firms importing from them. This criterion leaves
us with a total of 64 foreign sourcing options for firms. We include firms that import from these

countries in the estimation, but adjust their input usage by subtracting their imports from the
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excluded countries.?3

5.1 Step 1: Estimation of a Country’s Sourcing Potential

The first step in our structural analysis is to estimate each country’s sourcing potential. To do
so, we take the firm’s sourcing strategy J; as given and exploit differences in its share of sourcing
across countries. Recall from Equation (6) in the model that a firm’s share of inputs sourced from
country j, Xxij, is simply that country’s contribution to the firm’s sourcing capability, ©;. Country
j’s sourcing potential — from the perspective of country ¢ — is therefore summarized by the term
& =1T1; (Tijw]‘)ie. Rearranging equation (6) by taking logs and normalizing the share of inputs

purchased from country j by the firm’s share of domestic inputs leads to

log x;; — log xj; = log &; + log €7, (21)

where n denotes firm. In order to turn the model’s equilibrium condition (6) into an empirical

specification, note that this equation includes a firm-country-specific shock €} (relative to the firm-

domestic-specific shock which we set at €' = 1).24

Intuitively, this specification allows us to identify a country’s average sourcing potential &;
by observing how much a firm imports from that country relative to the same firm’s domestic
input purchases, restricting attention to countries included in the firm’s sourcing strategy. For this
measurement strategy to be consistent, it is important that there is no selection based on the errors

in this regression. This condition will be satisfied if firms only learn the country-specific efficiency

shocks €} after their sourcing strategy is selected, or if the term €7

error.25

simply represents measurement

Table 5 provides summary statistics from estimating equation 21 via OLS, using country fixed
effects to capture the &; terms. The estimated coefficients on these fixed effects represent each
country’s sourcing potential. All sourcing potential fixed effects are significant at the 99 percent
level. We have also estimated these sourcing potential measures controlling for industry effects.
The estimates are highly correlated (0.996) with our baseline results and retain their statistical
significance. To simply the interpretation of the fixed effects, we estimate equation 21 without a
constant. The adjusted R? from this specification is 0.85. The same specification with a constant
yields an adjusted R? of 0.09. Including industry controls raises the R? to 0.15. We note that these

relatively low R?s are typical when using firm-level data with high levels of idiosyncractic noise.

25We note that a very small fraction of firms has negative values for its domestic input purchases. This occurs
when a firm’s total input purchases are less than its imports. Likely explanations for this are measurement error
and imports of capital equipment. We drop these firms from the estimation since we cannot use observations with
negative input purchases. Since these firms are a small fraction of our total sample, we do not report how many there
are to avoid future disclosure problems. We will provide details on this in the final version of the paper.

24When normalizing by the domestic share, we set domestic trade costs to 1. All other country variables are then
measured relative to the U.S. value.

25However, we need to rule out measurement error related to a firm’s global sourcing strategy. In other words, we
assume throughout that the set of countries from which the firm imports is correctly observed by the researcher and
that a firm has positive imports from all countries for which it has paid a fixed cost of sourcing.
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Figure 2 plots the estimated sourcing potential fixed effects against total input purchases (left
panel) and against the number of firms importing from that country (right panel). Our parameter
estimates suggest that China has the highest sourcing potential for U.S. firms, followed by Canada
and Taiwan. More firms import from Germany and United Kingdom than from Taiwan, however,
and more firms import from Canada than from China, suggesting that fixed costs of sourcing are
likely to differ across source countries. Despite some heterogeneity, the number of firms and total
import purchases are clearly positively associated with a country’s sourcing potential, with a tighter

relationship between the sourcing potential and the number of firms sourcing from a country.

Table 5: Summary statistics for sourcing po-
tential estimation

Number of observations 200,000
Number of importing firms 64,600
Mean Squared Error 2.64
Range of foreign log &; -4.12 to -8.42
Sum of foreign ¢; 0.137

Notes: Summary statistics for regression based on
equation (21). Estimated Fixed effects are displayed in
Figure 2. Number of observations rounded for disclo-
sure avoidance. The R? with a constant is 0.09.

Figure 2: Country sourcing potential parameters
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Our estimates of the sourcing potential of a country enable us to calculate the extent to which
the sourcing capability of a firm @™ =) jegn &j is higher if it imports from all countries as opposed
to sourcing only domestically. Since the domestic sourcing potential was normalized to one and
the summation of the foreign sourcing potential terms is 0.137, these results imply the sourcing
capability of a firm that sources from all 64 countries is 13.7 percent larger than that of a purely

domestic sourcing firm. How much this higher sourcing capability lowers marginal cost depends
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according to equation (8) on the dispersion parameter 6 of the intermediates productivities.
Remember that this parameter 8, together with the elasticity of demand o faced by the U.S.
importer, are crucial for determining the qualitative implications of our model for the optimal choice

of a global sourcing strategy. We next turn to discussing how we estimate these two parameters.

