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Abstract

We use Spanish firm-level data to test the hold-up model of global sourcing proposed by Antras &
Helpman (2004). We propose a novel representation of the model which guides us in bringing the
theory to the data. We estimate a discrete choice model of firms’ sourcing behavior, separately
for the location choice and the ownership choice of sourcing. We find that a firm’s productivity
interacts with an industry’s headquarter intensity in governing both dimensions of sourcing in the
way suggested by the Antras & Helpman (2004) model. In addition, estimated “ex ante sourcing
premia” of firms lend brought support to the idea that firms self-select into sourcing activities.
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1 Introduction

In this paper, we propose a new empirical strategy for testing the canonical model of global sourcing
introduced by Antras & Helpman (2004). This model explains the organizational form of sourcing
(vertical integration vs. outsourcing) as an attempt to minimize the inefficiency that derives from
a hold-up problem in the provision of inputs, while the location of input provision (domestic vs.
foreign) is explained by conventional cost considerations. A central prediction of the model is that
firms select themselves into different sourcing strategies, based on their productivity levels and on
how these strategies compare in terms of fixed cost. However, with two dimensions of sourcing there
are 4 different strategies and the detailed selection pattern predicted by the model is highly sensitive
to the assumed ranking of these strategies in terms of fixed cost. This poses a formidable challenge
for empirical testing. Indeed, the model still waits for a proper empirical test, mainly because these
fixed costs are essentially unobservable. In this paper, we develop a modeling strategy that does away
with any need to observe fixed cost rankings, thus facilitating such a test. We apply our strategy to
a data set on Spanish firms, finding strong support of the Antras-Helpman (AH) model.

Well over half of world trade is trade in intermediate products. In the year 2000, the share of
intermediates in non-energy inputs for manufacturing production in 12 main OECD countries was
well above 25 percent. In the year 2005, on average across OECD and emerging market economies,
as much as a quarter of the manufacturing export value reflects the cost of imported intermediate
inputs, up from 20 percent in 1995. This indicates that firms are sourcing their inputs on a global
scale. Firms also use different organizational forms for their sourcing. During the past decade , the
share of related party trade in US manufacturing imports has remained stable at around 50 percent.
For for services it has increased from around 19 in 2002 to 25 percent in 2009.!

Modern trade theory emphasizes that buyers and sellers of intermediate inputs enter a contractual
relationship which is fundamentally different from a transaction in final goods. Input specifications
often do not lend themselves to third-party verification, which rules out enforceable contracts. At
the same time, product differentiation implies that such inputs have little, if any, use outside the
specific production relationship. As a result, trade in intermediate inputs will often be plagued by
a hold-up problem. The canonical model of global sourcing under such hold-up problems is due to
Antras (2003) who draws on the property rights theory of the firm as developed by Grossman & Hart
(1986).2 In this framework, differentiated final goods are produced using two types of specialized
inputs, a headquarter service and a material input, or manufacturing component. Both inputs are
essential for production. The headquarter service stands for all inputs that the headquarter of a
firm is able to provide for itself, whereas for the material input the headquarter must draw on a
separate input supplier. The model assumes that both inputs are not contractible and have no use
outside the production relationship for a specific final good. This gives rise to a hold-up problem:
The prospect of ex post Nash bargaining about the surplus derived from the production relationship
reduces both agents’ incentives to invest into input provision. As a result, the potential gains from this
production relationship will not be fully exploited. Against this backdrop, the headquarter decides
about the organizational form of input provision as well as the location of material input production.
Specifically, by choosing vertical integration, it may secure a residual property right over the supplier’s
input. This enhances the headquarter’s position in ex post bargaining, relative to an arm’s length
relationship (outsourcing) with the input supplier, but at the same time it reduces the incentive for

!See Miroudot et al. (2009) and Lanz & Miroudot (2011).

2The model is enriched by Melitz (2003)-style firm heterogeneity in Antras & Helpman (2004) and extended to a
variable degree of contractual incompleteness in Antras & Helpman (2008). See Antras (2012) for a survey.



the input supplier to invest into the production relationship. Vertical integration is a superior form
of input provision only if the former effect dominates the latter.

How well does this model describe the observed global sourcing behavior of firms? An important
prediction of the model is that firms will select themselves into different organizational forms and
locations of sourcing, depending on their levels of productivity. Importantly, however, the detailed
pattern of this sorting depends on the significance of the headquarter service for the production
relationship in question. In Antras & Helpman (2004) this is measured by the elasticity of the final
output with respect to headquarter service, also called the headquarter intensity. A central tenet
of the AH model is that, other things equal, the incentive for the headquarter to choose vertical
integration is the larger, the larger the headquarter intensity of the production relationship. In the
refined version of the model developed in Antras & Helpman (2008), this same mechanism implies,
somewhat counter-intuitively, that the outsourcing incentive becomes more powerful, if the range of
material inputs that defy contractibility increases.

There is a nascent literature that tries to bring the AH model to the data. Papers using industry-
level data and reporting evidence in support of the model are Yeaple (2006), Nunn & Trefler (2008),
and Bernard et al. (2010). Corcos et al. (2012) and Defever & Toubal (2011) investigate determinants
of the choice between vertical FDI and offshore outsourcing, using data for a cross-section of French
firms. Federico (2012) reports evidence on the global sourcing activities of Italian firms. In Kohler
& Smolka (2011) we draw on Spanish firm level data to provide evidence that supports the general
notion of productivity-based sorting into different locations and organizational forms of sourcing. In
Kohler & Smolka (2012) we use non-parametric techniques and regression analysis inspired by the
AH-model in order to describe the relationship between sourcing behavior and firm-level productivity.

None of these studies, however, provides a rigorous empirical test of the AH model. Such a test is
made difficult by the model’s complex and casuistic set of predictions about firms’ sourcing behavior.
Each element of the 2 x2 “global sourcing matrix” is characterized, not just by a distinct marginal cost
for the material input, but also by a distinct fixed cost of operating the respective sourcing regime.
Existing formulations of the AH model therefore suggest that a test of the model requires independent
observations on both the location advantage for material input production and the ranking of different
sourcing modes in terms of the associated fixed cost. Barring any reliable information on this fixed
cost ranking, existing empirical studies therefore fall short of a proper test of the AH model.

In this paper, we propose a reformulation of the AH model that lends itself to an empirical
strategy for testing the model which does away with the need to take any stance on, or observe, the
fixed cost ranking of alternative sourcing regimes. Our reformulation frames the interaction between
the productivity of a firm and the headquarter intensity of a production relationship in terms of
supermodularity and submodularity, respectively, of the firm’s maximum profit function (Mrézowd
& Neary, 2011). In very simple terms, supermodularity implies that any advantage of one sourcing
strategy over some other is reinforced by a higher productivity level of the firm, and conversely for
submodularity. Analogously, supermodularity (or submodularity) may also obtain with respect to the
headquarter intensity of the production relationship. Applying these concepts to the organizational
form and the location of input sourcing, we derive propositions on how the productivity level interacts
with the headquarter intensity of a firm in determining the selection of firms into different sourcing
strategies.

Based on these propositions, our empirical strategy then comes in two steps. First, we estimate
so-called “ex ante mode premia” on vertical integration. Such an “ex ante premium” emerges if,
in a cross section of firms starting out with a non-vertical-integration strategy, superior first period
performance (e.g., high levels of productivity) explains the subsequent switch to a vertical integration
strategy. We estimate such premia separately for domestic and foreign sourcing. This is a theory-



consistent way of exploiting the time variation in our panel data set, provided that there is some
degree of sluggishness firms’ choice of sourcing strategies.® Arguably, it is a better way of identifying
selection patterns than contemporaneous correlations.*

We find significant “ex ante mode premia”, which indicates that productivity-based self selection
of firms into different sourcing strategies does take place. However, this does not amount to a test of
the model. The model predicts that sorting is driven, not just by firms’ productivity levels, but also
by the extent to which production requires non-contractible inputs (the inverse of the headquarter
intensity). Moreover, it predicts that the direction of sorting is importantly influenced by the fixed
cost ranking of the sourcing strategies. The second step of our empirical analysis turns to a full test
of the model by explicitly addressing these concerns. Based on our reformulation of the AH model
in section 2, we estimate linear probability models for the choice of vertical integration (as opposed
to outsourcing) and for foreign (as opposed to domestic) sourcing. Conditional on the location of
sourcing (domestic or offshore), the AH model predicts a higher likelihood of vertical integration
with a higher productivity level of the firm. More importantly, this relationship is reinforced with
an increasing headquarter intensity. This latter effect is known as the Antras (2003) effect in the
literature. We can show that in our linear probability model both of these effects obtain, irrespective
of any fixed cost ranking of the sourcing strategies involved. In our estimation, the effect of this
ranking is absorbed by an industry-specific fixed effect.

In a similar vein, we estimate a linear probability model for the location of sourcing, conditional
on the organizational form (vertical integration of outsourcing). Our theoretical results in section 2
imply that, given an assumed cost advantage for foreign sourcing, the likelihood of a firm selecting
to source offshore increases with its productivity level. Moreover, it suggests that this relationship is
reinforced by a low headquarter intensity of production. To the best of our knowledge, this second
effect has so far gone unnoticed in the literature. Again, we can show that both of these effects hold
for any fixed cost ranking, which is again absorbed by an industry-specific fixed effect. A crucial,
but plausible assumption of our procedure is that the headquarter intensity is an industry-specific
variable.

We implement this strategy using Spanish firm level data. Our data set has several noteworthy
features. First, it allows us to address both of the dimensions of sourcing highlighted by the AH model
(organizational form and location) in a unified setting. Secondly, it allows us to focus on cases where
the unit of observation indeed decides about the sourcing strategy, rather than itself being the object
of a different party’s sourcing strategy. Third, and most importantly for the present context, the
data feature a panel structure that allows us to address selection in a novel, dynamic way. Using this
data set to estimate our linear probability model, and performing statistical tests on the coefficients
obtained in line with the aforementioned hypotheses, we cannot reject the AH model.

The remainder of this paper is structured as follows. Section 2 presents our novel representation of
the AH model and derives the key propositions on sourcing strategies. In section 3, we briefly introduce
the Spanish firm-level survey data source and present a set of informative descriptive statistics on the

3Several empirical studies using firm-level data find evidence for self-selection (e.g. Farifias et al. (2010); Wagner
(2011)), but none of them looks at all four sourcing modes at the same time. Perhaps more importantly, none of them
looks at selection in the true sense of the word, i.e., as firms switching between modes of sourcing over time. Federico
(2010) does have information on all four sourcing modes, but his data are available for a single cross-section only.

