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1 Introduction

Research in international trade has revealed the existence of substantial �rm-level hetero-

geneity even within narrowly de�ned industries. The literature was �rst concerned with the

comparison of �rms that only sell locally with exporting �rms which also serve foreign markets.

More recent studies then emphasized that �rms also di�er markedly in the their importing

behaviors, and more generally, in their sourcing strategies for intermediate inputs.1

In this paper, we highlight three important dimensions along which �rms' sourcing strate-

gies di�er. Speci�cally, we develop a theory of a �rm where the headquarter (the �producer�)

decides on i) complexity : the mass of intermediate inputs � each provided by a separate

supplier � that are simultaneously combined in the production process for a �nal good,

ii) organization: if the supplier of each component is an external subcontractor or an in-

tegrated subsidiary, and iii) global scale: if the supplier is domestic or foreign.

Our model builds on the seminal approaches by Antràs (2003), Antràs and Helpman (2004)

and Acemoglu, Antràs and Helpman (2007). The former two papers were the �rst to study

global sourcing in a property rights framework with incomplete contracts. These models are,

however, restricted to a setting with a headquarter and one single supplier. The latter paper

considers an endogenous mass of suppliers. The more inputs are combined in the production

process, the more specialized is the task that each single supplier performs and the �ner is the

division of labor inside the �rm. However, in Acemoglu et al. (2007) there are only symmetric

�rm structures where either all suppliers are integrated or all are outsourced. We extend their

framework and allow for hybrid sourcing, that is, for a �rm structure where some suppliers

are vertically integrated while the others remain independent, and where some inputs are

o�shored while the others are produced domestically. This, in turn, endogenously generates

asymmetries across suppliers in their bargaining powers and investment incentives. Thereby,

our model leads to a rich set of predictions on the structure of multinational enterprises

(MNEs) that are consistent with stylized facts from the recent empirical literature. It also

leads to several novel testable predictions that may motivate future empirical research.

The recent empirical trade literature has shown that hybrid sourcing is a highly relevant

phenomenon. For example, Defever and Toubal (2013) observe that in 1999 only about 8% of

all French MNEs in the largely globalized motor vehicle industry (e.g., Iveco and Molsheim)

have imported intermediates exclusively from related parties, 47% of them (e.g., Heuliez Bus

and Smart Car) have imported exclusively from external foreign suppliers, while the remaining

45% have chosen some combination of outsourcing and vertical integration. When it comes

to the important �make or buy� decision, we thus observe that there is often a co-existence of

di�erent sourcing modes for di�erent inputs within the same �rm. Such a pattern is also found,

among others, by Costinot et al. (2013), Corcos et al. (2013), Kohler and Smolka (2012) and

1See Bernard et al. (2010, 2012) for recent overviews how �rms engaged in exporting and global sourcing
di�er from �rms that only sell and source domestically.

2



Tomiura (2007) for US, French, Spanish, and Japanese �rms, respectively. Hybrid sourcing

also spans the global scale dimension. Baldwin (2009), for instance, discusses the case of the

�Swedish� car Volvo S40. He illustrates that Volvo chooses to o�shore only some intermediate

inputs while relying on domestic manufacturing for others, and for the o�shored components

the �rm relies on a mix of arm's length outsourcing and intra-�rm trade.2

With respect to the complexity dimension, evidence is more scarce since current data

typically only allows to observe supplier relationships where the parent �rm owns a majority

share of the input provider, whereas the number of external supplier relationships is not

observable. Given this caveat, the available recent evidence still suggests that �rms di�er

vastly in their complexity. For example, Alfaro and Charlton (2009) report that the General

Motors Corporation (GM) can be traced as the ultimate owner (�global ultimate parent�) of

2,248 �rm entities, 455 of which are subsidiaries outside the USA and 123 are in manufacturing

industries. Of those 123 a�liates, Alfaro and Charlton (2009) classify 43 to be input suppliers

providing manufacturing components for GM's �nal products. By comparison, using similar

but more comprehensive data for roughly 300,000 business groups worldwide, Altomonte and

Rungi (2013) report that the average US headquarter �rm owns just 21 a�liates, only some of

which can be classi�ed as input suppliers.3 In addition, more than 50 % of those headquarters

have less than four a�liates, and are thus far less �complex� than the GM business group.

Summing up, both within and across industries, there is substantial heterogeneity with

respect to the complexity, organization and global scale of �rms' internal structures. Under-

standing those patterns in the data requires a theoretical model with multiple suppliers which

can be asymmetric in their organizational mode and their country of origin. Our framework

can address those facts. It provides an economic theory on the �rm- and industry-level de-

terminants of those �rm structure decisions, and it provides an explanation why �rms often

choose di�erent organizational and global scale modes for some inputs than for others.4

This paper is organized as follows. Section 2 presents our basic model structure. Section 3

focusses on the complexity and organizational decisions in a closed economy setup. Section 4

turns to the open economy and introduces the global scale decision. Section 5 concludes.

2Further examples for MNEs' sourcing strategies are discussed in Antràs and Rossi-Hansberg (2009) and
Antràs (2013). Partial o�shoring can also arise in the model by Grossman and Rossi-Hansberg (2008). They
do, however, not analyze di�erent organizational modes for supplier relationships.

3Even if it is not directly observable in the data, big corporations like GM are likely to have not only more
a�liates than the average US �rm in the same sector, but also more unrelated suppliers with whom they
contract via market transactions.

4A di�erent extension of the Antràs and Helpman (2004) framework with more than one supplier is due to
Du, Lu and Tao (2009). In their model, the same input can be provided by two suppliers, and �bi-sourcing�
(one supplier integrated and the other outsourced) can arise out of a strategic motive, because it systematically
improves the headquarter's outside option. In our model there is an endogenous mass of suppliers who provide
di�erentiated inputs, and our hybrid sourcing result relies on a di�erent motive. Van Biesebroeck and Zhang
(2011) also study an incomplete contracts model with a headquarter and multiple suppliers. However, they
do not consider an endogenous complexity choice and focus on the organizational form of outsourcing. Last,
Nowak et al. (2012) study a global sourcing model with two asymmetric, discrete suppliers and thus also
disregard the endogenous complexity decision.
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2 Model

2.1 Demand, technology and �rm structure

We consider a �rm that produces a �nal good q for which it faces the following iso-elastic

demand function:

q = A · p−1/(1−β). (1)

Here, p denotes the price, and A > 1 is an exogenous term that captures the market size

for this �nal product. The demand elasticity is 1/(1 − β), which is increasing in β ∈ [0, 1].

Producing this good requires headquarter services and manufacturing components, which are

combined according to the following Cobb-Douglas production function:

q = hη ·
(∫ N

j=0
x(j)α dj

) 1−η
α

. (2)

Headquarter services are denoted by h and are provided by the �producer�. The parameter

η ∈ [0, 1] is the headquarter-intensity of �nal goods production.5 For the components, we

assume that there is a continuum of inputs with measure N ∈ R+, where each component is

provided by a separate supplier. The supplier j ∈ [0, N ] delivers x(j) units of his particular

input, and the components are aggregated according to a constant elasticity of substitution

(CES) function where α ∈ [0, 1] measures the degree of component substitutability. We shall

assume that α > β, i.e., that the elasticity of substitution across components is su�ciently

large. Using equations (1) and (2), total revenue can then be written as follows:

R = A1−β · hβη ·
(∫ N

j=0
x(j)α dj

)γ
where γ ≡ β(1− η)

α
< 1. (3)

In our model, the producer decides on the structure of the �rm, and this choice involves three

aspects: complexity, organization, and global scale of production.

The complexity choice refers to the mass of components N . From (2) it is clear that the

overall component-intensity of �nal goods production is exogenously given by 1 − η. This

parameter re�ects the technology of the sector in which the �rm operates. When the producer

chooses N , she thus essentially decides on the division of labor inside the �rm.6 The larger N

is, the narrower is the task that each single supplier performs, and the more complex is the

�rm's production process.7 We assume that a greater mass of suppliers induces agency costs

νN for managerial oversight, where ν > 0 is the �xed cost per additional supplier.

5The headquarter services thus account for a �xed share η of total value added and necessarily have to be
performed by the producer herself, i.e., they cannot be unbundled, outsourced or o�shored.

6We should emphasize that we do not consider a sequential setup as in Antràs and Chor (2013) or Costinot
et al. (2013), where inputs pass along various subsequent stages in a value chain. In our model, all components
x(j) are upstream inputs that enter simultaneously into the production process for the �nal good.

7This complexity choice is thus closely related to Acemoglu et al. (2007)'s notion of the �rm's technology.
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Turning to the organizational decision, the producer decides separately for each of those

components if the respective supplier is integrated as a subsidiary within the boundaries of

the �rm, or if that component is outsourced to an external supplier. Following the property

rights approach of the �rm à la Grossman and Hart (1986) and Hart and Moore (1990), we

assume that input investments are not contractible as their precise characteristics are di�cult

to specify ex ante and also di�cult to verify ex post.8 A hold-up problem thus arises, even for

a�liated suppliers within the �rm, and the producer and the suppliers end up bargaining at

a time when their investment costs are already sunk. The bargaining power of the involved

parties depends crucially on the �rm structure as will be explained below.

Finally, the producer decides on the location where each component is manufactured (global

scale). She is located in country 1 where �nal assembly is carried out. The respective input

suppliers may either also come from country 1, or from a foreign low-wage country 2.

2.2 Structure of the game

We consider a game that consists of �ve stages. The timing of events is as follows:

1. The producer simultaneously makes the following decisions: i) She decides on the mass

N of suppliers/manufacturing components. ii) For each j ∈ [0, N ] she chooses the

organizational form {O, V }. Here, O denotes �outsourcing� and V denotes �vertical

integration� of supplier j. We order the mass N such that each supplier i ∈ [0, NO] is

outsourced, and each supplier k ∈ (NO, N ] is vertically integrated. Then, ξ = NO/N

(with 0 ≤ ξ ≤ 1) denotes the outsourcing share, and (1 − ξ) = NV /N is the share of

vertically integrated suppliers. Finally, iii) for each j ∈ [0, N ] the producer decides on

the country r = {1, 2} where that component is manufactured. We order the mass of

outsourced suppliers NO such that each supplier i ∈ [0, NO
2 ] is o�shored to the low-

wage country 2, and each supplier k ∈ (NO
2 , N

O] is located in the high-wage country 1.

Then, `O = NO
2 /N

O denotes the o�shoring share among all outsourced suppliers (with

0 ≤ `O ≤ 1). Similarly, `V = NV
2 /N

V (with 0 ≤ `V ≤ 1) is the o�shoring share among

all integrated suppliers, and the total o�shoring share is ` = ξ · `O + (1− ξ) · `V .

Given these �rm structure decisions {N, ξ, `O, `V }, the producer o�ers a contract to

potential input suppliers for every component j ∈ [0, N ]. This contract includes an

upfront payment τ(j) (positive or negative), an ex post payment s(j), and stipulates an

input quantity for the prospective supplier.

2. There exists a large pool of potential applicant suppliers for each manufacturing com-

ponent in both countries. These suppliers have an outside opportunity equal to w0
r in

8Antràs and Helpman (2008) and Acemoglu et al. (2007) consider partial contractibility and cross-country
di�erences in contracting institutions. We could introduce those features as well, but this would make the
exposition considerably more complicated without adding many novel insights.
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country r = {1, 2}. They are willing to accept the contract if their payo� is at least equal

to w0
r . The payo� consists of the upfront payment τ(j), the ex post payment s(j) that

supplier j anticipates to receive, minus the investment costs for the input production

(which may di�er across applicants). Potential suppliers apply for the contract, and the

producer chooses one supplier for each component j ∈ [0, N ].