5.2 Step 2: Estimation of the Elasticity of Demand and Input Productivity
Dispersion

5.2.1 Estimation of Elasticity of Demand

It is simpler to start by discussing how we recover ¢ from the data. Note that with CES preferences
and monopolistic competition, the ratio of sales to variable input purchases (including intermediates
and basic factors of production) is o/ (6 — 1). We exploit this relationship to obtain a parameter
value for o by calculating a measure of average mark-ups from the establishment-level data in the
Census of Manufactures. Specifically, the mark-up is the ratio of sales to variable inputs, where
inputs are the sum of an establishment’s materials, wages, capital expenditures, and total expenses.
The mark-up for the median establishment is 35 percent, with a bootstrapped standard error of

0.88. This implies an estimate for the elasticity of demand, o, of 3.85.

5.2.2 Estimation of Dispersion of Input Productivity Shocks

A second key parameter of our model is the dispersion of the productivity shocks of the intermediate
inputs. Conditional on the firm’s sourcing strategy, 6 represents the firm-level trade elasticity in our
model. We next use data on cost-shifters — wages and tariffs — to identify this elasticity. Recall that
the sourcing potential £; which we estimated in the previous section, is a function of a country’s
technology parameter, trade costs, and wages (apart from the parameter §). We thus project the
estimated sourcing potential on proxies for all these terms, including R&D stock, capital per worker,
a measure of control of corruption, wages, distance, tariffs, and common language. Specifically, we

estimate the following equation:

log {; =08, log R&D; + B log capital; + Sccontrol of corruption — 6log w;
-0 (log Be + Balog distance;; + language;; log 81 + log(1 + tariffij)) + 1. (22)

Notice that the parameter 6 can be recovered from the coefficient associated with wages or
tariffs in that regression. A potential issue with the use of country wage data is the fact that
variation in wages partly reflects differences in worker productivity and skill across countries. Since
firms’ sourcing decisions are based on the cost of an efficiency unit of labor, we follow Eaton and
Kortum (2002) and use a human capital-adjusted wage. Even adjusting for skill differences across
workers, there are other country-level factors that are likely correlated with the average wage, such
as infrastructure, that will lead to an upward bias on the wage coefficient. To address this issue, as

well the potential for measurement error, we instrument for a country’s wage using its population.
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The first column of Table 6 presents the OLS estimate of 6 obtained when running (22) while
constraining the same coefficient to apply to wages and tariffs. Column 2 provides the analogous
IV estimate of 6 using population as an instrument. Notice that the IV estimate (—1.785) is, as
expected, larger in absolute value than the OLS estimate. It is interesting that, in line with our
discussion in section 3.4, the data on firm-level trade flows suggest a much larger dispersion in
productivities across countries than is typically obtained with aggregate trade data. For example,
Eaton and Kortum (2002) estimate a coefficient of —3.8 using data on wages. Similarly to them,
we find a coefficient of —4.763 when using the same specification as in equation (22) but with
aggregate imports as a left-hand-side variable. These results are displayed in columns 4 and 5. It
is noteworthy that our estimate of # is sensitive to whether a measure of control of corruption is
included in the projection or not. Corruption may be correlated with the extent to which incomplete
contracting affects U.S. firms’ sourcing decisions (see Antras (2014) for some evidence). The results
without control of corruption lead to a lower estimate for 6 of —1.083, as displayed in column 3.
The aggregate trade elasticity in this specification (see column 6) is also lower with an estimate of
—2.399. We think that controlling for corruption in this regression makes sense, but since this is
not a commonly used control in the literature which estimates the trade elasticity, we highlight the

difference if a specification without this control is used.

Table 6: Estimation of with-in firm and aggregate trade elasticity

log & log aggregate import

OLS I\Y v OLS v v
log(1+tariff) + log wage  -0.471 -1.785 -1.083 -0.516  -4.763  -2.399
(0.175)  (0.651)  (0.320) | (0.389) (1.824) (0.788)

log distance -0.326 -0.730 -0.514 -1.025  -2.329 -1.614
(0.182)  (0.311)  (0.217) | (0.404) (0.870) (0.534)
common language 0.291 0.199 0.434 0.489 0.189 0.965
(0.209)  (0.283)  (0.219) | (0.463) (0.806) (0.539)
log R&D 0.372 0.490 0.445 0.668 1.052 0.859
(0.0500) (0.0875) (0.0556) | (0.111) (0.245) (0.137)
log KL -0.158 0.506 0.415 -0.266  1.879 1.528
(0.170)  (0.384)  (0.291) | (0.378) (1.076) (0.717)
Control of corruption 0.117 0.626 0.323 1.966
(0.147)  (0.308) (0.327) (0.864)
Constant -7.034 -11.44 -9.925 6.282  -7.969 -2.680
(0.852)  (2.340)  (1.523) | (1.891) (6.556) (3.752)
Observations 57 57 58 57 57 58

Notes: Standard errors in parentheses. IVs are population and tariff.

