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Multinational firms’ organisational dynamics*

Competition intensity and the ownership decision under uncertainty.

Leandro Navarro

Johannes Gutenberg University Mainz

February 25, 2021

Abstract

I analyse firms organisational choices when they face uncertainty about institutional conditions
in foreign locations with heterogeneous final good producers and incomplete contracts. As firms
learn about the conditions abroad, the increasing offshoring activity increases competition in the fi-
nal goods market, leading to a progressive vertical disintegration of the supply chains. Initially, the
firms that decide to explore offshoring potential choose integration. As competition in final good
markets intensifies, the least productive ones among them switch sequentially to arm’s length trade.
In the fully domestic supply chains, the increasing competition promotes a sequential disintegration
of the domestic intermediate input suppliers. I test for the predictions of the model using sectoral-

level data for the US manufacturing sectors.

Keywords: Firm theory, multinational firms, incomplete contracts, global sourcing, uncertainty, sequential off-

shoring, information externalities, learning, competition, outsourcing, forward and backward integration, FDI.

JEL: D21, D23, D81, D83, F14, F21, F23, L22

1 Introduction

The growing role of multinational firms in the organisation of global trade has aroused the attention of

many scholars. A growing share of the literature on global sourcing has focused the attention on the

* Acknowledgement to be added.



determinants of firms’ organisational choices under incomplete contracts', with a particular emphasis on
the role of institutions in the organisation of the supply chains.

A common feature of the sourcing decisions in a global context is that firms often face uncertainty
about the prevailing institutional conditions in foreign countries. It may rise in diverse contexts, and
it may be related to different aspects the institutional framework?. The lack of previous experience of
firms in foreign countries may be a common situation where the institutional uncertainty emerge. A
second possible situation may rise after the implementation of a deep institutional reform by foreign
governments, when the firms do not fully believe in the scope of the reforms. In such a context, the firms
face uncertainty about the new institutional regime in place.

The model concentrates in the case of uncertainty in the general institutional conditions in foreign
locations, modelled as uncertain per-period fixed organisational costs of offshoring operations®. Up to
my knowledge, the consequences of this type of uncertainty on firms’ sourcing decisions have not been
addressed by the literature on global sourcing, with the exception of Larch and Navarro (2021)*. The
main difference with respect to the latter is that I focus the attention on the dynamics of the ownership
structure, i.e. of the allocation of property rights, and thus I simplify the implications in the location
dimension of the sourcing decisions. In this sense, the model complements Larch and Navarro (2021).

The model shows a sequential offshoring equilibrium path led by the most productive final good
producers, pari passu an increasing intensity in the competition in the final goods market. The model
shows that the latter is a direct effect of the endogenous increase in the offshoring activity in intermediate
inputs that comes from the sequential offshoring equilibrium path.

In terms of the dynamic allocation of property rights, the model shows the following main dynamic
predictions. The increasing competition generates two different simultaneous paths of vertical disin-
tegration’. The domestically integrated final good producers experience a monotonic sequential verti-
cal disintegration, shifting the organisation of the supply chain towards domestic independent suppliers

(domestic outsourcing). On the other hand, a subset of the offshoring final good producers reorganise

'See Grossman and Helpman (2002, 2004, 2005); Antras (2003); Antras and Helpman (2004, 2008); Antras (2015).

%For instance, firms have a vague knowledge about the general institutional conditions in locations where they have never
been active before. This situation may be represented by an uncertain knowledge of the firms about the organisational fixed
costs of overseas operations with respect to those foreign locations. On the other hand, the uncertainty may instead be related
to more specific aspects of the institutional framework, such as the quality of the foreign court system. The latter may have a
direct impact in the perceptions of the degree of enforceability of the contracts, and thus in the optimal allocation of property
rights.

3The case of uncertainty in the quality of contractual institutions will be covered in a future version of the model.

“There is a small literature that studies uncertainty in global sourcing decisions, which I summarise below. The closest
reference in the global sourcing literature is the model in Larch and Navarro (2021). It characterises the location choices in a
world with multiple countries under complete contracts. Nevertheless, it focuses on the effects of uncertainty in the location
dimension of the sourcing decisions, and thus in the impact on the sectoral specialisation of countries.

5The increasing competition also induce the least productive final good producers to sequentially leave the market.



sequentially their supply chains from foreign integration towards arm’s length trade (foreign outsourc-
ing)®. The theoretical predictions of the model are consistent with the empirical disintegration trends in
the global economy identified by Feenstra (1998).

I introduce first a model with two countries (North-South) and JJ 4 1 sectors: a perfectly competitive
homogeneous sector (5 = 0) and J differentiated sectors with monopolistic competition. Each of the
differentiated sectors have a continuum of heterogeneous final good producers. The production of the
varieties in the differentiated industries requires of the investment in relation-specific assets to produce
two inputs: xy ; and x,, ;. The first refers to services provided by the final good producer H such as
design, marketing and assembly of the final good’, while the second indicates the intermediate inputs
supplied by a manufacturer M.

I assume that the know-how for the production of the services xy, ; is possessed only by northern
final good producers®. However, they can decide to contract with northern or southern manufacturers
for the supply of the intermediate inputs. Furthermore, they are able to decide the optimal ownership
structure by offering a contract to manufacturer M, which defines the allocation of residual rights. In
sum, the final good producer’s organisational decision comprehends the location of M and the optimal
allocation of property rights (Antras, 2003; Antras and Helpman, 2004, 2008). I assume further that the
final good producers face ex-ante perfectly elastic supply of manufacturers in both locations”. Ex-post,
however, the parties are locked into a bilateral exchange. Due to incomplete contracts, they are subject to
opportunistic behaviour and thence hold up in their respective investment decisions (Williamson, 1971,
1979).

The model takes roots in two branches of the literature. First, in the literature on global sourcing,
and in particular in the models developed by Grossman and Helpman (2002, 2005); Antras (2003);
Antras and Helpman (2004, 2008). The model contributes at the same time to this literature by analysing
how institutional uncertainty affects the firms’ organisational choices, and thus the respective sectoral
structure, from both a static and a dynamic perspective.

After an institutional reform is introduced in a foreign country, the final good producers face a prior

uncertainty about the new institutional regime. However, they are able to progressively reduce progres-

%The foreign integration (FDI) productivity cutoff shows a non-monotonic behaviour over time. It decreases in early periods
of the offshoring sequence, as the leading producers choose FDI. The FDI productivity cutoff increases in later periods, when
the more intensive competition in the final good markets induces a sequential disintegration of the least productive producers
under foreign integration.

"The assembly could be provided instead by supplier, while the final good producer focuses on the services of design and
marketing. See Feenstra (1998) for the cases of Mattel and Nike, and Gereffi et al. (2005) for apparel industry.

81n other words, I assume that the northern firms have a high enough comparative advantage in the design and marketing of
the final goods, such that those services are always produced in North (Antras and Helpman, 2004).

°The participation constraints bind due to the ex-ante competitive structure among suppliers and the lump-sum transfer.



sively the prior uncertainty by observing at any period ¢ the behaviour of the other already offshoring
final good producers (informational externalities). In such a context, the final good producers that are not
offshoring face a trade-off. They can delay the exploration of their offshoring potential (i.e. wait) and
receive new information that reduces the risk of the decision. But they can do it at the cost of realising
lower profits (in expected terms), by sourcing domestically during the waiting period. I characterise the
sectoral equilibrium path as a Markov decision process, in which the final good producers update their
prior uncertainty through a Bayesian learning mechanism'.

As already mentioned, the model shows that the higher intensity in the competition in the final
goods market, which arise due to the increasing share of offshoring final good producers, induces a
sequential vertical disintegration towards a sectoral structure with more outsourcing. Grossman and
Helpman (2002) has shown, in a static approach, the effect that a stronger competition has on the make-
or-buy decision. They analysed how an exogenous increase in the elasticity of substitution, which derives
in a stronger competition in the final goods market, may induce more outsourcing (less integration). From
a dynamic perspective, instead, I show that disintegration is a consequence of an endogenous increase in
the competition intensity due to the more extensive offshoring activity, while the consumers’ preferences,
and thus the elasticity of substitution, remain constant.

From a dynamic approach, Antras (2005) characterises an organisational equilibrium path of a dif-
ferentiated sector in a context of a Vernon’s product cycle. The author defines an exogenously given law
of motion of the technology and characterises the resuting equilibrium path of the sectoral organisational
structure. As the technology becomes more standardised, the final good producers start offshoring pro-
duction in low wage countries. At first under integration (FDI), and at a later stage of standardisation
through arm’s length trade. Instead, I consider the technology as given. Therefore, both models can be
taken as complementary mechanisms for sectoral dynamics characterised by an initial offshoring phase
of FDI followed by a progressive vertical disintegration over time. While Antras (2005) centers the atten-
tion in the progressive standardisation of the technology, my paper focuses instead on the determinants
that come from the competition intensity in the final goods market under uncertainty.

In regard to the literature of uncertainty in global sourcing decisions, the main difference is that it
focuses on how the exposure of firms to exogenous shocks (in the demand or the supply side) affect the
sourcing decisions, but assuming a perfect knowledge of the stochastic nature of the world (Carballo,

2016; Kohler et al., 2018). I model, instead, a situation in which firms are able to reduce the uncertainty

9The closest literature to my approach are Rob (1991); Segura-Cayuela and Vilarrubia (2008); Larch and Navarro (2021),
and the general literature on recursive methods and stochastic decisions (Stokey and Lucas, 1989; DeGroot, 2005).



progressively by exploiting informational externalities derived from other firms’ behaviour. !!

Firm theory is a second branch of the literature from which this model draws, in particular the prop-
erty rights approach. The closest references are Grossman and Hart (1986); Hart and Moore (1990,
1999) and Grossman and Helpman (2002). However, the model also incorporates elements that can be
traced back or linked to the transaction costs literature (Coase, 1937; Williamson, 1979, 1985) and the
evolutionary theory of the firm (Nelson and Winter, 1982, 2002; Nelson, 1995; Dosi et al., 2000; Teece,
2009).

The characterisation of the firm is mainly based on the Grossman and Hart (1986)’s version developed
by Antras (2003) and Antras and Helpman (2004). The main departure from the last two comes from the
expansion of the decision space of the final good producers, which allows for a more flexible allocation of
property rights. Furthermore, I trace some elements in the firm characterisation that can be related to the
evolutionary theory of the firm. In particular, I identify the presence of tacit knowledge and idiosyncratic
routines as determinants of the efficiency with which each party can produce their respective inputs with
a given level of investments in relationship-specific assets. Therefore, I show how the relevance of those
routines and tacit knowledge affects the integration vs. outsourcing decisions.

The model shows that different ownership structures result in different distortions in the ex-ante
investments. The optimal allocation is defined as the one that minimises the distortions in the ex-ante
investments. Therefore, the residual rights should be allocated on the party that contributes more to the
relationship. Following Grossman and Hart (1986) and Hart and Moore (1990), in addition to outsourcing
in an independent supplier, I allow for integration in either of the two directions, i.e. final-good producer’s
control (backward integration) and supplier’s control (forward integration)'?.

