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Abstract

This article analyzes the ways heterogenous firms pro-
cure their inputs in the presence of relationship-specific
investments and incomplete contracts. We first consider
a closed economy in which firms decide how to struc-
ture their organization. Production is sequential and inputs
(upstream and downstream) are sourced in the same order
as production. While our closed-economy setup is analo-
gous to Antras and Chor (Econometrica, 2013), there are
two distinct features: (1) The reward to each supplier is
determined through bargaining over the full revenue of the
firm (as opposed to marginal contribution of the supplier),
and (2) The reward structure combined with our sequential
bargaining protocol gives rise to linkages across suppli-
ers. The analysis in Antras and Chor (Econometrica, 2013)
identifies a mechanism in which upstream organizational
decisions have spillover effects on downstream suppliers’
investment incentives. Thanks to our novel features, we
identify another mechanism: the spillover effects of down-
stream organizational decisions on the investment incen-
tive of upstream suppliers. Next, we consider an open econ-
omy in which firms not only make organizational deci-
sions but also determine where to source their inputs. We
show that these decisions are connected between sequen-
tial production stages such that the sourcing location of
the upstream input may affect the organizational choice
in the downstream stage. We then examine how within
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sectoral heterogeneity and variations in industry character-
istics influence the relative prevalence of firms that choose
to form different organizational structures.
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1 | INTRODUCTION

Today, the production of goods involves various stages taking place across multiple countries.
The data confirms this trend: while only 36% of world trade had occurred within global value
chains in 1995, this number reached 49% in 2011 (WTO, 2015). This study aims to contribute the
literature on this evident fragmentation of production. Our modeling of organizational choice
follows Antras (2003), whereas our modeling of global input sourcing is close in spirit to Antras
and Helpman (2004). Yet, our paper provides additional insights via sequential setting (sequen-
tial production and bargaining) similar to Antras and Chor (2013). Moreover, unlike Antras and
Chor (2013), our framework distinguishes between domestic and offshore sourcing decisions of
firms.

Our model has multiple sectors and each sector has multiple varieties produced under monop-
olistic competition. The essential elements of the production of each variety are as follows. First,
it is sequential such that an upstream input is used to produce a downstream input, which is
then used to produce a final output. We deviate from Antras and Chor (2013) by assuming higher
degree of complementarity between production stages: each stage input must be successfully
completed for the final good to be produced and revenue to be realized.»? Recent developments in
the automotive industry provide a good example, where the shortage of semiconductors (chips)
has forced several automakers to halt production.? Second, the production of the downstream
input requires the physical presence of the upstream input. Automobiles, textiles, mobile phones
and computers all fit well to this description (Harms et al., 2012 and Antras & Chor, 2013).

Three types of agents engage in the production of each variety: upstream suppliers, down-
stream suppliers and final-good producers (firms). Final-good producers are heterogenous with
respect to their productivity. Suppliers need to make relationship-specific investments to produce
inputs and contracts are incomplete. In this environment, there is a standard hold-up problem of
underinvestment and any credible terms of exchange can be defined ex post, once investments
are made and contingencies are realized. Following Antras and Chor (2013), we assume that
inputs are sourced sequentially in the same order as production through bilateral negotiations
between final-good producers and input suppliers. We differ from Antras and Chor (2013) by
assuming that bargaining is over the full revenue rather than the incremental revenue suppli-
ers contribute. For this reason, we solve the bargaining game backwards using subgame perfect
equilibrium. Consequently, the reward structure together with our bargaining protocol generates
linkages across suppliers (upstream and downstream). Additionally, as in Antras (2003), we allow
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final-good producers to ask for ex ante lump-sum transfers from suppliers before any input is pro-
duced. Since these transfers enable final-good producers to capture the entire surplus, there is no
rent-extraction motive in making organizational decisions.

We initially focus on a closed-economy in which final-good producers decide how to struc-
ture their organization: outsourcing versus vertical integration. The firm’s organizational choice
at each stage determines asset ownership, which comes with the residual rights of control. These
control rights affect ex ante investment incentive of suppliers by changing the distribution of
surplus between parties, that is, revenue shares. In a vertically integrated firm, the supplier
becomes part of the firm and has no control rights, implying that her investment incentive is
lower compared to an independent supplier.* Since inputs are sequential complements (recall
Endnote 2) and final-good producers have no rent-extraction motive (due to ex ante transfers),
it is always optimal to choose outsourcing in the upstream stage. Thus, the key organizational
decision is over the downstream supplier. The relative strength of two opposing forces deter-
mines this organizational choice. The first one is related to the nature of production and reward
structure. The production technology implies that higher investment by the upstream supplier
increases the marginal return of the downstream supplier’s own investment. The reward to each
type of supplier (upstream and downstream) depends on the project’s total revenue. This reward
structure allows the upstream supplier to internalize the positive effect of her own investment
on the downstream supplier, and thus, it is the downstream supplier who must be given more
control rights.> So, the first force pushes the final-good producer to choose outsourcing in the
downstream stage. The second force emerges from the sequential nature of bargaining. When
negotiations are taking place for the downstream input in the second stage, any payment made to
the upstream supplier in the first stage is sunk. Subgame perfection dictates that when negotiating
with the upstream supplier, the final-good producer is willing to bargain over only the resid-
ual revenue, that is, revenue that would be left over from the negotiations with the downstream
supplier. This provides more bargaining power and thus more incentive to the downstream sup-
plier vis-a-vis the upstream supplier.® Hence, to leave more for the bargaining with the upstream
supplier, the second force pushes the final-good producer to choose vertical integration in the
downstream stage.

Next, we extend our model to an open economy with two countries, North and South. All
final-good producers are located in the North and now they decide not only how to structure
their organization but also where to source inputs: domestically from the North or internation-
ally from the South. A major benefit of geographical dispersion is to access to cheap factors
(Navaretti & Venables, 2004). At the same time, cross-border transactions tend to exacerbate the
hold-up problem (Antras & Staiger, 2012). To capture these salient facts, we assume that in the
South, although the wage rate is lower, there is higher efficiency loss from hold-up due to loose
intellectual property rights (IPR).” Moreover, with the fragmentation of production, one pro-
nounced finding in the literature is the trade off between lower input costs and higher trade costs.
To account for this finding, we also consider two types of trade costs. First, we employ iceberg
transport costs for shipping inputs between countries. Our iceberg formulation of transport costs
combined with our sequential production process generates shipping costs that are proportional
to the gross value of the input being transported. In other words, it is more costly to ship a down-
stream input relative to an upstream input. This is in line with Antras and de Gortari (2020), who
provide a suggestive empirical evidence.® Second, we consider fixed coordination costs, which
are incurred when inputs are sourced from different countries. This assumption is in harmony
with Harrigan and Venables (2006), who argue that a physical separation of the value chain stages
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can cause uncertainty about the delivery of inputs, which in turn makes production planning
complicated.

Using this setting, we first show that firms’ sourcing location and organizational mode deci-
sions are linked between sequential production stages: the organizational choice in the downstream
stage may change depending on where the upstream input is sourced due to the asymmetry in the
hold-up friction between locations.’ Those firms that choose to transact with an upstream sup-
plier in the South are more likely to integrate their downstream suppliers, since this allows them
to bring more to the table in negotiations for the upstream input and mitigates the more severe
underinvestment problem in the South.

Our results regarding global input sourcing indicate that all firms choose to source both
inputs domestically from the North when transport costs are substantial. In other words, with
large transport costs, inputs are sourced where the final output is assembled. This result carries
a closely-related intuition to Baldwin and Venables (2013), where due to transport costs, firms
may choose to cluster production stages within the same country even when that country may
not be the lowest cost site within a cluster. In contrast, if the wage gap between the North and
South is substantial, all firms source both inputs internationally from the South, to wit, the low-
est cost site due to cheaper labor. Otherwise, more productive firms procure the upstream input
from the North and the downstream input from the South to avoid the more severe hold-up fric-
tion in the South while still enjoying the lower Southern wage rate in the downstream stage.
This finding is in line with Antras et al. (2017), which state that more productive firms would
be able afford the higher fixed costs to search and source from a larger set of countries to lower
their sourcing costs. On the flip side, depending on the scale of coordination costs, less produc-
tive firms may either follow more productive firms and procure the upstream input from the
North and the downstream one from the South or procure both inputs from a single country, the
North or South.

We then shift the focus from firms to industries and look at how within sectoral heterogene-
ity and variations in industry characteristics influence the relative prevalence of organizational
forms. We find that when firms’ organizational choice depends on their input-sourcing location,
firms more likely engage in outsourcing in sectors where the wage gap and trade costs are lower,
the asymmetry in the hold-up friction due to loose IPR protection in the South is significant and
the productivity dispersion is higher.

Prior Work. Our framework combines firms’ boundary model of Antras (2003) with hetero-
geneous firms model of Melitz (2003) to analyze domestic and offshore sourcing decisions of firms
as in Antras and Helpman (2004). Our key difference from Antras and Helpman (2004) is the
introduction of sequential production and bargaining that spills over across production stages.
There are other differences as well. In Antras and Helpman (2004), higher (lower) transport costs
simply imply a higher (lower) wage rate in the South. This is not so straightforward in our model
as transport costs augment along the value chain. In addition, they assume asymmetry in fixed
operating costs across organizational modes, which allows a firm’s productivity to affect its orga-
nizational choice.!® We do not assume any asymmetry in fixed operating costs; instead, there are
fixed coordination costs when inputs are sourced from different countries. Hence, a firm’s pro-
ductivity does not affect its organizational choice directly, but indirectly through the sourcing
location of inputs. Moreover, while the sourcing decision in Antras and Helpman (2004) involves
only one input (manufacturing component), it involves both inputs (upstream and downstream)
in our paper, which in turn allows us to examine the effect of sourcing location in one stage on
organizational choice in the other stage.
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While our sequential setting is similar to the benchmark model of Antras and Chor (2013), we
diverge in two aspects: (1) Bargaining for each input is over the full revenue rather than suppliers’
marginal contribution, and (2) There are linkages across suppliers in sequential bargaining. In
our model, organizational decisions over the downstream supplier affect how much is left over for
the upstream supplier and the firm to bargain over. Accordingly, vertical integration in the down-
stream stage can be appealing as it leaves more stake (bargaining share) for the upstream supplier.
Put it differently, organizational decisions in the downstream stage spill over on upstream suppli-
ers through this bargaining share linkage. This is different from Antras and Chor (2013), where
they show that organizational decisions in the upstream stage have spillovers on downstream sup-
pliers. Thus, we identify another mechanism through which spillovers along the supply chain are
transmitted that is quite different from their benchmark setting.!! In addition, by assuming an
asymmetry in the hold-up friction between countries, our model allows input-sourcing location
choice to directly affect bargaining shares of agents, and this in turn influences the organizational
choice. This finding is to be contrasted with Antras and Chor (2013), in which the decision to
integrate a particular stage input merely depends on its position in the value chain, independent
of the sourcing location of the input (see Proposition 6 on p. 2156).!2

We have a generic setup that allows for various extensions. One such extension is done in
Karabay (2022), where the firm’s organizational choice involves not only its ownership structure
(outsourcing vs. vertical integration) but also its input procurement strategy (delegation vs. con-
trol). This latter strategy means the final-good producer decides whether to procure the upstream
input itself (control) or delegate this procurement to the downstream supplier (delegation). This
analysis generates a new organizational form titled ‘Outsourcing with Delegation.’ Since the main
focus of that paper is on this new organizational mode, unlike the current paper, a full-fledged
open-economy analysis is shut down by assuming: (1) all firms are identical, (2) it is always opti-
mal to source both inputs from the South, that is, sourcing decision is imposed on firms rather
than analyzed, and (3) there are no trade costs.