These estimates imply that a firm that sources from all countries faces between seven per-
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cent (1.137(-1/178)) and 11 percent (1.137(-1/1:98)) lower input costs than a firm sourcing purely
domestically, and consequently its sales are between 22 percent (1.137 (=2.85/ 1'78)) and 40 percent
(1.137(=285/1.08)) Targer.

Across various specifications, we find that the ratio of elasticity of demand, o — 1, to the
dispersion of intermediate good efficiencies, 0, is always larger than one. As argued in section 2,
this implies that the profit function has increasing differences in the firm’s sourcing strategy. As
explained below, in the third step of our estimation, we exploit this feature of our model when
numerically solving the firm’s problem in order to estimate the fixed cost of sourcing associated

with different markets. For the following, we use the 6 estimate of 1.78.

5.3 Step 3: Estimation of Fixed Costs of Sourcing

In this section, we estimate the fixed cost of sourcing, along with other distributional parameters, via
Simulated Method of Moments. In order to match the model outcomes to moments generated from
firm-level data, we extend our model to incorporate, aside from core productivity differences, two
additional sources of firm heterogeneity: (i) firm-country-specific variation in fixed cost of sourcing,
and (ii) firm-country-specific shocks to the sourcing potential, €} (which we already introduced in
the estimation of sourcing potentials above). We assume that the firm initially observes its set of
fixed cost draws, fj7,j =1,...,J and knows the vector of sourcing potential, §;, but learns about
the firm-country-specific shock € to the sourcing potential of country j only after paying the fixed
cost to source from country j. We assume that firms have rational expectations when making their
sourcing strategy decision.?® The expected profits of selecting a sourcing strategy 7 for a firm with

core productivity ¢ and a vector of fixed costs of sourcing f; are given by:

(T, ¢, f5) = ¢ BE (101 (7,0) ) = 3 1 (23)
JjeJ

In a setting with a large number of countries, the firm faces a very large discrete choice problem

to solve for it’s optimal sourcing strategy; if there are 65 countries, the firm selects between 26°,

which is roughly 10, possible sourcing strategies. Clearly, calculating the profits of each of these

strategies for every firm is infeasible. Instead, we will apply an algorithm first developed by Jia
(2008) to solve the firm’s problem.

This algorithm works as follows. Given a core productivity ¢ and a sourcing strategy J, the

expected marginal benefit of adding country j to a firm’s sourcing strategy is:
@0_1’7(0_1)/0-BE5 <(91 (j7 6))(0’—1)/9 _ (@Z (._7\], 6))(0—1)/9) _ 73

We define a mapping, V;(J) which takes a value of one if the marginal benefit of including country

j in the sourcing strategy J is positive, and takes a value of zero otherwise. Because of increasing

26We calculate the expectation by assuming that the shocks log €} are distributed according to a normal distribution
with standard deviation equal to the root mean squared error of the OLS regression based on equation (21), and use
100 Halton draws to evaluate the expectation.
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differences in the profit function, this mapping is an increasing function itself. Jia (2008) shows that
when starting from the set J° (which contains no country in the sourcing strategy), an iterative
application of the V-operator leads to a lower bound of the sourcing strategy. That is, the optimal
sourcing strategy contains at least the countries contained in this set. Similarly, when starting from
the set J' (which contains all countries in the sourcing strategy), the iterative application of the
V-operator leads to an upper bound for the optimal sourcing strategy. Should the two bounds not
overlap, one then only needs to evaluate the profits resulting from all possible combinations between
the two bounds. In the presence of a high degree of complementarity, there is the potential for this
algorithm to lead to a large number of possible choices between the two bounds, hence rendering
this approach infeasible. Intuitively, the iterative process might stall too quickly if it is optimal for
firms to add or drop countries from the set J only in pairs (or larger groups).

Fortunately, in our application, this approach leads to completely overlapping lower and upper
bounds in the vast majority of simulations. In addition, only a small number of countries differ
in the bounds in those cases in which the bounds did not completely overlap. In principle, the
algorithm could still be useful even if a sizable number of location sets need to be evaluated; for
example, one could assume that the firm evaluates the lower and upper bounds and a random
vector of alternative sourcing strategies that are contained in the two bounds.?”

Before describing the estimation method we complete the parameterization of the model. Specif-

n

ically, we assume that the firm-country-specific fixed costs, f;7, are drawn from a log-normal distri-

bution with dispersion parameter, ﬂ({isp and scale parameter log ﬁg +ﬂ§ log distance;;+log 5{ language; ;.

Hence, fixed costs of sourcing are specified to be a function of distance and common language. We
set the fixed cost of domestic sourcing to 0 since all firms in our sample feature positive purchases
of domestic inputs. Some firms may be better at screening for foreign suppliers than other firms
and thus we assume that the fixed cost draws are rank-correlated across countries, with a corre-
lation coefficient of 0.9. Without rank-correlation, as the number of countries becomes large, it
becomes very likely that each firm has a very low fixed cost of sourcing from at least one country,
which would imply that the number of importers would go to one.?® In addition to the fixed cost
parameters, we estimate at this step the firm core productivity levels’ dispersion parameter, x, and

the scale parameter B, which also includes the CES price index and the mass of firms.

