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Abstract

Organizational decisions in multistage production processes are often not made by the downstream
headquarter firm, but by the various intermediate inputs suppliers along the value chain themselves.
We assume a production process with one headquarter (final good producer) and two suppliers at
different positions within the chain. In this environment with incomplete contracts and relationship-
specific investments, the firm decides only on the organizational form of her direct supplier, who
in turn decides whether to outsource or to vertically integrate his own supplier. We find that the
producer’s and the supplier’s organizational decisions are interrelated, particularly when production
decisions occur sequentially. For instance, our model predicts that a higher technological importance
of the downstream supplier raises the probability that the upstream supplier is vertically integrated.
We also compare our model to the framework by Antras and Chor (2013) who assume that the
headquarter makes all organizational decisions along the value chain. Then, we assume firms to
be able to freely decide on their organizational decision structure and find for instance that firms
with a higher overall productivity are more likely to choose a structure where the suppliers decide

themselves on their suppliers’ organizational forms.
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1 Introduction

Most production processes have multiple stages. Intermediate inputs are passed along the stages and
are refined by a supplier in each of these stages until ultimately, in the last stage, a final good is
produced that can be sold to consumers. Along the chain, the crucial “make-or-buy” decision needs to
be made: For the supplier of each stage it must be decided whether he is vertically integrated within

the boundaries of the firm or an external, unaffiliated supplier.

In a seminal model, Antras and Chor (2013) analyze this organizational problem for firms whose
headquarter has control over the entire value chain. An example for such a firm is APPLE: APPLE
tasks Foxconn or Pegatron with the assembly of its products, but has beyond these assembly facilities
own suppliers for the individual inputs.! However, in reality, the headquarter is in many cases not in
charge of the control over the organizational decisions along the whole value chain. To give an example,
consider the automotive sector where many manufacturing units are modularized. For example, the
car manufacturer SMART receives complete door/flap modules, cockpit modules and body panels.?
The module suppliers only receive module specifications regarding design, shape and surface material.
It is up to them to decide on development, technology and implementation of the modules. As a result,

the input suppliers - and not the firm - choose their suppliers and decide on their organizational forms.3

In this paper, we provide an alternative mechanism to explain the organizational decisions in multistage
production processes. More precisely, our contribution is to assume the suppliers of a firm to decide
themselves on the organizational form of their own suppliers, and to analyze the implications of this
assumption on the organizational decisions. Our central finding is that the organizational decisions
of the producer and a supplier are interrelated, particularly when production takes place sequentially,

and depend on both the producer’s and the suppliers’ relative importance for the production.

In our model, we consider a firm that produces a final good whose production necessitates headquarter
services and a manufacturing component. Headquarter services are provided by the firm herself, for
the production of the manufacturing component a supplier (“supplier 1”) is chosen. In contrast
to Antras and Helpman (2004), we assume production of supplier 1’s manufacturing component to
require an additional input provided by another supplier (“supplier 2”). The firm decides whether the
downstream supplier 1 is integrated or outsourced. Supplier 1 then decides himself on the upstream
supplier 2’s organizational form, i.e., whether he is integrated or outsourced. These organizational
decisions are made in an environment of incomplete contracts & la Grossman and Hart (1986) and
Hart and Moore (1990). Due to the incompleteness, a bargaining about the division of surplus takes
place after the production of inputs such that underinvestment problems arise. In this bargaining, an
outsourced supplier has more property rights over his input than an integrated supplier. Outsourcing
thus implies a higher bargaining power and more production incentives for the respective supplier.
Vice versa, integration of a supplier gives the other player more bargaining power and investment
incentives. The essential trade-off underlying both the firm’s and supplier 1’s organizational decisions

is thus between minimizing the own or the respective supplier’s underinvestment problem.

1 According to a list on its web page (see APPLE, 2013), APPLE has more than 200 input suppliers. For example, for

its iPhone 5, APPLE receives instead of a complete camera individual parts: The image sensors are provided by Sony
and OmniVision, whereas the lenses are delivered by Largan Precision and Genius Electronic Optical.

The door/flap modules are provided by Magna Uniport, the cockpit modules are supplied by Continental and the body
panels are sourced from Plasta. Other examples are the complete door modules of Ford for its Fiesta (Faurecia), the
complete door interior panellings of BMW for its 5 Series and the complete door panellings of Mercedes for its CLS
Coupés (both Johnson Controls).

3 See Automotive Netzwerk Suedwestfalen (2013), Daimler (2008), Faurecia (2012) and WIKO (2007).



Ultimately, we are interested in the organizational decisions with sequential production. However, in
our model, sequentiality may arise with regard to the bargaining structure and the production. To
separate the effects on the organizational decisions, we first analyze these decisions in the scenario
of simultaneous production where the producer and the two suppliers decide at the same time on
their input investments. With balanced revenue shares, supplier 1’s decision depends solely on the
suppliers’ relative importance for the whole manufacturing input. In contrast, the organizational
decision of the producer is not only driven by the producer’s importance for the production but also
by the two suppliers’ relative importance. In a second step, we consider sequentiality of production
and assume supplier 2 to invest prior to the producer and supplier 1. Due to this sequentiality, there is
an “anticipation effect” of supplier 2: Supplier 2 anticipates the producer’s input investment such that
his input provision is increasing in the producer’s importance for the production. Thus, supplier 1’s
organizational decision on supplier 2 is not only driven by the suppliers’ relative importance but also
by the headquarter intensity. More precisely, the more relevant is the producer for the production, the
less important it becomes to give supplier 2 investment incentives. Hence, integration of the upstream
supplier 2 becomes more likely. Put differently, one of our main findings is that the two organizational

decisions by the headquarter and the downstream supplier 1 are interrelated along the value chain.

This interrelation has to be understood in the sense that both the producer’s and supplier 1’s organiza-
tional decision depend on the producer’s importance for the production. In other words, headquarter
intensity affects the bargaining relation between the upstream and the downstream supplier and, hence,
the organizational structure of suppliers outside the realm of the producer. More specifically, due to
supplier 2’s anticipation of the producer’s and supplier 1’s investment, the decision of supplier 1 also
depends on the level of the producer’s importance. Thus, due to this anticipation effect, supplier 1’s
decision depends on factors that are outside the scope of the two suppliers’ relation. A further main
finding is that, in contrast to the results of Antras and Chor (2013), our results also depend on the
two suppliers’ relative importance. The respective more important supplier should receive more in-
vestment incentives since his underinvestment problem is more relevant (incentive effect). As a result,
despite the interrelation of the organizational decisions, the producer’s importance for the production
does not definitely pin down the degree of integration of the whole value chain: If the headquarter
intensity is very high, supplier 1 is clearly integrated. However, if supplier 2 is much more important
than supplier 1, the incentive effect is stronger than the anticipation effect such that supplier 2 is
still outsourced. As a result, even for this highly headquarter-intensive production process we do not
observe a (completely) integrated value chain. This implies that not only the relevance of the producer

is crucial for the degree of integration within a value chain, but also the suppliers’ relative importance.

We then assume that firms can freely decide on their decision structure. In other words, we assume that
they can choose between the decision structures of APPLE and SMART. Which of the two structures

is more likely to be chosen depends on the producer’s and her direct supplier’s productivity.

Thus, our overall results depend on the importance of the producer and the suppliers for the production

and on their productivity, i.e., on factors that can be measured by data that are easily accessible.

The rest of this paper is organized as follows: In section 2 we introduce the structure of our model.
Then, in section 3 and 4 we analyze the organizational decisions for the scenarios of simultaneous
and sequential production. In section 5 we consider an alternative basis for the decisions. Section 6
provides a comparison with the results of Antras and Chor (2013) and a discussion of our main results.

In section 7, we analyze firm’s decisions with regard to their decision structure.



2 The Model

2.1 Technology and Demand

As in Antras and Helpman (2004), we consider a firm that produces a final good ¢ for which headquar-
ter services h and a manufacturing component m are required. Headquarter services h are provided by
the producer herself, whereas the manufacturing component m is sourced from a supplier (“supplier

17). The inputs are combined to the final good by the following Cobb-Douglas production function:

o) () ™

O stands for the firm’s productivity and ng € (0,1) denotes the headquarter intensity of production,

i.e., the importance of headquarter services for the final good.

Antras and Helpman (2004) disregard how the manufacturing component is produced, i.e., whether
the firm’s supplier produces the manufacturing component on his own or whether he has to sub-
contract a supplier. As long as contracts between the suppliers are complete, this differentiation is
irrelevant. However, to exploit organizational decisions in multistage production processes, we extend
their analysis and explicitly consider the manufacturing component provided by supplier 1 to be itself
composed of two components my and meo. Component m; is provided by supplier 1 himself, whereas
he has to employ a supplier of his own (“supplier 2”) for the production of component mg. m; and

meo are combined to the manufacturing input by the following Cobb-Douglas production function:

m 1-m
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01 denotes supplier 1’s productivity in the manufacturing input and 7; € (0,1) is supplier 1’s input

intensity, i.e., the importance of supplier 1’s input for the manufacturing component.

The demand for the final good is assumed to be iso-elastic:
_1
q= Ap 1—p (3)

Here, A > 1 is a demand shifter, p is the price of the final good and 1/ (1 — p) denotes the elasticity
of demand (with p € (0,1)).

Using equations (1) - (3) the revenue of the firm can be expressed as
mi

il
R= A" |0, (;;)?m 0, (n):_ g;m%)l m\ 1= |

2.2 Organizational Decisions

In this paper, we analyze the organizational forms chosen for the two suppliers of the manufacturing
component - each of the two suppliers can either be vertically integrated within the boundaries of the
firm or an external, outsourced supplier. These organizational decisions can be made in two different

ways. For illustration, figure 1 depicts the underlying structure of the organizational decisions of



Antras and Chor (2013) and of our model, respectively. In this figure, the solid arrows indicate the
flows of inputs, the dashed arrows show the organizational dependencies. In contrast to Antras and
Chor (2013) who consider the producer to decide herself on the organizational form of all her suppliers
along the value chain, we assume the producer to decide only on her direct supplier 1’s organizational

form. Supplier 1 is then assumed to decide on his own on the organizational form of his supplier 2.

e 7’

. ."" /l . .”"’
supplier 1 |“ S supplier 1 |“
m ’/ A
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2 /, z \b,
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Figure 1: Structure of the organizational decisions.
Left panel: Antras and Chor (2013). Right panel: our structure.

Consequently, in this paper, we analyze which organizational form both the producer and supplier 1
choose for their respective suppliers. In particular, we are interested in the interrelation of these two

decisions and want to analyze how supplier 1’s decision is affected by the producer’s decision.

2.3 Structure of the Game

We assume contracts between all players to be incomplete?, i.e., the input investments are considered
to be non-contractible since they are too complex to be specified ex ante and non-verifiable to third-
parties (as e.g. a court) ex post, as in Grossman and Hart (1986) and Hart and Moore (1990). As
a result, the players renegotiate after the input investments have taken place; a bargaining over the
distribution of surplus arises. Since input investments are fully relationship-specific, hold-up problems
arise and each player underinvests. The degree of a player’s underinvestment problem depends on the
revenue share he expects to receive in the ex post bargaining - the higher is this revenue share, the
lower is his underinvestment problem. Integrated and outsourced suppliers differ in the level of these
revenue shares: Since an integrated supplier is essentially an employee of the firm, he can threat to
withhold only a part of his input. In contrast, an outsourced supplier can threat to withhold his whole
input and, thus, has a higher bargaining power and receives a higher revenue share than an integrated
supplier.

Within this environment, the production process can be modeled as a 7-stage game with the following
timing of events:

1. The producer chooses the organizational form =; of her direct supplier 1. Z; = O denotes
outsourcing and Z; = V denotes (vertical) integration of supplier 1. Given this organizational
decision, the firm offers contracts to potential suppliers. These contracts include an up-front

participation fee 7 to supplier 1 that might be positive or negative.

2. There is a huge mass of potential suppliers, each with an outside option equal to w;. The

4 We also consider a scenario of complete contracts that leads to the first-best solution and serves as a benchmark, see
Appendix A.1.



suppliers apply for the contract and the producer chooses one supplier for the production of the

manufacturing component.

3. This supplier henceforth chooses the organizational form =5 of his own supplier 2. Z5 = O stands
for outsourcing of the supplier and Z9 = V stands for (vertical) integration of the supplier. Based
on this decision, supplier 1 offers contracts to potential suppliers. These contracts include again

a (positive or negative) up-front participation fee 7 to supplier 2.

4. There is a huge mass of potential suppliers with an outside option equal to we that apply for

the contract. Supplier 1 chooses one supplier out of this mass.

5. The headquarter and supplier 1 and 2 decide on their non-contractible input provision levels (h,

mq and mg, respectively). Their unit costs of production are cg, ¢; and cg, respectively.
6. Supplier 1 and 2 bargain over the surplus value of their relationship.

7. The producer and supplier 1 bargain over the surplus value of the whole relationship. The final
good is produced. Revenue is realized and distributed according to the outcome of the bargaining

process.