3. The producer and the suppliers independently decide on their input levels for the head-

quarter services h and the components x(j), respectively. Due to non-contractibility,

suppliers are not obliged to supply the quantity as stipulated in the �rst stage.

4. Since input investments are non-contractible, all parties threaten to withhold their inputs

at this stage. The suppliers and the producer bargain over the division of the surplus

value. Supplier j receives the ex post payment s(j), and the produer receives s0.

5. Output is produced, revenue is realized, and the surplus value is divided according to

the bargaining agreement.

We solve this game by backward induction, successively moving from simpli�ed setups

where single aspects or decisions are faded out, to the encompassing version of the model.

3 Closed economy

We start the analysis with a closed economy setting. That is, we abstract from the global

scale decision for the moment, and impose that all suppliers are located in country 1. The

�rm structure decision then only consists of the complexity and the organizational choice.

3.1 Complete contracts

As a benchmark, we �rst consider a setup with complete contracts that leads to the �rst-

best outcome from the viewpoint of the �rm. In this scenario, the producer chooses the

complexity level N and her own input investment h. Furthermore, she makes a contract o�er

{x(j), τ(j), s(j)} to each supplier j ∈ [0, N ] in the �rst stage of the game, and in stage 3

each supplier must supply (and cannot withhold) the input level x(j) that is stipulated in the

contract, in exchange for the agreed payment τ(j) + s(j) that is not re-negotiable.

We assume that unit costs of input production are the same for all suppliers, and are given

by cx > 0. Moreover, the outside opportunity w0 is also the same for all domestic suppliers.

Since all component inputs enter symmetrically into the production function, the producer

therefore chooses a common input level x and common payments τ + s for all suppliers, and

the "make or buy" question (outsourcing or integration) is irrelevant in this scenario with

complete contracts. The producer maximizes her payo�, which is given by

Π = R− chh−N (τ + s)− νN,
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where ch > 0 denotes the unit costs of providing headquarter services, and where revenue is

given by R = A1−β hβη xβ(1−η) Nγ due to the symmetry of the component inputs. This payo�

is maximized subject to the suppliers' participation constraint τ + s − cxx ≥ w0. Since the

producer has no reason to leave rents to the suppliers, she will adjust the payment τ + s in

such a way that the participation constraint is satis�ed with equality. The �rm's optimization

problem can then be expressed in a simpler way as follows:

max{h,x,N} Π = A1−β hβη xβ(1−η) Nγ − ch h− cx x N − w0 N − ν N. (4)

The �rst-order conditions for this problem are

∂Π

∂h
= βη ·

A1−β (Nγ/β hη x1−η)β
h

− ch = 0 (5)

∂Π

∂x
= β(1− η) ·

A1−β (Nγ/β hη x1−η)β
x

− cx N = 0 (6)

∂Π

∂N
= γ ·

A1−β (Nγ/β hη x1−η)β
N

− (w0 + ν)− cx x = 0 (7)

Manipulating (6) and (5) yields h/(x N) = η/(1−η)·(cx/ch). That is, the optimal headquarter

contribution relative to the aggregate input contribution of all suppliers is higher, the higher

is the technological parameter η (the sectoral headquarter-intensity) and the lower are the

relative unit costs ch/cx. Furthermore, using (6) and (7) yields the optimal input level for

every single supplier, which is given by

x∗ =
α(w0 + ν)

cx(1− α)
. (8)

Plugging this and h∗ = η/(1− η) · (cx/ch) · x∗N into (7) then leads to

N∗ =

(
β · A

1−β

cx
· (1− η) ·

(
cx(1− α)

α(w0 + ν)

)1−β
·
(

ηcx
(1− η)ch

)βη) α
α−β+(1−α)βη

. (9)

It immediately follows from (9) that the �rm's (�rst-best) optimal complexity choice depends

positively on the market size term A, and negatively on the di�erent cost terms ch, cx, w
0, and

ν.9 Furthermore, it follows from (9) that N∗ depends negatively on η.10 That is, the optimal

9Recall that α > β by assumption, which ensures that the exponent in (9) is positive. Further notice that,
if headquarter-intensity η were zero, expression (9) would become analogous to the optimal technology level
in Acemoglu et al. (2007). To see this, notice that we do not include a �Benassy term� Nκ+1−1/α in front of
the integral in (2), and that we have set C′(N) = ν for the speci�cation of agency costs.

10The derivative can be written as ∂N∗/∂η = g(η)h(η)
(
h(η)g′(η)
g(η)

+ h′(η) · log[g(η)]
)
where g(η) is the term

within the big parentheses and h(η) is the exponent term in (9). We have h′(η) < 0 while g′(η) is clearly
negative only for ch/cx > η/(1−η). Overall, however, the negative second term always dominates provided the
level of g(η) is large enough, which can be ensured by norming A, ν and w0 accordingly. Hence, ∂N∗/∂η < 0.
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complexity level is lower in more headquarter-intensive industries. Finally, it is straightforward

to show that � given those �rst-best decisions N∗, x∗ and h∗ � the overall share of the surplus

that goes to the mass of suppliers is given by N∗
(
cx x

∗ + w0
)
/R∗ = β(1− η)

[
w0+αν
α(w0+ν)

]
, with

the remaining share going to the producer. That is, the optimal revenue share for the suppliers

is linearly decreasing in η, which implies that the producer should receive a larger share of the

surplus in sectors where headquarter services are more intensively used in production.

3.2 Incomplete constracts: Preliminaries and symmetric case

From now on, we move to the incomplete contracts scenario in which suppliers need not

provide inputs as stipulated in stage 1. Similarly, in stage 3, the producer also anticipates the

hold-up when deciding on her investment in headquarter services.

To analyze the multilateral bargaining, we use the Shapley value concept due to Shapley

(1953). In this subsection we �rst provide some preliminaries, and then solve a simpli�ed case

where it is imposed that all N suppliers are symmetric in their organizational form and, thus,

their equilibrium input amounts.11 In the next subsection we then consider the producer's

decisions on complexity and the outsourcing share, which endogenously generates asymmetries

across suppliers. There, we address the phenomenon of hybrid sourcing in the closed economy.

3.2.1 The Shapley value with a discrete number of players

In the bargaining stage, the mass (number) of players and their input amounts are given.

To �x ideas, consider a setup with the producer and with M ≥ 2 discrete suppliers. Those

(M + 1) players can be ordered in (M + 1)! di�erent ways. Here is an example with M = 3,

so with 24 possible permutations, where player 0 is the producer and 1, 2, 3 are the suppliers:


0

1

2

3



0

1

3

2



0

2

1

3



0

2

3

1



0

3

1

2



0

3

2

1



1

0

2

3



1

0

3

2



1

2

0

3



1

2

3

0



1

3

0

2



1

3

2

0



2

1

0

3



2

1

3

0



2

0

1

3



2

0

3

1



2

3

1

0



2

3

0

1



3

1

2

0



3

1

0

2



3

2

1

0



3

2

0

1



3

0

1

2



3

0

2

1



Adopt the perspective of one single supplier, say j = 1. For the computation of his

Shapley value (SV) we need to compute his marginal contribution to all relevant coalitions. A

coalition is a subset of players from the above set of possible permutations.12 As a convention,

we consider the player ordered last in a coalition to be the one who is about to leave. The

remaining coalition, after player 1 has left, must include the producer since she is essential in

the production process; otherwise the remaining coalition earns zero revenue. In practise, we

thus need to �nd those permutations where player 1 is ordered below the essential player 0,

and the 12 relevant coalitions from those permutations are indicated in red. More generally,

there are (M + 1)!/2 = (M − 1)!
[∑M

i=1 i
]
permutations where 1 is ordered below 0, and thus

11This part largely draws on Acemoglu et al. (2007), but our analysis still di�ers from theirs because in our
model the �rm contributes inputs (headquarter services h) to the production process.

12For example, [0, 1, 2], [1, 2, 3, 0], or [3, 1] are coalitions involving player 1. Notice that the players within a
coalition can be ordered in di�erent ways (e.g., [0, 1, 2] and [2, 0, 1]).
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i · (M − 1)! relevant remaining coalitions of size i ≤ M that lead to non-zero revenue when

player j has left. Many of them di�er only with respect to the ordering, but not with respect

to the set of players that are involved.13 The Shapley value of player j is de�ned as

s(j) =
1

(M + 1)!
·
M∑
i=1

i(M − 1)! ·∆j
R(i,M) =

1

M(M + 1)
·
M∑
i=1

i ·∆j
R(i,M) (10)

Here, ∆j
R(i,M) is the marginal contribution of player j, that is, the change in revenue when

player j drops out of the coalition and leaves behind a remaining coalition of size i ≤ M .

In (10), we sum the marginal contribution of player j to all remaining coalitions that involve

player 0 (recall that there are (M−1)!
∑M

i=1 i such cases), and then divide by the total number

of possible permutations. In other words, we compute average marginal contribution of player

j to all relevant coalitions.14

3.2.2 Asymptotic Shapley value with symmetric suppliers

This notation has assumed a discrete number of players, whereas for our model we need to

compute the asymptotic SV assuming a very large (in�nite) number of very small (in�nitely

small) players. For that purpose, recall that the total mass of intermediate inputs is given

by N . Suppose that each supplier controls a range κ = N/M of those inputs. Substituting

M = N/κ into (10), we can rewrite the SV as

s(j) =
1

N(N + κ)
·
N/κ∑
i=1

iκ2·∆j
R(i,N, κ) =

1

N(N + κ)
·
N/κ∑
i=1

iκ2·
[
RjIN (i+ 1, N, κ)−RjOUT (i,N, κ)

]
,

where RjIN is the revenue level of the coalition of size i+ 1 when player j is part of it, while

RjOUT is the revenue of the remaining coalition of size i when player j is not part.

Since we focus on a symmetric case, we compute the asymptotic SV for supplier j, who

contributes x(j), assuming that all other suppliers, denoted −j = {1, 2, ...,M} 6= j, contribute

a common input level x(−j). Using (3), we then have

RjIN (i+ 1, N, κ) = A1−β hβη · (κ · x(j)α + iκ · x(−j)α)γ

RjOUT (i,N, κ) = A1−β hβη · (κ · (1− δ)x(j)α + iκ · x(−j)α)γ

where 0 < (1 − δ) < 1 is the fraction of player j's input contribution that remains with the

13If we only consider the substantially di�erent remaining coalitions, irrespective of the ordering, we have
(M−1)!

(i−1)!(M−i)! remaining coalitions of size i ≤ M , and
∑M
i=1

(M−1)!
(i−1)!(M−i)! = 2(M−1) remaining coalitions in total.

In the above example, these are the remaining coalitions [0], [0, 2], [0, 3] and [0, 2, 3]. Each of these substantially
di�erent remaining coalitions occurs i!(M − i)! times in a di�erent ordering.

14Alternatively, we can compute the Shapley value as s(j) = 1
(M+1)!

·
∑M
i=1

(M−1)!
(i−1)!(M−i)! · i!(M− i)! ·∆

j
R(i,M),

i.e., by summing across all substantially di�erent feasible coalitions taking into account how often they occur.
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�rm, even if he has left the coalition.15 With those expressions, we show in Appendix A that

the (asymptotic) SV of each symmetric supplier, s̃, and the share of the surplus s̃/R that he

anticipates to realize in the bargaining stage, are given by:

s̃ =
γ δ

1 + γ
· 1

N
·A1−β hβη xαγ Nγ︸ ︷︷ ︸

R

⇒ s̃/R =
γ δ

1 + γ
· 1

N
, (11)

so that the group of suppliers as a whole realizes the revenue share N · (s̃/R) = γδ/(1 + γ).

The producer as the essential player obtains the residual revenue share. From (11) it thus

follows that her revenue share is given by s̃0/R = 1−N · (s̃/R) = (1 + γ(1− δ))/(1 + γ).