Overall, we are left with the following six parameters to be estimated: § = |B, &, 87, BCJ; ) Blf ) Bécisp .

We simulate S = 50,000 U.S. firms, that is we draw for each firm a core-productivity shock from
a uniform distribution (which, given a parameter guess k, can be inverted to yield the Pareto

distributed firm core productivity level), and a J-dimensional vector of fixed cost shocks from a

2"In two important aspects the sourcing strategy problem here is simpler than the original problem analyzed by
Jia (2008), who studied the location choices of Walmart and Kmart. First, by assuming monopolistic competition
we abstract away from strategic interactions between firms. Second, while the firm’s choice in her problem manifests
geographic dependence, in contrast, in our setting only the source countries’ distances to the U.S. matter, but not
the distances between the countries themselves.

28We use a Gaussian copula and the marginal distributions of fixed cost for a particular country are distributed
lognormal.

29Note that we also set Pus = 1, as it scales input purchases equivalently to an increase in B.
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standard normal distribution (which, given a parameter guess B4, can be used to calculate the firm-
country specific fixed cost level).3? Note there is no relationship between the number of simulated
firms and the number of actual firms in the data. The model assumes that we have a continuum of
firms whose core efficiency, fixed cost draws, and country-specific efficiency shocks follow particular
distributions, and we use the simulated firms as evaluation points of these distributions.

We use the simulated firms to construct the following three sets of moments, which are directly
affected by the level of the fixed costs, 37, the scale term, B, and the dispersion of core productivity

levels, k:

1. The share of importing firms (about 24 percent in the data). This is simply a scalar, and we

label this moment in the data as m; and the simulated moment as 11 (9).

2. The share of firms that sources from a particular country. We label this J x 1 vector of

moments in the data as mg and the simulated moment vector as mga(9).

3. The share of firms that purchases inputs from a country less or more than the g-th percentile
of input purchases in the data, where ¢ = (25, 50,90). We label this 4-.J x 1 vector of moments

in the data as ms and the simulated moment vector as g3 (d).

We describe the difference between the moments in the data and in the simulated model by
9(0):

mi — ml(é)
§(6) =m —m(d) = | ma —1ha(0)

ms — m3(d)

The following moment condition is assumed to hold at the true parameter value dg:
E§(d0)] =0 (24)

The method of simulated moments selects the model parameters that minimize the following
objective function:
b = argmin [§(8)]" W [5(9)], (25)

where W is a weighting matrix. At this point we use as weights simply the identity matrix, but
we intend to use the optimal weighting matrix in future iterations of this paper.

The parameter estimates are displayed in Table 7 below.

We find that the fixed cost of sourcing are only slightly increasing in distance and that sourcing
from countries with a common language reduces the fixed cost by about 30 percent. The fixed cost
of sourcing are reasonable in magnitude. The median fixed cost estimate ranges from 40,000 to

60,000 USD. As a result of assuming a lognormal distribution, the fixed cost can be quite large for

30We use Halton draws for the fixed cost shocks, which have better coverage properties than usual pseudo-random
draws. See Chapter 6 in Train (2009) for a discussion.
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Table 7: Simulated Method
of Moments Estimates

B 0.0001

K 1.5773
! 0.0592
/ 0.0027
/ 0.7134

Blisp 2.2022

Objective value 1.09

Notes: Standard errors yet to be
calculated.

some individual firm-country combinations. The shape parameter of the Pareto distribution, &, is
lower than the elasticity of substitution, o — 1, and hence we need to truncate the support of the
core efficiencies at a very large positive number to guarantee a finite price index. Other studies
also have estimated Pareto size distributions that require truncation (see the discussion in Antras
and Yeaple (2013)). We proceed by describing the fit of the data by the estimated model.

5.4 Fit of the model

Fit of the share of importers In the data around 24 percent of US firms import. In the
simulated model we slightly under-predict this fraction and predict that 21 percent of firms are

importers.

Fit of the share of importers by country Our fit of the share of importers by country is
displayed in Figure 3. Overall, the model does a pretty good job at predicting which countries
will have a large or small number of importers. We under-predict the number of firms that import
from Canada (around 15 percent in the data and around 5 percent in the model) and over-predict
the number of firms that import from China (around 20 percent in the model and 9 percent in
the data). Hence, in our calibrated model China is the most popular destination country. Overall,
it appears that we generally tend to overpredict the share of importers in countries where these

shares are small in the data.