In this setup, sequentiality may arise both with respect to the bargaining and to the production.
Ultimately, we are interested in the organizational decisions in multistage production processes where
both bargaining and production take place sequentially. However, to separate the effects resulting
from the bargaining and those resulting from the production, in stage 5, we assume that production

may take place in two different ways - production may either arise simultaneously or sequentially.’?

If production takes place simultaneously, the players decide at the same time on their input investments

in stage 5 of the game structure:

5.a. The producer and the two suppliers each decide independently from the other two players on

their non-contractible input provision levels.

However, if production arises sequentially, investment decisions take place at different points of time.
More precisley, we assume supplier 2 to invest prior to the producer and supplier 1 such that stage 5

is divided into two separate stages:5
5.b. 1. Supplier 2 decides on his non-contractible input provision level (mg).
2. After the production of msg, the producer and supplier 1 decide simultaneously on their
non-contractible input provision levels (h and m;, respectively).

In the following we first analyze the producer’s and supplier 1’s organizational decision in the scenario
of simultaneous production. Then, in a second step, we assume sequentiality of production with
supplier 2 investing prior to the producer and supplier 1. In doing so, we highlight the influence of

this sequentiality on the organizational decisions.

Results are simpler if we assume a setup without participation fees. However, since in a setup with participation fees
arises an additional effect through the timing of the producer’s and the suppliers’ investment decisions that does not
exist in a setup without participation fees, in our paper, we mainly focus on the setup with participation fees. The
other, simpler results are presented in section 5 and Appendix C.

We have also considered a further expanded sequentiality of the production process and have additionally assumed
supplier 1 to invest previous to the producer. However, since the effect of sequentiality can clearly be seen in the
“simpler” case with only supplier 2 investing previously, we only consider this constellation. Results are available on
request.



3 Simultaneous Production

Analyzing first the scenario of simultaneous production, the producer and the suppliers make their

investment decisions independently from the other players, as described in stage 5.a.

3.1 Solving the Game

Solving by backward induction, in the last stage, the final good producer and her direct supplier 1
bargain over the distribution of the surplus value of the relationship. The producer receives a revenue
share S, supplier 1 receives the remain (1 — B). These revenue shares depend on the organizational

form the producer chooses for supplier 1 in stage 1 that we will analyze below.

In stage 6, the suppliers bargain over the distribution of the suppliers’ revenue share (1 — Bg). Supplier
1 receives a revenue share (3 of it, whereas supplier 2 receives the residual (1 — ;). The level of 1

depends on supplier 1’s organizational decision in stage 3 that will also be analyzed below.

In stage 5, the producer and the suppliers decide simultaneously on the input provisions for the pro-
duction of the final good. In doing so, each player takes into account the revenue share he will receive
in the bargaining and chooses the input provision that maximizes his respective profit. More pre-
cisely, the producer chooses h*™ = argmazxy, {8z R — ciyh}, whereas the suppliers choose the amounts
m§™ = argmazm,, {(1 - Bu) f1R —cimi} or m§™ = argmaz,, {(1 — Bu) (1 — 1) R — cama}, re-

spectively. The resulting input provisions are given by:’

hsim _ anﬁHRSim msim _P (1 - 77H) m (1 - ﬁH) ﬁleim
= =
CH C1

p(L=nm) (1= m) (1= Bu) (1= By) R*™
C2

H 1 1—my \ 17NH =
() o) ()7

Equation (5) shows the trade-off between revenue share and revenue level: A higher revenue share

and m5"™ =

raises, ceteris paribus, the respective own input provision. However, it reduces the respective supplier’s

input provision such that the revenue level and thus the own input provision also decrease.

In stage 4, supplier 2 only applies for the contract if his profit m*"™ - that consists of his expected

payment minus his productions costs plus his participation fee - is at least equal to his outside option:
m ™™ = (1= 1) (1= Bu) (1 = p[L —m][1 = nu)) R + 15 > ws. (6)

Since there is no need to leave rents to supplier 2, supplier 1 chooses the participation fee in stage 3

such that it equals supplier 2’s production costs and outside option minus his expected payment:
Ty =wy — (1= A1) (1= Bu) (1 = p[L = m] [1 = nu)) R*™. (7)

Supplier 1 then chooses the organizational form of supplier 2 that maximizes his own profit 75" that

7 Since players anticipate that, with incomplete contracts, they will not receive the full return of their investment in the
ex post bargaining, they have an incentive to provide less input than they would provide with complete contracts, i.e.,
they underinvest. These lower input provisions induce a lower revenue level. For more details see Appendix A.2.



is equal to his expected payment plus his own participation fee from the producer minus his own

production costs and supplier 2’s participation fee:
"™ = (1= Ba) [L— p (1= nm) [Bim + (1= 1) (1 —m)]] R¥™ + 11 — ws. (8)

For supplier 1 to participate in the production of the final good in stage 2, this profit must be at least

equal to his outside option such that the participation fee is given by

T =wi +wy — (1= Bu) [1 = p(L—nm) [Bim + (1= B1) (1 —m)]] R, (9)

Finally, in stage 1, the producer chooses the organizational form of supplier 1 that maximizes her
own profit Wf_}m that consists of her expected payment minus her production costs and supplier 1’s

participation fee. Using equation (9), this profit - that is equal to the overall surplus - is given by®

T = (1= p [0~ Bar) (1 =) [Bim + (U= 81) (L= m)] + S]] B —wy — . (10)

3.2 Organizational Decisions

As both the producer and supplier 1 will choose the organizational form of their supplier that max-
imizes their own profit, we use the above profit levels to determine the producer’s and supplier 1’s
organizational decision. To decide whether integration or outsourcing leads to higher profits, we first
derive the optimal revenue share with incomplete contracts and assume the producer and supplier 1
to be able to freely set the revenue share 5 € (0, 1), as in Antras and Helpman (2004, 2008) or Antras
and Chor (2013). Then, we compare this optimal revenue share with the revenue shares of integration
and of outsourcing; the organizational form with the revenue share closest to the optimal revenue

share leads to higher profits and is, thus, chosen.

Thereby, the producer or supplier 1, respectively, receive a revenue share BJV (with j = {H,1}), when
the supplier is an integrated supplier, and they receive a revenue share ,Bjo, when the supplier is an
outsourced supplier. The supplier receives the residual (1 — BJV) or (1 — ﬁf), respectively. Since the
producer and supplier 1 have better property rights over their supplier’s component input in case of
integration than in case of outsourcing, their revenue share is higher when the supplier is integrated

than when he is outsourced. Vice versa, the supplier’s revenue share is higher when he is outsourced
than when he is integrated (63‘/ > Bjo & (1 — ﬁjo) > (1 — BJV>)

Supplier 1’s Organizational Decision We first consider supplier 1’s decision on the organizational
form of his supplier, supplier 2. To derive supplier 1’s optimal revenue share, we differentiate supplier

1’s profit (as given in equation (8)) with respect to §; and solve for f:

\/bim —@m I =p(X=nal[l —m]+n9m)] + pnm)

pr = 2([1 = 2m][1 — pnal)

with (11)

by = (2 (1= p ([L =) [L = m] +n)] + pner)* +dn (1= 2m) (1= pnar) (1= p[L = m] [L = nar]) -

8 As shown in Appendix A.2, due to underinvestment, this profit level is lower than it would be with complete contracts.



The black lines in figure 2 illustrate this optimal revenue share 3§"™ with respect to n; for different
values of ng. The revenue share in case of outsourcing (ﬂ? ) is depicted as gray, solid line and the

revenue share in case of integration (3]) as gray, dashed line.

B1

‘ m

Figure 2: Optimal revenue share 3™ subject to a variation of 7;.

Black, dotted line: low values of ny. Black, solid line: high values of ny.

In the following, we analyze the effect of changes of supplier 1’s input intensity and of the headquarter
intensity on this optimal revenue share. In the main text we only discuss the economic intuition, the

details are relegated to Appendix B.1.1.

As both black lines in figure 2 are upward sloping, figure 2 illustrates that the optimal revenue share

is an increasing function of supplier 1’s input intensity n;. Analytically,

om

> 0. (12)

In line with Antras and Helpman (2004), a higher importance of supplier 1’s input for the manufac-
turing input implies a higher relevance of supplier 1’s own underinvestment problem such that the
optimal revenue share rises. We then compare this optimal revenue share with the revenue shares in
case of integration and in case of outsourcing illustrated in figure 2: Since supplier 1’s revenue share
is higher when supplier 2 is integrated than when he is outsourced, we find that for low values of
m, B is closer to ﬁlo such that outsourcing of supplier 2 is chosen. For high values of 11, 5{™™ is
closer to B}/ such that integration of supplier 2 is chosen. Intuitively, the respective more important
supplier’s underinvestment problem is minimized by assigning him a revenue share as high as possible.
The resulting organizational decision with respect to the input intensity 7; for different parameter

constellations is depicted in figure 3.

The different parameter constellations are depicted by different color gradations. In all constellations
outsourcing is chosen for low values of 7; and integration is chosen for high values of 71, however, the
level of the input intensity at which the change from outsourcing to integration occurs (the “cutoff
input intensity” nff ) is subject to variation. The level of this cutoff input intensity depends on the
level of the revenue shares ﬁ}/ and B?: The black line in figure 3 depicts the organizational decision

for the special case of balanced revenue shares, i.e., when 510 and BY are located equidistantly around
f

sim

$m (n = 1/2) ~ 1/2%. As illustrated, in this case the cutoff input intensity ny
there is an imbalance in the revenue shares, nff deviates from 1/2. A higher 5} or 8P (59 > (1 - BY ))

is equal to 1/2. Once

sim

9 Since "™ (m =1/2)is indeterminate, knowing that 9B;“™ /Omy > 0, we can approximately determine 8{"™ (1 = 1/2)
using 1/2 [B5"™ (m = 0.51) + B{"™ (m = 0.49)] = 1/2.
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Figure 3: Organizational decision of supplier 1 Z5™ subject to a variation of 7.

Black line: ﬁ? =1-8Y. Gray, solid line: ﬁ? < 1- Y. Gray, dashed line: 510 >1-pY.
increases, ceteris paribus, the range in which /Bfim is closer to 510 and in which thus outsourcing prevails.
As a result, the cutoff input intensity rises and nff > 1/2. This is illustrated by the gray, dashed line
in figure 3. Vice versa, a lower BY or 610 (610 < (1 — BY )) reduces the range in which 8§ is closer
to 510 such that outsourcing is less prevalent. In this case, the cutoff input intensity falls: nff <1/2
(gray, solid line in figure 3).

Since we are especially interested in the interrelations of the producer’s and supplier 1’s organizational
decision, we analyze the effect of changes of ny on 3™ and, thus, on supplier 1’s organizational
decision. In figure 2, the effect of an increase of the headquarter intensity 7y on the optimal revenue
share is ambigious: If 171 < 1/2, the black, dotted line that indicates a low 1y runs above the black,
solid line that stands for a high 7y, and vice versa if 71 > 1/2. In accordance with this graphical

observation, the derivation of ;7™ with respect to 7y depends on the level of 7;:

6ﬁf’m < 0, if m <

(13)
Mo | >o0, ifn >

NI N

More precisely, for m1 < 1/2, a rise of the headquarter intensity leads to a decrease of the revenue
share, whereas for 1; > 1/2, this leads to an increase of the revenue share. A rise of ny implies
a lower importance of the whole manufacturing input for the production process. As a result, both
suppliers’ input provisions decrease (see equation (5)). To provide an incentive for the respective more
important supplier, he should receive a larger optimal revenue share, i.e., for low values of supplier
1’s input intensity, supplier 2 should receive a higher revenue share and for high values of supplier 1’s
input intensity, supplier 1 should receive a higher revenue share. With regard to the organizational
decision this finding implies that for n; < 1/2, a rise of ny makes outsourcing more likely, and that

for m > 1/2, a rise of ny makes integration more likely.

f

Since in the case of balanced revenue shares the cutoff input intensity 1’ equals 1/2, there is thus no

effect of ny on this cutoff intensity. Hence, in this case the producer’s importance for the production
has no effect on supplier 1’s organizational decision. However, with imbalanced revenue shares, nff
differs from 1/2 and, thus, varies with 7. ny has a counteracting, alleviating effect. More precisely,
if 3} or BIO are higher such that outsourcing becomes more likely, we have nff > 1/2 and are thus
in the range of 1; where a rise of ny shifts the optimal revenue share upwards. To give the more

important supplier 1 more incentives, integration becomes more likely. In contrast, if 3] or ¢ are



lower and integration becomes more likely, nff is smaller than 1/2. For n; < 1/2, a shift of ny makes

outsourcing more likely.'?

We can summarize our findings as following:

PROPOSITION 1 For low values of the input intensity n1, supplier 1 chooses outsourcing of supplier
2. For high values of n1, integration is profit-mazimizing. The cutoff input intensity nff which induces
the change in supplier 1’s organizational decision depends on the level of the revenue shares ﬁlo and
ﬁY, and on ng.
. If 510 and ,BY are balanced, i.e., ,6’10 =1- ﬁY, nff is equal to 1/2 - independent from the level
of the headquarter intensity ng.
1. With imbalanced revenue shares Blo and 3} (,6’? # 1— Y ), the cutoff input intensity nff differs
from 1/2 and varies with the level of ng.
A higher revenue share 610 or BY raises, ceteris paribus, the probability of outsourcing. A higher
headquarter intensity reduces the probability of outsourcing.