Notice that s̃/R is increasing in γ and in δ. That is, the suppliers have a higher bargaining

power in more component-intensive industries (lower η), the lower is the elasticity of substi-

tution across components (lower α), and the higher is the demand elasticity (higher β). Their

bargaining power is also increasing in δ. For s̃0/R, which is decreasing in γ and δ, the results

are just opposite. In particular, if all suppliers maintain full ownership rights (if δ = 1), the

headquarter realizes the share 1/(1 + γ), and she realizes more the lower δ is.

3.2.3 Input investments and �rm structure with symmetric suppliers

Having solved the bargaining problem in stage 4, we continue with the backward induction

and now analyze the input investments (stage 3) and the �rm structure decision (stage 1),

which for now only involves the complexity choice since we impose that all suppliers have the

same organizational form and are thus symmetric along all dimensions.

Input investments. In the investment stage, each supplier j chooses his input contribution

x(j) so as to maximize his ex post payment minus the costs of input provision. We can therefore

express the equilibrium input contribution as

x̃(j) = argmax x(j) {s [x(j), x(−j), h,N ]− cx x(j)}, (12)

under the participation constraint s [x(j), x(−j), h,N ]+τ(j)−cx x(j) ≥ w0 and taking x(−j)
as given. Using (11), supplier j thus chooses

x̃(j) = argmax x(j)

{
γ δ

1 + γ
· A

1−β hβη x(−j)αγ Nγ

N
·
(
x(j)

x(−j)

)α
− cx x(j)

}
. (13)

Taking �rst-order conditions with respect to x(j), and then imposing x(j) = x(−j) = x due

to symmetry, we obtain the following supplier input contribution:

15If δ = 1, the supplier threatens to withhold the entire amount, which means that he has full ownership
rights over his input. It is important to bear in mind that, for now, we assume that δ ∈ [0, 1] is common to all

suppliers in order to focus on a fully symmetric case. Below we then consider an asymmetric �rm structure
where some suppliers are outsourced (δ = 1) while others are vertically integrated (δ < 1), which in turn leads
to asymmetries across suppliers in their input amounts and their marginal contributions to a coalition.
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x̃ =

(
αβ(1− η)

α+ β(1− η)
· A

1−β

cx

) 1
1−β(1−η)

· δ
1

1−β(1−η) · h
βη

1−β(1−η) ·N
γ−1

1−β(1−η) . (14)

Similarly, in the investment stage, the producer chooses h so as to maximize her payo�:

h̃ = argmax h {s0 [h, x,N ]− ch · h} = argmax h

{
1 + γ(1− δ)

1 + γ
·A1−β hβη xαγ Nγ − ch h

}
.

The headquarter contribution is thus given by

h̃ =

(
αβη

α+ β(1− η)
· A

1−β

ch

) 1
1−βη

· (1 + γ(1− δ))
1

1−βη ·N
γ

1−βη · x
β(1−η)
1−βη . (15)

By using (14) in (15) we can express the input contributions x̃(N) and h̃(N) as functions of

the complexity level N (which is given in stage 3) and of parameters only. We have

x̃(N) = Ψx ·∆x ·N
β(1−η)(1−α)
α(1−β) −1

and h̃(N) = Ψh ·∆h ·N
β(1−η)(1−α)
α(1−β) , (16)

where the terms Ψx, Ψh, ∆x, and ∆h collect the parameters of the model, and are de�ned as:

Ψx = A ·
(

1

cx

) 1
1−β
·
(
cx
ch

) βη
1−β
·
(

αβ(1− η)

α+ β(1− η)

) 1−βη
1−β
·
(

αβη

α+ β(1− η)

) βη
1−β

,

Ψh = A ·
(

1

ch

) 1
1−β
·
(
ch
cx

)β(1−η)
1−β

·
(

αβ(1− η)

α+ β(1− η)

)β(1−η)
1−β

·
(

αβη

α+ β(1− η)

) 1−β(1−η)
1−β

,

∆x = δ
1−βη
1−β · (1 + γ(1− δ))

βη
1−β , ∆h = δ

β(1−η)
1−β · (1 + γ(1− δ))

1−β(1−η)
1−β .

It follows from (16) that, for a given N , the input contributions x̃(N) and h̃(N) depend

negatively on cx and ch and positively on A and α. Furthermore, x̃(N) depends positively

on δ: the higher is the input fraction that each supplier threatens to withhold, the higher is

the (symmetric) input amount as the suppliers' investment incentives are strengthened.

Firm structure. Finally, in the �rst stage of the game, the producer decides on the com-

plexity level N . Given the freely adjustable participation fees τ(j), which dissipate all rents

from the suppliers, the �rm's problem can be expressed in the following way:

max {N} Π = A1−β h̃(N)βη x̃(N)β(1−η) N
β(1−η)
α − ch h̃(N)− cx x̃(N) N − (w0 + ν)N, (17)

where x̃(N) and h̃(N) are the investment levels from (16). Substituting this into (17), and

solving for N then yields the following complexity choice in the incomplete contracts scenario

with symmetric suppliers (see Appendix B for details):
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Ñs =

(
Γ̂ · A

1−β

cx
· (1− η) ·

(
cx(1− α)

α(w0 + ν)

)1−β
·
(

ηcx
(1− η)ch

)βη) α
α−β+(1−α)βη

(18)

This complexity choice di�ers from its �rst-best counterpart given in (9) only with respect

to the �rst term, which now reads as Γ̂ instead of β. We show in Appendix B that Γ̂ < β

holds, which implies that Ñs < N∗. In other words, the �rm chooses a lower complexity level

under incomplete contracts than in the �rst-best world. Furthermore, the comparative statics

of Ñs are analogous to those for N∗. That is, Ñs is increasing in A and decreasing in cx,

ch, ν and w0. Importantly, Ñs is decreasing in η and increasing in δ. The intuition is that

a higher headquarter-intensity η and a lower bargaining power δ both dilute the (symmetric)

suppliers' investment incentives. To countervail this, the producer chooses a lower complexity

level N , which per se raises the incentives for each single supplier whose individual input

now accounts for a more important part of the �nal product. Notice that this implies that

ÑO ≡ Ñs(δ = 1) > Ñs(δ < 1) ≡ ÑV , i.e., the producer chooses a higher complexity level in

this symmetric setup if all suppliers maintain full ownership rights over their inputs than if

all suppliers threaten to withhold only parts of their inputs.16

3.3 Asymmetric suppliers: Outsourcing versus vertical integration

After having analyzed the simpli�ed case with an endogenous mass of symmetric suppliers, we

now move to the asymmetric case and allow for di�erences across suppliers in terms of their

organizational form. More speci�cally, suppliers are still assumed to be symmetric along all

exogenous dimensions (unit costs, outside opportunities, and input intensity of the individual

component for the �nal product). Yet, the producer now also decides on the outsourcing

share ξ in the �rst stage of the game, which in turn endogenously generates asymmetries

across suppliers in their ownership rights, bargaining powers, and investment incentives.

Still, we encounter a scenario where the suppliers of the same ownership form are sym-

metric and will, thus, contribute the same input amount in equilibrium. That is, assuming

again a discrete number of suppliers for the moment, we have xO(i) = xO ∀i = 1, 2, ...,MO

and xV (k) = xV ∀k = 1, 2, ...,MV where MO and MV are the (discrete) numbers of external

and internal suppliers, respectively, with MO +MV = M . Revenue from (3) becomes

R = A1−β hβη · (MO · (xO)α +MV · (xV )α)γ = A1−β hβη Mγ · (ξ (xO)α + (1− ξ) (xV )α)γ

where ξ = MO/M is the outsourcing share. Letting x̂α ≡ ξ · (xO)α + (1 − ξ) · (xV )α, we

may also write revenue as R = A1−β hβη Mγ · x̂αγ , where x̂ can be understood as the input

contribution of the representative (average) supplier of the �rm.

16Last, using (18) in (16), it can also be veri�ed that x̃ < x∗ and h̃ < h∗ as given in (8). This illustrates the
two-sided underinvestment problem resulting from contract incompleteness and the hold-up problem.
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3.3.1 Bargaining and Shapley values with asymmetric suppliers

We start with the analysis of the multilateral bargaining in stage 4. There are two main

issues compared to the symmetric case analyzed above. First, from the perspective of a

single supplier j, his own organizational form {O, V } will a�ect his marginal contribution to

any coalition, as he may (under V ) or may not (under O) leave behind parts of his input

contribution when leaving the coalition. Second, more subtly, the ownership structure of the

other suppliers also matter for the marginal contribution of player j to a speci�c coalition.

To see this, consider again the example with M = 3 from above. As stated there, four

substantially di�erent remaining coalitions can arise when player 1 leaves: [0], [0, 2], [0, 3] and

[0, 2, 3]. Suppose player 2 is outsourced while player 3 is integrated, so that they contribute

di�erent amounts, x(2) 6= x(3). These organizational di�erences do not matter for player 1′s

marginal contribution to the remaining coalition of size 1, R(i = 1) = R([0]), which occurs

twice in the set of relevant coalitions, nor for his contribution to R(i = 3) = R([0, 2, 3])

which occurs six times. This is so, because the ordering of agents within a remaining coalition

does not matter for total revenue. However, the marginal contribution of 1 to the remaining

coalition [0, 2] is, in general, di�erent from his marginal contribution to [0, 3].

To compute his SV, we average over all feasible coalitions to which player 1 can belong:

s(1) =
1

24
·
[
1!(3− 1)!∆1

R([0]) + 2!(3− 2)!
(
∆1
R([0, 2]) + ∆1

R([0, 3])
)

+ 3!(3− 3)!∆1
R([0, 2, 3])

]
The second term in squared parentheses captures the marginal contribution of player 1 to

remaining coalitions of size 2. While his marginal contribution to the speci�c coalition [0, 2]

di�ers from his marginal contribution to [0, 3], we eventually take the average across those two

possible remaining coalitions.17 Hence, when averaging his marginal contribution to [0, 2] and

[0, 3], we can as well consider the marginal contribution of player 1 to the average remaining

coalition of size two: 4 ·
(

1
2 ·∆

1
R([0, 2]) + 1

2 ·∆
1
R([0, 3])

)
= 4 ·∆1

R(i = 2).18 The Shapley value

then becomes s(1) = 1
24 ·

[
2 ·∆1

R(i = 1) + 4 ·∆1
R(i = 2) + 6 ·∆1

R(i = 3)
]
.

Suppliers' Shapley values and revenue shares More generally, we can write the SV of

supplier j as follows:

s(j) =
A1−β hβη

N(N + κ)
·
N/κ∑
i=1

iκ2 ·
[
RjIN (i+ 1, N, κ, ξ)−RjOUT (i,N, κ, δ, ξ)

]
, (19)

where RjIN (·) = A1−β hβη · (κ · x(j)α + iκ · (ξ(−j)xO(−j)α + (1− ξ(−j))xV (−j)α))γ ,

RjOUT (·) = A1−β hβη · (κ(1− δ(j)) · x(j)α + iκ · (ξ(−j)xO(−j)α + (1− ξ(−j))xV (−j)α))γ .

17Notice that both [0, 2] and [0, 3] occur twice in the set of feasible permutations. That is, if player 1 faces
a remaining coalition of size two, he faces the speci�c coalition [0, 2] as often (with the same probability) as
the remaining coalition [0, 3], namely with probability 1/2.

18This results from the fact that all component inputs enter symmetrically and additively into the production
function (2), and it is straightforward to illustrate this property of the model with numerical examples.
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Here, ξ(−j) denotes the outsourcing share among the other suppliers −j, except player j.