Fit of percentiles by country Our model also provides a reasonably good fit of the percentiles
of imports by country. In Figure 4 we display the Median and 90th percentile import purchases by
country. The median input purchase from Canada is around 30,000 USD and around 80,000 USD
from China in both model and data (all these figures are conditional on buying a positive amount
from the country). The 90 percentile purchase by firm from China is around 4 million USD and

less than 2 million from Canada - again, the model fits those numbers well. However, the model
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Figure 3: Share of importers by country in model and data
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model

has a more difficult time fitting the distribution of U.S. input purchases. The median domestic
input purchase is 560,000 USD in the data and only 1,000 USD in the estimated model. The 90th
percentile of the domestic input purchases is 7.8 million USD in the data and 22,000 USD in the
model.3!

We are currently exploring how to improve the match of the size distribution of domestic input
purchases. In particular, the current mis-match between the data and the model for U.S. sourcing
appears to be driven by the fact that we allow for a foreign firm-country-specific shock to the
sourcing potential but not for a firm-specific shock to the domestic sourcing potential. Because
the firm chooses the products to source from each country after it observes the realization of the
firm-country-specific shocks, and we assume that the shocks are distributed log-normal, this leads
to relatively more sourcing from foreign countries since they can have positive shocks but domestic
potential cannot. We plan to overcome this asymmetry by estimating country sourcing potential
in Step 1 with firm random effects. These random effects incorporate a shock to firms’ domestic
sourcing potential and we can use the estimated dispersion of the random effects as a direct measure
of the dispersion of domestic sourcing potential. Since we find that treating the firm-country-specific
shocks to the sourcing potential as measurement error in Step 1, and not including these shocks in
Step 3, closely matches the fit of the domestic percentiles without reducing the fit of the foreign

percentiles, we are optimistic about this approach.

3In the simulated model, a domestic input purchase of 560,000 is reached by the 98th percentile, and a purchase
of 7.8 million is reached and exceeded by the top .6 percent of firms.
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Figure 4: Median and 90th percentile imports in model and data
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6 Counterfactuals

In this section, we use the parameter estimates from section 5 to assess how firm imports and the
firm size distribution are affected by a shock to China’s sourcing potential. This shock to China’s
sourcing potential could be due to a decrease in U.S tariffs on Chinese goods or to an increase in

China’s productivity.

6.1 A 10 percent shock to China’s potential

We begin by assessing how a ten percent shock to China’s sourcing potential affects U.S. firms’
sourcing decisions when total market potential (and therefore the price index) is held constant.
Table 8 shows that 1.5 percent of firms start importing from China in response to the shock. These
firms increase their domestic sourcing by 22.1 percent and their sourcing from other countries by
8.5 percent. Almost 20 percent of firms continue sourcing from China, and these firms also increase
both domestic and other foreign sourcing, though only by a small amount less than 0.1 percent.
For both entrants and continuers, the relatively larger increase in domestic sourcing is attributable
to the fact that a fraction of these firms do not source from countries other than China or the U.S.
Finally, firms that do not source from China before or after the shock are unaffected by the change.

We next consider how a ten percent shock to China’s sourcing potential affects firms’ sourcing
decisions when the price index adjusts. Table 9 shows that, in this case, only 0.8 percent of firms
start importing from China. While these firms increase their domestic sourcing by 13.5 percent,
they decrease their sourcing from foreign countries by 17 percent. Firms that continue sourcing
from China still comprise 19.5 percent of firms, however, these firms now decrease both domestic
and foreign sourcing by 6.4 and 6.7 percent respectively. The most notable difference from allowing
the price index to adjust is evident in the fact that firms that do not source from China before or

after the shock shrink substantially. The last row of Table 9 shows that these firms decrease their
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Table 8: Firm responses to 10% shock to China’s sourcing potential, constant price index

Relative Sourcing from

China Import Share of US Other
Status Firms o Countries
Entrants 0.015 1.221 1.085
Exiters 0.000 NaN NalN
Continuers 0.195 1.006 1.002
Others 0.790 1.000 1.000

domestic sourcing by 6.9 percent and the foreign sourcing by 24.8 percent.

Table 9: Firm responses to 10% shock to China’s sourcing potential, endogenous price index

Relative Sourcing from

China Import Share of US Other
Status Firms o Countries
Entrants 0.008 1.135 0.830
Exiters 0.000 NaN NaN
Continuers 0.195 0.936 0.933
Others 0.796 0.931 0.752

We firnally consider how the same ten percent shock to China’s sourcing potential affects the
size distribution of U.S. firms, when the price index adjusts. Figure 5 depicts the percent growth
in sales by firm size decile. Although not evident in the figure, we first note that firms in the top
decile experience a very small percentage decrease in their sales. Firms in deciles six to nine grow
by just under five percent to almost twenty percent. In contrast, firms in the bottom five deciles
see their sales shrink. These results highlight the fact that extensive margin sourcing decisions lead

to heterogeneous responses across firms to trade or other shocks.

