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1 Introduction

Global sourcing — the procurement of inputs from abroad — is a defining feature of modern production.
Manufacturing firms today rely extensively on suppliers located around the world for dedicated and
specialized inputs, from automotive parts, to pharmaceutical ingredients, to semiconductor chips. In
fact, around three-fifths of world trade is in intermediates rather than finished goods, a share that has
been relatively stable despite recent government efforts (notably in the US) to promote reshoring in the
name of supply chain resilience.!

This rise in global sourcing has been driven by several well-studied forces: lower wage costs abroad,
improvements in shipping and communications, and advances in foreign expertise in key technology
segments. Ultimately too, the viability of these sourcing arrangements hinges, especially for customized
inputs, on the reliability of the contracting environment in which firms and their suppliers operate. In
practice, suppliers can fail to exert the effort needed to fulfill product specifications or standards that
were previously agreed upon. Likewise, firms can withhold some proprietary knowhow or equipment
that were promised to suppliers. Such contracting frictions afflict supply chains that are domestic in
scope. Needless to say, these challenges are magnified when input sourcing cris-crosses multiple country
jurisdictions and legal systems. Recognizing this, the 2020 World Development Report highlighted how
weak contract enforcement remains a major impediment to countries’ engagement in global value chains,
affirming that “institutional quality matters” (World Bank, 2020, pp.36-37). Indeed, the strength of
country rule of law is associated with better export performance (Anderson and Marcouiller, 2002); it
especially facilitates specialization and exporting in contract-intensive sectors, in which firms are more
exposed to holdup problems vis-a-vis their input suppliers (Levchenko, 2007; Nunn, 2007; Ranjan and
Lee, 2007; Chor, 2010; Cui et al., 2021; Martin et al., 2023).2

This paper asks: How much do contracting frictions in global sourcing matter for country outcomes
such as welfare and trade? How much can countries gain from improving the contracting environment
faced by supply chain actors? How does accounting for contracting frictions alter our assessments of the
welfare gains from trade, or conversely, the losses from trade decoupling? As we will see, the answers
we obtain to these questions are first-order in magnitude. Yet despite their relevance to both research
and policy, these aggregate implications of contracting frictions have been under-explored to date.
Much existing work on global sourcing has instead pursued a firm-level perspective: For example, the
canonical model of Antras and Helpman (2004) considers firms in a North-South world with incomplete
contracts, in which the choice over organizational mode (the make-or-buy decision) partially mitigates
the holdup problems in firm-supplier relationships (c.f., Grossman and Hart, 1986; Hart and Moore,
1990).3 This yields valuable insights on the foreign sourcing decisions that firms make in the shadow
of contracting frictions, but leaves a gap in our understanding of their aggregate impact.

We seek in this paper to provide such an assessment. Toward this goal, we develop a model of input

sourcing under partial contractibility, that we embed in a general equilibrium setting amenable to

! Authors’ own calculations, based on the UN Broad Economic Categories (Revision 4) classification. Moreover, the
input content of goods that ultimately derives from foreign sources, as computed by value added accounting methods, has
risen steadily since the 1970s (Johnson and Noguera, 2012; Koopman et al., 2014; Johnson and Noguera, 2017).

2See Nunn and Trefler (2014) for a comprehensive survey of the literature on the role of contracting and other institu-
tional forces in shaping country comparative advantage.

3See Antras (2015) for a comprehensive synthesis of this line of work on firm-level sourcing decisions in the presence of
contracting frictions, that covers both modeling developments and empirical evidence.



aggregation, estimation, and quantification. At the level of the firm, production of final goods requires
inputs from a discrete number of industries; the composite input from each industry consists in turn
of a large set of input varieties, modelled as a continuum following Tintelnot (2017) and Antras et al.
(2017). The firm decides the sourcing mode for each input variety, this being a joint decision over both
the supplier’s location and the organizational mode — integration or outsourcing — to adopt; in a world
with J countries, there are thus 2J possible sourcing modes.

This sourcing activity takes place in a setting with incomplete contracts, modeled on the Grossman-
Hart-Moore framework: For each input variety, both the firm and supplier perform relationship-specific
input tasks. However, both parties are prone to under-invest in their tasks relative to the efficient
benchmark, since not all terms of an ex-ante contract can be adjudicated upon and reliably enforced by
a third-party court. The model features parameters that encode the inherent degree of contractibility of
firm headquarter (respectively, supplier) tasks, as in the partial contractibility formulation of Acemoglu
et al. (2007) and Antras and Helpman (2008). In turn, the ex-post renegotiation and resulting division
of surplus between the firm and each supplier are described by a separate set of bargaining share
parameters. In line with the property-rights view of firm boundaries, we assume that integration
confers the firm a higher bargaining share — and hence stronger incentives to invest in its input tasks —
relative to an outsourcing arrangement, all else equal. Firms thus choose outsourcing when it is more
important to incentivize supplier effort; on the other hand, firms integrate suppliers within ownership
boundaries if retaining headquarter incentives is a greater priority.

To move from micro to macro, we build a quantitative trade model (c.f., Eaton and Kortum, 2002;
Costinot et al., 2012) around this firm-level setup. Countries differ in their supplier technologies, factor
prices, and iceberg trade costs. Industries differ in their factor intensities, specifically in their underlying
use of headquarter versus supplier tasks. Further to these features, we allow the contractibility and
bargaining parameters to vary by industry (reflecting intrinsic differences in input attributes), as well
as by source and destination country (reflecting variation in institutional quality). Each firm obtains
a set of 2J supplier draws for each input variety, one for each possible sourcing mode, from a joint
technology distribution. The sourcing mode selected for an input variety is that which adds the most
to the firm’s overall payoff, after taking into account the supplier draws, local factor prices, trade costs,
and the impact of contracting frictions on both parties’ investments in input tasks. We specify the
supplier draws to be from an extreme value distribution, though one that extends the standard Fréchet
distribution to allow each pair of draws from the same source country to be correlated; this captures,
in particular, country technological forces that are common across organizational modes. The decisions
over input varieties then aggregate neatly, with the share of inputs sourced within firm boundaries from
a given origin country taking on a nested logit form. As we will see, contracting frictions enter in these
sourcing share expressions as iceberg-like wedges that de facto retard the supplier technologies that
firms have access to.

Central to our research goal, the model delivers an expression for welfare, and consequently too for
welfare changes in response to shifts in trade costs and/or contracting frictions; of note, in the limit
case where all inputs are fully contractible, this nests the well-known formulae in Arkolakis et al. (2012)
and Costinot and Rodriguez-Clare (2014). We can therefore evaluate counterfactuals in which trade
costs are reduced, or where contracting frictions are removed, using the “hat” algebra approach from
Dekle et al. (2008) and Caliendo and Parro (2015).



Our model enables a tight transition from theory to estimation. We derive a gravity equation for the
value of bilateral industry trade flows by organizational mode, and hence an expression for the share of
this trade that occurs within firm boundaries. This variable — the intrafirm trade share — is of special
interest, as it has been used regularly since Antras (2003) to capture the propensity towards integration
in studies of firm boundary decisions.* While this prior empirical work has largely been reduced-form
in nature, we now have a novel model-implied expression for the intrafirm trade share that we can take
directly to structural estimation. The requirements for quantifying the model are fairly low: What we
need is intrafirm trade share data aggregated at the country-pair-by-industry level, and functional form
specifications for how key model parameters (such as the contractibility and bargaining parameters)
map to relevant observables (such as country rule of law and intrinsic industry characteristics).

We implement this on US intrafirm trade shares from 2001-2005, a period of rising participation by
many countries (notably, China) in global value chains. For estimation, we run a non-linear least squares
procedure that minimizes the distance between model-predicted and observed intrafirm trade shares,
for countries and NAICS 3-digit industries in the US Census Bureau Related-Party Trade Database; we
adopt flexible functional forms for the key parameters, projecting them on second-order polynomials of
the underlying observables. This yields a good fit, while validating well-known patterns, for example,
that the intensity in an industry’s use of headquarter services is proxied well by its capital-labor ratio
(Antras, 2003). At the same time, we find that the contractibility and bargaining parameters vary with
country rule of law, and with industry measures of input specificity (Rauch, 1999) and contractibility
(Nunn, 2007; Nunn and Trefler, 2008), in rich yet intuitive ways. Our estimation also confirms the
quantitative relevance of the nested Fréchet correlation structure, as we would otherwise over-state the
dispersion in supplier draws emanating from each country. We provide a discussion of the variation in
the data that identifies our estimates. We also present sensitivity diagnostics based on Andrews et al.
(2017), which provide reassurance of limited scope for bias from omitted variables.

The approach to quantification we develop leans on a fair amount of modeling structure, but the
payoff from this effort is that we can now address our motivating research questions. To do so, we bring
in information on initial production and trade patterns from the OECD Inter-Country Input-Output
Tables, and perform a series of counterfactuals. First and foremost, we find sizeable gains from a
hypothetical removal of all contracting wedges in global sourcing. On average, country welfare would
be 9.2% higher in the limit case of the full contractibility world; this is substantial, being equivalent to
the welfare gain from a uniform 19.3% improvement in supplier technology levels across all countries
and industries. A decomposition further shows that these gains are driven by firms’ improved access
to foreign supplier capabilities, as well as in both firms’ and suppliers’ incentives to make relationship-
specific investments, in the world with complete contracting.

Interestingly though, these welfare gains do not accrue monotonically when contracting frictions are
gradually removed worldwide. We show that countries with weak institutional rule of law can be worse
off in welfare terms with modest improvements in contracting, as high rule of law countries initially
capture a larger share of global sourcing activity; this is notwithstanding the fact that all countries enjoy
higher welfare when the world gets sufficiently close to full contractibility. There is thus a potential

“weak institutions trap” that can prevent low rule of law countries from taking steps to coordinate

“See Nunn and Trefler (2008, 2013), Costinot et al. (2011), Corcos et al. (2013), Bernard et al. (2010), Defever and
Toubal (2013), Antras and Chor (2013), Diez (2014), Kohler and Smolka (2014, 2021), Kukharskyy (2016), Gorodnichenko
et al. (2024), among others.



partial improvements in contracting conditions with the rest of the world.

Our quantitative model further allows us to examine how contracting conditions can interact with
the classical gains from trade from lowering trade costs. Crucially, we find that assessments of the gains
from trade are biased if one were to neglect contracting frictions in global sourcing; the direction of this
bias is moreover not uniform across countries. For developed countries with strong rule of law (e.g.,
Japan, Norway), or developing countries that are already well-engaged in the global economy (e.g.,
China, Malaysia, Vietnam), the gains from trade are over-stated by an average of 31% when the reality
of incomplete contracting is not accounted for. Put differently, the gains from trade are amplified in
the full contractibility world relative to the factual world with contracting frictions, but primarily for
these countries that become even more embedded in global sourcing with improvements in contracting.
On the other hand, the gains from trade are under-stated for countries where the institutional rule of
law is initially weak (e.g., Indonesia, Russia), by an average of 20%.

As a final counterfactual, we consider not a reduction in trade barriers, but rather a US-China
decoupling scenario that speaks to recent trade tensions. Our simulations show that the welfare losses
from severing bilateral trade are larger for both the US and China in a world with frictionless contracting;
this is in line with the amplification of the gains from trade under full contractibility seen in the previous
exercise among countries that are already well-engaged in cross-border sourcing. A stronger contracting
environment would thus raise the welfare stakes of a potential US-China trade decoupling.

We offer two brief caveats on our quantitative results. First, we recover model parameters using just
US data, so our counterfactuals implicitly assume that these estimated parameters provide a reasonable
description too of conditions in the rest of the world. Note though that this is a data-driven constraint
and not a methodological limitation, since intrafirm trade shares from other countries can be readily
targeted in the estimation should comparable data become available. Second, our results should be read
strictly as an evaluation of the aggregate implications of contracting frictions insofar as these operate
through global sourcing, bearing in mind that there could be other channels through which contracting
institutions can impact economic outcomes beyond the scope of our model.

This paper builds upon a wider literature on the global fragmentation of production and supply
chains. In explaining patterns of offshoring and foreign sourcing, researchers have considered neoclassical
forces related to technology and factor endowments (Feenstra and Hanson, 1996; Grossman and Rossi-
Hansberg, 2008), and explored too the role of search frictions when firms need to seek out suppliers (e.g.,
Grossman and Helpman, 2005; Startz, 2018; Eaton et al., 2022; Grossman et al., 2024). We fit within
the strand of work here that draws specifically on insights from organizational economics to analyze
how contracting frictions influence these sourcing decisions (Antras and Helpman, 2004, 2008).°

We contribute most directly to a growing set of studies on the aggregate implications of global
sourcing and global value chains (see, for example, Yi, 2010; Antras et al., 2017; Antras and de Gortari,
2020; Zhou, 2020; Sposi et al., 2021; Johnson and Moxnes, 2023). This includes a small number of
existing papers that size up the role of contracting frictions (Fally and Hillberry, 2018; Boehm and
Oberfield, 2020; Boehm, 2022), although these have been modeled more in the tradition of the Coase-
Williamson (or transactions-cost based) approach, in which the firm-supplier relationship is exposed

to one-sided holdup by the input supplier. Our framework builds instead a two-sided holdup problem,

5In the model we develop in this paper, firms interact with a large number of suppliers, and sourcing decisions are made
simultaneously. See Antras and Chor (2013) and Alfaro et al. (2019) for property-rights models of firm boundaries where
the sequentiality of the sourcing decisions plays a key role in determining organizational mode in a long supply chain.



and so will allow us to compare the importance of partial contractibility in firm headquarter versus
supplier tasks. We differ too in how we take our model to data, in our use of the intrafirm trade share
as the key data moment to uncover deep model parameters. Separately, there are frameworks that are
more agnostic about the nature of the wedges that generate distortions from first-best actions (c.f.,
Hsieh and Klenow, 2009; Baqaee and Farhi, 2020); in relation to these, the goal of our paper should
be seen as quantifying the impact of the particular wedges that arise from partial contractibility and
bilateral holdup problems. Last but not least, we will be able with our framework to assess the role
of firm boundaries, by simulating the removal of integration as a feasible organizational mode. In this
regard, we connect with other work in quantitative trade that has evaluated the gains from vertical
integration or from multinational production (Garetto, 2013; Ramondo and Rodriguez-Clare, 2013;
Ramondo, 2014; Arkolakis et al., 2018; Alviarez, 2019), albeit with models where contracting frictions
do not play a central role.

The paper proceeds as follows. Section 2 sets up the firm-level sourcing problem, which Section 3
then embeds in general equilibrium. Section 4 estimates the model’s parameters, and Section 5 reports

on the counterfactual exercises. We provide derivations and additional details in the online appendix.

2 Model: The Global Sourcing Decision at the Firm Level

We develop a model of global sourcing, in which each final-good producer (“firm”) sources a large set
of inputs (from “suppliers”) in an incomplete contracting environment. We set up and analyze the firm
decision problem in this section; we will then aggregate across firms in Section 3, to obtain predictions

on country welfare and trade flows.

2.1 Setup

Demand: We consider a world with J > 1 countries. The utility of the representative consumer in

country j is given by:

v= ([ qj(w)pdwf pe(0,1), 1)

where ¢j(w) is the quantity consumed of the final-good variety w, and the elasticity of substitution
across each pair of these varieties is constant and equal to 1/(1 — p) > 1. Each w is produced by a
unique firm. For simplicity, we also assume that each firm produces only one final-good variety using a
technology with core productivity level ¢, where ¢ is an independent draw from a distribution described
by the cdf G;(¢), as in Melitz (2003). As all key firm-level outcomes are functions of core productivity,
we will use ¢ as an alternate index for firms. Final goods are consumed in the country where they are
assembled, but the inputs used are sourced globally.

The market for final goods features monopolistic competition. The utility in (1) implies that the
quantity consumed is an isoelastic function of the good’s price: ¢;(¢) = A;p;(¢) T-r, with: A; =
1-p

P
E;P/™". Here, Ej is total country expenditure on final goods, and Pj = (N; ¢pj(¢)71fp dGj(¢)) »
is the ideal price index. Nj is the mass of final-good firms in the country, so there are N;dG;(¢) firms

with core productivity ¢; we take N; as exogenous and fixed in our baseline analysis, though we will
later explore the case where this is pinned down via a free entry condition. With this demand structure,

the firm’s revenue, R;(¢), is a concave power function of the quantity sold: R;(¢) = A}_qu(aﬁ)p.

b}



Production: The structure of production is more involved, and we describe it layer by layer. The

production function for a firm headquartered in country j with core productivity ¢ is:

K . -«
k n
yi(@) = (H (x5(0)) ) L;(9)". (2)
k=1

This requires: (i) material inputs from K > 1 distinct industries, where X Jk (¢) is the composite input
from industry k € {1,..., K} used by the firm; and (ii) assembly labor, denoted by L;(¢). These are
combined in a Cobb-Douglas fashion (c.f., Costinot et al., 2012): n* € (0,1) captures the importance
of industry k& in all material inputs (with Zszl n* = 1), while a € (0,1) captures the importance of
assembly labor relative to material inputs.

The industry-k composite input is itself an aggregate over a continuum of industry-specific input

varieties, denoted by 5:;“ (I*; ¢) and indexed by I*. This composite input is given by:

: %
xbo) = ([ atasortat)” e o) 3)
where p* governs the degree of substitutability of the input varieties from industry k, and the measure
of input varieties is normalized to 1 in each industry. This formulation of a continuum of input vari-
eties draws on Tintelnot (2017) and Antras et al. (2017), and will facilitate the derivation of smooth
expressions for the share of inputs sourced from each country under each organizational mode.

Each input variety in (3) is in turn a Cobb-Douglas combination of headquarter services, h;‘?(lk; ?),
and supplier services, x?(lk; ®), as in Antras (2003):

k k
#(140) = [540)|" [hate)] ()
As the names suggest, the input services embodied in h;‘?(lk ; @) are provided by the firm headquarters
(e.g., design or managerial inputs), while azf(lk; ¢) is obtained from the supplier whom the firm has
contracted with for I* (e.g., parts and components). We refer to o € (0, 1) as the headquarter-intensity
of industry k.

In the final layer of the production function, we incorporate differences in the inherent degree of
contractibility of headquarter and supplier services. Drawing on Acemoglu et al. (2007) and Antras
and Helpman (2008), hf(lk; ¢) and xf (I*; ¢) are each composed of a unit continuum of “tasks”, indexed
by ¢y and ¢, respectively, with:

K 1

h§(zk;¢>:exp{ / "log hE (un; 6, 1%)dup + / logh;?(%;qb,zk)dbh},and (5)
LhZO Lh:,u‘hij
Ml;z 1

m?(l’“;cb):exp{ / log @) (123 0, 1Yoz + / ) logxg?(%;qb,zk)d%}. (6)
Ly = te=Hg;j;

For xé“(lk ; @), all supplier tasks in the full measure ¢, € [0, 1] are performed by the unique supplier that
the firm has selected for that input variety ¥. Among these, the tasks in the range ¢, € [0, u];ij] are fully
contractible in that the supplier effort levels .%'?(Lx; #,1%) can be specified and enforced subsequently by
an independent third-party, such as a court of law. The remaining tasks in (,u:’zij, 1] are noncontractible.

Likewise for h;? (I*¥; ¢), all headquarter tasks ¢;, indexed on the unit interval are provided by the firm.
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The headquarter investment levels h?(Lh; ®, 1) for tasks v, € [0, ,uﬁi j] are fully contractible, while those
in (,uﬁij, 1] are noncontractible.

Both headquarter and supplier tasks are relationship-specific in that they are tailored to the re-
quirements of this particular firm. Thus, h?(Lh; ¢,1F) and azé?(Lx; #,1¥) have a diminished value — which
we normalize to zero — if one were to attempt to use them in final-good varieties for which they have not
been customized. This exposes the production process to a bilateral holdup problem, as in Grossman
and Hart (1986) and Hart and Moore (1990): Should either the headquarters or the supplier withhold
delivery of their tasks, this would nullify the other party’s payoff from undertaking the relationship-
specific effort.> What distinguishes contractible from noncontractible tasks is that the investment levels
for the former can be assured by spelling these out in the initial contract, whereas the firm headquarters
(respectively, supplier) has full discretion over how much effort to invest in the latter.

We therefore refer to uﬁi j and uf:ij as “contractibility parameters”, since the degree to which head-
quarter and supplier services can be contracted upon is increasing in ,ufw.j and uf:ij respectively. As
the notation indicates, we allow these parameters to vary across input industries k, since the ease with
which contracts can be written and enforced could well depend on physical and technological charac-
teristics tied to the inputs. We are also intentionally flexible in allowing /,L',‘:;ij and ,ugljij to vary with the
source (7) and destination (j) countries, to reflect country conditions — such as legal institutions — that
are relevant for the discharge of commercial contracts.” Note that all inputs are fully contractible when
Mf”-j = ,u];l-j =1 for all 4, j, and k; this is the special case we will simulate later, in order to gauge the
aggregate effects of contracting frictions relative to this frictionless world.

This wraps up our description of the production function. To recap, the structure of production
is akin to a “spider” (Baldwin and Venables, 2013): Final goods are put together from composite
industry inputs (and assembly labor) that are sourced simultaneously. Each composite input is a CES
aggregate of input varieties, that themselves embody headquarter and supplier services, which are each
composed of contractible and noncontractible tasks. The assembled final goods are sold and consumed

domestically.

2.2 Input Sourcing Environment

We next set up the firm’s sourcing decision. For each [*, this entails a decision over both location
and organizational mode: The input variety can be obtained from any of the J countries in the world
(including the home country). Within each country, it can be procured from a supplier that is integrated
within the firm’s ownership boundaries (integration, denoted by V') or from a supplier that the firm

transacts with at arm’s length (outsourcing, denoted by O).8

%From (5) and (6), should the supplier fail to deliver input services — so that 2% (tz; ¢,1*) = 0 — for a measurable subset
of the tasks ¢z, this would result in x? (I*; ¢) and hence :ﬁ? (I*; $) having zero value, so that the input variety I* would make
no contribution to the composite input X¥(¢) and to incremental revenue (as defined in equation (7)). One interpretation
here is that the production process can still be completed with generic input services used in lieu, but this automatically
results in [* contributing zero value. An analogous statement applies should the firm withhold its input services.

"To be clear, the identity of the source country i from which a given input variety [* is procured is an endogenous
decision of the firm; we have suppressed this dependence of 4 on [* to keep the notation neater. To be fully formal too,
the subscripts of h? (1*; $) and xf (1*¥; $) should feature a further 4 index, which we have omitted for brevity.

8While there is variation in practice in the extent of the ownership stake that firms might take in their suppliers, we
follow the literature in modeling this choice between integration and outsourcing as a binary decision. This is consistent
with the view that crossing a critical threshold in terms of ownership share would confer on the firm substantive residual
rights of control over the supplier in question. On a related note, the literature has also considered richer organizational



Contracting and Bargaining: There is a large pool of identical potential suppliers in each
country. However, once the firm has picked a particular supplier for an input variety ¥, the relationship-
specific nature of the tasks that both parties undertake fundamentally transforms a situation of ex-
ante competition among potential suppliers into one where the chosen supplier and the firm are ex-
post “locked in” (Williamson, 1985): The supplier can threaten to render the firm’s investments in
headquarter tasks worthless by withholding its input services, and vice versa.

The payoffs in any given firm-supplier relationship are thus determined in ex-post renegotiation.
We adopt a generalized Nash bargaining protocol, in which the surplus generated by the relationship
is divided between the two parties, and where the parameters that govern this split depend (among
other things) on the organizational mode. Let ﬁfjv denote the Nash bargaining share that accrues to
a country-j firm if it integrates an industry-k supplier from country ¢, and let ﬂfjo denote the share
the firm obtains instead under outsourcing. (The shares received by the supplier are thus 1 — 55‘/ and
1- ﬁij respectively.) Following Grossman and Hart (1986), we assume that: 0 < 5%0 < ijv <1,
for any given 4, j, and k, so the division of surplus is tilted in the firm’s favor under integration; this
reflects the firm’s ability to exercise residual control rights and recover more value should a breakdown
in the relationship necessitate this. Integration thus confers the firm with greater incentives to invest
in headquarter tasks, whereas outsourcing will better elicit the supplier’s effort in its input tasks.

The bargaining shares, ﬁfjv and ﬁfjo, can further vary by industry, as well as by source and
destination country. Features inherent to inputs from an industry — such as whether these are relatively
homogeneous (Rauch, 1999) — would in principle affect how much pecuniary value the firm can recover
from the open market should the relationship with the supplier break down (c.f., Antras, 2015; Eppinger
and Kukharskyy, 2021). Also, both source and destination country conditions can matter for bargaining
outcomes; in countries with stronger rule of law, these institutional protections can help to preserve
the value of inputs over which the firm has control rights, by for example restraining the supplier from
taking unilateral actions to destroy the inputs amid a dispute.

Timing: Sourcing and production proceed as follows. We refer to the tuple (i, x) as the “sourcing
mode” for an input variety, if this is obtained from a supplier in country i € {1,...,J} while adopting

organizational mode x € {V, O}.

e Prior to any contracting or production, the firm observes the full set of draws that governs its
marginal costs for sourcing. This comprises 2.J draws for each input variety, corresponding to the
2.J possible sourcing modes. (A separate iid set of 2J draws is obtained for each I*.) We will
specify the distribution that governs these draws in equation (10) below.

e After observing its draws, the firm chooses the optimal sourcing mode for each input variety. For
each [¥, the firm posts a contract with: (i) an ex-ante participation fee; (ii) the chosen sourcing
mode (i, x); and (iii) the investment levels h;?(Lh; ¢,1%) and ac;‘?(Lx; ¢, 1¥) for the contractible tasks
w, €10, ufw.j] and ¢, € [0, ufn-j] respectively. These are the only binding terms in the contract;
attempts to spell out investment levels for noncontractible tasks are moot, since these are not
verifiable and enforceable by a third-party. (A separate contract is posted for each I¥.)

e Suppliers apply for these posted contracts, and the firm picks one supplier for each I*. The firm

is indifferent as to the actual identity of the supplier, since all potential suppliers are ex-ante

structures, such as outsourcing with delegation of authority over the sourcing of inputs (see Karabay, 2022).



identical. Moreover, the ex-ante competition among potential suppliers means that the firm fully
extracts the ex-post surplus via the participation fee.

e The firm transfers the draw for the optimal sourcing mode for I* to the chosen supplier. The
supplier for I¥ discretionarily chooses how much to invest in the noncontractible supplier tasks,
ie., x?(%; ¢, 1¥) for 1, € (u];ij, 1], while the firm chooses how much to invest in its noncontractible
headquarter tasks, i.e., h?(bh; ¢,1F) for 1), € (,uﬁij, 1]. The supplier and the firm also make the
investments for ¢, € [0, ,u’éij] and for ¢y, € [0, ,uﬁi j], as prescribed in the initial contract. All these
investments in tasks across all input varieties occur at the same time.

e Upon delivery of the headquarter and supplier tasks, the firm bargains bilaterally with the supplier
for I¥ over the incremental revenue contributed by the input variety.

e Each input variety is put together from the task inputs following (4). Each composite input is
put together from the :ﬁ?(lk; ¢)’s following (3). The composite inputs X jk(¢) are combined with
assembly labor L;(¢) based on (2) to produce the final good.

As outlined above, the firm engages in simultaneous bilateral bargaining with each of its chosen
suppliers. We adopt a “Nash-in-Nash” protocol for this process (c.f., Horn and Wolinsky, 1988): the
firm’s bargaining with the supplier for [¥ occurs taking as given the outcomes of the firm’s interactions
with the suppliers for all other input varieties from all industries.® The firm and the supplier in question
bargain over the incremental revenue — or more precisely, the incremental contribution to the firm’s
overall revenue — generated by I*¥. We derive an expression for this incremental revenue with a continuum
of input varieties drawing on the approach in Acemoglu et al. (2007): we first work out the contribution
attributable to a single supplier when there are £ identical suppliers each responsible for a measure
1/L of the input varieties, and then take the limit as £ — oo (i.e., the measure of input varieties from
each supplier becomes infinitesimally small). As we show in Appendix A.1, this yields the following

expression for the incremental revenue associated with ¥

k R (1k; p*
rh(I% ) = (1 —a)%Rj(qb) (M) | (7)

The bilateral surplus which the firm and the supplier for I* bargain over thus constitutes a share
(1—oz)‘;i:(93§(lk; qS)/X]'?(gZ)))pk of the revenue, R;(¢), from the final good. It is straightforward to see that
this share of total revenue: (i) increases in the importance of the industry & in production, as captured
by the Cobb-Douglas exponent (1 — a)n*; and: (ii) increases in the importance of I* in the industry-k
composite, as captured by :i;?(lk; qﬁ)/X]’-“(gb). Moreover, if :i?(lk; gb)/Xj]?(qb) < 1 and so the input variety

I* is not too important, this share of R;(¢) that the two parties bargain over: (iii) decreases in p¥, as

it becomes easier to substitute for [¥ with other industry-k input varieties.'?

9This “Nash-in-Nash” solution concept has been adopted extensively in industrial organization to analyze bilateral
oligopoly settings (i.e., where there are multiple players on both sides of the market who exert market power). Recent
applications in the trade literature include Bagwell et al. (2020, 2021) who study tariff bargaining, and Grossman et al.
(2024) who study sourcing decisions in the presence of search frictions. We implicitly assume that it is too costly for a
sufficiently large number of suppliers who constitute a measurable subset of the unit interval to collude when bargaining
with the firm. See Schwarz and Suedekum (2014) for an alternative formulation of the bargaining protocol via a Shapley
value approach, that also accommodates the co-existence of both integrated and arm’s-length suppliers.

10Note that aggregating up the incremental revenue in (7) across all input varieties from all industries k, we have:

NI £ (7 W (S
> (1= )Ry (9) Xy ) 4= (0T | Rile).
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2.3 Input Task Decisions

We now solve for the optimal task investments — i.e., the h;?(bh; ¢,1%)’s and xf(am; #,1%)’s — via backward
induction, based on the timing of events described above.

Noncontractible tasks: For each firm and supplier, we first solve for their respective discretionary
effort investments in noncontractible tasks; each decision problem here takes as given the noncontractible
investments of the other party, as well as the levels of contractible task effort and the sourcing mode
that were written into the initial contract.

Specifically, the firm chooses h;‘?(Lh; ¢,1%) for all ¢, € (,uiij, 1] in order to maximize:

1
/Bzgx ]( a¢) — S5 /k hf(bha ¢’ lk)dbhn (8)

Hpig

this being the share of the incremental revenue the firm obtains from its bargaining with the

1.
supplier for ¥, net of t]hxe cost of providing these noncontractible headquarter tasks. Here, s; is the
cost the firm bears per unit of h;’?(Lh; ¢, 1F); this cost is incurred in the firm’s home country in units of
capital, a factor of production used exclusively for headquarter tasks.

The supplier in turn receives the remaining 1 — ﬁzij share of the incremental revenue. This supplier

chooses the noncontractible task levels, T k(g 0,1 ) for all ¢, € (uf;ij, 1], to maximize:

1

(1= B )% 6) — (1% ) / (106, ) di, (9)

'u’f:ij
where CUX(lk ¢) is the unit cost of these supplier tasks under sourcing mode (i, x); these are performed
in country ¢ by labor, with an associated wage equal to w;. Although individual firms and suppliers

take w; and s; as given, these factor prices are determined endogenously in general equilibrium.

Supplier technology and costs: The supplier unit cost is given by: cUX(lk @) = dk w;/ UX( ?).
Here, szjx(lk; ¢) is the inverse unit labor requirement of supplier tasks for ¥ when these are sourced

from country i under organizational mode y.'! Iceberg trade costs dfj > 1 are incurred to deliver the
inputs from ¢ to destination country j; we set d;?j =1 for all j as a normalization.

The Zf]x(lk; $)’s themselves are obtained from an underlying technology distribution: For each ¥,
the firm receives a set of draws for the 2J possible sourcing modes (i,x). Each set of 2J draws is

independently taken from a “nested Fréchet” distribution with joint cdf:

ok ok \ 1=
k k k k k k k v E 1o
Pr (lev < Z'le:leo < 210, - - -vZJjO < ZJjo) = exp{ ZT ( 1]\/ IR (Zij0> ! A’) } )
(10)

where Tf >0,0°>1and 0 < \; <1. The Tf’s are scale parameters, with a larger Tzk associated with
a lower mean unit labor requirement for source country i in industry k. In turn, 6¥ > 1 is the shape

parameter, which is inversely related to the dispersion of the draws.

We thus require that: Zi{:l(l - cv)”:—,:c < 1, to ensure that the payments to input suppliers do not fully exhaust the
revenue of the firm. This condition is readily satisfied in practice when we take our model to quantification.

1UWe index Z{CJX(lk;qﬁ) by ¢ merely to reflect that the inverse unit labor requirement is tied to the identity of the
final-good producer; the nested Fréchet distribution in (10) from which Z};, (I*; ¢) is drawn does not depend on the core

productivity of the firm in question.
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The cdf in (10) extends the conventional Fréchet distribution from Eaton and Kortum (2002) to
accommodate a correlation structure among the realized draws: There are J country “nests”, and the
A; parameter induces a correlation between the two draws — for the organizational modes xy = V and
x = O — from the country-i nest (for i € {1,...,.J}).!? The higher is \;, the more closely aligned are
these two draws; in fact, the limit case \; = 1 implies identical unit costs under both integration and
outsourcing. If on the other hand \; = 0 for all 4, (10) reduces to a situation where the 2.J draws
are each from independent Fréchet distributions with cdf: exp{—ﬂk(zfjx)_ek}. In this latter case, the
decision over sourcing mode would feature the independence of irrelevant alternatives (ITA), wherein
the probability that a given sourcing mode is optimal relative to another would not depend on any
third options. This property is relaxed when \; > 0: It allows the share of firms that outsource from
say China relative to the share that outsource from Vietnam to (in principle) be affected by the share
that procures the input under integration from China; this is due to the correlation in the two China
draws, that reflects the common technology base (Tzk) from which they emanate.'® As we will see, this
nested Fréchet distribution yields tractable expressions for aggregate trade flows and welfare, even while
it enriches the sourcing problem at the micro level. In our quantitative work, we will in fact obtain
estimates of the \;’s that are strictly positive; failure to account for this correlation would thus bias the
size of the welfare gains that we infer from removing contracting frictions.