Notice that for speci�c remaining coalitions, there are of course di�erent ownership structures

that player j will face. But since we average over all feasible coalitions, he will on average

face the ownership structure ξ(−j). Finally, when M becomes large, the supplier-speci�c

ξ(−j) converges to the �rm's overall outsourcing share ξ that is the same for all suppliers,

limM→∞ (ξ(−j)) = ξ ∀j.19 We can then rewrite the SV of supplier j as follows:

sj =
A1−β hβη

N(N + κ)
·
N/κ∑
i=1

iκ2 · [(κ(z1 + z2))γ − (κ((1− δ(j))z1 + z2)γ ] , (20)

where z1 ≡ x(j)α and z2 ≡ i · (ξ xO(−j)α + (1 − ξ) xV (−j)α) = i · x̂(−j)α. Using a similar

approach as in Appendix A, we can then derive the asymptotic Shapley value for supplier j

and his revenue share as follows

s(j) =
γ δ(j)

(1 + γ)N
·
(
x(j)

x̂(−j)

)α
·R ⇒ s(j)

R
=

γ δ(j)

(1 + γ)N
·
(
x(j)

x̂(−j)

)α
, (21)

where R = A1−β hβη x̂(−j)αγ Nγ . As can be seen from (21), the Shapley value of a single sup-

plier j is higher if that supplier is outsourced than if he is vertically integrated. This is for two

reasons: First, external suppliers have δ(j) = 1 whereas internal suppliers have δ(j) = δ < 1.

Second, the term x(j)/x̂(−j) captures the contribution of supplier j relative to the average sup-
plier contribution x̂(−j)α = ξ xO(−j)α+(1−ξ) xV (−j)α, which includes both the internal and
the external suppliers' inputs. As is clear from above, xO(−j) > xV (−j), and we therefore have
x(j) ≥ x̂(−j) if player j is outsourced, and x(j) ≤ x̂(−j) if he is integrated. Finally, notice

that if all suppliers were symmetric, so that x(j) = x̂(−j) = x, the Shapley value from (21)

boils down to the expression given in (11).

Headquarter revenue share Using (21), the Shapley value of the essential player 0 � the

producer � is given by

s0 = R−
∫ N

j=0

γδ(j)

(1 + γ)N
·
(
x(j)

x̂(−j)

)α
·R dj = R

(
1− γ

(1 + γ)N
·
∫ N

j=0
δ(j)

(
x(j)

x̂(−j)

)α
dj

)
Recalling that all outsourced suppliers are symmetric and contribute the same xO, and that

all integrated suppliers contribute the same xV , we can rewrite this expression as

s0 = R

[
1− γ

(1 + γ)N
·
(∫ ξN

j=0

(xO)α

ξ · (xO)α + (1− ξ)(xV )α
dj +

∫ N

k=ξN

δ · (xV )α

ξ · (xO)α + (1− ξ)(xV )α
dk

)]
.

19Recall the example from above withM = 3, where supplier 2 was assumed to be outsourced while supplier
3 is integrated. If supplier 1 is also outsourced, the overall outsourcing share in the �rm is ξ = 2/3 while from
player 1's perspective we have ξ(−j) = 1/2. Yet, for a large number of suppliers M , there is no substantial
di�erence between ξ and ξ(−j).
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Solving the integrals, and manipulating terms, yields

s0

R
= 1− γ

1 + γ

(
ξ · (xO)α + δ(1− ξ) · (xV )α

ξ · (xO)α + (1− ξ) · (xV )α

)
, (22)

and by using (22), we can establish our �rst main result:

Lemma 1: The headquarter revenue share (s0/R) is monotonically decreasing in ξ. It ranges

between (s0/R)max = 1+γ(1−δ)
1+γ if ξ = 0 and (s0/R)min = 1

1+γ if ξ = 1, with d(s0/R)
dξ < 0.

For the polar cases of complete vertical integration (ξ = 0) and complete outsourcing

(ξ = 1), the proof follows immediately from (22), and the respective headquarter revenue

shares correspond to those from Section 3.2. For the intermediate cases, we need to di�eren-

tiate (22) with respect to ξ. Importantly, when doing this, we have to take into account that

the suppliers' input amounts xO(ξ) and xV (ξ) are also a�ected by ξ, since the organizational

decision occurs before the investment decisions take place. Therefore, we have

d(s0/R)

dξ
= − γ(1− δ) · (xO · xV )−(1−α)

(1 + γ) · (ξ · (xO)α + (1− ξ)(xV )α)2 ·
[
αξ(1− ξ)xV x′O + xO(xV − αξ(1− ξ)x′V )

]
with x′O = ∂xO/∂ξ and x′V = ∂xV /∂ξ. The term in front of the squared parentheses is

negative and captures the direct e�ect of an increase in ξ on the headquarter revenue share

for given supplier contributions. The term in squared parentheses captures the indirect e�ect

of an increase in ξ on the supplier incentives. We show below that xV = δ1/(1−α)xO, so that

x′V = δ1/(1−α)x′O. Using this, the term in squared parentheses becomes δ1/(1−α)x2
O > 0, and

hence we have d(s0/R∗)
dξ < 0. This completes the proof of Lemma 1.

Economically, Lemma 1 implies that the producer is able to continuously decrease her

revenue share by increasing the outsourcing share. The logic behind this insight is similar

as in Antràs and Helpman (2004): a transfer of ownership rights to the suppliers raises their

investment incentives, but this comes at the expense that the producer has to su�ce with

a smaller share of the overall surplus. Yet, the important di�erence to their model is that

the �rm can gradually adjust the �rm structure in our framework by using hybrid sourcing,

and it is not bound to choosing only between extreme organizational structures. Hence, the

producer can also gradually a�ect the share of the surplus that she leaves to the suppliers (in

between an upper and a lower bound), by adjusting the outsourcing share accordingly.20 Via

the organizational decision ξ, she can therefore also gradually a�ect the suppliers' and her

own incentives to invest into the relationship, as we show next.

20Another di�erence to Antràs and Helpman (2004) is that we do not have to assume exogenously given
bargaining powers (denoted βO and βV in their model) for the constellations of full outsourcing or integration,
respectively. In our setup, the shares (s0/R)min and (s0/R)max are fully determined by the model parameters
α, β, η and δ, and the producer can obtain any revenue share within those bounds via the choice variable ξ.
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3.3.2 Input investments and �rm structure with asymmetric suppliers

Input investments. We now move to the analysis of the input investment choices in stage 3.

Using (21), an outsourced supplier j chooses his input contribution as

x̃O(j) = argmax x(j)

{
γ

1 + γ
· A

1−β hβη x̂(−j)αγ Nγ

N
·
(
x(j)

x̂(−j)

)α
− cx · x(j)

}
, (23)

where x̂(−j)α = ξ xO(−j)α + (1 − ξ) xV (−j)α is the average investment level of all other

suppliers except j. Similarly, an integrated supplier k maximizes

x̃V (k) = argmax x(k)

{
γ δ

1 + γ
· A

1−β hβη x̂(−k)αγ Nγ

N
·
(
x(k)

x̂(−k)

)α
− cx · x(k)

}
, (24)

with x̂(−k)α = x̂(−j)α = xα since there are many suppliers. Analogously, using (22), the

producer chooses her contribution as

h̃ = argmax h

{
A1−β hβη xαγ Nγ ·

[
1− γ

1 + γ

(
ξ(xO)α + δ(1− ξ)(xV )α

ξ(xO)α + (1− ξ)(xV )α

)]
− ch h

}
(25)

In Appendix C we derive the supplier investments x̃O(N, ξ) and x̃V (N, ξ) as functions

of N and ξ only, which show that x̃V (N, ξ) = δ1/(1−α) · x̃O(N, ξ). Integrated suppliers thus

contribute less than outsourced ones, ceteris paribus, because of their inferior ownership rights.

Those solutions, in turn, yield the average supplier investment x̃(N, ξ) and the producer's

investment choice h̃(N, ξ) which are given by

x̃(N, ξ) = Ψx · Φx(ξ) ·N
β(1−η)(1−α)
α(1−β) −1

and h̃(N, ξ) = Ψh · Φh(ξ) ·N
β(1−η)(1−α)
α(1−β) . (26)

The investment amounts for the asymmetric case in (26) are similar to their counterparts from

(16) for the symmetric case. In fact, the exogenous terms Ψx and Ψh are those given above.

Yet, the other exogenous terms ∆x and ∆h from above are now replaced by the endogenous

terms Φx(ξ) and Φh(ξ) where the �rm's organizational decision ξ enters. Those terms read as

Φx(ξ) = Ξ
(1−α)(1−βη)
α(1−β)

x · Ξ
βη
1−β
h , Φh(ξ) = Ξ

(1−α)β(1−η)
α(1−β)

x · Ξ
1−β(1−η)

1−β
h , (27)

with Ξx = ξ + (1− ξ)δ̄ and Ξh = 1 + γ − γ ξ + (1− ξ)δ̄1/α

ξ + (1− ξ)δ̄
, where δ̄ ≡ δ

α
1−α .

Notice that with ξ = 1 we have Ξx = Ξh = 1 and thus Φx = Φh = 1, while for ξ = 0 we have

Ξx = ∆x and Ξh = ∆h. That is, under full outsourcing or full integration � the only two �rm

structures where all suppliers are symmetric � the input amounts (26) are the same as in (16).

For the intermediate constellations of hybrid sourcing (0 < ξ < 1), the producer's input

relative to the input of all suppliers is given by
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h̃

N · x̃
=

η cx
(1− η) ch

· Ξh(ξ)

Ξx(ξ)
1−α
α

.

Since Ξh(ξ) > 1 and 0 < Ξx(ξ) < 1, the second term on the RHS is larger than one if 0 < ξ < 1.

Moreover, that term is larger the smaller ξ is, as Ξx is increasing and Ξh is decreasing in ξ.

Hence, when the producer chooses a higher share of vertically integrated suppliers (for a given

mass N), she ends up contributing relatively more to the production process, because the

underinvestment problems for the aggregate of suppliers is aggravated.

Firm structure. Finally, in stage 1, the producer now decides on the complexity and the

organization of the production process. Formally, her decision problem is given by

max {N,ξ} Π = A1−β h̃(N, ξ)βη x̃(N, ξ)β(1−η) N
β(1−η)
α −ch h̃(N, ξ)−cx x̃(N, ξ) N−(w0 +ν)N,

where x̃(N, ξ) and h̃(N, ξ) are the investment levels from (26). In Appendix D we show that

this maximization program is equivalent to the following simpler problem:

max {N,ξ} Π = Θ(ξ) ·N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N, (28)

subject to Θ(ξ) = A1−β ·(Ψh Φh(ξ))βη ·(Ψx Φx(ξ))β(1−η)−ch Ψh Φh(ξ)−cx Ψx Φx(ξ). (29)

The outsourcing share thus enters the payo� Π only via the term Θ(ξ), which does not

depend on N . The �rst-order conditions (FOCs) for problem (28) can be expressed as follows:

dΠ

dξ
=

η Ξx Ξ′h
Ξh

[
Ξx (α+ β(1− η)− α (1− β(1− η))Ξh)− αβ(1− η)Ξ1/α

x

]
+

(1− α)(1− η)Ξ′x
α

[
Ξx(α+ β(1− η)− αβηΞh)− α(1− βη)Ξ1/α

x

]
= 0, (30)

dΠ

dN
=

β(1− α)(1− η)

α(1− β)
· θ̂(ξ) ·N

β(1−α)(1−η)
α(1−β) −1 − (w0 + ν) = 0, (31)

and we can proceed in two separate steps: First, the FOC (30) that does not depend on N is

solved for the payo�-maximizing outsourcing share ξ̃. Second, using this solution in (31), we

then solve the other FOC for the complexity level Ñ .

As for the �rst step, we derive the second-order condition (SOC) in Appendix D and show

that α+β < 1 is su�cient (though not necessary) to ensure that d2Π(ξ)/dξ2 < 0. We assume

that this parameter restriction is satis�ed, which rules out cases where demand is highly elastic

and at the same time components are very close substitutes. The function d2Π(ξ)/dξ is then

monotonically decreasing in ξ, which implies that ξ̃ (with 0 ≤ ξ̃ ≤ 1) is uniquely determined.