Additionally, I assume that integration imposes additional costs that come from the management of a
more complex structure of a larger and more diversified organisation (Grossman and Helpman, 2002). In
terms of the transaction costs approach, these costs can be identified as managerial or governance costs
associated to the integration of the two independent parties into a hierarchical structure within the firm
boundaries (Coase, 1937; Williamson, 1979, 1985). I model these additional costs from integration as
a higher per-period fixed organisational cost relative to outsourcing. In other words, the organisational
fixed costs of outsourcing in one location cannot be larger than the organisational fixed costs of any

integration type in that same location.

"There is a more extensive literature of uncertainty in trade, in particular in export decisions, with the characterisation of
learning mechanisms available to the firms (Rob and Vettas, 2003; Segura-Cayuela and Vilarrubia, 2008; Albornoz et al., 2012;
Nguyen, 2012; Aeberhardt et al., 2014; Araujo et al., 2016).

These organisational types generate a sectoral classification of three types of industries: i) H-intensive sectors, ii) M-
intensive sectors; iii) Balanced-intensity sectors.



Therefore, the final good producers face a trade off between minimising the hold up by allocating

the residual rights on the party that contributes more to the relationship, and the higher managerial costs

13

of running a larger and more complex organisation'°. Figure 1 illustrate the discrete set of possible

alternative organisational types considering both, the ownership and the location dimensions:

Domestic £ Foreign
. A~ -
outsourcing § outsourcing
S| Arm's length trade (ALT]
‘/:8 .\.. rms leng raage _,|’ -./_.
Home _ Foreign
Domestic S Foreign
integration g integration
Forward or Backward % Forward or Backward FDI
N P 4

Figure 1: Organisational types

Nevertheless, I show that the characterisation of the equilibrium paths and the results of the model are
robust to the specification in Antras and Helpman (2004), where only outsourcing and forward integration
types are considered.

In section 3.3, I develop a novel measure for the tacit knowledge and routines, and test for the charac-
terisation of the organisational choices under perfect information predicted by the respective theoretical
model. I use sectoral-level data of the US manufacturing sectors'#. For the identification of the determi-
nants of the sectoral component-intensity empirical model, I build on Yeaple (2006); Nunn (2007); Nunn
and Trefler (2013) and Antras (2015). As robustness, I build a synthetic measure of the component-
intensity of the sectors by two alternative approaches: Factor Analysis (FA) and Principal Component
Analysis (PCA), and reduce the multidimensionality of the previous models to a unique index.

I extend the theoretical model to multiple countries in section 6. The extension shows that an institu-
tional reform in one country with lower marginal costs in the production of the intermediate inputs (e.g.
East) triggers a sequential exploration of the offshoring potential towards that country. The exploration
involves also the potential relocation of suppliers of final good producers that are already offshoring from
other countries (e.g. South) to eastern suppliers. The lower marginal costs in the new location pushes
the sectoral price index further down, which boosts the increase in the intensity in the competition in the
final goods markets. Therefore, together with the sequential offshoring characterised in the two-country

model, the relocation of supply chains towards new locations with lower marginal costs induce a further

"3This trade-off is similar to the situation characterised by Grossman and Helpman (2002) and Antras and Helpman (2004).
“For description of the different data sources, see section 3.3.



disintegration of the supply chains.

In section 7, I consider the role of free trade agreements (FTA). This extension complements the
literature on trade liberalization and global sourcing (Ornelas and Turner, 2008, 2012; Ornelas et al.,
2020), and identifies an additional role that tariffs reduction in intermediate inputs may have on the
global sourcing decisions, when firms have uncertainty about the institutional conditions in the foreign
partner countries.

If the prior beliefs about the institutional conditions in the partner country are strongly pessimistic,
it may happen that no final good producer find it attractive to explore the offshoring potential in that
location previous to the agreement. Therefore, the sector shows a suboptimal organisation of the supply
chains in terms of location and property rights allocations, with the respective negative welfare con-
sequences. However, when the FTA produces a small but sufficiently large reduction in the tariffs for
intermediate inputs, it may create enough incentives to induce a sequential offshoring exploration of
that country by at least the most productive final good producer in the differentiated sectors. Therefore,
the small changes in the tariffs can potentially induce a sectoral reorganisation that extends beyond the
expected changes that arise from an approach that accounts only for the tariffs changes and ignores the
presence of institutional uncertainty and informational spillovers.

In section 8, using the US manufacturing sectoral data, I test for the consistency of the empirical
sectoral dynamics with the theoretical predictions of the dynamic model with uncertainty. In particular, I
focus on the disintegration effects of sequential offshoring and relocations of suppliers towards locations
with lower marginal costs.

The papers is organised as follows. Section 2 defines the setup of the model. Section 3 characterises
the sectoral classification and the perfect information equilibrium for each case. In 3.3, I test for the
main predictions of the sectoral organisational structure under perfect information. Section 4 introduces
uncertainty in the organisational fixed costs in the South, defines the learning mechanism and the firms’
decision. Section 5 follows by characterising the dynamic equilibrium paths for each type of sector.
Section 6 extends the model to multiple countries, and shows the reallocation dynamics after an institu-
tional reform in East. In section 7, I introduce tariffs for the intermediate inputs and analyse the effects
of a FTA. Using sectoral-level data of the US manufacturing sectors, I test the main predictions of the

dynamic model in section 8.



2 The two-country model: North-South

The model consists of a world economy with two countries, North (V) and South (.S), and a unique
factor of production, labour (). The preferences are represented by equation (1), where go ¢ is the per
period consumption of a homogeneous good in period ¢, and () ; is the per period aggregate consumption

index in the differentiated sector j.
J J
Uy =vlngoe+» InQjy , Y =1 (1)
j=1 §=0

For the moment, I assume that all the goods are tradable in the world market, there are no transport costs
nor trade barriers, and consumers have identical preferences across countries.

The per-period aggregate consumption in the differentiated sector j is defined as:

1/ay
Qji = / qj(1)™ di , 0<aj<1 )
’L’elj7t

which consists of the aggregation of the consumed varieties ¢; ;(7) on the range of varieties 4 of sector j
in period ¢ . The elasticity of substitution between any two varieties in sector j is o; = 1/(1 — ).

The inverse demand function for variety ¢ of sector j in ¢ is given by (3), where E denotes the per

period total (world) expenditure'>.

i) = v EQ; 7 ¢ju(i)* ®)

and the sectoral price index in ¢ is defined as:

ljdj
/ pjc(i) o di “4)
iE]]-’t

The final good varieties in differentiated sectors 7 = 1,...,J are produced with a Cobb-Douglas

A\ T (i 1=n;
qy(i)=9<“;;f”> (‘ﬁmjfh}) 5)

where 7; € (0, 1) is a technology parameter, which measures the H-services intensity of the sector j,

P =

technology given by:

and the parameter 6 represents the productivity level of the final good producer.

The quantity of services supplied by the final good producer H is denoted by xy, j, while x,, ; in-

15See Appendix A.1 for the derivation of the demand functions.



dicates the quantity of intermediate inputs provided by the supplier M. The parties produce these in-
puts after investing in the relationship-specific assets h;(i), m;(i), respectively, that fully depreciate in
one period. The investments in the relationship specific assets require the use of labour. The produc-
tion technology of the intermediate inputs have constant returns and are given by x, (i) = h;(i) and
T, (1) = m(i).

I assume that the final good producers are located only in the North, and thus the services xy, ; can
be produced only by northern producers (Antras and Helpman, 2004). The final good producers can
decide to contract with northern or southern manufacturers M for the supply of the intermediate inputs.
I assume that final good producers face ex-ante a perfectly elastic supply of manufacturers in all the
locations. When the final good producer decides to contract with a southern supplier, she must pay an
offshoring sunk cost s} in northern labour units. This sunk cost represents a market research cost in
order to analyse the feasibility of the organisation of the supply chain in the South, and the analysis of
the optimal organisational structure.

Moreover, each organisational type has an associated per-period organisational fixed cost denoted
by f,la j» with I = N, .S indicating the location of the intermediate input supplier and k¥ = O, Vi, Vi
referring to the type of allocation of property rights'®. The per-period organisational cost is defined in
northern units of labour in all the cases.

The homogenous sector has a constant returns to scale technology given by gy = Ag fo, where
Ap,; > 0 refers to the productivity parameter in country /. I assume that the productivity of northern
workers in the homogeneous good sector is higher than southern workers, i.e. Ag g < Ag n. Therefore,
w”™ > w®. Furthermore, I assume that -y, is large enough such that the homogeneous good is produced

in every country.

Entry cost and productivity draw. Final good producers enter the market according to a Melitz
(2003)’s type mechanism. After the payment of a market entry sunk cost s in northern units of labour,
N 5€

‘. the final good producer discovers her productivity level . The productivity is drawn from a

... w 3

c.d.f. distribution G;(9).
3 Perfect information equilibrium

If the final good producer decides to remain active in the market after entry, she must choose among

the organisational types illustrated in Figure 1. After the choice of an organisational form, she offers

150, Vi, Viar refer to outsourcing, backward integration and forward integration, respectively.



a contract to potential suppliers, which defines the location of the supplier, the chosen organisational
structure and an upfront payment. The suppliers apply to the contract and the final good producer chooses
one among the candidates.

Both parties in the relationship decide simultaneously their respective investment levels in the specific
assets that are used in the production of the inputs x, ; (i), (7). The output is produced and sold. The
revenues distribute according to a Nash bargaining.

Figure 2 shows a simplified sequence of the timing of events. From now on, I focus the analysis in

one differentiated sector, there for simplicity in the notation I drop the subscript j.

1 (f stays)> 2 3 4

e e e e e e - | P s e e e s s s s s m e e e E e m e e e = - ——
Final good producer Choose organizational H offers a contract to Output is produced
pays entry sunk cost form. potential suppliers, which and sold.

1 1
1 1
1 1
1 1
1 1
1 . . 1
! Revenues are divided

1
1 1
1 1
1 1
1 1

| ! : : :

| B o |

i whse i ! : i stipulates an upfront |

! ' | If offshores, she pays i | payment. 1 1 according to a Nash

1 She discovers the | 1 offshoring sunk cost ! i ! | bargaining process.

' productivity 8 i twhsT | ! She chooses one supplier. | '~7TTTTTTTTITTommms

_________________________________________________________________

Supplier and the firm |

1
choose their respective !
investment levels. !

Figure 2: Timing of events

3.1 Organisational choice: backward induction solution.

The final good producer’s problem must be solved by backward induction, starting from the Nash bar-
gaining stage. For simplicity in the notation under perfect information, I drop momentarily the time

index, and I reintroduce it back in the dynamic model with uncertainty.