4Compared to aspects of global sourcing, the relationship between export activities and firm performance is exten-
sively researched. This literature has gained momentum ever since the pioneering contribution by Bernard & Jensen
(1995) who document that exporting firms are larger, pay higher wages, and are more productive than their domestic
peers in the same industry. See Bernard et al. (2012) for a recent summary of key differences between trading and
non-trading firms and how these can be reconciled with theory.



pattern of sourcing observed in this data set. Section 4 investigates the self-selection hypothesis by
estimating ex ante sourcing premia. Section 5 derives a probabilistic choice model of sourcing, and
it presents the results from a linear probability estimation and a statistical test of the associated AH
parameter hypotheses. The final section concludes the paper.

2 The hold-up model of global sourcing

In this section, we reformulate the hold-up model of global sourcing as developed by Antras & Helpman
(2004), henceforth AH model, in order to derive propositions on how heterogeneous firms select
themselves into different sourcing strategies. A sourcing strategy is defined as a unique combination
of location and organizational form of obtaining necessary inputs. Our reformulation uses the concept
of supermodularity as proposed by Mrazowa & Neary (2011), and it aims at deriving propositions
that may be tested with available data.

The underlying assumptions of the AH model are indicated in the introduction. A set of firms
produce differentiated final goods using two customized intermediate inputs, both of which are es-
sential. One of the two inputs is produced domestically by the headquarter of the firm (called the
“headquarter service” ), while the other (called the “manufacturing component”) needs to be provided
by a separate input supplier which may be located in the domestic or the foreign economy. The model
aims to explain the organizational form (ownership structure) of input provision as well as the location
of the input supplier that the headquarter of each firm chooses for its differentiated final good. We
shall use indices h = d, f and j = v, 0 to denote the two available locations (domestic and foreign)
and ownership structures (vertical integration and outsourcing) of input provision. The location of
manufacturing component production determines the cost of this component. It proves useful to
introduce ¢ as the inverse of this cost, with a value equal to ¢4 if the input is produced domestically,
and (y if it is produced in the foreign economy. Following Antras & Helpman (2004), and without loss
of generality, we assume ¢4 < £y, meaning a foreign cost advantage for the manufacturing component.

The organizational form of input provision determines the bargaining position in the final stage
of the game when the two parties must bargain over revenue sharing. Such bargaining is necessary,
because both inputs are essential and completely specific to the production relationship, and because
enforceable contracts cannot be written, for reasons indicated in the introduction. The ex post revenue
share accruing to the headquarter is denoted by m, so that 1 — m accrues to the input supplier.
Importantly, m determines the incentive that the two agents face when investing in input provision
in the second stage of the game. Invoking property rights theory as pioneered by Grossman & Hart
(1986), the AH model distinguishes between two organizational forms: vertical integration (v), where
the headquarter obtains ownership rights in the manufacturing component, and outsourcing (o) which
involves no such ownership. Ownership secures an improved outside option for the headquarter when
bargaining in the final stage, whence m, > m,.> Each combination of location and organizational
form (ownership structure) of sourcing requires its own (industry-specific) distinct fixed cost Fj;.

5 Antras & Helpman (2004) assume that with outsourcing both parties have a zero ex post outside option at the final
stage of bargaining, but this is immaterial; what matters is m, > m,. The AH model has been generalized to more
complex setups. For instance, Antras & Helpman (2008) allow for a given continuum of material inputs which falls
into two ranges of contractible and non-contractible tasks, respectively. Schwarz & Suedekum (2012) similarly allow
for a continuum of intermediate inputs, modeled on an interval of variable length which is endogenously determined by
the final goods producer. Although the entire continuum of intermediates is assumed non-contractible, it falls into two
subranges where the final goods producer relies on outsourcing and vertical integration, respectively, vis a vis multiple
input providers. For the purpose of this paper, the simpler version of the model originally proposed by Antras &
Helpman (2004) proves most useful. See Antras (2012) for a survey.



However, the model does not take a stance on relative fixed-cost advantages of different sourcing
strategies.

In stage one of the game, the headquarter’s choice of a sourcing strategy (h, j7) maximizes the excess
of its revenue share over the cost of the two necessary inputs, subject to a participation constraint for
the input supplier, and net of the fixed cost F},;. In order to nail down this choice, Antras & Helpman
(2004) make three further assumptions: i) A Cobb-Douglas technology for final goods production, ii)
a uniform and constant perceived price elasticity of final goods demand, and iii) a zero ex ante outside
option of the input supplier. We write I1(¢, m;n, #) for the headquarter’s maximum operating profit,
where 717 denotes the elasticity of final output with respect to the headquarter service, usually referred
to as the headquarter intensity, and 6 denotes the firm’s total factor productivity, respectively. The
headquarter’s sourcing strategy is then dictated by

H}L%X{H(ghamj;nve) - th}' (1)
Antras & Helpman (2004) show that under the above assumptions the maximum operating profit for

the headquarter emerges as
L(Cn, my5m,0) = Z (0, my3m)0°~ ", (2)

where ¢ = 1/(1 — ) > 1 denotes the perceived price elasticity of demand for final goods (in absolute
value), and where

Z(ln,myin) = Al = amjn — ol —my)(1 = n)]C(Ch, mj;n), 3)
Clln,myim) = [m] (0 (1 —my)) 7", (4)

In these definitions, A captures the size of the market,5 while the term C*/1=2) denotes the minimum
unit cost function dual to the Cobb-Douglas technology for the final goods production. Notice,
however, that in this term the costs of the two inputs are “inflated” by the hold-up problem. Thus,
normalizing the unit cost of producing the headquarter service to 1, the entire headquarter cost enters
the Cobb-Douglas minimum unit cost function in (4) with a value equal to 1/m;, and accordingly for
the manufacturing component with a value of (1/4;)/(1 —m;).”

Obviously, the decision rule in (1) requires a discrete comparison of the operating profit for ¢;, =
Lq,Ly and m; = m,, m,. Our principal focus in this paper lies on the equilibrium sorting pattern across
firms differing in productivity levels 6, and across industries differing in the headquarter intensity of
production 7. We follow Mrazowa & Neary (2011) in describing the sorting mechanism in terms of
supermodularity. Supermodularity captures a complementary relationship between the effects of two
different variables on the maximum profit level as given in (2).

Definition 1. (a) A function H(g,q) is supermodular with respect to g and q, if and only if the
following relationship holds:

AgH(q1) > AyH(qo), for any q1 > qo, (5)

where AgH(q) = H(g1,q9) — H(go,q) for any g1 > go. The function H(g,q) is submodular, if
AgH(q1) < AgH(qo) for any g1 > go. (b) If H is twice differentiable, then supermodularity between
g and q 1s equivalent to Hgq > 0.

SMore specifically, if B is a market-size parameter, the term A may be written as B[(e — 1)/¢]* "

"Notice also that according (1) to the sourcing strategy is chosen so as to maximize the excess of revenue of the cost
of both inputs. This result derives from the assumption that input suppliers have a zero ex ante outside option, so that
the headquarter firm absorbs the supplier’s ex post profit by means of a suitable participation fee, which reduces the
value of the production relationship to the input supplier down to zero.



Obviously, if H is supermodular with respect to g and ¢, then —H is submodular with respect to g
and q.

In what follows, we apply this definition to AII(my;n,0) :=IL(£f, m;;n,0) —I(€q, m;; 1, 6) which
we shall call the location advantage of offshoring.® Remember that we have assumed ¢ ¢ > L4, which
implies AyII(mj;n,0) > 0, ie., a foreign cost advantage for the manufacturing component. In a
similar vein, we refer to A, I1(¢y;n,0) := I(Ly, my;n, 0) — I1(€h, mo;n, 0) as the incentive advantage
of vertical integration over outsourcing. As emphasized above, the AH model invokes the theory of
property rights in assuming that m, > m,. However, a key feature of the model is that the sign
of Ay, I1(4p;m,0) remains ambiguous. This is because the term Z (¢}, m;;n), while monotonic in ¢, is
non-monotonic in m. It will prove convenient to apply the above definitions of supermodularity also
to the function Z as given in (3), introducing A¢Z(mj;n) := Z(ly,my;n) — Z(Lg,mj;n) as well as
AnZ(lh;n) = Z(lh,my;n) — Z(lh, mo;m).

2.1 The location of sourcing

Checking for supermodularity of the functions II and Z now helps us to pin down the possible selection
patterns of firms that are generated by the model under different parameter constellations of n and
0. We first look at the location choice of sourcing.

Lemma 1. (a) Given ly > 14, the function I1 is supermodular with respect to the inverse unit cost of
the manufacturing component £ and the firm’s productivity 6. (b) For sufficiently high values of m;,
the function Z is submodular with respect to £ and the industry’s headquarter intensity 7.

Proof. (a) Supermodularity requires that 0[A,II(m;;n,0)]/00 > 0. We compute 0[A,II(m;;1,0)]/00 =
AyZ(mj;n)(e —1)0°2. We have assumed ¢ > {4, which implies that A,Z(mj;n) > 0. Recalling that
e > 1 completes the proof. (b) Submodularity of Z requires that 0[A,Z(m;;n)]/0n < 0. We rely
on intuition for the proof. AyZ(m;;n) measures the profit advantage that derives from producing the
manufacturing component abroad, given £y > {3 which means that the manufacturing component is
cheaper to produce abroad than at home. This advantage is equal to A[1 —am;n —a(l —m;)(1—n)]
times the cost advantage in terms of the cost function C(-) introduced in (4) above. In percentage
terms this cost advantage is equal to 1 — n times the percentage difference in the manufacturing cost
between home and foreign. Hence, given ¢;, and £y, this is falling in 7. This is the direct cost effect
of a higher . However, a change in 7 also has strategic implications that derive from the hold-up
problem captured by the bracketed term in 3. The marginal derivative of that term with respect to
n is a(l — 2m;), which is negative if m; > 1/2. Given the aforementioned direct cost effect, this is
certainly sufficient for submodularity as in part (b) of the lemma, but the critical lower bound of m;
is lower than 1/2. O

Part (a) of the lemma is straightforward. So is the direct cost behind part (b), which implies that
a low value of n and thus a high elasticity of output with respect to the component input in effect
leverages the cost advantage. But from the headquarter’s perspective this cost advantage is watered
down by a low ex post revenue share, hence the direct cost effect only dominates for a sufficiently
high value of m;. From the first part of Lemma 1, the assumed location advantage of offshoring is
magnified by a higher productivity. We depict this magnification effect in figure 1, plotting the fixed
cost disadvantage of offshoring, AyF; := Fy; — Fy;, on the vertical axis and a measure of the firm’s

8 A negative value of A,II(m;;n, #) implies a location disadvantage of offshoring, or, equivalently, a location advantage
of domestic sourcing.
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Figure 1. The location advantage of offshoring

productivity level, © := #°~!, on the horizontal axis. The solid straight line is a demarcation line that
separates value combinations for AyF; and © where the decision rule (1) leads the headquarter to
choose offshoring (to the south-east) and domestic sourcing (to the north-west), respectively. The line
holds for a specific headquarter intensity n;. Given supermodularity of the maximum profit function
with respect to ¢ and 6, this demarcation line is rising in ©, with a slope given by A,Z(m;;n1). Part
(b) of the above lemma implies that, for a sufficiently low value of m; this line rotates clockwise with
an increase in the headquarter intensity. The reason for this is that the location choice applies to the
manufacturing component provided by the supplier, not to the headquarter’s service input. Hence,
the foreign unit cost advantage is more “valuable” for low than for high values of the headquarter
intensity.