7 Conclusion

To be written.
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Figure 5: Size distribution of firms in response to 10% shock to China’s sourcing potential

0.2

Growth in Sales

-0.05 I I I I I I I I I I
1 2 3 4 5 6 7 8 9 10

Deciles size distribution

A Theory Appendix

Proof of Proposition 1

Consider two firms with productivities oy and ¢y, with ¢y > ¢r. Denote by J; (pu) = {j : Lij (¢n) = 1}
and J; (¢r) = {j : Iij (¢r) = 1} the optimal sourcing strategies of these firms, and suppose that J; (¢r) #
Ji (or) (when J; (pg) = J; (pr) the result in the Proposition holds trivially). For firm ¢y to prefer J; ()

over J; (vr,), we need

e (10 (T (o)) VB = Y fiy >0 (00 (T (o) B - Y fi

J€Ti(pm) JE€Ti(pL)

while ¢y, preferring J; (¢r,) over J; (pp) requires

077 (10 (T (o)) VB = T iy <oi T (00 (T (o) B = DT Sy

JE€Ti(pn) JETi(eL)

Combining these two conditions, we find
[t =07 [01 (i (e =01 (T (pr)) V| 47V, > 0.

Given g > ¢y, this necessarily implies ©; (¢r) > ©; (pr).

Proof of Proposition 2

As noted in the main text, when (o — 1) /0 > 1, the profit function in (10) features increasing differences
in (I, L) for j,k € {1,...,J} with j # k. Furthermore, it also features increasing differences in (I;;, ¢) for
any j € J. Invoking Topkis’s monotonicity theorem, we can then conclude that for ¢ > ¢, we must have
(I (om) s Lio (0m) s ooy Lig (0m)) = (Iin (w1) , Liz (01) -y Lig (pr)). Naturally, this rules out a situation in
which I;; () = 0 but I;; (¢1) = 1, and thus we can conclude that J; (¢r) € J; (¢m) for o > ¢r.
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Proof of Proposition 3

Given a vector of wages, equations (12) and (13) determine the equilibrium values of B; and N;. Notice that
the firm-level global sourcing problem depends only on B;, w; and exogenous parameters, and not directly
on N;. As a result, if a unique solution for B; exists, all thresholds ¢;; for any pair of countries (¢, j) will be
pinned down uniquely, given wages. Hence, if a unique solution for B; in equation (12) exists, we can ensure
that there will be a unique value of N; solving (13). Let us then focus on studying whether (12) indeed
delivers a unique solution for B;.

For given wages, the equilibrium condition (12) can be rearranged as follows

oo

wfo=Bi [ 0O e G i [ Y fpdGae). (26)

Piv(i) Piv(i) je]i(z,a)
where remember that 9 (z) is defined as ¥ (i) = {j € J : $i; < @4, for all k € J} and thus satisfies

) o o\ (o—1)/8
(Bivi)) 'B; (VTW) (Tio(iywo(i)) 6) = w; fi9()- (27)

Remember also that ©; () = > ;¢ 7. (o) Tk (Tikwk)fe, and J; () C J is the set of countries for which a firm
based in ¢ with productivity ¢ has paid the associated fixed cost of offshoring w; f;;.
Computing the derivative of the right-hand-side of (26) with respect to B;, and using (27) to eliminate

the effects working through changes in @;y(;), we can write this derivative as simply

a(w-lw@i @B —w Y fy
j€Ti(p)

) dG; > 0. 28
/@ B . @) (28)

The fact that this derivative is positive follows directly from the firm’s global sourcing problem in 10. In
particular, holding constant the firm’s sourcing strategy J; (¢) — and thus ©; (p) —, it is clear that an increase

in B; will increase firm level profits 71 (v0; (@))(071)/9 B

. — Wy Zje]i(cp) fij. Now such an increase in B;
might well affect the profit-maximizing choice of J; () — and thus ©; () —, but firm profits could not possibly
be reduced by those changes, since the firm can always decide not to change the global sourcing strategy in
light of the higher B; and still obtain higher profits.3? We can thus conclude that the right-hand-side of (26)
is monotonically increasing in B;.

It is also clear that when B; — oo, all firms will find it optimal to source everywhere and the right-hand-

side of (26) becomes

(o—1)/6 [
B; (7 ZkEJ Ty (Tikwk)_G) 1 / 077G (p) — w; Z fij
%)

i jeJ

and thus goes to co. Conversely, when B; — 0, no firm can profitably source to any location, given the
positive fixed costs of sourcing, and thus the right-hand-side of (26) goes to 0.
It thus only remains to show that the right-hand-side of (26) is a continuously non-decreasing function

of B;. This may not seem immediate because firm-level profits jump discontinuously with B; when such

32Following the same steps as in the proof of Proposition 1 we can show that both ©; (p) and Ejeji(sa) fij are
actually non-decreasing in B;. This result is immaterial for the proof of existence and uniqueness in the case of free
entry, but can be used to proof the same result for the case of an exogenous number of firms N;.