A lower revenue share 510 or BY reduces, ceteris paribus, the probability of outsourcing. A higher

headquarter intensity raises the probability of outsourcing.

The Producer’s Organizational Decision In the next step, we consider the producer’s decision
in the first stage of the game on the organizational form of her direct supplier, supplier 1. We again
first derive the optimal revenue share!! and differentiate the producer’s profit (given by (10)) with

respect to Sy and solve for SBy:

MA@ =) (L= p (L =nm)) + B (1= 2m) (1 =) 1+ pnm) /(1= ni) 03"
o 2(me — (1 =ng) (L —m) = B1(1—2m)))

with  b" = \/ (400 = p) i + (L =i (4 p (2= 1) mas + 81 (1= 2m1) (1= o))
In figure 4, we depict this optimal revenue share Bf}m (black lines) subject to a variation of ny for

given values of 1.2 The gray, solid line depicts the producer’s revenue share in case of outsourcing

(B9) and the gray, dashed line depicts the producer’s revenue share in case of integration (3)).

10 An alternative approach to determine supplier 1’s profit-maximizing organizational decision that leads to the same
reults is to compare the profits in case of outsourcing and integration. Integration is chosen whenever holds

p(l=ng)

v (lﬂY)l_m] Y l—p(L=ma) [Bm+ (1-5) (1 —m)

simV sim O

s > Ty <~ |:

} > 1.
oM (1— By ™ L—p(L=nm) [BPm + (1 —57) (1 —m)]

1 Note that the residual revenue share supplier 1 receives is the whole suppliers’ revenue share that is distributed between
the two suppliers. In the end, supplier 1 receives only a fraction 51 - (1 — Bu) of the revenue.

12 g¢im depends on the revenue share supplier 1 receives (31). Since it depends not only on 1y and 7, but also on the
level of B and BY, whether 31 is equal to AC or to 8}, we have to make an assumption about the level of these revenue
shares. Since with balanced revenue shares, supplier 1’s organizational decision is independent from the importance
of the producer, we assume for simplicity that 3 = (1 -8y ) holds such that - following proposition 1 - supplier
1 chooses B1 = AP if m < 1/2 and B1 = Y if m > 1/2. In this case, we can clearly see whether the producer’s
decision depends on the two suppliers’ input intensities. For robustness, we provide in Appendix B.1.3 the results for

BY > (1-pY).
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Figure 4: Optimal revenue share 35™ subject to a variation of 7.
Black, dotted line: low or high values of n;. Black, solid line: intermediate values of 7;.

Analyzing the effects of changes of ny and 7; on the producer’s optimal revenue share, we find that

(for the concrete derivatives see Appendix B.1.2)

Oﬁi}m
onu

> 0. (14)

As the producer’s revenue share is higher for integration than for outsourcing, a higher headquarter

intensity makes integration more likely. The resulting organizational decision is depicted in figure 5.

r:sim

=h

Integrati on

Outsourcing

05 M

Figure 5: Organizational decision of the producer Z$™ subject to a variation of 1.

Black line: ,Bg =1- ﬁl‘fr. Gray, solid line: Bg <1-— 6}/1. Gray, dashed line: 591 >1-— ,6’}/[.

Analogously to figure 3, the different color gradations in figure 5 stand for different paramter con-
stellations of 59] and B}/I. They differ with regard to the level of headquarter-intensity (the “cutoff

headquarter intensity” n(l;f) at which the change from outsourcing to integration arises. The black

line represents the organizational decision for balanced revenue shares 513 =1- B}/I. In this case, 77;{
is equal to 1/2. As for the decision of supplier 1, with imbalanced revenue shares, the higher is Bg
or ﬁ}/l, the higher is 77% (gray, dashed line) and, thus, the more likely becomes outsourcing, and vice

versa for a lower 39 or B8}, (gray, solid line).

To determine the interdependencies of the producer’s and supplier 1’s organizational decision, we
analyze in the next step the effect of supplier 1’s input intensity 7, on ﬂf}m and on the producer’s
organizational decision. Figure 4 illustrates that the black, dotted line that represents intermediate
values of 11 runs for all values of ny above the black, solid line that depicts low or high values of

sim

m. Thus, interestingly, the derivation of 8™ with respect to 17 is independent from the level of the
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headquarter intensity:
opgm | <0, ifm <

(15)
Om |>o, ifn >

Nl NI

It is negative if 71 < 1/2 and positive if 7; > 1/2. The intuition for this finding is the following: If
11 rises, the importance of headquarter services for the production remains constant, however, the
suppliers’ investment incentives change. Since the producer anticipates supplier 1’s organizational
decision with respect to supplier 2, he also anticipates the effects of these changes. If n; < 1/2,
supplier 1 chooses outsourcing of supplier 2 and receives a smaller fraction of the suppliers’ revenue
share than supplier 2: 510 < (1 — Blo ) Thus, if n; rises, supplier 1’s input provision increases, however,
it increases less than supplier 2’s input provision decreases. As a result, the level of the manufacturing
input and, thus, the revenue level would decrease. To avoid this, the producer wants to strengthen
the suppliers’ production incentives by assigning them a larger share of the revenue. Contrary, if
m > 1/2, supplier 1 chooses integration of supplier 2 and his fraction of the suppliers’ revenue share is
higher than supplier 2’s fraction: 8} > (1 - BY ) An increase of 7; then leads to a higher increase of
supplier 1’s input provision than the decrease of supplier 2’s input provision. As a result, the level of
the manufacturing input and the revenue level increase and it is not so important for the producer to
incentivize the suppliers. Instead, she can assign herself a larger share of the revenue. As a result, if
n < 1/2, a higher input intensity of supplier 1 makes outsourcing more likely, and if 17 > 1/2, a higher
input intensity of supplier 1 makes integration more likely. Since an increase of 7; first increases and
then decreases the prevalence of outsourcing, and, thus, the cutoff headquarter intensity, outsourcing
is most prevalent for n; = 1/2, i.e., when the suppliers are equally important for the manufacturing
input. The higher is the asymmetry in the suppliers’ input intensities, the less prevalent becomes

outsourcing.

Summing up, due to the producer’s anticipation of supplier 1’s organizational decision and of the

effects of her own decision on the suppliers, the cutoff headquarter intensity 17;{ varies even with

balanced revenue shares:!?

PROPOSITION 2 For low values of the headquarter intensity, the producer chooses outsourcing
of supplier 1 and for high values of the headquarter intensity, she chooses integration. The cutoff
headquarter intensity 772{ at which the change in the producer’s organizational decision arises, depends
on the level of n1: With balanced revenue shares, outsourcing of supplier 1 becomes more likely, the

more similar are the suppliers in their importance for the manufacturing input.'*

Interrelation of the Producer’s and Supplier 1’s Organizational Decisions To illustrate the
interrelation of the organizational decisions with simultaneous production, we combine the producer’s
and supplier 1’s decision in one figure: Figure 6 illustrates the resulting combined organizational

decisions of both the producer (257™) and supplier 1 (Z57™) under the assumption of balanced revenue

13 The producer’s profit-maximizing organizational decision on supplier 1 is the same when comparing the profits in case
of outsourcing with those in case of integration. Integration is chosen if

o [ T T = (1= BY) (L= ) [( = 51) (1= ) + S| + Bl
PETT g - st | T=pl=B9) (L= na) (L= B1) (L= i) + Bumi] + B

11 8P and B are imbalanced, it depends on the distance of supplier 1’s input intensity to nff whether integration or
outsourcing is chosen.

12



shares of supplier 1 as 25 = {Eﬁm, E§m1. “0” denotes outsourcing of the respective supplier and
“V” stands for integration. On the horizontal axis, we display the headquarter intensity ng and on

the vertical axis, we display the input intensity 7.

low {0,0} {V.0}
/5 e A
high {O,V} {V,V}

Figure 6: Organizational decisions of the producer and supplier 1 with simultaneous production.

As figure 6 shows, there result four different combined organizational decisions: {O, O}, {O,V'}, {V,0}
and {V,V}. The organizational decision of supplier 1 depends on the level of input intensity: If n;
is low, supplier 1 chooses outsourcing and if 7; is high, he chooses integration of supplier 2. Since
the black, dashed separating line does not vary with the level of ny, figure 6 illustrates that supplier
1’s decision is solely driven by n;. The organizational decision of the producer is a function of the
headquarter intensity: For low values of ny, i.e., if ng is to the left of the black, solid line, the producer
chooses outsourcing of supplier 1. Vice versa, for high values of ny, i.e., if ny is to the right of this
line, the producer chooses integration. In contrast to the separating line of the input intensity, the
line that separates low and high values of the headquarter intensity is not straight but curved: The
more similar are the suppliers in their importance, the more is the line tilted to the right. As a result,
the range in which the producer chooses outsourcing of supplier 1 increases. Using proposition 1 and

2, we can summarize our findings for the case of simultaneous production as follows:

PROPOSITION 3 Assuming simultaneous production and balanced revenue shares of supplier 1,
the producer’s decision depends on supplier 1’s importance for the manufacturing input, however, the
organizational decision of supplier 1 is solely driven by the two suppliers’ input intensities and is
independent from the producer’s importance for the production. In particular, a higher similarity of

the suppliers’ input intensities drives outsourcing.

Hence, both the producer’s and supplier 1’s organizational decisions depend on their own importance
for the production relative to the importance of the supplier. This incentive effect is in line with the
result of Antras and Helpman (2004) with one supplier where the respective more important player
should be assigned better production incentives. However, beyond that, in our model, the producer’s
decision depends on the level of the suppliers’ input intensities, i.e., on the relative importance of
the suppliers for the manufacturing component. Since these input intensities are not part of the
producer’s relation to her supplier, the producer’s decision is driven by factors that are out of the
scope of the producer. Put differently, the suppliers’ relative importance affects the organizational

structure outside the realm of the suppliers.
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4 Sequential Production

So far, analyzing a simultaneous production process, we have have seen the effect of the bargaining
structure on the organizational decisions. In the following, to analyze the effect of sequentiality of
production on the organizational decisions, we assume supplier 2 to invest prior to the producer and
supplier 1 such that production takes place in two stages, as described in stage 5.b. above. More
precisely, supplier 2 first chooses his input provision level. Afterwards, supplier 1 and the producer

decide at the same time, independently from each other, on their investment levels.

4.1 Solving the Game

Solving by backward induction, in stage 5.2., the producer and supplier 1 first choose the input
provisions that maximize their respective own profit. Their profit-maximizing input provisions are as
for simultaneous production given by equation (5). However, in contrast to the previous analysis, the
revenue R4 cannot be finally determined at this stage since it depends additionally on supplier 2’s

input provision:
1
P\ @

O o o e

cH C1 ) (1 —TH

with ¢ =1—p(1 = [1 =m][l —nu]) <1.

When supplier 2 decides in stage 5.1. on this input provision, he anticipates supplier 1’s and the pro-
ducer’s input provisions and thus this revenue level and chooses ms™ = argmaz,, {(1 — Bu) (1 — B1)

R*°? — comy}. This gives his profit-maximizing input provision:

med — p(1—ng)(1—m)(—Bu)(l—p1) R
2 c2¢

nH m _ 1—nm\ 1772 =7
with R*9 = A |pby @2’) (91 (1—Bu) (fi) (162§1> ) .

As shown in Appendix A.3, comparing supplier 2’s input provision and the revenue level to those in the

(17)

scenario of simultaneous production, we find that both the input provision and the revenue level are
now inversely related to ¢, i.e., they are both higher with sequential production than with simultaneous
production: Since supplier 2 anticipates the producer’s and supplier 1’s investments, he invests more
than with sequential production - independent of the revenue level. This higher investment raises the
revenue and, as a result, the producer’s and supplier 1’s investments are higher as well. Thus, contrary
to the analysis of Antras and Chor (2013) where the investments can be sequential complements or
sequential substitutes, due to the assumed Cobb-Douglas production function, in our analysis the
players’ investments are always sequential complements. Thereby, it is important to note that supplier

2’s input provision increases more than the input provisions of the producer and supplier 1.
Using the above equations, supplier 1’s profit for sequential production can be depicted as following;:

(1 =51 (1 =m)
¢

m = (1-Pn) [1—P(1—77H) [ﬁmﬁr H R*T — 1) — ws. (18)
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Proceeding as in the scenario of simultaneous production gives the total payoff of the relationship:%/16

(1=5) (1 =m)
¢

it = 1= 0 (0= ) (1= ) [ + |+ [ s < <10

4.2 Organizational Decisions

Using these profit levels, we analyze in the following the effect of sequentiality of production on the
organizational decisions. Since sequentiality of production mainly changes supplier 1’s organizational
decision, in the main text, we only present supplier 1’s organizational decision, whereas the producer’s

decision is presented in Appendix B.2.2.