What does this figure tell us about firms selecting themselves into different locations of sourcing.
Obviously, no selection arises if A,F; < 0, which implies a fixed cost advantage of offshoring. Given
supermodularity as established in Lemma lemma:modularity-ell there is a unique industry-specific
critical productivity level ég(mjm, A¢Fj) which solves A dI(mjn1,0) = AgF;. If positive, the critical
value of 0 serves as a selection criterion for the location choice with respect to a firm’s productivity
level. Firms with productivities above ég(mj; 71) choose offshoring as their optimal sourcing strategy,
while firms with productivities below this threshold go for domestic sourcing. We summarize this
sorting result in the following proposition.

Proposition 1. (a) Any foreign location advantage for the manufacturing component is magnified by
the firm’s productivity level. (b) This magnification effect is the stronger, the lower the headquarter
intensity of production. (c) Given that ly > lq, if there is selection with respect to the sourcing loca-
tion, then firms with a productivity level above (below) a certain threshold level will choose offshoring
(domestic sourcing). (d) This threshold level is increasing in the headquarter intensity of produc-
tion. (e) Statements (a) through (d) apply separately for both types of ownership structure, vertical
integration and outsourcing.

Proof. Follows from Lemma 1. O
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Figure 2. Threshold value of n according to lemma 2.

2.2 The organizational form of sourcing

The organizational form of sourcing determines the bargaining position of the headquarter, once the
two inputs have been produced. Vertical integration affords the headquarter an enhanced outside
option when having to negotiate about ex post revenue sharing. It therefore implies a higher ex
post revenue share accruing to the headquarter, m, > m,.? Thus, vertical integration enhances the
headquarter’s incentive at the expense of the component supplier’s incentive in stage two when the
two agents invest in input production.

Intuitively, maximizing the revenue from the production relationship requires that the headquar-
ter’s (supplier’s) incentive should be aligned with the importance of the headquarter service (the
manufacturing component) in production of the final good, measured by the headquarter intensity 7.
Antras & Helpman (2004) show that for any given value of 7 there exists a unique value m*(n) that
maximizes the value of Z appearing in the maximum profit function given in (2) and defined in (3)
above. This relationship features m*’ > 0, because a larger n makes incentivizing the headquarter
more important, relative to incentivizing the input supplier.

However, m cannot be chosen at will. The institutional environment constrains the choice to two
specific values for the ex post headquarter share of revenue, m, and m,, with m, > m,. This is of
special relevance, because the function Z(¢, m;n) and thus the maximum profit function IT as defined
in (2) is non-monotonic in m. This is implied by the relationship m*(n). The incentive structure of
this complex situation may be characterized succinctly by the following lemma.

Lemma 2. (a) Given the “ownership parameters” (mq, my,), there is a unique threshold level 7j(mg, my)
of the headquarter intensity of production, such that the mazimum profit function II as defined in (2)
is supermodular with respect to m and the firm’s productivity, 0, if n > 1(me, my), while submodu-

9This invokes the theory of property rights as pioneered by Grossman & Hart (1986); for more details see Antras &
Helpman (2004).



larity obtains for n < 1(mey, my). (b) The function Z is supermodular with respect to m, > m, and
n for values of n such that Nmin < N < Nmaz, Where Nmin is defined through OI1(¢y, me;n,0)/0n =
OL(ly, my;n, 0)/0n for n < 1(me, my) and Nmas s defined by this same equality for n > 7(me, my).

Proof. The proof is illustrated figure 2 and by figure 3, which reproduces m*(n) from Antras &
Helpman (2004) and adds Z-lines for three distinct values of 1.1 We first proof that a unique
value of 7j(m,, m,) exists for any pair of “ownership parameters” (m,,m,). Define 1, = m* ™1 (m,)
and analogously for 7,. We have 7, < n,, since m, < m, and m*(n) is monotonically increasing.
Then, by definition of m*(n) as maximizing profits II, we have I1(¢p,, mo; 10, 0) > IL(Lp, my; 10, 6) and
(¢, my;ny, 0) > (L, mo; ny, 0). Specifically, we have I1(¢p,, mo;n, 0) < IL(Ly, mo; 1o, 0) for all n > n,
and II(¢p, my;n, 0) < T1(€y, my; 1y, 0) for all n < n,. From this it follows that there is a unique value
7(me, my) such that [l my; 7(me, my), 0] = Ul my; 7(me, my), 0]; see figure 2. From figure 2 and
the upper half of figure 3 it is clear that A, Z(¢n;n) :== Z(ln, my;n) — Z(€y, mo;n) is increasing as we
move from 7n; to n2 > n;. This is indicated by the dashed arrows. The same holds true for a change
from any 7 < 72, whereby we must note that A,,Z(¢y;n2) = 0. By the same token, A,,,Z(¢y;n) is
falling as we move from any 1 > 79, such as 73, down to 72 < n3. This is highlighted this by dotted
arrows. It is obvious from these figures that for 7 values satisfying 7, < n < 1, I[AnZ(lh;n)]/0n > 0.
The same holds true for values just marginally outside this interval, but a little reflection reveals that
there exist values Nmin and Nmq., that define a larger range for which supermodularity of Z as in part
(b) of the lemma. Part (a) of the lemma follows from the fact that the aforementioned threshold
value 7(m,,, m,) is unique. O

As with the location choice of sourcing, we now apply Lemma 2, in order to identify the selection
pattern of firms with respect to the organizational form of sourcing. It results from an interplay
between m and 7. Figure 4 highlights possible selection patterns. The upward-sloping solid line
identifies combinations of firm productivity © and the fixed cost disadvantage of vertical integration
Ay = Fpy — Fpo for which the headquarter firm is indifferent between vertical integration and
outsourcing, given a headquarter intensity equal to 1y > 7(me, m,). This is the case of supermodu-
larity of II with respect to m and 0. Due to a relatively high headquarter intensity and m, > m,,
vertical integration is the preferred incentive structure. The slope of this line, equal to A,,Z(¢y;12)
measures the extent of the incentive advantage of vertical integration. However, if there is a fixed cost
disadvantage of vertical integration, it will not be attractive for all firms. Vertical integration will in
fact be chosen only for parameter combinations to the right and below the solid line in the top half
of the figure. From the second part of Lemma 2, we know that the demarcation rotates clock-wise as
the headquarter intensity of production 1 increases. It is a horizontal line for n = 77(m,, my).

For each headquarter intensity, we may thus again identify a unique industry-specific critical
productivity level ém(ﬁh, 1, Ay Fy) solving A 114y, 1, 0) = A, F. In headquarter-intensive industries
with > 7, firms with productivities larger than ém(ﬁh,n, A, Fy) choose vertical integration as
their optimal sourcing strategy, while firms with productivities below this threshold go for domestic

sourcing. The opposite holds true for the case of component-intensive industries with n < 7.

10Given that either input is essential, Z takes on a value of zero for the two extreme values of m = 0 and m = 1. The
slope of any such Z-line approaches infinity as m converges to zero; and it converges to minus infinity as m converges to
1. This follows from the assumed Cobb-Douglas technology which implies that the marginal productivity of any input
approaches infinity as the quantity of this input converges to zero (Inada condition). In the neighborhood of m = 0 the
slope of the Z-line is lower for a higher value of 7. The intuition is that the effect of disincentivizing the component
supplier (through a higher m) weighs less heavily if the headquarter intensity is larger. The same reasoning applies,
mutatis mutandis, for the slope of the Z line in the neighborhood of m = 1.
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Figure 3. Incentive advantage of vertical integration and headquarter intensity

Proposition 2. (a) For given ownership parameters (my,my,), if there is selection with respect to the
ownership structure of sourcing, then there is a threshold value of the headquarter-intensity 1(my, my),
such that in industries with n > 7(me, my) high-productivity firms choose vertical integration and low-
productivity firms choose outsourcing. The opposite holds true with respect to selection in component-
intensive sectors with n < 7(mey,my). (b) The higher the headquarter intensity, the stronger the
magnification effect of a firm’s productivity level on the incentive advantage of vertical integration. (c)
The opposite holds true for the magnification effect of a firm’s productivity on the incentive advantage
of outsourcing. (d) All statements apply separately to domestic and foreign sourcing.

Proof. Follows from Lemma 2. O
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Figure 4. The incentive advantage of integration and outsourcing

3 Micro-level survey data on sourcing and productivity in the panel

In this section, we provide a short description of the firm-level survey data that we employ in our
empirical analysis, and we briefly describe our performance measure at the level of the firm.!' The
data source is “Encuesta Sobre Estrategias Empresariales” (ESEE), an annual survey of roughly 2,000
manufacturing firms in Spain.'? It is arranged by “Sociedad Estatal de Participaciones Industriales”,
a Madrid-based public foundation.!> To date the ESEE covers a representative panel of Spanish
manufacturing firms for the years 1990-2009. Its panel structure allows us to track manufacturing
firms and industries in Spain over a relatively long time span. The selection of surveyed firms follows
a two-way sampling scheme. Survey questionnaires are sent out to all firms employing more than
200 workers and to a subset of firms employing between 10 and 200 workers. Firms in this subset
are randomly drawn from each of a total of 80 independent strata which are defined in advance
for combinations of industries and size groups. The survey distinguishes 20 different industries,
each comprising a number of products at NACE-2009 level, and four different size groups for firms
employing between 10 and 200 individuals.'* Given the sampling properties of the survey, we are
able to emulate a random sample at the level of individual industries and the manufacturing sector at

"More detailed information on the data along with a stylized picture of sourcing heterogeneity among Spanish
manufacturing firms can be found in Kohler & Smolka (2011).

12The English translation is “Survey on Business Strategies.”
13Detailed information on the foundation’s history and activities are available at http://www.funep.es.

“Table B.1 in the appendix gives the full list of manufacturing industries considered in the survey. Before the year
2009, firms have been classified into industries according to the older NACE-1993 classification. We have used relevant
concordance information provided by the SEPI foundation where necessary to correct for this change in industrial
classification.
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large for each year by weighting each observation by the inverse of its probability of being sampled.'®

A unique advantage of the Spanish firm-level data, compared to others used in the literature on
firm selection, is that, starting in 2006, they allow us to compute the values of intermediate inputs
acquired through each of four sourcing channels featured by the hold-up model described above. As
will become evident below, these channels nicely fit into a firm’s four-way sourcing problem of choosing
among foreign integration (F'I), foreign outsourcing (F'O), domestic integration (DI), and domestic
outsourcing (DO), as suggested by Antras & Helpman (2004, 2008). The categorization of firms
regarding their sourcing strategies relies on the following questions in the survey questionnaire.'6

e Of the total amount of purchases of goods and services that you incorporate (transform) in the
production process, indicate — according to the type of supplier — the percentage which these
represent in the total amount of purchases of your firm in [year|.