39



changes in B; lead to changes in the global sourcing strategy of firms. It can be shown, however, that

[ o (@) B »

5 0B;

Piv (i)
is continuously differentiable in B;. To see this, one can first follow the same steps as in the proof of
Proposition 1 to show that ©; (¢; B;) must be non-decreasing not only in ¢, but also in B; and B;p° 1. We
can then represent (©; (@))(071)/0 B;p°~1 as a non-decreasing step function in ¢, in which the jumps occur

at different levels of B;?~!. This is analogous to writing

HlBi(pU_l if p < al/Bl/(ail)

g

02Bio°~' ifay /B < o < ay/B}/7Y

(0: ()" B = : (29)
07B;p° 1 if aJ_l/Bil/(U_l) <y
Hence, we have
00 a;/BY e~V
) (6-1)/0 . _o—1 37, _ 1B e ey
(©i(p) Bip® dGi () = 018 dG; () +
Pid (i) Pid (i)
ag/B,l/(afl) o)
B’ tdG,; By’ 1dG; (¢) .
/al/B.l/(Ul) 92 " dGl (SO) * - /tlJ—l/B.l/<°1) GJ i dGz (80)

It is then clear that the derivative of this expression with respect to B; is a sum of continuous functions of

B;, and thus is continuous in B; itself. Using similar arguments we can next show that

. 3<wi > fij
JETi (¥)

/ =2 >daz- (v) (30)
Piv (i) z

is also continuously differentiable in B;. First, a simple proof by contradiction can be used to show that
Zjeji(go) fi; is non-decreasing in B;p°~!. More specifically, suppose that for (Bigo"_l)H > (Bl«p"_l)L we
also had Zjejm fij < Zjejw fij- Given the non-decreasing dependence of ©; (¢) on Bigog_l, we would

then have
) (c=1/0 (g.,o~1 _ 3 . (e=1/6 (g ,o-1) _ -
(,YG)zH (L)O)) ( ZSD )L Zjejiy fl] > (’Y@zL (SD)) ( th )L Zjeji[,(tp) fz],

which clearly contradicts J;z, being optimal given B! = (B;p” 1) ;- With this result, Z:( : Jij can then
JETi(p
be expressed as a step function analogous to that in (29), in which the position of the steps is continuously

differentiable in B;. This in turn ensures that (26) is continuous in B; and concludes the proof that there

exists a unique B; that solves equation (12).
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Online Appendix (Not for Publication)

Equilibrium in the Complements-Pareto Case

In Proposition 2, we have established that whenever ¢ — 1 > 6, the model delivers a ‘pecking order’ in the
extensive margin of offshoring. For each country ¢, we can then rank foreign countries in terms of some index
of sourcing appeal. Suppose for simplicity that @; = @;;, so that all firms that source (i.e., all active firms)
do so, at least in part, from Home. Denote by r the r-th least appealing country from which firms from ¢

source from, so Home is » = 1. Define also

E i (Tigw;)

Note also that Proposition 2 implies that the set of productivity thresholds @;, defined in the main text will
be such that any firm with productivity above that threshold ;. necessarily sources from country r, or in
terms of the notation in equation (18), I (¢) =1 for all ¢ > @,

In light of the profit function in 9, these thresholds are given by

()50—1 _ wifiT .
il = (o—1)/8
Hlo-1)/0 B, ( (wi)™ 9)
~o—1 wifir
&5 = for r > 1. (31)
w o (o0—1)/6 (o—1)/0
’Y( D/0B; (9 Gir—l )

Consider now the industry equilibrium. Using the above notation, we can write the free entry condition (12)

as
Pirt1

(o— 1/03 Z@(U 1)/9/ U ldG *wzsz/ dG )*wife

ir ir

Next, invoking the Pareto distribution, G; (¢) =1 — (¢,/¢)", and solving for the integrals, we obtain:

~ o—k—1 ~ oc—k—1 J—1 K
Je-n/op, Z L1/ (90 )” (@ir) — (Gir+1) —w S i) it
= - 71 K—0O + 1 1 /r=1 r ~7:T 1J€-

Plugging the thresholds in (31) delivers

—k Wi fir Wi fir41

~ ~ —K
N G M ] C e i)

14
(0-1)/0 g, ( ) @(0 1)/6
7 " Z K—o+1

J—1 fi K
_wiZfir @7 :wife~
r=1

r
. - . . . A (0—1)/0 (0—1)/0 o
Expanding the summation involving the terms ©;,., canceling the terms in ©,, —0,,._;"", and simpli-

fying, we finally obtain
o1 1=t

2\ p _p
Lo () femte 5

It is worth emphasizing that this equation holds regardless of the relative values of ¢ — 1 and 6 as long as
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these parameters and the degree of heterogeneity in fixed costs are such that a hierarchy in sourcing decisions
exists. The key insight of Proposition 2 is that o —1 > 6 is a sufficient condition for this hierarchical structure
to emerge regardless of the values of the fixed costs of offshoring f;;.

Note that equation (32) implies that

[ > [ijdGi (@) + fei = (ﬁi;—lkl + 1> feis

i JeTi(p)
and thus plugging this expression in (13), we can conclude that

(0 —1)nL;

N; =
U"{fei

(33)
as claimed in footnote 14.