The sequential bargaining protocol in our paper is related to Du et al. (2009). They consider
bi-sourcing strategy, in which a given input can be partly insourced within the firm and partly
outsourced using an independent supplier. Their framework is different than ours in two respects.
First, inputs that pertain to sequential bargaining are perfect substitutes and due to this substi-
tutability, sequential bargaining helps to improve the threat point of the final-good producer. This
is different than ours since upstream and downstream inputs are complementary in our case.
Second, their model does not have sequential production.

Our setting permits the adoption of different organizational modes in sourcing each input,
that is, hybrid sourcing. In this regard, our paper is related to Schwarz and Suedekum (2014)
and Nowak et al. (2016). Using a model with a continuum of suppliers and symmetric inputs,
Schwarz and Suedekum (2014) show that hybrid sourcing occurs as it enables the adjustment of
investment incentives and revenue distribution within the firm. On the other hand, the model
of Nowak et al. (2016) features two input suppliers like ours. By introducing asymmetries across
inputs, they can determine the firm’s sourcing mode for each input. These papers diverge from
ours as inputs enter the production process simultaneously and thus, they cannot capture the
additional insights provided by our sequential setting.

The rest of the paper is organized as follows. In Section 2, we lay out the model in a closed
economy and focus solely on firms’ organizational choice. Section 3 extends our model to an open
economy to allow for international sourcing of inputs. Here, we also examine how within sectoral
heterogeneity and variations in industry characteristics influence the relative prevalence of firms
that choose to form different organizational structures. Section 4 discusses some variants and
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extensions of our model. The last section concludes. Most proofs in the main text are relegated
to Appendix A, whereas the detailed analysis of cases discussed in the open-economy context is
covered in Appendix B. Technical details of extensions to our benchmark model can be found in
our Online Appendix C.

2 | THE CLOSED-ECONOMY MODEL
2.1 | Preferences

Consider an economy that is populated by consumers with identical preferences
1
U=yo+=-) Y, 0<n<1, (1)
ni=

where y, is a consumption of a homogeneous good, Y; is an index of aggregate consumption in
sector j, and # is a parameter such that ﬁ represents the elasticity of substitution between Y; and
Y;. Aggregate consumption in sector j is given by

1/a
Y; = </yj(i)"di> ,0<a<1,

where y;(i) is the consumption of variety i in sector j and ﬁ represents the elasticity of substitu-
tion between any two varieties in a given sector. We assume that « > # so that varieties in a given
sector are more substitutable for each other than for y, or for varieties from a different sector.
Hence, the inverse demand curve for each variety in sector j is

pi() =Y~y (). @)

2.2 | Production

Production of each variety entails a well-defined sequence of stages, where a failure in any one of
them destroys the whole project.! Three types of agents engage in this production: final-good pro-
ducers, upstream suppliers and downstream suppliers. To start producing, an initial investment
must be made, modeled as a fixed sunk cost of entry expressed in f, units of labor. If we denote
the wage rate by w, this entry cost is equal to wf, . Upon paying this cost, the unique final-good
producer of variety i in sector j draws a productivity parameter ¢(i) from a common distribution
gj(@), which has positive support over (0, o) and has a continuous cumulative distribution G;(¢).
Once this productivity level is realized, the final-good producer decides whether to continue pro-
duction or exit the market. If the production continues, a fixed cost of operations in f, units of
labor must be paid, which amounts to wf,.

Each variety requires the use of labor and two variety-specific inputs, both of which must
be of high quality. A high-quality upstream input x;; is produced using labor L;;(i) with a
one-to-one linear technology: xi;(i) = Lyj(i). A high-quality downstream input x,; is produced
using a high-quality upstream input x;; and labor L,;(i) with a Cobb-Douglas technology:

RIGHTS L

JOHPUOD PUE SWLB | 81 39S *[1Z0Z/0T/v2] Uo Ariqiiaunuo Aoiim * Aiqi AISIAINN L | IN Y - Aedesey] ueupbiig Aq ¥G/2T 9104/ TTTT 0T/I0p/w0 AW ARiqBUIUO//SANY WOy POPEOJUMOQ ‘v ‘Y202 968629V T

fomAeiqipul

35UB017 SUOWIWOD dARERID 3|gealdde ay) Aq peusenob ae sapire YO 88N Jo sajni 1oj Aigi auluQ A8|1M uo


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Froie.12754&mode=

KARABAY W ILEY 1757

Xi(0) = (xl;—@yj (%)1 ﬂ]. Finally, a final-good variety can be produced using a high quality
downstrearjn input szj(i) with a linear technology: y;(i) = P(D)x3, (D), where @(i) is a firm-specific
productivity parameter.'* Here, f; € (0,1) represents the relative importance of the upstream
input in the final-good production. As in Antras (2003), the final-good producer asks for ex
ante lump-sum transfers from suppliers before any input is produced, so competition among a
large number of potential suppliers will drive each transfer to a level at which suppliers just
break even.

Constant elasticity of substitution between sectors allows us to analyze each sector indepen-
dently. From this point on, we will focus on a particular industry j and drop the index j from all
variables. Likewise, we will omit index i on the productivity parameter.

2.3 | Input procurement

Contracts stipulating the purchase of a high-quality input for a certain price are not enforceable
as no legal body can distinguish input quality. Along similar lines, we assume that the ex post
revenue is not verifiable by outside parties. Therefore, the only contractibles are ex ante transfers
and organizational structure.

Contract incompleteness and relationship-specific investments lead to a standard hold-up
problem and any credible negotiation for an input can be done ex post once that input is pro-
duced. Following Antras and Chor (2013), bargaining is sequential such that negotiations are
done first for the upstream input and then for the downstream input. Yet, different from Antras
and Chor (2013), agents bargain over the full revenue rather than the incremental revenue that
they help realize in the production sequence. This is sensible in our setting since all three agents,
namely, the upstream supplier, the downstream supplier and the final-good producer, are required
to generate any revenue. For example, upstream supplier alone cannot generate any revenue and
it does not make sense to bargain over her incremental contribution. Given this structure, it is
then natural to use subgame perfect equilibrium to solve the model.

The ex post bilateral negotiations are modeled as a generalized Nash bargaining. We denote by
¢; the bargaining power of the final-good producer with respect to the supplier of stage i € {1, 2}.
While bargaining takes place under each organizational mode, the distribution of the surplus
between parties is affected by whether outsourcing (O) or vertical integration (V) is chosen. Let
¢ix denote the fraction of the surplus the final-good producer captures with respect to the sup-
plier of stage i € {1, 2} under organizational mode k € {O, V'}. Any failure in negotiations under
outsourcing leads to both parties walking away with nothing, implying that ¢; o = ¢;. On the
other hand, if they fail to agree on a split under vertical integration, the final-good producer will
still be able to sell a fraction of the final output. Through this outside option, vertical integration
increases the final-good producer’s share at the expense of the supplier, that is, ¢iy > ¢io = ¢
Therefore, the supplier’s incentive to invest under vertical integration is lower than it is under
outsourcing.

Figure 1 summarizes the timing of events: (i) The final-good producer pays the cost of
entry (wf;) and learns his productivity (¢). (ii) The decision is made whether to continue pro-
duction or exit the market. (iii) If production continues, the fixed cost of operations («f,) is
paid and upstream and downstream suppliers are chosen together with the whole organiza-
tional structure. This is the stage where suppliers bid for the production of inputs and the
final-good producer accepts a lump-sum transfer from one of each type of suppliers. (iv) The
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4l )
t=1 l Entry cost is paid and productivity, ¢, is realized.
\ J
3 , T ‘
P L) Firms decide to produce or exit. If production continues, we
U | proceed to the next stage. 5
3 , T ‘
_3 Q Fixed costs are paid and ownership is decided for each stage.
= | Suppliers are chosen and ex ante transfers are made. )
3 r T ‘
=4 O Investment for upstream input is made.
\ J
[ r T
_s Q Upstream input is produced and bargaining takes place. Then,
= | upstream input is handed over to the downstream supplier. )
! , 3 ,
=6 O Investment for downstream input is made.
\ J
[l , T ‘
Downstream input is produced and bargaining takes place. Then,
t=17 Q I
| downstream input is handed over to the final-good producer. )
u ( u 3
=28 T Final-good variety is produced, sold and revenue is realized.
\ J

FIGURE 1 Timing of events. [Colour figure can be viewed at wileyonlinelibrary.com]

upstream supplier then chooses her investment in L, (i) and makes her production based on the
specification provided by the final-good producer. (v) Provided that the input is of high qual-
ity, the two parties bargain over the allocation of the project’s revenue. Once this bargaining
is over, the upstream supplier is paid and the upstream input is delivered to the downstream
supplier. (vi) The downstream supplier then chooses her investment in L,(i) and makes her
production based on the specification provided by the final-good producer. (vii) If the input is
of high quality, the two parties bargain over the allocation of the project’s revenue. Once the
bargaining is over, the downstream supplier is paid and the downstream input is delivered to
the final-good producer. (viii) Finally, the final-good variety is produced, sold and the revenue
is realized.

2.4 | Subgame perfect equilibrium

We first start with the second stage in which the final-good producer bargains with the down-
stream supplier. If the component is of high quality (taking for granted that the first component
was of high quality), the potential surplus to be split is the total revenue from the sale of the final
good, which, using Equation (2), can be written as

R(i) = p(Dy() = Y™ y(D)". (3)
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The downstream supplier takes the amount of x; (i) from the previous stage as given and chooses
the amount of L,(i) to maximize (1 — ¢,k )R(i) — wL,(i), for k € {0, V}.

In the first stage, the final-good producer bargains with the upstream supplier. Since a fraction
1 — ¢, of the final revenue will be claimed by the downstream supplier, the final-good producer
is willing to negotiate the remaining fraction with the upstream supplier. Thus, the upstream
supplier chooses L; (i) to maximize (1 - ¢1,k)¢z,kR(i) — wL (i) subject to x; (i) = L1(i) and the best
response of the downstream supplier.

At the beginning of the game, due to the competitive nature of both of the intermediate input
markets, the final-good producer asks for ex ante transfers from the upstream and downstream
suppliers in the amount of (1 — g1 ) ¢2R(i) — wL1 k(i) and (1 — 2 )R(i) — wLy (i), respectively,
and leaves them no ex post surplus. Then using Equation (3), the ex post operating profits of the
final-good producer are given by

mreo,vy (@) = YT (D) — o(Ly (i) + Lok (D) — wofe, 4)

Lemma 1. It is always optimal to choose outsourcing in the upstream stage, that is,

Pk = P10 = P1.

Proof. In choosing the organizational mode, there is no rent-seeking motive since the
final-good producer can capture the whole surplus via ex ante transfers. At the same
time, the final-good producer does not make any input investment. Therefore, the
only motive in choosing vertical integration is to reallocate revenue shares between
suppliers to maximize profits. Due to the sequential order of bargaining, this reallo-
cation is possible only from the downstream supplier to the upstream supplier. At
the same time, input investments are complementary due to Cobb-Douglas structure.
Therefore, integration in the upstream stage not only reduces the investment of the
upstream supplier but also that of downstream supplier, both of which lower profits.
Therefore, integrating the upstream supplier is never optimal.