Contractible tasks: The firm’s problem in (8) and the supplier’s problem in (9) yield expressions
for the noncontractible investments — h;?(Lh; ¢,1%) for 1), € (,ufw-j, 1] and a:?(Lx; b,1%) for 1, € (,uﬁij, 1] -
that are functions of the terms of the initial contract, including the pre-specified contractible task levels
and the sourcing mode. We now back up to the preceding stage of the bilateral interaction, and solve
for the contractible task levels — for ¢, € [0, ufmj] and ¢, € [0, /ﬂ;ij] — that will be written into the posted
contract. Bearing in mind that the firm extracts the supplier’s ex-post payoff in (9) via the ex-ante
participation fee, these contractible task levels are set in the initial contract by the firm to maximize

the total surplus, Filj»x(lk; ¢), generated by this firm-supplier relationship:

1 1
F (1550) = rh(1%:0) — 55 /0 B (i 6, 1)y, — & (1% ) /0 2 (10 6, 1) (1)

This is done taking as given the anticipated investments in noncontractible task effort that will subse-
quently be made.'*

Solution for input task levels: We focus on a symmetric equilibrium that features a uniform
investment level h’gj (I¥; ¢) across contractible headquarter tasks (i.e., h;‘? (th; b, 1F) = h’jj(lk;qﬁ) for all
€ [0, ,uﬁij]), and a separate common investment level hflj(lk; ¢) across noncontractible headquarter
tasks (¢, € (,u;“n n 1]); analogously on the supplier side, we denote the uniform investment in contractible
and noncontractible tasks respectively by acfj(lk; ¢) for ¢y € [O,/ﬂ;ij] and xﬁj(lk‘;gb) for «, € (,u’;ij, 1].1°
As we show in Appendix A.1, and similar to Antras and Helpman (2008), we obtain:

12To be clear, while the 2J draws for a given input variety I* exhibit a within-nest correlation, the draws across any
pair of input varieties I* and (I*)’ # I* are independent sets of draws from (10).

3Equation (10) is the Fréchet analogue of the nested logit structure often adopted to relax the ITA property inherent
in multinomial logit models; the joint cdf of the log ijx(lk;gb)’s is precisely a nested logit distribution. Other papers
that work with Fréchet distributions with within-nest correlations include: Lagakos and Waugh (2013), Ramondo and
Rodriguez-Clare (2013), Arkolakis et al. (2018), Brandt et al. (2021), Farrokhi and Pellegrina (2023), among others. See
also Lind and Ramondo (2023) for a more general treatment of correlated technology draws in quantitative trade models.

"We substitute the noncontractible task investments solved for from (8) and (9) into the F};, (I*; ¢) maximand in (11),
before taking the first-order conditions for the contractible task investments; see Appendix A.1 for details.

5Tn Appendix A.1, we show that it is in fact a best response for the firm (respectively, supplier) to enact a uniform

11



P i ¢ )| ok (1=ak) ;
hi (5 0) = 125 () 8 Z5, 0% 9) 1t hy s (15 ¢) = l]xck’ he; (1% ) 12
k k k_k ’
ok k _ pP(1—a™) 1—p C
k(1% ¢) = 2511_ P2r(EG) 2R e) R ah (M) = (1 Zk”‘)Cz’?x (1% 9)
where we have collected various terms in C i f], and = _ZJX, defined as follows:
Czij =1- Pk@k(l - len'j) zij - Pk(l - ak)(l - N];ij>(1 - zij)7 (13)
zkj =1- Pkak(l - :U'];Lij) - Pk(l - 04k>(1 - M];ij)v and (14)
1 1—pk ok
1— kR. PRA=ak) /1 R\ oFa-aF) [oF\T-aF (1 — oF
(Xj (0))? P S5 dijwi
k cl koo (L 1—pk
Bux = ( Z]x/ ) k(l_“k)(ﬁz‘jx)lfak his) (1 BZJX) e, (16)

The input task levels in (12) are functions of factor prices (wj, s;j), as well as of the parame-
ters that govern production (¢, o, n*, p¥, o), final-good demand (p), trade costs (dfj), the con-
tractibility of inputs (,uﬁw, ,u];ij) and bargaining ( ZjX) 16 These expressions bear sensible properties.
We have: b (1% 6)/ok,(1%:.0) = (a/(1 — ab))(ch (1% 0)/s;) and k(155 6)/ak, (155 6) = (8, /(1 —
ﬁljx))(hljj (1% ¢) /mcj(lk ®)), so for both contractible and noncontractible tasks, the effort invested by
the firm relative to the supplier: (i) increases in the headquarter-intensity o of the input; but: (ii)
decreases in the relative unit cost s; /czjx(lk; ®). Moreover, for noncontractible tasks specifically, the
investment by the firm relative to the supplier: (iii) rises in the firm’s Nash bargaining share BUX

(holding all else constant).

Since BZ]X (0,1) and C ./ CZX < 1, one can see from (12) that each party’s contractible investments
weakly exceed that in their noncontractlble tasks, i.e., h¥. (lk $) > hk. (lk ¢) and (lk ¢) > (lk b).
Of note, one can further show that h*, (lk ®), Cj(lk,gb) hE . (lk qb), and zF (lk qb) are all increasing
functions in both the contractlblhty parameters, u’fnj and nm-j.” In fact, when lenj = ,u’;ij = 1, the
expressions for h¥, (lk ¢) and x; (lk @) are equal to the respective first-best effort levels that would be
chosen in the absence of any contracting frictions.!® This underscores the usefulness of this formulation
of partial input contractibility: Reductions in contracting frictions are captured by increases in ufw j and

/ﬂ;ij, with the limit case where ,uﬁij = M];ij =1 for all 4, j, and k being the full contractibility world.

2.4 Sourcing mode choice

We now characterize the optimal sourcing mode for the procurement of input varieties. Substituting
from (12) into (11), the total surplus from the bilateral relationship with the supplier of I¥ can be written

investment level across its noncontractible tasks, and that it is in turn optimal to specify a uniform investment level across
all firm (respectively, supplier) contractible tasks in the initial contract.

®More formally, h¥;(1*; $) depends not only on the identity of the input variety /¥, but also on the sourcing mode (i, x)
that is chosen for [*¥. To streamline the notation, we have not made this dependence on (i, x) explicit in the arguments of
h’jj (1*; ¢), nor analogously in the arguments of hﬁj (1%; ¢), wcj (I*; ¢), and wcj (lk ®).

17 This stems from the fact that Qk]/(fjx and Efjx are increasing in both ,u,”] and N:IZij' For (fj/g,-’g-x, this follows from
the definitions in (13) and (14), and an application of the quotient rule. As for ZF;, this is a consequence of Bf;, being
increasing in both ,uhu and ,um], which we establish in Lemma 1 in Section 2.4. (See Appendix A.1 for the detailed proofs.)
Note too that hl;(1*; ¢)/hE;(1%; ¢) and z;(1*; ¢) /zf;(I%; ¢) are both increasing in uf,;; and pk;;; reductions in contracting
frictions are thus assoc1ated with a greater propensity to invest in noncontractible relative to contractible tasks.

181 particular, this follows from the fact that C,’“]/CZX < 1, with equality holding if ,uﬁij = u’;ij =1.
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k(1 ok

p=(
compactly as: Z]X(lk o) = ("ZXZ,ZX(ZIC; ¢)) '-¢* when this occurs under sourcing mode (i, x), where
=k

2l Was defined above in (15). (See Appendix A.1 for the derivation.) Recall that the firm receives
this total surplus after the supplier’s participation fee is taken into account. The organizational mode
selected by the firm will thus seek to maximize z;x(lk ¢), by balancing out as best as possible the
incentives of the two parties to invest in their respective noncontractible tasks.

More formally, the optimal sourcing mode for ¥ is given by:

arg (Izn?(X) ‘—‘1 ix’ 'L]X (lk QZS) (17)

With the Z§. JX ,(1*: ¢)’s drawn from the nested Fréchet cdf in (10), we can accordingly compute the

. . k
zyx’ that the solution to (17) is (i, x). By the law of large numbers, 75, is then also the

share of input varieties for which (i, x) is the chosen sourcing mode. In Appendix A.1, we show that:

probability, m

k k k:
ﬂ—ijx 7T X|z] (18)

The sourcing probability 7TUX takes a form famlhar from nested logit models of discrete choice.

It can be decomposed as the product of: (i) w5, the probability that an industry-k input variety is

zg’

sourced from country i; and: (ii) 7¥ ., the probability that the organizational mode is y, conditional

xlig’

on selecting ¢ as the source country. These latter two probabilities are given explicitly by:

_gk k ok
K T (dyw) =" (BY)’ K (Bl )™
ST TS ) (BE, ) and ;5 = o s (19)
= S (Blyy )75+ (Bljo) ™
ok ok 1o
where ijx was defined in (16), and ij = ((szjv) =X 4 (ijo) =% ) o aggregates the Bf]x’s over the

two organizational modes.

The above expression for 7r - should resonate with readers familiar with Eaton and Kortum (2002).
This probability of sourcing from country ¢ (regardless of organizational mode) resembles that in the
baseline Eaton-Kortum model, except that each country’s technology parameter TZIf has been replaced
with ﬂlf(Bf,j)ek in both the numerator and denominator of (19). Each Bf,j depends on Bf,jv and
B ;0> which are in turn deep functions of model parameters as spelled out in equations (13), (14), and
(16). While the full algebraic expression for each Bf, ; 1s complicated, we can nevertheless characterize

precisely how these key terms vary with the contractibility of headquarter and supplier tasks:

Lemma 1 For each source country 1, destination country j, and input industry k, ijv, ijo and ij
are mcreasmg in both ,uh and ,um] Furthermore, BUV, Bzgo <1 and (Bk) % < 21=Xi with equality if
and only if uhij =1 and umj =1.

The proof of this lemma is in Appendix A.1. This result is important because it allows us to interpret
the Bk s as terms that reflect contracting capacity: When multiplied against 7 k (ij)ek is a wedge
that encapsulates how the incomplete contracting environment de facto dlmlnlshes the technology for
industry-k inputs that is accessible to country-j firms when they source these inputs from country i.
Improvements in contractibility — i.e., increases in either ufu-j or ugij — close the gap between the full
technology, 2'~%T¥, and that de facto available to country-j firms, (ij)eka ; only in the limit where

uf”»j = ,u];ij = 1 and contracting capacity is complete, is the full technology accessible. The structure
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of our model thus summarizes the impact of contracting frictions on sourcing patterns through these
(ij)ek terms, in a manner that resembles conventional iceberg trade costs, (dfj)_ek.

It is instructive to look at several special cases to reinforce intuition. When A; = 1, the x = V and
x = O draws that emanate from country i are perfectly correlated; in this case, (Bf“'j)ek < A =1,
which aligns with a situation where each country-j firm has in effect a single draw from a technology
that is at best equal to Tf On the other hand, when A; = 0, we have (ij)ek < 2; so with completely
uncorrelated draws, each firm de facto has two independent draws from a Fréchet distribution with a
scale parameter that is at best equal to Tf .

Equation (19) for the ﬂfj’s has several familiar implications. The relative probability that a firm

sources from a country-: supplier as opposed to one from country 4 is:
_pk k
TF (diw) " (BL)’
k _pk k °
TS (db jwy) 7 (BE,)?

A country-j firm will therefore be more likely to source from country ¢ if the state of technology there,
Tik , is high relative to that in 7/, Tz’? Sourcing is also more likely to take place with country i if labor
costs are lower, shipping to country j is less costly, or if contracting capacity is more complete, relative

to .

Turning to Wilij’ (19) implies that conditional on sourcing from country i, the probability that this
occurs under integration can be written as:
Ok
o (BB

Wlij = ok : (20)
(BEy/Bfio) ™ +1
This is an expression for the intrafirm trade share, or more literally, the share of input varieties procured
under integration. Based on Lemma 1, the ijv and ijo terms that appear in (20) capture contracting
capacity when sourcing under the respective organizational modes; bear in mind from (16) that the
ijx’s, and hence the intrafirm trade share, are ultimately functions of the contractibility and bargaining
parameters (ufw-j, Hﬁija ﬂfjv, ﬁf’jo), as well as other production parameters (6%, \;, p¥, o).

In Lemma 2 below, we use (20) to establish how the prevalence of integration in the firm’s sourcing
strategy is affected by key parameters. In anticipation of how we will implement the model quan-
titatively, we work with a specification from Antras (2003) that relates the bargaining share under
integration ( Zk]v) to that under outsourcing (ijo). Building off the notion that ownership confers
residual rights of control, we assume that under integration, the firm is assured a fraction 65]- € (0,1)
of the ex-post surplus should the relationship with the supplier break down (although this will ulti-
mately be a scenario that is off the equilibrium path). The firm and the integrated supplier engage
in Nash bargaining over the remaining 1 — 5% share of the surplus, splitting this in the ratio ﬁfjo to
1- ijo, according to the two parties’ primitive bargaining power under arm’s-length sourcing. The
firm’s bargaining share under integration is thus: ﬁfjv = 55 + ﬁfjo(l — 517‘“]) € (0,1).

We can now state the following comparative static results (see Appendix A.1 for proofs):

Lemma 2 The probability of intrafirm sourcing conditional on sourcing from country , ﬂ"k/'ij, is: (i)
increasing in o ; (ii) increasing in uﬁij, but decreasing in ,u’;ij; (#ii) decreasing in @kjo; and (i) de-
creasing in (5113 over the entire interval 5;‘; € (0,1) when o is below a cutoff level &*, while exhibiting

an inverted U-shape relationship with 5% when of > a*.
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Despite its involved structure, the model delivers clear predictions on the forces that shape the
propensity to integrate (W\k/uj)' The result in (i) is the familiar Grossman-Hart-Moore insight: With a
higher o*, headquarter services become relatively more important vis-a-vis supplier inputs. It is then
more crucial to incentivize the firm to invest in its noncontractible tasks, which is better achieved with
the favorable division of surplus it would receive under integration (ijv > BZO). The rationale for
(ii) likewise works off how the organizational mode affects each party’s incentives to invest in their
noncontractible effort. A higher ,u];l-j allows the firm to spell out the investment levels for a larger
subset of supplier tasks. This reduces the need to induce supplier effort, prompting the firm to instead
prioritize retaining a larger share of the ex-post surplus and thereby raising the propensity to integrate.
Conversely, when headquarter tasks are more contractible (u’fnj is higher), this heightens the need to
incentivize suppliers relative to firm headquarters; the firm would then rather commit to procure more
input varieties through outsourcing (c.f., Antras and Helpman, 2008).

Turning to (iii), an increase in fjo raises the firm’s bargaining share under outsourcing, while closing
the gap between this and ﬂfjv.lg This makes outsourcing more attractive relative to integration, so
that 7r‘k,|l.j falls. The result in (iv) is more subtle: An increase in the firm’s residual control rights would

k is sufficiently small,

disincentivize supplier effort if the supplier were integrated by the firm. When «
this is detrimental: it discourages effort from the party (the supplier) responsible for the relatively
important input, so the propensity to integrate falls unambiguously as ij increases in this case. On

k

the other hand, when oF is large, an increase in 0;5 from an initially low value would improve the firm’s

willingness to invest in its noncontractible tasks]under integration, and this can be beneficial when
headquarter services are important. That said, once 511“]- is sufficiently large, this curtails the supplier’s
effort to such an extent that it outweighs the benefit of granting better incentives to the firm; the
propensity to integrate thus falls eventually with further increases in 5%.20

The parameters 0¥ and )\;, which govern the supplier technology draws, also affect the prevalence of
integration. When ijv / ijo < 1, equation (20) implies that 7T(€/| g <1 /2; intuitively, the firm would
find integration less attractive when it has lower contracting capacity under integration than under
outsourcing. A larger #* or higher )\; would then reduce 7r\k/|ij and further dampen the likelihood of
integration. The converse is true when ijV/ijO > 1, as W‘]‘}‘ij > 1/2 and a larger 6% or \; would
now reinforce this propensity to integrate. Put otherwise, with nested Fréchet draws that exhibit a
smaller variance, or with more highly correlated draws within country “nests”, this accentuates the role
of non-stochastic forces — in particular, the ratio of contracting capacities ijv / ijo — in determining
the share of inputs that are integrated.

Two remarks are in order before we turn to the next section. First, note that ﬂfj in (19) and W(“/W
in (20) are shares based on unweighted counts of input varieties. Unlike Eaton and Kortum (2002),
our setup departs from a perfectly competitive benchmark — payoffs are determined via bargaining and
firms retain ex-post profits — and so ﬂfj in (19), for example, is not equal to the share by value of imports
from country ¢. This is slightly inconvenient, as the import and intrafirm shares recorded in standard
datasets are based on trade values (rather than counts of product varieties). When we aggregate the

model, we therefore also derive expressions for the value of trade by organizational mode, and hence

98pecifically, ,ijv - /ijo = 55(1 - ﬂfjo), which decreases as ijo rises, holding (ﬁ“j constant.

20While this potential non-monotonicity is interesting, it turns out that for the range of o that is most empirically
relevant in our quantification (around 0.3 to 0.4), this is low enough that 7'("];‘1-]- is in practice decreasing in 55‘] over the
whole unit interval (unless some of the other parameters take on extreme values).
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for the intrafirm trade share by value, that we can map to the data. As it turns out, the intrafirm
trade share by value inherits comparative static properties similar to those for 77"‘3/”]. in Lemma 2. This
well-behaved nature with respect to the model’s primitives gives us a measure of confidence that the
model parameters can ultimately be estimated from data on the intrafirm trade share by value.
Second, it is worth discussing how one can incorporate firm-level heterogeneity in sourcing decisions
into this framework. A natural way to proceed would be to introduce fixed costs of activating individual
source countries and/or organizational modes (c.f., Antras et al., 2017). Differences in sourcing shares
would then emerge, as firms with higher core productivity ¢ would be able to incur the fixed costs of
opening up more sourcing modes. In the current paper, we have eschewed going in this direction, since
we lack firm-level data on global sourcing patterns broken down for detailed inputs by organizational
mode. With such fixed costs, we would moreover lose the exact aggregation of the model with ana-
lytically tractable expressions. We have thus opted to leave this as an extension for future work. Our
approach here will instead be to work with the closed-forms for trade flows and the intrafirm trade share,
to take these directly to the data; note too that at the level of aggregation — NAICS 3-digit industries

— that we will adopt, there are relatively few zero trade observations (see Section 4 for details).

3 Aggregate Implications: Welfare and Trade Flows

We now aggregate over the decisions made by the final-good producers in a given country, to derive
implications for welfare and for bilateral trade flows. We outline the main steps and highlight key forces

in this section; detailed derivations are in Appendix A.2.

3.1 Output, Consumption, and Welfare

Output and consumption: We solve out the firm decision problem in full, to obtain the quantity of
each final-good variety that will enter the utility function in (1). For each country-j firm, this entails
that we derive expressions for the composite input X jk(¢) it uses from each industry k, and for the
assembly labor L;(¢) it employs.

From (3), we have: X]k(qb) = (E[f?(lk;gé)pk])ﬁ%’“, where this expectation is evaluated over the dis-
tribution of supplier draws associated with the sourcing modes that are ultimately chosen for input

varieties [* € [0, 1]. Making use of the optimal task levels in (12), one can show that:

k k= 1*’7]6 1-aF 1*’?]6
X5 () = (1= a)pn Rj(¢)(a"/57)™ (1 = ®)! = (TF) 7 (@F) oF (T]) 7+, (21)
where:
J k k
ok =N " T (dhwi) " (BT (22)
i'=1
J ek
(]
=Y ¥ ey md @
i=1 xe{V,0} >Ux
I'* is a constant equal to the Gamma function evaluated at 1 — eik’ﬂcii_p%k) > 0; this inequality is a

restriction on 6%, p*, and o needed for T'*, and hence firm output, to be well-defined.?!

1 pFa—ak)
ok 1—pk

21Recall that the Gamma function is given by: T'(t) = [y~ e ¥dy for t > 0. The condition 1 —

0 >0

16



Based on (21), the firm’s industry-k input use scales up linearly with its revenue, R;(¢). There

are moreover two key multiplicative terms in (21) — that depend on <I>k and Tk — whose role we can

k
tj

n (19). Following Antras et al. (2017), we refer to CIJ;‘? as the sourcing capability of country-j firms in

mterpret First, notice that <I>k in (22) is precisely the denominator of the country-i sourcing share 7;

procuring industry-k inputs, since @? summarizes the available state of technology across all potential
source countries after accounting for prevailing labor costs, trade costs, and contracting capacities.

From (22), <I>k is clearly increasing in B, and hence in each of the Mf”-j and ufﬂj parameters (c.f.,

ij
Lemma 1). In other words, more severe co]ntracting frictions reduce the sourcing capability of the firm
and in turn its use of industry-k inputs embodied in X Jk(qﬁ)

Second, T;? in (23) is also affected by the contractibility parameters. Recall that / iy < 1,80
that (23) implies: T? < Z%]:1 er{vp} ijﬂ)’zm = 1. The (T?)(l—pk)//)k term in (21) thus acts like a
friction that impairs X Jk(gb) from the maximum value it would otherwise attain; { [k le is moreover
increasing in anj and ,u];ij, S0 T? reaches its maximum value of 1 only when ,u,ﬁl.j = Mm‘j =1 for all
source countries .22 For this reason, we refer to T? as an under-investment friction term: T? captures
the further effect of contracting frictions in dampening investment in headquarter and supplier tasks,
after conditioning on the level of the firm’s sourcing capability <I>§.

Turning to L;(¢), the firm chooses this to maximize its overall payoff (inclusive of the ex-ante
transfer). This payoff, which we denote by Fj(¢), is the revenue from the final good, R;(¢), less all
factor costs incurred; the latter comprises the payments for headquarter and supplier tasks across all
input varieties I*, as well as for assembly labor. Note that we have specified that both supplier tasks
and assembly be performed by the same factor of production (labor); this is not crucial in the theory,
but will help us to better match the labor share in aggregate income in our quantitative work.?> With

some algebra, Fj(¢) can be written as: F;(¢) = w;R;(¢) — wjL;(¢), where:

wj_1—1—a§:pk( o) (k) ) (24)
k=1

In Appendix A.2, we show that 0 < w; < 1.2* This allows us to interpret ; as the firm’s (pre-assembly)
profit share, or equivalently, the share of R;(¢) that accrues to the firm after netting out the costs of
headquarter and supplier tasks. The first-order condition of F)j(¢) with respect to L;(¢) then yields:

ap w;

BT a

Rj(9). (25)
The assembly labor employed is therefore also a linear function of firm revenue. Note that a higher profit
share, w;, naturally induces the firm to raise its output and hence also L;(¢). With the expression for
L;j(¢) from (25), one can further show that the firm’s payoff simplifies to: Fj(¢) = %WjRj(¢);
the firm’s post-assembly profit share — after accounting for assembly wages — is thus just w; scaled by

a multiplicative constant.

ensures that the dispersion of the nested Fréchet draws is not too large; without this, the power function of these draws
that is relevant for evaluating X (¢) would not have a finite expectation.

22That (,kj /Czkyx is increasing in ,u’f”-j and H’;ij follows from a quick application of the quotient rule; substituting in
u’f”-j = ,ul;ij = 1 shows that the maximum value of QJ /ngxv and hence of T ,is 1.

ZTo be more specific, these factor payments are: (i) s; fo 5 (s @, lk)dLh for the headquarter tasks, for each input
variety 17; (ii) ¢}, (I*; ®) Jo x *(1e; &,1%)dus for the supplier tasks, for each I¥; and (iii) w;L;(¢) for final assembly labor.

24This property of follows from showing that the under-investment friction terms satisfy: 1 > T? >1-—p"
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Combining the expressions for composite inputs from (21) and assembly labor from (25) into the

production function in (2), the quantity of each final-good variety is then given by:

0(0) = Ay(00) ™ (1= )5 (A=)

(1 — ) w;

1*Pk 7ak 1— k
P k

[(“k) (1= by S @ S S )

where we have made use of: R;(¢) = A;quj(qb)p in deriving the above.

Welfare: Utility from (1) can be written as: U; = (N; f¢ qj(¢)pde(¢))%, into which we now

substitute ¢;(¢) from (26). This delivers the following expression for country welfare:

Uj = (N}) 7 pEjdy(1 — )= <a wj)

1-p(1—a)w,
K k 1—ak 1ok (=)
kN ¢ k —a _k _ K k ok
o l1—« g l=pm 1—p T ok
JLI(S) (%) san ™ ah (2] e ey
el 5] Uh ﬁ”

where: ¢; = (/[ A gbﬁ de(qS))kTp is an aggregator of firms’ core productivity levels. To arrive at (27),
we have performed the substitution, <I>§? = @k(wj)*ek(Bj’?j)ek /W;-“j, that comes from setting ¢ = j in (19)
while bearing in mind that dé?j = 1. The sourcing capability as defined in (22) depends on prevailing
technologies, trade costs, wages, and contracting capabilities, Ek(dfjwi)_ak(ij)ek, across all countries
¢ in the world; conveniently though, @? can be expressed in terms of just the country-j analogue of
these variables, T]k (wj)_ek(B;?j)ek, suitably re-scaled by the share of domestic inputs, 775?]—.

For our welfare counterfactuals, we adopt the “hat algebra” approach (c.f., Dekle et al., 2008) and
write down (27) in proportional changes. For any variable X, let X’ denote its value following a given
shock and X = X’ /X the associated proportional change. The response of country welfare to a shock

to either: (i) trade costs (the dfj’s); or to (ii) contracting conditions (via the uﬁij’s or ,u];ij’s), is:

1-pF 1-ak

)7 (@)

- n*(1-a)
E\1—ak
(Bjj) ] .

(28)

~ =~ _ K 1ok ok A=) K
Uj = Ej (w;)™" (H [(wj) (=) (55) ] ) @) I 1

k=1

Equation (28) shares key features with the gains-from-trade formula from Arkolakis et al. (2012). At

~

its core, the change in welfare is inversely related to changes in the domestic-sourcing share, 775? in each

It
industry, and the strength of this dependence on 7?;‘3 is governed (in part) by the distance elasticity 0%.
While this term looks familiar, it bears reminding that in our setting, 7r§?j is strictly the domestic share
by (unweighted) counts of input varieties; we will later establish a model-consistent mapping between
this and the sourcing share by value when we go to the data in Section 5.

The/lvelfare change expression is augmented by several terms related to contracting frictions.
First, BJ’?j appears in (28) due to the earlier substitution made for the sourcing capability, <I>;? =
Tf(wj)_ek (ij)ek / W;?j. Thus, EE and 7%\] jointly speak to the impact that an improvement in contract-

ing conditions would have in raising the sourcing capability of country-j firms over industry-k inputs.
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In the scenarios we consider, we will see that BJ’?. is in practice an order of magnitude larger than ij,

so the impact of contracting frictions on sourcing capability operates almost entirely via B]’?j. Next, the
ﬁ? term in (28) reflects how a shock to the contracting environment would affect the effort invested in
headquarter and supplier tasks, over and above its effect on sourcing capability. This follows from our
interpretation of T? as an under-investment friction: An improvement in contractibility — in ,ufn-j or
u’;ij for any source country ¢ — would alleviate the holdup problem between the firm and its industry-k
suppliers; this would raise T;? and, in turn, country-j welfare.

At the same time, there are countervailing forces on welfare. The @ term in (28) reflects the change
in the share of revenues retained by firms as profits. From (24), an improvement in contractibility that
raises T? also increases the share of R;(¢) that is paid out to factors of production; as the profit share
w; then falls, this tends to dampen firm output, and hence the welfare response to an improvement
in contracting conditions. Last but not least, (28) contains terms in wj, §; and E;, which are the
endogenous movements in factor prices and aggregate expenditure. The magnitudes of these responses
will be pinned down by factor market-clearing conditions in general equilibrium (see Section 3.3 below).
But there is clearly scope, for example, for an increased demand for factors to drive up w; and/or sj,
which could offset some of the consumption gains when contracting frictions are removed.?>

The presence of these rich forces in (28) points to the need for a quantitative assessment, in order to
size up the overall welfare impact of contracting frictions in global sourcing. Before proceeding further,
there is a special case to highlight: In a world with only one factor of production (i.e., headquarter
services, supplier tasks, and assembly all use a single form of labor), and under full contractibility

(,uzi ;= ,u’;ij =1 for all 7, j, and k), the welfare change formula simplifies to:

K ky

— nF(1—a

/U; = H(”fj)_

k=1

(1=a) (29)

Our model with contracting frictions thus nests the gains-from-trade formula for the class of multi-
industry models considered in Arkolakis et al. (2012) and Costinot and Rodriguez-Clare (2014).2°

3.2 Trade flows

For trade flows, we take the position that customs data record the value of shipped items at cost; this is
in line with our modeling assumption that a large pool of potential suppliers in each country competes
away any supplier rents. With this convention, we compute in Appendix A.2 the value of industry-k
inputs that a country-j firm with core productivity ¢ would import under sourcing mode (i, ), and

then aggregate this over the distribution Gj(¢). The resulting expression for trade flows, tfjx, is:

thiy = Q55 (30)
where: -
afy = (I—a)pr*(l-a )Tk;k T (w;) =0 (BE) T (@)~ and
ok ck (31)
afy, = (BN (M];z‘j + (1= ) (1 = @]X)CZ > -

25The proportional change in w; appears twice in (28) because labor is used both in supplier tasks and in assembly. If
one were to designate assembly labor as a third factor of production, then one would simply replace the (w;)”™% term in
(28) by the proportional change in that distinct factor raised to the power of —a.

*5This follows from the fact that in the full contractibility world, BY; =1, T% =1, and w; = 1 — p(1 — a).
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Note that afj collects: (i) terms specific to the importing country j and industry k, including
aggregate expenditure (E;) and sourcing capabilities (@?); (ii) terms specific to the exporting country
i and industry k, including variables related to supplier technology (7¥) and factor costs (w;); together
with (iii) trade costs and contracting capacities — df’j and ij — that vary by country pair and industry.
Based on this, (30) can be viewed as a gravity equation for bilateral trade flows by industry and sourcing
mode, with a trade cost elasticity of 6*.

In turn, afjx comprises: (iv) terms that depend further on the organizational mode x, that involve
(among other parameters) the contractibility of headquarter and supplier tasks, as well as the bargaining
shares. These will feature prominently as drivers of the intrafirm trade share, namely the share by value

of trade flows that are brought in under integration rather than outsourcing, tfjv / (tfjv + tfjo).

3.3 Closing the Model

We briefly describe how we close the model, by pinning down wj, s;, and E; in general equilibrium via
domestic factor market-clearing conditions (see Appendix A.2 for the detailed derivations).
We denote the given endowments of labor and capital in country j by Ej and I_(j respectively.

Equating Ej with the various sources of demand for labor yields:
- apw;
J.=_— 1" B
Wy g 1-p(l—a)?

k
k
IR 90 M WIRRRCE R (RSN CE N, <5

k=1m=1ye{V,0} Cme

(32)

The first term on the right-hand side arises from payments to assembly labor by country-j firms;
the second term in turn accounts for the labor used by country-j suppliers in supplier tasks, for input
varieties that are sourced by firms around the world (including by country-j;’s own final-good producers)
under both possible organizational modes.

As for capital in country j, the corresponding factor market-clearing condition is:

k
SjKj = 1 —a pzz Z 77 Od 77{ X|z] (ﬂ'];:zzj + (1 /’thj)BZ]X ) ) (33)

k=11i=1 xe{V,0} UX

where note that capital is used only to perform headquarter services for input varieties.

To fully close the model, we assume that the profits of firms are rebated to consumers via a domestic
asset market and that these assets are not traded across borders; following Dekle et al. (2008), we treat
trade deficits, D;, as exogenous and given in the data. Aggregate expenditure in country j is then equal
to the sum of payments to the two factors (wjl_)j, sjl_(j), profits of domestic final-good firms, and the
trade deficit. We show in Appendix A.2 this implies the following expression for F;:
w;L; + s; Kj + D

1-—p
1= 1— p(l a)wJ

B = (34)

We round off our model description by laying out the system of equations that define an equilibrium
in this world of global sourcing with contracting frictions. In words, this comprises: the sourcing shares,

7F and 7¥ . : the definitions of C and CUX, ; sourcing

ij |Z]’ 137
capabilities, <I> ; under-investment frictions, T ; aggregate profit shares, w;j; as well as the labor and

the contracting capacities, B”V7 ijo, and BF

capital market clearing conditions and aggregate expenditure condition (just presented above). For

completeness, we list this equilibrium system in equations (A.26)-(A.37) in Appendix A.3.
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4 Taking the Model to Intrafirm Trade Data

We now take the trade flow expressions by sourcing mode to the data on intrafirm versus arm’s-length

trade, from which we will estimate the key parameters of the model.

4.1 Estimation Strategy

Intrafirm trade share (by value): To map (30) to an empirical specification, we assume that trade

flows in the data, denoted by ¥
ik 4k k ok ok

X’

are equal to their model-based counterparts but observed with noise:
=al:at where the multiplicative error term, €”

igx Vi Z]X i Yijx Cijxo ijx satisfies Efe Zax| ijx @ ] =1
Drawing on the gravity equation literature, it is then natural to take a Poisson Pseudo—MaXHnum

Likelihood (PML) approach in which we account for the a ’s with country-pair- by—lndustry fixed effects

(Santos Silva and Tenreyro, 2006). In Appendix B.1, we show that when the a ’s are replaced by their

corresponding Poisson PML estimators, this delivers a moment condition for the intrafirm trade share

by value:
Gk
7k k k k k k \Tox (pk k
tijy kook | _ a; %V _ aisy _ (BijV/BijO)l Xi (bijV/bijO) (35)
+tk WX ak.ak., + aF.alF ak.. +ak. ’
ng ijO ij gV ij 15O ijV ijO ( ’L]V/B’LJO) A ( Z]V/bZ]O)

where: bfjx ufn-j +(1- ,u’j:ij)(l ’ijx)ck for x € {V,O}; this last step follows from substituting for

the aUX ’s based on (31). Note that tng/( vt tmo) on the left-hand side will come directly from the
data, while the right-hand side is a model-based structural expression for this intrafirm trade share.??

Comparing (35) with (20), the ratio b%; v/ bl o acts as an adjustment term that maps the intrafirm
trade share by counts of input varieties, 7rV|l from (20), to an intrafirm trade share based on the value
of trade flows.?® We show in Appendix B.2 that this bk % /b; bk o term typlcally reinforces how BZ v / ijO
— and hence, 7rv|ij responds to each of the underlying model parameters o, M:pij’ Um;]w ﬂijo, and 65
While we clarify in Appendix B.2 that there are parameter values under which some of the comparative
static results in Lemma 2 can be overturned, these are extreme cases that are not empirically relevant;
it is straightforward to provide a sufficient condition, readily satisfied in practice, under which such
scenarios are ruled out.?? For all practical purposes then, the intrafirm trade share by value in (35)
inherits the comparative static properties of W"jw laid out in Lemma 2.

There are two advantages to working with (35) as our estimating equation. First, empirical studies
on the determinants of organizational mode in global sourcing have, starting with Antras (2003), regu-

larly adopted this intrafirm trade share (by value) as a key dependent variable to capture the propensity

2In Appendix B.1, we also provide an alternative foundation for (35): Under the further assumption that the trade
flows, tuxv are reahzatlons from a Poisson distribution with mean a¥; afjx, one can show that conditional on observed total
trade t within a country-pair-by-industry bin, tuv/t obeys a Bernoulli distribution with mean afjv/(ai‘;v + afjo). The
derlvatlon is akin to that in Eaton et al. (2013), where the moment condition is not exact but rather holds in expectation
after accounting for a multiplicative error term associated with observed trade flows.