In the second step, Ñ is also unique. In particular, plugging ξ̃ into Θ(ξ) from (29), and using

this in (31) we obtain
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Ñ =

((
β(1− α)(1− η)

α(1− β)(w0 + ν)

)1−β
·Θ(ξ̃)1−β

) α
α−β+(1−α)βη

. (32)

Notice that this Ñ lies in between ÑV and ÑO as de�ned in (18), where it was imposed that

all suppliers are symmetric. Put di�erently, the complexity choice corresponding to hybrid

sourcing ranges between those for full vertical integration and full outsourcing, respectively.

3.3.3 Characterization and discussion of the �rm structure decisions

We now characterize and illustrate the �rm's complexity and organization decisions in more

detail, and discuss the economic intuition. Proposition 1 summarizes the main insights

Proposition 1 � In the closed economy, where the producer decides on the �rm's complexity

and organization, our model predicts that:

1. Firms from highly component-intensive industries (η < η̄1) choose full outsourcing of

all suppliers. In more headquarter-intensive industries, η > η̄1, we have an optimal

outsourcing share 0 ≤ ξ̃ < 1. The threshold level η̄1 is given below in eq. (33).

2. Firms from more headquarter-intensive industries choose a lower complexity level Ñ and

a lower outsourcing share ξ̃.

3. Firms with a larger market size (higher A) choose a higher complexity Ñ , whereas higher

unit costs cx and ch, higher agency costs ν, and a higher outside opportunity w0 lead to

a lower complexity level Ñ ; the outsourcing share ξ̃ is una�ected by those parameters.

Result 1 shows that �rms from highly component-intensive industries choose full out-

sourcing of all suppliers, and the corresponding complexity level follows directly as ÑO by

using ξ̃ = 1 in (32). To derive the threshold level η̄1, notice that the FOC (30) implies that

dΠ(ξ)/dξ > 0 for all values ξ ∈ [0, 1] if η is below

η̄1 =
1− α− α2(1− β)

[
1−δ̄1/α

1−δ̄ − 1
]

1− α
∈ [0, 1] (33)

To see this, evaluate (30) at ξ = 1. This yields the following function that is decreasing in η:

dΠ(ξ)

dξ

∣∣∣∣ξ=1 =
β(1− η)

α

[
1− η − α(1− η − αδ̄1/α(1− β))− δ̄(1− α− α2(1− β)− η(1− α))

]
Setting this expression equal to zero, and solving for η, we obtain η̄1 as given in (33). The

threshold level η̄1 is decreasing in α and increasing in β. In words, full outsourcing is less

likely to occur the better the single components are substitutable (the higher α is) and the
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less elastic �nal goods demand is (the lower β is). Importantly, if η > η̄1, full outsourcing is

no longer the optimal organizational structure, and �rms in those industries turn to a hybrid

sourcing strategy (0 ≤ ξ̃ < 1) with some (or all) suppliers vertically integrated.

Result 2 decribes the comparative statics of the �rm structure with respect to the sectoral

headquarter-intensity. Starting with the complexity choice, Ñ from (32) depends on η both

directly and indirectly via the outsourcing share ξ̃. The direct e�ect is always negative, for

essentially the same reason as explained for Ñs above: Supplier incentives are weaker in

more headquarter-intensive industries, and the producer countervails this by choosing fewer

suppliers. As for the indirect e�ect, more outsourcing is per se endogenously associated with

more complexity, since the producer countervails the adverse impact of vertical integration on

the suppliers' incentives by having fewer suppliers. As ξ̃ depends negatively on η (as we show

next), the indirect e�ect of η on Ñ is thus also negative, hence dÑ/dη < 0.

Turning to the comparative statics of ξ̃ with respect to η, we can adopt an indirect approach

to illustrate the economic intuition. First, recall our Lemma 1 which states that the producer

is able to obtain every revenue share (Shapley value) in the range between (s0/R)min = 1
1+γ

and (s0/R)max = 1+γ(1−δ)
1+γ by adjusting the outsourcing share appropriately. This available

range is illustrated in Figure 1, where the red curve depicts (s0/R)min and the green curve

depicts (s0/R)max, respectively. Notice that both curves are monotonically increasing in η,

that is, the producer has higher bargaining power in more headquarter-intensive sectors under

any organizational structure. Second, recall from the analysis in Section 3.1. that the optimal

revenue share that the producer would obtain in a �rst-best world is given by (s0/R)∗ =

1− β(1− η)
[
w0+αν
α(w0+ν)

]
. This share, which is linearly increasing in η, is depicted as the black

curve in Figure 1. The left (right) panel in that �gure assumes a high (low) value of δ, which

shifts up the (s0/R)max�curve while the other curves are the same in both panels.
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Figure 1: Organizational decision � optimal and realized headquarter revenue share

Black: optimal share (s0/R)∗. Red: share under full outsourcing share, (s0/R)min. Green: share under full integration, (s0/R)max.

Parameters: α = 0.5, β = 0.4, ν = 1, w0 = 0.5. Left panel: δ = 0.9, right panel: δ = 0.4.
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Intuitively, the producer's organizational decision can be thought of as choosing ξ in such

a way that her realized revenue share is realigned as closely as possible with the optimal one.

For low headquarter-intensity, this means that the producer chooses full outsourcing since

(s0/R)∗ < (s0/R)min. Moreover, in the left panel, she chooses full vertical integration for high

values of η since (s0/R)∗ > (s0/R)max. Finally, in the range (s0/R)min < (s0/R)∗ < (s0/R)max

the producer can freely choose ξ so as to match (s0/R)∗, and since that revenue share is increas-

ing in η, this implies that she chooses a lower outsourcing share in more headquarter-intensive

industries. In the left panel the organizational structure across industries thus changes from

full outsourcing to hybrid sourcing to full vertical integration over the range of η. In the right

panel, for low values of δ, integrated suppliers have too little investment incentives, and hence

there is no fully integrated �rm structure even in highly headquarter-intensive sectors.21

Finally, result 3 of Proposition 1 shows that Ñ is a�ected by the other parameters similarly

as Ñs and N
∗. For instance, the �rm's complexity level is lower the higher the suppliers' unit

costs cx are. Yet, the organizational structure is una�ected since two e�ects exactly o�set

each other: Lower unit costs cx raise the bargaining power of each single supplier, as he then

tends to contribute more. Yet, since the �rm also chooses more suppliers the lower cx is, and

since the revenue level increases, there is no need for the producer to adjust the distribution

of revenue within the �rm via a change in the organizational structure.

4 Global sourcing

We now incorporate the global scale dimension into the producer's problem. She may now

also decide on the country r ∈ {1, 2} where each component i ∈ [0, N ] is manufactured, and

thus she can e�ectively choose from four di�erent sourcing modes for each supplier: domestic

integration, domestic outsourcing, foreign integration (intra-�rm trade) or foreign outsourcing.

We assume that unit costs of foreign suppliers are lower than for domestic suppliers,

c2 < c1, where we have dropped the subscript ”x” for convenience. Those unit costs do,

however, not depend on the ownership form of the foreign supplier.22 Furthermore, for the

moment we abstract from any other cross-country di�erences, such as di�erent �xed costs for

domestic or foreign component manufacturing, but we will return to those issues below.

It is important to notice that, although suppliers can now be asymmetric along two di-

mensions, it is still the case that all suppliers who share the same organizational form and

the same unit costs (country of origin) are symmetric in their investment incentives, and thus

in their equilibrium input contributions. Revenue in the open economy can be written as

R = A1−β hβη xαγNγ , where the average supplier contribution is now given by:

21The prediction that ξ̃ and η are negatively correlated is similar as in the seminal model by Antràs and
Helpman (2004). Yet, since there are multiple suppliers in our framework, the �rm can engage in hybrid
sourcing and thereby adjust the �rm structure gradually.

22See Nowak et al. (2012) for a global sourcing model with two asymmetric suppliers and economies of
scope, where it is assumed that external contractors have higher unit costs than integrated a�liates.
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xα = ξ [(1− `O) (xO1)α + `O (xO2)α] + (1− ξ) [(1− `V ) (xV 1)α + `V (xV 2)α] . (34)

Here, xkr is the input contribution of a supplier from country r ∈ {1, 2} with ownership form

k = {O, V }, and `k ∈ [0, 1] is the o�shoring share among the suppliers of ownership form k.

4.1 Bargaining and input investments

Starting with the multilateral bargaining in stage 4 of the game, to compute the asymptotic

Shapley value for a single supplier j, notice that a relationship as in (21) still holds,

sr(j) =
γ · δ(j)

(1 + γ)N
·
(
xr(j)

x

)α
·R.

In other words, the revenue share realized by supplier j re�ects his ownership rights via δ(j),

and his own input contribution xr(j) relative to the average supplier contribution x, which

is the same for all j since we have a continuum of suppliers.23 Turning to the producer, she

realizes the residual revenue share in the bargaining stage, that is

s0

R
= 1− γ

(1 + γ)N
·
∫ N

j=0
δ(j)

(
xr(j)

x

)α
dj (35)

In stage 3, the suppliers of the four sourcing modes choose their input amounts as follows

x̃O1(j) = argmax x(j)

{
γ

1 + γ
· A

1−β hβη xαγ Nγ

N
·
(
x(j)

x

)α
− c1 · x(j)

}
,

x̃V 1(k) = argmax x(k)

{
γ δ

1 + γ
· A

1−β hβη xαγ Nγ

N
·
(
x(k)

x

)α
− c1 · x(k)

}
,

x̃O2(i) = argmax x(i)

{
γ

1 + γ
· A

1−β hβη xαγ Nγ

N
·
(
x(i)

x

)α
− c2 · x(i)

}
,

x̃V 2(ι) = argmax x(ι)

{
γ δ

1 + γ
· A

1−β hβη xαγ Nγ

N
·
(
x(ι)

x

)α
− c2 · x(ι)

}
,

with the average input contribution x given in (34). Solving for the respective input contribu-

tions, it is straightforward to see that x̃k2 = (c1/c2)1/(1−α)x̃k1 and x̃V r = δ1/(1−α)x̃Or. That

is, foreign suppliers contribute more than domestic suppliers of the same ownership form, be-

cause of their e�ective cost advantage (c1/c2 > 1). Furthermore, internal suppliers contribute

less than external suppliers from the same country, because of their inferior ownership rights.

As for the producer, we show in Appendix E that her realized revenue share (35) can be

rewritten as

23Recall that, when computing the marginal contribution of supplier j, he will on average encounter remain-
ing coalitions that re�ect the overall structure (ownership and global scale composition) of the �rm.
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s0

R
= 1− γ

1 + γ
· ξ(1 + φ `O) + (1− ξ)δ̄1/α(1 + φ `V )

ξ(1 + φ `O) + (1− ξ)δ̄(1 + φ `V )
, (36)

where φ =
[
(c1/c2)α/(1−α) − 1

]
> 0 captures the unit cost advantage of foreign suppliers. It

follows from (36) that the producer realizes a lower revenue share the higher is the share of

external suppliers ξ, analogously as in the closed economy. As for the global scale decision,

it turns out that there is no impact on the producers's revenue share as long as she sets the

same o�shoring share for external and for internal suppliers, i.e., if `O = `V = `. The intuition

is that two e�ects then exactly o�set each other: On the one hand, foreign suppliers have a

higher bargaining power since they contribute more. On the other hand, these higher input

contributions also raise the revenue level, so that s0/R can e�ectively remain unchanged. The

producer's revenue share is a�ected by the global scale decision, however, when `O and `V are

not uniform. In particular, if the producer raises `O while keeping `V �xed, she ends up with

a lower revenue share s0/R, because this boosts the incentives of already powerful (external)

suppliers. Vice versa, increasing `V while keeping `O �xed, leads to a higher s0/R.