(a) Spanish suppliers which belong to your group of companies or which participate in your
firm’s joint capital. [yes/no] / [if yes, then percentage rate]

(b) Other suppliers located in Spain. [yes/nol/[if yes, then percentage rate]

e For the year |year|, indicate whether you imported goods and services that you incorporate
(transform) in the production process, and the percentage which theses imports — according to
the type of supplier — represent in the total value of your imports. [yes/no]

(a) From suppliers which belong to your group of companies and/or from foreign firms which
participate in your firm’s joint capital. [yes/no|/[if yes, then percentage rate]

(b) From other foreign firms. [yes/no|/[if yes, then percentage rate]

Answers to these questions can be combined with available information on total purchases and imports
in order to compute for each firm in each of the years 2006, 2007, 2008, and 2009 the value of
intermediate inputs acquired from a related party and, separately, from an outside supplier, both at
home and abroad. Notice that, given the framing of the above questions, values of intermediate inputs
reported to be obtained from related parties may refer to subsidiary firms, parental firms, or both.
This distinction carries some relevance, especially because surveyed firms could be bound to confer
the control over their sourcing decisions to a related party, provided this party has a controlling stake
in the reporting firms’ joint capital. Fortunately, we can control for the participation rate of other
companies in the firm’s joint capital, since that this information is also available in our data.

A pivotal variable in our regression analysis is a firm’s relative productivity level in a given indus-
try. It is well-known by now that firm-level estimates of total factor productivity (TFP) are often
plagued by biases originating in endogenous selection into markets, simultaneous choice of input fac-
tors, omitted firms’ input and output prices, and endogenous product mixes. As is standard in the
literature, we apply the Olley & Pakes (1996) estimation algorithm in order to estimate sector-specific
production functions. From these estimates we can recover each firm’s total factor productivity level
as a firm-specific, time-variant characteristic, computed as deviations from estimated industry-level
productivities. The Olley & Pakes (1996) estimation algorithm takes care of the selection bias and
the simultaneity bias.

5More information on the survey and its sampling properties are available in English from SEPI’s website at
http://www.funep.es/esee/en/einfo_que_es.asp.

The survey questionnaire is distributed in Spanish and, separately for each survey year, downloadable at
http://www.funep.es/esee/sp/svariables/indice.asp.
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We employ the ESEE firm-level data from 2000-2009 in applying the Olley & Pakes algorithm,
using annual information on each firm’s real output, real investment, real capital stock, real purchases,
labor employment, and exit decisions. Real output is the total production value plus other operating
income, expressed in terms of prices of the year 2000. We deflate production values and other types of
operating revenue by combining firm-level information on goods price variations from the ESEE with
an industry-level price index from the INE for years with missing data. Using goods price variations at
the level of individual firms is important to avoid estimation biases stemming from firm-specific mark-
up pricing, firm-specific demand shocks, or firm-specific market access; see Klette & Griliches (1996)
and De Loecker (2007). Real investment is the total investment value in real estate, constructions,
and equipment, deflated with an industry-price index from the Spanish National Statistics Institute
(INE). The real capital stock is the reported value of real estate, constructions, and equipment, net
of depreciation, and deflated with an industry-price index from the INE. Similarly for real purchases
which are defined as the total expenditures on intermediate inputs and external services. Labor
employment is measured by effectively worked hours, which reduces the possibility of measurement
bias, relative to standard measures used in the literature. FExit decisions of firms are also reported
in the data, which is important in order to distinguish between firms shutting down production and
firms staying in the market but exiting the ESEE panel.

4 Heterogeneity in firms’ global sourcing activities

As we have argued in the introduction, little is known about the sourcing behavior of individual firms,
especially when it comes to time-variant information in the panel. Innumerable papers have been
published discussing performance gaps between exporting and non-exporting firms, some dealing with
differences between offshoring and non-offshoring firms. This section follows a descriptive approach to
generate new insights into the pervasive heterogeneity in firms’ global sourcing activities. The panel
dimension in our data set allows us to document recent trends in the global sourcing behavior of
firms and investigate the prevalence of firms switching in and out of global sourcing modes over time.
Furthermore, we show that certain types of sourcing strongly correlate with a number of important
firm-specific variables such as sales, capital intensity, and productivity, to name just a few.

Table 1 reports the prevalence of certain sourcing activities in the Spanish data for two different
years, 2006 and 2009, separately for two types of firms: small firms with at most 200 employees and
large firms with more than 200 employees. We define sourcing activities in a mutually inclusive way,
such that a single firm may count for more than one sourcing group due to multiple ways of sourcing.
The first four rows from above distinguish among four sourcing activities: domestic sourcing, foreign
sourcing, outsourcing, and integration. There is a fifth group of firms which we refer to as non-
sourcing. These firms report zero volumes for input sourcing under the relevant question asked in the
survey questionnaire. We find that in terms of location choice domestic sourcing activities are the
most common in the data. More than 90% of firms source inputs domestically, independently of the
year and the firm size group. When it comes to the ownership structure of input sourcing, the same
statement applies to outsourcing activities. By contrast, foreign sourcing activities are reserved for a
significantly lower share of firms. One third of small firms and two thirds of large firms pursue foreign
sourcing. As to the choice of ownership structure of input production, less than one quarter of small
firms use an integrated sourcing mode, while the corresponding number for large firms is about one
half.

Another important finding in table 1 is that the use of all mentioned sourcing activities has seen
an increase from the year 2006 to 2009. This increase applies to both small firms and large firms to a
similar extent. For example, the share of firms going for an integrated sourcing activity has gone up
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by 10%-points for both groups of firm size. For foreign sourcing activities, the corresponding share of
firms has risen by 4.9%-points in case of small firms and by 3.7%-points for large firms. The changes
in the shares of domestically sourcing and outsourcing firms are less pronounced, but these are almost
universally applied activities anyway. We interpret the trends in the numbers as an indication for the
oft-cited growing fragmentation and diversification of production.

In table 1, we also look at each of the four combinations of the two sourcing dimensions (choice
of sourcing location and choice of ownership structure), distinguishing among domestic outsourcing,
domestic integration, foreign outsourcing, and foreign integration. We see that domestic outsourcing
is by far the most widely used sourcing activity (> 90% of firms), with foreign outsourcing ranking
second (one third of small firms and two thirds of large firms). Domestic integration is a less common
phenomenon. Yet, its use has experienced the sharpest increase over the years among small firms,
starting out from below 10% in 2006 and surpassing a level of 20% in 2009. Foreign integration is
a very rare sourcing activity, at least for small firms. In fact, for both integrated sourcing modes
(domestic and offshore), the fractions of large firms are significantly larger than those of small firms.
The use of all four sourcing modes is subject to a clear upward trend. This is also reflected in the
average number of sourcing modes used by firms. From 2006 to 2009, this number has risen from 1.3
to 1.5 for small firms and from 2.1 to 2.3 for large firms.

<<Table 1 about here>>

Table 2 looks at firms adjusting their sourcing strategy over time. We compute the numbers of
switching moves for certain sourcing activities, relative to the maximum number of switching moves
between 2006 and 2009. We do so separately for small and large firms, and for switching moves
into a certain activity (columns (I) and (III)) and those out of a certain activity (columns (II)
and (IV)). By analogy to table 1, the first four rows distinguish among domestic sourcing, foreign
sourcing, outsourcing, and integration. This is followed by the combinations domestic outsourcing,
domestic integration, foreign outsourcing, and foreign integration. We find that switching moves are,
in general, neither pervasive nor irrelevant. Most of them are found for foreign sourcing activities,
and in particular foreign outsourcing. For example, over the period considered, in close to 13%
of all possibilities, small firms have changed their foreign outsourcing status from one period to
another. More specifically, in 6.7% of all possibilities, this change has taken the form of switching
into the foreign outsourcing activity. In 5.9% of all possibilities, it has been a move out of the foreign
outsourcing activity. Slightly larger numbers are obtained for large firms. Fewer switching moves are
found for integrated sourcing activities of small firms, and especially for those abroad. In 1.6% of all
occasions, small firms report a move into the foreign integration activity or out of it. For large firms,
the data report a significantly higher incidence of this type of changes in the sourcing status over
time. The fraction of firms changing at least one of their sourcing activities once is relatively high,
amounting to one third in case of small firms and one half in case of large firms.

<<Table 2 about here>>

Table 3 reports estimates of what we call sourcing premia with respect to various firm characteris-
tics. With the term sourcing premia we refer to mean differences in a number of relevant firm-specific
variables (denoted by Y'), depending on where (domestic versus foreign economy) and how (integrated
versus outsourced production) firms organize their intermediate input production. The numbers in
table 3 are estimated coefficients of a firm-and-time-specific sourcing group identifier, SOURCINGy;,
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in pooled regressions (2006-2009) of the following form:
In(Y;;) = bo+ b1SOURCING;; + boINDUSTRY + b3YEAR + b4 INDUSTRY x YEAR
+eit (6)
or
In(Yi) = bo+ b;SOURCING;; + b2 INDUSTRY + b3YEAR + by INDUSTRY x YEAR
+bsEXPORTy; + ey, (7)

depending on whether or not we condition on a firm’s export status. The subscripts 7 and ¢ index firms
and years, respectively, INDUSTRY is a vector of industry dummies (see table B.1 in the appendix
for a list of industries), YEAR is a vector of year dummies, EXPORT}; takes on the value one if firm
1 exports in year ¢ and zero otherwise, and e; is an independent error term with zero mean. The
dummy variable SOURCING;; indicates membership of firm ¢ at time ¢ in one of two (pre-defined)
sourcing groups. As we explain shortly, the definition of a sourcing group depends on the exact
sourcing premium we are interested in.

Estimation of sourcing premia is somewhat more involved than estimation of the well-known ex-
porter premia, for two reasons. First, we distinguish among four sourcing modes instead of two
markets (foreign versus domestic). Second, firms engaging in multiple-mode sourcing are the rule
rather than the exception; see Kohler & Smolka (2011) for details. Hence, we need to put some
structure on the analysis. The left panel in table 3 looks at differences between outsourcing firms
(SOURCING;; = 0) and firms opting for integration, in addition to outsourcing (SOURCING;; = 1).17
It does so separately for foreign sourcing (upper-left corner) and domestic sourcing (lower-left cor-
ner)'® and for small firms and large firms. The right panel proceeds analogously for firms restricting
themselves to domestic sources (SOURCING;; = 0) and those sourcing inputs from abroad, in addi-
tion to sourcing domestically (SOURCING;; = 1).!% We distinguish between intra-firm acquisition
(upper-right corner) and arm’s length acquisition (lower-right corner).