280ne can thus interpret bfjv/bfjo as a term that governs the intensive margin of intrafirm sourcing. From (20), on the
other hand, ijv / ijo governs the probability — and hence, the extensive margin — of intrafirm sourcing.

29We show in Appendix B.2 that the sufficient condition is needed to unambiguously sign the response of (35) with
respect to o and ﬂfj@ but is not required to characterize the response with respect to ,u';ij, Mﬁm and 6{“] The sufficient
condition takes the form that A; be large: If the supplier draws under integration and outsourcing are strongly correlated,
a higher of (respectively, lower 5%0) will raise the intrafirm trade share by value, as there is less scope for the supplier
draw under outsourcing to be vastly better than that under integration to overturn the baseline comparative static for
’/T(C/‘ij from Lemma 2. As we report in Section 4.3, the estimates for A; we obtain are all close to 1.
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to conduct sourcing under integration rather than at arm’s length. Equation (35) thus provides a struc-
tural rationalization for the regressions, often of a reduced-form nature, that have been run in this body
of empirical work cited earlier in the Introduction. Second, with the intrafirm trade flows expressed in
shares rather than in levels, one can purge out forces that only vary at the country and/or industry level

(the afj’s), and focus on forces that are directly relevant for organizational mode decisions (embodied
k >
ijx
because, with the Poisson PML estimator, the total predicted trade is precisely equal to the observed

in the a?. ’s). As the derivation in Appendix B.1 makes clear, the afj’s are concentrated out from (35)
trade within each country-pair-by-industry bin, i.e., afjafjv + afjafjo = ffjv + ffjo; the Poisson PML
estimator is in fact the unique PML estimator that exhibits this “adding-up” property within fixed
effect bins (Arvis and Shepherd, 2013; Fally, 2015).3°

In what follows, all mentions to the intrafirm trade share will refer to the intrafirm trade share by
value, as this is the measure we can observe and work with.

Empirical specification: Our goal is to recover the parameters needed to evaluate the welfare
change formula in (28). Based on the definition of afjx in (31) and the prior expressions for szjx’ Ciij
and Cijj in (16), (13) and (14), these are: aF, uf“j, ufm-j, ijo, ijv (or equivalently, 55), 6%, \;, and p*.
We describe the approach we take for each of these model parameters.

For o, ,u’fnj, ,uﬁl-j, ijo, and 5%, we parameterize these as flexible functions — specifically, second-
order polynomials — of industry and country characteristics which have been proposed and explored
as explanatory variables for the intrafirm trade share in the related empirical literature. Table 1
summarizes the mappings to observables we adopt. We elaborate on these specification choices below,
with further details in Appendix B.3 and B.4.

Starting with o, we follow Antras (2003) in using physical capital intensity in the industry,
log(K/ L)k, to proxy for the intensity of headquarter services, on the grounds that the input services
attributable to plant, property and equipment stem from investment decisions typically undertaken by
firm headquarters. There is moreover an extensive body of evidence originating from Antras (2003)
of a robust positive association between physical capital intensity and the intrafirm trade share. We
thus specify: of = ¢ (a(log(K/L)*)), where log(K/L)* is log real capital per worker, and a(-) is a
quadratic function of its argument. We apply a monotonic transformation, the standard logistic func-
tion: £(y) = exp{y}/(1+exp{y}), so that o sits in [0, 1]. There are then three parameters to estimate
here, namely the constant, linear and squared term coefficients of log(K /L) in a(-).3!

We turn next to the contractibility parameters, ,ulfn > ,u];i ;€ [0, 1]. While our model is general enough
to have these vary by country pair and industry, it is not feasible to accommodate this full flexibility
(with J2K distinct uf, ;s and ,u’;ij’s each) in practice: The estimation would be under-identified since
the variation in the intrafirm trade data that we work off is cross-sectional in nature. Instead, we
reduce the dimensionality of the estimation problem by specifying ufn-j and /J,,;ij to be functions of a

parsimonious list of source and destination country as well as industry characteristics. This is analogous

30 An alternative estimation approach would be to run a Poisson PML regression of ffjx against country-pair-by-industry

fixed effects; the residuals from this would constitute unbiased estimates of the a%/s, which can then be fitted to the
model-based expression for aij in (31) to recover the underlying parameters. We have opted not to take this route, as
the predicted residuals could incorporate more noise resulting in less efficient estimation. Note too that the comparative
statics of afjv and afjo with respect to the model parameters are not as cleanly signed, admitting the possibility of
non-monotonicities, compared to the corresponding behavior of afjv/ (afjv + afjo).

3'While prior empirical work on the correlates of the intrafirm trade share has not often explored the relevance of a
squared term in log(K/ L)k7 we have included it here to maintain the same polynomial degree in functional-form flexibility
as we allow for with ,uf”'j, JTAE /ijo, and 6f;.
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Model Parameters Functional Forms Observables

a” ¢(a(-)) log(K/L)"

1y ¢(h(-) ROL;, ROL;, HQContractibility"

T ¢(x(-)) ROL;, ROL;, SSContractibility”
ko ¢(b(-) Markup”

st £(d(.)) ROL;, ROL;, Specificity®, BIT,;

Table 1: Mapping from Parameters to Observables

Notes: This table summarizes the empirical specifications we adopt to express the stated model parameters in terms of
industry and country characteristics. £(-) is the standard logistic function: £(-) = exp{-}/(1 + exp{-}). a(-), h(-), x(-),
b(-), and d(-) are second-order polynomial functions of the listed observables, as spelled out in full in Appendix B.3. See
the main text and Appendix B.4 for the definitions of the country and industry observables.

to the standard approach in the gravity equation literature for capturing trade costs, where the iceberg
friction is projected onto observables such as physical distance, among other variables (cf., Head and
Mayer, 2014). Closer to our setting, Boehm (2022) similarly maps model parameters that capture
contracting frictions onto institutional variables related to the enforcement of contracts.

Specifically, we express ,u;“n.j and ,uﬁij as (standard logistic transforms of) second-order polynomial
functions, h(-) and x(-), of: (i) rule of law in the source and destination countries (ROL;, ROL;); and (ii)
the contractibility of headquarter (respectively, supplier) inputs used in industry k.32 The rule of law
index is a convenient summary measure of the quality of institutions relevant for contract enforcement.
The security of contracts in global sourcing could in principle depend on both source and destination
institutions; we do not take an a priori stance as to which matters more, and will let the variation in
the data inform this. The industry characteristics we use in h(-) and x(-) build off Nunn (2007). The
measure of relationship-specificity devised by Nunn (2007) captures the share of inputs in an industry
that likely feature customization (i.e., are classified as differentiated by Rauch, 1999) and are thus more
prone to holdup problems.?3 To capture the converse (i.e., the degree of contractibility), we work with
the share of relatively standardized inputs — those either exchange-traded or reference-priced — on the
basis that goods transacted on open markets are easier to contract upon. We furthermore seek separate
contractibility measures for headquarter and supplier inputs, for ,ufn.j and ,ul;ij respectively. For this,
we designate inputs from NAICS 6-digit industries with an above-median capital-labor ratio to be
headquarter inputs, while viewing those with a below-median ratio to be supplier inputs; this is in line
with the notion that firm headquarters are more likely to be involved in the provision of capital-intensive
tasks. We then compute the share (by value) of exchange-traded or reference-priced inputs within each
of these subsets to arrive at the “HQContractibility*” and “SSContractibility*” measures.?* Note that
h(-) includes interaction terms between source-country (respectively, destination-country) rule of law

and industry HQContractibility®; an analogous statement applies to x(-) with SSContractibility®. We

32The h(-) and x(-) functions each include a constant; linear and squared terms in each country and industry charac-
teristic; as well as the interactions between each relevant pair of country or industry variables in the respective arguments
(see Appendix B.3).

33There is ample precedent of work exploring the correlation between the relationship-specificity of inputs and the
propensity towards sourcing under integration (see for example Nunn and Trefler, 2008, 2013; Corcos et al., 2013; Defever
and Toubal, 2013; Antras, 2015; Eppinger and Kukharskyy, 2021).

34We compute one minus the z"! measure as defined in Nunn (2007), but separately for the subsets of above- versus
below-median capital-intensity inputs. Across NAICS 3-digit industries, the correlation between HQContractibility® and
SSContractibility” is positive but not very high (0.46); their respective correlations with Specificity® are —0.49 and —0.08.
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thus uncover the relevance of contracting conditions for organizational decisions in global sourcing by
examining the effect of ROL; (respectively, ROL;), while further exploiting differences across industries
in their dependence on these institutions; this is in the same spirit as related interaction specifications
in Antras (2015) and Eppinger and Kukharskyy (2021).35

We take a similar functional-form approach for fjo and oF

150
(recall that: ﬂfjv =(1- 6%)55 + (52) For ﬂfjo, there is less precedent to draw on for guidance on

which govern bargaining outcomes

characteristics that speak to the firm’s bargaining share under outsourcing. As a baseline, we map ,BZO
to (a standard logistic transform of) a quadratic function b(-) of the average price markup in an industry
(“Markupk”), since industries with higher markups are typically dominated by fewer incumbent firms,
which could confer stronger bargaining power over suppliers.?® We have also considered an alternative
specification in which we estimate a common Sp across all 4, j, and k; this yields broadly similar results
to our baseline. As we will see, this is because even under the version of ﬁfjo parameterized in terms
of Markup®, the estimated bargaining shares exhibit little cross-industry variation.

For 5% — the bargaining share the firm is minimally assured under integration — we set this as (a
standard logistic transform of) the second-order polynomial d(-), whose arguments are: (i) source- and
destination-country rule of law (ROL;, ROL;); and (ii) a “Specificity"” measure of the extent to which
the industry’s output comprises differentiated products (based on Rauch, 1999). In principle, during a
supplier dispute, the firm would be more able to exercise its control rights in institutional settings where
the rule of law facilitates the recovery of semi-finished goods; it should likewise enjoy a higher 5% if the
goods in question have a lower specificity and can be readily resold on an open market (c.f., Eppinger
and Kukharskyy, 2021). We also include in d(-): (iii) the level effect of “BIT;;”, an indicator for
whether the country pair share a Bilateral Investment Treaty (BIT). Such treaties bolster the security
of cross-border investments between signatory countries (e.g., Egger and Pfaffermayr, 2004; Biithe and
Milner, 2009; Egger and Merlo, 2012), which could encourage sourcing under integration.3

As for the remaining model parameters, we directly estimate the Fréchet dispersion, 6%, for NAICS
3-digit industries, this being the level of industry aggregation in our implementation. For the \;’s, we
partition the countries into three groups — lower-middle, upper-middle, and high income, as classified
by the World Bank — and estimate a common correlation parameter within each of these subsets of
exporting countries; this keeps tractable the number of distinct );’s to be estimated.®® Last but not
least, we pin down the p¥’s by bringing in information on import demand elasticities from Soderbery
(2015). In Appendix B.3, we show that the model-implied counterpart of the import demand elasticity

is 1+ %; equating this to the corresponding Soderbery (2015) elasticity (denoted by &%) implies:

sk _ A . .
k— ﬁ, which is an expression we plug into afjv / (af’jv + afjo) for pF wherever the latter appears.

With o in the denominator of p* taking on the empirical specification spelled out in the first row of

Table 1, equation (35) can then be estimated and the value of p* backed out subsequently.

35See Chapter 8 of Antras (2015). This approach draws on a body of work, surveyed in Nunn and Trefler (2014), that
has uncovered patterns of comparative advantage in trade flows, through the use of interaction terms between country
characteristics and variables that speak to an industry’s dependence on these characteristics for production.

36We use the average industry-level markups reported in De Loecker et al. (2016); we are not aware (to date) of data
on markups for a large enough set of countries that would allow us to incorporate variation along this further dimension.

37In line with this, the BIT coefficient is estimated to be positive and significant; that said, our baseline results are
largely unaffected if we drop this BIT;; term from the specification of d(-).

380ur sample is based on the US’ 50 largest import partners, which does not include any countries classified as low-income
(see Section 4.2).
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Estimation procedure: We collect the objects to be estimated in the vector ©. This comprises:
(i) the 6%’s for each NAICS 3-digit industry k; (ii) the \; correlation parameters for the three country
groups (as described above); and (iii) the constant terms and polynomial coefficients of a(-), h(-), x(-),
b(-), and d(-). Based on (35), we set up the moment condition:

tr. a].g,
gV gV E|
S ’X]] —0,

m(0) =E | = % % %
tiv ttio v + a0

where ij is the full set of country and industry observables used in a(-), h(-), x(-), b(-), and d(-).

We perform the estimation via weighted non-linear least squares (NLLS), given formally by:
6" = argming |(m(©))- Q- (m(©))) , (36)

with  being a diagonal weighting matrix with ffj as its entries; this helps to guard against the estimates

being driven by observations that account for only low amounts of trade value.>* We solve the mini-

1— k\ Lk
% < 1. (Recall
from Section 3.1 that this last restriction ensures the dispersion of the nested-Fréchet draws is not

mization problem in (36) while imposing the constraints: 6% > 1, \; € (0,1), and

too large, so that firm output is bounded.) Computationally, we use a combination of Particle Swarm
Optimization and Levenberg-Marquardt algorithms; the minimand in (36) is in practice well-behaved
in the relevant parameter space (see Appendix B.5 for implementation details).

We describe the sources of data variation that help identify the parameters in ©. For the 6%’s and
Ai’s, these are informed by the dispersion in thjV / (ffjv +t~i-“jo) seen within industries and within exporting
country groups respectively; this follows from our earlier discussion of how the intrafirm trade share
responds to shifts in 8% and \; (see Section 2.4). As for the polynomial coefficients in a(-), h(-), x(-),
b(-), and d(-), these are disciplined intuitively by the observed covariance between Efjv / (ffjv +ffjo) and
the corresponding country and/or industry variable in ij To give a concrete example, the covariance
between the intrafirm trade share and ROL; x Specificity” in the data will be particularly informative of
the coefficient of ROL; x Specificity” in the d(-) function for 5;3 There are several variables (e.g., ROL;,
ROL;) in our implementation that enter more than one of the polynomial functions; fully pinning down
the coefficients of these variables (as well as the constant terms in each polynomial) will then rely on
the best-fit that the functional form achieves to the data. We nevertheless show in Appendix B.5 that
each parameter is numerically well-identified, in that the objective function exhibits a distinct local
minimum in the neighborhood of each parameter point estimate (see Figures B.1 and B.2).

It bears noting that the above approach to quantification is by no means limited to the specific
country and industry variables we have used in ij The approach is flexible in the sense that one
can include additional (or alternative) covariates deemed to be relevant for parameterizing ok, ,u’fw»j,
u’;ij, ﬁfjo, and 5{3 in terms of observables, provided there are sufficient degrees of freedom to estimate
the associated coefficients. We will later discuss the robustness of our results under some alternative

mappings to observables.

4.2 Data and Sample

We describe the key features of the dataset we assemble for the estimation; additional details are

documented in Appendix B.4.

39Smaller trade flows could also be more exposed to measurement error concerns, as noise in the data that is additive
in nature would constitute a larger share of the trade value in proportional terms.
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We construct the intrafirm trade share from the US Census Bureau’s Related Party Trade Database;
this is calculated as the value of trade between parties with an ownership link (our data analogue for
ffjv) divided by the sum of related and non-related party trade (ffjv + ffjo). Most past studies that
have used this data to explore organizational modes in sourcing decisions have focused on the US import
flows. We utilize here both the import and export data, as the latter provides variation to identify the
role of destination-country characteristics for the key contractibility and bargaining parameters in our
model. Note that either ¢ = US or j = US for each observation (either the exporting or importing
country is the US), although one could readily implement this estimation procedure using data from
more countries should comparable data on trade by intrafirm status become available. The intrafirm
trade share exhibits persistence over time, so we average ffjv / (tz?jv + ffjo) over 2001-2005, to use what
is in principle a less noisy measure.

For countries, we focus on the US’ 50 largest sources for manufacturing industry imports; we however
exclude Iraq, Saudi Arabia, Venezuela, and Hong Kong, as these are predominantly oil-exporting nations
or trading gateways for other countries. The remaining 46 countries that are in our sample accounted
for 95.2% (91.8%) of US manufacturing imports (exports) in 2001-2005. (See Table B.3 in the appendix
for the full country list.)

For the industry units in our analysis, we work with the 21 NAICS 3-digit manufacturing industries.
This is relatively aggregate, but allows for more consistency with the model in terms of minimizing the
presence of cells with zero trade flows. As constituted, we could have a maximum of 21 x 46 x 2 = 1,932
data points (counting both imports and exports). Six of these cells have zero total trade flows (i.e.,
Ei?j\/ + Efjo = 0); since the intrafirm trade share is not well-defined for these cells, we drop them from
the estimation. Of the remaining 1,926 observations, only 15 report zero related party trade (i.e., an
intrafirm trade share of zero); there are no entries with an intrafirm trade share of 1.

The country and industry variables in our empirical specifications are drawn from commonly-used
data sources. The rule of law index is from the World Bank World Governance Indicators. The BIT
indicator is from the World Bank’s Database of Bilateral Investment Treaties. As for the industry mea-
sures, we compute In(/K/L)* from the NBER-CES Manufacturing Industry Database. The Specificity”
variable is based on the Rauch (1999) coding for differentiated products; we bridge this over to NAICS
industry categories with concordances as described in Appendix B.4. We merge this measure of speci-
ficity with information on input usage by industries from the 1997 US Input-Output Tables in order
to construct the HQContractibility® and SSContractibility” variables, after sorting the input industries

by the prior measure of real physical capital per worker.

4.3 Estimation Results

We present the results from running the estimation procedure on this dataset. As we will see, the
supplier-draw correlation within country “nests” turns out to be highly relevant. Moreover, we uncover
rich relationships between the model parameters and country and industry characteristics. Some of
these corroborate well-established patterns (e.g., that physical capital intensity is positively associated
with o¥), while others are more novel (e.g., that we find destination-country rule of law to be a strong
correlate of both ufw-j and ,uf;ij).

Goodness of fit: Figure 1 illustrates the intrafirm trade shares that are predicted based on our

estimates against the shares that we see in the actual data; larger circles in the figure correspond to data
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points with higher trade values, ffjv + fij. The model delivers a good fit: The weighted correlation
between the predicted and actual intrafirm trade shares is 0.76 (computed using EZ‘V + Efjo as weights).
The weighted root mean squared error is equal to 0.169, which is smaller than (being around two-thirds

of) the weighted standard deviation of the intrafirm trade shares in the raw data.
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Figure 1: Intrafirm Trade Share, Prediction vs Data

Notes: The figure plots the intrafirm trade shares predicted from our baseline model estimation against that seen in the
data. Each point is an observation at the country-pair-by-industry level. The size of the circle is proportional to the
weight assigned to the observation, which is the total trade value, tfjv + tfjo. The red dashed line is the 45-degree line.

We perform an additional diagnostic in Appendix B.6 to show how the fitted intrafirm trade shares

align well with the actual data. There, we take the predicted intrafirm trade shares (and separately,
k

K
(including interaction terms) used in our empirical specifications for ¥, NZW ,u];ij, ﬂ(k), and 611‘“]-; this is
in the style of the reduced-form regressions on the determinants of the intrafirm trade share that have

the raw data) and regress these via OLS directly on X7, the full set of country and industry covariates

been run in prior studies. As Table B.5 shows, the predicted shares correlate with these covariates in
a manner that matches the behavior of the actual intrafirm trade shares. The implied magnitudes of
the effects of the country and industry variables — when computed either as an average marginal effect
or inter-quartile effect — also line up well, even though these are not explicitly targeted as moments by
the weighted-NLLS objective function in (36).

Parameter estimates: There are 57 elements in total in ©, with: 20 industry dispersion param-
eters (this needs to be normalized for one industry), 3 country-group correlation parameters, and 34
polynomial coefficients.*” We first describe the estimates for #* and )\;, before discussing what the
polynomial coefficient estimates imply for o, ,u’,‘;ij, ,uf:ij, ﬁg, and 65 through a series of figures and
surface plots. We refer readers to Table B.4 in Appendix B.6 for the point estimates for all elements of

©; there, we also report 95% confidence intervals based on 200 bootstrapped samples.*!

40 As equations (B.6)-(B.10) in Appendix B.3 make clear, there are three polynomial coefficients each in a(-) and b(-),
nine each in h(-) and x(+), and ten in d(-). It turns out that the ROL; x ROL; term is dropped from the h(-), x(-), and d(-)
functions in our implementation, since when the US is either an exporter or importer in each data point, this interaction
term can be written as a linear combination of ROL;, ROL; and a constant vector (see Appendix B.3 for the derivation);
one could reincorporate this interaction term if data on intrafirm trade shares among country pairs that exclude the US
were available. Note that d(-) contains the BIT dummy as an additional covariate.

“IWe report the percentile instead of studentized confidence intervals because the bootstrapped distributions for a
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k  NAICS Description 0" o Jrd ok

1 311 Food Manufacturing 4.000 0.357 0.375 0.861
2 312 Beverage and Tobacco Product Manufacturing 16.923 0.401 0.375 0.861
3 313 Textile Mills 4939 0366 0.376 0.878
4 314 Textile Product Mills 5.818 0.292 0.376  0.823
5 315 Apparel Manufacturing 6.330 0.282 0.376  0.890
6 316 Leather and Allied Product Manufacturing 8.752 0.301 0.376  0.836
7 321 Wood Product Manufacturing 7.342 0.304 0.374 0.834
8 322 Paper Manufacturing 8.455 0.398 0.377  0.697
9 323 Printing and Related Support Activities 11.804 0.319 0.374 0.764
10 324 Petroleum and Coal Products Manufacturing 9.168 0.420 0.374  0.927
11 325 Chemical Manufacturing 19.860 0.408 0.374  0.850
12 326 Plastics and Rubber Products Manufacturing 6.762  0.343 0.381 0.911
13 327 Nonmetallic Mineral Product Manufacturing 25483 0.364 0.382 0.816
14 331 Primary Metal Manufacturing 23.719 0.400 0.373 0.931
15 332 Fabricated Metal Product Manufacturing 7.524 0.331 0.376 0.784
16 333 Machinery Manufacturing 13.945 0.352 0.374 0.891
17 334 Computer and Electronic Product Manufacturing 13.572 0.388 0.393 0.814
18 335 Electrical Equipment, Appliance, and Component Manuf ...  1.430 0.343 0.393  0.685
19 336 Transportation Equipment Manufacturing 18.245 0.370 0.382  0.826
20 337 Furniture and Related Product Manufacturing 6.676  0.269 0.374  0.366
21 339 Miscellaneous Manufacturing 5.447 0.312 0374 0.784
- - Mean 0.811 0.349 0.377 10.771

Table 2: Estimation Results, Industry-Level Parameters

Notes: The parameters reported are: 6%, estimated directly; a*, as implied by the estimated a(-) function; /Bé, as implied
by the b(-) function; and p*, which are backed out using demand elasticities from Soderbery (2015).

As discussed earlier, the #%’s and \;’s govern the dispersion in the intrafirm trade shares by industry
and within exporting country groups respectively. These parameters can be jointly identified only up
to a scaling factor because they enter the nested-Fréchet cdf in (10) via the ratios lf—k/\i. For this reason,
we fix ' prior to estimation — specifically, we set §' = 4 for food manufacturing — and pin down all the
other #%’s and \;’s with this normalization.

The 6 estimates vary in meaningful ways (see Table 2). Industries with more product differentiation
often have lower #* values and hence more dispersion in supplier draws; these include “Electrical Equip-
ment” (6% = 1.43) and “Apparel” (/¥ = 6.33). On the other hand, industries with more homogeneous
goods, such as “Non-Metallic Mineral Products” (#* = 25.48) and “Primary Metal Manufacturing”
(0% = 23.72), feature supplier draws that are more evenly distributed. (All estimated 6*’s are larger
than 1 at the 5% significance level based on the bootstrap confidence intervals; see Table B.4.)

The nested-Fréchet correlation parameters are positive and significant for all three country groups,
which underscores the importance for this feature in the distribution of the supplier draws. We obtain
estimates of A1) = 0.944 for lower-middle, A3) = 0.923 for upper-middle, and A3y = 0.852 for high in-
come countries, respectively.*? The supplier draws across organizational modes are thus more dispersed
when the source country in question is at a higher level of economic development.

We turn next to discuss the model parameters that are estimated via a mapping to observables.

The propensity to integrate is expected to rise with the intensity in use of headquarter inputs (c.f.,

number of parameters exhibit skew (see Figures B.3 and B.4 in Appendix B.6).
42The associated bootstraped 95% confidence intervals are [0.63,0.99], [0.43,0.98], and [0.13, 0.96], respectively.
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Lemma 2), as captured by a* in the model and proxied by real physical capital per worker in practice
(Antras, 2003). Indeed, the a(-) function we estimate yields a relationship between o and In(K/L)*
that is upward-sloping over close to the entire range of the latter variable, as illustrated in Figure 2(a);
this is driven by the large significant coefficient we obtain for the linear term in the a(-) function (see
Table B.4). As reported in Table 2, the implied o*’s vary between 0.27 and 0.42.
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Figure 2: Estimated o and 58

Notes: Panel (a) plots the relationship between o = ¢(a(-)) and In(K/L)* implied by our baseline parameter estimates.
Panel (b) does analogously for the relationship between 35 = ¢(b(-)) and Markup*.

For the contractibility parameters, the h(-) and x(-) polynomials allow ,ufn-j and uﬁij to depend
flexibly on two country variables (ROL;, ROL;) and one industry characteristic (HQContractibility®
and SSContractibility®, respectively). Our estimation reveals the key driver of variation in both ,uﬁij
and ,u];ij to be the rule of law in the destination country. The surface plots in Panels (a)-(d) of Figure
3 show that ,uii ; and ,u,’;ij are rising in ROL;, due to the positive significant coefficients estimated for
ROL; and its square (see Table B.4).#* As ROL; increases in the northeast direction, both ,ufn ; and
ufzij rise from a near-zero initial value to span almost the full unit interval; this holds regardless of
the value of the industry characteristic (northwest axis) or of source-country rule of law (illustrated for
the 10th and 90th percentile ROL; values in each row). There is a mild positive correlation between
HQContractibility” and k. ; (Panels (a)-(b)), but no clear relationship between SSContractibility® and
/ﬂ;ij (Panels (c)-(d)). The additional plots in Figure B.5 in the appendix further confirm that ROL;
in the source country does not shape Ufn;j or ul;ij in a distinct way. If contracting parties tend to seek
enforcement first through institutions in the country where the contract originated (i.e., the firm’s home
country), this could explain why ROL; exerts such influence on ,u’fu- j and u:’;ij. This role of destination-
country rule of law has received less attention, largely because prior empirical work has focused on US
intrafirm imports, whereas we have pooled the import and export data in our analysis.

While the estimation shows that both uﬁij and ,u];ij rise with ROL;, it is worth stressing that as
model parameters, ,uﬁij and ,u’;ij move the propensity to integrate in opposite directions. (As we saw

in Lemma 2, a higher M’fnj reduces the intrafirm trade share, since it is more important to induce

43This is also reflected in the positive effects estimated when we directly regress the intrafirm trade share on ROL;; see
the reduced-form regressions in Table B.5.
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supplier effort when headquarter inputs are more contractible; the converse holds with a higher u’;ij.)
We are able nevertheless to estimate the effect of ROL; on both contractibility parameters because the
polynomial specifications, h(-) and x(+), incorporate different industry characteristics, and can therefore
tap into distinct sources of variation in the intrafirm trade data.** The distinct variation picked up
by HQContractibility” and SSContractibility” is in fact evident in the reduced-form regressions where
we project the intrafirm trade share directly on covariates (Table B.5, Appendix B.6): We find that
the intrafirm trade share is mildly decreasing in HQContractibility® (see the average marginal effect or
inter-quartile effect, which account for the nonlinear terms in this industry variable), while increasing
in SSContractibility®. These patterns line up with the aforementioned comparative static predictions
from Lemma 2.

The weighted-average values of ,uﬁij and u];ij are 0.47 and 0.63 respectively (across all data points,
with Efjv + Efjo as weights). Partial contractibility is thus relevant for both headquarter and supplier
tasks, with supplier tasks being slightly more contractible on average; the latter is consistent with the
relatively high intrafirm trade shares seen in the data among observations with large trade volumes
(see Figure 1). We discuss in detail in Appendix B.6 (in particular, with Figure B.6) how the average
intrafirm trade shares in the data help to pin down these average levels of ufu- j and ,u’;i ;; these determine
in turn how much scope there is for improving welfare from removing these contracting wedges.

For the bargaining parameters, we find that the firm’s share under outsourcing, ijo, rises over
most of the range of the market power variable, Markup” (see Figure 2(b)). That said, the implied

fjo’s exhibit minimal variation (ranging between 0.37-0.40), suggesting that a uniform ijo — with a
rule of thumb value of around two-fifths — would provide a reasonable approximation.*> Indeed, when
we estimate an alternative specification in which this primitive bargaining share is constant across all
observations, we obtain results that are similar to our baseline (see Appendix B.7).

As for 511‘3]-, Panels (e)-(f) of Figure 3 show that this control rights parameter moves in intuitive ways
with the country and industry variables it is mapped to: The share of incremental revenue the firm is
assured under integration improves with the rule of law in the destination country (northeast axis), while
falling in the specificity of the goods traded (northwest axis). These two variables interact meaningfully,
with the lowest 55 values seen when the goods have high Specificity” (making them harder to resell
on open markets) and the rule of law ROL; is weak (making it more difficult to protect against willful
destruction of value).?® The (trade-weighted) average value of 55]- is 0.40, which implies an average
firm bargaining share under integration of: sz;v = 61@ +(1—- 55)@’30 ~ 0.40 + (1 — 0.40)0.38 = 0.63,
or around two-thirds. In Appendix B.7, we also experiment with replacing the rule of law index in
d(-) with a measure of (source- and destination-country) “Recovery Rates” from the Doing Business
dataset, which captures the cents on the dollar that secured creditors can typically recover in insolvency
proceedings. This yields a comparable fit to the data, though our baseline specification using country
of rule of law implies more conservative welfare gains from removing contracting frictions.

Sensitivity: Given the particular mappings to country and industry observables that we have used

“More specifically, consider the partial derivatives of the intrafirm trade share in (35). A necessary condition for
econometric identification is that the rows in the gradient matrix associated with the coefficient of ROL; in h(-) and x(-)
are linearly independent around the baseline estimate, a condition which we numerically verified.

45In line with this, only the constant term in the b(-) function for ijo is estimated to be statistically significant at the
10% level (Table B.4, Appendix B.6); both the coefficient of Markup® and its squared term are not precisely pinned down.

46While we obtain a positive point estimate for the coefficient of the BIT;; dummy, this effect is not statistically
significant (see Table B.4, Appendix B.6).
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Figure 3: Estimated Surfaces: uﬁij, ,u];ij, and 62“]-

Notes: The figures present the surface plots for ,uf”»j, ,u’;ij, and 62 The plots are based on the estimated polynomial
coefficients of the h(-), x(-), and d(-) functions. The northeast axes plot ROL;, while the northwest axes plot the
associated industry characteristic; the left column sets ROL; at its 10th percentile value, while the right column sets
ROL; at its 90th percentile value. The associated industry characteristics are HQContractibility® for the ,u’flij surface,
SSContractibility”® for ,u];ij, and Specificity® for 6;“]
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to quantify our model, a natural concern is whether there might be additional relevant regressors that
ought to have been considered. The concern here is with omitted variables that could be correlated with
both the intrafirm trade share and an included observable, say rule of law in the importing country, as
this would then bias the conclusions that we are drawing on how ROL; is shaping key model parameters
(in this case, u’,ﬁij, u’;ij, and 511“]) To address this, we adopt the methods advanced in Andrews et al.
(2017) to perform a sensitivity analysis of our baseline parameter estimates to such omitted variables.
In Appendix B.8, we describe in detail how we simulate potential omitted variables with a correlation of
up to £0.9 with each included covariate in turn, and compute the bias in the parameter estimates that
would arise from the resulting perturbation in the weighted-NLLS moment conditions. Reassuringly,
the sensitivity of our baseline estimates to this concern is small. The largest potential bias we obtain
stands only at 2.7% of the point estimate, this being for the coefficient on the importing country’s rule
of law in the x(-) function for u’;ij. The inferred bias for the majority of the other parameters is even
more muted (as summarized in Figure B.8). This reflects the good fit of the model to the data, which

leaves little residual variation that could be associated with omitted variables.

5 Quantitative Implications

With these structural estimates, we can evaluate the quantitative implications of contracting frictions in
global sourcing. We adopt the “hat algebra” approach (Dekle et al., 2008), which allows us to compute
the proportional change, X=X /X, in outcomes X of interest in a counterfactual scenario without
solving for the new equilibrium in levels. The equilibrium system of equations for our multi-country,
multi-industry model (described in Section 3.3 and Appendix A.3) can be readily rewritten in changes;
this hat algebra system is presented in full in equations (C.1)-(C.12) in Appendix C.1. With this,
we can solve for the “hat” changes in response to an exogenous shift in trade costs (dfj), contracting
frictions (,uiij, :“];z'j)v and/or bargaining shares ( lij)

We require several additional items of information to operationalize the hat algebra equations. For
the wfj’s in the initial equilibrium, we draw on the 2005 OECD Inter-Country Input-Output (ICIO)
Tables for trade flow data for the full matrix of countries and industries. We work here with a set
of 41 countries plus a rest of the world (ROW) composite, this being the largest overlap between the
samples in the ICIO Tables and that from our estimation (see Table B.3, Appendix B.4, for the country
list). The ISIC industry codes in the ICIO Tables also map naturally to NAICS 3-digit industries (as
detailed in Table B.2). Recall, however, that the ﬂfj’
of products, whereas the ICIO Tables report trade flows by value; this discrepancy arises because the

s in the model are sourcing shares based on counts

prices of traded inputs in our model are not determined in competitive markets. We therefore derive
a model-consistent correction term in Appendix C.2 that enables us to map observed trade flow values
to the ﬁfj’s in the model. This correction term depends only on parameters that have already been
estimated, and so this does not present a major complication to the hat algebra procedure.*”

For country-level expenditure, F;, we read this off directly from aggregate final demand in the ICIO

*"Specifically, we show that: (¢ /q{})/(z;j,:l(t%/gﬁj)) = 7F;, where the t£;’s are trade flows (by value) from country i
to j in industry k, and the associated correction term is:
ok
k k k k k jrk k k) T=X
=y (:U’zij + (1 = paig)(1 — ﬂijx)((ij/gijx)) (Bin/Bij) :

xe{Vv,0}
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Tables; we normalize this expenditure in the US to unity and use it as the numeraire. To solve for
“hat” changes, we further need information on the total payments to factors, ij_/j and sjl_( j, as well
as on the trade deficit, Dj, in the baseline equilibrium. In Appendix C.3, we show that one can invert
the model to infer the initial values of {w;L;, s;K;, D;} from the equilibrium conditions in equations
(32)-(34). We hold Dj as fixed and exogenous throughout, following Dekle et al. (2008).