Lemma 1 implies that if vertical integration ever takes place, it might only do so in the down-
stream stage. This finding is line with the empirical result of Alfaro and Charlton (2009), which
states that multinationals tend to own later stages of production. This result is also confirmed in
a recent empirical work by Del Prete and Rungi (2017). From this point forward, we will sim-
plify the notation by replacing ¢, x with ¢;. The next lemma gives us output, price and operating
profits of any variety for a given organizational mode.

Lemma 2. For any variety i and organizational mode k € {O, V'} we can state output
Yi(@), price pi(i) and operating profits zx(i) as

€
l-a

| a=dgar )’ N s A= ;
o= [(m) (1= 42) ] (=)~ ®
S _(l=aa-=p ”( 1 >1-”<2> ]

Pl = ( — m) ——) (2). ©)
(i) = Y5 T We(B) — afe. %)
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—a[A-p(-t)+ s (1-00 )|
s 1-p] T2
l o[l—a(1-p)] @
[“ ( [ > (1*4’2,1{) }

Proof. See Appendix A.

where W.(f) = -

The final-good producer charges a constant mark-up over the marginal cost given the con-

stant elasticity of demand. Due to contract incompleteness, this mark-up is TSy, ]1,,(1 P
—¥P1)P2k —P2k
times larger than the mark-up that would result under complete contracts. While the mark-up

is increasing in ¢y, it is decreasing (increasing) in ¢, for ¢ox < f (2, > f). Moreover, more
productive firms produce more and charge less as can be seen from Equations (5) and (6).

After observing his productivity, the final-good producer decides whether to go on with the
production or exit. There is a threshold productivity level, ¢, above which the production con-
tinues and the final-good producer chooses the ownership structure that maximizes his ex ante
operating profits. This decision can be represented as follows.

max ﬂk((P,Y B, for
(.Y, p) = {keloV v>e
0, for ¢ < @.

The threshold productivity ¢ can be implicitly defined by z(¢, Y, ) = 0 and it is a function of sec-
tor’s aggregate consumption index Y, that is ¢(Y). Moreover as in Melitz (2003), in equilibrium,
expected operating profits of any firm is equal to the fixed cost of entry

oo}

/ 7(p, Y, p)dG(@) = afe.
oY)

Proposition 1. The firm’s operating profits zxe(0,v} (i) in Equation (7) are decreasing

in ¢1 .
Proof. See Appendix A.

The final output and the optimal choice of the downstream input are both increasing in the
amount of the upstream input, which in turn depends on the stake of the upstream supplier.
This stake is decreasing in ¢; (recall that the upstream supplier maximizes (1 — ¢1)¢p2 R(@{) —
wL,(i)). Therefore, as ¢; increases, the hold-up problem becomes more severe and profits
go down.!®

We are ready to analyze the organizational mode decision of the final-good producer. Let
B, ) = ”ZH" ¢ denote the ratio of the variable profits under vertical integration to those under

outsourcing. It shows the relative attractiveness of vertical integration vis-a-vis outsourcing.

Proposition 2. Consider the organizational mode decision of the final-good pro-
ducer.

(i) Ceteris parlbus there exists a unique B € (0,1)such that (8, ¢1) < 1for f < B,
I'p,¢1) > 1 for g > ﬂ andF(ﬂ ¢1) =1

(ii) This unique threshold ﬂ decreases as ¢; increases.
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Proof. See Appendix A.

The first part establishes the existence of a unique upstream-input intensity, B, that makes
the final-good producer indifferent in choosing the optimal organizational form. It reminds
us the importance of the residual rights of control as stated by Grossman and Hart (1986).
Accordingly, if the investment by the upstream supplier is relatively more important in the
production of the final output (f > ﬁN), then the residual rights of control must stay with the
final-good producer, that is, vertical integration in the downstream stage, so that more owner-
ship can be allocated to the upstream supplier to mitigate the underinvestment in the upstream
input. In contrast, when the downstream input is relatively more important (8 < B), more
ownership must be given to the downstream supplier, that is, outsourcing. The second part
indicates that as the degree of hold-up problem becomes more severe (as ¢; increases), the
range of f# values for which vertical integration is optimal expands (ﬂ~ decreases). Intuitively,
while ¢, has a direct effect on the upstream input, it has an indirect effect on the down-
stream input through the feedback effect from the upstream input. Since the effect on the
upstream input is first order, for a wider range of parameter space, it becomes relatively more
important to alleviate underinvestment in the upstream stage via integrating the downstream
supplier.

Next, we will consider a useful thought experiment where the final-good producer could freely
choose optimal ¢,, say qb‘z’p = [0, 1], that maximizes operating profits. Higher ¢, allows larger
fraction of the revenue to be allocated to the upstream supplier but also induces the downstream
supplier to produce less. The optimal ¢, takes this trade-off into account.

Proposition 3. The optimal revenue share ¢} is given by

VIBQ2 — ¢ — a1 — BYI +4B[(1 — H)(L — a1 — B) — B — )] — 2 — ¢1 — a(1 — )
2[A-pA-a1-p)-H(1-¢y)] ’
A—a(1-p)

FB) =

(8
with ¢ ‘(0) = 0 and o7 ‘(1) = 1. Moreover, it has the following properties:
@ ¢F " is increasing in .
(i) For a given f, the operating profits in Equation (7) are increasing in ¢, for
0< ¢ < d)gpz(ﬁ) and decreasing in ¢, for q’)gpt(ﬁ) < ¢y < 1.
(iii) @3 "is increasing in ¢;.

Proof. See Appendix A.

Figure 2 plots qb;p " as a function of . It is increasing everywhere implying that as the impor-
tance of the upstream input in the final-good production increases, the optimal fraction of the
revenue that is allocated to the downstream supplier, 1 — gp t(ﬁ), goes down. In reality, the
final-good producer is allowed to choose only between ¢, o and ¢, . When g is low enough, such
as point g, in Figure 2, lower values of ¢, yield higher profits, implying that outsourcing is the
optimal organizational choice when dealing with the downstream supplier (¢, o is better). In con-
trast, when f is high enough, such as point gy in Figure 2, higher values of ¢, yield higher profits,
implying that integration is the optimal organizational choice when dealing with the downstream
supplier (¢, is better). So far, this result is due to part (ii) of Proposition 3. Given the existence
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FIGURE 3 Changein ¢gp t(ﬁ) as ¢; increases. [Colour figure can be viewed at wileyonlinelibrary.com]

of a unique threshold B as stated in part (i) of Proposition 2, we can also state firms will choose
outsourcing if f < B, whereas they will choose integration if f > B.

Figure 3 shows that for a given g € (0, 1), as ¢»; goes up, the optimal ¢, increases to mitigate
the intensified underinvestment problem in the upstream stage. At the same time, the unique

threshold, stated in part (i) of Proposition 2 decreases from B to B. Consequently, the degree of
hold-up friction might affect the organizational choice in the downstream stage. This possibility
is shown in Figure 3 for a sector with an upstream-input intensity ﬂ When the hold-up problem
is not severe (lower ¢, ), outsourcing is chosen in the downstream stage (since ﬂ < /3) whereas as
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it becomes worse (¢; goes up), then vertical integration is chosen in the downstream stage (since

//3\ > ). A direct implication of this observation brings to light our novel contribution, that is, the
asymmetry in the hold-up friction between sourcing locations of the upstream input might cause
firms to choose different organizational modes when purchasing their downstream input.

3 | THE OPEN-ECONOMY MODEL

The production process is as described before but now there are two countries, North and South.
Let @™ and w® represent the fixed wage rate in the North and South, respectively, and @ > 5.1
Final-good varieties are completed in the North, implying that all final-good producers are located
in the North. The fixed entry and operating costs in each country are the same and expressed
in units of northern wage, ©"f, and @"f,, respectively. We allow international fragmentation of
production such that final-good producers can obtain their inputs (upstream and downstream)
from either country. There are two types of trade costs associated with international sourcing.
The first one is iceberg-type transport costs for components, whereby = > 1 units of an input
must be shipped in order for 1 unit to arrive at destination. The second one is coordination costs,
representing problems arising from coordinating the activities of suppliers in different countries
and they are modeled as a fixed cost in units of Northern wage, o™f;.!”

The ex post bilateral negotiations leave the final-good producer with a fraction q§’1 € (0,1) of
the surplus vis- a-vis the upstream supplier and a fraction ¢12’k € (0, 1) of the surplus vis-a-vis
the downstream supplier, for [ € {N,S} and k € {0, V}.!8 For the rest of the analysis, we will
assume that ¢ < ¢7 and AR ¢§’k > 0 for k € {0, V}." Having ¢V < ¢7 can be justified by
slightly adjusting our model to an international context. Assume that when the upstream input
is procured from the South, if negotiations fail, the final-good producer can obtain an inferior
replica of this Southern upstream input from a neighboring country to continue with produc-
tion. This is viable due to loose intellectual property rights (IPR) protection in the region. This
outside option in turn increases the fraction of the surplus the final-good producer acquires in
the South. In contrast, the North has a strong IPR protection and hence it is not likely to obtain
a replica of the Northern upstream input. Since a higher value of ¢; results in lower operating
profits (recall Proposition 1) by reducing the investment incentive of both suppliers, the hold-up
friction in the South is assumed to be larger.?’ This way of modeling the asymmetry in the degree
of underinvestment problem will help us illuminate the role the sequential setup plays.?!

In view of these additional assumptions above and using Equation (7), we have

(g, Y, B) = YT oI Wik (8) — oV (f + @), ©)

where

B L
‘I’Q’Wﬂ) _ 1- “[(1 - ﬁ)(l - ¢2»k) + 1-a(1-p) (1 B d’;)(’bz’k] ‘ (10)

s 1-a
21t [ ohfi-a(-p)] ( ot )1_”
@ (1—¢111 >¢2,k 1=¢ak

nllg’lz represents the operating profits of a firm with productivity ¢ that chooses the organization
form k € {0, V} and procure the upstream input from country l; and the downstream input from
country b, for I}, € {N, S}. In addition, we have
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1, iflj=NandlL =N
1, ifl #1 A, ifli=Sand L, =N
I(p) = MhEL L pahe ] ™ h=5andh
0, ifllzlz T, iflleandlzzS
T1+ﬂ, ifllzNandlzzS

Note that shipping the downstream input costs more than shipping the upstream input due to the
production structure. Thus, the cost of transport when both inputs are procured from the South
is higher than when the upstream input is procured from the South and the downstream input is
procured from the North: 55 = 7 > ¢# = 9N Moreover, the highest transport costs occur when
the upstream input is procured from the North and the downstream input is procured from the
South: 7V-5 = ¢z1*#_ This is so since once completed, each input needs to be shipped to another
country: the upstream input to the South and the downstream input to the North.
The firm’s productivity determines whether the firm continues with the production or exit:

max n”((p,Y p), forozge
ke{o,V} —

and

(@, Y, B) =3 1,.LeNs) )

0, forp <o

where the threshold productivity @ can be implicitly defined by (@, Y,p) =
Now we can analyze the final-good producer’s problem. Regarding the orgamzauonal choice,
we know that it is always optimal to procure the upstream input via outsourcing and this is inde-
pendent of the sourcing location. In contrast, the optimal organizational mode in the downstream
stage might depend on the sourcing location of the upstream input due to the asymmetry in the
hold-up friction between the North and South. To see this, notice that since c[)]l" < q,')f , based on part
(ii) of Proposition 2, the critical value of g, /}7 forl € {N, S}, islarger in the North, that is, /75 < EN .
Recall that g represents the relative importance of the upstream input. Since the hold-up friction
is more severe in the South, this has a first-order negative effect on the upstream-input invest-
ment and to mitigate this, more incentives need to be given to the Southern upstream supplier.
This can be done by reallocating revenue shares from the downstream to the upstream supplier,
which raises the relative appeal of vertical integration in the downstream stage. Thus, integrating
the downstream supplier will be opted for a wider range of # values in the South. As a result, we
can state the following.