Supplier 1’s Organizational Decision Similarly to above, we start with solving for supplier 1’s

. se
optimal revenue share 37

seq _ VO = piit (1= nm) (6 +p) =01 (2= p (3 = pnmr))

1 21— o) (L—m (1 + 9)) with

p=al =l L= pn L= (L)) s [24 0 (L= ] (1= s ) — o 3= [1— )]

M

Figure 7: Optimal revenue share 37! subject to a variation of 7.
Black, dotted line: low values of ng. Black, solid line: high values of ng.

Figure 7 is analogous to figure 2 and depicts supplier 1’s optimal revenue share with respect to n; for
different values of 7y (black lines). Analyzing the effects of 11 and g on supplier 1’s optimal revenue

share with sequential production, the concrete derivatives are relegated to Appendix B.2.1.

5 Comparing this payoff with the payoff in the scenario of simultaneous production, there are two countervailing effects
on the payoff: On the one hand, the revenue with sequential production is higher than the revenue with simultaneous
production. On the other hand, due to the higher input provisions, the costs are higher as well. Since the first effect
is stronger than the second one, the payoff with sequential production is higher than the payoff with simultaneous
production, as illustrated in Appendix A.3.

16 However, following Appendix A.4, the input provisions, the revenue and the profit are still lower than with complete
contracts. The intuition is that there are two counteracting effects with sequential production processes: On the one
hand, there is supplier 2’s anticipation effect that raises the input provisions, the revenue and the profit (¢seq > 1).
On the other hand, contract incompleteness leads to an underinvestment in terms of lower input provisions, a lower
revenue and a lower payoff (¢sim < 1). The second, negative effect exceeds the first, positive effect such that in the
scenario of sequential production, the input provisions, the revenue and the profit are still lower than in the case of
complete contracts. Thus, sequentiality of the production process does not eliminate the underinvestment problem,
however, sequentiality reduces it. This finding is in line with Zhang and Zhang (2013) who introduce sequentiality in
Hart’s 1995 model of one producer and one supplier bargaining about the ownership of the firm.
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The crucial difference compared to the scenario of simultaneous production is the effect of the head-
quarter intensity on the optimal revenue share: Contrary to the scenario of simultaneous production
where the direction of the effect depends on the level of input intensity, in figure 7 the black, solid line
that represents a high level of headquarter intensity runs for all values of the input intensity above

the black, dotted line that stands for a low level of headquarter intensity. Hence,

B!

> 0, 20
D (20)

which holds irrespective of n;. The positive relation implies that a rise of the headquarter intensity
raises the optimal revenue share 5;°? for all suppliers’ input intensites, i.e., irrespective of which
supplier is relatively more important for the production of the whole manufacturing input. The
intuition is the following: A higher importance of headquarter services, i.e., a lower importance of
the component for the production causes, ceteris paribus, lower input provisions of both suppliers.
However, a rise of i increases the producer’s input provision. Since supplier 2 anticipates this higher
investment, a higher ngy not only reduces, but also raises supplier 2’s input provision. As a result,
it becomes less important to incentivize supplier 2 for the production. Instead, supplier 1’s optimal
revenue share 37 increases. Thus, due to the anticipation effect of sequential production a higher

headquarter intensity makes integration for all values of the input intensity more likely.

= Seq
=1

Integration

Outsourcing

‘
05 Ui

Figure 8: Organizational decision of supplier 1 subject to a variation of 7;.
Black, dotted line: low values of ng. Black, solid line: high values of ngy.

Assuming balanced revenue shares, the resulting organizational decision of supplier 1 with respect
to the input intensity is illustrated by the black lines in figure 8. As with simultaneous production,
supplier 1 chooses for low values of 7; outsourcing of supplier 2 and for high values of 71, he chooses
integration. However, in contrast to simultaneous production, the cutoff input intensity varies even
with balanced revenue shares with nz:'7 The black, dotted line that represents low values of ng is to
the right of the black, solid line that stands for high values of ny. Since the optimal revenue share is
increasing in 7y, a higher headquarter intensity lowers the cutoff intensity nff and increases the range

of n1 in which supplier 1 chooses integration of supplier 2. We can summarize this result as following:

PROPOSITION 4 With sequential production, the cutoff input intensity n‘ff which induces a change

in supplier 1’s organizational decision varies even with balanced revenue shares with the level of ny:

The higher is ng, the more prevalent becomes integration, i.e. the lower is nff.

17 This is why we assume balanced revenue shares in the simultaneous scenario. With imbalanced revenue shares, the
organizational decision would also vary with simultaneous production such that the effect of sequentiality of production
would not be as clear as with balanced revenue shares.
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Interrelation of the Producer’s and Supplier 1’s Organizational Decisions Figure 9 com-
bines the resulting organizational decisions of the producer and supplier 1. The left panel depicts
these organizational decisions once again in the scenario of simultaneous production and the right

panel depicts them in the scenario of sequential production.

low Ny high low Ny high
low 10,0} {V,0} low {0,0} {V,0}
N [~~~ ~~~~""~~==q=======-- m k-7
high {O,V} AS high H{OAS A%

Figure 9: Organizational decisions of the producer and supplier 1.
Left panel: simultaneous production. Right panel: sequential production.

As illustrated in the right panel, in the scenario of sequential production, the producer’s decision is
still driven by ng and n1: If ng is to the left of the black, solid line, the producer chooses outsourcing

18 The crucial difference

of supplier 1 and if 5y is to the right of this line, she chooses integration.
concerns supplier 1’s decision: If n; is above the black, dashed line, supplier 1 still chooses outsourcing
of supplier 2 and if n; is below this line, he chooses integration. However, with sequentiality of
production, the separating line of the input intensity varies with the level of 1. More precisely, the
line is rotated upwards with an increase of the headquarter intensity. As a result, the higher is ny,

the more likely becomes integration. Proposition 5 then follows.

PROPOSITION 5 With sequential production, due to the anticipation effect, supplier 1’s organi-
zational decision is no longer solely driven by his input intensity but also depends on the producer’s

importance for the production such that the two decisions are interrelated.

Due to supplier 2’s anticipation of the producer’s and supplier 1’s investment levels, the producer’s
and supplier 1’s decisions are interrelated in the sense that a higher headquarter intensity not only
increases the probability that the producer chooses integration of supplier 1, but it also raises the
probability that supplier 1 chooses integration of his own supplier 2. Vice versa, a lower headquarter
intensity increases the probability of outsourcing for both suppliers. Because of this anticipation effect
the producer’s relevance for the production affects organizational decisions outside the realm of the
producer. In other words, supplier 1’s decision depends on factors that are outside the scope of the

two suppliers’ relation and that only directly influence the relation of the producer and supplier 1.

18 More precisely, as illustrated in Appendix B.2.2, for low values of p, a higher input intensity first tilts the separating
line to the right and then it is tilted back to the left. However, contrary to our findings in the simultaneous scenario,
for high values of p, it is always tilted to the right when the input intensity increases - independent of the level of 7;.
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5 Setup without Participation Fees

Our model differs from the one by Antras and Chor (2013) not only in terms of the bargaining structure,
but also with respect to the profits that are maximized.!” In their baseline setup, they assume the
producer to maximize her own profit. In contrast, as in Antras (2003), Antras and Helpman (2004)
or Schwarz and Suedekum (2014), in our model, we assume participation fees such that the respective
joint profit is maximized. Therefore, we analyze in the following a setup without participation fees,
similar to Antras and Chor (2013) . In doing so, we only present the central results in the main text,

the details are depicted in Appendix C.

With simultaneous production, supplier 1’s optimal revenue share is given by

i, =y 4 L2220 (21)

Contrary to the results of simultaneous production with participation fees, this optimal revenue share
is for all values of 7; increasing in the headquarter intensity. Intuitively, a higher importance of
headquarter services lowers both suppliers’ investment incentives. As supplier 1 only considers his own
payoff and not the joint payoff with supplier 2, he can no longer retain (part of) supplier 2’s profit.
As a result, he no longer assigns a higher revenue share to the more important supplier. Instead, he
has an incentive to always assign himself a higher revenue share. As a result, a higher headquarter
intensity increases the probability of integration even with simultaneous production - independent of
the level of the revenue shares in case of integration and of outsourcing, i.e., independent of whether

revenue shares are balanced or not.

The producer’s optimal revenue share is

sim

H,wozl_p(l_nH)' (22)
Interestingly, in contrast to the constellation with participation fees, 5;}'773)0 is independent from 7.
The intuition is that the importance of supplier 1 relative to supplier 2 only directly affects the two
suppliers’ investment incentives and has no direct impact on the producer’s input provision. Since the
producer no longer can retain the suppliers’ profit but maximizes his own profit, he does not consider

the effect of his decision on the two suppliers’ relation.

With sequential production, the optimal revenue shares of supplier 1, Bfiﬁo, and the producer, ;{e‘fﬂ o

are identical to the optimal revenue shares with simultaneous production. The intuition for this
finding is that with sequential production both the producer’s and supplier 1’s input provisions and
the revenue are increasing to the same extent. In contrast, with participation fees and joint payoff
maximizing, the optimal revenue share supplier 1 chooses takes supplier 2’s disproportionate higher
input provision into account and this also affects the producer’s optimal revenue share.

Summing up, without participation fees, a higher headquarter intensity makes integration of supplier

2 even with simultaneous production more likely. Sequentiality of production has no effect on the

revenue shares and, thus, the producer’s and supplier 1’s organizational decisions.

19In addition, we only consider two suppliers instead of a continuum of suppliers and focus on the complements case only
whereas they distinguish between complements and substitutes. These differences are discussed in the next section.
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6 Discussion and Comparison with Antras and Chor (2013)

Comparing our results for sequential production with those of Antras and Chor (2013), it is important
to note that they consider a measure one of production stages (and thus suppliers), whereas we only
assume two suppliers. Adopting their notation of “upstream” and “downstream” stages, each stage
comprises only one supplier: Supplier 2 is the upstream supplier and supplier 1 is the downstream
supplier. As a result, we cannot make a statement about the range of stages that are vertically

integrated /outsourced, but only about the probability of integration/outsourcing within a given stage.

In addition, whereas Antras and Chor (2013) distinguish between complements and substitutes, in our
setup, the inputs are always complements. For complements, their model predicts outsourcing of the
upstream supplier [2] and integration of the downstream supplier [1]. We obtain this organizational
structure if the headquarter intensity is high and the input intensity is low. Beyond this result, our
model generates in dependence of the level of the headquarter intensity and the level of the input
intensity all four combinations of organizational forms. If the headquarter intensity is low and the
input intensity is high, we even observe integration of the upstream supplier and outsourcing of the

downstream supplier, a result that arises in their model only for the case of substitutes.

Antras and Chor (2013) find a positive relationship between the headquarter intensity and the range of
stages that are integrated. In line with their finding, due to supplier 2’s anticipation of the producer’s
and supplier 1’s investment, we find that a higher headquarter intensity increases the probability of
integration in all stages, i.e., for both supplier 1 and supplier 2: Since with sequential production the
decision of supplier 1 is interrelated to the producer’s decision, a rise of 1y makes integration in both
the upstream stage and the downstream stage more likely - despite the decision on the organizational
decision of the upstream supplier is outside the realm of the producer. This relation persists if we

consider a setup without participation fees, similar to Antras and Chor (2013).

In one of their extensions, Antras and Chor (2013) consider their suppliers to differ not only with
respect to their level of downstreamness but also by a term ¥ (and the level of unit costs). This
term W is related to our input intensity 7; since it is assumed to cover differences in the effects
of the suppliers’ inputs on the output level. However, in their model, the decision whether the
upstream/downstream stages are integrated or outsourced depends as in their baseline setup only on
whether the inputs are complements or substitutes. This is contrary to our finding that the level
of 11 affects the organizational decisions of both the producer and supplier 1. In other words, in
our model, there is an additional incentive effect. The dependency of the organizational decisions
from 7, persists in a setup without participation fees. There, the level of 1; no longer affects the
organizational decision of the producer, however, it still drives the organizational decision of supplier
1. Thus, since our results also depend on the two suppliers’ relative importance, the headquarter
intensity does not definitely pin down the degree of integration of the whole value chain. For high
values of the headquarter intensity, the producer chooses integration of supplier 1. However, there are
two counteracting effects with regard to supplier 2’s organizational form: The anticipation effect and
the incentive effect. Supplier 2’s anticipation of the investment level makes integration of supplier 2
more likely, however, a higher importance of supplier 2 makes outsourcing more likely. If supplier 2
is much more important than supplier 1, the incentive effect is stronger than the anticipation effect

such that supplier 2 is still outsourced. As a result, there is no (completely) integrated value chain.

Thus, in contrast to Antras and Chor (2013), in our bargaining setup, both the producer’s importance

and the suppliers’ relative importance are crucial for the degree of integration within a value chain.

19



Predictions of the Organizational Decisions Structuring the organizational decisions of the
producer and supplier 1, we can derive predictions about firms’ organizational decisions. Contrary to
Antras and Chor (2013), due to our model setup, these predictions do not hinge on the elasticity of
substitution that is hard to measure empirically. Instead, our predictions are driven by the level of
headquarter intensity and of input intensity. Even though the headquarter intensity and the input
intensity cannot directly be observed, several empirical investigations of the property rights theory
have shown that such an intensity can be measured by capital intensity, skill intensity or R&D intensity

(see for an overview Antras, 2014).