The estimated sourcing premia are informative as to the extent of firm heterogeneity in sourcing
activities in relation to some key performance measures of firms (total sales, total employment, total
equity, labor productivity, total factor productivity) as well as variables of factor intensity (capital
intensity, skill intensity).?’ Given that we include a comprehensive set of industry dummies, year
dummies, and industry-and-year dummies in the regressions, these premia are purged from any time-
invariant as well as time-variant cross-industry differences. The general picture we obtain from this
exercise is that virtually all firm characteristics employed vary systematically with a firm’s sourcing
group membership, and they do so in a pronounced way. Such variations follow certain patterns to
be discussed below and cannot be explained by firms’ exporting activities alone.

<<Table 3 about here>>

We start out by looking at differences between integrating and outsourcing firms; see columns
(I) to (IV). The robustly significant positive sourcing premia indicate that firms which operate an

"Note that this definition excludes “pure” integration firms, which are very rarely observed in the data.
180ffshoring firms are excluded for the case of domestic sourcing.
19This definition excludes “pure” foreign sourcing firms, which are, again, rarely observed.

29For a definition of these variables, see table B.2 in the appendix.
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integrated input production structure are larger (in terms of sales, employment, and equity) and more
productive (in terms of labor productivity and total factor productivity) than those which do not.
With few exceptions, these results hold true for both sourcing locations (abroad and at home), both
groups of firm size (> 200 or < 200 employees) and irrespective of a firm’s export status. Similar
differences are found with respect to firms’ capital and skill intensity, but here the pattern appears
to be less stable than that for the above-mentioned size and productivity measures.

We find particularly large differences in the size of integrated firms. Their sourcing premia in terms
of total sales range between 80% and 100% for small firms and between 35% and 50% for large firms.
In general, the estimated size premia of integration relative to outsourcing are larger for offshoring
than for non-offshoring firms. Conditioning on export status, in turn, makes a surprisingly little
difference. Robustly significant sourcing premia in the vicinity of 20%-25% are found for small firms’
labor productivity and total factor productivity, while those for large firms are smaller in magnitude
(=~ 10%) in case of foreign sourcing or insignificant in case of domestic sourcing.

Next, we turn to the differences between firms sourcing inputs offshore and those sourcing inputs
domestically; see columns (V) to (VIII). First and foremost, there is a significant size premium for
offshoring firms relative to non-offshoring firms, whether the input production structure is integrated
or outsourced. In general, this size premium is not homogeneous across the two firm size groups or the
two ownership structures of input production, but it survives if we condition on a firm’s export status.
It is largest for small firms purchasing inputs via arm’s length transactions, fluctuating between 60%
and 120%, depending on the precise size measure. A further result we obtain from estimating sourcing
premia is that firms outsourcing abroad are more skill intensive, more capital intensive, and more
productive than their domestic peers, at least if we look at the group of small firms. For the group of
firms sourcing intra-firm abroad, the picture is somewhat less clear but points into a similar direction.

The bottom line is that both dimensions of firms’ sourcing decisions (choice of ownership structure
and choice of sourcing location) are significantly correlated with important performance measures of
firms. Two findings stand out. First, firms operating an integrated input production structure perform
better than those which do not. This holds true for both sourcing locations. Second, firms obtaining
inputs from offshore perform better than those which do not. This holds true for both ownership
structures. Our integrated view on the two sourcing dimensions allows us to form expectations on
the self-selection behavior of firms and the estimation of ex-ante sourcing premia, as we will argue
below.

5 Self-selection into global sourcing modes

The correlations between sourcing strategies and firm performance found in the previous section
suggest some selection behavior of firms. They can be thought of as being broadly consistent with
theory, if we are willing to assume a positive incentive advantage of vertical integration (offshoring),
coupled with higher fixed costs for vertical integration (offshoring) relative to outsourcing (domestic
sourcing). However, the correlations do not lend themselves to ready conclusions about the direction
of causality. This section takes the analysis a step further into this direction. More precisely, we
ask whether the sourcing premia reported above derive, at least partly, from ex-ante performance
differentials of firms making a choice for the one or the other sourcing mode ez-post. Identification
comes from switching behavior of firms belonging to the same sourcing group initially but changing
their sourcing group status over time.

Taking our theoretical considerations in section 2 and our estimation in section 4 into account, we
expect sufficiently large changes in productivity to induce firms to change their sourcing group status
over time. This section takes a closer look at the values of a variety of relevant firm characteristics
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and subsequent sourcing behavior of firms. We ask whether differences in initial firm characteristics
can explain why some firms belonging to the group of outsourcing firms switch into the integration
mode while others do not. We take a separate look at this question for each sourcing location (abroad
and at home). Along the same lines, we then ask whether such differences can also explain the move
from the group of domestically sourcing firms into the group of offshoring firms. Again, we do so
separately for each ownership structure (integration and outsourcing). We call these initial differences
in firm characteristics exz-ante sourcing premia. In case of significant ez-ante sourcing premia, we
interpret the evidence as supporting the self-selection hypothesis. The Antras & Helpman (2004)
model suggests that firms endogenously decide upon their sourcing strategies, once their (exogenously
given) productivities are revealed. This chain of reasoning requires firms to self-select into the one
or the other location and organization of sourcing, which is a hypothesis that can be brought to our
data. As we have argued in the introduction, the literature so far lacks an empirical investigation of
the relevance of such self-selection behavior, at least as far as both the location and the organization
dimension of sourcing are concerned.

We start out by looking at the integration-versus-outsourcing decision. Since it is generally not
quite clear how fast firms can be expected to adjust their sourcing behavior over time, we test for
ex-ante differentials in the levels of certain firm-specific attributes and, separately, in their growth
rates in the year before a firm acquires inputs through intra-firm input acquisition for the first time.
In the case of foreign sourcing, we thus restrict our estimation sample to offshoring firms which
(i) never rely on foreign integration in the four consecutive years 2006-2009 or (73) which switch to
foreign integration over the period 2006-2009. In the case of domestic sourcing, the estimation sample
excludes all offshoring firms and restricts the sample further to firms which (i) never rely on domestic
integration in the four consecutive years 2006-2009 or (i) which switch to domestic integration over
the period 2006-2009. For our purposes, we set up two empirical models, the first of which reads as:

In(Y;) = bg+ biSOURCING;¢4+1 + b2 INDUSTRY + b3YEAR + by INDUSTRY x YEAR
+eit, (8)

where all variables except for the sourcing indicator are defined as in the previous section. Additional
specifications of this model also include a firm’s export status, EXPORT;;. The sourcing dummy
variable is equal to one in case firm ¢ switches to foreign integration at time ¢+ 1 for the first time, and
zero otherwise. The estimated parameter 1 can be used to compute the ez-ante sourcing premium
(in percent) of integrating firms relative to non-integrating firms, one year ahead of switching from
non-integration status to integration status. The second model is given by:

Y;
I ( }tfH) = b + b1SOURCING¢41 + boINDUSTRY + b3YEAR + b, INDUSTRY x YEAR,

it
“+eit, (9)

where other specifications again condition on a firm’s export status, EXPORT;;. In light of the
sourcing premia found in the previous section, we expect a positive estimated parameter 51 in both
models. We set up two completely analogous models for the estimation of ez-ante sourcing premia of
offshoring firms relative to domestically sourcing firms, separately for the two ownership structures of
production. The estimation samples are restricted accordingly. Again, we expect positive estimates
of (1, because offshoring firms have been revealed superior relative to non-offshoring firms by our
estimates reported in table 3.

For the ownership decision of sourcing, the regression results for equations (8) and (9), estimated
via ordinary least squares, are shown in columns (I) to (IV) of table 4. The upper panel gives
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the results for the foreign ownership choice, while the lower panel those for the domestic ownership
structure. We find significant and positive ez-ante sourcing premia in the levels of various measures
of firm size and firm productivity. Importantly, these are relevant for both sourcing locations and of
about the same magnitude as the sourcing premia reported for small firms in table 3.2! Conditioning
on a firm’s export status does not alter the conclusions either. This is clear-cut evidence in favor of
the idea that firms acquiring inputs through an integrated sourcing mode for the first time are ex-ante
significantly more productive and larger than firms which do not. This finding supports the notion of
firms self-selecting into an integrated production structure, although the regression analysis does not
permit the numbers to be interpreted in a strict causality sense. On the other hand, we see that the
er-ante growth rates of firm characteristics are not significantly correlated with ownership decisions
of sourcing.

Columns (V) to (VIII) of table 4 report the estimation results for the location decision of sourc-
ing. The upper panel gives estimated sourcing premia for offshoring firms acquiring inputs intra-firm
relative to non-offshoring firms engaging in intra-firm input acquisition.?? The lower panel does the
same for arm’s length input acquisition. In case of intra-firm sourcing, the results point towards a
significant ex-ante size premium (in levels) of offshoring versus non-offshoring firms, but there is no
significant ex-ante difference in productivity or other firm characteristics. As with the integration-
versus-outsourcing decision, there are no ezx-ante sourcing premia in the growth rates of size, produc-
tivity, or capital intensity, either. A more clear-cut picture emerges regarding the differences between
offshoring and non-offshoring firms in the case of arm’s length input sourcing. Here, we find robustly
significant and positive ez-ante sourcing premia (in levels) in all firm dimensions, a firm’s skill inten-
sity being the only exception. These premia survive if we condition on a firm’s export status. This
can again be interpreted as striking evidence in favor of the self-selection hypothesis. Yet, there is
again no robust evidence for significant differences in the growth rates of firm characteristics in the
run-up to the switching decision.

<<Table 4 about here>>

6 An empirical model of global sourcing

In spite of using industry fixed effects, our estimation of (ez-ante) sourcing premia above treats the
entire manufacturing sector in Spain as a single industry, ignoring cross-industry variation in a number
of dimensions. Most importantly, the headquarter intensity of production, 7, is deeply rooted in an
industry’s production technology and fundamentally shapes the industry equilibrium in the AH model.
In fact, as we have argued in the theory section, this parameter lies at the heart of the AH model
and can be used to empirically discriminate this model from other models of sourcing; see also Kohler
& Smolka (2011). In what follows, we estimate a simple linear model of firms’ sourcing behavior
derived from theory, separately for the ownership choice and the location choice of intermediate
input production. The model highlights the interaction between the productivity of the firm and the
headquarter intensity of the production process in shaping both choices. First, a higher headquarter
intensity increases a firm’s probability of sourcing inputs through an integrated production structure,
whether abroad or at home. This effect should be larger for firms with a higher productivity. At

2In the estimation of ez-ante sourcing premia, we consider all firms simultaneously and weight each observation by
the inverse of the probability of being sampled.