Proposition 4. Given an upstream-input intensity f, we have:

(i) for ﬁ < ﬁ~5 < [?N all firms choose outsourcing,
(ii) for ﬂs < BV < B, all firms choose vertical integration, and
(iii) for ﬂS < B < BV, those firms that procure the upstream input from the South
prefer vertical integration, whereas those that procure the upstream input from
the North prefer outsourcing.

Proof. The proof follows from Proposition 2.

Regarding the sourcing location, there are 4 options: (i) both inputs from the North (the N-N
option), (ii) both inputs from the South (the S-S option), (iii) the upstream input from the North
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and the downstream input from the South (the N-S option), (iv) the upstream input from the
South and the downstream input from the North (the S-N option). Yet, the next proposition allows
us to ignore the S-N option.

Proposition 5. Itis never optimal to procure the upstream input from the South and
the downstream input from the North. Therefore, we can ignore the S-N option.

Proof. See Appendix A.

This proposition is not self-evident. After all, the S-N option has the second lowest trans-
port costs since shipping costs are proportional to the gross value of the input being transported.
Despite this advantage, a quick profit comparison reveals that the S-N option will always be dom-
inated by either the N-N or S-S options. To be specific, the former dominates if the wage gap
between the North and South is smaller than the iceberg transport cost parameter z, that is,
Z—: < 7, whereas the latter dominates if the reverse is true, that is, ‘:)—: > T,

For the rest of the analysis, we will focus on sectors with ES <p< ﬁN in which firms choose
different organizational modes depending on the sourcing location of the upstream input. We do
so to highlight our contribution and differentiate our work from the previous studies (such as
Antras, 2003 and Antras & Helpman, 2004).

3.1 | Input procurement in sectors with ﬁs <p< ﬁN

In light of Proposition 5, there are in effect 3 options in choosing the procurement location of
inputs: (1) both inputs from the North (the N-N option), (2) both inputs from the South (the S-S
option), and (3) the upstream input from the North but the downstream input from the South (the
N-S option). We also know from Lemma 1 and part (iii) of Proposition 4 that while outsourcing
is always optimal in the upstream stage, we can have either organizational mode in the down-
stream stage. In particular, under the N-N and N-S options, since firms procure their upstream
input from the North, they choose outsourcing in the downstream stage, whereas under the S-S
option, the upstream input is sourced from the South and hence vertical integration is optimal
in the downstream stage. The discussion below outlines the main results by comparing different
options. A detailed technical version of this analysis can be found in Appendix B.

First, consider procuring both inputs from a single location: either the North (the N-N option)
or the South (the S-S option). In the South, the wage rate is lower but the hold-up friction is more
severe plus firms need to incur transport costs to ship the downstream input to the North. On
the other hand, since input suppliers are from the same location in both options, there are no

coordination costs, @™ f;, implying that the comparison of variable profits is sufficient to select
ﬂg'N(q),Y,ﬁ)-l—wac
75 (@.Y By+alf,
of ¢ given that a firm’s productivity does not change according to its sourcing location or orga-

nizational choice. Therefore, if one option is preferred over the other by a firm with productivity
@ € [@, ), then the same option must be preferred by all active firms. Consequently, if the wage
advantage in the South can overcome the more severe hold-up friction as well as the cost of trans-
porting the downstream input, then all firms independent of their productivity choose the S-S
option; otherwise, they all prefer the N-N option.

Next, consider procuring both inputs from the North (the N-N option) versus the upstream
input from the North and the downstream input from the South (the N-S option). Since the

the better option, that is, . Notice from Equation (9) that this ratio is independent
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upstream input is procured from the North under both options, there is no difference between the
two regarding the hold-up friction. Under the N-S option, firms take advantage of lower Southern
wage rate in the downstream stage at the expense of trade costs, that is, transport and coordina-
tion costs. While the wage rate and transport costs affect variable profits, coordination costs affect
(raise) fixed costs. Given the additional fixed (coordination) costs under the N-S option, if trans-
port costs are large enough to wipe out the wage advantage in the South, then all firms choose the
N-N option. Instead, if the wage gap can compensate for transport costs so that variable profits
are larger under the N-S option, then this gain must be weighed against fixed coordination costs.
If coordination costs are not significant, then all firms choose the N-S option. On the other hand,
if they are relatively large, then while more productive firms still prefer the N-S option (since they
can produce more and therefore variable profits are more important to them), less productive
firms prefer the N-N option as they cannot afford coordination costs.

Now consider the choice of procuring both inputs from the South (the S-S option) versus the
upstream input from the North and the downstream input from the South (the N-S option). The
N-S option allows firms to bypass the more severe hold-up friction in the South at the expense of
higher wage rate in the upstream stage and additional trade costs. Trade costs are smaller under
the S-S option since transport costs are lower (7 < 7'*#) and there are no coordination costs. As a
result, if the wage gap and lower transport costs can compensate the more severe hold-up friction
in the South, then all firms choose the S-S option. Instead, if the hold-up friction is severe enough
so that variable profits are larger under the N-S option, then this benefit must be balanced against
fixed coordination costs. If coordination costs are not significant, then all firms choose the N-S
option. On the other hand, if they are relatively large, then while more productive firms still prefer
the N-S option (since they can produce more and therefore variable profits are more important to
them), less productive firms fare better under the S-S option as they cannot afford coordination
costs.

We can summarize these results as follows. (1) All else constant, all firms procure both inputs
domestically from the North if transport costs are very large. (2) All else constant, all firms procure
both inputs internationally from the South if the wage differential between the North and South
is significant. (3) If neither transport costs nor the wage differential is substantial, then more pro-
ductive firms source their upstream input from the North and downstream input from the South.
By doing so, they can circumvent the more severe underinvestment problem in the South while
still benefiting from the lower wage rate in the South in the downstream stage. Less productive
firms do the same if they can cover the coordination costs. If they cannot, then they source both
inputs from a single country.

From this discussion, the following conclusions can be made. More productive firms care
more about factors affecting their variable profits: transport costs, the wage differential and the
degree of hold-up friction. This is so since their productivity advantage allows them to produce
more, which in turn makes them more sensitive to variable profits relative to fixed costs. There-
fore, high-productivity firms choose the option with the highest variable profits. This is not always
the case for low-productivity firms, since they do not produce enough output to ignore fixed-cost
differentials, that is, additional coordination costs under the N-S option. To see this, consider a
scenario in which variable profits are largest under the N-S option. When this advantage in vari-
able profits is not large enough to cover additional fixed (coordination) costs, then less-productive
firms are unable to choose this option. One such possibility is depicted in Figure 4. We have (pﬁ
on the horizontal axis and operating proflts on the vertical axis. From Equatlon (9), we can see
that the profit function is linear in ¢i-«, and its slope is proportional to ‘P v 2(ﬁ) By construction,
the N-N option is the worst and consequently, the sourcing choice is between the N-S and S-S
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FIGURE 4 Equilibrium under Case 5. [Colour figure can be viewed at wileyonlinelibrary.com]

options. All firms below a productivity of (pf/*s expect negative operating profits independent of
their organizational mode or input-procurement locations. The blue line shows the maximum
operating profits attainable among all three profit functions. Firms with productivity between
(pf;s and @ obtain their highest operating profits by procuring both inputs from the South (the S-S
option) and choose vertical integration in the downstream stage as they cannot afford coordina-
tion costs. In contrast, firms with productivity above @ can pay for coordination costs and thus
find it optimal to procure the upstream input from the North and the downstream input from the
South (the N-S option) and choose outsourcing in the downstream stage.

So far, the analysis has focused on firms. From now on, our focus will shift to industries. The
next section looks at the factors that influence the relative prevalence of organizational forms.

3.2 | Prevalence of organizational forms in sectors with g5 < g < N

Assume that the distribution for firms’ productivity, G(¢) is a Pareto distribution with shape
parameter k

Glp)=1- <1> for0 < v < o, 11)
®

where « is large enough so that the size distribution of firms has a finite variance.?* Consider the
previous analysis and note that: (1) since outsourcing is always optimal in the upstream stage,
we study the relative prevalence of organizational forms in the downstream stage, and (2) for the
parameter space we focus on, those firms that source their upstream input from the North choose
outsourcing in the downstream stage, whereas those that source their upstream input from the
South choose vertical integration.

When all firms choose to source their upstream input from the same country, then the fraction
of firms that choose outsourcing is either 0 (under the S-S option) or 1 (under the N-N and N-S
options). Instead, the more interesting case is the one in which more productive firms choose the
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N-S option and less productive firms choose the S-S option. In this case, there is a critical value
of ¢, @ as shown in Figure 4, that distinguishes more productive firms from less productive ones.
Using Equation (9) and setting ng S@,Y, p) = n‘S,’S((Z, Y, ), we obtain

1-a

a

oNf;

a l‘PZ’S(ﬂ) — WSS (p)

azn

(12)

Denoting 4 the fraction of active firms that choose outsourcing in the downstream stage, we have

1-6 (%)
= —— 20 _ (L), (13)
1 - G(e55) @
Ly
where (pf/*s denotes the productivity of a break-even firm, which can be obtained by setting
7y (@35, Y, ) = 0:

1-a
a

(14

e A0

Next, using Equations (10), (12), and (14), we can rewrite Equation (13) as

A SNE \p]
o) c _ @ _ Je
<‘P§S<ﬂ>_1>fs ) <®<W> 1>fs | o

L.
1-a

where

> 1.

. 1= AP0+ s (1= o] (1—4:1” ¢w>ﬂ (1-4&2,0)1_13
oV — b
1—a[(1—ﬂ)(1—¢z‘v)+4(1_¢f)¢2-‘/] = e T

T-a(—5)

We have ©¢ > 1 since the severity of hold-up friction is lower in the North, that is, ([)i‘] < ¢f . This
follows from Proposition 1. The idea is that if there were no transport costs and no difference in
the wage rate between countries, procuring the upstream input from the North would generate
more value.

Holding «, f and qbll\’ constant, we look at how the fraction A depends on the ratio of operating

costs to coordination costs, j%, the iceberg transport cost parameter, 7, the more severe hold-up

friction in the South, ¢%, the wage gap between the North and South, (;’)—Z and the dispersion of pro-
ductivity, k. Here, we consider small (marginal) changes in these parameters. We begin with a fall
in trade costs. First, consider a decrease in coordination costs relative to operating costs, that is,
an increase in %. As coordination costs decrease, more firms tend to obtain their upstream input

from the North to benefit from the less severe hold-up friction and the downstream input from
the South to benefit from the lower wage rate. Consequently, the fraction of active firms choosing
outsourcing increases. Next, consider a decrease in the transport cost parameter, . While lower
transport costs positively affect both sourcing patterns, it benefits the most to the N-S option
where the transport costs are the largest. This again increases the fraction of firms choosing out-
sourcing. To sum up, any decrease in trade costs makes outsourcing more prevalent. On the other
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hand, a marginal improvement in IPR protection, that is, a decrease in the hold-up friction in
the South, has the opposite effect.?® As drf falls, the asymmetry in the hold-up friction diminishes
and some firms switch sourcing their upstream input from the North to the South. This causes a
decrease in the fraction of firms that chooses outsourcing, A.* Similarly, an increase in the wage
gap, ‘Z—Z, makes sourcing both inputs from the South more attractive and thus makes vertical inte-
gration more prevalent. In contrast, an increase in the dispersion of productivity, that is, a decrease
in K, increases the fraction of firms choosing outsourcing. This can be seen from Equation (13)
since %5 < @. Intuitively, higher dispersion industries (low k) have more high-productivity firms
that are more likely to choose the N-S option to avoid the more severe hold-up friction in the
South while still enjoying the lower Southern wage rate in the downstream stage.