Finally, using (36), the producer's input choice for h̃ in stage 3 can be expressed as

h̃ = argmax h

{
A1−β hβη xαγ Nγ

(
1− γ

1 + γ
· ξ(1 + φ `O) + (1− ξ)δ̄1/α(1 + φ `V )

ξ(1 + φ `O) + (1− ξ)δ̄(1 + φ `V )

)
− ch · h

}
.

The input investment choices have an analogous form as in the closed economy, see eqs.

(23)�(25). The solutions for the optimal headquarter contribution h̃(N, ξ, `O, `V ) and for the

average supplier contribution x̃(N, ξ, `O, `V ) in the open economy therefore resemble their

closed economy counterparts given in (26). In particular, the optimal contributions by the

average supplier and by the headquarter can be written as (see Appendix E):

x̃(N, ξ, `O, `V ) = Ψx · Φopen
x (ξ, `O, `V ) ·N

β(1−η)(1−α)
α(1−β) −1

h̃(N, ξ, `O, `V ) = Ψh · Φopen
h (ξ, `O, `V ) ·N

β(1−η)(1−α)
α(1−β) , (37)

where the terms Ψx and Ψh are still the same as in (16), except that cx is replaced by the

domestic c1, and where Φopen
x (ξ, `O, `V ) and Φopen

h (ξ, `O, `V ) are now de�ned as:

Φopen
x (ξ, `O, `V ) = (Ξopenx )

(1−α)(1−βη)
α(1−β) · (Ξopenh )

βη
1−β ,

Φopen
h (ξ, `O, `V ) = (Ξopenx )

(1−α)β(1−η)
α(1−β) · (Ξopenh )

1−β(1−η)
1−β , (38)

with
Ξopenx = ξ(1 + φ `O) + (1− ξ)δ̄(1 + φ `V )

Ξopenh = 1 + γ − γ · ξ(1 + φ `O) + (1− ξ)δ̄1/α(1 + φ `V )

ξ(1 + φ `O) + (1− ξ)δ̄(1 + φ `V )
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Note that the o�shoring shares `O and `V enter the equilibrium input contributions only via

the terms Ξopenx and Ξopenh , where the former term is increasing in both o�shoring shares while

the latter is increasing in `V but decreasing in `O. For the case of a common o�shoring share

`O = `V = `, these terms simplify and become, respectively, Ξopenx = (1 + φ `)
[
ξ + (1− ξ)δ̄

]
and Ξopenh = 1 + γ − γ · ξ+(1−ξ)δ̄1/α

ξ+(1−ξ)δ̄ . That is, Ξopenh is then the same as in the closed economy,

while Ξopenx is larger than Ξx and is increasing in `.

Importantly, it follows from (38) that both Φopen
x and Φopen

h are increasing in `O and in `V .

Since the input amounts from (37) depend positively on these terms, we can therefore state

the following result:

Lemma 2: An increase of either o�shoring share (`O or `V ) raises the average supplier

input x̃ and the input amount of headquarter services h̃.

The positive e�ect of o�shoring on x̃ is straightforward, as foreign suppliers contribute

more than domestic ones, ceteris paribus. More surprisingly, o�shoring also raises the amount

of headquarter services h̃, even though it may reduce the producer's revenue share as shown

above. Again, this is because the absolute value of the relationship � the revenue level � in-

creases due to the unit cost reduction, which in turn incentivizes the producer to contribute.24

4.2 Firm structure

Moving to the �rm structure decision in the �rst stage of the game, the producer now decides

on the complexity, the organization, and the global scale of the production process. Using the

input contributions from (37), the �rm's problem is

max {N,ξ,`O,`V } Π = A1−β h̃βη x̃β(1−η) N
β(1−η)
α − ch h̃− ĉx x̃ N − (w0 + ν)N, (39)

where it is understood that h̃ and x̃ depend on N , ξ, `O, and `V . The term ĉx in (39)

captures the unit cost level of the average supplier, which in the open economy is given by

cx = (1 − `)c1 + ` c2, where ` = ξ · `O + (1 − ξ) · `V . Notice that, since c1 > c2, this average

unit cost level is decreasing in the o�shoring shares `O and `V .

Since an increase in either o�shoring share lowers the unit costs ĉx but raises the input

contributions h̃ and x̃ (see Lemma 2) and, hence, the revenue level, it is easy to see that the

producer decides to fully o�shore all components, ˜̀
O = ˜̀

V = ˜̀ = 1. The intuition is simple:

In this scenario, where �xed costs or other types of o�shoring costs are still absent, o�shoring

only has advantages (lower unit costs) but no disadvantages for the �rm. To analyze the other

two dimensions of the �rm structure for this scenario, recall that we can rewrite the �rm's

problem in a simpler way as follows (see eq. (28)):

24For the case of a common o�shoring share, it follows immediately that x̃ and h̃ are increasing in `, since
Ξopenx = (1 + φ`)Ξx and Ξopenh = Ξh, so that Φopenx > Φx and Φopenh > Φh.
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max {N,ξ,`O,`V } Π = Θopen(ξ, `O, `V ) ·N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N, (40)

where the term Θopen(ξ, `O, `V ) in the open economy reads as

Θopen(·) = A1−β ·
(
Ψh · Φopen

h (·)
)βη · (Ψx · Φopen

x (·))β(1−η) − chΨhΦopen
h (·)− ĉxΨxΦopen

x (·),

with Φopen
x (ξ, `O, `V ) and Φopen

h (ξ, `O, `V ) as de�ned in (38). Under complete o�shoring,

the suppliers' unit costs become ĉx = c2, and furthermore we have Ξopenx = (1 + φ)Ξx and

Ξopenh = Ξh. Substituting those terms into (40), and deriving �rst-order conditions analogous

as in the closed economy case, we can state the following results:

Proposition 2 � In the open economy, where foreign suppliers have lower unit costs than

domestic suppliers (c2 < c1), our model predicts that:

1. Firms o�shore all components (`O = `V = ` = 1)

2. Firms choose the same outsourcing share as in the closed economy setting (ξ̃open = ξ̃).

3. Firms choose a higher complexity level than in the closed economy setting (Ñopen > Ñ).

The results 2 and 3 refer to a comparison of the same �rm (with given headquarter-

intensity, market size, and so on) in an open economy setting where component o�shoring is

possible, vis-a-vis a closed economy setting where all suppliers have to be domestic.25 Proving

these results is simple, as the essence can already be seen in Proposition 1. There we have

shown that the optimal outsourcing share is una�ected by the suppliers' unit costs, while

the complexity level is higher the lower the unit costs are. In the present context, complete

o�shoring is tantamount to fully replacing high-cost domestic suppliers (with cx = c1) by

low-cost foreign suppliers (with cx = c2 < c1) which according to our previous results has a

positive e�ect on Ñ but no e�ect on ξ̃.

Economically, Proposition 2 implies that globalization boosts the division of labor within

�rms. In the open economy, �rms choose a setting with more suppliers and more narrowly

de�ned tasks than under autarky. Globalization does, however, not a�ect the overall orga-

nizational structure as captured by the outsourcing share. Put di�erently, also in the open

economy, ownership structures di�er across �rms with di�erent characteristics (α, β, δ and

η), and our comparative static results still hold. In particular, �rms from sectors with inter-

mediate headquarter-intensity rely on a hybrid global sourcing mode, where the share ξ̃ of the

components is obtained via arm's length outsourcing, and the remaining share (1−ξ̃) via intra-
�rm trade. Furthermore, there is still a negative correlation between headquarter-intensity

25This corresponds to the standard thought experiment where an economy opens up to trade, which in our
context means that we move from an autarky scenario to a setting where component o�shoring is feasible.
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and the outsourcing share. Yet, Proposition 2 shows that the move from autarky to trade

does not induce any particular �rm (with given η) to change its share of internal/external

suppliers, at least not when o�shoring only brings about unit cost reductions.

4.3 Organization-speci�c �xed costs and o�shoring costs

Finally, in this last step of the analysis, we introduce �xed costs which may di�er according

to the �rm's organizational structure and the global scale of the production process. Starting

from the total payo� as given in (40), �xed costs are introduced via the last term in the

following expression which depends on ξ, `O and `V :

max {N,ξ,`O,`V } Π = Θopen(·) N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N − [ξ fO + (1− ξ)fV + (`O + `V )fX ]

Several aspects are noteworthy about this �xed cost speci�cation. First, fO and fV are

organization-speci�c �xed cost terms. Since the agency costs ν capture the additional �xed

costs per supplier, fO and fV thus measure the di�erential increase when an external/internal

supplier is added to the production process. If fO < fV , as we shall assume below, adding an

outsoured supplier induces lower �xed costs, for example because internal organization requires

more supervision and oversight. Second, the organization-speci�c �xed costs fO and fV do not

depend on whether the external/internal suppliers are domestic or foreign. Those o�shoring

costs are explicitly introduced via the term fX , which may capture higher communication

or transportation costs for foreign component manufacturers.26 Analogously, the o�shoring

costs fX do not di�er according to the ownership form of the foreign suppliers, but those

organizational di�erences are captured by the terms fO and fV , since ξ is the �rm's overall

outsourcing share across all (domestic and foreign) suppliers.27

What are the implications of these �xed costs for the �rm structure decisions? To start

our analysis, we �rst assume that �xed costs di�er according to the organizational form,

but we still impose no o�shoring �xed costs (fX = 0). Foreign component manufacturing

then still has no disadvantages for the �rm, and the producer thus still chooses foreign sup-

pliers for all components. Figure 2 illustrates how the outsourcing decision is a�ected by

organization-speci�c �xed costs. The left/middle/right panel depicts the case of an industry

with low/medium/high headquarter-intensity. The dashed lines refer to the benchmark case

where fO = fV , while the solid lines are for the case where fV > fO.

26The term fX again captures the di�erential increase in �xed costs when a foreign supplier is added, while
the general increase in �xed costs per supplier are captured by ν. Notice further that di�erent �xed costs for
domestic/foreign suppliers could also be introduced by assuming that the outside opportunity w0

r di�ers across
countries. Since the foreign country is a low-wage country, it seems reasonable to assume that w0

1 > w0
2. This,

however, would mean that the o�shoring gains of lower unit costs are even reinforced by lower �xed costs per
foreign supplier. To keep things simple, we assume that w0 is the same across countries.

27Put di�erently, our speci�cation is compatible with the reasonable �xed cost ranking assumed in Antràs
and Helpman (2004), where foreign vertical integration is associated with the highest �xed costs, followed by
foreign outsourcing, domestic integration, and domestic outsourcing.
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Figure 2: Optimal outsourcing share � with / without higher �xed costs of vertical integration

Parameters: α = 0.5, β = 0.4, δ = 0.9, A = 4, ch = 4, c1 = 1, c2 = 0.99, w0 = 1, ν = 1, fX = 0.

Left panel: Π(ξ) for η = 0.7. Medium panel: Π(ξ) for η = 0.78. Right panel: Π(ξ) for η = 0.88.

Dashed lines: fO = fV = 0.2, solid lines: 0.2 = fO < fV = 0.2005. Full o�shoring (`O = `V = 1) in all cases.

In the benchmark (dashed lines), the total payo� is increasing/hump-shaped/decreasing

in ξ if headquarter-intensity is on a low/intermediate/high level. Hence, the �rm chooses,

respectively, full outsourcing in the �rst, hybrid sourcing in the second, and full vertical

integration in the third case. When integration now causes higher �xed costs, there are two

changes (see the solid lines). First, the total payo� level decreases as �xed costs have risen.

Second and more importantly, the organizational decision tilts towards more outsourcing.