In our model, outsourcing of both suppliers ({O,O}) arises when the headquarter intensity and the
input intensity are low, i.e., when the manufacturing component is important for the production of the
final good and supplier 2’s input is important for the manufacturing component. Thus, we expect to
find such a disintegrated value chain when the lowest stage of the value chain has the highest content

for the production.

Outsourcing of the downstream supplier and integration of the upstream supplier ({O,V'}) occurs
when the headquarter intensity is low and the input intensity is high, i.e., when the manufacturing
component is important for the production of the final good but supplier 2’s input is not so important
for the manufacturing component. As a result, hybrid sourcing of the suppliers with outsourcing of
the downstream stage should arise in value chains where the downstream supplier has the highest

content in the value chain.

In contrast, when the headquarter intensity is high and the input intensity is low, i.e., when head-
quarter services are important for the production of the final good but supplier 2’s input is important
for the manufacturing component, integration of the downstream supplier and outsourcing of the up-
stream supplier ({V,O}) is chosen. Such a controlling interest of the producer should thus arise in

value chains where the producer has the highest content but the upstream supplier is also important.

Integration of both suppliers ({V,V}) arises, when both the headquarter intensity and the input
intensity are high, i.e. when headquarter services are more important for the production of the final
good and supplier 2’s input is not so important for the manufacturing component. We expect such an
integrated value chain thus when the producer has the highest content but his downstream supplier

is relatively more important for the manufacturing component.

Overall, our results predict that firms with a higher headquarter intensity are more likely to have
integrated downstream and upstream suppliers. The higher is the input intensity, i.e., the more
important is the downstream supplier, the higher is the probability of an integrated upstream supplier.
However, there is no clear effect of the input intensity on the organizational form of the downstream
supplier. More precisely, with participation fees, for low values of the input intensity, a higher input
intensity implies a higher probability of an outsourced downstream supplier and vice versa for high
values of the input intensity. However, as discussed above, this only holds for low values of p. As shown
in Appendix B.2.2, for high values of p, a higher input intensity always increases the probability of
outsourcing. In addition, without participation fees, there is no effect of the suppliers’ input intensities

on the organizational form of the downstream supplier.

20



7 APPLE or SMART?

So far, we have derived predictions about the organizational decisions along the whole value chain in a
setup where the producer only decides on the organizational form of her direct supplier, i.e., in terms
of the examples of the introduction for the SMART structure. Alternatively, as analyzed by Antras
and Chor (2013), the producer could decide on the organizational form of all suppliers along the value
chain (the APPLE structure). In the next step, we extend our analysis and assume firms to be able
to decide on their decision structure, and derive predictions about these decisions. More precisely, we

analyze for different parameter constellations whether firms have higher profits as APPLE or SMART.
To make this decision, we first derive the profit for the APPLE structure under the assumed Cobb-

Douglas production function. In doing so, to facilitate the analysis, we assume a setup without partic-
ipation fees, as in Antras and Chor (2013). We then compare this profit level with the corresponding
profit level of sequential production under the SMART structure as given by (66).2°

In the APPLE setup, as depicted in the left panel of figure 1, production always takes place sequentially.
In the bargaining, the producer negotiates with each of her two suppliers on the distribution of the
respective surplus value of the relationship: The producer and supplier 2 bargain over the value of
supplier 2’s input contribution, i.e., about the revenue Ry of the (unfinished) good that is increasing
in the producer’s productivity in using supplier 2’s input, 6go. The producer and supplier 1 bargain
over the surplus value of their relationship, Rg;g, that is the difference between the total revenue and
the revenue of supplier 2’s input provision: Rgig = Ri12g — 2. The level of the total revenue and,
thus, the revenue difference is higher, the higher is the productivity of the producer in combining the
inputs to the final good, 8. To avoid confusion with the revenue shares of the SMART structure, we
denote the producer’s revenue share in the bargaining with supplier 1 as g1 and in the bargaining
with supplier 2 as Bge, whereby supplier 1 or supplier 2, respectively, receive the residual revenue

share. The resulting profit level of the producer for the APPLE structure is given by

W}A{PPLE — ﬁHlRﬁxilg’fPLE + BH2R9PPLE o CHhAPPLE — BHI (1 _ an) R?QF}}DLE + (6]—[2 _ ﬁHl) RQAPPLE,

(23)
whereas the producer’s profit in the SMART case is
mpMART — Tirae = BB —cgh™® = By (1 — pnu) R*“. (24)
The total relative profit . is then given as following:
_P
1—-p
APPLE 1 %
Trel = —SMART — 1-
T Bu (1 — pnu) nH m oy g \lmm\
o ()" (nnn (2" (2)
L
(BH1>77H (1_BH1>771(1_77H) ¢
But | (1 — pnu) “ 2 — 1|+ Bu2
_ n(1=nm)+nu _ _
<(1 6522)6H2> ((1—m)(1— 77H))(1 n)(1=nm)
(25)

20 Technology and demand, the detailed game structure and the solution of the game are relegated to Appendix D.
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In dependence on the values of the different parameters, this relative profit can be lower or higher
than 1. In the following, we analyze the effect of changes of the parameters on the relative profit level.
Thereby, we relegate the derivations to Appendix D and only discuss the economic intuition of the
main results in this section.?! Before going into detail, note that due to the assumed Cobb-Douglas
production function, the revenue difference Rg;¢ may be negative if 0o is higher than 8y and, hence,
the results may be distorted. To circumvent this problem, we assume that 0o is relatively lower
than 6, i.e., we assume the producer to be much less productive in using supplier 2’s input than in

producing the final good.??

Analyzing the effect of parameter changes under this assumption, we find that a higher productivity

of supplier 1 in using supplier 2’s input decreases the relative profit:

OTrel
001

<0. (26)

The intuition is that a higher productivity of supplier 1 in producing the whole manufacturing input
raises under the SMART structure, ceteris paribus, the amount of the whole manufacturing input and,
as a result, the revenue and the profit are higher as well. On the contrary, this productivity has no
effect on the profit level in the APPLE case. As a result, the SMART structure becomes more likely.

A higher productivity of the producer in combining the inputs to the final good also makes the SMART

structure more likely:

OTrel
. 2
90,1 <0 (27)

This is because in the SMART case the producer’s and both suppliers’ input provisions are increasing
in the producer’s productivity in combining all inputs to the final good, whereas in the APPLE case

supplier 2’s input provision instead depends on the producer’s productivity to use only this input.

If this productivity of using supplier 2’s input increases, the APPLE structure becomes more likely:

OTrel
0. 28
sy (28)

Intuitively, a higher productivity of the producer in using supplier 2’s input increases the profit under
the APPLE structure, whereas it has no effect on the profit level in the SMART case.

The effect of both the headquarter intensity and the input intensity on the relative profit is not clear:

87-‘-rel > 0 aﬂ're] >

—_— . 2
g < an I < 0 (29)

Only if po is very low, a higher headquarter intensity or input intensity, respectively, clearly raises

the relative profit such that the APPLE structure becomes more likely.

Summing up, our results predict that firms are more likely to have a SMART structure, the higher is
the productivity of the downstream supplier in using the upstream suppliers’ input and the higher is
the productivity of the producer in combining the final good. Contrary, the more productive is the
producer in using the upstream input and the higher is the technological importance of the producer

or the downstream supplier, respectively, the less likely becomes the SMART structure.

21 Since we cannot determine the sign of the derivations analytically, we provide, on request, a MATHEMATICA 9.0 file
in which we graphically illustrate the sign under the assumption of profit-maximizing organizational decisions.
22 Without this assumption, there are outliers with regard to the sign of the derivations.
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8 Conclusion

Most production processes consist of multiple stages. Antras and Chor (2013) analyze organizational
decisions in such a production process and assume the producer to bargain herself with all her suppliers.
However, firms not always have an overview about their overall supplier structure, they often only
know their direct suppliers and, thus, can only bargain with these direct suppliers. We therefore
provide an additional mechanism to Antras and Chor (2013). In doing so, we extend the baseline
model of Antras and Helpman (2004) and assume the manufacturing component provided by a firm’s
(direct) supplier 1 to be itself composed of two inputs such that supplier 1 has to subcontract an
own supplier 2. In contrast to Antras and Chor (2013), we assume the firm to decide only on the

organizational form of supplier 1. Supplier 1 decides himself on the organizational form of supplier 2.

In our setup, sequentiality may arise with regard to the bargaining and the production. To separate
the effects resulting from these two types of sequentiality, we first analyze a scenario of simultaneous
production where all players invest at the same time. In this scenario, the incentive effect is at work:
Both the producer and supplier 1 choose outsourcing of their respective supplier when this supplier is
relatively more important for the production. In contrast, when the respective supplier is relatively
less important, the producer and supplier 1 choose integration of the supplier. Whereas the producer’s
decision is additionally driven by the level of the input intensity, the decision of supplier 1 whether to
integrate or to outsource his supplier depends solely on this input intensity and is thus independent

from the producer’s relevance for the production if revenue shares are assumed to be balanced.

We then introduce sequentiality of production and assume supplier 2 to invest prior to the producer
and supplier 1. As a result, supplier 2 anticipates the producer’s (and supplier 1’s) investment.
Due to this anticipation, the decision of supplier 1 to choose integration of supplier 2 is positively
related to the headquarter intensity of production. Thus, with sequentiality of production the or-
ganizational decision of supplier 1 is interrelated to the producer’s decision. This interrelation also
arises if we consider an alternative setup without participation fees, and has to be understood in
the sense that a higher headquarter intensity makes integration of both suppliers more likely, as in
Antras and Chor (2013). Thus, supplier 1’s organizational decision with regard to supplier 2 depends
additionally on the producer’s importance that is outside the scope of the two suppliers’ relation.
However, since - contrary to Antras and Chor (2013) - our results also depend on the two suppliers’
relative importance, the headquarter intensity does not definitely pin down the degree of integration of
the whole value chain. Instead, both the producer’s importance and the suppliers’ relative importance

determine the degree of integration within a value chain.

Finally, we allow firms to choose their decision structure, i.e., they can choose between deciding on all
their suppliers’ organizational forms and deciding only on their direct supplier’s organizational form.
We find that a higher productivity of the firm in combining the final good and a higher productivity of
the direct supplier to combine the manufacturing input make the choice of deciding over all suppliers
less likely, whereas a higher productivity of the producer in using supplier 2’s input increases the

probability of choosing deciding over all suppliers along the value chain.

In our model, there are several aspects left for future research: First of all, we consider a production
process with only two suppliers. An obvious extension would be to incorporate a continuum of suppliers
to analyze the interdependencies along the whole value chain. In addition, it would be interesting
to test our predictions considering the organizational decisions and the chosen decision structures

empirically.
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Appendix

A Input Provisions, Revenue, Profit and Price

A.1 Complete Contracts
A.1.1 Producer Only Contracts with Supplier 1

In a benchmark scenario of complete contracts, each player is bounded to provide the inputs in the
amount stipulated in the contract - neither player can deviate from the arrangement.?® The producer
contracts the headquarter services h provided by herself and the suppliers’ manufacturing component
m provided by supplier 1. Supplier 1 then has to agree by contract with supplier 2 on the input
provisions m; and ms to produce m. The production process can be modeled as a 6-stage game with

the following timing of events:

1. The firm offers contracts to potential suppliers. These contracts stipulate the suppliers’ input
provision of the whole manufacturing component m and comprise the (ex post) payment to
supplier 1 (s1) and an up-front participation fee 7 to supplier 1 that might be positive or

negative.

2. There is a huge mass of potential suppliers. Each of these suppliers has an outside option
equal to wi. The suppliers apply for the contract and the producer chooses one supplier for the

production of the manufacturing component.

3. On the basis of his contract, supplier 1 offers contracts to potential suppliers. These contracts
stipulate supplier 2’s input provision for the manufacturing component msy, the (ex post) payment

to supplier 2 (s2) and a (positive or negative) up-front participation fee 7o to supplier 2.

4. There is a huge mass of potential suppliers, each with an outside option equal to wo, that apply

for the contract. Supplier 1 chooses one supplier.

5. The headquarter and supplier 1 and 2 produce their inputs h, m; and my, respectively. Produc-

tion costs are given by cg, ¢1 and co, respectively.

6. The final good is produced. Revenue is realized and each player receives the payment stipulated

in the contracts.

This game is solved by backward induction: In the last stage of the game where the players’ inputs are
combined to the final good, each player receives the payment specified in the contract, i.e., supplier 1
receives the payment s; and supplier 2 receives the payment so while the producer retains the residual
(R — s1 — s2).

In stage 5, all players produce their inputs in the amounts h, m; and ms, respectively, as stipulated

in the contracts.