3.1.1 Nash bargaining.

Let’s define 3 as the bargaining power of the final good producer in the asymmetric Nash bargaining. I

denote the location of the intermediate input supplier as [ = N, S. The parties bargain on the revenues

r(1) = p(i)a(@) = () =~rEQ™"0" [(g%n(i))n (xm(i)>1"]

1—n

given by:

Outsourcing (O). Both parties remain as independent specialised firms. Therefore, they keep the
control over their respective assets and the inputs’ output obtained from their use. If they do not reach

an agreement, they receive their respective outside options, wy, = wy,, = 0. Instead, if they agree, the

10



final good variety is produced and the revenues divided according to the Nash bargaining equilibrium.
The final good producer H realises revenues given by (r (i), where the revenue share of outsourcing in

location [ is denoted as 35, = S. The supplier M, on the other hand, receives (1 — 8)r(i).1”

Backward integration (V). The final good producer has the control over both types of assets, and
thus she is the only claimant of the residual rights. If the final good producer and the manager of the
integrated supplier M fail to reach an agreement, they both receive their respective outside options. The
outside option of the manager of M is still w,,, = 0. The final good producer can instead fire the manager
and seize the manufacturing facilities. Thus, H can use the assets at the supplier’s location to produce
the intermediate inputs without the manager’s cooperation.

Under the non-cooperative outcome, H faces an efficiency loss in the production of the intermediate
inputs, which is represented by Z,, (i) = (1 — 5{/H)m(i) with 5%/11 € (0,1). Equivalently, &, (i) =
(1-— 6§/H):rm(z) with z,, (i) denoting the ex-post efficient level of production of the intermediate input
that would have been produced by the original manager of M, given the investment level m(7) in the
relationship-specific assets.

The efficiency loss can be motivated from the evolutionary theory of the firm (Nelson and Winter,
1982, 2002; Nelson, 1995; Dosi et al., 2000; Teece, 2009). This literature identifies the presence of the
non-codifiable knowledge and routines as key determinants of firm’s (in this case supplier’s) productivity.
When H fires the manager of the manufacturing facilities, she may involuntary induce a disruption or
perturbation on the routines and the tacit knowledge in the supplier’s organisation. In consequence,
faces a negative impact on the efficiency of the manufacturing process of the intermediate input, for a
given level of investment m (%) in specific-assets. On the other hand, given the firm-specific nature of the
routines and tacit knowledge, the manager of M cannot use it when he finds a new position at another
firm, hence his outside option is still zero.

Thus, the quantity produced of the final good variety is given by ((5€,H)1*’7q(i), and the total revenue
is (5{/H )@=y (7). The outside option of the final good producer is now given by wy, = ((5{/H yed=mp(3),
where ¢(7) and r(7) denote the total output and total revenues realised if the final good producer does not

fire the manager of M and the parties reach an agreement. '8

7For solution of the bargaining stage, see Appendix A.2.

18The efficiency loss can easily include a general loss in the production of both inputs as in Antras and Helpman (2004),
together with a specific additional loss in the seized input. The first loss may be related to the higher complexity involved in the
management of both facilities by H, while the second loss relates to the destruction of tacit knowledge and routines in supplier’s
location. In such a case, the production of the variety would be given by (& + (0, v,,)"~")q(i), where (1 — &') refers to the
general loss and (1 —5;1,\/;, ) refers to the input m specific dimension. Therefore, in terms of revenues: (&' +(5£n,VH YT (4).

11



Instead, if parties cooperate, the Nash bargaining equilibrium defines a distribution of the revenues:

Final good producer: 3}, r(i) = (8, )*="r(i) + B[1 — (&}, )*=D]r (i)

Supplier: (1= By, )r(@) = (1= B)IL = (&,)*"]r (D)

where ﬁ%,H denotes the revenue’s share of the final good producer under backward integration and a

supplier M located in I '°. Figure 3 shows 5{,}[ as a function of 7 and 5€/H.

oo

Figure 3: H’s revenues share - backward integration, ﬁ%,H (n, 5€/H). [8=0.5,a=04]

Forward integration (V3;). The manufacturer M has the control over all the assets. The outside option
of the manager of the integrated final good producer is now wy, = 0. The manufacturer, on the other hand,
can fire the manager of H after the investment in specific assets and seized the northern facilities. M can
thus take control of the production of the final good production services and of the final good variety.

However, the manufacturer faces an efficiency loss represented by 7, (i) = (1 — 5€/M)h(i) =(1-
5€,M)xh(i). As before, this lower efficiency comes from the disruption on the routines of the final good
production facilities due to the loss of the manager of H. Thus, the revenue realised by M is ( 6%/M ) (i),
which defines his outside option w,,, under forward integration. As before, given the firm-specific nature
of the routines and tacit knowledge, the manager of H has an outside option equal to zero.

If instead the parties agree, the Nash bargaining equilibrium defines a distribution of revenues given

“The revenues obtained by the supplier are equivalent to the contractible (negative) upfront payment that the final good
producer establishes in the contract. Thus, no rents are left to the supplier and M ’s participation constraint binds.
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by:
Final good producer: ﬁ{,M'r(z') =3[l — (5€,M)O”7]r(i)

Supplier: (1= By, )r(i) = (8L, ) (i) + (1= B)[1 — (&, )*]r ()

where ﬂ{,M denotes the revenue’s share of the final good producer under forward integration with a

supplier located in I ?°. Figure 4 shows ﬁ%,M as a function of 7 and §€/M.

Figure 4: H’s revenues share - forward integration, B{/M (n, 6{,M). [8=0.5,aa=04]

Assumption A. 1. 6%{ > 5§H > 0 and 5%4 > 5§M > 0.

The assumption A.1 states that the efficiency losses are larger in the case of multinational operations.
This may reflect the presence of technological and/or cultural frictions related to the management or
monitoring of overseas operations, compared to fully domestic supply chains. Therefore, the revenue

shares of the final good producer under each organisational type are:

B, > By, > By =B85 =8> B, > B, 6)

3.1.2 Investment decisions and input provision.

Both parties internalise the respective revenues’ shares ﬁé in their investment decisions. The investments

in the relationship-specific assets h(i), m(7) require the use of labour according to the following constant

l

ok where [ denotes the location of M and k =

return technologies: Al (i) = Eﬁlk(z) and ml (i) = ¢

The revenues received by M according to the Nash equilibrium is equivalent to the contractible (negative) upfront payment
that the final good producer establishes in the contract. The final good producer extracts all the rents from the supplier and the
participation constraint of the latter is binding.

13



O, Vi, Vi indicates the type of ownership structure.?!

The ex-post production levels of the respective inputs for the variety ¢ are a function of the ex-ante
investment decisions in the specific assets. The quantity produced of each input for a given investment
in relationship-specific assets are given by: xlh (1) = K (i) and xﬁn (1) = mb (3).

Therefore, the parties decide their respective investment by solving their respective maximisation
programs. Using the expressions above to replace the investment decisions by the respective input levels

produced with those assets, the respective programs are given by:

Final-good producer’s program:  max ﬁé”ﬁ = B,lgrfg(xﬁlk(z)) — waﬁz,k(i) —wlNfl

zy, (0
(7
Supplier’s program: max mhr =1 = Bhyrl(al (1) —wial L (3)
xm7k(2) b b b

From the FOCs, the optimal investment levels for each party involved in the production of a variety

1 of a final good producer with productivity 6 are:

l l
h%*(@) _ xi{fk(e) _ ajﬁnrfé*(e) : mg*(e) _ :1:17* (9) _ 04(1 — Bk)(l — 77)712,*(9) 8)

with k = O, Vg, Vi,

l n I\ 1-7 o—1
i (0) =70 (VE) QT (BJ’%) <1_5 ’“) ©)

w w!

and the output level of the variety ¢ corresponding to these investment levels is:

I\ - ANE S/l
0" (0) = 0”07 (YE)7Q'7 (fﬁ;) (1 ’8’“) (10)

w!

3.1.3 Organisational choice.

If instead of a discrete set of organisational choices, the final good producer is available to choose 3 from
a continuum set, then the optimal choice is illustrated in Figure 5 as 8* as a function of 7. However,
given the discrete nature of the set, she chooses the organisational type that approximates the most to
(*22. 1 characterise this decision and the trade-off involved below.

Given the upfront payment, the final good producer choose the organisational structure that max-

2! Although the investments in h() always take place in the North by using northern labour, the magnitude depends on the
location of the supplier and the chosen organisational type.
2For derivation of the function 3*(a, ) see Antras and Helpman (2004).
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Figure 5: Optimal 8 and discrete organisational choices. Sectoral classification.

imises the overall profits. This program configures a discrete choice:
max i (60, Q, 1) = 07 (YE)7 Q' T () —w™ fi withk =0, Vg, Varand =N, (11
B

with
1

ohn) = [Lm0lBin+ (= B0 = 17)]} [(%) <1 —fé) ] o

o} w w
Motivated from the transaction costs approach, I assume that the higher organisational complexity
involved under integration, relative to the management of two independent specialised firms, imposes ad-
ditional managerial or governance costs (Coase, 1937; Williamson, 1979, 1985; Grossman and Helpman,
2002). This implies that the organisational fixed costs of any type of integration in / cannot be smaller
than the fixed costs of outsourcing in that same location, i.e. fé < f‘l/H and flo < f‘l/M. Additionally, 1

assume that overseas (or international) business operations require a larger management structure relative

to fully domestic supply chains. Both conditions together lead to assumption A.2.

15



Assumption A. 2 (Ranking in organisational fixed costs).

SO <R, <fo+0=Ns" < fo +(1=N)s"

fO < fy, < I8+ —=Ns" < fi, +(1—=N)s"

The optimisation program defined by (11) balances a trade-off that the final good producers face
when they must choose the organisational form from the discrete set of organisational types. They
can realise gains from integration by allocating the residual rights on the party that has the highest
contribution to the relationship, but at the cost of facing higher organisational fixed costs due to the
higher complexity of the organisation.

In the case of H-intensive sectors, i.e. when 1 > 7)., backward integration minimises the hold up by
transferring the residual rights on all the assets to the final good producer. However, I show in section
3.2 that for some final good producers those gains are surpassed by the higher fixed costs of integration.
Moreover, it is easy to see that the final good producer’s revenue share is increasing in 7, as predicted by
Antras and Helpman (2004), and in 5{/H. Thus, the critical level 7. is increasing in 5%/11'

Intuitively, when the disruption on routines caused by the replacement of the manager of M is very
low (dy,, — 1), or in other words, when the routines are easily assimilated by a new manager of M, the
efficiency losses in the manufacturing of the intermediate input are lower. Therefore, the outside option
of H improves pushing up the share 3y, for a given ), and thus increases the critical level 7.

In the case of M-intensive or component-intensive sectors, i.e. when < 7., forward integration
minimises the hold up by transfering all the residual rights on all the assets to the manufacturer M.
However, for some final good producers, those gains cannot compensate the higher organisational fixed
costs. The revenue share ,6’€/M is still increasing in n but decreasing in 5{/M. Thus, the critical level 7,. is
decreasing in &{, .