4 | DISCUSSION

This section explores, one at a time, some variants and extensions of our framework. We begin
by considering changes to our closed-economy benchmark model. Here, the focus will be on the
organizational mode. Next, we modify some assumptions regarding our open-economy setting to
see how firms’ sourcing decisions are affected.?’

We start by admitting a richer production technology that enables not only sequential format
but also modular features involving investment from the final-good producer (‘snakes’ and ‘spi-
ders’ in the terminology of Baldwin & Venables, 2013). While doing so, we keep the contribution
of each input to the final output intact to compare with our benchmark model. First, we allow the
final-good producer to take part in the production of the downstream input. This analysis reveals
that while outsourcing is still the only organizational mode in the upstream stage, vertical inte-
gration is more likely to occur in the downstream stage. Second, we let the final-good producer
take part in the production of the upstream input. In this setting, we find that not only vertical
integration is more likely to emerge, but also it can emerge in the upstream stage. Even so, pro-
vided that the final-good producer’s contribution is below a certain threshold, vertical integration
in the upstream stage does not occur and our results from the benchmark model carry over. We
then analyze what happens in the absence of ex ante transfers. Now, the final-good producer has
also a rent-extraction motive in choosing the organizational mode. In this case, vertical integra-
tion is more likely to occur and different than our benchmark, we can observe vertical integration
in either stage.

We also look at some alternative assumptions in our open-economy setting. The first one
is regarding the location of final-good assembly. Following the footsteps of Antras and Help-
man (2004), we have assumed that all final goods are completed in the North. Implicitly, this
means the assembly of final output is either: (1) using a technology that is available only in the
North, or (2) prohibitively expensive in the South. If we were to relax this assumption and let
firms choose their assembly location, then all firms would choose to assemble the final output in
the South. This is so since shipping costs compound along the value chain and the cost of produc-
ing the downstream input is cheaper in the South due to lower wage rate. We can then make the
following conclusions: (1) Proposition 5 still holds and we can ignore the S-N option as before.
(2) If either transport costs or the wage gap are substantial, all firms procure their inputs domesti-
cally from the South. (3) Otherwise, more productive firms procure the upstream input from the
North and the downstream input from the South to avoid the more severe hold-up friction in the
South while still enjoying the lower Southern wage in the downstream stage. On the other hand,

RIGHTS L

JOHPUOD PUE SWLB | 81 39S *[1Z0Z/0T/v2] Uo Ariqiiaunuo Aoiim * Aiqi AISIAINN L | IN Y - Aedesey] ueupbiig Aq ¥G/2T 9104/ TTTT 0T/I0p/w0 AW ARiqBUIUO//SANY WOy POPEOJUMOQ ‘v ‘Y202 968629V T

fomAeiqipul

35UB017 SUOWIWOD dARERID 3|gealdde ay) Aq peusenob ae sapire YO 88N Jo sajni 1oj Aigi auluQ A8|1M uo


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Froie.12754&mode=

1770 W ILEY KARABAY

depending on the scale of coordination costs, less productive firms may either follow more pro-
ductive firms or procure both inputs from a single country. Compared to our current setting, it
is now much more affordable to source inputs under the N-S and S-S options. Further, there is
no equilibrium in which all firms independent of their productivity source both inputs from the
North. The second assumption we relax is the hold-up asymmetry between the North and South.
We have assumed that in the South, there is higher efficiency loss from hold-up due to loose intel-
lectual property rights (IPR), that is, ¢\ < ¢7. Here, we investigate what if the reverse were true,
that is, ¢11V > qﬁf. In this scenario, the only reason to source inputs domestically from the North
is to save on transport costs. As a result, the sourcing patterns of firms can be expressed on the
basis of the magnitude of transport costs: (1) Proposition 5 is not valid anymore. Instead, no firm
will procure the upstream input from the North and the downstream input from the South in
equilibrium, so we can ignore the N-S option. (2) All firms procure both inputs from the North
if transport costs are very large (larger than in our current setting), whereas they all source both
inputs from the South if transports costs are very small. (3) For intermediate values of transport
costs, more productive firms source the upstream input from the South and the downstream input
from the North to avoid the hefty cost of transporting the downstream input from the South while
still enjoying the lower Southern wage rate and less severe hold-up friction in the upstream stage.
On the other hand, depending on the scale of coordination costs, less productive firms may either
follow more productive firms or source both inputs from a single country. A quick comparison
to our current setting shows that the S-N option can now occur in equilibrium whereas the N-S
option cannot. Moreover, it is now more likely for firms to source the upstream input from the
South due to less severe hold-up friction there compared to the North. Lastly, in the parameter
space we consider, there is also a change regarding the organizational mode:?® while those firms
that source their upstream input from the South choose outsourcing in the downstream stage,
those that source their inputs from the North choose vertical integration.

5 | CONCLUSION

This article develops a stylized model of North-South trade in intermediate goods in order to
analyze heterogeneous firms’ choice of (i) organizational form, and (ii) location for input pro-
curement. Production consists of a well-defined sequence of highly complementary stages such
that a failure in any stage demolishes the whole project. We consider an environment in which
investments are relationship specific and complete contracts are unavailable. In such a setting, the
allocation of ownership rights is crucial. When deciding on the optimal organizational form, firms
take into account the relative importance of upstream and downstream components together
with the variation in the hold-up friction in different locations. When deciding where to source
inputs, firms take into account wage differentials and the degree of hold-up friction in different
locations in addition to trade costs involving transporting inputs and coordinating suppliers sta-
tioned in different countries. In the last part, we also look at how different sector characteristics
affect the relative pervasiveness of organizational forms. This analysis gives us a holistic picture
of organizational structure of firms and their input-sourcing decisions.

Our model has a number of testable implications, some of which have already been tested and
verified by other researchers (as stated in the introduction), while others are still open for empir-
ical inspection. One such testable hypothesis is that firms that procure their early-stage inputs
from loose IPR protection countries tend to choose vertical integration in later stages of produc-
tion. Similarly, another testable finding is that as trade costs decrease, we expect an increase in
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the fraction of firms that choose outsourcing in later stages of production. This is to be contrasted
to a marginal improvement in IPR protection in the South, where we expect a decrease in the
share of firms that choose outsourcing in later stages of production.?”
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ENDNOTES

! This is reminiscent of the ‘O-ring theory’ of Kremer (1993). The classical example given in that paper is the space
shuttle Challenger. It was made of many parts and failure in one part, O-rings, caused the explosion of it.

2 Antras and Chor (2013) assume « > 0 degree of substitutability between stage inputs so that output is still posi-
tive even if some stages are completed with an incompatible input. They then show that if elasticity of demand
faced by the firm (p > 0) is lower than the elasticity of substitution across inputs, that is, p < a, inputs are sequen-
tial substitutes, whereas if p > « , inputs are sequential complements. When inputs are sequential substitutes
(complements), more investment in upstream stages reduces (increases) the value of undertaking downstream
investments. Using their notation, higher degree of complementarity between stage inputs in our paper means
a = 0, thus p > a« = 0 and inputs are sequential complements.

3 A General Motors plant in Kansas City shut down for lack of chips. Also, companies such as Mercedes-Benz
and Renault have stopped the production of lower-priced models to reserve the limited supply of chips for more
expensive models. See the article “A Tiny Part’s Big Ripple: Global Chip Shortage Hobbles the Auto Industry,” by
Jack Ewing and Neal E. Boudette, New York Times, April 23, 2021 (updated on October 21, 2021).

4 The presence of ex ante transfers makes vertical integration less appealing, since integrated suppliers invest less.
In this paper, we show that even with ex ante transfers, vertical integration can still be observed in equilibrium.

5 This first force is similar to Winter (2006). He considers a simple model with moral hazard, in which agents
move sequentially in their tasks and all tasks must be successfully performed to complete the project. There is
an implicit threat on early movers since an agent will exert effort as long as all agents in previous tasks exerted
effort. This threat is less severe on late movers; thus, more reward is required to induce effort from them.
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6 In a different context, Feinberg and Kamien (2001) come up with the same result. They consider the problem of
a merchant who must cross two successive jurisdictions to reach the market. The merchant cancels the whole
journey if he must pay a tax in the first jurisdiction, since any payment would be sunk once he reaches the
second jurisdiction (and thus the second jurisdiction can ask for a tax that is equivalent to the whole value of the
merchandise). Miyagiwa (2009) extends this analysis by considering repeated interaction and finds that under

stationary subgame perfect equilibrium, both jurisdictions can capture some part of the merchandise value.

7 Compared to developed countries, developing countries have lower levels of IPR protection, see Maskus (2000).

8 Antras and de Gortari (2020) also justify this by pointing out that import duties and insurance costs are approx-
imately proportional to the value of the goods being shipped. Our results do not hinge on the fact that shipping
costs compound along the value chain. However, if we were to allow firms to choose their assembly location
(instead of assuming all goods are assembled in the North), then increasing transport costs along the value chain
incentivize firms to assemble the final output in the South. See Section 4 for further details.

91t is well-documented in the literature that the degree of hold-up friction affects firms’ organizational choice.
What we show is that this connection between the hold-up friction and organizational choice spills over across
production stages under sequential setting.

10 Antras and Helpman (2004) assume that vertical integration entails larger fixed costs than outsourcing, which
causes vertical integration to be chosen by more productive firm. In contrast, Grossman et al. (2005) and Defever
and Toubal (2007) assume the reverse ranking of fixed costs, which causes vertical integration to be chosen by
less productive firms. Thus, there is no consensus on the relative ranking of these fixed costs.

1 Note that the mechanism described in Antras and Chor (2013) is also present in our paper: organizational
choice in the upstream stage affects the investment incentive of the upstream supplier, which in turn affects the
investment incentive of the downstream supplier. Therefore, what we identify here is an additional mechanism.

12 Antras and Chor (2013) assume symmetry across productions stages. Recently, Alfaro et al. (2019), extend
Antras and Chor (2013) by allowing asymmetries across production stages. However, they do not focus on global
sourcing location of inputs.

13 The vertical sequencing in production is reminiscent of an assembly line in manufacturing, where a large num-
ber of a uniform good can be assembled. Although efficient, it is quite inflexible since operations must be done
in a strictly-ordered sequence and a failure in any sequence results in the shutdown of the entire process.

14 This production structure implies that unlike suppliers, the final-good producer does not make any investment.
The consequence of relaxing this assumption is discussed in Section 4.

15 As ¢, increases, the production of not only the upstream input but also the downstream input goes down
due to the feedback effect from the former to the latter. Therefore in this context, ‘hold-up problem’ refers to
underinvestment in both inputs.

16 This wage difference can be justified in a general equilibrium by assuming that o' for I € {N, S} is the produc-
tivity of labor in producing y,, and that labor supply is large enough in both countries so that each produces y,,
which is defined in Equation (1).