For supplier 2 to accept the contract offered by supplier 1 in stage 4, his profit 9 - that equals the
payment from supplier 1 plus his participation fee from supplier 1 minus his production costs (cams)

- must be at least equal to his outside option:

o = (82 + 7'2) — C21NY Z w9. (30)

23 Complete contracts also eliminate possible problems associated with input quality. However, in our model we neglect
this aspect and focus solely on quantity aspects.
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Since there is no need to leave rents to his supplier, supplier 1 sets the net payment to supplier 2

(s2 + 72) such that supplier 2’s profit is exactly equal to the outside option: sg + 19 = camg + ws.

In contracting with supplier 2 on how to produce the manufacturing component in stage 3, supplier 1
maximizes the profit

T = (81+71)—Clm1—(82+7'2) (31)

that is equal to the net payment from the headquarter (s; + 71) minus supplier 1’s production costs
(c1mq) and the net payment to supplier 2. Using supplier 2’s participation constraint, the suppliers’

input provisions are chosen such that the suppliers’ total profit
st :(31+71)—01m1—02m2—w2 (32)

is maximized. In his production decision, supplier 1 has to ensure that the suppliers produce the whole
manufacturing input m* specified by the producer’s contract in stage 1. Consequently, m; and mgy

are chosen to solve

m 1-m
max [($1+ T1) —cimy — comae —wsa] st 60 <m1> ( 2 > =m®. (33)
{m1,ma} m

Standard maximization gives mji/mo = ¢1/ca m/ (1 —m1). Using this relation in the constraint in

(33), the optimal input provisions of the suppliers are given by

1-m cc Uit cc
C m C m
mi’ = (2) m g and  my” = (C;) (T—m) o (34)

C1

and depend positively on m. In stage 2, supplier 1 accepts the producer’s contract only when the

profit for the whole manufacturing component is at least equal to his outside option:
w1 = (s1+71) — cpm — we > wy. (35)

cyrm denotes the whole manufacturing production costs whereby ¢y = (07171 c;m) /61 indicates the
corresponding unit costs. Since the producer leaves no rents to supplier 1, supplier 1 receives the
production costs plus both suppliers’ outside options as payment from the producer. The producer
chooses the input provisions h and m that maximize her own profit - that is equal to the revenue of

the final good minus her production costs and the net payment to supplier 1 - in stage 1:
WH:R—cHh—cMm—wl—wg. (36)

Standard maximization gives the relation h/m = cpr/cy nu/ (1 — n) between the headquarter’s and

the suppliers’ input provisions. The resulting profit-maximizing input provisions are given as following;:

P

1- 0 e
hec — PNH R and m = ,0( UH)RCC with R = A an lfinH] ‘ (37)
CH CM CH Cpm
Using m® and cp; = (c;“céfm) /01, the suppliers’ input provisions (from (34)) are given by
1-— 1-— 1-—
m{l:c _ P ( 77H) R and mgc _ P( 771) ( nH)Rcc' (38)
Cc1 Cc2
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The resulting overall payoff of the relationship is
= (1—p) R —w; —ws (39)

and the price of the final good is given by

1—
pro—ai (e RN (40)
POH 01 '

A.1.2 Producer Contracts with Both Suppliers

With complete contracts, the input provisions of all three players are the same if the producer contracts
herself with both suppliers. Then, the production process is reduced to a 4-stage game with the
following timing of events:
1. The firm offers contracts to potential suppliers of the two inputs 1 and 2. These contracts
stipulate the respective supplier’s input provision m; (i = 1,2) and comprise the (ex post)
payment to the respective supplier s;, and an up-front participation fee 7; to the respective

supplier that might be positive or negative.

2. There is a huge mass of potential suppliers. Each of these suppliers has an outside option
equal to w;. The suppliers apply for the contract and the producer chooses one supplier for the

production of each input.
3. The headquarter and supplier 1 and 2 produce their inputs h, m; and me, respectively.

4. The final good is produced. Revenue is realized and each player receives the payment stipulated

in the contracts.
Solving by backward induction, stages 4 and 3 are analogous to stages 6 and 5 above.

In stage 2, the suppliers only accept the producer’s contract offer when the respective supplier’s profit

m (i =1,2) is at least equal to the respective supplier’s outside option w;:
m = (s; + Ti) —cimy > w;. (41)

The producer sets the net payment to the respective supplier i (s; + 7;) such that his profit exactly
equals his outside option: s; + 7; = ¢;m; + w;. Hence, each supplier’s net payment is still equal to his
production costs plus his outside option.

In stage 1 where the producer decides on the contract design, she chooses the input provisions h, mq

and my that maximize her own profit:

max 7wy =R —cygh—cimi— como — w1 — Wa. (42)
{hva:mZ}

Differentiating this profit with respect to h, m; and mo and solving for these input provisions gives
the same profit-maximizing input provisions as in (37) and (38). The producer’s profit is still given
by (39) and the price is still as in (40).

28



A.2 Comparison - Complete Contracts and Simultaneous Production
A.2.1 Input Provisions and Revenue

Comparing the input provisions and the revenue in the scenario of simultaneous production with those
calculated in the scenario of complete contracts, the ratios of the input provisions and the revenue in
the two scenarios are a function of the players’ revenue shares and smaller than one:

hsim

hCC

= wszmﬁH <1,

P :¢sim(1_ﬁH)Bl<1a

cc = Ysim (1_/3H) (1_51) <1 (43)

sim
and W = wsim <1

_P
with  gim = 5%1*%)”1 (1— 51)(177711)(1*171) B (1 — BH)(lan)] = 1.

A.2.2 Total Profit

Comparing the simultaneous profit level with that in the case of complete contracts gives

mi™ _ L= pl(1 = Br) (1 —nm) [Bim + (1 = B1) (1 — )] + Bunu]] R¥™ — wy — wy
mee (1= p) R — w1 — ws .

(44)

It can be immediatly seen that the profit in the case of incomplete contracts is lower than in the case

of complete contracts when assuming zero outside options (w; = wg = 0):

Ty Lol (= ) () (L= 50 (L m) + Biml) (45)
T L=»

This result also holds for wy > 0, wy > 0.

A.2.3 Price

With simultaneous production, the price of the final good is given by

_ 1-ng
im 1 e NH cmcl 1
p = 0. <H> = I-m gm ’ (46)
PQH BH 91 (1 — 61) ,31

This price is higher than the price in the scenario of complete contracts:

sim 1—p

by s (47)

cc sim
p
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A.3 Comparison - Simultaneous and Sequential Production
A.3.1 Input Provisions and Revenue

With sequential production, the input provisions and the revenue level are higher than with simulta-

neous pl"OdUCtiOIl:
hsed mseq
1

o m ¢seq > 1,

hszm mi@zm

seq 1-p
m —_—k 41

s2im = wseq p(=n1)(1=np) > 1 (48)
my

seq
and Rsim = Pseq > 1
. _ A=) (=ng) 1_ o
with Yseq = @ 1-p =¢ 1-°>1.

A.3.2 Total Profit

Comparing the payoffs of both scenarios, we find:

Tl [1 —p [(1 — Bu) (1 —nu) [51771 + %M} + BHUH” R*¢T —wy — wo

= 4 . 49
wm ol B @) B + (LB (L m)] + B B — w7
Assuming zero outside options (w3 = we = 0), it is easy to see that the payoff with sequential
production is higher than the payoff with simultaneous production (given in (10)):
mit oy (1ol =B 0 [+ O ¢ ] 50
i — Yse > L
" "= p[(1 = Br) (1= nm) [Bim + (1 = B1) (L —m)] + Brnm]]

This result holds as well for positive outside options (w; > 0, wg > 0).

A.3.3 Price

Simple maths shows that the price is given by:

1— 1—nu
pea — L (CH)"H e " =m)(=m), (51)
p0r \ Bu 01 (1— )™ pn

Comparing the prices with sequential and simultaneous production, we find that the price is lower

with sequential production than with simultaneous production:

=Wy <1 (52)

psim
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A.4 Comparison - Complete Contracts and Sequential Production
A.4.1 Input Provisions and Revenue

With sequential production, the input provisions and the revenue are still lower than with complete

contracts:
hsed
hec = wsimwseqﬁH < 1,
it
wszmwseqﬁl (1 - /BH) (53)
1
seq 1—p

m2

p(1—n1)(1— ”IH)+1
wszm"l}seq (1 - ﬁl) (1 - ﬂH) <1
seq

RCC
with i and 1ge, as defined in A.2 and A.3.

and

= ¢simwseq <1,

A.4.2 Total Profit

Under the assumption of zero outside options, we can directly see that the profit is still lower than

with complete contracts:

seq e 1l —p |Bunm + (1 —Bu) (L —nu) [m + Bﬂh”
CH o = imtpay ™ - d <1 (54)
e -p
A.4.3 Price

The price is higher than with complete contracts:

seq

P c ("ﬁsimd)seq)_l;pp > 1. (55)

pC
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B Organizational Decisions

B.1 Simultaneous Production
B.1.1 Concrete Derivatives of 3™
The derivation of supplier 1’s optimal revenue share with respect to 7; is given by

o sim 1 )
b1 = 5 -di'y, with
Om  (1—2m)* (1 — pnm)

>0

?Z:ﬁ =(1-pA=2(1=n1)m) A —=nm))-
1—2p(1—m)m (1 —ng)

-1 >0.
\/(2771 (1= p((L=nm) (L=m) +na)) + pna)? +4m (1= 2m) (1= pna) (1= p (1 —m) (1 =)

Simple maths shows that dffﬁ isfor 0 <m <1,0<ny <1and 0 < p <1 positive. As a result, the

derivation of 3™ with respect to 7, is positive.

The derivation of 5{"™ with respect to ny is

1, with
Ou 21 —pnm)* (1 —-2m) ™
S———— N——

>0 ?

20=m)m B =200+ A =p)A—=n)m)) +pA =20 =n)m (A —=201—p) (1 —m)m))nu

dsim —
1 \/(2771 (1= p (1 =nm) (L =m) +nm)) + pn)? +4m (1= 2m) (1= pna) (1= p (1 = m) (1 =)

yITH

—1-2m (1 —-p)(1—m) <0.

Since simple maths shows that {’% isfor 0 <m < 1,0 <nyg <1and0 < p < 1 negative, the sign

of the derivation of B{"™ with respect to ny depends on the sign of (1 — 2#;) and, thus, on the level
of m. For m < 1/2, (1 —2m) is positive and the derivation is negative. For m > 1/2, (1 —2n) is

negative. As a result, the derivation is positive.

B.1.2 Concrete Derivatives of 3§

The derivation of B5™ with respect to ng is given by

OBH™ _ 1

sim - with

o 2(ng — (1 =B (1 =2m) —m) (1 —ng))? A gy

>0
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sim _ V1I—na2-—(A+B8m+1A-8) 10 —m) A —nr)(m+p2—n)ng+ 61 —2m)1A—pnu)))

H777H -
¢(4<1 — )i+ (L=nar) (1 + p (2= ) mar + B (1= 2m) (1 = pnir))?)
—(A+B8m+Q=5)1=m)) (1 —na) >0
Since dﬁ%H isfor0<m <1,0<ng <1and 0 < p <1 positive, the derivation is positive as well.

The derivation of the producer’s optimale revenue share with respect to n; is

? >0
oB" 5 (1 = nu) (1 = ) 5 with
om (1=25) 2((1 =+ B1 (=1 +20) (=1 + ng) + nx)? LA
Jom VI-ngm+2—p)2—n)nm+5(1—2m) (1 —(2—p)nu)) _1<0
Hm — .

\/4(1 —p)nm + (L —nm) (m +p 2 —m) na + B (1 —2m) (1 — pnu))?

Simple maths shows that d‘}}% is always negative. As a result, the sign of the derivation of the
producer’s optimal revenue depends on the sign of (1 — 23;): If 51 < 1/2, this term is positive and the

derivation is thus negative. Vice versa, if 51 > 1/2, the term is negative and the derivation is positive.

In the main text, we assume balanced revenue shares. Then, supplier 1 chooses outsourcing of supplier
2 if g1 < 1/2 such that f; is smaller than 1/2. If n; > 1/2, supplier 2 chooses integration and f;
is higher than 1/2. Hence, if 71 < 1/2, the derivation is negative, and if n; > 1/2, the derivation is

positive.

B.1.3 The Producer’s Organizational Decision with ¢ > 1 — 3/

If supplier 1’s revenue shares in case of integration and outsourcing are not balanced, it no longer
solely depends on the level of 1; whether supplier 1 chooses integration or outsourcing of supplier 2
and whether 81 > 1/2 or 51 < 1/2 holds. In the following we show the resulting optimal revenue share

and the organizational decision of the producer.

In figure 10, we assume imbalanced revenue share 510 and ,BY with ﬁlo <1/2< B}/ . The black lines
in figure 10 illustrate the producer’s optimal revenue share subject to a variation of ny. Since the
derivation of Bf}m with respect to ng is independent from the level of 81 positive, the two black lines
are still upwards sloping.

In addition, as with balanced revenue shares, as long as 510 < 1/2 < B} holds, 85:1711 " is for low values of

11 negative and for high values of 7y, it is positive. As a result, a rise of n; first induces a convergence
of the black, dotted line of low or high vales of n; to the black, dashed line of intermediate values
of 11, and then a divergence. However, the input intensity at which this switch from convergence to
divergence arises is no longer equal to 1/2. Following proposition 1, with ﬁ? > 1— Y, the cutoff
input intensity that induces a switch between outsourcing and integration of supplier 2 is higher than
1/2 and as a result, the above switch arises as well for 7; higher than 1/2.