The intuition refers to a mirror situation from the case above. When the routines in the final good
production facilities can be easily assimilated by a new manager (dy,, — 1), the efficiency losses from
firing the manager of H are smaller. Therefore, the outside option of M increases, the share Sy, for a
given 1 diminishes, and thus the critical level 7. becomes smaller.

In the case of the sectors with a balanced intensity between the two parties, i.e. whenn, < n < 7,
outsourcing dominates any type of integration. Therefore, the only active dimension in the decision of

the final good producer is the location of the supplier.

Corollary 1. The lower the role played by the tacit routines and non-codifiable knowledge in the effi-
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ciency of the production of the potentially integrated party, the higher is the prevalence of outsourcing

over any type of integration in the sectoral organisational structures.

3.2 Perfect information steady state

The characterisation of the perfect information equilibrium is closely related to Antras and Helpman
(2004). The main departure comes from the possibility of forward integration as an organisational type,
which is not considered in the latter. In this sense, the approach is closer to Grossman and Hart (1986)
and Hart and Moore (1990). As I showed above, the possibility of forward integration leads to the
emergence of a third type of sector (balanced intensity) and a different organisational structure of the

component-intensive industries compared to the characterisation in Antras and Helpman (2004).

H-intensive sectors. Forward integration is strictly dominated by the other two organisational types.
Thus, the trade-off between the optimal allocation of property rights and the organisational fixed costs
results in a sectoral structure with four organisational types.>?

The most productive final good producers in the market choose FDI-V}, i.e. foreign backward
integration or backward FDI. The respective productivity cutoff, HSH, is defined by the indifferent firm
between this organisational type and arm’s length trade, O°. Therefore, this cutoff is defined by the
24

condition:

s (0) = 1, (0) = 75 (0) = mye(07,) =0

Figure 6a illustrates with the light shaded area the profit premium of FDI-V;; with respect to O°.

The final good producers with a relative lower productivity find it more difficult to afford the higher
fixed costs of foreign integration, but they are productive enough to afford the fixed costs of foreign
outsourcing. Thus, the most productive among the middle size firms opt instead for an independent
southern supplier (O%) 2. The arm’s length trade productivity cutoff #3, which also represents the
offshoring productivity cutoff, is defined by the final good producer that obtains a discounted offshoring
profit premium high enough to cover the offshoring sunk cost w” s.

wlgfﬁé\, (0) = 5 () — 71'%{(9) = wg’“gﬁg(eg) = (1—-Nws"

BSee Appendix A.3 for proofs and explicit expressions for the productivity cutoffs in H-intensive sectors.

*1n other words, the productivity cutoff is defined by the final good producer for whom the profit premium of backward FDI
with respect to foreign outsourcing is zero. The offshoring profit premium of those under FDI-V is the sum of both coloured
areas, for a productivities higher than or equal to the FDI-Vy productivity cutoff, i.e. for § > Q‘S;H . Furthermore, the offshoring
profit premium of those producers under FDI-Vj is the sum of both coloured areas for 6 > Q\S}H.

»This takes place when the gains from a lower marginal costs, w® < w®, overcompensate the losses coming from a
“missallocation” of property rights.
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Finally, the domestic integration productivity cutoff, HNH, is defined by 77?} 1\6,770 ~(0) = 0, while the
H

market productivity cutoff, 0, is given by the condition 73 (6) = 0.

- - ,———“_;_ﬁ}"/
-

N N
=W fiy W fu

—wl[ff (1 - A" —wl[ff (1 - A"

fi | bomestic |Domestc|  Amm's FDI 4 | Domeste |oomestc | Amis tmngin £0i
sutsoursing intagration  jangth w3 nulsouren intagration trade (5]
) [] trade ) g 3]
—w'[ff 4 (=" —w A, + (= A
(a) H-intensive (b) M -intensive

Figure 6: Perfect information steady states by sectors type

M -intensive sectors. The allocation of rights under the manufacturer’s control minimises the hold up,
while backward integration is strictly dominated by the other two organisational types. As in the case of
H-intensive industries, four organisational types emerge under equilibrium.2®

The most productive final good producers in the market find it optimal to allocate all the residual
rights to a foreign supplier, i.e. they find it optimal to choose foreign forward integration or forward FDI,
FDI-V};. The productivity cutoff, HSM, is defined by:

T (0) = 7%, (0) = 7S(0) = wE(6F,,) = 0

prem

VS 08 () denotes the profit premium of FDI-V} relative to foreign outsourcing.?’
M

where

The offshoring productivity cutoff is defined by the least productive firm under arm’s length trade.
At this cutoff, the final good producer obtains a discounted offshoring profit premium high enough to
recover the offshoring sunk cost w’s".

wg’“g;’{/ﬁ(e) =7123(6) — TF%VI(G) = wgr;%&, 02) = (1 = Nws"

%See Appendix A.4 for proofs and explicit expressions for the productivity cutoffs in M -intensive sectors.
*"The offshoring profit premium of those under FDI-V) is the sum of both coloured areas, with a productivity higher than

or equal to the FDI-V), productivity cutoff, i.e. § > 0€M.
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prem

with TOS VN

(0) as the profit premium of arm’s length trade relative to domestic forward integration.
To conclude, the domestic integration productivity cutoff, 6]\; ,» 18 defined by 7T]‘3/T ]3770 ~(0) = 0, while
M

the market productivity cutoff, 0, is given by the condition TI'JOV (0) = 0.

Balanced-intensity sectors. Outsourcing strictly dominates any type of integration when the contribu-
tion of each party to the total output is relatively balanced. Therefore, only two organisational forms are
observed in these industries: domestic outsourcing and arm’s length trade. >3

The sectoral organisational structure under equilibrium is illustrated by Figure 7. The offshoring
profit premium, i.e. the premium realised by those final good producers that contract a foreign indepen-

dent supplier, is represented by the shaded area.

29-_ (Bg)n'—l ge-1

NN
W'y

—wh|fF+(1- 25"

Exit “ Dnmesticoutsﬂurcinj Arm’s length trade

Figure 7: Balanced intensity sectors - Perfect information steady states

The offshoring productivity cutoff, 82, is defined by the final good producer that realises a discounted
offshoring profit premium high enough to recover the offshoring sunk cost.

oo () =75(0) =75 (8) = 7hson(05) = (1= Nw's”

As in the previous sectors, the market productivity cutoff, 0, is defined by the condition ﬂ'g () =0.
Using data for the US manufacturing industries, the following section shows evidence in favour of
higher integration at both extremes of the H -intensity distribution. Nevertheless, the characterisation and
conclusions of the dynamic model with uncertainty defined in section 4 are robust to only one type of

integration (i.e. backward integration) as in Antras and Helpman (2004).

2See Appendix A.5 for proofs and explicit expressions for the productivity cutoffs in balanced-intensity sectors.
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3.3 Empirical model: determinants of the organisational choices

For the determinants of the sectoral component-intensity 7, I build on the works of Yeaple (2006); Nunn
(2007); Nunn and Trefler (2013) and Antras (2015). However, one first departure from them comes from
the cuadratic functional form that I introduce in those variables. I test for the non-linear relation derived
in the theoretical model above, that comes from the expanded organisational set with respect to Antras
and Helpman (2004).

As a complement to the cited literature, I build also a synthetic measure of 1 by two alternative
approaches: Factor Analysis (FA) and Principal Component Analysis (PCA). From these methods, I am
able to reduce the multidimensionality of the previous models to a unique index for 7.

Second, I introduce a novel measure for the tacit knowledge and routines at the management level for
H and M. As described in section 3.1.1, they motivate the effects of dy,, and dy,,, respectively, on the
organisational choices. The more important the tacit knowledge and routines in the potentially integrated
party, the higher the efficiency losses (i.e. lower dy/) that would be faced if the controlled party is seized
after the investments are executed. I explain in detail the construction of this measure in section 3.3.2.

Third, I divide the analysis in two samples. I consider a sample with "all countries” included, and I
replicate the models for a second sample "excluding high income countries”. The regression results for
the latter can be found in Appendix B.1.

Following Yeaple (2006), the exclusion of the high income countries represents a closer identification
of the decisions with respect to the type of sourcing characterised in the theoretical section above. In
the model, the final good producers H look for suppliers M in countries where they can exploit the
advantages of lower marginal costs.

Finally, I exploit the input-output matrices provided by the Bureau of Economic Analysis (BEA), in
particular on the Import matrix before redefinitions 2012. 1 identify the final good producer sectors H by
the user manufacturing industries in the matrix, while the supplier M sector is linked to the manufactur-
ing industries of the imported commodity in the matrix. Both are classified by BEA code.

After a reclassification of the manufacturing survey and the related-trade party datasets to BEA code,
I merge both to the mentioned matrix. The data from the manufacturing survey is used for the measures
of the determinants of the component-intensity of the sector H. On the other hand, the related-trade
party imports data allows me to identify the intermediate inputs (commodity by BEA code) imported by
each industrial sector (industry by BEA code).?

Additionally, I build a differentiation measure based on Rauch (1999)’s classification for sectors H

PFor a detailed exposition of the methodology, see Appendix B.1.
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and M. Later, in a future version of the model, I will incorporate the contract-dependence measure from

Nunn (2007) as control variable.

3.3.1 Data

I use Related-Trade Party imports data for the period 2002-2016°, provided by the US Census Bureau.
The data covers the manufacturing sectors in the US, reported at sector level (NAICS 6 digits).

It allows for the distinction between imports of US firms from a related party (intra-firm trade)
and from a non-related party (independent suppliers). The main drawback for testing the theoretical
predictions of the model comes from the fact that the data is aggregated at the sector-level. Therefore,
the empirical model is limited to test for the consistency of the sectoral results with the theoretical
predictions of the model. A second limitation of the data refers to the lack of distinction between forward
and backward integration, but instead it identifies whether the parties are related (in either way of the
ownership relation) or independent.

I use the ”liberal” criteria of Rauch (1999)’s classification of commodities: i) good traded on an
organised exchange, ii) reference priced, and iii) differentiated. I define a variable diff which takes the
value 0 if Rauch’s category is "w”, 0.5 if 7, and 1 if it is a differentiated good (’d”’). I build a concordance
table between Rauch’s product classification (SITC) and NAICS 2012, and merge the differentiation
index with the imports dataset, and thus obtain for each sector in the imports dataset a diff index € [0, 1],
increasing in the differentiation of the sector. As robustness, I take a subsample of only differentiated
final good sectors, defined by those BEA codes with diff > 0.5. 3!

Finally, I merge the imports dataset with the input-output imports matrix and thus obtain for each
sector the imports for each intermediate input classified by intra-firm and non-related parties. Therefore,
the sectors H, i.e. the users of the intermediate inputs, as well as the sectors M, i.e. the industries of the
suppliers, are classified by BEA codes. 32

For the determinants of the component-intensity, I use data from the Census Bureau on: capital
expenditure, machinery expenditure, advertising expenditure, and total shipments (total sales). The ex-

penditure share in R&D comes instead from the Business R&D and Innovation Survey (BRDIS) survey

3For the period 2005-2016, the data comes directly from the Census Bureau. For the years 2002-2004, I use the data of the
Census Bureau provided in Antras (2015).