17 To minimize the taxonomy of cases, we do not assume any coordination costs when the supplier (upstream or
downstream) and the final-good producer are from different countries. In other words, coordination costs occur
only when the suppliers are from different countries.

18 Recall that due to Lemma 1, it is always optimal to choose outsourcing in the upstream stage, that is, ¢’Lk =
¢11,o = ¢! forl € {N,S}and k € {0, V}.

19 We introduce the asymmetry in the hold-up friction between sourcing locations through the parameter ¢,.
Recall from Endnote 15 that as ¢; increases, the production of both inputs go down together with the final
output. In contrast, if we were to introduce asymmetry in ¢, values, we couldn’t call it a hold-up problem. The
net effect on each input and the final good would be ambiguous and depends on the parameters of the model.

20 The differences between firms and their suppliers, such as different local cultures, languages and practices,
can complicate decisions and diminish the effectiveness of business operations. For example, Northern Ire-
land’s official online channel for business provides specific guidelines highlighting these issues in working
with international suppliers: https://www.nibusinessinfo.co.uk/content/challenges-sourcing-overseas. Simi-
larly, for Canada: https://www.infoentrepreneurs.org/en/guides/manage-foreign-suppliers/. See also Assche
and Schwartz (2010) for a similar assumption of a larger hold-up friction in the South.
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2 Bolatto et al. (2017) show that when inputs are sequential complements, greater IPR protection in suppliers’
location makes vertical integration less likely. This is consistent with what we assume here: IPR protection is
stronger in the North and vertical integration is less likely to occur compared to South since ¢ < ¢% (recall part
(ii) of Proposition 2 and the discussion about Figure 3).

22 pareto distribution is commonly used as it has nice properties, see Antras and Helpman (2004).

23 Here, we analyze a marginal improvement in IPR protection. Instead, if there is a large improvement in IPR
protection (but still ¢’1V < qbf ), then it is possible to observe outsourcing in the South as well. In that case, there

will be a non-monotonic increase in the value of A to 1.
24 We know from Proposition 1 that the firm’s variable profits (and thus operating profits) decrease as the hold-up

S.S
v

. o
friction becomes more severe. Therefore, we have <0.

0¢S

25 The details of the extensions of the closed-economy benchmark model are provided in our Online Appendix C,
whereas the details of the alternative scenarios in the open-economy setting can be provided by the author upon
request.

% When ¢ > ¢7, we have BN < BS (see part (ii) of Proposition 2). The relevant parameter space of interest then
is ¥ < p < B5.

27 Notice that in contrast to a marginal improvement, a significant improvement in IPR protection may cause all
firms to choose outsourcing (Recall Endnote 23).

28 The other root is given by

wother _ (1 - a(l - ﬁ))z
20 (1—a=p)? -1 —al - p¢))’

which is either larger than 1 or negative (hence outside the allowed bounds of ¢, o), depending on whether the
denominator is positive or negative, respectively.
29 The other root is given by

(ka(l—ﬂ))[\/ [p-¢y—a@-p) ] +48[A-B)A-a(1-p)~p(1~, ) |+B(2~, ~a(1-F))

t_oth
¢ "By =
2[A-p-a1-p)-p(1-¢,)] ’

which is either larger than 1 or negative (hence outside the allowed bounds of ¢,) depending on whether the
denominator is negative or positive, respectively.
¥ ¥
30 We know that ¢ '(§) — p. Thus, 7 ! is increasing with respect to § at that point.
: s 8
31 We know that ¢ () — . From Equation (A6), it is easy to see that  is increasing in ;. Since ¢2" is increasing
o _
1 |pp
32 As can be seen from Equation (9), although max{ ﬂg N, (pg’ S, ﬂ‘s/,s @, qog’ S} < 0, variable profits are still positive,

in g, this implies that

that is, min{zrg’N(i, (pg”s) + oNf, 235, (ng,s) + oNf.} > 0, since (pg,s > 0.

REFERENCES

Alfaro, L., Antras, P., Chor, D., & Conconi, P. (2019). Internalizing global value chains: A firm level analysis. Journal
of Political Economy, 127, 508-559.

Alfaro, L., & Charlton, A. (2009). Intra-industry foreign direct investment. American Economic Review, 99,
2096-2119.

Antras, P. (2003). Firms, contracts, and trade structure. Quarterly Journal of Economics, 118, 1375-1418.

Antras, P., & Chor, D. (2013). Organizing the global value chain. Econometrica, 81, 2127-2204.

Antras, P., & de Gortari, A. (2020). On the geography of global value chains. Econometrica, 88, 1553-1598.

Antras, P, Fort, T. C., & Tintelnot, F. (2017). The margins of global sourcing: theory and evidence from US firms.
American Economic Review, 107, 2514-2564.

Antras, P., & Helpman, E. (2004). Global sourcing. Journal of Political Economy, 112, 552-580.

Antras, P., & Staiger, R. W. (2012). Offshoring and the role of trade agreements. American Economic Review, 102,
3140-3183.

RIGHTS LI N His

JONIPUOD PUe SWR L 33 89S *[7202/0T /2] uo Ariqiiaunuo MM * Ariai Aiseaun L 1N Y - Aeqere ueyblig Aq #5221 104/TTTTOT/I0PA0d A8 1M Aeiq 1 pul|uo//Sdny WOl papeojumod ‘v ¥Z0C ‘96E6.97T

fonm Ariqipul

35UB017 SUOWIWOD dARERID 3|gealdde ay) Aq peusenob ae sapire YO 88N Jo sajni 1oj Aigi auluQ A8|1M uo


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Froie.12754&mode=

1774 W ILEY KARABAY

Assche, A. V., & Schwartz, G. A. (2010). Input specificity and global sourcing. Journal of the Japanese and
International Economies, 24, 69-85.

Baldwin, R., & Venables, A. (2013). Spiders and snakes: Offshoring and agglomeration in the global economy.
Journal of International Economics, 90, 245-254.

Bolatto, S., Naghavi, A., Ottaviano, G., & Kejzar, K. Z. (2017). Intangible assets and the organization of global supply
chains. Quaderni-Working Paper DSE No 1105.

Defever, F., & Toubal, F. (2007). Productivity and the sourcing modes of multinational firms: evidence from French
firm-level data. CEP Discussion Paper No. 842 (December).

Del Prete, D., & Rungi, A. (2017). Organizing the global value chain: a firm-level test. Journal of International
Economics, 109, 16-30.

Du,J, Lu, Y., & Tao, Z. (2009). Bi-sourcing in the global economy. Journal of International Economics, 77, 215-222.

Feinberg, Y., & Kamien, M. 1. (2001). Highway robbery: Complementary monopoly and the hold-up problem.
International Journal of Industrial Organization, 19, 1603-1621.

Grossman, G. M., Helpman, E., & Szeidl, A. (2005). Complementarities between outsourcing and foreign sourcing.
American Economic Review: Papers and Proceedings, 95, 19-24.

Grossman, S., & Hart, O. (1986). The costs and benefits of ownership: A theory of vertical and lateral integration.
Journal of Political Economy, 94, 691-719.

Harms, P., Lorz, O., & Urban, D. (2012). Offshoring along the production Chain. Canadian Journal of Economics,
45, 93-106.

Harrigan, J., & Venables, A. J. (2006). Timeliness and agglomeration. Journal of Urban Economics, 59, 300-316.

Karabay, B. (2022). A new dimension in global value chains: control vs. delegation in input procurement. Journal
of International Economics, 137, 03584.

Kremer, M. (1993). The O-ring theory of economic development. Quarterly Journal of Economics, 108, 551-575.

Maskus, K. (2000). Intellectual Property Rights in the Global Economy. Institute for International Economics.

Melitz, M. (2003). The impact of trade on intra-industry reallocations and aggregate industry productivity.
Econometrica, 71, 1695-1725.

Miyagiwa, K. (2009). The Silk Road: tax competition among nation states. In Y. Watanabe & H. Yamashita (Eds.),
Trade Policy in a Globalizing World (pp. 151-162). Nova Science Publishers.

Navaretti, B., & Venables, A. J. (2004). Multinational Firms in the World Economy. Princeton University Press.

Nowak, V., Schwarz, C., & Suedekum, J. (2016). Asymmetric spiders: supplier heterogeneity and the organization
of firms. Canadian Journal of Economics, 49, 663-684.

Schwarz, C., & Suedekum, J. (2014). Global sourcing of complex production processes. Journal of International
Economics, 93, 123-139.

Winter, E. (2006). Optimal incentives for sequential production processes. RAND Journal of Economics, 37,
376-390.

World Trade Organization (WTO). (2015). International Trade Statistics.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version of the article at the
publisher’s website.

How to cite this article: Karabay, B. (2024). The link between organizational choice and
global input sourcing under sequential production. Review of International Economics,
32(4),1751-1786. https://doi.org/10.1111/roie.12754

Proofof Lemma 2. Starting from the second stage, the downstream supplier takes x; (i)
as given and maximizes

1}1?3((1 — ¢4 )R() — wLy(i), for k € {O,V},
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N\ B N1-p
where R(i) is given by Equation (3) and y(i) = ¢x,(i) = (p<x17<1)> (%(lﬂ)) . Thus, the

first-order condition can be written as

a1 OY(@D)
a(1 = doic) Y00 lm -w=0,
®a(1—¢zk)Y"‘“y(i)“<l_ﬁ> —w=0. (A1)
’ Ly(@)

In the first stage, outsourcing will be the optimal organizational structure due to
Lemma 1. In addition, given that a fraction 1 — ¢, of the revenue will be allo-
cated to the downstream supplier, only the remaining fraction of the surplus will be
negotiated. So, the maximization problem of the upstream supplier can be written as

I{lﬁgi(l = $1)P2kR(0) — wLq (D), for k € {0, V},

subject to x; (i) = L, (i) and the best response of the downstream supplier given by the
first-order condition in Equation (A1). The first order condition is

—ay a1 OY@)  0¥(i) dL, (i)
1- Yoy(i) ! + -0=0. A2
a(l = ¢1)o Y™ ¥(D) < o T oL ) " (A2)
Taking Equation (A1) and using the Implicit Function Theorem, we can write %2((3 as

Na—1 YD) 1 -1
oLy(i) ay(i) axl(i)LZ(l)

0D ay(iyt 2Ly -y Loy

i WO _ ey L 0 _ (=L i
Noting that oD y(l)(x1 (i)> and L y(l)( o ) the above condition becomes

L,()
mw_“ﬂw)
oxi(i)  1-—al-p)

With this in hand, we obtain

ay(0) + dy(® oL@ _ ¥ i)< B > ( 1 )

ox1 (1) ILx (1) x1(D) xi))/\1-a1-p))
Plugging this back into Equation (A2), we can express the first-order condition for the
upstream supplier as

a(l — p1)pak

canal P _
- Y %y(i) <—>—co—0. (A3)

x1 (1)
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With a little manipulation, we can rewrite Equations (A1) and (A3) as

-p _
(a(l ~ ¢2k) )1 (i) )P = ( L) )1 ﬂ’

o) 1-p

ad—d)bax \' . xl(i>>ﬂ
N rATer Y-« a2
<(1_a(1_ﬁ))w> ( YD) < ; ,

so pairwise multiplication of the two equations leads to

1=k \’ 1-p ((aY"y(D)*\  y()
<1—a(1—ﬁ)> (1= 92) < ® )‘?

Solving for y(i) gives Equation (5). Moreover, using Equation (2), we can obtain p(i)
given in Equation (6).