Lastly, we calibrate several upper-tier parameters related to final-good demand and production.
These do not enter the expression for the intrafirm trade share in (35) and were therefore not involved
in the estimation in Section 4. The demand parameter, p, is set to 0.80; this implies an elasticity of
substitution of 5 between final-good varieties, within the plausible range in Anderson and van Wincoop
(2004) and Head and Mayer (2014). The share of labor in final assembly, «, is set to 0.22; together with
the labor used in supplier tasks, this yields a labor share in total output in the US of 55%, in line with
Karabarbounis and Neiman (2014).*® The 7* exponents in the final-good production function in (2)
are computed as: n* = INT* /(S5 _, INT¥), where INTF is the value of industry k’s use as an input
summed across all using manufacturing industries (drawn from the ICIO Tables).*?

We proceed to apply the parameters estimated from US data to the global system of countries
assembled from the ICIO Tables. This will allow us to gauge the quantitative impact of contracting
frictions, under the premise that the US-based parameters adequately depict too the sourcing decision
problem of firms in other countries. This is a data-driven limitation, as our quantification strategy could
certainly incorporate intrafirm trade shares from other countries, should such data become available,

in the estimation. With this caveat, we turn to the series of counterfactual exercises.

5.1 Gains from Removing Contracting Frictions

Full contractibility: How much do contracting frictions in global sourcing matter for aggregate
outcomes? To address this, we simulate the counterfactual world with full contractibility by raising
u’,ﬁi ; and ,u’;ij to 1 for all 4, j, and k in our model. While an environment with complete contracts would
be challenging to attain in practice, this exercise is nevertheless useful for providing an upper bound
on the welfare costs imposed by prevailing contracting conditions in global sourcing.

Welfare rises in all countries with this move to full contractibility (Row 1, Table 3(a)). The average
welfare increase across countries is 9.2% (geometric mean), while the median is 10.1%.%° These gains
from removing contracting frictions in global sourcing are substantial; to put things in perspective, the
9.2% average welfare gain is equivalent to that from a 19.3% uniform improvement in supplier technolo-
gies (i.e., from raising the Tf nested-Fréchet scale parameters) across all industries and countries.?! Not
surprisingly, countries with lower initial average levels of contractibility in the baseline equilibrium, for

either headquarter or supplier tasks (,uﬁij or uféij), reap larger gains in welfare terms when contracting

“8The labor share in our model is computed as w;L;/(E; — D;).

0ur analysis focuses on contracting frictions in the global sourcing of manufacturing inputs, as much of the literature
has done, due to the lack of information to discipline contracting frictions in the sourcing of non-manufacturing inputs,
particularly services. We de facto treat non-manufacturing industries as non-tradables, but account for final demand for
output from these industries (as recorded in the ICIO Tables) in country expenditures, E;.

50We report the geometric mean as this will allow for a straightforward exact decomposition of the sources of this change
in Table 3. The arithmetic mean across countries is similar at 9.3%.

51Following Levchenko and Zhang (2016), the state of technology accessible to suppliers in a country-industry cell is

n* 0k

(Tf)l/ o , which can be aggregated to the country level via the weighted geometric mean: IT}, (T}) . We then simulate

Hi(:l(f)"k/ " for progressively larger values of the uniform improvement f, until we match the average country welfare
gain of 9.2% in our full contractibility counterfactual.
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frictions are eliminated (see Figure C.1, Appendix C.4).

Component terms involving:

/U; 7"?]‘ Bg"cj T? @; w;, 5, E;

(1): pfs; = ph; =1 0.0922 | -0.0005  0.2260  0.1002  -0.0616  -0.1367
(0.0471) | (0.0094) (0.1537)  (0.0737)  (0.0458)  (0.1082)

(2): ppy; =1 0.0593 | -0.0009  0.1636  0.0674  -0.0468  -0.1044
(0.0428) | (0.0056) (0.1134) (0.0510) (0.0367)  (0.0871)

(3): phi; =1 0.0882 | -0.0045  0.1979  0.0860  -0.0556  -0.1102
(0.0438) | (0.0069) (0.1474)  (0.0678)  (0.0439)  (0.0949)

(4): pry; = phi; =1L,A =0 0.1109 | -0.0017  0.2435 0.1010  -0.0621 -0.1334
(0.0540) | (0.0097) (0.1721)  (0.0743)  (0.0462)  (0.1064)

(5): pri; = phi; =1, free entry 0.1284 | -0.0005  0.2260  0.1002  0.0366 -0.1367
(0.0634) | (0.0094) (0.1537)  (0.0737)  (0.0350)  (0.1082)

(6): pri; = phi; =1, p* =0.81 0.0839 | -0.0010  0.2118  0.1180  -0.0650 -0.1435
(0.0419) | (0.0086) (0.1401) (0.0861) (0.0464)  (0.1102)

(7): 64“]- = 1 separately for each 7  -0.0200 | -0.0005  -0.0243 0.0016 -0.0012 0.0046
(0.0112) | (0.0034) (0.0130) (0.0014) (0.0012)  (0.0043)

(a) Decomposition of the Total Effect

—

— —
wj 55 @; E;

(1): ppi; = ph; =1 -0.0876  0.5103  -0.2509  -0.0903
(0.0661)  (0.4278)  (0.1691)  (0.0961)

(2): ppi; =1 -0.1260  1.0536  -0.1957  -0.0009
(0.0392)  (1.0976) (0.1419)  (0.0675)
(3): phi; =1 0.0095  0.2252  -0.2291  -0.0507

(0.0380)  (0.2709)  (0.1645)  (0.0725)

(b) Factor Price, Profit Share, and Aggregate Expenditure Effects
Table 3: Decomposition of Cross-Country Average Welfare Change

Notes: Panel (a) presents an exact decomposition of the average welfare change across countries based on equation
(28), for the counterfactual exercises listed in each row. The first column reports the average welfare change (under

the ﬁ;/}\leading). The subsequent columns report averages of: HkK:l(7r;."].)—((17a’“)/<9’<)n’€(17cu)7 Hszl(BJ’?j)(lfak)"k(lfo‘),
Hszl(T?)((lf”k)/pk)"k(lfa), (;)?, and Ez(@)%‘ e, [(ﬂ)})*(lﬂ“k)(sAj)fak}"k(l*a). Panel (b) presents the average “hat”
changes in factor prices, the profit share, and aggregate expenditures. Each reported average is a geometric mean across
countries, with the standard deviation in parentheses.

We examine the drivers behind this rise in welfare in the remaining columns of Table 3(a). Based on
equation (28), U; can be broken down into terms that capture the role of shifts in: domestic-sourcing

shares (7;?), contracting capacities (EE), under—investrr/lfznt frictions ('}\f), the profit share (@), as
well as factor prices and aggregate expenditure (wj, §;, E;); as an example, the third column in Table
3(a) reports the geometric mean of Hle(gg)(lfak)"k(lfa) across countries. We thus have an exact
geometric decomposition, with the product of the proportional changes captured across the second
through sixth columns yielding the overall welfare change in the first column.?

As Row 1 shows, the;lvelfare gains in the full contractibility world are driveg\ by the expansion in
contracting capacities (BJ’?j) and the alleviation of under-investment frictions (T;‘“) when contracting
wedges are removed; the role of the direct-sourcing share is muted in comparison. The largest quanti-
tative impact comes by far from the improvement in contracting capacities, which contributes a 22.6%

average increase in welfare. This 22.6% number can be further decomposed log additively into: (i) the

52For example, in the first row, (1 — 0.0005) x 1.2260 x 1.1002 x (1 — 0.0616) x (1 — 0.1367) = 1.0922.
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product of the average “hat” change in B;“j across industries and the average (1 — a*)n* exponent; and
(ii) the covariance between these two former terms (see Appendix C.4 for details).>® It turns out that
the former “product of averages” term contributes more than 90% of the variation in this decomposi-
tion (see Figure C.2 in the appendix). Put otherwise, the impact of the contracting wedges on sourcing
capabilities is not systematically loaded on industries that have a larger elasticity in driving welfare
changes. The general equilibrium adjustments in the profit share, factor prices, and aggregate expendi-
tures offset some, but not all, of these welfare gains. As Table 3(b) reports, with complete contracting,
the expansion in global sourcing raises the factor returns to capital (s;) relative to labor (w;); in some
countries, the demand for labor even softens as there is less need to use assembly labor to mitigate
under-investment in relationship-specific inputs. Improved contracting also diminishes firms’ ability to
extract rents through bilateral bargaining, thereby reducing the profit share; with less rebated profits,
this tends to weigh down on overall expenditures (E;).

Moving to full contractibility triggers a rich set of shifts in global trade patterns, with the resulting
improvements in contracting capacities correlating strongly with increases in trade flows. We illustrate
this in Figure C.3 in the appendix, where we examine third-countries’ trade with China and the US.
Countries that see larger improvements in their contracting capacities over goodifr\om Clﬁla\compared
to goods from the US (as captured by the average relative change, (1/K) Zk(BéHN,j - B%SA,j)’ across
industries) subsequently import more from China relative to the US (Figure C.3(a)); an analogous
correlation holds in the pattern of countries’ exports to China versus the US (Figure C.3(b)). Moreover,
country institutions that facilitate contracting no longer serve as a source of comparative advantage in
a world with complete contracts. This leaves technological forces and factor endowments with a greater
role in shaping the industry mix of country exports; in line with this, we find for example that food
manufacturing and electrical products are among the US industries that see the largest export growth
with this shift to full contractibility, while it is industries such as non-metal minerals, transportation
equipment, and furniture in China that expand exports the most (Figure C.4).

Headquarter vs Supplier contractibility: Do contracting frictions in headquarter or supplier
tasks impose larger welfare costs? Rows 2-3 of Table 3(a) explore this natural follow-up question,

by respectively raising all ,U,Zij’S and all u];ij’s to 1 in separate simulations. We find that eliminating
contracting frictions on only supplier tasks generates an average welfare gain of 8.8% across countries,
larger than the 5.9% increase when removing these frictions only for headquarter services. Recall that
supplier tasks are on average more contractible in the baseline equilibrium (with an average ,u];i ;0 0.63
versus 0.47 for ufw j). This means that our finding that welfare is more responsive to improvements in
u';,ij is ultimately driven by the relative importance of supplier tasks in the firm’s production function
(with the 1 — o exponent being around two-thirds).?*

Gradual changes: We next consider more modest improvements in the contracting environment,

to shed light on a trajectory of welfare gains that is more achievable in practice. We run a series of

53Specifically, let 7 = Ele v* /K be the average of the v* = 1*(1 — a*) exponents, and logEE = Zszl log (EJ’“\J) /K
denote the average change in contracting capacity across industries within a country. We have:
K\ " (1—ak)(1-a) — al — ==
log H (B;?j) =(1-a)Kv xlog Bf; + (1 — ) Z (yk - 17) (logB;?j - logBj’?j) .
k=1 k=1

3Not surprisingly, when contracting frictions on only supplier tasks are removed, this tends to be more beneficial for
wages w;, compared to the opposite scenario with complete contracting for only headquarter tasks (see Table 3(b)).
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counterfactuals in which we close the gap between each uﬁi j and its maximum value of 1 (and likewise,
between each Mf:ij and 1) progressively by 10%, 20%, and so on; the final simulation where 100% of the
gap is closed is precisely the full contractibility world (with ufzij = leiz’ ;=1 for all 4, 7, and k).
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(a) Decomposition (b) All Countries (c) Welfare change against initial ROL

Figure 4: Gradual Changes in Contracting Frictions

Notes: The figure simulates a series of improvements in all ph” ’s and umj ’s that closes the gap to the full contractibility
world by 10%, 20%,. .., 100%. Panel (a) plots the geometric mean across countries of the “hat” change in welfare, as
well as the terms following the decomposition in Table 3(a). Panel (b) plots the “hat” change in welfare for a subset of
countries, to illustrate the range of outcomes spanned by CHL (largest welfare gain) and VNM (lowest). Panel (c) plots
the “hat” change in welfare against countries’ initial rule of law for the case of the 10% improvement.

With this stepwise reduction in contracting frictions, the response in average country welfare is,
rather interestingly, not monotonic but U-shaped. Average welfare falls with the initial improvements
in contractibility, and this switches to a welfare gain only after a 30% movement toward the frictionless
world. This non-monotonicity is a quantitative finding, that stems from a horse race between the gains
from better contracting and the offsetting effects from factor price and expenditure movements. As
Figure 4(a) shows, the changes in contractlng capacities (Bk ) and input investments (Tk) are positive
for each stepwise increase in ,uhij and ,umj. However, similar to what we saw in Table 3(b), adjustments
in factor prices, the profit share, and aggregate expenditure generate a countervailing effect, and these
tend to dominate when the improvement in ,ulafz-j and ,u,ﬁl- ;1s small. This is especially true for countries
with low initial levels in the rule of law index: Figure 4(c) plots the welfare change for a 10% global
reduction in contracting frictions, and shows that it is the low rule of law countries, such as Vietnam
and China, that undergo a welfare loss (see also Figure 4(b)). Countries with high rule of law, such as
Chile, Japan, and the US, instead benefit since they secure a greater share of global sourcing activity
with these initial reductions in contracting frictions; welfare for these countries rises monotonically with
each stepwise improvement toward the complete contracting world. This points to a “low institutions
trap”: Countries with low rule of law may not find it in their interest to coordinate small improvements
in their contracting environment together with the rest of the world, even though deeper and more

substantive reforms would eventually deliver welfare gains.

5.2 Further Checks and Exercises

We briefly examine the role played by several key model features in our counterfactual welfare assess-
ments; these exercises are reported in the remaining rows of Table 3(a).

Correlated supplier draws: In Row 4, we highlight the importance of the A; correlation param-

36



eters in the distribution of supplier draws. We do so by conducting a full contractibility exercise while
setting \; = 0 for all countries (and holding all other parameters at their baseline values). This delivers
even larger welfare gains, averaging 11.1% across countries; absent these correlation parameters, we
would be led to over-state the welfare impacts of contracting frictions in global sourcing compared to
the original Row 1 counterfactual. Intuitively, imposing a zero-correlation structure raises the disper-
sion in each pair of supplier draws from the same source country. With the thick-tailed nature of the
Fréchet distribution, this exaggerates the welfare gains from removing contracting frictions.?®

Free entry: The welfare gains in our baseline counterfactual are also conservative compared to
what we obtain when we further allow for the endogenous entry of final-good producers (Row 5). In
Appendix C.5, we develop an extension in which we show how to tractably incorporate a free entry
condition to pin down the mass of firms, N; (which until now has been assumed to be exogenous and
fixed). With endogenous entry, we find more sizeable welfare gains, an average increase of 12.8%, from
moving to full contractibility. This is because improvements in contracting also induce more firms to
enter, which boosts welfare through a familiar love-of-variety effect.

Heterogeneous elasticities: Row 6 of Table 3(a) reports on an exercise in which we neutralize
the variation in p* across industries, by setting this to its average value of 0.81 for all industries k.
It is reassuring that heterogeneity in this key elasticity (c.f., Ossa, 2015) is not driving the welfare
effects; the average country welfare gain under full contractibility is similar to that from our baseline
counterfactual, albeit slightly lower at 8.4%.56

Gains from integration: In the last row of Table 3(a), we explore how much the organizational
mode dimension — specifically, the option to vertically integrate one’s suppliers — contributes in welfare
terms. For this, we revert to the baseline world with contracting frictions, and instead set the control
rights parameter 55 to its limit value of 1, so that ﬂfjv = 1. When a firm has full bargaining power, its
integrated suppliers would be completely disincentivized from delivering inputs, and so x = V would
never be favored. Thus, this limit case de facto shuts down integration as an active mode choice. Firms
would then re-optimize their sourcing decisions; for each individual variety previously procured under
integration, they would select one of the .J countries to source from at arm’s length (y = O) instead.®”
Unlike the exercises in the prior rows, we set 5;‘; = 1 here country-by-country for j = 1,2,--- ;42 (i.e., in
turn for each j, we set 55- = 1 for all ¢ and k). This is because the welfare impact of vertical integration
turns out to be fairly mild, and so general equilibrium factor price and expenditure responses can
obscure interesting patterns if the organizational mode were removed globally. -

When integration is shut off for a country, this decreases its contracting capacity (B;-“j < 0), which
weighs down on welfare. Across the 42 separate simulations, the average welfare change for the affected
country is a modest loss of 0.02% (Row 7). As one might expect, the loss is larger for countries that
relied more on integration: there is a negative correlation of —0.47 (—0.65) between the intrafirm import
(export) share exhibited by a country in the initial equilibrium and the subsequent welfare change (see

Figure C.6, Appendix C.6). For the specific case of the US, the gains from integration we obtain

S5Figure C.5 in the appendix shows that, comparing the \; = 0 scenario (Row 4) with the baseline counterfactual (Row
1), the welfare gains from full contractibility are over-stated particularly for countries with low initial rule of law.

6Raising the value of this uniform p* above 0.81 magnifies the welfare gains from removing contracting frictions. As
input varieties become more substitutable, this exacerbates under-investment in both headquarter and supplier tasks,
which implies larger gains from eliminating these contracting frictions.

5TTo see this, note that the probability of sourcing under integration, W(“,‘ in equation (20) is equal to 0 when 5% =1

79
this is because /J’fjv =1 and ijv = 0 in this special case.
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amount to 0.3%. Interestingly, this is similar to the gains from vertical integration of 0.23% in Garetto
(2013), although the underlying model mechanisms are different; we focus on how integration provides
better incentives for the firm to invest in relationship-specific inputs, while integration in Garetto (2013)
allows the firm to lower the markups paid for inputs and to partially transfer technology. On the other
hand, the welfare impacts we find are smaller than the “gains from multinational production” reported
elsewhere in the quantitative trade literature (Ramondo and Rodriguez-Clare, 2013; Ramondo, 2014;
Arkolakis et al., 2018; Alviarez, 2019); note though that these papers incorporate both vertical and

horizontal FDI, whereas our model features only vertical integration.®®

5.3 Implications for the Gains from Trade

We next use our model to study the interplay between contracting frictions and trade costs: Does the
severity of contracting frictions have any bearing on the size of the gains from trade?

To fix ideas, we calculate the gains from trade as the “hat” change in welfare in response to a one
percent reduction to all cross-border iceberg trade costs (i.e., all df”j’

“welfare elasticity” under two settings: (i) the baseline world with contracting frictions (i.e., with the

s with i # 7).> We compare this

Mf”- ;s and /ﬂ;ij’s pinned down from the structural estimation); and (ii) the counterfactual world with full
contractibility (i.e., ,u,ﬁij = ,u’;ij =1 for all ¢, j, and k). Figure 5(a) plots the difference (in percentage
terms) between these gains from trade in the latter relative to the former scenario; as an example, the
1.18 value for “JPN” means that the welfare response to this change in trade costs is 118% higher for
Japan under full contractibility versus the baseline equilibrium.%® Put slightly differently, this captures
the extent to which the conventional Arkolakis et al. (2012) formula in equation (29) would over-state
the gains from trade compared to the more general welfare change expression we derived in (28) that
incorporates contra/ticing frictions. To help with intuition, we also consider how the average absorption
ratio (the average W;?j across industries) responds to this one percent change in trade costs; specifically,
we illustrate in Figure 5(b) the analogous differential response (in percentage terms) in this average
absorption ratio across the two contracting scenarios.%!

Importantly, we find that the gains from trade are misstated if one were to (incorrectly) presume
a world with full contractibility. The extent of this bias is nontrivial and its direction is moreover
not uniform across countries, which underscores the need for a careful quantitative assessment. For
countries above the zero-change line in Figure 5(a), the gains from trade are over-stated relative to the
factual world with contracting frictions, by an average of around 31%. In words, these are countries that
especially benefit from reductions in trade costs if contracting were frictionless. This group includes
high rule of law developed countries (e.g., Japan, Norway) that appear toward the right of Figure 5(a)
and 5(b). A reduction in trade costs induces these countries to expand their foreign sourcing, and if

the world featured full contractibility, this would include an increase in sourcing from locations with

%8 Atalay et al. (2019) and Eppinger and Ma (2024) find that vertical integration is associated with large increases in
productivity and shipments, although these documented gains at the firm level are not straightforward to translate to
aggregate implications.

%9We obtain qualitatively similar results when evaluating the gains relative to autarky (i.e., dfj — oo for all ¢ # j).

59More specifically, a 1% reduction in cross-border trade costs raises welfare by 0.0412% for Japan in the full con-
tractibility world, and by just 0.0189% in the factual world with contracting frictions.

51We calculate the average of mk across all industries k, using the initial domestic sourcing value of each industry as
weights. The vertical axis in Figure 5(b) then plots the change in percentage terms in this average absorption ratio in the
full contractibility world relative to the baseline world with contracting frictions.
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Figure 5: Gains from Trade under Full Contractibility versus the Baseline with Contracting Frictions

Notes: Panel (a) plots the difference, expressed in percentage terms, in the gains from trade (from a 1% reduction in
cross-border trade costs) under full contractibility relative to the baseline with contracting frictions. Panel (b) plots the
corresponding differential response across these scenarios in the domestic absorption ratio; the latter is calculated as a
weighted average across industries, using industries’ domestic sourcing value as weights. Both variables are arrayed against
country rule of law on the horizontal axis.

low initial levels of the rule of law. For these developed countries, this generates a larger decrease
in domestic sourcing shares (as illustrated in Figure 5(b) by the average absorption ratio), and thus
an over-stating of the welfare gains from trade relative to the factual world with contracting wedges.
At the same time, there are several notable developing countries (e.g., China, Malaysia, Vietnam) for
whom a more secure contracting environment coupled with a trade cost reduction would significantly
expand their role as global suppliers, due in particular to their large labor endowments. In a world that
is presumed to have frictionless contracting, these countries’ gains from trade are amplified too, due to
the rise in demand for their labor and the resulting positive income shock.

Conversely, for countries that sit below the zero-change line in Figure 5(a), the gains from trade are
under-stated, by an average of around 20%, when contracting frictions are ignored. This group comprises
mainly countries with low rule of law (e.g., Indonesia, Russia), and these institutional conditions also
impede their sourcing of inputs from domestic suppliers. In a hypothetical world with full contractibility,
these countries’ firms would want to engage relatively more with domestic suppliers, and hence a
reduction in trade costs results in a smaller decrease in the domestic sourcing share compared to the
factual world with contracting frictions (see Figure 5(b)). This leads to the more muted welfare gains

from trade for these countries when full contractibility is assumed.

5.4 US-China Decoupling

As a last counterfactual, we consider the impact of a decoupling in US-China trade relations, the
prospect of which has been raised by renewed geopolitical and economic tensions. This serves as a
counterpart to the exercise in the previous section, to instead consider a scenario with elevated trade
barriers. To simulate this decoupling, we set the iceberg trade costs between the US and China to

infinity for all industries, while leaving the dfj’s involving other countries unchanged.
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Table 4 reports the welfare effects from the resulting cessation in bilateral trade between the US and
China. In the baseline world with contracting frictions (left column), the US and China both experience
welfare losses with this trade decoupling. The impact on the US is relatively small (a dip in welfare of
just 0.16%), due in large part to the US’ relatively high domestic absorption share ﬂfj across industries;
losing China as a supplier only slightly raises prices in the US, so the fall in US real income is milder.5?
By contrast, China undergoes a much larger welfare loss (2.52%), as the unwinding of access to the
US market results in sharp declines in factor prices in China. As for the rest of the world, the average
welfare loss across other countries is fairly negligible (0.003%). There are however notable examples
of individual countries that see positive spillovers. Vietnam, in particular, benefits the most (with a
welfare gain of 0.34%), as it partially replaces China’s market share in the US; interestingly, this is
in line with the actual shifts in global trade patterns seen since 2017 with the escalation in US-China

tensions (Alfaro and Chor, 2023; Freund et al., 2024; Grossman et al., 2024).

Welfare Change (%) Baseline Contracting Frictions  Full Contractibility
Welfare Change in USA -0.1613 -0.2352
Welfare Change in China -2.5240 -2.7686
(Average) Welfare Change in ROW -0.0031 0.0484

Table 4: The Welfare Impacts of US-China Decoupling

Notes: This table reports the welfare impact of the US-China decoupling counterfactual, in which we increase the trade

costs between the two countries in all industries to infinity. The “baseline contracting frictions” case uses the ,u]fbij’s and

/ﬂ;ij’s implied by our structural estimation, while the “full contractibility” case sets ,u];;ij = uljij =1 for all 7, j, and k.

Our quantitative model allows us to further assess whether contracting frictions affect these welfare
losses in a meaningful way. Indeed, we find that the welfare losses from US-China decoupling would
be more costly for both countries in a world with full contractibility (Table 4, right column): Welfare
in the US and China falls by 0.24% and 2.77% respectively, due to the more extensive sourcing links
between the two countries in a world devoid of contracting frictions. This is much in line with the
findings from Section 5.3, where we uncovered an amplification in the welfare gains from trade under
full contractibility among countries that were initially well-engaged in cross-border sourcing already.
An upshot here is that a strong contracting environment could provide some bulwark to deter countries
from the threat of decoupling, by raising the welfare stakes for both the US and China from severing
their trade links.

6 Conclusion

In this paper, we have developed a model of global sourcing in the shadow of incomplete contracts, that
enables us to address the aggregate implications of these contracting frictions. The work here builds a
bridge between firm-level models of ownership boundaries grounded in the property-rights approach of
Grossman-Hart-Moore, and general equilibrium models of production and trade; this has been achieved
by applying and innovating on tools from the quantitative trade literature. The approach we implement
has a number of appealing methodological features: analytical expressions in which contracting frictions

enter as iceberg-like wedges; the relative ease of simulating the full contractibility world as the limit

52This is comparable to the 0.12% welfare loss from a unilateral US decoupling from China in Eppinger et al. (2021).
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case of a parsimonious set of model parameters; the derivation of a structural estimating equation for
the intrafirm trade share; and relatively low data requirements for quantification.

While this has entailed investing in modeling structure, what we gain in return is the ability to
provide model-based insights on the aggregate influence of contracting frictions in global sourcing.
We find an average improvement across countries of 9.2% in welfare terms if one could eliminate
these frictions, which is equivalent to the welfare gain from a 19.3% uniform improvement in supplier
technologies. Contracting frictions are thus not only conceptually relevant, but also quantitatively
sizeable. Moreover, failing to account for these contracting frictions can lead to inaccurate assessments
of the gains from trade, with the sign and size of this bias varying widely across countries.

There clearly remain avenues for future work, of which we highlight two below. As it stands, our
model features a short production chain; future extensions could explore the implications of contracting
frictions in global value chains with multiple stages (i.e., a longer “snake”), in which sourcing exhibits
a more meaningful sequentiality. On a separate note, while we have pursued a quantification strategy
that relies on aggregated, publicly available data on intrafirm trade shares, a natural extension (already
alluded to at the end of Section 2) would be to bring this framework to firm-level data, to shed light

on potential heterogeneity in firms’ responses to contracting frictions in global sourcing.
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A  Model: Derivations and Proofs

A.1 Proofs from Section 2

Incremental revenue: Suppose that the number of input varieties in industry & is finite and equal to £, with
each input variety being of measure ¢ = 1/L£, so that the input varieties are collectively of measure 1. With
a slight abuse of notation, we use [ to refer to these input varieties where 1 < [ < £. (We omit the industry
superscript on [ to reduce notation in the proof below.) We seek to compute the incremental contribution to
firm revenue arising from a particular [. Consistent with the “Nash-in-Nash” approach, the assembly labor used
by the firm, L;(¢), and the headquarter and supplier services embodied in all other input varieties — those in
industry k other than [, as well as all input varieties in all other industries outside of k — are taken as given.
When the input variety [ is included in the production process, the value of firm revenue is equal to:

nk(l;ﬂ)ﬁ
~l 1—p ,p k/ K (1—a)p P
TN, (15 ¢) = A7 9P Ly ( H (X qb)) x] et Zm] o) , (A1)
K/ #£k V£l
bearing in mind that each of the £ inputs is of measure e. Without input variety [, we instead have:
n*(—a)p
~k 1—p p ap 74 nk,(lfa)p ~k 9/ pk o
Poun;(156) = AL (@)™ | [T (X (@) PIEAGIILE : (A2)
Kk V£
Combining (A.1) and (A.2), the incremental revenue generated by input variety I, 7(l,€) = Fin — Tour, is:
n"ui;aw n*a-a)p
~ 1—p p ap k' 'r]kl(lfoz)p ~k ’ ~k 7/ pk / ’
Fl.e) = A7 L) | TT (X5 0) o) e+ > @ 0) - [ ase)
k' #k U#£1 U #£1

where we denote the measure of each input variety I’ # [ by € to distinguish this from e (which denotes the
measure of input variety 1). Following Acemoglu et al. (2007), we now approximate the term in the curly braces
from this previous equation via a first-order Taylor expansion about € = 0. Since 7(,0) = 0, we have:

7(l,€) ~ 7(1,0) n or(l,e)

€ € O |._
nk<1;a)071
1—p p ap k' nkl(l_a)p ~k 1/ pk / ’ 77k(1 — a)p~k pk
= AorLi(0) | T (x5 (@) PIEAGIOEE: T s 0)
k' #k £

As L — oo, we have e = ¢/ = 1/L£ — 0, and the summation term in the above equation becomes a Riemann
integral. The incremental revenue contribution from input variety (* € [0, 1] is thus:

k
n"(l—a)p
—r 1

i 1€ =P 4P ap ! ' (1-a)p L TR o k(1 — . o
A0 = Jim T = 4100 ) [H (%) ] | esora] Tttt

(Xf/(¢))nk/(1a)p:| (Xjk((]ﬁ)) —pF @f?(lk; ¢)pk

where recall that the revenue of the firm is R;(¢) = Ajl-_qu (9)r = A}_pyj(qb)”. This yields the expression for the
incremental revenue contribution reported in equation (7) in the main text.

Noncontractible tasks: Recall that the firm and supplier for I¥ choose their respective investments in noncon-
tractible task effort, taking as given the noncontractible investments of the other party, as well as the contractible
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task levels and the sourcing mode that have been written down in the initial contract. From the objective function
in (8), the first-order condition for h?(Lh; ¢,1%) for all v), € (uf”»j, 1] is:

pkak

koo oo 1Ry — (1—a)pn"R;(4) his koo / . pF(1—ak)
hj(en; ¢,07) = ﬁfij (exp [/0 log h; (Lha¢alk)dbh:|> (xf(lk,@)

) ak ok
x o (exp |:/k loghf(ﬂh;(b, lk)dL;{|) si

Khij J

Inspecting this last equation, the right-hand side does not depend on the specific identity of the noncontractible
task input ¢, € (uﬁij, 1] that is being considered. The optimal h?(Lh; ®,1%) is thus identical for all ¢;, € (uf”.j, 1],
and we denote this common level of investment in noncontractible headquarter tasks by hﬁj(lk; ¢). Substituting
this property into the above first-order condition, we obtain:

k
. . _ kp. k gk /—‘Ql P
w10y o0 = 6 &ifl»fi‘@af%“ <exp [/ Jl"ghfk'(bg;‘z”lk)dbg]) AT
A J 0
J

This expresses the firm’s investment level in each noncontractible headquarter task (u, € (uf, > 1]), conditional on
the supplier task inputs and the pre-specified investments for the contractible headquarter tasks (¢p, € [0, ,uﬁu])

We solve for the supplier’s choice of a:;?(LI; #,1*) for all its noncontractible tasks ¢, € (ufmj, 1] in a similar
manner. The associated first-order condition based on the supplier’s objective function in (9) is:

k k(1—ak)
koo, ogky kY (L=a)pn*Ri(¢) (11, k. NP " Haij kot . gk g ’
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Once again, this last equation implies that the supplier for input variety ¥ will choose an identical investment level
for each of the noncontractible supplier tasks, so that x?(Lz; ¢,1%) = :cflj(lk; @) for all ¢, € (,ufzij, 1]. Substituting
this back into the first-order condition and simplifying, we obtain:

k k ke p*(1-a®) .
j igx \"

(A.4)

which expresses the supplier’s investment level in each noncontractible task (i, € (N’;z'p 1]) as a function of the
headquarter task inputs and the pre-specified investments for the contractible supplier tasks (¢, € [0, u’;”])

We now simplify (A.3) and (A.4), in order to express hﬁj (1%; ¢) and zﬁj (1¥; ¢) as functions just of contractible
task investment levels. Dividing (A.3) by (A.4), one obtains:

hk_(lk,¢): 5ij o ijx(lk§¢)
AT 1—5{%{1—0/9 S5

an; (1% ¢). (A.5)

We substitute this expression for hﬁj(lk; ¢) into (A.4), bearing in mind from equation (5) in the main paper that
h?(lk; ¢) is a function of hﬁj(lk; ¢). After some algebraic simplification, we obtain:

k kR. hig ook ki o (1-a®)
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where recall that lk] =1-prFaf(1 - ufnj) — o1 —a®)(1 — u’;ij), from equation (14) in the main paper.
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On the other hand, rearranging (A.5), z¥,(I*; ¢) can be re-written as a function in particular of hf;(1¥; ¢);
we plug this expression for xﬁj(lk ; @) into equation (A.3) and simplify to obtain:

hﬁj(lk;dﬂg’% :w X <exp [/M log h?(Lh;QS,lk)dLh]) (exp {/H log:v?(Lz; ?, lk)sz])
0 0

(X))
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s ciix (1 ) A

Equations (A.6) and (A.7) thus yield the investment levels for noncontractible supplier and headquarter tasks
respectively, expressed as a function of the contractible task investments.