3IThe hold up problem in terms of the property rights approach becomes relevant when the production of the goods requires
investments in relationship specific assets. As expected, the predictions of the model are verified in particular for the case of
more differentiated sectors, showing that these investments, and thus the hold-up problem, are more relevant in the differentiated
than in the non-differentiated industries.

32The underlying assumption if that for each input M the intra-firm input share is constant across the industries H that import
the respective input. However, there is variation in the intra-firm share across industries H due to the different composition of
intermediate inputs M imported.
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of the National Center for Science and Engineering Statistics (NCSES) of the National Science Founda-
tion. For the classification of countries by income per capita, I use the World Bank classification.

Additionally, using the methods of factor analysis (FA) and principal component analysis (PCA),
I build a direct measure for 7. In the case of FA, I use as measure the first factor that comes from a
factor analysis of all the determinants of H-intensity considered above. In the case of PCA, instead,
the measure of 7 consists on the first component that results from an equivalent principal component
analysis. The analysis of the eigenvalues of the respective approaches show that the first factor of the FA
is a better measure for 7 than the respective first component of PCA.33

I build a novel measure of tacit knowledge and routines at the management level based on the O*NET
database together with the employment survey (OES) of the Bureau of Labor Statistics. I describe it in
detail in section 3.3.2. This measure is built separately for the final good producer, H, and for the
intermediate input supplier, M.

After the merge of the datasets mentioned above, I achieve a sample with a sectoral classification
according to BEA code, for the manufacturing sectors (31-33) H and M.

The data on tariffs comes from World Integrated Trade Solutions (WITS), the Rule of Law institu-
tional measures from the World Governance Indicators of the World Bank database, the data on GDP per
capita and GDP from the World Development Indicator of the same institution, and the distance measures
from CEPII. Finally, the data on FTA comes from “Mario Larch’s Regional Trade Agreements Database

from Egger and Larch (2008)”.

3.3.2 Measure of tacit routines and non-codifiable knowledge

I use the dataset on occupational classification: “Education, Training, and Experience” from the O*NET
database. In particular, I use the index ”On the job training” for managers. The intuition is the following.
The training time required for the manager “on the job” may represent the importance of knowledge ac-
quired in that position, and the time required by a new manager to assimilate the tacit routines associated
to her/his position in that facility. The more important is the tacit component of the routines in the firm,
the higher the time required to adapt and assimilate it as a manager.

I focus on the managers because, according to the theoretical model above, they are those who
are exposed to be fired after the investments in specific-assets are executed. I normalize the index to the
range of [1, 10], which is increasing in ”on the job training” period. It is easy to observe that this measure

capture the inverse of dy/, i.e. as the training period increases, the tacit knowledge and importance of

3See figure 14 in Appendix B.1.
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routines is higher, therefore the efficiency loss after firing the manager of the respective facility increases
Oy — 0).

Regarding the construction of the index, using data from the O*NET database, I compute first the
index category “on the job training” (Element ID: 3.A.3, scale ID: OJ) for each manager position in the

O*NET SOC code. Thus, the index for each O*NET SOC code is given by:

9

data
OJTo*NET SOC code = Z cX 3 OOC

c=1

where OJT denotes the “on the job training” of general and operation managers, c refers to the category
with ¢ = 1,...,9, the variable data. indicates the data value for the category c, and 9 refers to the total
number of categories for the scale ID OJ.

Second, using the cross-walk tables provided by O*NET, I merge it with the OES database, and
create an index by NAICS and year, i.e. OJT};. Finally, I merge it with the input-output table by BEA
codes for H and M industries, and re-scale the index to [1, 10].

Figure 8 shows the tacit knowledge measure for manager in relation to the intra-firm import share.

From the theory, a positive relation between these two variables are expected for both cases.

On Job Training H (mean) On Job Training M (mean)
=3 =3
(=] (=]
b 8 b 8 e
oy oy 5 — =]
(=] <
0 2 4 6 8 10 0 2 4 8
OJT H {mean) OJT M (mean)
| Intra firm share Fitted values | Intra firm share Fitted values
by Input el inHamiH In Imperts of M Wel by Input el inHamiH In Imperts of M
(a) On the Job Training H (b) On the Job Training M

Figure 8: Intra-firm import share and tacit knowledge and routines.

I measure OJT M using data that comes from US manufacturing firms. However, it ams to capture
the routines and knowledge in foreign sectors, i.e. suppliers M. The underlying assumption is that the
relevance of routines and tacit knowledge is symmetric in US across countries for a given sector. In
other words, it is a feature closer to technological determinants of the sector instead of geographical

conditions.
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3.3.3 Definition of other variables

I build the main variables for the determinants of the capital intensity by following the previously cited

empirical literature. From the manufacturing survey of the Census Bureau, I build the following intensity

measures:

Total Capital Expenditure;; ,

o Capital intensity: k intj; = Total shipments, ;

Machinery Capital Expenditure; ,

e Machinery intensity: mach int;; = Total shipments, ,

Advertising and Promotional Serv Exp. ; ,

e Advertising intensity: adv int;; = Total shipments, ;

As a robustness, I use in every specification the machinery intensity as a substitute of the total capital

intensity.

The R&D intensity intensity measure is constructed from the Business R&D and Innovation Survey

(BRDIS) survey of the National Center for Science and Engineering Statistics (NCSES) of the National

R&D Expenditure;; ,

Science Foundation, and it is defined as: rd int;; = —F Sales, ¢

The figure 9 shows the linear and quadratic relationship between the H-intensity measures and the

intra-firm import share 3. As mentioned above, I also computed the index of the first component from

a factor analysis (FA) and a principal component analysis (PCA) as alternative consolidated measures of

H-intensity.>

K int Bach int Advetising int

20 -6 o 5 0 15
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(b) PCA and FA measures.

Figure 9: Intra-firm share and measures of 7

3*See Appendix B.1.2 for alternative complementary measures.
35See Appendix B.1 for details.
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3.3.4 The model

The input-out matrix structure allows me to exploit for the variation across inputs-intensity and supplier’s
countries across H sectors. Given the limitations that the data impose over a structural estimation for the
predictions of the model above, I follow three complementary approaches to analyse the determinants of
the integration decisions among offshoring firms. I call them the H-perspective, the M -perspective, and
no aggregation perspective.

The H-perspective aggregates at H sector and country level the intra-firm import shares of each input
and other control variables defined at M sector level, weighted by the relevance of the sector M in sector
H imports according to the supplementary import matrix of the input-output matrix. On the other hand,
the M -perspective aggregates at M sector and country level the H-sector determinants of the integration
decision and other control variables defined at H-sector level, weighted by the relevance of H-sector in
sector M imports according to the supplementary import matrix. Finally, the no aggregation perspective
exploits the full variation of the data, weighting the observations by the relevance of H sector in sector
M imports and the relevance of the M sector in sector H imports.

As a first step, instead of defining in favour of one measure for the H -intensity, I follow the previous
literature and “I let the data talk” (Yeaple, 2006; Nunn and Trefler, 2013; Antras, 2015). From a com-
plementary perspective, as a second step I define two alternative measures of H-intensity of the sectors
by using PCA and FA methods>®.

Given the non-linear nature of the model, I estimate it by a fractional logit model:

oD@ 50,6P)
1+ exp(xy,, ;.46

E[1Fshry .| (12)

with IFshry, ;;+ as the intra-firm import share in input M from country [ in year ¢ of sector j, and x

refers to the vector of explanatory and control variables.

a:;n,j’l’tﬁ =01H OJT; + oM OJT, ¢ + B3k int; s + Bak int?,t + Bsrd int;y + Berd int?,t
(13)
+ Bradv intj; + [Sgadv intg,t + other controls + v, +
The first variable H OJT); refers to the “on the job training” index for managers in the user (i.e. final
good) sector j in year t. Instead, M OJT,, ; indicates the index in the supplier sector M. Given that it is

increasing in the training time, a higher OJT in either case represent a lower dy, i.e. a higher efficiency

loss when the party with the control on the assets fires the manager of the controlled facilities.

38See Antras (2015) for methodological approach.
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The other control variables refer to the different determinants of the H-intensity that the literature
has already identified, and they have been defined already in section 3.3.3. I control also for the relevance
of the input M in the user sector among the imported inputs. I denote it as M tech shr; and it measures
the share of M in the user sector manufacturing imports.

I include also the degree of differentiation of the supplier industry, M diff € [0, 1], based on Rauch’s
classification. The intuition is that the higher differentiation of the supplier industry may be link to
higher relationship-specific investments, and thus to a higher contract dependency of the relationship.
This measure is equivalent to the contract dependence index for the supplier’s industry of Nunn (2007).
Additionally, I control for the H differentiation level based on Rauch’s classification, with diff € [0, 1].

Finally, +; and -; indicate the year and sourcing country fixed effects. The respective estimation
results and robustness checks are reported in Tables 7-9 in Appendix B.1.3. The results are robust to the
exclusion of high income countries, which may represent a closer identification of the North-South type
of offshoring relationship characterised above.

For the specification with PCA or FA, the vector « is thus given by:

Ty i1t = BLH OJT; 4 + BoM OJTy + BsFAj ¢ + BaFAS , + v + i "

X 1,68 = B1H OJTj ¢ + BsM OJT s + B3PCA; + BiPCAS, + 3 +

Table 1 shows the estimation results of the determinants of the organisational choices for all countries
in the sample. We can observe that the tacit knowledge of the supplier has a significant and positive effect
on the intra-firms shares for the H-perspective sample, as predicted by theory, while the effects of H OJT
seem to contradict the predictions of the model. As the time on the job training increases, the efficiency
losses from firing the manager increase (lower dy/).

The Tables 7-9 in Appendix B.1.3 show that M OJT has a positive effect in most of the alternative
specifications, especially when I use the explanatory variables according to equation (13). Furthermore,
in the negative effect of H OJT vanishes in many of those cases or take a positive value, as expected
from theory. Nevertheless, in the later the data does not allow to confirm nor reject the sectoral level
consistency with the prediction of the role H OJT.

Second, most of the measures for  -intensity show a non-linear relationship (U-shaped) as predicted
by the theory’’. Moreover, the PCA and FA measures show support for the non-linear U-shaped”
relation of the intra-firm import share with the H -intensity, as predicted by the theory. In other words, it

is consistent with higher integration observed in both extremes of the H-intensity range, i.e. when one

37See tables 7-9 in Appendix B.1.3.
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of the two parties in the relationship is relatively more important.