22Here the sample excludes foreign outsourcing firms but includes domestic outsourcing firms due to the high incidence
of this latter strategy in our data.
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the sectoral level, and under additional assumptions on the distribution of productivity, it is often
referred to as the Antras-effect in the literature. Second, a higher headquarter intensity decreases
a firm’s probability of offshoring, whether through integration or outsourcing. Again, this negative
effect should be larger for firms with a higher productivity. It is entirely novel to the literature and
requires mode-specific data on both domestic and foreign sourcing.

6.1 The ownership choice of intermediate input production

Consider the subset of either offshoring or domestic firms. A firm ¢ acquires its inputs through intra-
firm sourcing at time ¢, Vftf = 1, if maximum operating profits net of fixed organizational costs are
larger under integration than under outsourcing, II(l, my;n,0) — Fyy > (lh, me;n, 0) — Fre. This
can be expressed as:

(10)

it T

ho 1 if AmZ(lh; n)@it —ApFp >0
0 otherwise.

The term A,,Z(lp;n) captures the incentive advantage (or disadvantage) of integration. Suppose
ApZ(lp;n) > 0, meaning that there is an incentive advantage of integration which becomes magnified
through a firm’s productivity, ©;;. In this case, we should observe at least some firms sourcing their
inputs through an integrated production structure, acknowledging linearity in ©; and abstracting
from prohibitively large fixed costs. All firms should go for vertical integration, if A,,Fy < 0, i.e., if
outsourcing entails higher fixed costs than integration. However, if A,,F} > 0, we should observe a
productivity-dependent sorting pattern of firms according to which high-productivity firms select into
the integration mode and low-productivity firms into outsourcing. Carefully speaking, this equilibrium
structure is the one most visible in the data.

Given that the term A, Z(lx; 1) is monotonically increasing in the headquarter intensity of produc-
tion n, the incentive advantage of integration is an increasing function of 7. Given the multiplicative
relationship between A,,Z(ly;n) and ©;, there is a positive interaction between the headquarter in-
tensity of production and a firm’s productivity level. We explore this interaction in a non-structural
linear probability model (LPM)23, controlling for the fixed cost difference between integration and
outsourcing, A,,Fj. In industries with a relatively high headquarter intensity (n > 77), an increase
in a firm’s productivity should come with a higher probability of choosing vertical integration. In
industries with a low headquarter intensity (7’ < n), this effect should be smaller. For the knife-edge
case, ' = 17, it should be zero and for 1’ < 7, it should be negative. The LPM takes the the following
form:

Vi = Bobi—1 + B10i—1 X s + st + BXir—1 + % + it (11)

where 0,1 is firm i’s productivity at time ¢ — 1, 7 is the (time-invariant) headquarter intensity of
industry s, vs is an industry-and-time fixed effect, X;;_1 is a vector of time-varying firm characteris-
tics?, 7; is a firm fixed effect, p;; is a random error term with zero mean, and the 8s are parameters
to estimate. The dependent variable, Vz’g, takes on the value one if firm 7 acquires inputs from an inte-
grated supplier in period ¢, and zero otherwise. Firm productivity is estimated by the Olley & Pakes
(1996) algorithm. The headquarter intensity of production is approximated by an industry’s capital

23We revert to the simple LPM instead of more advanced non-linear estimation techniques for two reasons. First,
if industry fixed effects are controlled for, the interaction effect between the firm’s productivity and the industry’s
headquarter intensity is not identified in a Probit model. Second, the LPM allows us to straightforwardly control for
firm fixed effects by within-transforming the data.

24The vector includes a firm’s age, capital intensity, skill intensity, export status, and a four-valued ordered variable
indicating the largest proportion of other firms’ capital in the reporting firm’s joint capital (0%,0-25%,25-50%,>50%).
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intensity, computed as the weighted mean over all firms active in a particular industry. Similar proxy
variables are widely used in the literature, given that the headquarter intensity is not directly observed
(Antras, 2003). The industry-and-time fixed effects capture all time-variant as well as time-invariant
shocks affecting the ownership choice of sourcing, whether they are specific to industries or not. Most
importantly, they control for the difference in fixed costs between integration and outsourcing, as well
as the main effect of the headquarter intensity of production. The explanatory variables are given in
one-year lags to avoid simultaneity bias.

In light of our empirical results obtained so far, we conjecture that most industries feature high
headquarter intensities above the cut-off value 7. Hence, we expect a positive productivity effect in
regressions including productivity without the interaction term between productivity and the head-
quarter intensity. This expectation applies to both sourcing locations (foreign and domestic). The
more interesting expectation concerns the interaction effect. A significantly negative or insignificant
estimate of By plus a significantly positive estimate of 51 would be strong support for the AH model.
It would imply that a high productivity favors integration if and only if the headquarter intensity
is sufficiently high. This logic is turned upside down in industries with sufficiently low headquarter
intensities. Again, we want to stress that a key advantage of our data relative to existing literature
is that we can bring this proposition to the data independently for both sourcing locations.

We first estimate the model in equation (11) by pooling the data and applying OLS, assuming that
the firm fixed effect, ;, is uncorrelated with the other covariates. We do so separately for the set of
offshoring firms (ownership choice abroad) and the set of non-offshoring firms (ownership choice at
home).?5 Standard errors are clustered at the level of the firm. As is well-known, under the given set of
assumptions, the OLS estimator is asymptotically consistent but not efficient. Hence, we also estimate
a random effects (RE) model which is, under the same set of assumptions, the efficient estimator.
Both estimators, OLS and RE, use the between-variation in the data for parameter identification,
i.e., they rely on differences in the ownership structure and productivity across firms. This cross-firm
approach has the advantage that the variation in the variables of interest is large. However, it runs
into risk of introducing a potential omitted variables bias due to unobserved heterogeneity. This would
happen, if the firm fixed effect, ~;, is not random but instead correlated with the other covariates.
A common way of getting rid of the firm fixed effect is to within-transform the data and compute
all variables relative to the firm-specific mean value over time. Since the firm fixed effect is constant
over time, it is eliminated by the within-transformation. The so-called fixed effects (FE) estimator is
asymptotically consistent, whether the firm fixed effect is correlated with the other covariates or not.
If it is not, however, the RE estimator is more efficient than the FE estimator. Identification of the
parameters Sy and S; in the FE model comes from the within-variation in the data, i.e., from the
variation of ownership structure and productivity over time. A problem in our application is that the
short time span of our data (four minus one periods) implies relatively low variation in the variables
of interest over time. Hence, the FE model may suffer from a lack of sufficient identifying variation.
For the sake of completeness, however, we also report the results obtained from FE estimation.

Table 5 presents all estimation results of the model in equation (11). The upper panel gives the
results for the ownership choice of intermediate input production in the foreign economy and the lower
panel those for the ownership choice in the domestic economy. For each of the two panels, columns
(I) to (VI) report the OLS estimates, columns (V) to (VIII) the RE estimates, and columns (IX) to
(XII) the FE estimates. For each estimator, we first estimate the model without the interaction term
and then with the interaction term included (each version with and without the vector of firm-level

25This structure is dictated by the prevalence of multi-mode sourcing strategies; see table 1. The set of offshoring
firms includes firms sourcing domestically, but the set of non-offshoring firms does not include firms sourcing abroad.
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controls).?% As to the models without the interaction effect, we find a robustly significant and positive
effect of firm productivity on the probability of sourcing through an integrated production structure.
Our results apply to both sourcing locations and are qualitatively independent of the inclusion of firm-
level controls. The only exception is the FE model for the domestic location, where the estimated
coefficient is positive but insignificant.

<<Table 5 about here>>

In all specifications employed, the effect of productivity on the probability of sourcing inputs intra-
firm is somewhat larger for offshoring firms than it is for domestic firms, ranging between 10%-points
and 25%-points for a 1%-increase in total factor productivity. This is a quantitatively huge effect,
which confirms our expectations derived from the robustly significant and positive sourcing premia
obtained for integrated firms relative to outsourcing firms in previous steps of our analysis. It is also
in line with our belief that a significant share of firms operate in headquarter-intensive industries. It is
important to understand, though, that this positive productivity effect is independent of the relative
fixed costs of the two organizational forms of sourcing. More precisely, it is perfectly consistent with
a fixed cost advantage of integration as well as a fixed cost disadvantage of integration. The reason
is that the fixed cost difference is an additive term in inequality (10). It is thus controlled for in the
estimation through industry-and-time effects, even if this difference changes over time.

When it comes to the interaction effect between firm productivity and sectoral headquarter inten-
sity, we find a surprisingly clear and consistent picture. Across both models and all specifications,
estimates of the parameter fy (the main effect of productivity) have a negative sign and those of
B1 (the interaction effect) a positive sign. In most cases, we can reject the null hypothesis that the
parameters are equal to zero. Thus, our estimates point towards a significant positive interaction ef-
fect between firm productivity and an industry’s headquarter intensity, as suggested by theory.2” For
sufficiently headquarter-intensive industries, the effect of productivity on the probability of intra-firm
sourcing is positive, and vice versa for sufficiently component-intensive industries. This Antras-effect
is economically significant and found independently for both domestic sourcing as well as foreign
sourcing.

6.2 The location choice of intermediate input production

Consider now the subset of either integrating or outsourcing firms. A firm i acquires its inputs from
abroad at time ¢, AJ, = 1, if maximum operating profits net of fixed organizational costs are larger
abroad than at home, II(lf, m;;n,0) — Fy; > I1(lq, m;;1,0) — Fg;. This can be expressed as:

Al = (12)

1 if Ay Z(my;n)Oi — A F; >0
0 otherwise.

The logic behind the location choice of intermediate input production is similar to that of the own-

ership choice. If positive, the term A;Z(m;n) measures the location advantage of offshoring. High-

productivity firms get the most out of this advantage, due to the multiplicative relationship between

25To save on space, parameters of firm-level controls are not reported.

2"One exception is the FE model for the foreign sourcing location, but the point estimates of the parameters in the
FE model are relatively close to those in the RE model. We cannot apply the familiar Hausman test in order to provide
a formal test whether or not the differences are significant, because we weight each firm observation by the inverse of
the probability of being sampled.
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A1 Z(mj;n) and ©;. Hence, as with the previous model, we should observe at least some firms sourc-
ing their inputs offshore, if the fixed cost of offshoring are not too high. If, moreover, AjF; < 0,
all firms should opt for the foreign source, given that there is a fixed cost advantage of offshoring,
coupled with the location advantage. The high share of purely domestic firms in the data, however,
reject this type of parameter constellation right away. If, in turn, A;F; > 0, we should again observe
a productivity-dependent sorting pattern of firms with high-productivity firms sourcing abroad and
low-productivity firms sourcing domestically.