Contractible input tasks: Working backwards along the timeline of events, we now solve for the investment
levels in contractible tasks that would be spelled out by the firm in the initial contract. In the presence of ex-ante
transfers, these contractible task levels are chosen to maximize the joint surplus from the bilateral interaction
with the supplier for I¥, given by (11) in the main text. We substitute into (11) the expressions for h’fbj(lk; o)
from (A.7) and for xf;(I*;¢) from (A.6); we do so wherever these noncontractible tasks appear either in the
incremental revenue or the cost terms in (11). After some algebra, FZ}X(Z’“; @) can be re-written as:

ok (1—aP)

pk C-”X ( (XJI@(¢)),3K ) (exp |:/() IOg hj (Lh7¢al )dbh:|> <6Xp |:/0 long (Lz,(b,l )sz:|>

pFak—pf; ) pka—akya—uk,

k gk 33 1—ak) (1- 8k ¢k B Ty
X (aﬂl])() J (( « ) ( /BJX)> J _ s]-/ hij h?(LM d),lk)dbh . c?jx(lkﬂlb)/ J x?(u;ﬁf?, lk)de,
0 0

(A.8)

where ¢ =1—pFa’(1- ,uf”-j) by — (1 —a®)(1— k) (1= BF,) as defined in equation (13) in the main text.
Using (A.8), we take the first-order condition with respect to x?(bm; ¢, 1) for 1, € [0, uiij}:

zk' 1-— kR % Mf”ij / / % H{;U / /
x?(%m,l‘“):(lw’“)cg <W) (exp[/o logh?(bm,zk)d%b (expVO long?(am,l’“)d%])

(e E ((1-ah) (1-5hy) R
& (%5 0) NG

As the right-hand side of this previous equation is identical for all ¢, € [0, uglf,ij], this implies a common investment
level in supplier contractible tasks, which we denote by z¥(c.; ¢,1%) = 2} (I¥; ¢) for all ¢, € [0, puk,;]. Substituting
this symmetry back into the above first-order condition and simplifying, we have:

1-pF(—abuf, )

& & 1-— "Ri(¢ % HEig G
oo (50) =(1-a") k (W) x(exp[/o loghﬁ(b;as,ndb])

ﬂkak(l—u’,ﬁij) pk(lfak)(lfufﬁj)

"Bl <k (1- ak) (1 — Bk ) 3 1
X( 2 ) ( El5) e M

igx 15X

Using (A.8) again, and taking the first-order condition with respect to h?(Lh; &, 1F) for 1y € [0, uzij], we get:

ok ok pF(1—ak)

Zk. 1— kR. % y‘ﬁij C;Cj “I;ij Czkj
h?(ah;czs,lk):akgg <W) (exp [/0 logh?(Lm,zk)dLhD <exp M logw?om,zk)d%b

pFak—pf, ) pF—aFya—pk,

X Aakﬂlij <t (1 — O‘k) (1 — ﬂfjx) <h 1
8j i (175 9) s’
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from which we can conclude that the investment levels that are specified for all contractible headquarter tasks are
identical, i.e., h’(fj (1k; ¢) = h?(Lh; ¢, 1%) for all ¢, € [O,Mfﬂj] due to the symmetry across contractible headquarter
tasks. Substituting this property back into the first-order condition and simplifying, we obtain:

—ak)

S (- R\ e
HEOR =a* < IO ) " x (exp [ / logx?uw;qs,zk)dbe ’

pkak(l—u’f,,,;j) /Jk(lfuk)(lfu};ij)

ot ) ((-eN(-ss))E
" <87> ( ”X(lk ®) = g (A.10)

To solve out fully for h’“ (I*;¢) and z* (lk ¢), divide (A.10) by (A.9) to get:

k k.
0t 0) = o G g (A1)
We substltute this last expresswn for hk (I*: ¢) into (A.10). leevvlse rearranging (A.11) implies an expression
for x¥ (lk @) in terms of hk (1*: ¢); we plug this expression for a7 (lk ¢) into (A.9). After some algebra, this

ylelds

k _k 17/Jko¢’€ Ck
1— k . k P« _ k 7{@ 3 kak<17 kLL) k(lfak)(lf §7 )
(o, = L (@) (o) (1 . ) ()T () ) and

(X7 (o)) 5 iy (175 ) ¢
(A.12)
kg k k(1—ak) ¢k .
. e (1 —oc)pnkR-((b) o\ (1—a®) 1_ ok I ¢k Yo eFak (k) o\ PP A—aF) 1k )
o™ - R () EN ) &) () (1-25) -
(A.13)

The expressions for h’C (I*;¢) in (A.13) and for z* (lk ¢) in (A.12) correspond to those reported in the main
paper in the equation array in (12), bearing in mlnd the definition for = _”X introduced in (15). Substituting from
(A 13) and (A.12) into (A.7) and (A.6) then yields the expressions for Al (I¥; ¢) and z};;(I%; ¢) that are reported
n (12) in the main text.
Plugging these expressions for hk (1%: 9), :z:fj (1%; ¢), hE . (l’c ¢), and zﬁj (1¥; ¢) back into (A.8), the contribution
to the firm’s overall payoff that comes from its interactlon with the supplier of ¥ can be re-written as:

pk(—ak)

1 Pkak a-a
gy (A= @pn Ri) ) T 1=t (g) L—af |
Finll' ) = ( (XE(e))7" T\ ek (%5 9)

k.

¢ =% pFak(—pf, ) ka- ak>(1 nEi)

17X k 1—pk k 1—pk

(& ) (95:) (1-5) |
ij

Given that ¢} JX(lk @) = widk / ”X( @), it is straightforward to see that the above expression is precisely equal
pk(lfotk)
to FZ;X(lk; ¢) = ("ZXZZX(Z’“; ¢)) —¢F , as claimed at the start of Section 2.4 in the main text. This expresses

the firm’s payoff in terms of the fundamental parameters of the model and factor prices.

Properties of h¥;(1%;¢), ¥, (1%;¢), b, (1%; ¢), af;(1¥;¢):  We show that the optimal task investment levels as
reported in (12) are each increasing in the contractibility parameters u’fu ; and ,u’ju Focus first on the contractible
tasks, ht. (lk' ¢) and z* (l’c #). These depend on uf, ;; and umj only through Z
operates solely through the BF

mx’ from (15), this dependence

i term (bearing in mind that the decisions over optimal task levels for a given

input variety are made taking the firm-level variables R;(¢) and X Jk(gp) as given). That ijx n (16) is increasing
in both “I;sz and ”iw is a property that we will derive shortly below in the proof of Lemma 1.
Turning to the investments for the noncontractible tasks, h” . (lk ¢) and x* (lk @), it follows from (12) that

it suffices to show that ¢f5/¢f, is increasing in both ,uh” and pf%,;. Using the deﬁmtions in (13) and (14), and
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applying the quotient rule, one can show that:

¢/ Cix  _ ok (1= p*(1 = a")(1 — pipiy)) (1 = BE,) + o1 — aF)(1 — ;) B3,

> 0,
duhu (CHy)?

since p¥, of, Bf , pk.; €[0,1]. The proof that ¢f5/¢f, is increasing in p%,; is analogous.

Sourcing shares: Denote the set of 2.J possible sourcing modes by €, i.e., @ = {(¢/, X)) : ¢/ € {1,...,J}, X €
{V,0}}. For a country-j firm, the share of industry-k input varieties for which (i, x) is the optimal sourcing

mode, 7F._ . is evaluated explicitly as:

1iXx’
=k o] =k
zJX = Pr Z "ix’ N~ = ZJX ZlkJXV v (ilvxl) €9 - _/ OPT ZlkJX = szzk’jx’ < ’:kZJX z, ¥V (ilvxl) # (’i,X) dz.
Elix == I

We evaluate the above probability by differentiating the nested Fréchet joint distribution from equation (10) in
the main paper with respect to zf; , setting 25, = z and zik,jx, = (25, /=5 )z for all (', x") # (i, x), and then
integrating over all possible values of z. It follows that:

k

g e

i —
/=1 2=0

It is straightforward to see that the last term in square brackets is equal to 1, from which it follows that 7r”

from (15), BY. from (16), and that ij = ((B”v) =

wx ijx
the above expressions for 7r - and 7er ij simplify to those in equation (19) in the main paper.

X>\,
(B’LJO) ) 0% ’7

TijTyij- Recalling the definitions of 2

Properties of ijx (Lemma 1): We show here that szjx as defined in (16) is increasing in the contractibility
of both headquarter and supplier tasks. Log-differentiating (16) with respect to uf, ; yields:

k k k k k
]._ dB’L dz 1, 1, d’L d’L
P ( « ) ix 4G log <JX + <J Gijix _ Gij *Pkaklogﬂfjx

k k
Bz]x d/‘l‘hi] d:u‘hzj 1] ’L]X d#hz] d/“Lth

= p < C” Bz]x < C]zj ﬁz]x) - > .
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Note from (13) and (14) that fj < iij, since ﬂzax (0,1); i ”X € (0,1). It thus suffices to

study the behavior of the function: x —logxz — 1 in the range xz € (0,1). At z = 0, the value of this function
, & (z—logz —1) = 1 — 1, which is negative for « € (0,1). As z increases from z = 0,
z —logx — 1 thus decreases monotonically until it reaches a value of 0 at x = 1. It follows that x —logax —1 >0

tends to +o00. Moreover

for x € (0,1); this delivers the result that Bfj, is increasing in ;.

Similarly, log differentiating Bin with respect to ufm»j yields:

(1 - o) dB} dgs; ¢ ¢ dgs dgs;
P ( ) ix _ J log JX 4 2 Dhiix k] —pk(l—ak)log(l _mvjx)

k k k
BUX dluzm d zzg C'L]X d:u’z7,] dluzm

:Pk(l -« ) < C” (1 _5ljx) 10g< -z (1 Bux)) - ) .

(0,1), and from the properties of the function  — loga — 1 in the range = € (0,1) that

k

Since CEJX (1- ZjX)
have just been derived, it follows that Bk- is also increasing in ,u’;”

Recall that Bf is a constant- elastlclty aggregatlon of BF Sy and BF o (with exponent 5 /\ > 0). Since ijv
and ijo are each increasing in both “hu and szj» this 1mphes Bk, is also i 1ncreasmg in both ,u,”j and uim

Thus, szV’ Bwo, and B each achleve their maximum values When both ,uh” and ,um] hit their upper bound
of 1. From (13) and (14), fjv = wO . =1 when uh” Hw = 1; substituting further into (16) implies that
the maximum value of both ijv and BijO is 1, while the maximum value of (ij)ek is 21 A,
Behavior of w(“,l ij with respect to o (Lemma 2): The probability that a given input variety is purchased
via an intrafirm transaction is given by equation (20) in the main paper. Observe that this expression for W(C/‘ .
is increasing in BZJV/BUO, SO 7TV‘ ~ inherits the comparative static properties of B”V/B o With respect to any

model parameter. Using the definitions of BUV and BUO in (16), we have:

¢k, akFa—pf,

k P TE ey K ok k 1-pky;
BZ]V _ Cigv | 7 7™ iV ¢ 1—Biv
Blio  \(ho Ho 1= B0 ’
so that:
log Biv _ G5y, Suv Lo = (1= prii;) log B”V + (1 )log ’B”V (A.14)
- hij z1i . .
B'ZO pk(l - ak) Z’O 1- Oé ! ’LJO ’ ’L]O

Differentiating (A.14) with respect to a®, we get:

d 1 BZ_]V :( C'Z + 1 dc_.-zkj>10g CZV + Cf] ( 1 dCZV 1 d<1]0> + 1- luhlj 1 szV
(

dok 08 Bfo pF(l —ak)2 = pF(1 — aF) dak Fo o PRl —ak) \ ¢k, daok (’“ dak 1—ak)? ko
Cf‘ ¢ ¢ty 1=p"(—phy;
From (14), 224 = (/l’fn-j - /’Liz])ﬂ so that: k(l Lyt k(l o dat = %. Also, note from (13) that:
Cl dg;, 1-p*(1—pgi ) (1B
Fe = 1= p"(1 = pki) (1= BF,) + oF 52, which implies: Cé_x o S ( aiC’Z])X( 2 for x € {V,0},

and hence we get:

dck d k(gk k
L Loy : CUO = 2By — Puo) [*(1 - NZij) - (1= ﬂ];ij) + Pk(l - me‘j)(l - :U'I;:ij):| .

g dak Ck da® Cz;v 5o
It follows that -%¢ log(ijV/ijo) is equal to 21/J( ), where:
k k Czij k BmV
$() = (L= p"(1 = piiy)) log 2 + p" (1 = phij) log —
7,]0 ’L]O

+ pk(l - ak)( Z]V /Bljo)glj |:

ck —(1 = piig) = (1= pils) + P (1 — pipi) (1 — pilii) | (A.15)
gV ZJO
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Viewing 1 as a function of Bf-v, note first that when ijv = ijo, we have ¢ = 0. It then suffices to show that
dﬁk > 0 for all Bwv € (51107 1], in order to establish that ¢ > 0 for all values of ijv over this range, and hence

that S5 log(BUV/BUO) > 0.
We therefore differentiate (A.15) with respect to ,BUV to obtain:

dp k & 1 d(ly k k 1
= (L= (1 = i) o + P = k) =
dﬁz]V " C]V ﬁ’LJV i zich
{5 d Biv —Blo
+Pk(1 - ak) kj [_(1 - ,U'I}cn'j) -(1- me‘j) + Pk(l - /J/Iicn'j)(l - Mfu)] gk u
ijO ijV l]V
k
Using the quotient rule and some algebra, one can show that /3 B”‘g Fiso _ =@ 5”0)2, from which we get:
ijV ijV ijV

dy Pk _ .k k (1 _ kpok N _ k1 kygk _k __kypk k.  k
dﬁz;v = ( z;v) ﬂz]V [(1 /Mu'j) (Cijv(l « BijV) Cij(l « )IBijV) +(1 Mm‘j)(l « )IBijV (Cijv Cij)
+ " (1= g (1 = piniy) (1 — ) ((fjﬁfjv - Cicjv)] . (A.16)
Recall from the definitions of Ckv and J in (13) and (14) that with Bk v > 0, we have: C . Also, fjv <1
implies: 1 — « Bz]V > (1-— ak) v 1t follows that Ck (1-« BUV) Fl-a )Bwv > 0 and (”V w> 0.
Together with the fact that p*, (1 — ,uh”), (1- ng) (0, 1), we have:
d k\2
v > ) (1= piig) (1 = piij)

d/Ble ( ZJV) /BUV
x [(chv (1= a*Bliv) = cly(1 = "Bl ) + (1= a"Bhy (chy = ¢ ) + (1= a*) (chBlv — cliv)]
O e by TR (k1 g CaF8E) - ek (1 — oMV g
= Tk 24k (1 :U'hw)(l I’LIU)X |:C2]V (O‘ (1 ﬁljv)—i—(]‘ «Q )/BZJV) Cz](l a )BUV]'
( ijV) iV

That this last expression is positive follows from the fact that V >

Behavior of W{“,lij with respect to ufnj and /ifm.j (Lemma 2): Differentiating (A.14) with respect to nﬁij:

d By 1 dct, Chv o ok 1 ¢y 1 d¢io v ko Biv
log =2~ = 27 log & + G5 wv - — p"a” log =2
dlu’ﬁz‘y szjO p (1 - ak) |:d icu] Czk; ! 7,]V duhlj ’L]O du’hz] 'ijO
k
a Cl Q Cz Cl
= 1 & |: ] 51]0 - J ﬂz]O - IOg J /BZV + ] ﬁz]V:| .
—o z]O UO mV ZJV
The function logz — x is increasing in z for all z € (O 1), since 2 (logz —z) = L —1 > 0 over this range
of values for . Moreover, we have seen that kj < ”X, while ﬂmx (0,1), so that ” ﬁUX (0,1) for both
¢ ¢ ¢k .
X = V' and X = O. Note that: ij z]V J ﬁz]O T( zij - ﬁzij)(l - pk(l -« )(1 - /’Lmlj)) > 0, since
k k
ﬁwv > BUO The behavior of the logz — z function over x € (0,1) then implies that: log Cij fjo — CC’“TJO fjo <

k
[ k Cij . . .
iOg F-BEy — %1 ZJV Hence, an k - log(BwV/BijO) < 0, and wvlij is decreasing in ,uhij.

Diﬁerentiating (A.14) now With respect to ,u’;iﬁ we have an analogous expression:

d By Chv ¢ & — By
1 ™ :10g - + Z] (1_/81 ) Z] ( Bz ) Z]
d:uzzg Bf]o zkjo ZJV Vv Z]O 70 1 - LJO
—tog S5 (1— o) — S5 (1~ o) —log S5(1 - ) + S5 (1— by,
ZJO Z]O ng ng
Note that %X (1- %ij) € (0,1) for both x = V and x = O. Moreover: va(l - wV) (1 — ”O) =

k
- Cék ( fjo - 5”‘,)(1 — pFak(1 — uﬁij)) < 0. Together with the fact that logz — z is increasing over the
;v Sijo
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<t k ¢ &
Cf;]V (1= B5y) — ijv (1 — B5y). Hence,

¢
Cf]]o (1 - LkJO) Ck (1 - LkJO)
log(Bf]V/BUO) > 0, and 71'{“,”]. is increasing in pf, ;.

interval (0,1), we have:

Behavior of ﬂvl” with respect to 3, (Lemma 2): Recall that 8, = 6} + 8};5(1 — 67;). First, note that:
1- ijv =(1- ZO)( 55]) Substituting this into (A.14) and dlfferentlatlng with respect to ijo, we get:
Bf . d d k 55
d log zk]V _ - ng - 1 Cz]V _ 1 Cz]O _ « - (1 ,LLhzj) )
dﬁz]O BZ]O p (1 -« ) Z]V d/Ble ’L]O dlegO l-a BUO gV

Next, from the definition in (13), one has: ijo =1-p1—a¥)(1- ,umj) + ﬂwo d57,j° from which we have:

o _ 1 ( k14 k(liak)(li k )) Moreover: ¢l d¢ly dBEy = (1 75k)dCuo Usine these
B0~ Blio \“HO r Haij))- CdBho dBmV B0 Wl dBo &

dck d¢! sk dek
expressions and with some algebra, one can show that: i%_idﬁéz = —(1—pFaF (l—luhij)) fjvzuo dB:J]Z.

The derivative of log(BfJV/B”O ) that is of interest is then given by:

BE,  oRak(l— k. K 1= o)1 — i
d log zkgV _ PISd ( I;u’hzg) Cz]k (1 _ pkak(l _ ,ulfn'j)) 1— ( ka )( klu/m]) 1 . (A17)
dﬂng BUO l-a CZJV 170 « (1 - ,Lbh”) ﬁng 170
Consider first the case where: a*(1—puF. ) — (1 —a¥*)(1—puk,.) <0, so that 1 — M < 0. Since ¢*
: i Haij) =Y, (1 i) . ij

Cikjv, Ciij’ and 1 — pFaf(1 — uh”) are all positive, (A.17) immediately implies that: dﬁk log(Bf]V/BUO) < 0.
(1—a™)(1—pf))
ok (1—pj;;)
(0,1). One can directly verify that: (5o —(1—pFa™(1—pj,;)) = pF (@™ (1—pj,,) — (1 o) (1—pk ) (1= BF0) > 0;

this means we have: M € (0,1). Last but not least, recall that € (0,1). We therefore have:
ijO

Consider then the converse case: « (1—uhij) (1 ak)(l—u’;,;j) > 0, under which we have: 1— €

CuV

< —1. It follows from (A.17) that:

k k
(1 — prak(1 - ,Ufiij))(l - M) € (0,1), whereas —

% %
Cuv<17 ak(1—pg, ;)

log(B}y/Blip) < 0 also in this second case.

517\/517()

dﬁk

Behavior of W{“,ll,j with respect to 51’»“]» (Lemma 2): Substituting 1 — UV =(1- BZJO)(l = 5’“) into (A.14),

and then differentiating with respect to 5{3, we obtain:

d By 1 ¢l odChy o k1= B0 k 1
— log =% = - L= pinij) == — (1 = pigig) —
B B By " e Gy oty T ar ) TaE T ()
1 ¢ 1-Blo  (1=a")(1 - ugsy)
= 1— ok |: kJ (1_55]'0) (_ak(l_uﬁij)'i_(l_ak)(l_N/I;ij))+ak(1_ulfiij) k = - 1— 5k . .
ijV ijV ij

(A.18)

Let ¥ denote the expression in square brackets in this last line above. We view ¥ as a function of 6”, and seek

to understand its behavior over the interval 5k € (0,1) in order to sign how log(BlkJV/B”O) and hence how W{C/\ij

varies with 55 We have:

dv Czkj 2 17/85] ’ 1- 1_ xij
” :7pk( fjv)2(1,5§jo)2 (—a*(1 = phiy) + (1= M) (1 = ki) = a*(1 = py) (5;3. (1—51?) ”O> - (a z(afj) :
(A.19)

The above is clearly negative, so ¥ is a monotonic decreasing function of 5fj over the interval 55 € (0,1), that
moreover tends to —oo as 6% — 1. It suffices therefore to examine the sign of ¥ when evaluated at 55 =0:
If ¥ < 0 at df; = 0, then we can conclude that ¥ < 0 and hence d&k 1og(Bf]V/B”O) < 0 for all 6f; € (0,1).
On the other hand, if ¥ > 0 at 5’“ = 0, then there exists a unique cutoff value of 5’“ € (0,1) such that

dék log(B ZJV/BUO) > 0 when 5k (O, (5”) while dd—k log(ijv/BUO) < 0 when (5{-“ (55, 1) (As will be evident
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from the discussion below, Sfj depends on the values of the other deep parameters of the model, including o*.)
Setting 55 =0 in (A.18), and after some algebraic simplification, we have:

1

(0
( ) 62]0 170

(0¥ (1= i) (1 = BY0)* = (1= ") (1 = i) (B0) + pa (1 = a*)(1 = ki) (1 = piiy)(2BE0 — 1] -

Thus, ¥(0) > 0 if and only if:

ak(l - .uﬁij) (1 - Pk(l - ak)(l - /ll;ij)) (1— ﬁzij)z

(1= o) — )= prar (- ph ) (Bho)?

The left-hand side of this last inequality takes on non-negative values: It equals 0 at a® = 0, while tending

k

to 400 at of = 1. It is also straightforward to see that it increases monotonically in o, since the numerator

is an increasing function in o* while the denominator is a decreasing function in o*.
theorem then implies there exists a unique &* such that ¥(0) > 0 when o* > &*, while ¥(0) < 0 when o < a*.
When of < aF, log(BZjV/B’LjO) and hence W{C/lz- are decreasing in (5’C for all 5’“ € (0,1). On the other hand,
when of > a* ’/TV‘ is increasing in 5 over the interval (0, 5”) while decreasmg in 5k over the interval (5w’ 1).
k cases, the propensity to integrate falls in 5k for 5k sufficiently large.

The intermediate value

Summarizing the result across the two @

A.2 Proofs from Section 3
Composite industry-k input: Based on the definition of X¥(¢) in (3), we have:

J
k k k
X1 = Balg050)7] =3, 3. wim X En [sf:?(l’f;w (6, x) = axg max 20 2l (l’“;as)}

xe{V,0}
J
= Z Z Ex |: ]( ¢)p (Z X) = arg maX Ey jX'ZZkJX (lk:¢):| .
i=1 xe{V,0} X

We obtain an expressmn for z7 k(1*: $), by substituting in the optimal task investment levels hk (I*; ¢), hE . (lk o),
zf; (1% ¢), and af ; (1F; ¢) from (12) into the definitions of h%(1¥;¢) in (5) and z¥(I%;¢) in (6), and in turn into
the definition of 77 k(1%: ¢) in (4). With some simplification, this yields:

RN A kN PR(—ak) k
S o I Niac) g (T R g
=1 Sj dfjwl 1*pk

X€{V,0}
k. < *)2a-ak) . ok (—ak)
" ( C’zj ) Efx) T EwlZ (5 e) R, (A.20)
13X
where ijx(lk; ¢) denotes the value of the supplier draw mx(lk @) when (i,x) is in fact the optimal sourcing
mode that solves the decision problem in (17).

ok (—ak)
Define: zf;, = Ep [Zijy (1¥; ) 1=¢F ], since this expression will appear repeatedly. We have:

1—X,/
oo pk—ak) ok ok i
sk _ —ok k[ (=k T—x, —k X,/
= [T e - () ZT (2h,0) 7 + (h50)
z
UiESS ok _ok \ N .
k(=k \T-% =k \T-X; =k \T-x; k_—oF-1
7“1 ('_‘UX) ’ (‘:‘UV) ¢ —+ (:4”0) ¢ X 0 z dZ

ok ok ok 1-X;
Implementing the change of variables: y = (Efsz) 0 v] , with U Z;],Zl Tk (( 71,ch) =X 4 ( - go) =X ) :
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S ok, ok & ‘
ijx = / exp {—y} Tik (Efjx) T ((EZV) Ty (Efjo) 1_&) gk 2 1ok dz
z2=0

k v 1 pPa—ak) !
i f; k 19’; k 19’; o Yy SR ek k ekfpk(lizk) 1
f/ exp{ y}T (‘—‘UX) (:UV) K +(:1]O) v U7 (:z]x) -r Uik dy
y=0 J J
ok \ —Ni
k =k T—x; T—X;
X ok pFa—aF) T ((“ijV) + (‘_‘ZJO) ) [ 1 pF—ak)
= T—x; —k ok 1_,F
(Eiix) e X 1 Fa-ak) X /_ exp{—yty oF 1 dy
( 1;) ok 1_pk y=0
J
_ 1 pPa-ok
& 1-1=2 pFa—ak) . k k e N W e
=k )T=x oF 1 T (EGv) ™ + (Bho) T 4 p*a—ak)
_ 7k (“‘ijx ’ k) ok 1—,F
=I"x ok ok ok I;
=k T—Xx =k I—X
(_'ZJV) i+ (HIJO) ‘ /

where recall that the constant, T'*, is the value of the Gamma function, I'(t) = fyoio exp {—y}y'~! dy, when this

is evaluated at t = 1 — e—k%pa) (We require that: 1 — W%ﬁm > 0, in order for I'* to be well-defined.)

Using the expressions for the sourcing shares 7 i and wk lij from Section A.1, ijx simplifies to:

. . B T A RN I
kT 0 1—p 0 1—p 0 1—pF
Zijy =T X (%‘) (wa) (Tz’ )
1-X; pR(—ak) k k
ok T ek 1,k k Ry - =) k k
E o\ Tox p k(k  \—0F k0 oF  1_pk 1 p*(-ak)
) (Bijy) ™ Ty (diw;) ™" (Bij) e (Tk)ﬁp —_
- ig "t xlig K [ k i
(B )19 + (BY )137; o;
gV ijO
k k
EILICET ISRy . B
_ fk kE_k B\ ok 1k i Wi
X

where <I>;? = Z;.],Zl T]?(df,jwi/)*ek (Bik,j)ek is the sourcing capability of country-j firms over industry-k inputs,

from equation (22) in the main paper.
We next substitute this expression for zl]X from (A.21) into (A.20). At the same time, we substitute in for

”X from (15) and for szax from (16). After some extensive algebra, one arrives at the expression for X f(d))

reported in equation (21) in the main paper:

k k:

XE(6) = (1 — a)on* Ry (9)(a* f5,)°" (1 — a*)1=a" (FF) 7 (@) 558 (1) 5,

where: Tk ZZ 1 er{vo} gi WZ’ITXl” in the under-investment friction term from equation (21).

Payoff of the final-good firm: We compute an expression for the (pre-assembly) payoff for the final-good firm,

F;(¢); this will then allow us to derive the optimal amount of assembly labor chosen by the firm.
Taking into account all factor costs incurred and ex-ante transfers received in its bilateral interactions with

all suppliers, we have:

K 1 1 1 .
Fi(¢) = R;(¢) — Z/lk . [sj/o h?(bh;(b,lk)dLh + cfjx(lk;dﬂ/o x?(Lm;qb,lk)de} di* —w; L ()
o k=

K 1
=Ri(¢) =) / i [Hhigh (%:0) + (1= byl (15 0) | i
=1 /=0
K 1
-3 /l  Cn50) [ty (45 6) + (0= pig)an, (5 )] i — i Ly(6), (A.22)
k=1 =

All



Using the expressions for h¥;(1*; ¢) and hj:;(I%; ¢) from (12), the total factor costs incurred in the provision

of headquarter services can be ertten after some simplification as:

k
« Elk

B
Il
(]

—

I =

RS}

S

k(1_ok
k k k Czky —k 5 k. £ l(ipk :
Brij + (L= thij) Bisy o EiixZijx (175 @)
1IX
K p ¢k ,ﬂmfzk)
of k gk i —k - _k
:Zl ok Z > <“hza = 1hig)Bijx (Ck] )) (:ijx) T Fij
X

i=1 xe{V,0}

K 1
Z/O Sj [Nfbijhﬁj(lk? o)+ (1— :ulfn'j)hfbj(lk; ¢)] di
k=1

where recall that wa( ) denotes the supplier draw when (i,x) is in fact the optimal sourcing mode, and
k k

Zh = Elk[Zin(lk;cé) oF ]. On the other hand, using the expressions for z;(1*; ¢) and z};(1%; ¢) from (12),
and working through similar algebraic steps, the total factor costs incurred in suppher tasks can be written as:

Z / 0% 6) [yl (% 0) + (1= iy )k, (1% )]
K

k ok (1—ak)
P k k Gis —k — %k _k
1= (1-a Z > (Nm = tzii) (1 = Bijx) <ij >> (:ijx) T Zie
IX

k
k=1 p i=1 ye{V,0}

Next, using the expressions for z \ from (A.21), = HUX from (15), and X]’-“(QS) from (21), one can show that:

Pk (—ak)

k
—_— _,k _ —
#(E%) Nz = (1= a)pn®Ry(¢)mimy (Y5) 7 (A.23)

We plug this into the expressions just derived for factor payments for headquarter and supplier tasks respectively.
Gathering terms, total factor payments — summed across headquarter and suppliers tasks in all input industries
— are then equal to:

(1—a)Ri(¢) Y % Z TN <0<kﬂlfn'j + (1 — )iy + ( % ) [ (1= phig) By + (1= a™) (1 = ;) (1 — &ij)])

k
C’L]X

= (- Ry(6) Y T > TN ((”)+<<> C)
= 15 P Cz’jx p

=1 xE{V,O}
o 1 ¢t
=0-R)D Tegrd D mymauge — 1= )mimg
k=1 J i=1 xe{V,0} X
K k
= (- Ri(0) Y 2 (1- =My ™)
k=1
Note that in the third-to-last step above, we have made use of the definitions of (; JX and ,kj respectively from

equations (13) and (14). In the second-to-last step, we have then apphed the definition of T;? from (23), as well

as the fact that the sum of the sourcing shares Zl 12y=V.0 is equal to 1.

U X|1J
The firm’s payoff function can therefore be expressed as: F;(¢) = w,;R;(¢) — w;L;(¢), where recall that:

w; =1-— (1 —a) ZkK 1 ”pTLk (1-(1- pk)(T;?)’l), as stated in equation (24) in the main text. Moreover: fj -

(1 — p*)¢k i = (1= P — wx) + pkakuﬁw + pk(l — ak)uﬁij > 0, so that / i > (1= p*). We therefore
have: Y% = Zz 1 Exe{vo} T Xlw( F /) = 1 — p¥, and hence that: 1— (1 — p*)(TH)~! € [0,1). It follows
that: (1 —«) Zk 1 p”k (1-1-p"(rhH1) < (1 —a) 22{:1 ’:}L: < 1, where recall that the last inequality is a

parameter restrlctlon from footnote 10 in the main paper that was made to ensure that total factor payments do
not exhaust the firm’s revenue, R;(¢). Thus, w; lies in the interval (0, 1].

k
Assembly labor: Recall that R;(¢) = Ajl.quj(gb)p, where ¢;(¢) = qSLj(gb)“(HkK:l (XJ’?(QS))" )17 from the
production function spelled out in equation (2). Plugging in the expression for the industry-k composite input
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Xf (¢) from (21), and simplifying, we have:

. o 1=pP " 1k P1T(1=a)

Ry(6)' 0= = AT Ly (6 H (oo == 4 T @) e HE )
Log differentiating this, it follows that dR Eg; = 1= p‘ap a) IL?’ E(ﬁ; . The final-good firm chooses the amount of
assembly labor L;(¢) to maximize F;(¢ ) R;i(¢) — (gb) Taking the first-order condition with respect to

L;(¢) and applying this expression for CILR]%&:;;, one 1mmed1ately obtains equation (25):
J

Ly(¢) = “p =3

Output: Substituting for X (¢) from (21) and L;(¢) from (25) into the production function (2), we have:

1-pk k 1pk:|”]k(1a)

W) =on(1 - (A2 ) Ryl H[ ) (= ) e ) (k) T o)

Replacing R;(¢) = A];—qu (¢)” on the right-hand side of the above, we can re-write ¢;(¢) as:

K kl—a

() = 4569 77 (1= )5 (B BT (@t (- o=k @ e |

k=1

which is the expression for output in equation (26) in the main paper.

Welfare: From equation (1), welfare is a CES aggregate over final-good varieties consumed. Since all goods
assembled in country-j are consumed domestically, welfare is equal to:

0= (v / qu’dcgv(cz»)); , (A.24)

where N; is the measure of final-good producers in country j, held fixed in the baseline model. We therefore plug
in ¢;(¢) from equation (26) into (A.24) in order to evaluate welfare. Since g;(¢) in (26) is a function of aggregate
demand A;, the resulting welfare expression after this substitution also depends on A;.

P
Recall though from Section 2 that A; = Eijl”’, where Ej; is country-j expenditure on final goods,
_p
and P; is the ideal price index with: P/™" = (N; f¢pj(¢)7ﬁdG-(¢))_l = (N, f¢ q;(9)/A;)PdG,(4)) 71,
where we have applied here the fact that ¢;(¢) = Ajpj(¢)7ﬁ. That A; P1 ? then implies: A; =

(Ej)ﬁ (N; f¢ qj((j))pde(qS))_flﬂ. Substituting into this the expression for g¢; (¢) from equation (26) and collect-
ing terms in A; on the left-hand side, we obtain:

_p(dl—a) k
_, 1=pF 1—ak 1-p T—p "

1—a a w;\ 1-° s & k k\1—af Kk, ok k k
A= o) (- o (7—> 11 [(a J3)™ (1= aFymot i (08 T (@) TR ()
k=1

(A.25)

where: ¢; = ([ 4 PT-r ™5 dG;(¢)) 7" isa CES aggregate of firm core productivity levels, evaluated over the underlying
distribution G;(¢) of these productivities for country j.