Table 1: Organisational choices in offshoring decisions

All countries: Fractional logit

H perspective M perspective No aggregation
(1 ) (3) 4) (5) (6)
IFshr;, IFshr;; IFshrp, 14 IFshry, ¢ IFshry, ji¢  IFshry, ;14
PCA; 0.000360 -0.0255%** -0.0189***
(0.00408) (0.00407) (0.00355)
PCA]?J -0.0000889 0.00346*** 0.00105***
(0.000213) (0.000869) (0.000234)
FA;, -0.00305 -0.0356*** -0.0288***
(0.00570) (0.00572) (0.00498)
FAit 0.0000842 0.00634*** 0.00222***
(0.000418) (0.00177) (0.000464)

HOJT;, -0.0113**  -0.0115**  -0.0201***  -0.0208***  -0.00895** -0.00974**
(0.00540)  (0.00548)  (0.00497)  (0.00500)  (0.00413)  (0.00414)

MOJT,,;  0.0427°*  0.0425"** -0.00420 -0.00408 0.00680 0.00657
(0.00883)  (0.00891)  (0.00522)  (0.00523)  (0.00496)  (0.00495)

Other controls: tariffs, technological relevance of input m in sector H, H differentiation, M differentiation.

Country and year fixed effects included. Average marginal effects. Standard errors in parentheses
*p<0.10, " p < 0.05, " p < 0.01

To conclude, the data shows some evidence in favour to the organisational characterisation of the
sectors defined above, but not conclusive. In particular, the data provides evidence of a U-shaped”
relation intra-firm share with the H-intensity, although it does not allow to distinguish the direction of
the ownership relation. While a structural estimation of the model would require for firm-level data, a
higher disaggregation of sectoral-level data relative to the publicly available data may provide stronger
evidence.

As a final remark, the characterisation of the firm and sectoral dynamics with uncertainty developed
in the following sections, as well as the results and predictions derived from the model, are robust to a
situation where only backward integration is allowed, as in Antras and Helpman (2004). In other words,
the model with the two types of integration decisions is a generalisation that includes the model defined

by Antras and Helpman (2004) as a particular case.

4 Uncertainty in organisational fixed costs in South: model setup

The initial conditions are defined as the steady state economy with non-tradable intermediate inputs
(n.t.7.). This case represents a situation where institutional fundamentals in the South are so weak that

offshoring strategies are not feasible for the northern final good producers.
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Given the higher marginal costs in the North, the sector initially experiences a higher price index,
Pmti which translates into a lower intensity in the competition in the final goods market. Therefore, the
market shows that final good producers with a lower productivity are able to remain active in the market
after entry. On the other hand, the offshoring barrier impacts in a lower initial welfare achieved by the
consumers, which is expressed by a lower aggregate consumption index Q™%

Given equation (6) and assumption A.2, the most productive final good producers in the H -intensive
[ M -intensive] sectors choose domestic backward [forward] integration, while the least productive pro-
ducers opt instead for domestic outsourcing. On the other hand, in the balanced-intensity sectors, the
final good producers source only from independent domestic suppliers. Denoting with * the perfect

information equilibrium variables, the initial conditions are:

e H-intensive sectors: 0™ < 0* ; Ggf’lm‘i < QyH* s pretio s proQrtt < F

e )M-intensive sectors: 8™ < 6% ; pNmti - gNx s Prtiso s pro Rt < QF
Vi Vi

e Balanced-intensity sectors: §7%" < §* ; Prti > p* . Qnti < QF

An institutional reform takes place in the South in ¢ = 0, but the weak credibility of the southern
government produce that northern final good producers do not fully believe about the true features of the
new institutional regime. Thus, the northern final good producers build prior beliefs about the conditions
in South, based on how credible is the announcement of the southern government. In consequence,
uncertainty emerge about the per-period fixed costs for each organisational type that involve a foreign
supplier, i.e. fg, f§H, f{é;M. The final good producers’ priors at ¢ = (0 about institutional conditions

post-reform in the South are:

f8~Y(f5) with 15 € 1£5, 13
o, ~Y(f0,)  with  f5 € [£7., ] (15)

f‘éj]y[ ~ Y(f“%w) Wlth f‘§A4 E [i‘S/IM Y f‘gﬂ/[]

The final good producers’ organisational choice is modelled as a recursive Markov decision pro-
cess and a Bayesian learning mechanism. Based on the priors, each final good producer must decide
whether to explore her offshoring potential or wait. If the final good producer chooses to explore, she
must contract an offshoring consulting service that involves a market research and feasibility study to
set up a supply chain abroad, which consists in the analysis of the alternative organisational structures of
offshoring from the South. Thus, after paying the offshoring sunk cost w'Vs", she discovers the organi-

sational fixed costs in South for all the alternative types, i.e. fg, f{?H, f{?M.
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After the discovery of the true conditions, the final good producer must choose the optimal organ-
isational form with certainty®. She offers a contract to the potential suppliers, which also includes an
upfront payment. The suppliers apply to the contract and she chooses one. Each party decide simulta-
neously their respective investments in the relationship-specific assets, and they use those assets for the
production of the respective inputs xy, z,,. The output is produced and sold, and the revenues distributed
according to a Nash bargaining.

If instead, she decides to wait, she does it by sourcing for one more period with a domestic supplier
under the previously chosen organisational structure (k’"). Both northern parties decide simultaneously
on their respective investments in the relationship-specific assets. The respective inputs are produced.
The output is produced and sold, and the revenues distributed according to a Nash bargaining. At the
beginning of the next period, the final good producers that decided to wait can update their prior beliefs
by observing the behaviour of their competitors in the final good market. In particular, they can observe
the chosen organisational type of the final good producers that explored their offshoring potential in the
previous period. With this new information, they decide first whether to leave the market or remain
active. If they stay active, they decide whether to explore their offshoring potential or wait one more
additional period sourcing from a domestic supplier as before.

In the following sections, I introduce the information externalities and the learning mechanism. Then,
I characterise the exploration decisions of the initial explorers (at £ = 0) and the followers at any period

t > 0. Figure 10 illustrates the timing of event of this recursive Markov decision process.

4.1 Informational externalities and learning.

As in Larch and Navarro (2021), the learning mechanism involves the interaction of two states: the
beliefs state and the physical state. While the latter refers to the information externalities produced by
the offshoring final good producers, the first state defines the mechanism through which the final good

producers under domestic sourcing can update their beliefs.

Physical state: information externalities. I define the maximum affordable fixed cost for a final good

producer under organisational form k% = O, Vg , V]@ in period ¢ as:

lecv(ev Qt)

T () =0 = f§(9)=[(ws i s

WV (o)
owN ) -1

38 An important feature of the exploration action is that it sets the final good producer in an absorbing state of the Markov
process. After exploration, there is no remaining uncertainty to the final good producer.
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Figure 10: Timing of events - Uncertainty

where &'V indicates Vlf}f in the case of H-intensive sectors, Vz\]}[ for M-intensive, and O*V for the indus-
tries with balanced intensity. It is easy to see that if f,f > f,f (0) VK, the final good producer 6 does
not find it profitable to offshore under any type. Thus, after discovering her offshoring potential in South,
she decides to remain sourcing domestically under the previous organisational type &'V.

I define 0;3,lt as the least productive final good producer doing offshoring under type k in period ¢,
and éf as the least productive producer that has explored the offshoring potential in ¢ — 1. Based on this,
I introduce a new notation: f,it = f,f (9;3’,;) denotes the maximum affordable fixed cost under type k for
the final good producer Glit in t, and f,ft = f,f (9}? ;) indicates the maximum affordable fixed cost under

type k for final good producer 67;3 ,int.

Beliefs state: learning. The initial state of the beliefs is defined by the initial prior distributions in
equation (15), and they evolve according to the learning mechanism described below. Intuitively, the
final good producers that have not explored yet their offshoring potential can learn by observing the
other producers’ behaviour (physical state). In particular, I assume that the final good producers can
observe the productivity 6 of their competitors*? and the organisational type chosen by each of them*!.

The posterior beliefs at the beginning of any period ¢t > 0 for each organisational type k = O, Vi, Vs

%See appendix D.6 for derivation of this function.

0 Alternatively, if they can observe the total size of the final good market and the respective market shares of the competitors,
together with the chosen organisational type, they can infer the productivity level.

“ITn the appendix D.6, I define the learning process for the situation in which the ownership structure is unobservable when
offshoring, but they can still observe the location from where the other final good producers are sourcing.
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are given by:

Y(fks) iff/it:f]it_1:f]§
s Y(FSIFE<E, ) .oz
fe~ Y YRS < 15 = m if £, =15, < [ (17)
S e £S S
Jior if fioe < fiy

The first line indicates that the posterior beliefs for type k& remains as the prior, when no final good
producer has offshored yet under that type. The second line indicates a truncation of the prior uncertainty,
exploiting the information that emerged from the new offshoring final good producers under type k. As a
result of applying the Bayes rule, the distribution progressively truncates from the right, while the lower
bound of the prior remains constant*>. To simplify and with a little abuse of notation, I removed the
lower bound in the conditional of the distribution.

Finally, the third line indicates the moment in which the true value is revealed, and thus the un-
certainty distribution collapses in the maximum affordable fixed cost of the least productive firm that
offshores under type k. This takes place if, after exploring the offshoring potential in type k, at least one
final good producer returns to the previous domestic sourcing type. I characterise these events in detail

for each sector type in section 5.

4.2 Exploration decision of the offshoring potential

The final good producer must decide whether to explore her offshoring potential under type k or wait

sourcing domestically under its current organisational type.
Vit (0;07) = max{V,$,(6; 07 ); Vi,(0;07)}; for k = O, Vig, Vi

with 0 = {19(*%7 9€H + 9€M7t} denoting the state of the sector in period .
The value of exploring the offshoring potential for a final good producer 6 under type k% = 0%, Vg , VJ\S/}
is given by the expected discounted profit premium of that type k° with respect to the current domestic

k/N

sourcing organisational type , net of the offshoring sunk cost w™ s

Viou(6:67) = By

max {O; Z )\T*tﬂzrse;l}fwi (9) }
T=t1

S _ 8 N
Ii < fk,t] —w s

The final good producers, based on their posterior beliefs at ¢, can compute this expected value of off-

“2For a similar Bayesian learning process see Rob (1991); Segura-Cayuela and Vilarrubia (2008); Larch and Navarro (2021)
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shoring for each alternative type, k&% = 0%, Vg ) V]@.

The value of waiting is defined as:

VE(0;07) = 0+ XE¢[Vie11(6;0711)

which is computed, based on posterior beliefs at ¢, by the producers for each type k° = O, Vg , VA*?[.

The Bellman’s equation for each offshoring type takes the form:

Vi r(0;07) = max {Vi2,(6;07); X[V 141(0; 67:1)]} (18)

By assumption A.3*3, it can be proved that the One-Step-Look-Ahead (OSLA) rule is the optimal
policy rule. In other words, in expectation at ¢, waiting for one period and exploring the offshoring

potential in the next period dominates waiting for any longer periods**.