Next, we derive the expression for the operating profit of variety i. Since x;(i) =
L, (i), from Equation (A3), we have

o apA =)ok L, o,
L) = mY" y(@i)*.

Similarly, from Equation (A1), we have

1- 1-
Ly o ﬂ)i) b2k) Yy,

Thus, Equation (4) becomes

af(d — ¢k

7retovy (i) = <1 —a(1—-p)(1-ox) —

Plugging the value of y(i) given in Equation (5) into the above equation gives us
Equation (7).

Proof of Proposition 1. Taking the derivative of Equation (7) with respect to ¢; and
simplifying, we obtain

O0mie(o,v} (1—a(d = p)(1 - d2k) + P12k
RV Q
b l Ty <0

n—a a

YT pl-a
.
1-5] T2
o N-aa-p) 1 -
[ﬂ ((1—¢1)¢2Ak> (1-¢z,k ) ]

Proof of Proposition 2. We start the proof by stating the following lemma.

where Q =

Lemma 3. LetI'(f,¢;) = % denote the ratio of the variable profits under vertical
(¢] c

integration to those under outsourcing. We have:
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(i) I'(B, ¢1) is increasing in B, that is, X4 5 0, where I'0,¢1) <1and I'(1, ¢p1) >
J op
1.

(i) I'(p, ¢1)is increasing in ¢, that is, 0F;i¢1 > 0.

Proof of Lemma 3. Using Equation (7), I'(8, ¢»1) can be written explicitly as

T(p. 1) = <@)ﬂ <m>l‘ﬂ T 1oa-p)-a[1-P)=a0-p) (o ) O=#)br]  (Ag)
¢2,o 1—¢z,o 1—0‘(1—ﬁ)—a[(1—ﬂ)(1_0‘(1_ﬂ))(1_¢z,o)+ﬂ(1_¢1)¢2,o]

Note that I'(.) does not depend on factor prices due to the Cobb-Douglas technology.
(i) Taking logarithm of Equation (A4) and differentiating with respect to § yields

9InT(B, ¢1)

op = av(¢2.0. P2v)s

where

ln(iz)-nle)
1-a b20 1(—¢20 j
_ 2(1-a(1-P)(1~¢yy )+ b1 sy
v<¢2’0’¢2"’) =\ - —a[(1-p)A-a@=p) 1~y )+B(1~1 )bry |
_ 20-a(1=p)(1=¢s.0)+b1 420
1-a(1-f)—a[ A-A)(A-a(1-p)(1~¢, 0 )+ (1~1 )dro]

Notice thatv(¢y, ¢hov) = 0. Hence, if vy, , (¢h2.0. ¢2.v) < 0, then we can conclude that

dln ;(”) > 0.
By taking the derivative of v(q&z,o, ¢2,v) with respect to ¢, o and simplifying, we obtain

_ L (;
_ 1-a ¢z,o(1—¢2,o) )
Vg, ($20.$2v) = (-a(1-p)[20-a)(1-, ) +(1—a(1-p)), |

{1-a(1-p)-a[ - 1-a(1-B)(1~¢bs,0 ) +B(1-¢ )br0] )

(¢2 0, b2, V) > 0 since ¢, 0 < ¢, v by definition. This will then mean that

This implies that vy, , (¢2.0, $2.v) < 0if and only if

g(¢20) > 1 — )1 — a1 = B)[2(1 — )1 = ¢1) + (1 — a(l = P, (A5)
where

{1-a-p)—ald-pHA—-al-p)(1-¢r0)+ A1 - ¢1)¢2o]}
$2.0(1 = ¢20)

g(¢20) =

Notice that the right-hand side of the expression in inequality (A5) is independent of
¢2.0- Hence, if the inequality is satisfied at the minimum value of g(d)w), then it will
be satisfied for all ¢, o. Taking logs and differentiating
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dlng(bz0) _ 2¢[1 - H)A —a - p)) — fA - ¢1)] 1 1

= -
920 l—a(l—p)—a[1=pHA -ad = p)(1— o) + L —d)pro] %20 1—¢20

Setting this equal to 0 yields a value of ¢, 0:%

(1 —ad-p)
Q-a@=pr+A-ald-pfd)

d’z,o =

where 0 < ¢J , < 1. Note that g(qbz,o) — oo when ¢, o — 0 aswell as when ¢, — 1.
In addition, we have g ( ;,o> > 0. Thus, g( 10) is a local minimum. Since 0 <
$2.0 < 1 and ¢} , is the only root within this range such that g’ (d); o) =0, it is also

the global minimum for this range. By evaluating the function at this point and
simplifying, we obtain

8(#50) =401 - a1 = §2A - all - ).
The final task is to establish that (A5) holds. This is satisfied if and only if

41 -a(l =P’ - a1l - 1))
>
(1 -0 —ad - pRA -a)d - ¢1) + 1A —a = )]
=

(1—a(d = {1 - )1 - )2+ P1) + (4 + 3¢1)] + 4a*f*¢p } > 0,

which is true. Hence, InlBdy)

In addition, evaluating Equation (A4) at § = 0 and § = 1, we obtain

¢2V 1—0‘(1—4721/)
(o, = _ ,and
(0 d)l) < _¢2,0> <1—(1(1 _¢2,0)> <lan

(1 —¢1)¢2v> <1 —a(l —¢1)¢2v> o1
(1 - ¢1)p20 1-a(l-¢1)20 ’

I, é) = <

where inequalities follow from ¢, v > ¢, 0 and the fact that (1 — ax)xﬁ is an increas-
ing function of x for @ € (0, 1) and x € (0, 1). This completes part (i) of the proof.
(ii) Differentiating Equation (A4) with respect to ¢;, we obtain

or'(f, 1) _ aBll—a(1-p)(dry—20)
opr  {1-e-p-a[a-pHA-a(-p)(1~¢s0)+A(1-¢: )bs0] }*

A>0,

a

— (23 ﬂ<1—¢2,v>l_ﬂ o
where A = <<¢z<o ) Tora .
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Now, we have all the results to prove the proposition. The first part follows from
part (i) of Lemma 3. Further, given that %f’l) > 0 and I'(8, ¢1) = 1, the second part

follows part (ii) of Lemma 3. n

Proof of Proposition 3. Taking the derivative of Equation (7) for ¢, x = ¢, and equat-
ing to zero gives us an expression that is proportional to the polynomial

—[A=-pHA-a@-p) - A~ P,
—[AQ - a1 = p))2—¢1 —a(l = )l = 0.
+p(1 = a(1 - B))?

Solving this expression for ¢, gives us Equation (8). It is easy to see that, ¢‘2)p ‘B e
[0,1] with ¢2° '(0) = 0 and i ‘(1) = 1. It is also the only root in the relevant range of
¢ €(0,1).%

Notice from Equation (8) that whenever (1 — f)(1 —a(1 — f)) — B(1 — ¢1) =0,
we  have > ‘B) = (9). The value of pe(0,1) that makes
A-pHA—-ad-p)—pA—-¢1)=01is

V2 — @) — g1 + 4a(1 — @) — [2(1 — @) — 1]
2a )

;
p = (A6)

i
It is easy to check that f is an inflection point and using L’Hospital’s rule, we can find
opt ! 1
, (B)— B

(i) Define the term inside the square root in Equation (8) as
D =[pQ2 - ¢1 —a(l — p)I* +4p[(1 — p(1 — a(l - p)) — B — py)].
D is positive since

(B2 = 1 — a(l — )1 + 411 — /A — a(1 — B)) — f(1 — ¢1)]
= {1 = B[ — P)a® + 4(1 — a) + 2ape| + p¢p?} > 0.

Taking the derivative of Equation (8) with respect to f and simplifying, we obtain

9" (B) E
96 2/DIA - p)(1 — a(l - B)) — f( — 1))

>0 E>0,

where E is given by

ap l(l -/ —ad - ﬂ))] 2[A=pA =ad = p) = A = ¢1)]

~pa-¢y  ||--at-p)|VD-p2- i -atl - p)]
=3 + L
(1-a)[1-a - py 2[Q-pHA = a1 = p)) — 1 — ¢1)]
l +af’d) ] ~@=¢1-al-p)|[VD - 2~ ¢1 - al - )|

J
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We will show that both lines of the above equation are non-negative and for a given
T T
p, at least one of them is positive except at § = f, where g is given in Equation

(A6).% Using the equation for gbgp "B given in Equation (8), we can rewrite the above
equation as

2= p1 - a1 - p)) - p0 = ¢0)Pas[1 - 67 (D)
+

a1 = - g2
[1 _ ¢;pt(ﬁ) _ (=904, (ﬂ)] | ]

+afrp

< Jo-ma-ea-p

-0 -¢1) e

J

Clearly, the first line of the above equation is positive except when f =0or f =1, in
which case it is zero. Now consider the second line. The last term is definitely positive.
Therefore, it is sufficient to show the following.

(1-¢,)p%(B)

Claim. 2[(1 - A)(1 — a(1 - §)) = A(1 - ¢1)] [1 - o (p) - TR

To show that this is indeed true, we rewrite this expression using Equation (8) as

> 0.

201 - A1 - &l = ) - (1 - p)]
(=l - p)[VD - p2 =1 —al-p)| L > 0,

== ¢)|VD - p2 - - a1 - p)]
<
lz[u ~ A= a(l= ) - A - ¢)]

B2 r—all— ]>(2—¢1—a(1—ﬁ))\/5-
e —a(l—

Both sides are positive. If we take square of both sides and simplify, we obtain

{2[0 - HA - a1 = p) = f1 = $1)1}* > 0.

(ii) Taking the second derivative of Equation (7) with respect to ¢, and evalu-
ating at ¢, = ¢¢2)p ‘(B) given in Equation (8), we obtain a negative value, implying
that 4;‘;1’ "(p) is a local maximum. However, since ¢, is restricted to be between 0
and 1, d)Zp ‘() is also the global maximum within this range. It follows that for a

opt
2

given f, the revenue is increasing in ¢, for 0 < ¢, < ¢." () and decreasing in ¢, for

PP < ¢ < 1.
(iii) Taking the derivative of Equation (8) with respect to ¢, and simplifying, we
obtain
9y () Bl1 - a(l — p)IH
I 21 - )1 - a( - B) - B - p0)I*VD
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where H is given by

(1= a(l = [ VD - p2 = 1 - a1 - )]
~ 2011 = p)(1 - a1 - p)) = (L = ).