We take this last expression for A; and substitute it into equation (26) for ¢;(¢), and in turn plug the resulting
expression for ¢;(¢) into (A.24). After simplifying, this yields:

k
1o kn (1—a)

o K k k _, 1=pF 1-aF
Uy = (N;) 7 pBdy(1 =)'~ (#5) I1 [(a’“/sm (1= b)) A @) e (rh)

l-—a)w; ) ;=

As a final step, we make use of the fact that from setting ¢ = j in (19), <I>§ = Tf(wj)*ek (Bj’?j)ek /wfj. Replacing
@? in the above and simplifying delivers the welfare expression in equation (27) in the main text.
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Trade flows: Recall that we adopt the position that trade flows as observed in the data reflect the value of the
items that are shipped at factor costs. With this in mind, using the expressions for = (lk ¢) and xﬁj(lk; @) from
(12), we compute firm-level trade flows from country ¢ under organizational mode y as:

f' = UX IZ] lk 1- I;zg I:L_] lk? dlk
0 (9) / (bt (% 0) + (1 — b )k, (1:0))

k k
¢ o el=p)
= /lkeﬂk (1 - ak) (:u'];ij + (1 - :u'];ij)( /szx) : 1_ ok (:‘?szzij(lk; ¢)> e di*
iJX

UX

k k k Cw ok LT:M
= (1 -« ) ,U‘a;ij + (1 - ,ua:z])( ﬂz]x) 1— pk (:‘ijx) 1=r X IElk
l]X

where ijx is the subset of input varieties on the unit interval, and ljx(lk ¢) denotes the supplier draw, when

(i, x) is the optimal sourcing mode.
k(1_ok

p )
We plug in the expression for (Efjx) 1-pF ”X from equation (A.23) in the above to get:

tii (@) = (1 — a)pn"R;(4)(1 — o) <u§ﬁ (1= ) (1= B & ) (05 ke

ZJX

Aggregating over all country-j firms then yields:

CZJ

tfjx =(1- a)pnk(l - ak)('rf)_l (Nfcij +(1- Niij)( BZ]X)C}C
X

)wfjwim /¢ R;($)dG;(9).
Bearing in mind that: E; = N; fd) R;(¢)dG;(¢), and plugging in for wfj and w)’?w from (19), we obtain the
expression for bilateral industry-level trade flows by organizational mode reported as (30) in the main paper:

E; Y LEY; _gk ¢ LA
tfjx = (1 - a)ﬂﬁk(l - ak)TTé)k X Tzk(wl) ¢ X (Bf]) 1= (dfj) o X (M};ij + (1 - ,U/];ij)( Bz]x) : ) (szx)liAi .
J 77

UX

Factor market-clearing: We start with the factor market for labor, that is used either in supplier tasks or
assembly. First, using L;(¢) from (25), the amount of assembly labor employed in country j is given by:

ap w;

Nj/d)Lj(ab)de(@—w]lf 1,QN/R ) dGy(0) = L.

Second, country-j input suppliers also employ labor to produce input varieties that are then sourced by firms
around the world (including by country-j’s own final-good producers). The amount of labor employed for this
latter purpose in country j is obtained by summing over the labor used to provide inputs to final-good producers

in country m = {1,...,J} under sourcing mode (4, x), where x € {V,0}. Let Q¥

" imy De the set of input varieties
l

€ [0, 1] from industry & for which sourcing mode (7, x) is optimal for a final-good firm headquartered in country
m. Moreover, for a country-m firm with core productivity ¢, let Z J’“mx(lk; ¢) denote the supplier draw when (3, x)
is the optimal sourcing mode for input variety {¥. The units of labor demanded by input suppliers in country j

is then given by:

K J k. k k k
Mm]mwcm(l ¢) + (1 B Mzgm)wnm(l a¢)) k
Np, dl”dGm,
2.2, 2 / /LQ Zh15:9) )

I
Il
L
3
S
Il
A
x
,,
<
Q
=

I
M=
M—N

k k Chm Pk kE 5k k efa—ok) k
Nom / /. W+ (1= 1) (1= B ) =7 (B Zb %:0)) 10 i G (9)
keqk wj 1-

k=1m 1Xe{vo} Jmx

K J k k k-
-« ck p _ pi(=al)
= Z Z Z N’m/ (H:j'm + (1 - lul;j'm)( Bjnbx) i > m(‘:‘?nlx) 1-pF Elk

Wwa
k=1m=1xe{V,0} ¢ J me

k k eh—al)
Zmx (I550) 1277 | dGin(9)),
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where we have made use of the expressions for the optimal task investment levels in (12). Substituting in the ex-

pFa—ak)
pression for (= ?mx) 1-pF mex implied by (A.23), and making use of the fact that: E,, = N,, f¢ @)dG (),
the above simplifies to:
K J k
E,, 1—ak m
> =)o Ty jm——— (uﬁjm + (1= p1gjom) (1= By ) =5 ) :
k=1m=1xe{V,0} m J Jmx

We sum up the above two components of labor demand in country j — across its use in assembly and in supplier
tasks — and equate this to the endowment of labor, l_/j; this gives us the labor market-clearing condition spelled
out in (32) in the main paper.

We turn next to the factor market for capital in country j. This factor is used only to provide headquarter
services for final-good firms based in country j, that are combined with supplier services in order to yield the
input varieties ¥ € [0,1]. We therefore sum over the capital used across input varieties, taking into account the
respective shares of I* € [0, 1] that will be optimally sourced under each of the 2.J possible sourcing modes (i, x).
A similar set of algebraic steps can be applied as in the above derivation performed for the labor market-clearing
condition, to obtain an expression for the total demand for capital in country j:

K J
Yy x o [ [t 0500 + (1 = bt (040 )
K

k=1 i=1 xe{V,0}

J LB . . af . X X ck
= Z Z Z (1 —a)pn” pmigmyyis— | Bhig + (1= phis) Bigx 7 | -
- T3 5 Ciix

k=1i=1 xe{V,0}

Note that we have used the optimal headquarter task investment levels in (12), as well as the expression for
k(1—ak

) _
(Efjx) 1-pF le from (A.23), to derive the above. Equating this to the endowment K yields the capital

market-clearing condition in (33).

Aggregate expenditure: Aggregate expenditure in country j, F;, is the sum of aggregate income, denoted by
I;, and the current account deficit, D;, which we will treat as exogenously fixed as in Dekle et al. (2008). Note
that a positive deficit, D; > 0, means that a country’s exports are less than its imports.

Aggregate income, I;, is in turn pinned down as follows. There are two primary factors of production in this
economy: (i) capital, which is used in headquarter tasks; as well as (ii) labor, which is used in supplier tasks and
in final-good assembly. Let K ; and Ej denote respectively the country-j endowments of these two factors. We
further assume that firm profits are entirely rebated to country-j households via a domestic asset market and
that there is no cross-border trade in assets. Therefore, aggregate income in country j is:

I =Ly + 5, + N, </w 1 (6)dG, () - / L;(¢)dG, <¢>)

:wjij-&-sjf(j-l-( 1_po(éf_a > /RJ dG

where we have made use of the expression for L;(¢) from (25).

Market-clearing implies that aggregate expenditure is equal to firm revenues summed across all final-good
producers in the country j: E; = N; f¢ R;(¢)dG;(¢). Using this in the above expression for I;, together with
the fact that E; = I; 4+ D;, it is straightforward to show that F; can be written in terms of factor payments and
the current account deficit as reported in equation (34) in the main paper.

A.3 Equilibrium System

We spell out the equilibrium system of equations in our J country, K industry world with trade under contracting

frictions:

5 =1= "+ praf g+ p" (1= Py (A.26)
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b =1 =Pl (1= piiy) B — p" (1= 0™) (1= ) (1= By) (A.27)

k

k p"'(lijak) k k k
ko iJ k fia(l*/‘ ij) k o\ 1=Kz
Bin_( ng> (Bix) =" (1= Biy) (A.28)
ij
By = <(ijv) N4 (ijo)l“) (A.29)
( k )ﬂ
B T—X;
ko _ ijX
Txlig = o o (A.30)
(o) (o10)
k k( gk —0F ( pk\0F j 3k
my =17 (diwi) ™" (Bg;)" /@] (A.31)
J k k
of = 3T (dbw) " (8L (A.32)
=1
U
X|U (A.33)

PN
wj=1-(1-a)) —F/ (1-(1-p%/71}) (A.34)
k=1 P
L K;+D
By =it T8 (A.35)
1 T—p(l—a) Vi
7 apw; Em & k k k J"ﬁm
wiki =T 0=y 1_0‘/’22 D 0= )T T | Mg+ (1= 1) (1= ) G
k=1m=1xe{V,0} m Jmx
(A.36)

J k

K
2 k

k=11i=1 xye{V,0} X

Asi,je{l,...,J}and k € {1,..., K}, equations (A.26), (A.29), and (A.31)-(A.37) comprise 3J2°K +2JK +
4J equations. With y € {V, 0}, equations (A.27) and (A.28) are another 2 x 2J?K = 4J?K equations. Note
that equation (A.30) comprises just J?K equations, rather than 2.J2 K, since ﬂ'(“,lij + Wgw = 1 for any given i, j,
and k. The full equilibrium system thus contains 8J 2K +2JK +4J equations.

The variables to be pinned down are: ¢, By, (2J°K each); ¢f5, Bf, ﬂ@lij, 7 (JPK each); &% TF (JK
each); as well as wj, E;, wj, s; (J each). There are thus as many equations as unknowns; with a choice of
numeraire, one equation can be dropped (based on Walras’ Law).
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B Estimation

B.1 Transition to Empirics

Pseudo-Maximum Likelihood (PML): We derive the moment condition for the intrafirm trade share (by
value) via a Poisson PML approach. Recall from the empirical model in Section (4.1) that the value of observed
k k

trade flows by organizational mode is given by: 1}; = afaf; el , with B[t} o}, al;] = af;af;, . The associated

log Poisson pseudo-maximum likelihood function is therefore equal (up to an additive constant) to:

Z Z w wx"_tfjxl()g( ; mx)

i,3,k x€{V,0}

The first-order condition of the above with respect to a . implies that the Poisson PML estimator, a fj, for this

country-pair-by-industry fixed effect satisfies:

~ > th.

~k B k oAk x€{V,0} "ijx
Qij E Aijy = E tijx? so that: Q;; = S gk
x€{V,0} xe{V,0} Z><E{V70} X

The concavity of the log function ensures that the solution a;; is the global maxima. We now substitute a a - back

ko ok ok
into t;;, = a”amem for alj, a quick rearrangement then 1mp11es
th ak.
gV _ iV k
> PR GV (B.1)
xe{v.03 tijx x€{V,0} "ijx
k Tk bl = gk k
Since Ele ”X| tix» @ij] = 1, this delivers the moment condition: E[%V/(tmv +ti0)laijv, aijo, ai;] = ajyy /(aiy +

; ]o) Note that this derivation rests on the fact that the Poisson PML estimator satlsﬁes the following “adding-
up” property (c.f., Arvis and Shepherd, 2013; Fally, 2015): dfj a;jy + auafjo = ijV + tijO' In other words,
predicted trade flows are equal to observed trade flows when summed across organizational modes for a given

country-pair-by-industry.

Alternative approach: We provide an alternative derivation of the moment condition, under the premise that

the trade flows by organizational mode observed in the data, tmx’ are realizations of a Poisson distribution
with mean: E[tfjx\amx,af]] = afjafjx We invoke the following property: If X; and X, are two independent

Poisson random variables with mean A; and Ay respectively, then the distribution of X; conditional on the sum
X1 + X5 is binomial with the number of trials being the realized value of X; + X5 and the success probability
being A1/ (A1 + A2); see, for example, Rohatgi and Saleh (2000). In our setting, this implies that conditional on
Z]V —&—two = tfj, the distribution of t”v is binomial with tk being the number of the trials and a” awv/ a” awv

afjafjo) HV /(ak a;;y + aijo) being the success probablhty. A binomial distribution with # ij trials is equivalent
to the sum of f’“ independent Bernoulli distributions with the same success probability. Therefore, ffjv /f’-“-
conditional on tk follows a Bernoulli distribution with success probablhty — and hence expected value — equal to

afsy /(aly + a”O) This yields the moment condition: B[}y, /11 |t5;] = aly /(af;y + alio)-

B.2 Properties of the Intrafirm Trade Share by Value

From the trade flow expression for t¥. in (30), the intrafirm trade share — by value — for country j’s sourcing

ijx
from country 7 in industry k is given by.

Oy o) (B /o) ®2

t.. t..
”V—’_ 0 (ZJV/ijO)( l]V/BZ]O)l A +1
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k
Based on (20), we can see that (BF v/ szo) = governs the probability of sourcing through an intrafirm

transaction rather than at arm’s length (i.e., Wvlij); in other words, we can view (B UV/BZJO) o as a term that
governs the extensive margin of intrafirm sourcing for a given input variety. bfjv / bZ]O then acts to convert 7TV‘ ij
into the intrafirm trade share by value; we can thus interpret b?j\/ / bfjo as an adjustment term that accounts for
the intensive margin of intrafirm sourcing, which captures the value of supplier inputs transacted conditional on
integration being chosen relative to the value transacted conditional on outsourcing.

It is useful to note that this adjustment term satisfies: ”V/bwo < 1. This follows from the fact that:

LGy 1o _ —B”V ﬂ”o (1—pFak(1 - ,uf”j)) < 0, with equality holding in the limit case where 6 tends

C’L]V ngO C7]V t]O
to 0 (and there is no difference in the bargaining shares under integration versus outsourcing). This property is

intuitive: Bear in mind that the value of trade flows is determined by total factor costs incurred in supplier tasks.
Then, all else constant, the value of supplier inputs under outsourcing is higher than that under integration, as
the former organizational mode better incentivizes supplier effort.
In what follows, we derive comparative statics results for the intrafirm trade share by value, with respect to
oF, g, i, Blos and 655, From (B.2), these properties are pinned down by the corresponding behavior of
k

(b ,Jv/szo)( V/BUO) % with respect to each parameter. The results below parallel those presented in Lemma
2 for wv‘ij (the intrafirm trade share by count of input varieties). As we will see, the intrafirm trade share by
value inherits the comparative statics behavior of W(“,lij over a wide range of empirically relevant parameter values.
It turns out moreover that a sufficient condition — namely, that A\; be large — is enough to ensure that the full set
of comparative statics from Lemma 2 carries through analytically for the entire range of values taken on by the
other model parameters. (We provide intuition for this sufficient condition below.) In our quantitative work, we
indeed obtain estimates of \; that are close to 1, so this sufficient condition is readily satisfied in practice.

Behavior of intrafirm trade share by value with respect to a*: We show that tzjV/(tUV + tfjo) from
(B.2) increases with respect to oF; the sufficient condition — that )\; be large — is needed here to ensure that
this comparative static holds over the full range of values of the other model parameters. (The derivations in
the remainder of this appendix section will assume that u’fw-j, ,u’;ij € (0,1), although one can readily see that the
insights on comparative statics are preserved when an‘j and ,u’afij take on their limiting values of either 0 or 1.)
In the proof of Lemma 2(i) earlier in Appendix A.1, we evaluated the log derivative of ijv / ijo and showed

ok
that ( l]V/BZJO) T-Xi is unambiguously increasing in o for all o* € (0,1). We therefore focus on characterizing
the behavior of bwv/bfjo with respect to a*. We have:

k k
Cij Cij

d fjv (1—phip@ 51]\/)% oy (1—phip »3”0)% Fo
dak bfjo bfjv bfjo ’
h . _d Czkj — Cf] ki1 — ¢ 1 1_ﬁ1{cjx 1— kajx — L f V 10 Wh
where: dak Ck - ;ijp [( /’(‘an])(gkj ijx )+ ( :uhzg)( )] or x € { } €n 61]‘/ - ﬁle)

we clearly have < log( v / bUO) = 0. Following the approach in the proof of Lemma 2(i), we proceed to study
the behavior of dm log(b¥ v / szo) When one increases f3;; from B;;v = Bijo, with an eye on understanding

under what conditions we would have dﬂk %(— log(BUv/BUO) + IOg(buv/bz]o)) > 0, and hence also that
di ( log(Bng/Ble) + log(bm\//bng)) > 0 for Bijv > 5”0
From the proof of Lemma 2(i), we have: dﬁ(,f ik T log(B ng/Bz]O) = lfk)\i pk(liak‘)z dggv’ where ¢ was

defined in (A.15) and an expression for was given in (A.16). Specifically:

dip
Bl

d d 0* B”V pk 0* 1 1 k k k ok k ky\ pk
— (1 = ke ko(1—a®8%.) — k(1 = a®) 5"
ZBZ] ) o 1 N og szj ( E )2 1 b k(l k)g ij [( :U'hm) (Clj‘/( z]V) Cm( ) mV)

+ (1 — :U'I;ij)(l - ak)ﬂfjv (Czkjv - Czkg)
+ pk(l - .U'I;Lij)(l /Locm)( ) (ngﬂmv Clij) i| . (B3)
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Note that we have collected terms involving (1 — uﬁij) in the first line; terms involving (1 — /‘fn’j) in the second
line; as well as terms in p*(1 — p’fbij)(l ,u’aiu) in the third line of this last equation.
We next evaluate an expression for - ,3’“ dak log(bfjv / szo) With some algebra, one can show that:

d d by N.];i'(l_u.];i') 1 1- 5 B 1 d 1-pE
log Jv—gpk (1*Hl;ij) **TJV +(1*M’;z‘j) 7,3‘/** TR R v

o G
dﬁng bfjo (bij)Q Czkg iV % Czkg ! dﬂzgv iV
RN — B ) S
P SL o IO . . R .
—L = faij — Mhij .
bij ! dﬁz]V zij ! d/sz]V gV
_ ) k ok k k-
From straightforward differentiation, we have: —2% - E”V — _lzefera 2“"”) and ’8”" = e )(21 Hais)
dﬂl]v ijV 7.]V) dﬁl]v ”V (< zgv)
which we substitute into the above expression for B 1og( ”V/b”o) Define ¢w = Z,j“’ to ease the notation;
observe that ¢f; € [0,1]. After further sunphﬁca‘mon7 we arrive at:
d d bl p* k k k o L= p"a" (L= i) (o k gk
O =z (1—Mhi')[(1—¢i‘)+¢i‘(1—¢i') ! (Ci‘V_Ci'/Bi'V)]
dﬁz]V dOék b’]LCjO ( zij)2 ! ! ! ! ( ’LjV)CZ ! I
1- p & (1 )u’ 11, )
+ (1= ki) [(1 = 0ly) + o1 — o) w2 (e - Bhv) — chiv) |
( ’L]V)Cl]
*Pk(l *#Zij)(l *Nl;ij)(l ¢Z)] (B.4)

This is written down in a similar format to (B.3), with the three lines corresponding to terms in (1 — ,uﬁij),

(1- uﬁij), and p*(1 — uzij)(l - ,u’;ij) respectively.
Focus first on the terms in the first and third lines of (B.3). We have:

(1= ki) (Chiv (1 = a"BEv) = ¢li(1 = a")Blhy ) + 9" (1 = i) (1 = i) (1 = M) (€ Bl = Chiv)
> (= ahig) (1= ki) [ (S (1= @b Bliv) = ch(1 = ab)Bhv ) + (1= o) (cBlv — v )]

= Pk(l - /J“I:Lij)(l - Niij)akajV(l - ﬂfjv)
> 0,

where the first inequality follows from: (i) p*(1 — u¥;;) € (0,1), and (ii) ikjv(]- ¥ fjv) - )ﬂUV >
(1-ak) ijv( z‘kjv - fj) > 0. The sum of the terms in the first and third lines of (B.3) is thus positive.

Next, consider the terms in the first and the third lines of (B.4). Since 5y, > ¢ and 8f5y € (0, 1), the term in
the first line involving (¢* GV k B jv) has a positive sign. Combining the remaining term in the first line with the
term in the third line, we have. (1—- ,uh”)(l fj) pF(1— uhlj)(l uwl])(l u) > 0, since pF(1— ﬂmj) (0,1).
The sum of the terms in the first and third lines of (B.4) can therefore be signed unambiguously as positive.

It remains to address the second lines of (B.3) and (B.4). It turns out that there are parameter values for

which the sum of these terms in (1 — u’;”) takes on a negative sign, so While the sign of the first and third lines of
(B.3) and (B.4) is positive, this does not guarantee that dﬁk dik( log(B”V/BZ]O) +log(by /bf;0)) overall
will be positive: there are situations — albeit extreme ones — under Wthh the intrafirm trade share by value can
be decreasing in a*. For example, consider: p* = 0.75, uy,; = 0.99, pb,; = 0.01, 5, = 0.5, 65 = 0.99, 6% = 4,
and \; = 0. The intrafirm trade share by value is equal to 1.200 x 102 at o* = 0, but drops to 1.197 x 107
at o = 0.05. Notice that this is an extreme scenario with supplier inputs being highly noncontractible and the
firm’s bargaining share under integration being very high (ijv = 0.995). The supplier would have very weak
incentives to invest in effort, so much so that when supplier inputs are important (a* is small), outsourcing is

almost always chosen as the optimal organizational mode. A small increase in o*

would prompt some switching
to integration on the extensive margin, but the lower supplier effort on the intensive margin under integration

results in an overall decrease in the intrafirm trade share by value. (For slightly less extreme parameterizations,

A19



the intrafirm trade share by value readily reverts to being monotonically increasing over o* € 0,1].)
That said, one can readily derive a sufficient condition for dﬂj’ij %k(— log(Bfy/Biio) + log (b5 /b550))

to be positive. Combining the terms in the second lines of (B.3) and (B.4) yields:

k k kK

P k 0 1 k k k k Kyl —plar(l— Mhm) k k
(k)2 (1 = pzij) [1 (1 —ab) (CijV - Cij) + (1= ¢i3) + ¢i; (1 — 63) (1= A (Cw( = Bigv) — Cijv) :
Since ngv > fj, we have ZV fj > 0, but 1?(1 - fjv) - fjv < 0. We therefore seek conditions under

which the positive term involving (¢* v~ k ) in the above expression would dominate the negative term involving
( l’“j(l - fjv) ”V). It suffices in partlcular if \; were large: as \; approaches its maximum value of 1, the
term 1 S W(C%V — fj) would tend to 400 in the limit, while the remaining terms in the above expression
would remain finite and bounded. (Alternatively, it is straightforward to see that either o® or ,u’;ij being large
would be sufficient conditions too. When a* approaches 1, the above expression would be positive; on the other
hand, when ,u’;ij approaches 1, the above expression tends to zero, allowing the positive terms in the first and
third lines of (B.3) and (B.4) to dominate. We nevertheless focus on A; being large as the key sufficient condition,
since the empirical estimates of A; that we obtain are indeed all close to 1.)

Intuitively, if the correlation between the supplier draws under integration and outsourcing is high, this would
amplify the effect of a higher o* on the propensity toward integration on the extensive margin. Put otherwise, this
dampens the scope for outsourcing to be the optimal organizational mode as it is unlikely that the supplier draw
under outsourcing, zfjo, is vastly better than that under integration, zfjv, when there is a strong underlying
positive correlation between these draws. In response to a higher o then, the increase in integration on the

extensive margin would dominate shifts on the intensive margin.

Behavior of intrafirm trade share by value with respect to u’fbm and ,u’;_fm' We have seen in the proof
of Lemma 2(ii) that By /Bf;o is decreasmg in gy, while increasing in g, We show here that b, /bj5 too
is decreasing in ,uZij, while increasing in umw so that the intrafirm trade share by value in (B.2) inherits these

comparative static properties; moreover, these particular results hold without the need for a sufficient condition.
Consider first the log derivative of szv /bk o With respect to Mm]

d log b5y _ (1—phi)(1=BEy) d C’ij _ (1—pki)(1=B50) d C’ch .
dp‘Zm b?jO bij dl}‘hz] gV b?jO dy‘hl] (%10}
Using the quotient rule to evaluate d C’:J for y € {V, 0O}, and simplifying extensively, we obtain:
hm ijx

d bz \4 pkak 1- M]azz Cz Cz Cz C@
d k log bkj - % W I‘LI;U : ( /BZJV) - ! /B'LJV d ( /Bljo) : 5130
Hopij i re) i; Vv Y50 ”v ”V ”o Uo

k k
+ (1 _:u];z])(l _ﬂzk]V)(l _ﬁzkjo) Cl] C” ( C” ﬁz]O - Cl] /szV>:| .

CJV CLJO LJO ng
k
From the proof of Lemma 2(ii), we have seen that: ( )0 ”O <3z ” 51]‘/ < 1, and: (ii) C%j (1- fjv) <
k k k
Ck ~(1— ”O) < 1; together, these imply that: (1 - zgv)(l - “ fjv) ij (1- 2JO)(l — ” wO) The
7, O
terms in the large square brackets of the last expression above for log(bl JV/ bfjo) therefore collectlvely have
his

a negative sign, from which it follows that the intrafirm trade share by value is decreasing in ,u’ﬁij.
Turning to the log derivative with respect to uiij:

d bY 1 ¢k d Q
i log bzfv = (1— (1= Bv) + (1= uhiy)(1 ﬁmv)d ! )

11] ijO ijV UV zzy z]V

; d ¢k
_bk1<1 C]( — Bijo) + (1—M'§n)(1_ﬁffo>d’“ C’°]>

1O 170 xij 5150
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¢
k
d zl] Cux

d bfV Cz Cz
710g : =49 z ( 57, V) - d (l_ﬁz O)
dlu’];ij bij UV ! Z]O !

FA—a®)(1-phiy)

Once again, we use the quotient rule to evaluate for x € {V,O}; after some algebra, we arrive at:

} Straightforward differentiation yields:

' 1 Pk(l_ak)(l_l";ij) k 2 2
g @) (M:)f:ij + (1 - N];ij)y)2 zk] ( J( v) v)
where notice that:
— 5+ pE (1= ) (1 = ) (s (1 = 9)* — o)
< —ij +Pk(1 _ak)( Mzij)#zij(l —y)

= *1+Pkak(1fﬂﬁij)+l)k(1*ak) ((17:u’;ij)+;uf:ij(17”52’3’)(17?!)2)
< =14 p" (1 = piyy) + 95 (1= a*), for y € (0,1).

Since p*, ¥, pf;; € (0,1), we have: —1+pFa*(1—p, ;) +p"(1-a¥) < —14pF < O It follows that g’( ) < 0 for all

G G
<. SL(=fly) < FE(1-Bh) < 1, this implies: g(F2(1-5k)) > o( S (1-B50)),
so that -5 ( v/ buo) > 0. The intrafirm trade share by value is therefore 1ncreasing in ij~

Behavior of intrafirm trade share by value with respect to ﬂfjo: We show that the expression in (B.2)
is decreasing in 550, subject to a sufficient condition similar to that seen earlier in the comparative static with
respect to ¥ (i.e., \; sufficiently large).

In the proof of Lemma 2(iii), we established that B % / ijo is decreasing in ﬁfjo, and Wrote down an explicit

expression for - log(B”V/BijO) in equation (A.17). We next work out an expression for dﬁk log(bwv/bfjo):

ﬂk
d og by _ (1—phi)Cs d 1-B5y (1= phi)Ch  d 1— ﬂfjo.
dﬁ”O bfjo bf]V dBZ]O 'ijV bf:JO dﬂzkjo ij
Bearing in mind that gF o= (5 + BZJO( ) straightforward differentiation and some simplification yields:
d_1-Bhv _ 16y 1-Bfio _ 1 ko k k :
P ’3; — =l - PPk (1 — th'j)) and dﬁk ij; = —m(l = pfa*(1 — pf,;)), which we can

substitute into the above expression for < B’“ log(bljv / bng)' Bringing this together with (A.17), one obtains the

following expression for ﬁi (1 x log(Bfy / Blio) + log (bl /bF,0)):

ok Shak(1— k) [ ¢t (1= pFab(1 — ubi) <1_ (10/’“)(1#551‘]‘)) 1 ]

11—\ 1—ak Cz]V ijO ak(liﬂl}iij) ﬁz]\/ ijO

k k
bl]Vb’LJO ij V' Z]O)

+ M(l —p"a" (1 — i) ﬁbfyo + ﬁbfﬂ/ :

We know from the proof of Lemma 2(iii) that the first line of this last equation has a negative sign. On the
other hand, the second line cannot be signed explicitly; this can be positive, and as a result, the intrafirm trade
share by value can be increasing in Bwo, although the parameterizations under which this occurs are relatively

63 That said, if ); is large and approaches its maximum value of 1, the negative term in the first

extreme.
line will increase in magnitude and tend to —oo in the limit, whereas the term in the second line will remain

finite and bounded. The condition that A; be large is thus sufficient to ensure that dﬂk (& log(BUV/ijO) +

53For example, consider p* = 0.75, o = 0.3, ,u]fbij = 0.99, /rf:ij = 0.01, ij =0.99, 0¥ = 4, and \; = 0. The intrafirm
trade share by value is equal to 1.348 x 10~° at ,ijo = 0.5, while it increases to 2.547 x 107? at ﬁfjo =0.9.
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log(bf;, /b0)) < 0, ie., that the comparative static behavior of (B} /Bf;o) on the extensive margin will
dominate any shifts in the (bwv / bwo) intensive margin term. (Note again that there are alternative conditions
that one could introduce — for example, ¥ large, or u’;ij large — which would also yield this comparative static.)

Behavior of intrafirm trade share by value with respect to 6%: Recall that we have an expression for
1og(BZkJV/B”O) from equation (A.18). On the other hand:

d&k

d log b?j\/ _ _Malzij)éhikj d 1—/3ij

k kT k K (k
déij bijO bijV d(sij %
Since 1 1 1— 6k hen show that: -4 =Puv — _1=8ho 1 _ pkak(1 — ik 1)) noti
ince 1 — Ay, = (1= B}55)(1 = 6};), one can then show that: o Ty (uv)z( — p*a”(1 — py;;)); notice

in particular that this implies: dék log (b, /bl;0) < 0. We thus have:

d (_6° By bi 0* 1 1 — piiss)Gi 1= B
< 1 jV+l jV> _ N} ( 22 J)C] Bjo(l—[)kak(l_llﬁij)),

og = _
o \T—x B, TR, ) T TN By (Chy)?
where U is as defined in the proof of Lemma 2(iv).

Moreover, the second derivative @(% log (B /Bfjo) + log(bf5y /b;0)) is equal to:

6" 1 dv kN ok k k k k d 1/(¢Hv)?
N Tk ot (1 = pzij)Giz (1 = Bijo) (1 — p e (1 — “hij))ddfj Ty,

6 1 dv 1 k \ k. K k k k L= p e (1 —pgy;)
— LT S b TS L P =k )+ (1= = ) = ok
- 1_ ok défj + ( ij)Q |:2( ﬁljo)p ( o ( th])+( [e% )( Mzz]))( ¢z]) 1755
2
1—pha®(1 — i)
(1 ) ( o Ot ) (B.5)
ij
where recall that (b” = bk . Separately, the expression for dd[sq; in equation (A.19) yields:
1]
0" 1 adv 0" 1, kN2 k k k E oy 2
T %1 af o, s e ( Z_,CJ_V)Q(I—@'J'O) (—a (I —pnij) + (1 —a )(l—um]’))
Czk 1 2
< w0 (1= Blo)’ (—a* (= hig) + (1 = aM)(1 = ki)
gV
ka2 1 k2 k k k k)2
< =(p") (167)2(1 = Bijo)” (—a" (1 — pniy) + (1 —a”) (1 = paij) ) -
iV

Note that the first inequality comes from discarding the second and third negative terms in equation (A.19); the
k
second inequality follows from the parameter restriction, 6% > #(1 — k), as well as the fact that \; € (0,1);

while the third inequality is a consequence of lk] > 1 — pF. Plugging this inequality into (B.5), the second
derivative of interest satisfies the inequality:

<

~ ot = ) \]
G |0 = BN (=t (L~ k) + (1= o)1 =) - <1¢”>(1 Pl ))]

< 0.

Hence, ;£ o log(BfJV/B”O) + log (b /b,0) is concave with respect to 8. Also, ﬁ(%log(ijv/ijo) +
log(b UV/bUO)) tends to —oo as 5’-“- — 1, since from (A.19), ﬁ tends to —oo as 5’“ — 1.

The behavior of 7 log(B”V/B”O) + log(bwv/bwo) with respect to 6f; is thus qualitatively similar to that
of log(B UV/B”O) in the proof of Lemma 2(iv): If dglk (& log(B”V/B”O) +log (b1 /bi50)) < 0 at 6f; = 0, we

would have 17~ log(Bf]V / Bzgo) +log(bfjv /b; JO) and hence the intrafirm trade share by value being a monotonic
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decreasing function in 6%, over the entire range of 6; € (0,1). On the other hand, if d(sik(lf—kx 1og(ijV/BZ-O) +
i i

log(bfjv/bfjo)) > 0 at 5fj = 0, the intrafirm trade share by value will be increasing in 61’5} from 5fj = 0 up to
some cutoff value of (55,
intrafirm trade share by value is decreasing in (5;“]» for sufficiently high values of 5{“] As was the case in Lemma

while it will be decreasing in 5@- thereafter. Putting together these two possibilities, the

2(iv), our numerical exploration shows that this relationship between the intrafirm trade share by value and 55
tends to be a monotonic decreasing one over the entire range 55— € (0,1), except when the underlying model
parameters take on extreme values.

B.3 Estimation Strategy Details

Functional forms: In the empirical implementation, we specify a*, ,ufﬁ-j, ,u];ij, ijo, and (521-3- to be standard
logistic transformations of polynomial functions of country and industry observables. Recall that the second-order
polynomials associated with o, u’,jij, p:’;ij, ﬂfjo, and 51’9]» are respectively a(+), h(+), x(), b(-), and d(-). We spell
out the polynomial functions we use in our baseline specification in full below:

a(*) = Va0 + Va1 10g(K/L)* + 7z (log(K/L)*)” (B.6)
h(-) = Yuno + Yun (HQContractibilityk) + Yuh2 (HQContrauctibilityk)2

+ YursROL; + vuna (ROL;)* + YuhsROL; + vune (ROLj)2

+ Yunt (HQContractibilityk) X ROL; + vuns (HQContractibilityk) x ROL;, (B.7)

2
X(4) = Vuzo + Yua1 (SSContractibilityk) + Vyw2 (SSContractibilityk>
+ 7u23ROL; + Ypwa (ROL;)® 4 7,25 ROL; + Yyz6 (ROL;)
+ Yt (SSContractibilityk) x ROL; + Y08 (SSContractibilityk') x ROL;, (B.8)

2
b(-) = vs0 + yglMarkupk + V52 (Markupk) (B.9)

2
d(-) = vs0 + Vo1 (Speciﬁcityk) + Vo2 <Speciﬁcityk>
+ 753ROL; + 754 (ROL;)? 4 755ROL; + 756 (ROL;)?
+ 57 (Speciﬁcityk) x ROL; + vss (Speciﬁcityk) x ROL; 4 v59BIT};. (B.10)

In particular, x(+), h(-), and d(-) include full second-order polynomials of an industry-level variable (indexed by
k), the rule of law of the source country (i), and the rule of law of the destination country (j), except that we
omit the ROL; x ROL; term. This is because our intrafirm trade data from the US Census Bureau’s Related
Party Database are not fully balanced at the bilateral level; instead, the US is either the importing or exporting
country in each observation. With this data constraint, it turns out that the ROL; x ROL; interaction can be
written as a linear combination of ROL;, ROL;, and a constant. To see this, let 7y g denote the ROL value of
the US. We then have: [ROL; x ROL;] = ryg ([ROL;] + [ROL;]| — rys[1]), where [-] refers to the column vector
that stacks the observations of the corresponding variable, and [1] is a column vector of one’s. The inclusion of
ROL; x ROL; would therefore result in a collinearity issue with ROL;, ROL;, or the constant term. Note that if
one had access to richer data on intrafirm trade shares among country pairs that exclude the US, one could then
(in principle) reincorporate the ROL; x ROL; interaction in the empirical specification.