In what follows, we want to focus on the effect of the headquarter intensity 7 on the firm’s location
choice of sourcing. We know from above that the term A;Z(m;;n) is a decreasing function of the
headquarter intensity of production. In words, this means that the location advantage of offshoring
is less important in headquarter-intensive industries than it is in component-intensive industries.
Headquarter-intensive industries rely more heavily on headquarter services than on inputs provided by
a (domestic or foreign) supplier, relative to component-intensive industries. The location advantage
of offshoring, however, is irrelevant for the provision of headquarter services, which, by definition,
are provided domestically by the headquarter firm itself. Hence, the more headquarter-intensive
the production technology, the less important is the variable cost advantage of offshoring for the
production of the final good. This logic gives rise to a negative interaction between the headquarter
intensity of production and a firm’s productivity level, because the effect of (exogenous) changes in
1 on the location choice of input production is magnified by ©;;. This interaction is explored in the
following LPM: '

Al = Bobir—1 + Brbit—1 x s + st + BXi—1 + i + e, (13)

where Agt is equal to one for offshore input acquisition of firm ¢ at time ¢, and zero otherwise.
All other variables are defined as in the previous subsection. We may again speculate to expect a
positive productivity effect in regressions in which the interaction term between productivity and
the headquarter intensity is not included. This expectation derives from the large and positive
sourcing premia of offshoring firms relative to non-offshoring firms estimated above. It applies to both
ownership structures of input acquisition (integration and outsourcing). The interaction term, on the
other hand, is expected to feature a negative estimated coefficient, based on the above-mentioned
argument. To the best of our knowledge, this prediction has so far not been confronted with the data,
although it is an integral part of the full-fledged version of the AH model. Arguably, an empirical
test of this prediction permits a formidable way of checking the inner consistency of the model to an
extent that goes well beyond the existing empirical literature.

Table 6 reports the estimation results of the model in equation (13). The table is structured in
a way which is completely analogous to that of the previous subsection. The upper panel gives the
results for an integrated production structure, where all firms outsourcing abroad are excluded from
the estimation sample.?® The lower panel gives the results for an outsourced production structure,
where all firms sourcing intra-firm are excluded from the estimation sample. Without the interaction
term, the OLS and the RE model both report a positive and significant productivity effect on the
probability of offshoring for both ownership structures. This is perfectly in line with our expectations.
Maybe more importantly, it is consistent with the results reported in previous empirical papers on
offshoring, even though these do not estimate the productivity effect separately for the two ownership
structures, as we do here. In fact, we find that the productivity effect is way more pronounced for
the subset of outsourcing firms, with point estimates for the coefficient of the productivity variable
being as much as ten times as large as those for the subset of integrating firms. Certain doubts on the

28Restricting the sample to pure integration firms would reduce the sample size dramatically due to the large incidence
of domestic outsourcing.
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robustness of the positive productivity effect arise, however, because the fixed effects model reports
all insignificant effects, irrespective of the precise specification. This holds true also for the model
including the interaction term between firm productivity and the headquarter intensity of production.
That said, we should stress here again that the FE model makes high demand on the data, and that
one explanation for the poor performance of the FE model is the lack of sufficient variation in our
data over time.

Our exposition of the AH model guides us to expect a differential effect of productivity on a firm’s
probability of offshoring, depending on the industry’s headquarter intensity of production. This
expectation is strongly confirmed by the estimation results from the OLS and the RE model. In all
specifications employed, the main effect of productivity has a positive sign and the interaction effect
a negative sign. In the full model with firm-level controls, these effects are significantly different from
zero at reasonable levels of confidence. This pattern is independent of the ownership structure of
intermediate input production and can be interpreted as further evidence in favor of the AH model.

<<Table 6 about here>>

7 Conclusion

We have argued that the existing empirical literature on global sourcing strategies by heterogeneous
firms fails to provide a strict test of the hold-up model developed by Antras & Helpman (2004). Draw-
ing on recent work by Mrazowa & Neary (2011), we reframe this model in terms of the fundamental
properties of supermodularity and submodularity, respectively, between the key characteristics of a
sourcing strategy relating to the location and the ownership structure of input provision and a firm’s
productivity level. This sheds additional light on the fundamental mechanisms at work in driving
patterns of selection among heterogeneous firms into different sourcing strategies.

We then turn to an empirical analysis drawing on a unique firm level data set for Spanish manu-
facturing industries. The Spanish data allows us to identify sourcing activities that correspond very
closely to the theoretical model by Antras & Helpman (2004). We first describe key stylized facts of
this data set and then exploit its panel structure to identify true selection effects through econometric
estimation of ex ante sourcing premia. This is the first novel contribution of this paper to the existing
literature. Our findings corroborate the idea that firms self-select into global sourcing activities, a
fundamental presumption in the hold-up model of global sourcing.

The second part of our empirical analysis then turns to a discrete choice model of sourcing. Based
on our novel representation of the AH model, we translate the theory into a linear probability model
explaining observed global sourcing activities by the interaction of the firm’s productivity level with
the industry’s headquarter intensity. This part of our empirical analysis provides empirical support
for the hold-up model of global sourcing which goes well beyond what has been obtained in the
existing empirical literature.

Figures and tables
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Table 1. Prevalence of sourcing activities and changes over time, 2006,/2009

Small firms Large firms

2006 2009 A 06/09 2006 2009 A 06/09

M (1) (1) () v) (V1)
Domestic sourcing 91.2 93.5 +2.3 92.1 95.1 +3.0
Foreign sourcing 31.6 36.5 +4.9 66.4 70.1 +3.7
Outsourcing 91.5 94.4 +2.9 93.4 95.8 +2.4
Integration 11.0 22.8 +11.8 48.4 57.8 +9.4
Non-sourcing 7.5 5.0 -2.5 3.0 2.1 -0.9
Domestic outsourcing 90.2 92.8 +2.6 88.9 93.2 +4.3
Domestic integration 8.8 20.1 +11.3 35.0 40.0 +5.0
Foreign outsourcing 30.6 35.9 +5.3 62.0 66.3 +4.3
Foreign integration 3.2 4.4 +1.2 23.8 29.0 +5.2
Average number of sourcing modes 1.328 1.532 +0.204 2.096 2.284 +0.188

Columns (I), (II), (IV), and (V) give the percentages of firms in the various sourcing categories. All percentages are of the total
number of firms in the respective size category. Columns (III) and (VI) give the percentage point changes from 2006 to 2009.
A single firm may show up in more than one sourcing category due to multiple ways of sourcing. Large firms employ more than
200 workers. The last row gives the average number of sourcing modes per firm.
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Table 2. Switching moves and fraction of switching firms, 2006-2009

Switching moves

Small firms Large firms

In Out In Out

@) an (1) Iv)
Domestic sourcing 3.0 2.8 2.8 2.1
Foreign sourcing 6.5 5.8 7.5 6.3
Outsourcing 3.1 2.5 2.3 1.6
Integration 1.9 1.7 6.4 4.1
Domestic outsourcing 3.4 3.0 4.0 29
Domestic integration 1.4 1.4 4.7 4.2
Foreign outsourcing 6.7 5.9 8.2 6.7
Foreign integration 0.8 0.8 5.6 3.4
Fraction of switching firms (2006-2009) 32.3 47.5

This table gives for each sourcing category the fraction of sourcing decisions deviating from those in the
previous period. All percentages are of the total number of possible changes in sourcing status over the
period 2006-2009. “In” refers to a firm’s decision to make use of a sourcing channel which it had not used
in the previous year. “Out” refers to a firm’s decision not to make use of a sourcing channel which had used
in the previous year. Large firms employ more than 200 workers.

The last row gives the share of sampled firms changing at least one of their sourcing channels at least once
in the period from 2006 to 2009.
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Table 3. Firm heterogeneity in location and ownership decisions of input acquisition (pooled 2006-2009)

Integration versus outsourcing

Offshore versus domestic sourcing

Unconditional Conditional on export status Unconditional Conditional on export status

Small firms Large firms Small firms Large firms Small firms Large firms Small firms Large firms

@ (I1) (I11) av) V) (VI) (VID) (VIII)
Abroad Intra-firm
Total sales 1.063 0.445 0.900 0.431 Total sales 0.492 0.434 0.248 0.409
Total employment  0.669 0.245 0.546 0.230 Total employment  0.335 0.318 0.203 0.287
Total equity 1.032 0.379 0.831 0.354 Total equity 0.603 0.642 0.372 0.572
Skill intensity 0.074 0.094 0.074 0.092 Skill intensity 0.106 0.095 0.099 0.104
Capital intensity 0.382 (0.050) 0.305 (0.038) Capital intensity (0.033) (-0.067) (-0.079) (-0.081)
Labor productivity — 0.201 0.114 0.172 0.112 Labor productivity  (0.012) 0.130 (-0.020) 0.133
TFP 0.238 0.106 0.210 0.107 TFP (0.100) (0.062) 0.081 0.085
Observations [1,593;2,015] [1,289;1,418] [1,593;2,015] [1,289;1,418] Observations [481;673] [716;797] [481;673] [716;797]
At home At arm’s length
Total sales 0.867 0.363 0.797 0.360 Total sales 1.077 0.145 0.760 0.132
Total employment  0.431 0.165 0.400 0.167 Total employment  0.589 (0.042) 0.404 (0.024)
Total equity 0.819 0.370 0.751 0.388 Total equity 1.139 0.192 0.767 0.161
Skill intensity 0.028 (0.021) 0.024 (0.010) Skill intensity 0.063 (0.006) 0.047 (0.008)
Capital intensity 0.278 (0.069) 0.246 (0.108) Capital intensity 0.467 0.068 0.299 (0.048)
Labor productivity — 0.264 (-0.007) 0.248 (-0.016) Labor productivity  0.245 (0.043) 0.167 (0.044)
TFP 0.235 (0.052) 0.222 (0.041) TFP 0.198 (0.012) 0.141 (0.017)
Observations [1,873;3,433] [517;593] [1,873;3,433] [517;593] Observations [3,440;5,405] [1,789;1,991] [1,789;1,991] [1,789;1,991]

Columns (I), (II), (V), and (VI) give estimated coefficients of a sourcing dummy in regressions of the form:

In(Yit) = bo + b1 SOURCING;; + boINDUSTRY + b3YEAR + b4 INDUSTRY X YEAR + €3

columns (III), (IV), (VII), and (VIII) give estimated coefficients of a sourcing dummy in regressions of the form:
In(Yit) = bo + b1 SOURCING;; + boINDUSTRY + b3YEAR + by INDUSTRY X YEAR + bs EXPORT;; + e,

where i indexes firms and ¢ years. The vectors INDUSTRY and YEAR collect comprehensive industry and year dummy variables, respectively. EXPORT};; is an indicator for a firm’s
export status. All estimated coefficients except for those given in parentheses are significantly different from zero at the 10% level. Large firms employ more than 200 workers. The
panel in the upper-left corner looks at differences between firms sourcing through foreign outsourcing (baseline category) and those opting for foreign integration in addition to foreign
outsourcing. Accordingly for the panel in the lower-left corner for domestic outsourcing and domestic integration. The underlying sample excludes all offshoring firms. The panel in
the upper-right corner looks at differences between firms sourcing through domestic integration (baseline category) and those opting for foreign integration in addition to domestic
integration. Accordingly for the panel in the lower-right corner for domestic outsourcing and foreign outsourcing.
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Table 4. Ex-ante sourcing premia in levels and growth rates, 2006-2009