The resulting organizational decision is hence the same as with balanced revenue shares: As depicted
in figure 11, for low values of ny the producer chooses outsourcing of supplier 1 and for high values
of ng, she chooses integration. A rise of n; first increases the probability of outsourcing and then

decreases it. However, in contrast to balanced revenue shares, outsourcing is no longer most likely,
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Figure 10: Optimal revenue share ﬁf}m subject to a variation of ny with 510 >1-— B{/.
Black, dotted line: low or high values of n;. Black, solid line: intermediate values of 7;.

the more similar are the two suppliers in their input intensity. Instead, the switch in the direction of

the effect of 77; on the probability of outsourcing arises for a value of 1 higher than 1/2.24

sim
En

Integration

mT

Qy_tsourci ng

H

Figure 11: Organizational decision of the producer Ef}m subject to a variation of ny with
By >1 -6y
Black, dotted line: low or high values of n;. Black, solid line: intermediate values of 7;.

If we assume imbalanced revenue shares 3 and 8] with 1/2 < 8¢ < Y, the derivation 8851 is

always positive. Then, a higher input intensity only raises the optimal revenue share. As a result,

the probability of outsourcing is decreasing in the input intensity, i.e., outsourcing of supplier 1
T
om S
always negative such that a higher input intensity reduces the optimal revenue share and increases

becomes less likely, the more important is supplier 1. Analogously, with 8¢ < g/ < 1/2,

the probability of outsourcing. Hence, outsourcing of supplier 1 is most likely, when supplier 2 is the

important supplier for the manufacturing input.

Analogously, with 510 <1- BY , the change in the producer’s organizational decision arises for a value

of m lower than 1/2.

24Gince the effect of 1 on the producer’s optimal revenue share has the same direction for all values of headquarter
intensity, this result is independent of whether the producer’s revenue shares of integration and outsourcing are balanced
or not.
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B.2 Sequential Production
B.2.1 Concrete Derivatives of (3;

The derivation of 57 with respect to 71 can be depicted as

B 1 se .
8 = _ 2 _ . dLTt]]l Wlth
m 2(1—=m (14+¢))" (1 — pnm)

>0

dyy =i (1=nm)p’ (1= (1= m)(1—nm)* = p> (2m (1 = nm) (207 (1= nH) — (1 = 3 —m + 1) +1m)
seq,help

+ L
2\/771 (771 (P (L =n)m( —na)? +nu) — p(3 —m(1 —nm))) +2)° +4(1 — p)(1 — pna)(1 — m (e + 1)))

+pB—=2m(—2m( —nug) —ng +1)) —2>0 and

dif‘;?;hel” = (771(1 —m(o+1)) <(02 (X =n)m@—nm)* +nu) — p(3—m(l —nu)) + 2)2

+2m (p*(1 = 2m) (1 = na)? + p(1 = nm)) (0° (L= m)m (1 = na)? +n#) = p(3 = m (1 —na)) +2)

+4(1 = p)(X = pna) (pm (X —nu) — ¢ — 1)) + (m(=2pm(1 —nu) + ¢ +1) + 1)

(m (2 (=m0 (L= ) + 1) = p(3 = (1= i) +2)* + 40 = p)(1 = ) (1 = m(6+1))) ) > 0.

Since d} is always positive, the derivation is positive as well.

The derivation of supplier 1’s optimal revenue share with respect to ny is given by

aﬁfeq _ o .dseq with
O 2(1—m (1+¢))° 1 —pyr)® "
>0
seq,help
dsed dlﬂ?H
1777H -

\/m (m (P2 (1= n)m = nm)? +nm) — p(3 —m (1 — nH)) +2)* +4(1 — p)(1 — pnar) (1 — m (6 + 1)))

—(1=p) (2= m (p(=2m(=2m (1 =) =5y +3) —6ng + 1) + (1 —m)(1 — ¢)* —4m + 7)) >0 and

5 =y (0% (1= ) (1 — nm)? + 1) — p(3 — (L — ) +2)7 (1= nl(—p(1 —m1)nm —m + 6 +2))
+ (1= ma) (1 —m(é+1))(=p(2 —m(p(¢ + 1) —m (1 —nm))(L —2(L —n)m(l —nu))

—p(=m (=3 (L = na)(L —m)(I —nu) +2) —4ng +5) +4ng +3) —m(1 = 3n1(1 — nu)) + 4 +2)))
— 6m +2).

seq
1777H

derivation is positive as well.

Simple maths shows that d isfor 0 <n < 1,0 <ny <1and 0 < p < 1 positive. Hence, the
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B.2.2 Changes in the Producer’s Organizational Decision

Proceeding in a similar manner as with simultaneous production, the producer’s optimal revenue share

in case of sequential production is given as

seq:77H(2_771+P(1_¢)(1_nH)_p(3_n1_UH))+/81(1_77H)(1+P77H)<1_771(1+¢))+68Heq
" 2 2 =)+ A=) m (X —png) +B81(1-=m (2—-p(1+9)))) —1)

with b37 =m (1 —p) — V(L — ) L — pnm)v/nw (L— png) (4 —p (4 — p (1 — nu) nm))

+ (1= mur) (1= pmar) (38 (L= p (1= 1)) + B3 (L= i (L4 9))* ) — 2omnir (3= p (3= p (L= max) mar))

+261 (L =m (L+ ) (pnu (1= pnu) +m (1= p(1+ p (1 —nm) nu)))))-

In figure 12, we illustrate this optimal revenue share with respect to ny for different values of n; as
black lines. In the left panel of figure 12, we assume low values of p, and in the right panel, we assume
high values of p. As before, the gray, solid line stands for the producer’s revenue share in case of

outsourcing and the gray, dashed line depicts the revenue share in case of integration.

05 MH

Figure 12: Optimal revenue share 53¢ subject to a variation of 7.
Left panel: low values of p. Black, dotted line: low or high values of 77. Black, solid line:
intermediate values of 7.
Right panel: high values of p. Black, dotted line: low values of ;. Black, solid line: high values of ;.

As illustrated by the black, upward sloping lines in both panels of figure 12, the derivation of the

producer’s optimal revenue share with respect to the headquarter intensity is positive:

b seq dseq
O _ A with

O 2((1 —nm)(m — png) + Bi(1 — (¢ + 1)) + (2 — pne) — 1)°

-~

>0
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dy = (2 = pnm) + (ng — 1) (m(enm — 1) + Bi(m(=pm — p(1 = m)na +2) = 1)) = 1)

((Bim + 1) (=3(1 = m)ng + (22— 4n)ng +m) p> + (m + 205 + Bi(—20m + m(—2m + 2(m + ng — 1)
+1) =3)p = B1(1 = 2m) —m +2) — ((pBr(L = m)m — pm)(1 = nu) — 2onH — mi(1 — pny)

=B =m(d+1)+2) (L= p)m +nu (L= nm)(m(L = ng) + na)p> = (—nl —ng +3)p —n1 + 2)

+B1(1 = nu)(enm +1)(1 —m(¢ + 1))

— (e (2 = pnu) + (L =nm)(m (= pne) + B1(1—=m(¢+1)) = 1) (=p(1 —nu) (u (1 — pnm)

(4= p(4—p(L=nm)nm) + (1 —nm) (71 —m(2—p(1 = (1= n)(A = na))? + 171 = p(1 = 1a))?)

(L= pnm) = 2omnu 3 — p(3 — p(1 —n)nm)) + 281 (1 — (2 — p(1 — (L —m)(1 —nm))))

(pne (X = pnr) +m (1 = p(p(L = na)ng +1))))) — (L= pna) (na (1 — pnu)(4 — p(4 — p(1 = ne)nm))
+(1—na) ((BF(1=m(2 = p(1 = (1 =m)(1 = nm))))* +ni(1 = p(1 = n#))?) (1 = pnr)

=2pmnu (3 = p(3 — p(L = nu)nm)) + 268:(1 —m (2 — p(1 — (1 = m)(X —nm)))) (pna (1 — pnu)

+m (1 = p(p(L = nu)na +1))))) + (1 = nu)(X = pna) (—pna (1 — pnua)(pne — p(1 = nr))

+2pmnu (3 — p(3 = p(L = nu)nu)) — pnu (4 — p(4 = p(1 = nu)nu)) + (1 — pnu)(4 = p(4 — p(1 = ne)nm))
+(1—nm) 2mna(pna — p(L—nm)p” — (71 —m(©2 = p(1 — (1 =m)(1 = nm)))? +ni(1 — p(1 = nm))?) p
=2m(3 = p(3 — p(L = nm)nm))p + 261 (1 — m)m (enu (L — pnu) +m (1 — p(p(L — nm)nm +1)))p

+ (2001 = n)m (L =m(2 = p(1 = (1= m)(L = 1)) BT + 217 (1 = p(1 =) (1 = per)

+281(1 = (2= p(1 = (1 =) = nm)))) (—=nmp® + (1 = pna)p — m(p(1 = nw) — pn)p))

=2B1(pnu (1 = pn) +m (1 = plp(L = na)nm + 1)) (1 = m (6 + 1)) + (1 = pnu) (=i (1 = p(1 = nur))?
—B3(1 = nl(¢+1))%))) — 2(1 — n)(X — pne) ((pBL(L — 1) — pm) (X — nar) — 2pnm — m(1 — pnir)
—A1(1=m(o+1)+2) (na(l — pnu)(4 — p(4 = p(1 = nm)nu)) + (1 —nm) (=2pmnu(3 — p

(3 = p(L = nm)nm)) + 2B1(pnu (L = pna) +m (1 = p(p(1 = nw)nm + 1)) (1 —m (¢ + 1))

+(1 = i) (= p(1 =) + BEA = m (6 + 1)) (200 = ni) (T = i)
(L= pnar) (4 = p(4 = p(L = nar)nm)) + (1 =) (=2pmnm (3 = p(3 — p(1 = n)nm))
+261(pnar (1 = pnu) +m (1 = plp(L = ne)nm +1)))(1 = m(¢ + 1))
1)

FO— o) (R0 — o0 — )2+ B0~ m(o+ D)) > 0.

However, in contrast to the scenario of simultaneous production, the direction of the effect of n; on
B17? no longer solely depends on the level of 71, instead it is ambigious and varies with the level of ny
and p. The concrete derivative of the producer’s optimal revenue share with respect to 7 is
seq
Byt Ay,

O 2((1 —nu)((1— pnm) + Bi(1 — 7;1(¢ T 1) +0u(2 — py) — 1)2 with

>0
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dygt = (1= nm)(m (1 = png) + Bi(1 = (e + 1)) +nm(2 = pne) = 1) (=(1 = nm) (nm (0°(1 = 1)
(m (X =nm)+nm) —p(—=m —nu +3) —m +2) + B1(1 —nu)(pnu + 1)(L —m 1+ ¢)) + (1 —p)m)
(Brlom(1 = n) — ¢ —1) = pnu + 1) +nm (0° (L —nu)* + p— 1) — (1 —nm)*(1 — pnar)

(1= pnr) (2681 = (& + 1) (pm (1 = nzr) — & = 1) + 21(1 = p(1 — nm))?)

+2B1(m (1 = p(p(L = nu)ne + 1)) + pna (1 = pnu))(pm(L —ng) — ¢ — 1)

+261(1 = p(p(1 = ne ) + 1))(1 = m(d + 1)) = 2on:(3 = p(8 = p(1 — nar)nm))) — 2(1 = n)®
(1= pne) (Brlpm (L = nu) — ¢ — 1) — pna + 1) (1 = na) (1= pna) (nF(1 — p(1 = nm))?
+81 (1= m(¢+1))*) +261(1 — (¢ + D) (m (L = p(p(1 — nar)ns + 1)) + pna (1 — pni))
—2pmna (3 — p(3 — p(1 —nu)nm))) + e (L — pne) (4 — p(4 — p(1 —nu)nu))))

(2\/(1 —nm)(L = pnm) (L= nm) (1= pn) (17 (1 = p(1 —nm))* + 87 (L = m (e +1))?)
+26:(1 = m(o+ 1)) (m (1 = p(p(1 = ne)nm + 1)) + pna (1 — pnm))

~20mnu (3 — p(3 — p(1 = nm)nm))) + 0 (L — pna) (4 = p(4 — p(1 = nz)nm)))) ™

+B1(1 = nm)(enm + 1) (pm( —nm) — ¢ —1) —p+1).

We are not able to find the sign for concrete parameter ranges of 7y, ng and p. However, there are
some basic relations:?> If p is low, we find the same relation as with simultaneous production. As
illustrated in the left panel of figure 12, the black, dotted line that represents low or high values of ng
runs for all values of 1; above the black, solid line that stands for intermediate values of 77;. However,

the critical input intensity at which the change in the direction arises is no longer equal to 1/2.
For high values of p holds:
OByt | >0, if ny is small
Om | <o, if nyis high.