Pinning down p*: Soderbery (2015) computes import demand elasticities for “goods”, defined as products at
the HS10 level; the variation exploited for estimation within a code is that across “varieties” defined by country of
origin, based on the Armington (1969) assumption. In our context, we treat each input variety [* as a “good” (in
line with the detailed nature of HS10 codes); following Soderbery (2015), we view input varieties from different
source countries as distinct “varieties”.
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We derive the expression implied by our model for the (expected) value of trade flows of a given input variety
that originates from country ¢ and is purchased in country j, which we denote by tk (1¥). This can be mapped
naturally to the notion of product-level trade flows in Soderbery (2015). Specifically, tk (I%) is given by:

lk

=N B | 30 el (hurti@50) + (= ket 0459)) | 4Gito)
xe{V o}

Recall that in Section 3.2 in the main paper, we aggregated across input varieties to get an expression for trade
flows at the country pair by industry by organizational mode level. In contrast to that earlier computation, we
are now aggregating the trade flow values within an input variety I* across the core productivity ¢ of country-j
firms purchasing (¥ from country i, as well as over organizational mode y. Note that the expectation within the
integrand, E; [-], is taken over the distribution of the supplier draws Z; Jx(l’C ¢) conditional on (i, x) being in fact
the optimal sourcing mode that solves the decision problem in (17).

Drawing on the prior trade flow derivations in Appendix A.2, we now substitute in the expressions for
zf; (1% ¢) and xf (I ¢) from (12); simplifying extensively, we obtain:

pkk

= | [ (W)““dcjw) (<) T

k)

k
K K pZ(—a®)
¢k e B )\
< 3 (uzwuuﬁ“)( -z ) (Bh) T Es j?fw. ’
15

x€{V,0} ZJX

where we have removed the dependence of the Z]X(lk) s on ¢, since the distribution of country-j firms’ core

productivity is independent from that of the nested-Fréchet supplier draws.
B 1—ak

(
Denote the expected unit labor supplier costs to be: & = dfw;/Ez] Z]X(lk) 1-pF ). With this definition:

k-ak) ko (k gt k-ak)
(El_c_ )_p P (wa(l 7¢)> e — K. (Ck‘ >_p 1-pF :|
27X - z k i - z 13X )
dijwl
so that eF ijx 18 a generalized harmonic mean of the unit labor supplier costs, c = dk w;/ UX( k), taken over the
distribution of the ijx(lk) s. Plugging this into the expression for ¢¥, (Zk) ylelds
k k k k
Cz I3 (l_*z ) ~ ) <1_*z )
t?j(lk) x Z (#ﬁij +(1- H};ij)( 5“)() : (szjx) e (C?jx) B
x€{V,0} Z]X
where ‘o’ denotes equality up to multiplicative terms that do not depend on x. The response of the value of trade
flows to a shock to prices (which in our setting increase linearly in unit costs) is therefore equal to —%ﬁp?j), if

this is a shock that uniformly hits unit costs for both organizational modes. This maps in the Soderbery (2015)
setting to 1 — o, where o is the demand elasticity (the response of quantity demanded to a shock in prices).
With information on the demand elasticities o* from Soderbery (2015) and estimated values for o* from its
parameterization via a(-), one can then infer an implied value for p*.
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B.4 Data and Sample Details

Intrafirm trade share: From the US Census Bureau’s Related Party Trade Database; constructed as the value
of related party imports (respectively, exports) in a given NAICS 3-digit industry, expressed as a share of the
total value of related and non-related party imports (exports) in that same industry code. This is computed for
each year between 2001 and 2005, with a simple average then taken across years to smooth out idiosyncratic noise
from any given year. The US Census Bureau considers imports to be between related parties if they are linked
via a direct or indirect ownership stake that is at least 5%. On the other hand, it deems exports to be between
related parties if there is a direct or indirect ownership link of at least 10%. While the thresholds are different,
Nunn and Trefler (2008) argue that both of these thresholds are sufficiently high to be deemed substantive in
terms of control rights conferred. The 21 NAICS 3-digit manufacturing industries are listed in Table B.1.

For estimation, our country sample comprises the top 50 sources of imports for the US; this is computed by
ranking each economy’s total value of related and non-related party manufacturing imports between 2001-2005.
We exclude Iraq, Saudi Arabia, and Venezuela, which are predominantly oil exporters, as well as Hong Kong,
due to its entrepot status vis-a-vis China.

Capital intensity: From the NBER-CES Manufacturing Industry dataset (Becker et al., 2021). For each
NAICS 3-digit industry, real capital stock and employment are respectively summed up across 2001-2005, from
which the log real capital stock per worker, In(K/L)*, is computed.

Specificity: From Rauch (1999). The Rauch measure is originally coded up at the SITC level; we map these
to NAICS categories using concordance weights based on the total value of US imports by NAICS-SITC cells
for 1989-2006 observed in Feenstra et al. (2002). For each NAICS 3-digit industry, we compute Specificity” as
the share of SITC 4-digit codes within the NAICS industry that are classified as differentiated (as opposed to
reference-priced or exchange-traded). We use the “conservative” coding in Rauch (1999); this yields a slightly
lower share of codes deemed to be reference-priced or exchange-traded compared to the “liberal” coding.

Contractibility: From the specificity measure just described and the 1997 US Input-Output Tables. The
latter provide a NAICS-IO concordance, which we first use to construct direct requirements coefficients for each
NAICS 6-digit output industry in manufacturing, focusing on its use of manufacturing inputs (since these are
the inputs for which we have data to rank them by physical capital intensity). The mapping from NAICS 6-
digit industries in manufacturing to 10 6-digit industry codes is many-to-one: Each NAICS 6-digit industry in
manufacturing is associated with a unique IO industry code, but there can be multiple NAICS 6-digit industries
associated with a given IO code. For a given NAICS 6-digit output industry in manufacturing, we first take the
direct requirements coefficients for the unique 10 output industry it is associated with. To compute this output
industry’s use of inputs from a given NAICS 6-digit input industry, we adopt an equal apportionment rule, i.e.,
we divide the direct requirements coeflicients by the number of NAICS 6-digit input industries associated in turn
with each 1O input industry code.

We next merge specificity values at the NAICS 6-digit level into this concordance. (If the specificity value
is initially missing for a given NAICS 6-digit industry, we replace it with the share of codes that are classified
as differentiated at the 5-digit level; if that is still missing, we successively replace it with the shares at the 4-
and 3-digit levels as necessary.) We then partition the NAICS 6-digit industries into those with an above-median
(respectively, below-median) value of log real physical capital per worker, designating the former (respectively,
latter) as inputs likely to be provided by firm headquarters (respectively, suppliers). Using the direct requirements
coefficients, we then compute the share of inputs (by value) used in NAICS 3-digit industry k that are traded on
an open exchange or reference-priced (i.e., one minus the share that are classified as differentiated) separately for
each of these subsets of inputs; this yields the “HQContractibilityk” and “SSContractibilityk” measures.

Markup: From De Loecker et al. (2016). We use the data provided in the second column of their Table 6,
which is the mean markup in each industry. Table B.1 provides the mapping between the 11 industries under
the Indian National Industry Classification (NIC) used in De Loecker et al. (2016) and NAICS 3-digit industries.
For the five NAICS 3-digit industries that cannot be directly mapped to the NIC, we assign the average markup
value across all NIC industries (2.7).
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NAICS3 NAICS3 Description NIC  NIC Description

311 Food Manufacturing 15 Food products and beverages
312 Beverage and Tobacco Product Manufacturing 15 Food products and beverages
313 Textile Mills 17 Textiles, apparel

314 Textile Product Mills 17 Textiles, apparel

315 Apparel Manufacturing 17 Textiles, apparel

316 Leather and Allied Product Manufacturing 17 Textiles, apparel

321 Wood Product Manufacturing - -

322 Paper Manufacturing 21 Paper and paper products
323 Printing and Related Support Activities - -

324 Petroleum and Coal Products Manufacturing - -

325 Chemical Manufacturing 24 Chemicals

326 Plastics and Rubber Products Manufacturing 25 Rubber and plastic

327 Nonmetallic Mineral Product Manufacturing 26 Nonmetallic mineral products
331 Primary Metal Manufacturing 27 Basic metals

332 Fabricated Metal Product Manufacturing 28 Fabricated metal products
333 Machinery Manufacturing 29 Machinery and equipment
334 Computer and Electronic Product Manufacturing 31 Electrical machinery and communications
335 Electrical Equipment Appliance and Component Manufacturing 31 Electrical machinery and communications
336 Transportation Equipment Manufacturing 34 Motor vehicles, trailers

337 Furniture and Related Product Manufacturing - -

339 Miscellaneous Manufacturing - -

Table B.1: Mapping NAICS3 to NIC

Import demand elasticities: From Soderbery (2015). These are originally estimated at the HS 10-digit
level. We map these to NAICS industries by using HS-NAICS concordance weights computed from the value of
US imports between 1989-2006 from Feenstra et al. (2002), and taking a weighted-average of the import demand
elasticities over all constituent HS 10-digit codes for a given NAICS 3-digit industry. (When an elasticity is
missing for a HS 10-digit code, we fill it in using the weighted-average of available HS10 codes at the HS9 level,
if that is still missing, we do so as necessary to replace it with an import demand elasticity at the next higher
level of aggregation, all the way up till the HS2 level.) We then map the demand elasticity computed in this way
to the p*’s in our model, as detailed previously in Appendix B.3.

Rule of law: From the World Bank World Governance Indicators. We average the ROL index over 2002-
2013. The original index lies between -2.5 and 2.5; we linearly re-scale this so that it lies between 0 and 1.

Country income groups: From the World Bank. The classification of countries into lower-middle, upper-
middle, and high income groups follows the World Bank’s definition in 2004. This is used for the estimation of a
common A; correlation parameter within country income groups.

Bilateral investment treaties: From the World Bank’s Database of Bilateral Investment Treaties (BITs).
In our sample, two countries are considered to have an active BIT if the treaty entered into force on or before
the year 2005.

Data for counterfactuals: From the OECD’s Inter-Country Input-Output Tables (ICIO, 2018 version).
We use the data for the year 2005. The ICIO entries provide information on the value of bilateral trade flows
by industry. The ICIO Tables classify industries at the ISIC Rev 4 level, which we map into NAICS 3-digit
industries by matching the industry descriptions. If an ISIC code maps into multiple NAICS 3-digit industries,
we split the ICIO entries for input purchases into the corresponding NAICS entries in proportion to the value
added of the two NAICS industries (obtained from the NBER-CES dataset).%4

The data on country-level expenditure also come from the ICIO Tables. We use the sum of the six “final
demand” columns of a country j as expenditure, F;, in the counterfactual exercises. The final demand columns
are: “Household final consumption expenditure”, “Non-profit institutions serving households”, “General govern-
ment final consumption”, “Gross fixed capital formation”, “Change in inventories and valuables”, and “Direct
purchases abroad”.

54For example, D10T12 maps into both 311 and 312. In the NBER-CES dataset, NAICS 311 is roughly 3 times larger
than 312 by value added, and therefore, we assign 74% of the trade flows in the ICIO code to NAICS 311 and 26% to 312.
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NAICS3 NAICS3 Description ICIO Weights

311 Food Manufacturing D10T12 0.74
312 Beverage and Tobacco Product Manufacturing D10T12 0.26
313 Textile Mills D13T15 0.34
314 Textile Product Mills D13T15 0.29
315 Apparel Manufacturing D13T15 0.32
316 Leather and Allied Product Manufacturing D13T15 0.06
321 Wood Product Manufacturing D16 -
322 Paper Manufacturing D17T18 0.56
323 Printing and Related Support Activities D17T18 0.44
324 Petroleum and Coal Products Manufacturing D19 -
325 Chemical Manufacturing D20T21 -
326 Plastics and Rubber Products Manufacturing D22 -
327 Nonmetallic Mineral Product Manufacturing D23 -
331 Primary Metal Manufacturing D24 -
332 Fabricated Metal Product Manufacturing D25 -
333 Machinery Manufacturing D28 -
334 Computer and Electronic Product Manufacturing D26 -
335 Electrical Equipment Appliance and Component Manufactur D27 -
336 Transportation Equipment Manufacturing D29 + D30 -
337 Furniture and Related Product Manufacturing D31T33 0.33
339 Miscellaneous Manufacturing D31T33 0.67

Table B.2: Industry mapping between ISIC Rev 4 and NAICS 3-digit industries

Table B.3 lists the countries in the samples we use respectively for structural estimation and the counterfactual
exercises. There are six trade partners of the US that are in our sample for estimation, but not included in the
OECD ICIO tables.

ARG  DEU IND PER
AUS DNK IRL PHL
AUT DOM* ISR ROW'
BEL DZA*  ITA RUS
BGD* ESP JPN SGP
BRA  FIN KOR SWE
CAN  FRA MEX THA
CHE GBR MYS TUR
CHL GTM* NLD TWN
CHN  HND* NOR USA
COL  HUN NZL  VNM
CRI IDN PAK* ZAF

Table B.3: Countries in the quantitative exercise

Notes: The six countries with a * are only in the structural estimation; these are not in the counterfactual simulations
because they are not covered in the ICIO data. “ROW?” (with a T) stands for “rest-of-the-world”; this is included only in
the counterfactual analysis.
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B.5 Estimation: Technical Details

We use a combination of the Particle Swarm Optimization (PSO) and Levenberg-Marquardt (LM) algorithms to
solve the weighted-NLLS minimization problem in (36). There are 57 parameters to estimate, these being the 20
6%’s (after normalizing §' = 4), the \; correlation parameters for the three country income groups, and the 34
polynomial coefficients (including constant terms) in (B.6)-(B.10). Recall that we have 1,926 data points.

We start with the PSO algorithm, which does not take a stand on the initial guess and instead searches
broadly across the entire parameter space. We use a population of 500 “particles”, about 10 times the number of
parameters to be estimated, where a “particle” is a 57-by-1 vector in the parameter space. At a given iteration,
the PSO computes the objective function at the 500 “particles”, finds the particle with the lowest weighted sum
of squared residuals, and then moves all the particles closer to the best-performing particle by a pre-fixed step.
This simple implementation could however miss the global best because all the particles move toward a single
best point in each iteration. The PSO therefore also randomly redraws neighbors in each iteration to improve
the ability of the algorithm not to get trapped in a population-best point. We call the PSO routine 10,000 times
with randomized seeds and use the best point estimate from these calls as the starting point for the LM solver;
we repeat the PSO until we cannot get an improvement in the objective function after a stall limit of 10 (ten
consecutive calls of the PSO). In practice, the 10,000 randomized calls converge to similar point estimates, which
provides assurance that the algorithm is not stuck with a local minima.

We switch to the gradient-based LM algorithm after 10,000 randomized PSO calls, and use the solution from
the PSO as the initial guess for the LM algorithm. Compared to the PSO, a gradient-based method reduces
computational load and guarantees local convergence. With a reasonably good initial guess, switching to a
gradient-based method improves the efficiency of the estimation. The LM solver comes from the MINPACK
library, available in the public domain. We use 1.0E-4 as the tolerance level that stops the LM algorithm. While
the minimization routine does not conceptually guarantee a global minimum, we show below that the objective
function is well-behaved in the neighborhood of our final point estimates.
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B.6 Baseline Estimation Results: Details

Table B.4 below reports the weighted-NLLS estimation results in full. Here, we list the point estimates obtained
for each element of the parameter vector, O, together with 95% confidence intervals computed based on 200
bootstrap samples. (We report the empirical confidence intervals based on the 2.5th to 97.5th percentile values
across the bootstrap samples.)

name est. 95% CI name est. 95% CI name est. 95% CI
601 4.000 - 6os  8.455***  [1.86, 18.00 ] 615  7.524*** [ 2.35,20.36 |
6oz 16.923*** [ 4.37, 52.87 ] 6oo  11.804*** [ 4.87,23.96 ] 616  13.945***  [5.14, 28.92 ]
Bos  4.939***  [3.79, 7.67 ] 010 9.168***  [6.21, 23.16 ] 017 13.572%%* [ 4.12, 25.04 ]
fos  5.818***  [3.03,12.94 611 19.860*** [ 11.48, 35.74 | 015 1.430%** [ 1.37, 19.89 ]
605 6.330***  [4.73, 18.76 ] 012 6.762°**  [5.93, 26.56 ] 619  18.245***  [5.94, 24.84 ]
fos  8.752***  [3.42, 21.61 ] 615  25.483*** [13.11, 35.81 | 020  6.676***  [0.77,15.34 ]
607 T7.342***  [3.15,28.94 ] 614 23.719***  [15.07, 32.19 ] 021 5447 [2.11, 12.12 ]
(a) 6 to 07 (b) 6% to 6'* (c) 6" to #**
name est. 95% CI
Yuho — —16.364%**  [-22.19, -8.00 ]
N . N ; YVuh1 9.199%* [ 2.61, 16.46 |
name es 95% C name es 95% C yaha 0.409 (477, 422 ]
Xor  0.944***  [0.63,0.99 ] Yoo ~ —0.598**  [-7.05,-0.14 ] Yuuh3 -6.194 [-21.98, 12.54 ]
Moz 0.923***  [0.43,0.98 ] Ya1  0.289%**  [0.04, 2.92 ] Vuha 1.403 [-16.29, 14.71 ]
Xos  0.852%** [0.13,0.96 ] Ya2  —0.077**  [-1.40,-0.01] Yuhs  10.097%* [6.82, 15.64 ]
: - Yune ~ 17.813%** [8.12, 22.14 ]
(d) A\i’s (e) a™: a(") YV 0.414 [-1.43, 5.26 |
Yuns  —10.291%*%  [-19.91,-1.42]
(f) /Lfn'j: h()
e ost 95% CI name est. 95% CI
Yuzo  —8.212%%*  [-15.32, -2.03 ] 80 6.061 [-3.27, 11.47 ]
4.068 [-11.51, 17.65 ] Yor o —5.236 [-14.07, -2.58 ]
Tpal e 0 L name est. 95% CI Y2 1.771%* [0.54, 3.58 ]
Yuz2  —9.209 [-21.25, -1.87 ] : 388 (-8.56. 15.42 ]
Yy -4.800 [-16.18, 8.27 ] vg0 ~ —0.458*  [-22.67,0.15 ] 63 o [_2'2 ox 0‘67]
Vuaa -2.638 [-16.76, 7.19 ] Y81 -0.046  [-7.68,0.11] 64 A oasee {20 17 820 |
Yy 5.856%* [2.01, 10.13 ] Y2 0.009 [-0.01, 0.18 ] 65 o e
756 13.017 [6.91, 21.31 ]
Yz 13.136 [6.12, 17.72]
) ) h) B b(") Y87 -0.050 [-2.25, 3.05 ]
Vw7 1.631 [-22.51, 1.31 ] (h) Bo e
4.383 [-15.05, 19.00 ] 68 3.472 [1.48,7.32]
Juz8 i 59 0.014 [-0.28, 0.1 ]
I
() paijr x(°) (i) 6: d()

Table B.4: Full list of estimated parameters

Notes: The table lists the estimated parameters from the weighted-NLLS. *** ** and * denote significance at the 1%,
5%, and 10% levels respectively, based on 99%, 95%, and 90% percentile confidence intervals from 200 bootstrap samples;
the 95% confidence intervals are reported.

Panels (a)-(c) report the 6% dispersion parameters; recall that 6' is normalized to 4. Panel (d) reports the
nested-Fréchet correlation parameters, A1), A(2), and A3y, for the lower-middle, upper-middle and high income
exporting countries respectively. Panel (e) reports the polynomial coefficient estimates for the a(-) function for
o, Panels (f)-(i) do likewise for the h(-), x(-), b(+), and d(-) functions that parameterize ,u},iij, lff];ijv ijo and
oy; respectively. (We refer to 8F, interchangeably as 8, since the empirical specification we adopt for this
parameter only involves industry characteristics.)

Separately, the value of the weighted sum of squared errors objective function at the end of the optimization
(‘Fval’) is 55.004. Dividing this by the sum of the observation weights and then taking the square root, the
weighted root mean squared error is 0.169.
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Numerical identification: Figures B.1 and B.2 illustrate how the weighted-NLLS objective function in
(36) varies around the baseline parameter estimates. (For each element of © in turn, we plot this while holding
all other elements at their baseline point estimate values.) The figures provide reassurance that the optimization
routine is not caught in a region of the parameter space that is flat (in which it would be hard to search for a
minima). The panels show that the objective function features a local minimum around the solution point along
each dimension of ©. The only exceptions are in Figure B.1, where the first-order conditions of #12 and #'® are
non-binding; these point estimates are corner solutions from the restriction ((7)) < 1 (which ensures that the
dispersion of the nested-Fréchet parameters is not too large).
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Figure B.1: Moment Conditions, *’s and \;’s

Notes: Each panel illustrates the behavior of the weighted-NLLS objective function around the baseline point estimate of
the respective 8% or \; parameter; the vertical line indicates the baseline point estimate.
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Figure B.2: Moment Conditions, () coefficients in parameterizations of ak, uf”.j, uﬁij, BE, oF

Notes: Each panel illustrates the behavior of the weighted-NLLS objective function around the baseline point estimate of
the respective 7(.) polynomial coefficients; the vertical line indicates the baseline point estimate.
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Bootstrapped confidence intervals: We compute the confidence intervals via bootstrapping, based on
200 samples (resampling with replacement). In each bootstrap iteration, we apply the same PSO/LM hybrid
minimization routine as described in Section B.5. Upon completion of the estimation for each of the 200 bootstrap
samples, we then compute the percentile confidence interval; for example, the 95% confidence interval is defined
as the interval between the 2.5th to 97.5th percentile values of the parameter across the 200 bootstrap samples.
Studentized confidence intervals are not suitable for our application, as many of the bootstrapped distributions
are skewed. See Figures B.3 and B.4 below for the histograms of the bootstrapped distributions for each element
of ©.
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Figure B.3: Bootstrapped Distributions, 6*’s and \;’s

Notes: The figures illustrate histograms of the bootstrapped distributions of the 6% and A() parameters. The vertical line
indicates the baseline point estimate.
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Figure B.4: Bootstrapped Distributions, v(.) coefficients in parameterizations of ak, ,uﬁij, uiij, Bg, ok

Notes: The figures illustrate histograms of the bootstrapped distributions of the 7.y polynomial coefficients. The vertical
line indicates the baseline point estimate.

Reduced-form regressions: We present further evidence that the parameter estimates we obtain (c.f.,
Table B.4) yield a good fit to the intrafirm trade share data. We do so by demonstrating that the intrafirm
trade shares predicted by our parameter estimates correlate with country and industry observables in a manner
comparable to the actual intrafirm trade share data. For this purpose, we run reduced-form regressions of the
actual intrafirm trade shares (respectively, the predicted intrafirm trade shares) on the full set ij of country
and industry variables (including squared and interaction terms) that we use in our empirical specifications of the
a(-), h(-), x(-), b(+), and d(-) polynomials functions that parameterize a*, UZW u’;ij, ﬂfjo and 55 respectively.
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Table B.5 presents the results based on OLS regressions, run using total trade flows in the country-pair-by-
industry cell as weights. Columns 1-3 are based on the observed intrafirm trade shares from the data, while
Columns 4-6 use the predicted shares from our model-based parameter estimates. In addition to the OLS
coefficients, we also report the Average Marginal Effect (AME) and the Inter-Quartile Effect (IQE) of each
country or industry characteristic, as the regression coefficients in Columns 1 and 4 can be tricky to interpret
in the presence of second-order polynomial terms. The AME of a given country or industry variable X € Xi-“j is
defined as the partial derivative of the dependent variable with respect to X (taking into account squared and
interaction terms in which X may appear), evaluated at the sample mean of X; all other covariates in ij are
also set at their sample mean values. The IQE is the implied difference (based on the regression coefficients) in
the intrafirm trade share when we move a variable X from its 25th to the 75th percentile in the sample, while
keeping all the other variables at their in-sample mean values. For interaction terms between two variables X
and Y, the IQE reported is the implied change in the outcome variable if one were to move X from its 25th to
75th percentile value, while also similarly moving Y from its 25th to 75th percentile value. The AME is reported
in Columns 2 and 5, while the IQE is reported in Columns 3 and 6; the standard errors are computed using the
delta method.

Table B.5 confirms that the predicted and actual intrafirm trade shares line up well in terms of the signs and
magnitudes of the partial correlations they exhibit with these country and industry variables (comparing Columns
1 and 4). Several key patterns stand out. First, the capital intensity of the industry correlates positively and
significantly with the intrafirm trade share; this corroborates a key empirical regularity first uncovered by Antras
(2003). Second, the intrafirm trade shares correlate positively and strongly with the rule of law in the importing
country; on the other hand, we do not find a significant relationship with respect to the rule of law in the exporting
country. Third, a higher HQContractibilityk is associated with a reduced propensity toward integration (see in
particular the negative and significant IQE in Column 3), while a higher SSContractibility” is associated with
a greater intrafirm trade share. This is in line with the predictions of the theory (c.f., Lemma 2). (Recall that
a higher degree of contractibility of headquarter-provided inputs would reduce the need to incentivize the firm
headquarters to engage in investments on noncontractible tasks; instead, incentivizing suppliers becomes relatively
more important, hence raising the prevalence of outsourcing. The converse logic applies if instead supplier
inputs are more inherently contractible.) Lastly, while several interaction terms yield statistically significant
coefficients, the most consequential of these in terms of magnitudes (specifically, the IQE) is that between ROL;
and Specificity”. This is consistent with the distinct shape of the surface plots in Panels (e)-(f) of Figure 3 in the
main paper, where the interaction between industry specificity and destination-country rule of law is important
for explaining the share of ex-post surplus ij the firm can assure itself if it were to integrate its supplier.

Additional surface plots: Figure B.5 presents additional surface plots to illustrate how Mf”- i M.’fnw and 5,’3
behave with respect to the country and industry observables that they have been mapped to; these are based on
the estimated polynomial coefficients of h(-), x(+), and d(-) reported in Table B.4. In each of these surface plots,
the variable ROL; is increasing along the axis that points in the northeast direction, while ROL; is increasing
along the northwest axis. Panels (a) and (b) show how pf, ; as implied by the estimated h(-) function varies with
respect to rule of law in the source and destination countries; this is illustrated at the 10th percentile value of
HQContractibility” in Panel (a) on the left, and at the 90th percentile value of this industry variable in Panel
(b) on the right. Panels (c)-(d) (respectively, Panels (e)-(f)) do likewise for pf;; (6};), where SSContractibility”
(Speciﬁcityk) is the associated industry variable.

From Panels (a)-(d), we see once again that ,u’fnj and ,u];ij are increasing in the rule of law in the destination
country. However, the relationship with rule of law in the source country is much flatter; increases in ROL; are
not associated with clear shifts in ,u’fn ; or ufmj (for any given value of ROL;). There are some subtle patterns if one
looks closely: For example, the u’;ij surface starts to rise at lower values of importer ROL; when the exporting
country has a low ROL; (see Panels (¢)-(d)). But more broadly speaking, ROL; does not appear to account for
a significant slice of the variation in the implied u’,f”-j and uﬁij model parameters. Panels (e)-(f) indicate that 5,’3
is generally increasing in ROL;, but its relationship with ROL; can exhibit non-linearities.
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LHS = Intrafirm Trade Share

ROL, imp.

ROL, exp.

Capital Intensity

Specificity

Contractibility, hq

Contractibility, ss

Mean Ind.markup

ROL, imp. x ROL, imp.

ROL, exp. x ROL, exp.

Capital Intensity x Capital Intensity
Specificity x Specificity
Contractibility, hq x Contractibility, hq
Contractibility, ss x Contractibility, ss
Mean Ind.markup X Mean Ind.markup
ROL, exp. x Specificity

ROL, imp. X Specificity

ROL, exp. x Contractibility, hq

ROL, imp. x Contractibility, hq
ROL, exp. x Contractibility, ss

ROL, imp. x Contractibility, ss
Constant

N

R-squared
Fixed Effects

Data Prediction
o © @) () ) ©)
coefs. margins  f(75%)-f(25%) coefs.  margins  f(75%)-f(25%)
2.377* 0.317%% 0.062%** 1.747  0.451%%% 0.078%**
(1.237)  (0.125) (0.016) (1.200)  (0.124) (0.009)
-0.013 0.099 0.013 0.189 0.075 0.009
(1.127)  (0.107) (0.010) (0.931)  (0.088) (0.006)
0.186** 0.172%* 0.218%** 0.186***  (.172%** 0.218%**
(0.075)  (0.077) (0.031) (0.063)  (0.066) (0.018)
2.279%* -0.306 -0.056 2.086%* -0.280 -0.049%**
(1.374)  (0.329) (0.041) (1218)  (0.301) (0.024)
0.325 -0.367 -0.139%*** -0.299 -0.410%* -0.140%**
(0.846)  (0.232) (0.023) (0.738)  (0.196) (0.013)
5.426*** 1.001* 0.077*** 6.315%** 0.983** 0.077***
(2.045)  (0.562) (0.012) (1.981)  (0.492) (0.007)
-0.067 0.028 0.006 -0.044 0.023 0.010
(0.099)  (0.024) (0.026) (0.094)  (0.018) (0.015)
-0.265 0.180
(0.544) (0.631)
0.038 -0.021
(0.565) (0.488)
-0.031 -0.031
(0.029) (0.024)
-0.919 -0.859
(0.880) (0.811)
-0.567 -0.446
(0.605) (0.504)
-5.883** -5.521%*
(2.508) (2.288)
0.013 0.009
(0.013) (0.012)
-0.297 -0.022%** -0.397* -0.029%**
(0.294) (0.011) (0.237) (0.006)
-1.156%** -0.125%** -0.906%** -0.098%**
(0.351) (0.022) (0.325) (0.013)
1.288** 0.039%** 1.252** 0.038%**
(0.648) (0.007) (0.520) (0.004)
-1.421%* -0.063*** -0.769 -0.034%**
(0.758) (0.015) (0.710) (0.008)
-0.909 -0.013** -1.058%* -0.015%**
(0.693) (0.006) (0.527) (0.003)
-0.257 -0.005 -1.601%* -0.032%**
(0.701) (0.010) (0.761) (0.006)
-2.188* -2.024*
(1.252) (1.087)
1,926 1,926 1,926 1,926 1,926 1,926
0.384 - 0.653 -
None N/A N/A None N/A N/A

Table B.5: Reduced-Form Relationships between the Intrafirm Trade Share and Observables, OLS

Notes: This table reports the OLS results from regressing the intrafirm trade share on country and industry variables, using
total trade flows in the country-pair-by-industry cell as weights. Standard errors are two-way clustered at the exporter-
industry and the importer-industry levels. *** ** and * denote significance at the 1%, 5%, and 10% levels respectively.
Columns 1-3 use the observed intrafirm trade shares from the data as the dependent variable, while Columns 4-6 use the
predicted intrafirm trade shares from our estimated model. Columns 2 and 5 report average marginal effects for each
country and industry variable, while Columns 3 and 6 report the inter-quartile effects; standard errors in these columns

are computed using the delta method based on the variance-covariance matrices from Columns 1 and 4 respectively.
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Figure B.5: Additional Surface Plots: uﬁij, ,u';ij, and 65]-

Notes: The figures present the surface plots of the ,u’;ij, yf”-j, and 5% functions. The plots are based on the estimated (.,
coefficients of the h(-), x(-), and d(-) functions. The northeast axes plot ROL;, while the northwest axes plot ROLj;; the left
column sets the industry characteristic at its 10th percentile value, while the right column sets this characteristic at its 90th
percentile value. The associated industry characteristics are HQContractibility” for the ,u’f”vj surface, SSContractibility”®
for ,ul;ij, and Specificity® for 6;“]
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Pinning down the average levels of :“sz and ugij: We furnish intuition on how the average intrafirm
trade shares implied by the model vary in relation to the average levels of the contractibility parameters, ;ﬂfnj
and ,u’;ij. This in turn highlights how the average levels of ,uﬁij and ,ufm-j are pinned down in our structural
estimation to be in line with the average intrafirm trade shares in the actual data. (Note that all averages here
are trade-weighted, using the trade value tz?jv + thjO as weights.)

Consider first how the average intrafirm trade share varies with ﬂZig" To highlight this, we set pfnj to a
uniform value across all observations in our sample and vary this common uf’nj, while keeping the other model
parameters (including the uﬁij’s) at their values from the baseline weighted-NLLS estimation. Panel (a) in
Figure B.6 plots the predicted average intrafirm trade shares across all observations against the level of u’f”- ;; the
95% confidence intervals illustrated by the dotted blue lines are based on 2,000 bootstrap samples (drawn with
replacement). As one would expect from part (ii) of Lemma 2, a higher headquarter task contractibility lowers
the average intrafirm trade share (ceteris paribus), since it progressively becomes more important to incentivize
supplier effort through outsourcing. The average intrafirm trade share of 0.47 in the actual data is highlighted
by the red dotted horizontal line. Note that the average level of an-j implied by our weighted-NLLS estimates
(coincidentally also 0.47, illustrated by the blue circle) lines up well with this average intrafirm trade share, as
the 95% confidence interval that vertically spans the blue circle covers the average intrafirm trade share value of
0.47. Panel (b) in Figure B.6 performs the analogous exercise with a common value of ,u’;ij, conditioning on the
estimated values of all other parameters (including ¥, ;). The predicted average intrafirm trade share is increasing
with respect to ,u,’;ij, as it instead becomes more important to incentivize effort from the firm headquarters via
integration when supplier inputs become more contractible (c.f., Lemma 2). The average u’;ij value of 0.63
implied by our estimates (blue circle) is once again consistent with the average intrafirm trade share seen in the
data (red dotted line), as the 95% confidence interval covers the actual intrafirm trade share of 0.47.

0.9 — T 1 T
Average ITS, Predicted
0.8 N 0.9 F|— — —95% Confidence Interval e
— — — Average ITS, Data y
0.7 | 08 ° Estimated Average p,, Weighted P am

0.6
0.5

0.4

0.3

Intrafirm Trade Share
Intrafirm Trade Share

0.2

Average ITS, Predicted
— — —95% Confidence Interval
— — — Average ITS, Data
. Estimated Average p;,, Weighted
0 | | I I
0 0.2 0.4 0.6 0.8 1

Hn

(a) /'L]:n'j (b) H:’Zij

0.1

Figure B.6: Pinning Down the Average Levels of ,uﬁi j and u:’zij

Notes: Panel (a) plots the predicted average intrafirm trade share against the common value of Mﬁij assumed across
all observations (holding all other parameters including the u%;’s at their estimated values). Panel (b) performs the
analogous exercise, with a common value of ug’ﬁij assumed across all observations that is then varied along the horizontal
axis. The blue dashed lines are the 95% confidence interval bounds of the predicted average intrafirm trade share, based
on 2,000 bootstraps (sampling with replacement). The red dashed line indicates the average intrafirm trade share in the
data. The blue circles are the average values of ,u'fLij and uﬁij implied by the weighted-NLLS estimation. All averages are
trade-weighted average values.
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B.7 Alternative Empirical Specifications

We report the results from two alternative empirical specifications. First, we estimate a single 5o bargaining
parameter — that is common and constant across all ¢, j, and k — instead of assuming it to be a function of the
industry-level markup. The second alternative experiments with other country-level variables. In the baseline
model, we used the country-level measure of the institutional rule of law (ROL) in all three polynomials, h(-),
x(-), and d(-). As an alternative, we replace the rule of law index in the d(-) function that parameterizes 51’»“]»
with a measure of “Recovery Rates”, for both source and destination countries. This is drawn from the World
Bank Doing Business dataset, and is defined as the cents on the dollar that can be recovered by secured creditors
from reorganization, liquidation, or debt enforcement in insolvency proceedings. As explained in the main paper,
although not all sourcing contracts involve debt, this measure may nevertheless speak to the extent to which
the firm can successfully recover value from the remaining proceeds should there be a breakdown in a supplier
relationship. The rest of the empirical specification for d(-) remains the same, as in equation (B.10).