Some of the above expressions are useful in deriving the gravity equation in (17) characterizing bilateral
manufacturing trade flows in the case of independent entry decisions (or o — 1 = 6). To see this, begin with

equation (16) and plug the formula for the Pareto distribution to obtain

~ yo—1—k
M;j = (0 — 1) NiBAT; (riw;) " Kff(::g)ﬁ'

With independent entry decisions, the threshold in (31) simplifies to

~o—1 _ w; fij

Q. = —3-
Y BT (rijw;)
Plugging this expression for 95%71 into the previous one for M;;, imposing § = o — 1, and manipulating
the resulting expression in a manner analogous to the derivation of the benchmark Eaton-Kortum gravity
equation in (15), we obtain
Qj

My = N; (B) 7 (7i5) " @f (wifiy)' 77 e e ——
(BT () er s e B () () (i) 5

Using (3) and (33) and defining

we thus obtain equation (17) in the main text.
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B Data Appendix

B.1 Sample

Table B.1 provides details of all firms in the Economic Censuses with positive sales and employment. The
first row corresponds to firms that consist only of manufacturing establishments (“M” firms). The second
row presents information for all firms with one or more manufacturing establishments and at least one

establishment outside of manufacturing (“M+" firms). Together, these two types of firms comprise our

sample.
Table B.1: Sample of firms

Firms Imports Empl Sales Fraction

Firm Type $millions  $millions  $billions Importers
Manufacturing Only (M) 238,800 75,938 5,866 1,230 0.23
Manufacturing Plus (M+) 11,500 829,594 20,573 9,180 0.77
Other (O) 4,001,000 99,937 77,204 12,553 0.03
Wholesale Only (W) 300,000 240,654 3,484 2,300 0.31
Wholesale and Other (WO) 7,500 141,740 6,426 2,252 0.51
Total 4561,700 1,387,863 113,553  27.515 0.06

Notes: Table provides information on firms in the Economic Census with positive sales and employ-
ment. Analysis in paper based on all M and M+ firms. Numbers rounded for disclosure avoidance.
Imports exclude products classified under mining.

B.2 Premia figures

In the introduction, we plot the relationship between the log of firm sales and the minimum number of
countries from which a firm sources. To construct the figure, we regress the log of firm sales on cumulative
dummies for the number of countries from which a firm sources and industry controls. The omitted category
is non-importers, so the premia are interpreted as the difference in size between non-importers and firms
that import from at least one country, at least two countries, etc. The horizontal axis denotes the number
of countries from which a firm sources, with 1 corresponding to firms that use only domestic inputs. The
introduction figure controls for firm industry with variables that measure the share of a firm’s employment
in four-digit NAICS industries. (These are simply industry fixed effects for all firms that span only one
industry.) Here we show that the patterns depicted in the introduction are robust when considering a firm’s
size prior to importing and when controlling for the products that a firm imports or exports. Figure B.1
plots the relationship between a firm’s log sales in 2002 and the number of countries from which it sources
in 2007, for firms that did not import in 2002. Figure B.2 depicts the relationship when controlling for the
number of products a firm imports (left panel) and the number of products the firm exports (right panel). In
additional undisclosed results, available upon request, we show similar patterns when using firm employment

and the log of value-added labor productivity.
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Figure B.1: Importer premia for firm’s 2002 sales, limited to firms that do not import in 2002,
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Figure B.2: Importer premia with product controls
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(a) Controlling for number of products imported by the firm (b) Controlling for number of products exported by the firm

B.3 Countries per product counts

In section 4.2.2, we show that most firms source most products from a single location. Table B.2 shows
that this pattern persists for firms that source from at least three foreign countries. We also compare these
firm-level statistics to the same numbers for exporting. To make a valid comparison, we must first aggregate
to the HS6 level. This ensures the same number of product categories for imports and exports. Table B.3
shows that, even at the HS6 level, most firms source most products from one location. This is in contrast to
firms’ exporting decisions, where we see that the median firm sells at least one product to three destinations

and the 95th percentile sells to 21 countries.
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Table B.2: Number of countries from which a firm imports the same HS10 product, for firms that
import from at least 3 countries

Firm Level
Mean Median Max
Mean 1.28 1.05 3.18
Median 1.19 1.00 2.00
95%tile 1.96 1.00 9.00

Notes: Table reports statistics on the firm-
level mean, median, and maximum of the
number of countries from which a firm im-
ports the same HS10 product.

Table B.3: Number of countries per HS6 product traded by a firm

Firm Level Imports Firm Level Exports
Mean Median Max Mean Median Max
Mean 1.15 1.00 1.92 1.76 1.00 4.26

Median 1.05 1.00 1.00 1.33 1.00 3.00
95%tile  1.92 1.00 5.00 4.87 2.00 21.00

Notes: Table reports statistics on the firm-level mean, median, and maxi-
mum of the number of countries from which a firm imports or exports the
same HS6 product.
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