This can be seen most clearly in the medium panel for the case of intermediate headquarter-

intensity. With equal �xed costs (fV = fO), the �rm would choose an outsourcing share of

ξ̃ ≈ 0.46 in this example, while with fV > fO this share increases to ξ̃ ≈ 0.51.

0.2 0.4 0.6 0.8 1.0
Ξ

Π - low A

0.2 0.4 0.6 0.8 1.0
Ξ

Π - medium A

0.2 0.4 0.6 0.8 1.0
Ξ

Π - high A

Figure 3: Tilt towards outsourcing � �rms with di�erent market sizes

Parameters: α = 0.5, β = 0.4, δ = 0.9, ch = 4, c1 = 1, c2 = 0.99, w0 = 1, ν = 1, fX = 0, η = 0.78.

Left panel: A = 10; Medium panel: A = 30; Right panel: A = 70.

Dashed lines: fO = fV = 0.2, solid lines: 0.2 = fO < fV = 0.2005. Full o�shoring (`O = `V = 1) in all cases.
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How far the organizational decision is tilted depends, in particular, on the �rm's exogenous

market size. Notice that the �xed cost term is independent of A, while the (net-of-�xed-cost)

payo� is monotonically increasing in A. The higher �xed costs of vertical integration therefore

matter relatively little for �rms with large market size, while low-A �rms are a�ected more

strongly. This is shown in Figure 3, which focuses on the case of intermediate headquarter-

intensity, and depicts the organizational decision of a �rm in this sector with low/medium/high

market size, respectively.28 As can be seen, the tilt is strongest in the left panel (for low A).

Finally, we move to the global scale decision with positive o�shoring costs. Foreign compo-

nent manufacturing now has an advantage (lower unit costs c2 < c1), but also a disadvantage:

higher �xed costs fX > 0. Figure 4 focuses again on an industry with medium headquarter-

intensity, and depicts the total payo� Π as a function of the endogenously chosen o�shoring

shares `O and `V .
29 Again, we assume that vertical integration causes higher �xed costs

(fV > fO), and the left/medium/right panel of Figure 4 is for the case of low/medium/high

o�shoring costs fX , respectively (the other parameters are as before).
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Figure 4: Optimal o�shoring shares for di�erent o�shoring costs fX

Parameters: α = 0.5, β = 0.4, δ = 0.9, A = 4, ch = 4, c1 = 1, c2 = 0.99, w0 = 1, ν = 1, fO = 0.2, fO = 0.2005

η = 0.78. Left panel: Π(`O, `V , ξ(`O, `V )) for fX = 0.001 (low o�shoring costs). Medium panel: Π(`O, `V , ξ(`O, `V )) for

fX = 0.0016 (intermediate o�shoring costs). Right panel: Π(`O, `V , ξ(`O, `V )) for fX = 0.003 (high o�shoring costs).

For low o�shoring costs the producer only has foreign suppliers, see the left panel where

the maximum payo� is achieved at ˜̀
O = ˜̀

V = 1. Analogously, for high o�shoring costs the

producer only has domestic suppliers, as can be seen in the right panel where the maximum is

now at ˜̀
O = ˜̀

V = 0. The most interesting case is the one in the middle, where o�shoring costs

28Reminiscent of the large literature on �rm-level heterogeneity, we could introduce an exogenous produc-
tivity shifter à la Melitz (2003) in the production function. Firm-level di�erences in this productivity shifter
then would have analogous e�ects on the organizational decision as di�erences in market size A.

29We simulate for each combination of `O and `V the corresponding outsourcing share ξ̃(`O, `V ) that maxi-
mizes the �rm's payo�, given the respective global scale structure. In Figure 4 the optimal global scale decision
{˜̀O, ˜̀

V } is, therefore, at the point where the respective three-dimensional plane Π achieves a global maximum,
and the outsourcing share is given by the corresponding value of ξ̃(˜̀

O, ˜̀
V ). Notice that this outsourcing share

cannot be directly read in Figure 4.
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are on an intermediate level. Here we �nd that the maximum payo� is achieved at ˜̀
O = 1

and ˜̀
V = 0, that is, the �rm o�shores all external suppliers but keeps all integrated suppliers

domestic. The rationale is that intra-�rm trade (vertical integration of foreign suppliers)

is associated with the highest overall �xed costs, and the lower foreign unit costs do not

compensate this o�shoring disadvantage. For the external suppliers, however, the unit cost

gains are substantial enough to render o�shoring pro�table.

The �rm structure in this �nal scenario is, therefore, characterized by a partial o�shoring,

where some suppliers (the internal ones) are domestic, while others (the external ones) are

foreign. Under the standard assumption that fV > fO, our model therefore predicts a positive

correlation of outsourcing and o�shoring: The external suppliers are o�shored �rst, while

intra-�rm trade is chosen only at lower levels of fX . Another related observation is that the

optimal ξ̃ in case with intermediate o�shoring costs is higher than in the scenario with high

o�shoring costs.30 That is, when fX gradually falls and the �rm starts to collaborate with

foreign external suppliers, it inter alia raises the �rm's overall outsourcing share.

5 Conclusions

An abundant empirical literature has recently established various stylized facts about the

internal structure of �rms, in particular:

1. Firms di�er vastly in the number of suppliers they contract with, and thus in the com-

plexity of their production processes.

2. Firms often have both internal and external suppliers, that is, they do not outsource or

vertically integrate all intermediate inputs, but the two organizational modes co-exist.

3. Firms that collaborate with foreing suppliers typically engage in partial o�shoring, that

is, they import only some inputs but choose domestic suppliers for others.

Fact 1 has been shown by Alfaro and Charlton (2009) or Altomonte and Rungi (2013), who

compare the sizes of business groups both within and across industries. Facts 2 and 3 indicate

that many (if not most) �rms choose a hybrid sourcing strategy for the organizational and the

global scale dimension of their production processes. Those facts are established in, or can

be deduced from, various recent contributions including Costinot et al. (2013), Corcos et al.

(2013), Defever and Toubal (2013), Kohler and Smolka (2012), Jabbour (2012), Jabbour and

Kneller (2010), Bernard et al. (2010), Farinas and Marcos (2010), Federico (2010), Nunn and

Tre�er (2008), Tomiura (2007), Yeaple (2006), Marin (2006), Feenstra and Hanson (2005),

and others.

30In the medium panel with intermediate fX we have ξ̃(˜̀
O = 1, ˜̀

V = 0) ≈ 0.614 while in the right panel
with high fX we have ξ̃(˜̀

O = 0, ˜̀
V = 0) ≈ 0.512.
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The global sourcing models by Antràs (2003) and Antràs and Helpman (2004) cannot

accomodate those facts, because these frameworks assume a single supplier so that hybrid

sourcing or di�erences in the complexity level can � by construction � not arise. The incomplete

contracts model by Acemoglu, Antràs and Helpman (2007) is consistent with fact 1, but

not with facts 2 and 3, because they focus on entirely symmetric �rm structures with full

outsourcing or full vertical integration of all suppliers.

In this paper, we have developed an extension of the latter framework. In particular, in

our model the producer not only chooses the total mass of suppliers, but she is also able to

choose the outsourcing and the o�shoring share among them, which endogenously generates

asymmetries across suppliers. We have shown that �rms actually use this hybrid sourcing in

equilibrium, as it gives them leeway to gradually a�ect the revenue distribution inside the

�rm, the bargaining powers of the involved agents, and their incentives to invest into the

relationship. Our model is therefore consistent with all facts 1�3 mentioned above, and may

thus be useful to make sense of those observed patterns in the data.

Our model may also motivate future empirical research, as it leads to several novel pre-

dictions that have � to the best of our knowledge � not been tested yet. For example, our

model predicts that the same �rm would choose a deeper division of labor in an open economy

context than under autarky. In the public press, there seems to be the widespread conception

that globalization has indeed led to a stronger unbundling (or slicing) of production processes.

However, we are unaware of serious econometric work on this relationship for which our model

provides a theoretical foundation. Similarly, our model predicts a positive correlation of o�-

shoring and outsourcing. That is, as �rms go �more global� in their sourcing strategies, they

tend to engage more in outsourcing than in a pure closed economy setting. Importantly, this

�time series� correlation is still consistent with a �cross sectional� pattern where many �rms

choose vertical integration, particularly in headquarter-intensive industries. Again, it would

be interesting to confront these theoretical predictions with longitudinal �rm-level data.

The model in this paper is about single �rms. It can potentially be embedded into a

general equilibrium framework where �rm interactions within and across industries are taken

into account. Such a framework would be useful to explore more fully the repercussions of trade

integration with cross-country di�erences in market conditions, factor prices and incomes, as

well as their implications for global sourcing decisions. Furthermore, our model is based on

a static bargaining scenario. In practice, suppliers may care about long-term relationships,

or may try to collude with other suppliers in order to induce pressure on the headquarter.

Exploring those and other extensions is left for future research.
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Appendix

A) Shapley value with symmetric suppliers

Using the expressions for RjIN (i+1, N, κ) and RjOUT (i,N, κ) we obtain the following marginal

contribution of player j to a remaining coalition of size i:

∆j
R(i,N, κ) = A1−β hβη · [(κx(j)α + iκ · x(−j)α)γ − (κ · (1− δ)x(j)α + iκ · x(−j)α)γ ] . (41)

Let z1 ≡ x(j)α and z2 ≡ i · x(−j)α. Using (41) in the de�nition of the SV, we have

sj =
A1−β hβη

N(N + κ)
·
M=N/κ∑
i=1

iκ2 · [(κ(z1 + z2))γ − (κ((1− δ)z1 + z2)γ ] . (42)

A �rst-order Taylor expansion of the term in squared parentheses with respect to z1,

evaluated at z1 = 0, yields γδκγ · zγ−1
2 · z1 + o(z1). Hence, we can approximate (42) as

sj = γ · δ · A
1−β hβη · x(−j)αγ ·Nγ

N1+γ(N + κ)
·
(
x(j)

x(−j)

)α
·
N/κ∑
i=1

κ · (κi)γ · κ (43)

Now we consider the range κ to be in�nitely small, i.e., we let the number of suppliers become

in�nitely large. The above sum then becomes a Riemann integral, and we have

limκ→0

(sj
κ

)
= γ · δ · A

1−β hβη · x(−j)αγ ·Nγ

N2+γ
·
(
x(j)

x(−j)

)α
·
∫ N

z=0
(z)γ dz (44)

Since
∫ N
z=0 (z)γ dz = N (1+γ)/(1+γ), and since x(j) = x(−j) due to symmetry across suppliers,

we then immediately obtain the asymptotic SV as given in (11).