Baseline Single So  Recovery Rates in ¢

F-val 55.004 55.802 52.313
Intrafirm Trade Share, Mean 0.464 0.466 0.461
Intrafirm Trade Share, Standard Deviation 2.566 2.576 2.633
Intrafirm Trade Share, Correlation with Baseline 1.000 0.976 0.688
af, Mean 0.349 0.450 0.447
peii, Mean 0.522 0.507 0.161
Mhij> Mean 0.426 0.409 0.164
6%, Mean 0.404 0.403 0.480
Bo, Mean 0.377 0.447 0.307
e = pp = 1, Mean Welfare Change 0.093 0.112 0.167

Table B.6: Alternative Estimation Specifications

Notes: The first column reports the key features of the quantified model for our baseline specification. The second column
estimates a single So bargaining parameter across all observations, while the third column uses the “Recovery Rates”
measure in lieu of ROL in the (Sfj All averages in the first and second panels are trade-weighted averages.

Table B.6 compares the results from these alternative specifications (second and third columns) to the baseline
(first column). The residual sum of squares (‘F-val’) and the predicted intrafirm trade shares from the alternative
specifications are very similar to those from the baseline, as reported in the top panel. Moreover, the predicted
intrafirm trade shares are also highly correlated with those from the baseline, although this is slightly weaker
in the “Recovery Rate in §” specification. The second panel of the table shows that the implied values for the
parameters — o, py,. pkio, 6, and Y, — from the alternative specifications are also broadly consistent with
the baseline case, in terms of their weighted-mean values. Note though that the average uﬁij and uiij in the
“Recovery Rate in §” specification are lower than those in the baseline. The surface plots in Figure B.7 show
that ROL; in the importing country is once again the main driver of variation in uf, ; and ;Lfm-j (Panels (a)-(d)).
On the other hand, 55 does not appear to be shaped in a distinct way by Specificity” and the “Recovery Rate”
in the importing country (Panels (e)-(f)); the implied 5{% values also exhibit less variation — sitting between 0.5
and 0.6 — when compared to our baseline case (compared to Panels (e)-(f) in Figure 3).

In the last row of Table B.6, we repeat the main counterfactual exercise of removing contracting frictions
in global sourcing by setting ,u’;ij = uﬁij = 1 for all 4, j, and k. The average welfare gain of 9.2% implied by
our baseline estimates is smaller relative to that seen under the two alternative specifications (11.2% and 16.7%,
respectively). The latter welfare gains are larger because of the lower average u5, ; and /L;C:ij obtained under these
alternative specifications. We have adopted the baseline case in Column 1 as our preferred specification due to
the more conservative welfare gain numbers this yields, as well as the fact that those baseline estimates yield a
more intuitive mapping between 55 and its associated country and industry variables (ROL and Speciﬁcityk).

A38



Exporter ROL = 0.2

Exporter ROL = 0.8

(a) u;“”-j, Low Exporter ROL

Exporter ROL = 0.2

0.8

0.6

=

0.4 lll%%%%ll llll

L7

LT

<
o5 Ll7

0
SP-6
SDCO 0.5
O{/é(\{ 0.4
iy, % o2 : <
5 : ot

(c) u’ji]-, Low Exporter ROL

Exporter Rec. Rate = 0.2

0.65

0.6

0.55

S
o <<
S

0.5

0.45

\,\axe f

peco™®

(b) ,ufm-j, High Exporter ROL

Exporter ROL = 0.8

(d) /Afn-]-, High Exporter ROL

Exporter Rec. Rate = 0.8

0.6

/C/[ 0. el
2 \!
'y 0 o \mpo

e
G
aeco¥® ¢

(f) 6%, High Exporter Recovery Rate

k
(e) 47, Low Exporter Recovery Rate 7

i
Figure B.7: Estimated Surfaces: uﬁij, u’;ij, and 55

Notes: The figures present the surface plots of the ,ufn»j, ,ufcij, and 6fj functions. The plots are based on the estimated (.,
coefficients of the h(-), x(-), and d(-) functions, from the alternative specification in which we use the “Recovery Rates”
measure in lieu of ROL in the 5;3- function. The northeast axes plot the importing country variable, while the northwest
axes plot the associated industry characteristic; the left column sets the exporting country variable at its 10th percentile
value, while the right column sets the exporting country variable at its 90th percentile value. The associated industry
characteristics are HQContractibility® for the uﬁij surface, SSContractibility® for u’jij, and Specificity® for 5!“]
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B.8 Sensitivity Analysis

In this appendix section, we study the sensitivity of the parameter estimates obtained in our baseline specification

to perturbations in the moment conditions in the weighted-NLLS, following the methods advanced in Andrews

et al. (2017). We first describe how the sensitivity measures are computed in the context of weighted-NLLS.
We write down the data generating process in a general form as follows:

yi:f(xi7®)+ui7 Z.:17"'7N7

where y; is the dependent variable; x; is a vector of independent variables; © is the parameter vector of size M;
it =1,---, N indexes the observations; and f(-) is a non-linear function. The identifying assumption is Eu|x] = 0.
In our context, y; corresponds to the observed intrafirm trade share, the x;’s are the country and industry
covariates (ROL;, ROL;, log real capital per worker, HQContractibilityk, SSCorfcractibﬂityk7 Speciﬁcityk) that
are collected in x; and f(-) refers to the expression for the predicted intrafirm trade share by value in equation
(35) in the main text. Our weighted-NLLS approach to the estimation problem solves:

manwz yi — f(x:,0)]7, (B.11)

where the weight w; associated with observation i is the total trade flow value, tl vt tNi?jO.

Re-formulated as a Method of Moments estimator, the estimator in (B.11) is the solution to M moment
conditions, which are the first-order conditions with respect to the elements of ©:

N
8f(xi7 6)
m, = 1) “an Y% :]—a"'aM'
g g f(xi,0)] 90, 0, m
We refer to g, (©) as the m-th moment function. Let G(©) be the M-by-M Jacobian matrix of {gm(@)}flez
991(©) .. 991(©)
00, 0O M
GO)=1| :
ogm(©) . 99m(O)
391 a@M
Following Andrews et al. (2017), the sensitivity matrix A is given by the following M-by-M matrix:
A=—(G'G) G =-G (B.12)
The element in the m-th row and k-th column of the Jacobian matrix G is
99n(©) 1L 9f(x:,0) 8f xl, 9 f(xi, ©)
- ; i L 0) =L Ee 2 B.13
06y, N £" 50, Zw .91 56,96, (B13)

Under the assumption that the weighted-NLLS is correctly specified so that E[u|x] = 0, the second term involving

the Hessian matrix is asymptotically zero. To see this, denote h;(x,0) = % we have:

al 82 Xy (C] 1 N
z:: f(xi,0)] % =N ;wiuihi(X, 0)
2 Elw-u-h(x)] =E[E[w-u-h(x)[x]] = E[wh(x) x Elu|x]] = 0.

Intuitively, the above result states that under the identifying assumption, the covariance between the error term
and any function of x is zero. In this context, the Hessian matrix is simply a function of x.
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Relationship to Gauss-INewton regressions: Standard NLLS algorithms based on Newton’s method such
as Levenberg-Marqardt do not compute the G matrix directly. Instead, the algorithm computes the N-by-M
Jacobian matrix of each observation with respect to the parameters, denoted as F(O):

0£1(©) .. 9f1(©)
001 00
F@)=| z
ofn©) . . 9fn(O)
001 00

To compute the sensitivity matrix, one can readily express A as a function of F'. Denote the N-by-N diagonal
weight matrix as W, in which the i-th diagonal element is w;. With the simplification of the m-th moment noted
n (B.13), we can express the G matrix as:

G = —%F’WF. (B.14)

To see this, note that the element in the m-th row and k-th column of G is the inner product of the m-th row of
F’ and k-th column of F:

9f(x1,0)
00y,
dgm(©) _ 1 [0f(x1,0)  9f(xn,0) : 1 i f(xi,0) 0f (x:,0)
00 N 00,, 00., : N 00y 00,,
wy 20 ) i=1
k

With equation (B.14) in mind, we can re-write the sensitivity matrix from (B.12) as
1 -1
A=-G'= (NF’WF) : (B.15)

Lastly, note that the asymptotic variance matrix of O from a weighted-NLLS is:
= (FWF) ' FWQWF (FWF) ",
The sensitivity matrix in the context of weighted-NLLS is similar to that in the context of GMM: it is the outer
sandwich of the ¥ matrix.
Omitted variable bias: We can now consider omitted variable bias (OVB) in the context of weighted-NLLS.
Suppose that the true data-generating process is:

yi = f(x4,0) + h(z;) + us,

where u; is the true error term that satisfies F(u|x) = 0, and h(z;) is a non-linear function of some omitted
variable z;. Suppose that cov(z("), h) # 0, where (") is one of the covariates in x;, so that the estimation of ©
could be biased if the researcher runs the weighted-NLLS assuming y; = f(x;,©) 4+ v;. In our context, we might
have omitted some variables that are correlated with both the importing country’s rule of law and the intrafirm
trade share. As a result, the identifying assumption of the weighted-NLLS will be violated, i.e., E(v|x) # 0, and
thus the coefficient estimates related to ROL; such as vuz5, Y6, Yuhss Yuhes V55, and s (see equations (B.7),
(B.8), and (B.10)) could be biased.

To gauge the magnitude of the potential bias, we derive the perturbed moment condition, g,,(0), as follows:

N
Z xz,@)—h<zi)]%if), M M.

Note that as h(z;) — 0, we would have §,,(©) — ¢m(0©), so the original moment condition is the limit case in
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which the omitted variable approaches zero. Following the notation in Andrews et al. (2017), we then compute
the biases in each parameter as:

0, — @1 91(0) — gl(@)
O, - 6 | N 92(0) — 92(©) . (B.16)
@M_éM gM(@)—gM(@)

Sensitivity of our parameter estimates to OVB: Now suppose that the omitted variable, h(z;), is a
linear function of a regressor, x;, subject to an iid shock. In particular, assume:

hi = dz; + €,

in which ¢; is a Gaussian white noise term with standard error o.. It is straightforward to see that the standard
deviation of the omitted variable and its correlation with the regressors can be computed as follows:

on =+/0%02 + 02, and

(50‘% N && 50$

Phax = = s
On0z  On /0202 + 02

where o, is the standard deviation of the regressor. The above expressions offer a simple way to simulate potential

omitted variables and gauge their impact on the baseline parameter estimates. Given a target standard deviation
in the potential omitted variables, o}, and a target correlation between it and the included covariate, pp, ,, we
can invert the above system of equations to infer the implied values of o, and 9:

Oc = opy/1 — pfl’m, and

6= pnot.
O

We set the target standard deviation in the potential omitted variable, oy, to be equal to the standard error of the
residual error term in our weighted-NLLS, o4; this maximally attributes the residual variation to the potential
omitted variable. We vary the target correlation parameter pj, . between [—0.9,0.9]. For each pair of values
of oy, and pyp, ., we use the above equations to back out the implied 0. and 9, and then use these to simulate
h; = dx; + €;, where the ¢;’s are iid draws from a mean-zero Gaussian distribution with standard error o.. We
can then compute the resulting parameter bias using equation (B.16).

Figure B.8 illustrates the range of potential parameter bias (varying pj, between +0.9) that we obtain
through the above approach. We perform the procedure just described in turn for each of the covariates: ROL;,
ROL;, log real capital per worker, HQContractibility”, SSContractibility”, and Specificity”. Reassuringly, the
potential bias from OVB is small. For example, even with a sizeable potential for OVB — with a high correlation
with the regressor — the largest bias (in percentage terms) that we obtain for a parameter estimate is with v,,5,
the coefficient of ROL; in the x(-) function for uiij. The absolute bias for this coefficient is 0.16, implying a bias
relative to the point estimate of only 0.16/5.856 ~ 2.7%. The only other parameters where there is sensitivity to
potential omitted variables of a similar magnitude are the 7,5 coefficient (which speaks to the effect of importer
ROL on /zf”-j) and the 757 coefficient (for the interaction term between specificity and importer ROL). The
sensitivity of all other parameters estimated in © is muted in comparison.
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Figure B.8: Sensitivity Analysis for Baseline Parameter Estimates

Notes: The sensitivity of the baseline parameter estimates to a perturbation in the moment conditions is illustrated; the
perturbation simulated is related to potential omitted variables that could be correlated in turn to each of the observed
covariates (arrayed vertically). The sensitivity is expressed as a percentage of the point estimate. See Appendix B.8 for
details.
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C Counterfactual Exercises

C.1 Hat Algebra

For any given variable X, let X’ denote the change in X, and X=X /X denote the corresponding proportional

k. and/or dfj, the system of

change relative to the initial value. Given counterfactual values of yZij,u’;ij, Biix

equations to solve the model in changes is as follows:

(ChY = 1= " 4 pRab (k) + o (1 = ™) (k) (C.1)
(i) =1 = p"a™ (1= (uhiy)") (Bl5) = PP (1 = a®) (1= (i;)") (1= (BE,)") (C.2)
<k

k

k )\ pF(1—ak) _ak g k. AL— (k)
<ijx>'=(((;§3) ((3h) = 0 (1 gl ) O (©3)

(BL) = <((ijv)/)1u +(<B£3-o>’)19*7) " (C.4)
() (BS,)) ™ (©3)
(BE) ™+ (BEoY)
= (dian) " (BE)" ok (C.6)
e~ J e~ —_—
ok = " als(abw) " (B .7
J . ( _k_)/
SHEDDED DR T A (C.8)
i=1 x={V,0} “UX
Kk
(@) =1 (1 —a) % (1— (1= p%)/(Th)) (C.9)
k=1
wijw;Lj + §;8;K; + D;
EjI: J]JlijjJ J C].O
(By) = =5 Ty (C.10)
wi L — Ozp(w] ! RV
wjw;L; 1-p(1-a) (E;) (C.11)

(Gmx)'

A k k(Em)/ k N/ _k / k / k / k / (]I‘Cm)l

7 e k Kk (Ej)/ kNt _k \/ ko\/ ko\/ k o\ ( fj)/
558K =(1— @)PZZ Z no (Tk),(ﬂ-ij) (Wx\ij) (Mhij) +(1 - (Mhz‘j) )( ijx) (kY (C.12)
k=1i=1 xye{V,0} J ijx

To operationalize the above system of equations, we require values for the parameters p, o, 7%, p*, o, 6%,
and J;, as well as information on ﬂfj, wjf/j, sjf_{j, and Dj;.

The values we calibrate the aggregate parameters p, a, and n* to are described in the main paper at the start
of Section 5. For o*, 8%, and )\;, we base these on our estimation results; the values of o* and 6* are reported in

Table 2, while the values for the \;’s are reported in Table B.4. The p*’s are inferred from the Soderbery (2015)
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elasticities and the o values, as discussed in Appendix B.3; the p* values are reported in Table 2. Turning to the

information needed on 7.

ijs Wy L;, s;K;, and D;, we describe below in Appendix C.2 how we back out information

on the sourcing probablhtles ﬂ'fj from data on trade shares, while we describe in Appendix C.3 how we obtain
the values of w;L;, s;K;, and D; from the factor market clearing conditions in the initial equilibrium.

The hat algebra system of equations (C.1)-(C.12) can then be solved for a given set of exogenous shocks to

k

trade costs (dfj), contracting frictions ((uﬁij)', (u’;ij)’), and/or bargaining shares ((8;5,)"), as follows:

L. Given (uf,;)', (k)" and (B, ), use equations (C.1)-(C.4) to solve for (Bf;, )" and (B;)'.

2. Use equation (C.5) and (B, )" to compute (Wfélij)/'

ZJX

3. Guess a vector of W;’s and §;’s

4. Conditional on (Bf]) dfj, and the guessed values of w; and §j, use equation (C.7) to solve for ‘Ilé?.

5. Use &)Z“ and equation (C.6) to compute 7;5 and (xf;)".

6. With (7};)" and (ﬂ'ilij)’, use equations (C.8) and (C.9) to get (Y4)" and (w;)".

7. With (w,)’, use equation (C.10) to solve for (E;)".

8. With all the above information, compute the right-hand sides of equations (C.11) and (C.12), and hence
solve for the implied values of w; and §; (by dividing by wjf/j and sjl_( ; respectively).

9. Update (wy, §;) with these new values obtained in step 8, and iterate from step 3 until convergence.

This yields counterfactual values in particular for: wj, §j, E 71'”, (m X‘”) (Tk) (] k). and @?.

C.2 Inferring 7rk from the observed trade shares

The sourcing probability 7rk in equation (19) is equal to the share of input varieties from industry k that are
sourced by country j from country i. In Eaton and Kortum (2002), « Would also be the share of trade by value
in industry k that is imported by country j from country i, as the dlStI‘lbuthH of prices that country j faces is
independent of the identity of the source country ¢ when prices are set competitively. In our setting however, the
interaction between a final-good firm and its suppliers is instead mediated by a bargaining process. We therefore
need an additional step to map wfj to the corresponding trade share by value.

Recall that the expression for trade flows from country ¢ to j in industry & under organizational mode y is
given in equation (30) in the main text. Summing across organizational modes, we have:

E k oFay —6F
k k k k —6 k)" Ta, ( gk
th= > th=0-a)m(1-a )qu>kT (wi)™" (Bi;) " (di)
x={V,0}
gk
X Z (:u];t_] + (1 - /“’L.l;lj)(l - L]X)( / z]X)) ( t_]x) T .

xe{V,0}
Define gfj to be the following correction term:

k

gzkj = Z (MI;:U + (1 - :u’l;m)(l - 'ij)( / z]x)) ( zgx/B ) (013)

x€{V,0}

Note that gfj =1 in the special case of full contractibility (,u,]jij = ,u];ij =1). We now have:

ok LY 0 ok k

th/slh T (w;df;) = (B) ™ 7= (BE) ™ T} (w;dk,) =% (BE)°
J - kX, - J T )
Z’Ll 1 zg/gz] ZJ Tk(wz dk ) ek(sz’y)_%<sz’])% Zv’ 1T (’wz/dk ) Ok(Bf/j)H’v ’

=1
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It follows from the above that through the structure of our model, we can recover the sourcing probabilities, ﬂfj,
by dividing observed bilateral trade flows in the data by the corresponding correction term in (C.13). After we
have estimated the model, the gfj correction term can be evaluated exactly in the baseline equilibrium. When
we perform the hat algebra counterfactuals, where we need the initial values of ij as key sufficient statistics to

k

ij» instead

evaluate general equilibrium responses, we now first apply the correction terms in order to back out 7
of reading this off directly from the entries of the ICIO tables.

C.3 Computing wjﬁj, sjf(j, and D;

We require values for w;L;, sjf( j, and D; — total factor payments to labor, to capital, and the trade deficit,
respectively — in the initial equilibrium, to operationalize the hat algebra system of equations. We recover these
values from the factor market clearing conditions in the initial equilibrium as follows. First, after estimating the
model, we compute values for ,uZij, /ﬂ;ij, and ﬂij
plug these values into the analogue of equations (C.1)-(C.5), (C.8) and (C.9) written in levels (rather than in
changes), namely equations (A.26)-(A.30), (A.33) and (A.34) presented earlier in Section A.3. Together with
observed values of wfj obtained from the ICIO data (after applying the correction term gfj to the trade values),
this allows us to compute ij, Czij’ ijX, ij, W)’zw, Tf, and w}“ in the initial equilibrium.

We then work with the analogue of equations (C.10), (C.11), and (C.12) in levels, i.e., equations (A.35),
(A.36), and (A.37). Given data on country expenditures — the E;’s — from the ICIO data, (A.35)-(A.37) describes
a system of 3J equations that is linear in the 3.J unknowns: {w;L;,s;K;,D;}, for j € {1,---,J}. We can solve
this system of equations and thus infer the levels of wjij, sjf( j, and D; in the baseline equilibrium. These 3.J

initial values are what we feed into the hat algebra system when evaluating any counterfactual scenario.

for the baseline equilibrium as implied by our estimates. We

C.4 Additional Details on Counterfactuals: Removing Contracting Frictions

We report additional details on the counterfactuals conducted in Section 5.1 in the main paper, in which we

examine the implications of moving to full contractibility (where ,u;jij =1 and uglf,ij =1, for all 4, j, and k).
Welfare change and initial contractibility: Figure C.1 confirms that countries that start with lower

average contractibility — in either headquarter or supplier input tasks — reap more substantial gains in welfare in

the full contractibility world.
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Figure C.1: Full Contractibility Counterfactual: Changes in Welfare against Initial Contractibility

Notes: The figures plot the “hat” changes in country welfare against the initial average levels of ,u’f”-j and u’;ij in each
country. The welfare changes are from the full contractibility counterfactual, in which all pf”-fs and u:’fn-j’s are set to 1.
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Note that the vertical axis in Figure C.1 illustrates the “hat” change in country welfare (/U;) under full
contractibility relative to the baseline world with contracting frictions (from Row 1, Table 3(a)). On the other
hand, the horizontal axes illustrate the initial average values of uf, ; and uk ; respectively in the baseline world; we
take a weighted average of uf, j (respectively, ufcij) over all observations where the country is either an importer
or exporter, using the associated trade flow values in the baseline equilibrium as weights.

Decomposing the change in country contracting capacities: The results in Row 1, Table 3(a) in the
main paper show that the most important source of welfare gains from removing contracting frictions stems from
changes in countries’ contracting capacities, namely the H?Zl(Bjkj)"k(l_o‘k)(l_a) term. To further unpack the
underlying sources of variation, we take logarithms of this term and rewrite it as:

K\ n*(1-af)(1-a) K — K -
log (H (Bj’?j) ) = an(l —a")(1 - a)log (B;?j) =(1-a) Zﬁk X B;’?,
k=1

k=1 k=1

where we introduce the notation: 7* = n*(1 — o*) and Ef = log(ij) to ease the exposition. Note further that:

1—azn x BE = (1-a) (ﬁ’“—ﬁ+ﬁ)x(§f—§j+§j>

M= 11

= (=) Y B + B, (i~ ) +7 (B} - By) + (7" =) (B} - B,)]

i
I

=(1-a)KiB;j+(1—a ZK: ( .—Ej), (C.14)
k=1

where: 7 = (1/K) Y0, n*(1 — o) and B; = (1/K) Y, log(B %) are the averages across industries of the
exponents and the “hat” changes in contracting capamtles respectively. The decomposition in equation (C.14)
has a natural interpretation: The first term (1 — a)K nB captures the welfare impacts that can be attributed

to the average (log) change in industry contracting capacity (B ;) multiplied by the average welfare elasticity
((1 — @)7n). The second term picks up the covariance between these two forces.

A04 rrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T

|- Average Effects [ Covariance

Figure C.2: Decomposing the Welfare Impacts of the Contracting Capacities Term
Notes: This figure presents the decomposition of welfare impacts attributable to shifts in contracting capacities, based on

equation (C.14), for the full contractibility counterfactual. “Average Effects” (blue bar) illustrates the (1 —a)K 7B, term,
while “Covariance” (red bar) illustrates the (1 — «) ZkK:l(ﬁk — ;ﬂ(éf — B;) term.

Figure C.2 illustrates this decomposition country-by-country for the full contractibility counterfactual. This
shows that in each country, the average effect term (rather than the covariance) dominates quantitatively, ex-
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plaining more than 90% of the variation in the log of Hle(gf;)”k(l_o‘k)(l_a). Note that the average elasticity
across industries (1 — )7 is equal to 0.49; since this does not differ across countries, the variation across countries
j in the height of the “average effect” term (blue bars) is driven by differences in Ej (i.e., the average “hat”
change in contracting capacities across industries in country j).

Responses of trade flows: In Figure C.3 below, we illustrate how trade flows respond when contracting
frictions are removed. We find that changes in countries’ trade flows with China relative to the US are driven by
changes in their relative contracting capacities with respect to these two countries.
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Figure C.3: Hat Changes in Trade Patterns by Country, vis-a-vis China and the USA

Notes: The two panels present the relative changes in trade flows against the relative changes in contracting capacities
vis-a-vis China and the US, in the full contractibility counterfactual. On the vertical axis, the relative change in country

j’s imports in Panel (a) is given by: (1/K) Zk(t’éHN’j — t’[}SAJL and the relative change in country i’s exports in Panel

(b) is given by: (1/K) >, (tF cun — tFyga)- On the horizontal axis, the “relative changes in contracting capacity” in the

—

two panels are respectively: (1/K) Zk(ij — Bfiga ;) and (1/K) Zk(B?é;N — %)

Panel (a) shows that the “hat” change in countries’ imports from China relative to their imports from the

—

US, (1/K) Y, (t&un,; — tisa,;)» 18 positively correlated with the “hat” change in their contracting capacities

—

when importing from China relative to the US, as captured by (1/K) Zk(BéHN’j
countries that see a bigger increase in their contracting capacities when importing from China compared to the

- BI’fJSAJ). Put otherwise,

US indeed see a larger rise in their imports from China relative to the US. Analogously, Panel (b) shows that
the “hat” change in countries’ exports to China relative to their exports to the US, (1/K) Zk(tf/c-;\l - IEUS\A%
is positively correlated /Wﬂl the i}}ﬁ in China’s contracting capacities relative to the US’ over these respective
countries, (1/K) Ek(BngHN — Bf,USA).

In Figure C.4, we focus on the US and China, and examine shifts in their specialization patterns as reflected
in the composition of their industry-level exports in the full contractibility counterfactual. In the case of China
(Panel (a)), the industries with the largest export growth (in percentage terms) are: Non-metallic minerals,
Transportation equipment, Chemicals, Printing, and Furniture. For the US (Panel (b)), the industries that
experience the largest percentage increase in exports are: Electrical, Miscellaneous, and Food Manufacturing.
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Figure C.4: Hat Changes in Industry-level Exports

Notes: The panels plot the “hat” changes in industry-level exports for China and the US, in the full contractibility
counterfactual.

Uncorrelated supplier draws: Figure C.5 compares the “hat” changes in welfare when moving to full
contractibility under two scenarios: (i) the nested Fréchet draws are set to be uncorrelated within source-country
nests (i.e., \; = 0 for all 4); and (ii) these correlation parameters take on their estimated values for the three
country groups (i.e., Ay = 0.944, A9y = 0.923, A\(3) = 0.852). Scenario (i) is the counterfactual reported in Row
4, Table 3(a) in the main paper, while scenario (ii) is the baseline counterfactual reported in Row 1, Table 3(a).
The figure shows that the welfare gain of countries with low initial rule of law would tend to be over-stated by
a greater extent had we assumed a zero-correlation structure in the supplier draws. Specifically, the vertical axis
plots the difference in the “hat” change in welfare between scenarios (i) and (ii). This is negatively correlated

with the country rule of law index arrayed on the horizontal axis.
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Figure C.5: Hat Changes in Welfare, Uncorrelated Productivity Draws versus Baseline Counterfactual

Notes: The vertical axis plots the difference in the “hat” change in welfare under full contractibility, between the scenario
in which J; is set to O for all countries versus a scenario in which the correlation parameters take on their estimated values.
This difference is illustrated against initial country rule of law.
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C.5 Endogenous Firm Entry

In this appendix section, we provide details and derivations for the model extension in which we allow for the
entry of firms, with the mass of firms N; endogenously pinned down by a free entry condition.

We now assume that in each country j, there are infinitely many potential firms (each with an outside option
of zero). To enter the market, each potential firm incurs a fixed cost f; that is denominated in units of the same

CES aggregate over final goods, ([ ca i (w)pdw))%. After these fixed costs are incurred, the entrant draws its

core productivity ¢ from the distrigution G;(¢), and then starts producing. Production itself does not require
additional fixed costs, and so all entrants will choose to commence production (regardless of the realized value of
¢). In equilibrium, the mass of firms, N;, will adjust so that the expected value of entry is zero.

Free entry condition: Recall from Section 3.1 that, conditional on core productivity ¢, the (post-assembly)

profit of the firm is:

Fi0) = (g ) =0 (©15)

where the revenue of the firm is given by: R;(¢) = Ajl-_qu (¢)”. We next substitute in the expression for g;(¢)
from (26) and for A; from (A.25), to obtain:

P

¢\ Ej

R;(¢) = ( ~ (C.16)
! ; N;

where recall that: ¢; = (/[ 4 qsﬁde(qS))l_Tp. Intuitively, the revenue of the firm is increasing in country j’s

market size (captured by E;) and decreasing in the mass of firms (V).
The free entry condition that must hold in equilibrium is then:

/¢ F(6)dG;(6) = Pif;,

where P; is the ideal price index associated with the final-good bundle. Substituting in the expression for F;(¢)
implied by (C.15) and (C.16), and simplifying, we get that the equilibrium mass of firms is:

_ 1—0p w,; E;
M= (rata) B (40

Aggregation: Referring back to the system of equations (A.26)-(A.37) in Appendix A.3 that defines the
equilibrium in the baseline model, the one relationship that potentially changes in this extension with free entry is

equation (A.35) that pins down aggregate expenditure in each country. We now derive the aggregate expenditure
relationship for this extended version of the model with endogenous entry of firms. In country j, the total
expenditure on final goods, F;, is given by:

E; :wjlijJrst'j +D; + P;N; f;. (C.18)

This spending comes from three sources: demand for final goods from consumers, that is paid out of factor
income, w; L; + s;K;; that is paid out of the trade deficit, D;; and demand for final goods to cover the fixed costs
of entry P;N;f;. Note though that we can take the expression for P;Nj f; implied by (C.17) and substitute this
into (C.18); a quick manipulation then yields:
Jo wjf/j + ij(j + Dj.

j =

1—
L- 1—p(1p—a) Wiy

This aggregate expenditure relationship turns out to be exactly the same as equation (A.35) in the baseline
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model. This is intuitive since in both the baseline and extended models, the post-assembly profits of firms are
channeled towards purchases of final goods; the only difference is that these profits are rebated to households
who use it to consume final goods in the baseline model, while these profits are directly expended on the fixed
entry costs in the extended model.

The system of equations that defines the equilibrium in the extended model with free entry thus comprises
(A.26)-(A.37) as in the baseline model, augmented with an equation for the endogenous mass of firms in each
country, N;. We have already seen an expression for N; in (C.17), which we will simplify next.

Mass of varieties: The ideal price index, P}, can be written as:

o (Nj/‘bpjw)_lgd@(@)_? (v (42 w0 T = ( woric)

We substitute for g;(¢) from (26) into the above; taking the resulting expression for P;, and plugging it into
(C.17), we obtain:

2=l 1—p wiEj — . ia a w; ¢
N; ‘(1fp<1fa>) g ret—e) <1fp(1fa>w§>

1—Bk 170(1@ 1—Ek

<1 [(ak/sj>ak<1—ak>1-a’“nk<fk> (@) ()
k=1

nF(1-a)
} (C.19)

It is natural to assume that p > 0.5, in which case the mass of firms will be increasing in aggregate expenditures,
Ej, and in the profit share, w;, while decreasing in the fixed entry costs, f;. This is satisfied in practice by
our choice of p = 0.8. (If on the other hand p < 0.5, the equilibrium would no longer be stable, as a small
perturbation in the mass of firms around its equilibrium value would either send N; to zero or to infinity.)

The equilibrium in the version of the model with free entry is thus pinned down by equations (A.26)-(A.37)
augmented by equation (C.19). The corresponding hat algebra system of equations for evaluating exact hat
counterfactuals is given by equations (C.1)-(C.12) augmented by the following equation (C.20):

k
. 1—
1_ak 1—,')’” N7 (1—a)

() :@)”%sz@*axﬂ[(@)*ak@ (k) (C.20)
k=1

Welfare: The expression for welfare now needs to take into account that some final goods are used to
cover the fixed costs of entry; these do not contribute to consumers’ utility. From equation (A.35), households’
disposable income comprises a share: (w;L;+s;K;+D;)/E; =1— %wj of aggregate expenditures. Since
the CES utility function is homothetic, this implies that welfare is given by the corresponding expression in the
baseline model, i.e., equation (27), scaled proportionally by 1 — %wj:

1_p e Iy l—« &3 wj “
(1= NN P pE.bi(1 — '
0= (1 ™) N e = (i

1 k g T T n*(1-e)
X |:(0£ /Sj)a (1—@) [ n T " ((I)]) ok (T]) ok :|
k=1
=Nifs (#—1)
(1 - p)w;

Note that this last expression is derived by substituting in from (C.19). From this, one can see that a higher
profit share, w;, has two opposing effects on welfare: It tends to raise utility through a love-of-variety effect (i.e.,
raising N;). On the other hand, a higher w; means that more resources are diverted toward firm entry rather
than consumption.

Based on the above, we can evaluate “hat” changes in welfare (e.g., for the counterfactual in Row 5 of Table
3(a)) via:

~ ~(1-p(l—a)—(1—-p)m;wm; 1
U; Nj( o( ) —( p)T; J)&;.
fi

B 1—p(l—a)— (1 - p)w;

A51



C.6 Additional Details on Counterfactuals: Gains from Integration

Figure C.6 illustrates the welfare changes for the “gains from vertical integration” counterfactual exercise from
Row 7 of Table 3(a), as discussed in Section 5.2 in the main paper. The vertical axis plots the “hat” change in
welfare when 55 is set to 1 country-by-country, for each country j. This is illustrated against the weighted-average
intrafirm import share (Panel (a)) and intrafirm export share (Panel (b)) for country j in the initial equilibrium.
Figure C.6 verifies that countries tend to experience a larger welfare loss if they were initially more reliant on
integration in their sourcing modes, as reflected through these initial intrafirm trade shares. The correlation
between the illustrated variables is —0.47 in Panel (a) and —0.65 in Panel (b). While all countries experience a
decrease in their contracting capacities when integration is removed as an organizational mode (i.e., Ef\j < 0),
some countries do see an increase in welfare as a result of general equilibrium factor price and expenditure effects.
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Figure C.6: Vertical Integration Counterfactual: Changes in Welfare against Initial Intrafirm Trade

Notes: The figures plot the “hat” changes in country welfare against the weighted-average initial intrafirm import and
intrafirm export shares respectively (where the weights are the initial values of the associated trade flows). The welfare
changes are from the gains from integration counterfactual, in which we set 649]- = 1 country-by-country.
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