(56)

This relation is illustrated in the right panel of figure 12 where the black, dotted line stands for low
values of 71 whereas the black, solid line stands for high values of 7;. For low values of ng, the black,
solid line runs above the black, dotted line and for high values of ny, the black, solid line runs below
the black, dotted line. So, if g is low, an increase of 7y raises 83;?, and if ny is high, an increase of 7
lowers 3777, The critical value of n$; for which there is a change in the sign of the derivation depends

on 71.

The resulting organizational decision is depicted in figure 13. Since the effect of 71 on the optimal
revenue share depends on the level of p, the effect of 1; on the organizational decision also depends
on p. In the left panel of figure 13, we depict the organizational decision for low values of p, and in

the right panel we assume high values of p.

As with simultaneous production, for low values of the headquarter intensity, outsourcing is profit-
maximizing for the producer and for high values of the headquarter intensity integration is profit-
maximizing. For low values of p, i.e., in the left panel of figure 13, a rise of n; first raises and then
decreases the probability of outsourcing. If p is high, i.e., in the right panel, there is only a positive

effect of n; on the probability of outsourcing.

25 The corresponding MATHEMATICA 9.0 file is available on request.
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Figure 13: Organizational decision of the producer =377 subject to a variation of ng.

Left panel: low values of p. Black, dotted line: low or high values of n;. Black, solid line:
intermediate values of 7.
Right panel: high values of p. Black, dotted line: low values of ;. Black, solid line: high values of 7.

C Setup without Participation Fees

C.1 Simultaneous Production

With simultaneous production, supplier 1 chooses the organizational form of supplier 2 that maximizes
iy = (1= Bu) LR — cimi™, (57)

whereas the producer makes his organizational decision subject to
e = BuR™™ — cgh®™ (58)

with m${™, hs™ and R*™ as defined in (5).

Organizational Decision of Supplier 1 To derive supplier 1’s optimal revenue share, we differ-
sim

entiate the above profit 77"}, with respect to 81 and solve for fi:

sim o __ (1_p) (1_771). (59)

‘ m

Figure 14: Optimal revenue share Bf?g‘o without participation fees subject to a variation of 7;.

Black, dotted line: low values of 1. Black, solid line: high values of 7.
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Figure 14 is analogous to figure 2 in the main text and illustrates this optimal revenue share with
respect to 1 for different values of ny.
Both the increasing black lines and the positive sign of the derivation with respect to the input intensity
depict that the revenue share is an increasing function of 7;:

Biwo _ p(1—nu)

= > 0. 60
dm 1 —pnu (60)

In figure 14 the black, solid line that represents high values of 1z runs for all values of 7; above the
black, dotted line that stands for low values of ny. Analytically, this is reflected by the positive sign

of the derivation with respect to ng:

OBtwe _ p(1—=p)(1—m)

> 0. (61)
M (1= pnu)®

Since ﬁffglo is increasing in 77 and supplier 1’s revenue share is lower for outsourcing than for inte-
gration, supplier 1 chooses for low values of 1; outsourcing of supplier 2 and for high values of 7,
he chooses integration. This is illustrated in figure 15. As a higher headquarter intensity shifts the
optimal revenue share upwards, the cutoff input intensity is decreasing in nz. Hence, the black, dotted
line that represents low values of iy is to the right of the black, solid line that stands for high values

of nNH -

Integration

Qutsourcing

‘
05 Ui

Figure 15: Organizational decision of supplier 1 E‘{fffa
variation of 7.

Black, dotted line: low values of ng. Black, solid line: high values of ng.

without participation fees subject to a

Organizational Decision of the Producer In a similar manner, we can derive the producer’s

optimal revenue share:
B =1—p (1 —nm). (62)

This optimal revenue share is depicted in figure 16 which is analogous to figure 4 of the main text.

As the black line is increasing in 7 and the corresponding derivation has a positive sign, the revenue

share is higher, the higher is ng: .
B o

onyg

—=p>0. (63)

In contrast to the constellation with participation fees, the derivation with respect to n; equals zero
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Figure 16: Optimal revenue share B}’}TH , Without participation fees subject to a variation of 1.

Black, dotted line: low values of n;. Black, solid line: high values of 7;.

such that B}}TH , is independent from 7;:

OB o
—— =0. 64
o (64)
In accordance with this, in figure 16, the black, dotted line that stands for low values of n; and the

black, solid line that depicts high values of 7, are identical.

As in the main section, the producer chooses for low values of 1 outsourcing of supplier 1. For high
values of 7z, she chooses integration. However, since a higher input intensity has no effect on the
optimal revenue share, the cutoff headquarter intensity depends solely on the level of Bg and BZ,. This

can be seen in figure 17 where the black, dotted line and the black, solid line are again identical.

= Seq
—H,wo

Integration

Outsourcing

|
0.5 H

Figure 17: Organizational decision of the producer Eﬁ,’?y , Without participation fees subject to a
variation of np.
Black, dotted line: low values of n;. Black, solid line: high values of n;.

Interrelation of the Producer’s and Supplier 1’s Organizational Decisions Figure 18 is
analogous to figure 6 in the main text and illustrates the resulting combined organizational decisions
of both the producer (£5™) and supplier 1 (25) as {Ei}m, ggiml.

As before, if n; is above the black, dashed line, supplier 1 chooses outsourcing and if 7; is below this
line, he chooses integration of supplier 2. Analogously, if ng is to the left of the black, solid line,
the producer chooses outsourcing of supplier 1 and if 5y is to the right of this line, the producer

chooses integration. However, in contrast to the straight black, dashed line with participation fees,
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high {O,V} {V.V}

Figure 18: Organizational decisions of the producer and supplier 1 without participation fees with
simultaneous production.

without participation fees, the black, dashed line that separates low and high values of input intensity
is rotated upwards with an increase of the headquarter intensity such that integration of supplier 2
becomes more likely. In addition, the black, solid separating line of input intensity is no longer curved

but straight, i.e., the producer’s decision no longer depends on the suppliers’ input intensities.

C.2 Sequential Production

With sequential production, supplier 1’s profit is given by

T o = (1= Bir) BLR* — cymi™ (65)
and the producer’s profit is
Tiwo = PR — cpgh™. (66)

mi“? and h*l are again definded as in (5) and R*°? is defined as in (17).

Organizational Decision of Supplier 1 As before, we differentiate supplier 1’s profit with respect
to 1 and solve for 31 to derive the optimal revenue share
seq (1-p(A—m)

lLwo — M + 1— pny . (67)

that is identical to the optimal simultaneous revenue share without participation fees.

Organizational Decision of the Producer To compare the producer’s optimal revenue share, we

differentiate the producer’s profit and solve for Bp:
Bliae=1—p(1L—nm). (68)

It is also equal to the optimal simultaneous revenue share without participation fees.
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D APPLE or SMART

D.1 Technology and Demand

If the producer only uses supplier 2’s input, output is given by the linear production function

q2 = Opama, (69)

whereby 6o denotes the producer’s productivity in using supplier 2’s input. This output is then
combined with the producer’s and supplier 1’s input to the final good by the following Cobb-Douglas

production function:

1— 1-ng
7711)771 <9H2m2) n

h \ "2 (7 =
qi2e = O <> - — (70)
NH 1 —nu
Using (3), the value of supplier 2’s input contribution is given by
R2 = Al_p (9H2m2)p (71)
and the resulting revenue level of the final good is
i N 0rramn N1\ TN P
1 h \ "2 m T
Risg = A" |0y <> (72)
NH I —nu

D.2 Structure of the Game

Contrary to the SMART bargaining structure, production of the two suppliers always takes place
sequentially under the APPLE structure. More precisely, in line with Antras and Chor (2013), the

timing of events is the following:

1. The producer chooses the organizational form Z; (i € (1,2)) of both suppliers and offers contracts

to potential suppliers.

2. There is a huge mass of potential suppliers, each with an outside option equal to w;, that apply

for the contract. The producer chooses one supplier for the production of each input.
3. Supplier 2 decides on his non-contractible input provision level my.

4. The producer and supplier 2 bargain over the value that supplier 2 has contributed, i.e., about

the revenue Ry this (unfinished) good would generate.

5. After receiving the unfinished good, the producer and supplier 1 choose their non-contractible

input provision levels A and m;.

6. The producer and supplier 1 bargain over the surplus value of their relationship, i.e. about the

difference in the revenue level Rg;x = Riog — Ro.

7. The final good is produced. Revenue is realized and the firm receives the total revenue.
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D.3 Solving the Game

Solving by backward induction, in stage 6, the producer receives a revenue share 81, whereas supplier
1 receives the residual (1 — Sg1). With profit maximimization in stage 5, the producer and supplier 1

choose the input provisions h*FPPEE and m/fPPLE that are a function of these revenue shares:

1-— 1-—
}APPLE _ ,051;(;71{ RAPPLE  anq  pAPPLE _ p( BH1)CZ71 ( UH)R?QI;?LE with

1
_ 1-ng\ P\ ¢
1o 01— B \™ Oram tm
RAPYE = [ Al [ o570 <5H1> < Hl) ( AL > "
12H p 0\~ o =) (1= ) (73)

with ¢ as defined in (16). As in Antras and Chor (2013), the input provisions do not depend on the
RAFFI®

marginal revenue contribution Rgg, but on the total revenue generated up to this stage,
In the bargaining of the producer and supplier 2 in stage 4, the producer receives the share Sgo and
supplier 2 receives (1 — Sg2). The level of supplier 2’s input provision is driven by these revenue shares

and by the revenue of the unfinished product up to this stage, RQP PLE,

_P_

1— =
mAPPLE _ (1 _ 3,00¢, RAPPLE  igy  RAPPLE _ 4 <p9H2 (C 51{2)) 2 (78
2

Using supplier 2’s input provision, total revenue becomes

1 1-m 1-ng
(%) =

Cc2

(1 =m) (A —=nm)

NH _ m
RS = apr%s [ (20)7 | (120 (75)

CH C1

and the profit level for the APPLE case is given by

7_[_IA{PPLE — 6H1R$i}f)fPLE + BHQRSPPLE . CHhAPPLE — /BHl (1 . an) RlAQI;})LE + (BHZ _ ﬁHl) R?PPLE

1 1—771 1777H
( (1—BH2)0H2 ) 1-p

C2

(1 =m) (A —nm)

P NH o n1
= Bu1 (1 — pn) Ap™7 9H<5Hl) <1 ﬂH1>

CH 1

POr2 (1 — 5H2)> =7 ‘

C2

+ (Bu2 — BH1) A <
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D.4 Concrete Derivatives of 7.q

The derivation of the relative profit with respect to 6y is given by

aﬂ-rel p(l _77H) p L P _plng—1) PIH _q
= — (1 — ﬁHz)lfpepilglip(l — ﬂH) p—1 p—1
96 (1= p)(1 — pnmr) e "
_plm-D(ng-1) 1=enH _PiH pm—D(ng—1) _P1g=1 pm(g—1)

(p(m = V)ng — pm +1) e O ) Y A

£l Cng)tm 4ngg) 1-p 1 __l=p
cy p 5H2 + BHI (1 _ an)(l _ 771)9(711*1)77H*pn1+1 (1 _ nH)P(nﬁl)nH*pmH (77)

T P D T : +1 ) 5l =D = 1
(]‘ - 5H1) p<n171)nH7p771+1/3H1 (1 _ ,6[—]2)?("1(*77H>+"1+”H)*1 9H

+1 pn1(ng—1) 1 1 - PNE
p(m—)ng—pni+1 pny—1)ng—pni+1 p(n—1)ng—pn1+1
cy Cy Cy -1

1
p(n(—=mg)+m+ng)—1
H?2

The derivation of the relative profit with respect to 0 is

OTrel P B o plag—1) PIH g
= 1— Br2) 707 017 (1 — T BE
S — - B plni (zng)tmtng =1 4
(1 _ 7]1) p(n—1)ng—pn1+1 (1 _ "7H) p(n —ng—pn1+1 (P(nl _ 1)7]H — pm + 1) p—1
_png—1) p(m—D(ng—-1) _pmmyg—1) pni(ng—1) p(nl(—nH)+n1+nH)_1 —pnH 1 . 1
91 p—1 (1 _ Bl)iﬁ*l ﬁl p—1 ¢ p—1 ¢ p—1 Cy (p(m—l)nH—pan p—l)

(I—ng)
(P(,BH2 — 1)(077H — 1)(1 — 771)0(?71—1)71;1—0771-%1 (1 — nH)ﬂ(m—l)n;;—pmH 1— ﬁHl)p(n1p—nll)nHzfgn1+1

++1 1 CTEST CrR )1 ST pm)(nHH_1>
p(n —1mg—pn1+1 - —Tgrm—Dng—rm+l geln(=ng)tnitng)-1 plm =g =pni+
; (1 _ ﬁHQ)p(m( Nt tng) 10H 02H C1

1
ST (B B (1 — ) P DR (1 — ) PO DL

e
(p(m — Vng — pm + 1)anll)annl+1> .
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The derivation of the relative profit with respect to g9 is given by
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The derivations with regard to the headquarter intensity and the suppliers’ input intensities are pro-
vided on request in the MATHEMATICA 9.0 file.
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