Assumption A. 3. Information flow decreases in the upper bound:

lfis — BURIE < 1))

>0
df iy

Therefore, the Bellman’s equation becomes Vj;(; 07) = max {kat(e; 07); kat’l(ﬁ; 0y )} From

this expression, I derive the trade-off function (19) for each offshoring type k = O, Vg , V]@.
Dyt (0; etsa étsﬂ) = Vi (0 657 étsﬂ) - Vﬁgl(& Or, §t+1) (19)

where the first argument of the function refers to the final good producer 6 taking the decision, the second
argument indicates the state of the system at the moment of the decision 67, and the third argument
denotes the expected state of the system one period after, éf -

When the value of offshoring is higher than the value of waiting, the final good producer finds
profitable to explore the offshoring potential under type & in ¢. On the other hand, when it is negative,
it finds optimal to wait for one period. When the trade-off function is zero, the final good producer is

indifferent between exploring and waiting. In the last case, I assume that she chooses to explore.

. >0 Explores offshoring potential in South under type % in ¢
.0S pS
Dk,t (07 et ) 0t+1)

< 0 Wait one period sourcing under k'

“This assumption implies that the information revealed is decreasing in time.
#See Appendix D.6 for proofs.
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After paying the offshoring sunk cost w'¥s”, the final good producer discovers the value of the fixed
costs in South for all the offshoring organisational types. Therefore, she decides to explore her offshoring
potential whenever the trade off function is non-negative for at least one type k = O, Vg , V]\*?[. However,
after discovering all the values, she may opt for a different organisational offshoring structure than the
type that triggered the exploration decision. In section 5, I characterise the decisions for each sector.

Substituting the value of offshoring and the value of waiting for one period with the respective ex-

pressions into equation (19), I obtain®:

. Y(fii1)
.S pS y — . prem S ~ ¢S _ . N_r _ kt+1
Dk,t(ea 9t ) 9t+1) max {Oa Et [ﬂ—kS/kN’t(e) ‘fk = fk,t} } ws [1 A Y(f]it) (20)

From this expression, it is possible to derive a first property of the equilibrium path. Consistently
with Larch and Navarro (2021), the proposition 1 shows that the exploration of the offshoring potential

in the South is led by most productive final good producers in the market.

Proposition 1 (Sequential offshoring). The final good producers with higher productivity have an incen-

tive to explore the offshoring potential in earlier periods.

aDk,t(9§ 9297 éigﬂ)

>
00 =0

Furthermore, the trade-off function is strictly increasing in ¢ for those final good producers that are
facing a real trade-off. In other words, for those with a positive value of offshoring.

Finally, the assumption A.4 establishes that at least the most productive final good producer in the
market, denoted by 0, finds profitable at ¢ = 0 to explore the offshoring potential in at least one organi-
sational form k = O, Vg, V). This is a necessary condition to trigger the sequential exploration of the

offshoring potential in South.*®

Assumption A. 4. DM:O(G:; 5, 5) > 0 for at least one k = O, Vg, Vs, where 0 refers to the most
productive final good producer in the market.
5 Uncertainty in organisational fixed costs: Sectoral equilibrium paths

The paper focuses in the characterisation of the disintegration trends in the sectoral organisational struc-

ture that results from an endogenous increase in competition. For that reason, I concentrate in this section

#3See Appendix D.3 for derivation of equation (20). ~
“1f the distribution G/(9) is unbounded on the right, i.e. § — oo, then the assumption A.4 holds for any distribution ¥ (f)
with a finite expected value.
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in the analysis of the equilibrium paths for the industries in which those trends emerge, i.e. the M- and
H-intensive sectors*’. The analysis of the equilibrium paths of the Balanced-intensitity sectors can be
found in Appendix D.4.

Both industries, H- and M -intensive, face similar equilibrium paths, with the main difference that
the integration type that emerge in the first case is backward, i.e. V7, while in the second case is forward,
Var. Therefore, I characterise the equilibrium paths for both sectors together, where V' refers to Vg for a

H-intensive sector, and it indicates V), for a M -intensive sector.

5.1 H- and M -intensive sectors: The trade-off function.

The final good producers may find optimal to offshore by either arm’s length trade or FDI. When they
must decide whether to explore their offshoring potential or wait, they compare the profits under domestic
integration with the expected profit under those two offshoring types*®.

The trade-off function is thus given by:

; Y (f i)
.08 S\ . prem S« f8 . N_r B k,i+1
Dk,t(ev 91} ) 9t+1) max {07 Ey [WkS/VN’t(a) ‘fk’ = fk:,t] } wrs" |1 —A Y(f]it) (21)

with k£ = O, V. From this trade-off function, it is easy to see that a final good producer with productivity
0 explores the offshoring potential in period ¢ when Dy, ,(6; 67, ~f+1) > 0 for at least one k = O°, V5.
However, after exploring the final good producer may choose a different offshoring type than the k
for which the trade-off function is positive. Once she has paid the offshoring market research sunk cost
wNs", all the values fg, f{?H, f{?M reveal to her. In consequence, she chooses the organisational type
that maximises her profits, independently of the type k that triggered the exploring decision.*

The offshoring exploration productivity cutoff, i.e. the least productive final good producer exploring

the offshoring potential, at any period ¢ is defined in Proposition 2.

Proposition 2 (Per-period offshoring exploration productivity cutoff). The offshoring exploration pro-

ductivity cutoff at any period t, denoted as HNtSH, is given by:

S nS .pS
07’11 = min {90,t+1a 9V,t+1}

47 All the proofs and derivations can be found in Appendix D.5.

*In the case of H-intensive sectors V refers to V. Forward integration is strictly dominated by the other organisational
types. Therefore, it is not considered as an potentially profitable alternative. Instead, in M -intensive sectors, V' indicates V.
Backward integration is strictly dominated by the other types. Thus, it is not considered as a potentially profitable alternative.

“1 analyse the final good producer’s choice of the offshoring type after discovering both fixed costs (see Proposition 3), after
I characterise the exploration decision and the associated evolution of the offshoring productivity cutoff over time.
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where ég 41 and é“s;t 1 are defined by the fixed points:

0 N Tem N, Y(fS )

Dyi(Ovir1;07,0001) = 0= E [W€S/VN t(9V7t+1)‘f\§ < fé,t} = wNs" |1 - A
’ Y(fv,t)

B _ om Y (f8.441)

Do(00.141;607,071) =0 = E {ﬂ-gS/VNﬂg(HOﬂH-l)‘fg < fg,t} = ws" [1 - A%
Ot

Solving these expressions for 987t 41 and 9‘% I

[N S| ¢S < 48 N g YUSe) ) |77
wN \B(JEIFE < 18.) = 0 + 5" (1= A3

V3 (n) — vl (n)

o ~

écs),tﬂ = (VE)T= Q4

[N S| ¢S — ¢S N | o Y (g o
) o [N BRI < £ - Y T (1A
stf,t+1 = (VE)=o Qs |

P () — v (n)

As mentioned above, the offshoring productivity cutoff, i.e. the least productive firm that explores
her offshoring potential in period ¢, is defined by the minimum of these two values.

After paying the offshoring market research sunk cost, the final good producer discovers fg , f{?H , f‘gM.
With this information, she must choose the most profitable organisational structure among the offshoring

types and domestic integration. This decision is characterised by Proposition 3.

Proposition 3 (Organisational choice after exploration). After paying w'¥s" in period t, the final good

producer discovers the true values of fg, f{?H and féM, and she must choose an organisational type.

The final good producer with productivity 0 chooses FDI, V, when:

771‘)/7“;;”037,&(‘9) :ﬂ“it((?) - 7r(s),t(9) >0

She chooses arm’s length trade when:

R (0) =78,(0) — 7y (0) 20 and Al (6) <0

Otherwise, she remains under domestic integration.

From Proposition 3, it is possible to derive the FDI productivity cutoff in period ¢, i.e. the least
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productive final good producer that has chosen FDI after paying the sunk cost in period ¢:

0\‘5;,15-&-1 = max {9t+17 05;4,_1} (22)
with 1
N [ ¢S S o—1
Tem Se S,e w [f — fO]
65/05 (0y) =0 = 0y, = (YE) ™7 Q [M (23)

5.2 H- and M -intensive sectors: Long-run properties of the trade-off function.

Let’s define ¢ as the earliest period in which: 9 21 < 05 t41- Forany t > t, the FDI-V productivity
cutoff is given by equation (23).

Simultaneously, at any ¢ > £, the offshoring productivity cutoff éts ’,1 18 given by ég,t 41> With

1
N S1£S « ¢S N o o Y(f8.411) 7t
w ]E(fo|fo§fo7t)_fv +s" 1= Y5,

=05, = (vE)™7 0, v (n) — v (n)

Proposition 4 (Convergence of offshoring productivity cutoff). The sector converges asymptotically to

t
the perfect information equilibrium, 0y ~—— 20 9 = Qg’*, when:

Case I: f§ = f0 = 800 = LD

Case II: Jfé +(1-X)s" < fg

Hysteresis takes places, i.e. convergence leads to some "excess” of offshoring , when:

Case lII: f3+ (1 —\)s" = f§ = 07 225657

S t—><>o

Case IV: 2+ (1 = \)s" > f5 > f2 = 0, 9000

with Qg’* > 0300 > Hg’w, and Gg’w denoting the case where the marginal firms obtain zero per period

offshoring profit premium by doing arm’s length trade, i.e. firms who cannot recover w' s".

Figure 11a illustrates the cases characterised in Proposition 4. Depending on the optimistic level of
the priors,  may take place right in the first period, i.e. # = 0, or in any finite period after the initial one.
Under Case II, £ takes place necessary before the period in which the convergence stops. This is a natural

consequence of the sequential offshoring process.

36



P, (65)
85 o
o7 8,
" - 65
05 a B
B e .
. alY,
o oy
l?,:- nei L ’
(1= whs” LIz [:A
g 8
g.'l ki,
2 S TR o Case |l ! i t ¢
Casel Case Il
(a) Offshoring productivity cutoff (b) Productivity cutoffs

Figure 11: H- and M -intensive sectors. Equilibrium paths

5.3 H- and M -intensive sectors: Competition effect and the disintegration dynamics.

As more firms explore their offshoring potential the offshoring productivity cutoff converges to the per-
fect information steady state, and thus the price index and the aggregate consumption converges to their

respective perfect information equilibrium states.

5.3.1 Effect on the smallest and least productive firms in the market.

The decreasing price index intensifies the competition in the final good market, pushing sequentially the
least productive final good producers out of the market. Formally, as P, | P* and @); T Q*, the market

productivity cutoff 6, 1 0*.

5.3.2 Effects on offshoring firms: regime change and sequential disintegration.

Recall the definition of ¢ as the earliest period in which éfﬂ < G‘S;ZEH. Therefore, equation (23) defines
the FDI productivity cutoff at the end of period ¢ for any ¢ > ¢. It is straightforward to see that as
P, | P*, the FDI-V productivity cutoff converges, after ¢, from below to the perfect information steady
state: 0‘% T 95’*.

Some of the early offshoring final good producer have chosen FDI-V as a temporal organisational
form. However, as the competition intensifies, they find optimal to separate into two independent spe-
cialised firms and switch to arm’s length trade™°.