B) Complexity choice under incomplete contracts w. symmetric suppliers

Substituting (16) into (17), we can rewrite the �rm's overall payo� Π as follows:(
A1−β(Ψh∆h)βη(Ψx∆x)β(1−η)

)
N

β(1−η)
α

+βη
β(1−α)(1−η)
α(1−β) +β(1−η)

(
β(1−α)(1−η)
α(1−β) −1

)
−(chΨh∆h + cxΨx∆x)N

β(1−α)(1−η)
α(1−β) −(w0+ν)N

This can be simpli�ed as Π = Θs ·N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N , where the term Θs read as

Θs = A1−β · (Ψh∆h)βη · (Ψx∆x)β(1−η) − chΨh∆h − cxΨx∆x

= A1−β · (Ψh∆h)βη · (Ψx∆x)β(1−η)
(

1− chΨh∆h

A1−β(Ψh∆h)βη(Ψx∆x)β(1−η)
− cxΨx∆x

A1−β(Ψh∆h)βη(Ψx∆x)β(1−η)

)
= A1−β ·

[
Ψβη
h ·Ψ

β(1−η)
x

]
·
[
∆βη
h ·∆

β(1−η)
x

](
1− αβη

α+ β(1− η)
· (1 + γ(1− δ))− αβ(1− η)

α+ β(1− η)
· δ
)

= A

( η

ch

) βη
1−β

(
1− η
cx

) β(1−η)
1−β

(
αβ

α+ β(1− η)

) β
1−β

[δ β(1−η)1−β (1 + γ(1− δ))
βη
1−β

](
1− αβ (δ + (1− δ)η(1 + γ))

α+ β(1− η)

)
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Maximizing Π = Θs · N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N with respect to N yields the following

complexity choice in the incomplete contracts scenario with symmetric suppliers:

Ñs =

((
β

1− β

)1−β
· (1− η)1−β ·

(
1− α

α(w0 + ν)

)1−β
·Θ1−β

s

) α
α−β+(1−α)βη

(45)

Noting that

Θ1−β
s = A1−β · c−βx · (1− η)β ·

(
ηcx

(1− η)ch

)βη
· Γ,

where

Γ =

(
αβ

α+ β(1− η)

)β
·
[
δ
β(1−η)
1−β (1 + γ(1− δ))

βη
1−β

]1−β (
1− αβ (δ + (1− δ)η(1 + γ))

α+ β(1− η)

)1−β
,

we can express the complexity choice as in (18), with Γ̂ =
(

β
1−β

)1−β
Γ. It is straightforward

to show that Γ̂ is increasing in δ. Since δ enters in (18) only via the term Γ̂, we can thus be

sure that ∂Ñs/∂δ > 0. For δ = 1, the term Γ̂ becomes

Γ̂(δ = 1) =

(
β

1− β

)1−β ( αβ

α+ β(1− η)

)β (
1− αβ

α+ β(1− η)

)1−β
,

which is unambiguously smaller than β. Hence, Ñs < N∗ if δ = 1, and since Ñs is increasing

in δ, we thus have Ñs < N∗ in general.

Finally, the comparative statics of Ñs with respect to η can be derived similarly as for N∗

above. Let Ñs be written in the form Ñs =
(

Γ̂(η)g(η)
)h(η)

. Then we have

∂Ñs/∂η =
(

Γ̂(η) · g(η)
)h(η)

(
h(η)[g′(η)Γ̂(η) + g(η)Γ̂′(η)]

Γ̂(η) g(η)
+ h′(η) log[Γ̂(η) · g(η)]

)
,

with h′(η) < 0, Γ̂′(η) > 0 and g′(η) < 0 for ch/cx > η/(1 − η). Again, by normalizing A,

ν or w0 appropriately, it is ensured that g(η) becomes large enough so that the �rst term in

parentheses becomes small, and the overall expression ∂Ñs/∂η is negative.

C) Input investments with asymmetric suppliers

Maximizing (23) with respect to xO(j), taking the average x̂(−j) as given, yields

x̃O =

(
αβ(1− η)

α+ β(1− η)
· A

1−β

cx

) 1
1−α

· h
βη
1−α ·N

γ−1
1−α · x̂(−j)

α(γ−1)
1−α . (46)

Similarly, maximizing (24) with respect to xV (k), and bearing in mind that x̂(−k) = x̂(−j) = x

since there is a continuum of suppliers, gives x̃V = δ1/(1−α) · x̃O, with x̃O as in (46). Substi-
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tuting xα = xαO[ξ + (1− ξ)δ̄] into (46), where δ̄ = δα/(1−α), then leads to

x̃O =

(
αβ(1− η)

α+ β(1− η)
· A

1−β

cx

) 1
1−β(1−η)

· h
βη

1−β(1−η) ·N
γ−1

1−β(1−η) · Ξ
γ−1

1−β(1−η)
x ,

where Ξx = ξ + (1− ξ) · δ̄. Hence, the average supplier investment is

x̃ = x̃O · Ξ(1/α)
x =

(
αβ(1− η)

α+ β(1− η)
· A

1−β

cx

) 1
1−β(1−η)

· h
βη

1−β(1−η) ·N
γ−1

1−β(1−η) · Ξ
1−α

α(1−β(1−η))
x (47)

Turning to the producer, bearing in mind that xαV = δ̄ · xαO = δ̄
ξ+(1−ξ)δ̄ · x

α we can rewrite the

maximization problem (25) as

h̃ = argmax h

{
A1−β hβη xαγ Nγ

1 + γ
·
(

1 +
γ(1− δ)(1− ξ)δ̄
ξ + (1− ξ)δ̄

)
− ch · h

}
,

Maximizing this with respect to h, and manipulating terms, yields:

h̃ =

(
αβη

α+ β(1− η)
· A

1−β

ch

) 1
1−βη

·N
γ

1−βη · x
αγ

1−βη · Ξ
1

1−βη
h (48)

where Ξh = 1 + γ − γ · ξ+(1−ξ)δ̄1/α
ξ+(1−ξ)δ̄ . Next, we substitute (48) into (46) and solve for h̃ and for

x̃ (and thereby for x̃O and x̃V ) as functions of N and ξ only. Straightforward algebra then

leads to the solutions given in (26).

D) Firm structure decision with asymmetric suppliers: Organization

i) The Θ-term: Substituting h̃(N, ξ) and x̃(N, ξ) from (26) into

Π = A1−β h̃(N, ξ)βη x̃(N, ξ)β(1−η) N
β(1−η)
α − ch h̃(N, ξ)− cx x̃(N, ξ) N − (w0 + ν)N,

we obtain the expression Π = Θ(ξ) · N
β(1−α)(1−η)
α(1−β) − (w0 + ν)N by using the same approach

as in Appendix B, since the exponents on N are identical, so that N can be factorized as is

shown there. The only di�erence to the approach from Appendix B is that the terms ∆x and

∆h are now replaced by Φx(ξ) and Φh(ξ), respectively. The term

Θ(ξ) = A1−β · (Ψh · Φh(ξ))βη · (Ψx · Φx(ξ))β(1−η) − chΨhΦh(ξ)− cxΨxΦx(ξ),

can then be rewritten in a similar way as above:
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Θ(ξ) = A1−β · (ΨhΦh)βη · (ΨxΦx)β(1−η)
(

1−
chΨhΦh

A1−β · (ΨhΦh)βη · (ΨxΦx)β(1−η)
−

cxΨxΦx

A1−β · (ΨhΦh)βη · (ΨxΦx)β(1−η)

)

= A

( η

ch

) βη
1−β

(
1− η
cx

) β(1−η)
1−β

(
αβ

α+ β(1− η)

) β
1−β

 · [Φβηh Φ
β(1−η)
x

]
·
(

1−
αβη

α+ β(1− η)
· Ξh −

αβ(1− η)

α+ β(1− η)
· Ξ

1−α
α

x

)

= A

( η

ch

) βη
1−β

(
1− η
cx

) β(1−η)
1−β

(
αβ

α+ β(1− η)

) β
1−β

 ·
Ξ

β(1−α)(1−η)
α(1−β)

x Ξ
βη
1−β
h

1−
αβ

[
η Ξh + (1− η) Ξ

1−α
α

x

]
α+ β(1− η)




ii) First- and second-order conditions: Using this expression, the �rst-order condition dΠ/dξ

boils down to di�erentiating the (multiplicative) term in curly brackets in Θ(ξ), since ξ enters

only there via Ξh(ξ) and Ξx(ξ). After some simpli�cation, this �rst-order condition (FOC)

can be written as in (30). Deriving the FOC with respect to N is straightforward from (28).

Furthermore, noting that Ξ′′x = 0, the second-order condition (SOC) can be written as

d2Π

dξ2
=

(
η Ξx (Ξ′h)2 / (Ξh)2

) [
−(α+ β − βη)Ξx + αβ(1− η)Ξ1/α

x

]
− βη(1 + αη − α− η) Ξh (Ξ′x)2

− (1− α)(1− η)(1− βη)

α
(Ξx)(1−α)/α (Ξ′x)2 − αη(1− β + βη) (Ξx)2 Ξ′′h

+
η(α+ β − βη)Ξx

Ξh
[2Ξ′h Ξ′x + ΞxΞ′′h]

+ (Ξ′x/α) [(1− α)(1− η)(α+ β − βη)Ξ′x − ΞxΞ′h(αη(β + α(2− 3β(1− η)) + βη))]

−
(
βη(1− η) (Ξx)1/α / Ξh

)
[α Ξx Ξ′′h + (1 + α) Ξ′x Ξ′h]

Bearing in mind that Ξh > 1, 0 < Ξx < 1, Ξ′h < 0, Ξ′x > 0, and Ξ′′h > 0, it follows

that the �rst four terms are unambiguously negative for any ξ, the �fth term is positive but

is dominated by the four negative terms, and the sign of the sixth term is ambiguous. A

su�cient condition to ensure that the sixth term, and hence the overall expression, is negative

is to assume that α+ β < 1. Provided this parameter restriction is satis�ed, the dΠ/dξ-curve

is thus generally downward-sloping in ξ, and the optimal ξ̃ must be unique.

E) Bargaining and input investments in the open economy

Since there are four types of suppliers, and since the suppliers of each type are symmetric, we

can write out the integral in (35) as follows:

∫ ξ(1−`O)N

j=0

(xO1)α

xα
dj+

∫ ξN

i=ξ(1−`O)N

(xO2)α

xα
di+

∫ ξN+(1−ξ)(1−`V )N

k=ξN

δ · (xV 1)α

xα
dk+

∫ N

ι=ξN+(1−ξ)(1−`V )N

δ · (xV 2)α

xα
dι.

where the integration bounds add up to the total mass of suppliers. Solving the integrals,
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and using the average input contribution x from (34), the producer's revenue share can be

computed as

s∗0
R∗

= 1− γ

1 + γ

(
ξ [(1− `O)(x̃O1)α + `O(x̃O2)α] + δ (1− ξ) [(1− `V )(x̃V 1)α + `V (x̃V 2)α]

ξ [(1− `O)(x̃O1)α + `O(x̃O2)α] + (1− ξ) [(1− `V )(x̃V 1)α + `V (x̃V 2)α]

)
.

(49)

Using x̃k2 = (c1/c2)1/(1−α)x̃k1 and x̃V r = δ1/(1−α)x̃Or in (49), it can be immediately seen that

x̃O1 cancels from this expression, so that we can write the producer's revenue share as in (36).

Finally, we solve for the equilibrium input contributions as given in (37) and (38). To do

so, notice that the payo� maximization of an outsourced domestic supplier yields

x̃O1 =

(
αβ(1− η)

α+ β(1− η)

A1−β

c1

) 1
1−α

h
βη
1−α N

γ−1
1−α x

α(γ−1)
1−α ,

with x̃V 1, x̃O2 and x̃V 2 de�ned accordingly using x̃k2 = (c1/c2)1/(1−α)x̃k1 and x̃V r = δ1/(1−α)x̃Or.

Substituting those expressions into (34) we thus have xα = (x̃O1)α · Ξopenx , with

Ξopenx = ξ

1 + `O [(c1/c2)α/(1−α) − 1]︸ ︷︷ ︸
= φ>0

+(1−ξ)δ̄

1 + `V [(c1/c2)α/(1−α) − 1]︸ ︷︷ ︸
= φ>0

 = ξ (1 + `Oφ)+(1−ξ)δ̄ (1 + `V φ)

The average supplier contribution in equilibrium can therefore be written as

x̃ =

(
αβ(1− η)

α+ β(1− η)

A1−β

c1

) 1
1−β(1−η)

h
βη

1−β(1−η) N
γ−1

1−β(1−η) (Ξopenx )
1−α

α(1−β(1−η)) .

The producer's maximization problem for the provision of headquarter services yields

h̃ =

(
αβη

α+ β(1− η)

A1−β

ch

) 1
1−βη

x
αγ

1−βη N
γ

1−βη (Ξopenh )
1

1−βη ,

with Ξopenh as de�ned in the main text. Solving those two expressions for x̃ and h̃ then yields

the solution given in (37).
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