¥ ¥
In what follows, we will show that H > 0 for any g € (0, 1) except at # = 8, where g is
given in Equation (A6).3! If this is the case, then it must be true that

1—a(l-p)VD > p 2[0-pA—a(l—p) -1 - ¢1)]'
+(1 = a(l = B2 = ¢1 — a(l — )]

Taking square of both sides of the above inequality and simplifying, we obtain

4p(1 — a)(1 - PI(1 - H(A — a(l - B)) - f1 — $1))* > 0
u
Proof of Proposition 5. Consider first the choice between the S-S and S-N options.
Given that the upstream input is procured from the same country (South) under each
option, the hold-up friction is identical and the same organizational mode will be cho-
sen in the downstream stage. The comparison of any firm’s variable profits between
these two reveals that

max n' 5(0,Y, B) + of. max ¥)5(p) a0-p)
ke{o, ke{o.v} oV O\ T
SN <_s> ,for k € {O,V},
A 7N, Y, B) + oN(fe + ) kn{lax Yo Tw
€

where ni’lz and ‘Pi’lz for k € {0,V}, , € {N, S} are defined in Equations (9) and
(10), respectively. Since total fixed costs are smaller under the S-S option (no coor-
dination costs), for the S-N option to be at least as preferable as the S-S option, we

must have

N
max n S(@,Y, B) < max 2N, Y, p > L <. (A7)
kel{o, ke{ovy) k S

Next, consider the choice between the N-N and S-N options. Since the upstream input
is procured from different countries under each option, the hold-up friction is also dif-
ferent and depending on the value of § (recall Proposition 4), the organizational mode
chosen in the downstream stage might vary. The comparison of any firm’s variable
profits between the two reveals that

ma Y, P) + o max PNV s
Y Dot max YD) s\
Y, )+ V(. +£) wn g -kl or )

m

krer%ngirz Np.Y. B ety max W
where k] = arg maxn N, Y, p), k* = = arg max ”k N(@,Y, p), and
k,€{0.V} k,E{0.V)
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Ne—t(1— . b 1-57 =
Ok ks = 1_“[(1_13)(1_4’”‘?)+1—a(1—ﬂ>(1 ¢11V)¢2<"1] l(l‘d’?’ ¢2-"T> <1 ¢2"‘T> ] > 1. (A8)

1=a[ =) (1-0as )+ b (1= 8D)ass | | \ 1701 oy )\ 1=ty

The inequality O k; > 1 holds since the severity of hold-up friction is lower in the
North, that is, ¢}’ < ¢7. This follows from Proposition 1. Also, total fixed costs are
smaller under the N-N option (no coordination costs). These observations imply that
if there were no wage difference and no transport costs, the N-N option would be
better. Thus, for the S-N option to be at least as preferable as the N -N option, it is
necessary to have

N
N.N SN w

max 7, ° Y, )< max x> Y. )= — > 7. A9
o TAX 7, (p ﬁ)\kze{oy} x (@Y. 0) s (A9)

Obviously, inequalities in (A7) and (A9) cannot hold at the same time. Therefore, the
S-N option cannot be optimal for any firm in equilibrium. L]

APPENDIX B. THE ANALYSIS OF SECTION 3.1

Utilizing Equations (9) and (10), we can express the ratio of variable profits under each option as

follows.
73N (i, @) + S _ PN () _ 08\
) = =2 — — , (B.1)
7, (o) +oNfe  WP(P) @
7553, @) + OV (f + £ _ w3(B) _|a < oV >1_ﬂ = (B.2)
ﬂg’N(i, @) + oNf, ‘PZ’N(/’) T\ o ’
ﬂg’s(i, @) + N (e + fy) ‘Pg’s(ﬂ) w’ =
S5, T WSS oV ’ (B.2)
755G, @) + N w5 (p) Tl

where o, > 1is defined in Equation (A8) for kj = O and k; = V. Now we are ready to consider
different scenarios that can occur in equilibrium. In each scenario, we first assume a particu-
lar ranking of operating profits and then derive the condition required for this profit ranking
to hold.

Case 1. max {;;5-5(1', o), 735G, (p)} < 2N (i, 9), V.

The ranking of profits in this case also implies the following ranking of variable profits:

max{z,° (i, @) + o"fe. 121, @) + OV (fe + )} < 75N (1, @) + S, V. (B.4)
The inequality, ﬂ'g’s(i, Q)+ +f) < ng’N (i, ) + ©™f., must hold for any ¢ since the ratio of
variable profits under the N-S option to those under the N -N option is independent of ¢. Hence,

if this ratio given in Equation (B.2) is larger than 1 for any ¢, then it must be true for all ¢,
that is, ng’N (i, @) + oVf. < ﬂg’s(i, @) + oV (f. + f;), V. Yet, this violates the assumed profit rank-
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ing for high-productivity firms by implying ng S(i, @) > zrg’N (i, @), for large enough ¢. This is so
since for high-productivity firms, higher variable profits translate into higher profits: they can
produce more and higher variable profits would be more than enough to compensate higher fixed
costs.

Next, dividing both sides of inequality (B.4) by 7" (i, ) + @"f., we obtain

- { 7 0) + fe 7y (@) + OV, +fs)} < Lve

NN . ’ NN ,:
Ty (@)t oNfe 7wy (1 @) + oNfe

Using Equations (B.1) and (B.2), the required condition for the ranking of profits is given by

A sufficient condition for the above inequality to hold is Z—: < 7. Therefore, when transport costs
are high, all firms prefer to procure both inputs from the North (the N-N option).

Case 2. max {ng’N(i, ®), ﬂg’s(i, (p)} < H{S,’S(i, ®), Vo.

The profit ranking in this case also implies the following ranking of variable profits:

max{zy™ (i, ) + " fe. 73 ° (1, @) + OV (fe + 7)) < 7,° (1 ) + VS, V. (B.5)

The inequality, ng’s(i, @)+ oV +f) < ni’s (i, @) + ©™f., must hold for any ¢ since the ratio of
variable profits under the N-S option to those under the S -S option is independent of ¢. Hence,
if this ratio given in Equation (B.3) is larger than 1 for any ¢, then it must be true for all ¢,
that is, ﬂ‘s,’s(i, @) +aoVf. < ﬂg’s(i, @) + oN(f. + f;), Yo. However, as in Case 1, this violates the
assumed profit ranking for high-productivity firms by implying ng’s(i, @) > n;i’s(i, @), for large
enough ¢.

Next, dividing both sides of inequality (B.5) by Jr‘S/’S(i, @) + oNf,, we obtain

w1y, @) + oVfe 7y (0 @) + N (fo + f)
max <5 s S5 <1, Ve.
7> (0, @) + oM, 7> (0, @) + oNfe

Using Equations (B.1) and (B.3), the required condition for the ranking of profits is given by

1-a

“ap
Ooy Le oAl
max —,@OVT < =—.
T g S

Therefore, when the wage gap is large, all firms prefer to procure both inputs from the South (the
S-S option).

Case 3. max {zrg’N(i, ), 755, (p)} < 250, ), for €[S, o0).

The profit ranking in this case also implies the following ranking of variable profits:

max{z3 " (i, ) + " fe, 7,° (i, @) + &™f} < 731 @) + V(e + ), V. (B.6)
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Setting (ngz(\)l,s in inequality (B.6) and dividing both sides by z}"(i, 21;,3)_,_0)N (fe + 1),
we obtain

ﬂN’N(i, o5 + o 7 (4, o %) + £
max <= <1, (B.7)
N R O (AR AR (RN R (A A I &

where the left-hand-side represents the ratio of variable profits for the lowest-productivity firm
that is active and the right-hand-side represents the ratio of fixed costs. The above condition uses
the fact that the lowest-productivity firm that survives makes zero profit (since max{;r N, (pN S,

ﬂ.'S S, q)N 5} < 7r S, (pg S) = 0).32 Moreover, since the ratio of variable profits is independent of

@, the 1nequahty in (B.7) must hold for all ¢. Then, using Equations (B.2) and (B.3), the required
condition for the ranking of profits is given by

dea
<fc +fs> 2(-p) 1+/3 N ®O,V 1
f T <

c

Therefore, when the wage gap is large enough to incur the trade costs but not that large to out-
weigh the more severe hold-up friction in the South, all firms procure the upstream input from
the North and the downstream input from the South (the N-S option).

NN (i, @) for @ € [(p .9,
Case 4. 7r (l @) < 7[0 (l @), Vo and 7[0 (l OR =7V (1 @) for ¢ = @,
%Na @) for ¢ € (. ).
The profit ranking in this case also implies the followmg ranking of variable profits:

7y @) + Ve < 2y N @) + e < 1) @) + N (e + ) Voo (B.8)

The inequality, ﬂg’N (i, @) + oVf, < ﬂ'g’s(i, @) + oN(f. + f;), must hold for any ¢ since the ratio of
variable profits under the N-S option to those under the N-N option is independent of ¢. Hence,
if this ratio given in Equation (B.2) is smaller than 1 for any ¢, then it must be true for all ¢, that
is, ng S, @) + N + fy) < ng N(i, @) + @Nf., Vo. Yet, this violates the assumed profit ranking for
@ € (, o) by implying 7 °(i, ) < 7y ™ (i, @), V.

Next, setting ¢ = 2’3 N in inequality (B.8) and dividing each side by 75 (i, fﬁ Ny + V(. + fy),
we obtain

7530, @N) + oNf, o (@ @NN) + wNf
max Y o s fe < <1, (B.9)
2y @ oy™) + N+ f) Jeths | )6 o ™) + oM (e + )

where we have the ratio of variable profits for the lowest-productivity firm that is active as well

o™ L@+,
i f& < W follows from the fact that the

lowest-productivity firm that survives makes zero profit (since ”o 5, (pg Ny < ng N, (p’(‘)’ Ny =0).

as the ratio of fixed costs. The inequality
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Moreover, since the ratio of variable profits is independent of ¢, the inequality in (B.9) must hold
for all . Then, using Equations (B.2) and (B.3), the required condition for the ranking of profits

is given by
N f f 1-a
R . I +fi\wn 1
7 < =— < min @O“V == T B,
o3 fe

In this case, the wage difference is large enough to cover transport costs but not large enough
to overbalance the more severe hold-up friction in the South. At the same time, not all firms
can cover coordination costs. Since high-productivity firms can afford coordination costs, they
procure the upstream input from the North and the downstream input from the South. In contrast,
low-productivity firms cannot afford coordination costs and thus procure both inputs from the
North.
v () for ¢ € [¢55, ),
Case 5.77 N, 9) < 7r S(i, @), Vo and ”o 53, (p) = 7; (l, @) for o = @,
7,%(i, @) for ¢ € (p, ).
The profit ranking in this case also implies the following ranking of variable profits:

3N @) + Vfe < 153, @) + OVfe < 755, @) + V(e + f) L Ve (B.10)

The inequality, né’s (i, @) + o™f. < ng S(i, @) + oV (f. + f;), must hold for any ¢ since the ratio of
variable profits under the N-S option to those under the S-S option is independent of ¢. Hence,
if this ratio given in Equation (B.3) is smaller than 1 for any ¢, then it must be true for all ¢, that
is, Jl'g S, @) + N (fe+f) < ﬂ‘S,’S(i, @) + oNf,, V. Yet, this violates the assumed profit ranking for
¢ € (§, 00) by implying 75, (i, ) < 7,° (i, @), Vep.

Next, setting ¢ = (pS S in inequality (B.10) and dividing each side by 7r S, (ps Sy + V(e + f5),
we obtain

max fo otk < A Al <1 (B.11)
7y (L @SS) + N (f+ ) Jet S| 25 955) + 0N (fi + )

where we have the ratio of variable profits for the lowest-productivity firm that is
7 (LSS +af,

fc fs 7o S (1,gy I+ (fAf,)
from the fact that the lowest-productivity firm that survives makes zero profit (since

(l (pss)<77:ss(l (pis)—o) Moreover, since the ratio of variable profits is indepen-
dent of @, the inequality in (B.11) must hold for all ¢. Then, using equations (B.2)
and (B.3), we can write the required condition for the ranking of profits under
Case 5 as

active as well as the ratio of fixed costs. The inequality follows

1-a 1-a
af af
e 1 Ooy 1 N @
max< ©® < —
fetfy T S T
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In this case, while the wage difference is large enough to overcome transport costs and the
more severe hold-up friction in the South, it is not that large to cover coordination costs for
all firms. Therefore, low-productivity firms procure both inputs from the South. In contrast,
high-productivity firms can afford coordination costs and thus procure the upstream input from
the North and the downstream input from the South.
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