Integration versus outsourcing

Offshore versus domestic sourcing

Unconditional Conditional on export status Unconditional Conditional on export status
Levels Growth rate Levels Growth rate Levels Growth rate Levels Growth rate
@O (I1) (111) (Iv) V) (V1) (VII) (VIII)
Abroad Intra-firm
Total sales 1.128 (-0.063) 1.010 (-0.061) Total sales 0.949 (0.104) 0.833 (0.103)
Total employment  0.829 (-0.025) 0.734 (-0.024) Total employment  0.641 (0.118) (0.569) (0.115)
Total equity 1.028 (-0.038) 0.891 (-0.040) Total equity 1.035 (-0.022) (0.952) (-0.023)
Skill intensity (0.034) (0.034) Skill intensity (0.106) (0.107)
Capital intensity 0.249 (0.001) (0.200) (0.001) Capital intensity (0.014) (-0.024) (-0.028) (-0.020)
Labor productivity ~ (0.201) (-0.073) (0.182) (-0.071) Labor productivity ~ (0.269) -0.273 (0.266) -0.273
TFP 0.217 (-0.010) 0.201 (-0.011) TFP (0.090) (0.041) (0.074) (0.043)
Switching firms 115 115 115 115 Switching firms 42 42 42 42
Observations [1,578;1,607] [1,547;1,607] [1,578;1,607] [1,547;1,607] Observations [556;580] [551;580] [556;580] [551;580]
At home At arm’s length
Total sales 0,891 0.091 0,723 0.091 Total sales 0.670 0.048 0.425 0.048
Total employment 0,515 (0.019) 0,425 (0.016) Total employment  0.331 (0.024) 0.195 (0.020)
Total equity 1,101 (-0.062) 0.930 (-0.062) Total equity 0.671 (-0.039) 0.370 (-0.040)
Skill intensity (0.072) (0.061) Skill intensity (0.006) (-0.009)
Capital intensity (0.415) (0.136) (0.310) (0.141) Capital intensity 0.342 (0.001) 0.193 (0.008)
Labor productivity — 0.374 (0.022) 0,332 (0.024) Labor productivity — 0.157 (-0.026) 0.094 (-0.020)
TFP 0.209 (0.005) 0,182 (0.007) TFP 0.115 (-0.001) 0.076 (0.002)
Switching firms 36 36 36 36 Switching firms 251 251 251 251
Observations [2,034;2,106] [1,994;2,106] (2,034;2,106] [1,994;2,106] Observations [2,279;2,354] (2,239;2,354] [2,279;2,354] [2,239;2,354]

Columns (I) and (V) give estimated coefficients of a sourcing dummy in regressions of the form
In(Yit) = bo + b1 SOURCING ;41 + b2 INDUSTRY + b3YEAR + b4 INDUSTRY X YEAR + €4,

and accordingly for columns (IIT) and (VII) with an additional export dummy variable, EXPORT .
Columns (II) and (VI) give estimated coefficients of a sourcing dummy in regressions of the form
In(Yit4+1) — In(Yie) = bo + b1 SOURCING ¢ +1 + b2INDUSTRY + b3YEAR + b4 INDUSTRY X YEAR + €44,
and accordingly for columns (IV) and (VIII) with an additional export dummy variable, EXPORT ;.

The indexes ¢ and t refer to firms and years, respectively. The vectors INDUSTRY and YEAR collect comprehensive industry and year dummy variables. All estimated coefficients
except for those given in parentheses are significantly different from zero at the 10% level. See the text for a precise description of the estimation sample and the definition of the
sourcing dummy for each of the four panels.
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Table 5. Linear probability model for the ownership choice of intermediate input production, 2006-2009

Sourcing location: Foreign economy
Estimation sample: Offshoring firms
Dependent variable: Indicator variable for integrated input production in the foreign economy

OLS Random effects Fized Effects
VARIABLES 0] (I1) (I11) (Iv) V) (VD) (VII) (VIII) (IX) (X) (X1) (XII)
Total factor productivity 0.223*¥*  (0.104%*%*  -0.464** -0.415%* 0.151***  0.106***  -0.283 -0.234 0.105**  0.105*%*  -0.203 -0.167

(0.030) (0.031) (0.218) (0.215) (0.033) (0.031) (0.214) (0.199) (0.052) (0.052) (0.300)  (0.293)
Total factor productivity X 0.196***  0.149** 0.126** 0.098* 0.091 0.080
Headquarter intensity (0.064) (0.062) (0.063) (0.059) (0.091)  (0.088)
Number of observations 2,459 2,404 2,459 2,404 2,459 2,404 2,459 2,404 2,459 2,458 2,459 2,458
Firm-level controls No Yes No Yes No Yes No Yes No Yes No Yes
Industry-and-year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.128 0.270 0.136 0.275 . . . . 0.041 0.043 0.042 0.043

Sourcing location: Domestic economy
Estimation sample: Non-offshoring firms
Dependent variable: Indicator variable for integrated input production in the domestic economy

OLS Random effects Fized Effects
VARIABLES 0] (I1) (I11) (Iv) (V) (VD) (VII) (VIII) (IX) (X) (X1) (XII)
Total factor productivity 0.126***  0.061%**  -0.517%F*  -0.391** 0.086***  (0.043*%**  -0.353%*  -0.243* 0.028 0.029 -0.280 -0.288*
(0.023) -0.023 (0.180) (0.193) (0.017) (0.016) (0.139) (0.129) (0.019) (0.021) (0.172)  (0.173)
Total factor productivity X 0.187*** 0.132%* 0.128***  (0.084** 0.090* 0.092*
Headquarter intensity (0.056) (0.060) (0.043) (0.040) (0.054)  (0.054)
Number of observations 2,672 2,612 2,672 2,612 2,672 2,612 2,672 2,612 2,672 2,672 2,672 2,672
Firm-level controls No Yes No Yes No Yes No Yes No Yes No Yes
Industry-and-year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.100 0.217 0.114 0.224 . . . . 0.049 0.050 0.053 0.054

This table gives estimates of the model in equation (11). Total factor productivity is time-variant and firm-specific and estimated with the Olley & Pakes (1996) estimation
algorithm. Headquarter intensity is time-invariant and industry-specific and gives the industry mean of firm-level capital intensity. Standard errors are given in parentheses. For
the OLS estimator and the FE estimator, these are clustered by firm. * ** *** denote significance at the 10%, 5%, 1% levels, respectively.
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Table 6. Linear probability model for the location choice of intermediate input production, 2006-2009

Ownership structure: Integrated production
Estimation sample: Non-outsourcing firms
Dependent variable: Indicator variable for foreign sourcing through intra-firm trade

OLS Random effects Fized Effects
VARIABLES 0] (I1) (I11) (VIII) (IX) (X) (X1) (XI1)
Total factor productivity 0.051***  0.023* 0.170* 0.072** 0.002 0.002 0.001 0.001

(0.016) (0.013) (0.090) (0.033) (0.002) (0.002) (0.006) (0.006)
Total factor productivity X -0.035 -0.018** 0.000 0.000
Headquarter intensity (0.022) (0.009) (0.002)  (0.002)
Number of observations 2756 2696 2756 2696 2756 2756 2756 2756
Firm-level controls No Yes No Yes No Yes No Yes
Industry-and-year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.054 0.128 0.056 0.087 0.005 0.005 0.005

Ownership structure: Outsourced production

Estimation sample: Non-integrated firms

Dependent variable: Indicator variable for the location of outsourced input production

OLS Random effects Fized Effects
VARIABLES 0] (I1) (I11) (VIII) (IX) (X) (XT) (XI1)
Total factor productivity 0.294***  (.159%**  1.074%%* 0.685*** 0.059 0.052 -0.186 -0.161

(0.029) (0.029) (0.230) (0.207) (0.049)  (0.049) (0.370) (0.374)
Total factor productivity X -0.230%** -0.159%** 0.072 0.062
Headguarter intensity (0.067) (0.061) (0.110)  (0.111)
Number of observations 3876 3809 3876 3809 3876 3875 3876 3875
Firm-level controls No Yes No Yes No Yes No Yes
Industry-and-year fixed effects  Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.134 0.215 0.140 0.028 0.029 0.028 0.029

This table gives estimates of the model in equation (13). Total factor productivity is time-variant and firm-specific and estimated with the Olley & Pakes (1996) estimation
algorithm. Headquarter intensity is time-invariant and industry-specific and gives the industry mean of firm-level capital intensity. The estimation sample in the upper panel
excludes firms outsourcing abroad but not firms outsourcing domestically. Restricting the sample to pure integration firms would reduce the sample size dramatically due to the
large incidence of domestic outsourcing. Standard errors are given in parentheses. For the OLS estimator and the FE estimator, these are clustered by firm. * ** *** denote
significance at the 10%, 5%, 1% levels, respectively.



B Data appendix

Table B.1. List of sampled manufacturing industries

CNAE-09 Classification  Industry

101 Meat

102-109, 120 Food Products and Tobacco

110 Beverages

131-133, 139, 141-143 Textile

151-152 Leather & Footwear

261-262 Timber & Wooden Products

171-172 Paper Products

181-182 Graphics Design

201-206, 211-212 Chemical & Pharmaceutical Products
221-222 Plastic & Rubber Products

231-237, 239 Mineral Products (Non-Metal Products)
241-245 Ferrous Metals & Non-Ferrour Metals
251-257, 259 Metal Products

281-284, 289 Industry & Agricultural Machinery
261-268 Informatics, Electronics, Optics
271-275, 279 General & Electric Machinery
291-293 Motorized Vehicles

301-304, 309 Other Transportation Equipment

310 Furniture Industry

321-325, 329 Miscellaneous Manufacturing

Table B.2. Definition of firm-specific variables

Variable Definition

Total sales Log of total sales expressed in euros

Total employment Log of the average number of workers during
the year

Total equity Log of total equity capital expressed in Euros

Skill intensity Number of graduate workers (university and

three-year degrees) over the total number of
workers as of December 31st

Capital intensity Ratio of capital assets to the average number
of workers during the year (expressed in thou-
sands of Euros per worker)

Labor productivity Log of real value added over effectively worked
hours

Total factor productivity  Log of total factor productivity obtained from
production function estimates a la Olley &
Pakes (1996)
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