This reflects a non-monotonic behaviour of the FDI productivity cutoff over time. It manifests itself

as a regime change or a reorganisation of the supply chain in the least productive final good producers

S9For simplicity, T assume that there are zero cost of reorganisation of the supply chain when they switch from FDI to foreign
outsourcing. The introduction of a sunk cost of disintegration would simply shift upwards the productivity level defined by
conditions in the period ¢.
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that have initially chosen FDI.

The increasing competition in the final good market shrinks the total revenues, and through this effect
it diminishes the outside options of the bargaining stage of the final good producer under integration.
The latter effect impacts directly into a reduction of the revenue share of the final good producer under
integration. Therefore, a subset of final good producer under FDI face that the gains from integration
cannot compensate the higher managerial costs of that organisational type. This generates an incentive

in those final good producers to sequentially shift the regimen from FDI towards arm’s length trade.

5.3.3 Effects on middle size firms: sequential disintegration of domestically integrated.

Is it easy to observe that the decreasing price index induces a sequental disintegration of the supply
chains of the domestically integrated final good producers. In other words, the more intense competition
in the final good market leads to an increment in the productivity cutoff for domestic integration, i.e.
0, 10y

As before, due to the effect of the increasing competition on the revenues, some domestically inte-
grated final good producers discover that the gains from integration can no longer compensate for the
larger managerial or governance costs. Thus, they sequentially shift the organisation of their supply chain
towards independent northern manufacturers.

The domestic integration productivity cutoff for any period ¢ is defined by the condition:

N N/oN N/ nN
W;{%?}BN (ev,t+1) =Ty (HV,tJrl) —To (9V,t+1) =0

with the respective productivity cutoff given by:

wN[féV—féV]rl
)

Wews = OF) 2@ [w ) — 08 (n

Proposition 5 (Convergence properties of domestic productivity cutoffs). As the offshoring productivity

cutoff converges to the steady state defined by Proposition 4, the intensified competition

1. pushes sequentially the least productive final good producers out of the market.

(

Cases Iand II: 0, 1 0* ifo; | 65+

Case III: 9, 1 07" if07 | g5

CaseIV: 0, 1 0., € (8507 if0y | 65 € (057;0%%)
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2. induces a sequential vertical disintegration of final good producers sourcing domestically.

Cases I and II: 9% T 95’* if@ts 195+

Case III: 03, + 07" ifos | o5

Case IV: 0N, 10N __ € (007%;00°7™")  if 07 | 05 € (6577;65%)
\ b b

Figure 11b illustrates the equilibrium path of the domestic and offshoring productivity cutoffs in the
long run for the Case I (solid line) and the Case 111 (dashed line). The Case IV can be represented by any
path between I and III.

6 Multiple countries: Supply chain relocation, competition intensity and

disintegration

Assume now that the world economy has three countries: East (£), North (/N) and South (5). The
production of the services zy, is still only possible in the North, but the the intermediate inputs x,, can
be supplied by manufacturers in any location.

The main goal is to extend the previous analysis and characterise the relocation dynamics across
offshoring locations after an institutional reform in one foreign country (the East). Under such conditions,
I study the consequences of the competition effect on the ownership structure.

I assume that East have lower marginal costs that South, but the institutional fundamentals are better
in the last location’!. In consider other cases in appendix E. Additionally to assumption A.2, the assump-
tion A.5 defines formally the marginal costs differences and the institutional fundamental conditions in

foreign countries®2.

Assumption A. 5. Wages are higher in the South than in the East, but institutional fundamentals are
better in South for each organisational type. Furthermore, I assume the ranking of foreign organisational

fixed costs:

wf <w¥ <w o 5 < S <fE < fE o withV =V, Viy

However, the condition on institutional fundamentals is unknown to the final good producers when I

introduce uncertainty in section 6.2.

Sf £ < 2, no final good producer finds optimal to offshore from South under any organisational type. Therefore, only
offshoring types OF, V' are observable in perfect information equilibrium.
52 An additional simplifying assumption is that the offshoring sunk cost w™ s is homogeneous across countries.
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The focus below is on the M- and H- intensive sectors’ dynamics and, as before, I analyse both
industries together.
Given assumptions A.2 and A.5, together with the assumption that ¥/5 () > ¢, (n)>, the sectoral

organisational equilibrium under perfect information is represented by:
* N ,x S, S,* E Ex
0" <0, <03" <0y <057 <0y 24)

6.1 Perfect information equilibrium

The lower wage in the East compared to the South allows the most productive producers in the market
to realise higher gains from offshoring by reducing further down their marginal costs. This leads to
differences in the perfect information equilibrium sectoral variables of the case where only offshoring
from South is possible (section 3.2) compared to the situation where offshoring is feasible from both
countries.

P(S) > P* : Q(S) < Q* (25)
where (S) denotes the value of the variables of the equilibrium in Section 3.2, and * denotes now the
perfect information equilibrium conditions for this multiple-countries model.

The impact on the productivity cutoffs of the higher competition intensity in the final good market
(P) > P*), is represented by>*:

0 <= . oD <ol 03 <5 05 < a0 (26)

6.2 Institutional reform in East: Model setup and initial conditions

I assume that the economy starts from the steady state of a world economy where offshoring is only

possible from the South, and there is no uncertainty about the institutional conditions in this country.
There is an institutional reform in ¢ = 0 in the East, but the northern final good producers have

uncertainty about the scope of those reforms. In consequence, the final good producers build some priors

based on the credibility of the announcement of the eastern government. As before, the prior uncertainty

3The assumption ¥ () > 1/)\5/(77) implies that the gains from the lower marginal costs in the East with respect to South
compensates the loss from a less efficient allocation of property rights of vertical integration in South with respect to East. If
the gains from the lower marginal costs are not large enough, the ranking of organisational types is still as depicted in equation
(24), but without observing any producer under O .

*n the case of (S) equilibrium conditions, there is no offshoring from East under any organisational type, i.e. Gf’(s) — 00

for k = O, Vi, Var. Therefore, 63‘<S) > Gg’* and 05’(5) > 95’*.
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is given by:
& ~Y(f5) with  [5 €[5, ]3]
Foa ~ Y (Fi7,)  with f, € (13, 1] @7
Fr ~Y(f5,) with  f € £, 17,]
and the learning mechanism is defined as in section 4.1, but instead with respect to the organisational

fixed costs in East.

6.3 Exploration decision of offshoring potential in East: Relocation and competition

Each final good producer, who have not explored yet the offshoring potential in East, must decide whether
to explore or wait one more period under her current organisational form k’. Notice that ¥’ may denote a
domestic sourcing type (O, V) or an offshoring type from South (O, V). The producer # decision

for type k in t is defined by:
Via(0:077) = max{Vig,(0; 07); Vi (0: 07) s for k = OF, ViF, Vi

with 0F = {05 e 0€H7t, 95M¢} denoting the state of the sector in period t.
The value of exploring the offshoring potential of a final good producer ¢ in ¢ under type k is given
by the expected discounted profit premium of that type k with respect to its current organisational type

k', net of the offshoring sunk cost w’s"

VkC:;E(e; 95) E,

maX{O Z)\T K ,]:r/e; }

fe < 1 t] —whs"
The respective value of waiting is defined as:
Vi(0:60F) = 0+ NE¢[Ve i1 (05 0/5)
The Bellman’s equation for each offshoring type k from East for a producer 6 in ¢ takes the form:
Vit (0;6F) = max {Vieu(6; 0F); NE¢[Vie,i1(0;6/,1)]} (28)

By an equivalent assumption to A.3, it is possible to derive the following trade-off function:

Y (fifi)

Dy i 1(0:0F,0F.1) = max {0: 8, [=250 (0)| £ < fE]} — s [1 NS
k.t

] (29)
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The trade-off function results in an exploration that is led by the most productive final good producers

producers in the market®>>. Therefore, the sector shows a sequential offshoring path towards East that
starts as a relocation process. The final good producers, who are originally offshoring from South, start
sequentially to relocate their supply chain to the East>®.
Relocation and competition effect: disintegration. As more final good producers explore their off-
shoring potential in East, they sequentially relocate their supply chain to this country. The relocation
allows the final good producer to exploit the lower marginal costs offered by contracting eastern suppli-
ers, driving the price index further down as the sequential offshoring flow continues. Thus, the aggregate
consumption index increases and the competition in the final good market intensifies.

The increase in competition from the relocation phase of the dynamic equilibrium path has direct
effects on the other productivity cutoffs in the market.

As05, 105 and 0F, — 07" .57
B0 o OOyt s 05,1057 ¢ o, 1oy (30)

In other words, the increase in competition induces a sequential disintegration of domestic producers and
producers offshoring from South. It also generates the exit of the least productive producers from the
market. An additional effect is a potential reshoring decision of the least productive producers offshoring

from South. However, I describe in section 6.4 a case where this reshoring may not be observed.

6.4 Additional considerations on equilibrium paths: Sequential institutional shocks

If the institutional reform in the East takes place before the sector reaches the steady state defined in
section 5 and denoted here as (.5), it may be possible that the reshoring characterised above is not
observed>®.

The main condition is that the institutional reform in the East takes place at a period ¢ where Gf >
03’*, i.e. when the offshoring exploration cutoff to South is still above the new steady state level of the
offshoring productivity cutoff in South. A second condition is that the priors beliefs about conditions

in the East must be optimistic enough such that the offshoring exploration of the East is faster than the

3Regarding the properties of the trade-off function and the sectoral equilibrium path, the Propositions 1 to 5 still hold. For
proofs see Appendix E.

% As before, I assume that at least the most productive final good producer in the market finds profitable to explore the
offshoring potential in the East under at least one type k, i.e. ’Dk/k/,tzo(é; 0,0) >0

5TRecall that the FDI productivity cutoff shows a non-monotonic equilibrium path. See section 5.3.2 and appendix E.

381 describe here one case. For a complete anaylsis of the multiple equilibria with simultaneous institutional reforms, see

Larch and Navarro (2021).
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exploration flow to the South. Under such conditions, the convergence of the relocation from South to

East takes place before the offshoring exploration flow to South finishes.

7 FTA and organisational dynamics under uncertainty

In this section I develop a simple extension of the model to characterise a role that free trade agreements
may play in order to trigger a sequential exploration of a new location. I highlight additional effects that
may emerge when the agreements are analysed in a context of uncertainty about the general institutional
conditions in the partner country.

I define now the marginal cost for a northern producer of a intermediate input source from [ as

[ l l

w!, where T

Ct = Tt m. captures the associated trade costs relative to the location [ = N, E, S. I define
T,lmt = 1 when the tariffs are zero with respect to the country [. Therefore, T,I,f,t = 1Vt.

7.1 Two-country model: North-South FTA

The sectoral initial conditions are defined by a situation where there is free trade in the final goods, but
a positive tariff in the intermediate inputs, i.e. 7';2715 > 1forany ¢ < 0. Int = 0 a FTA between North
and South takes place, and thus all the tariffs are removed. Therefore T%t = 1Vt > 0. I consider
an extreme case where the FTA is limited to a tariff reduction, and has no implications in terms of
institutional reforms. Therefore, with this assumption, the priors about the southern institutions are not
directly affected by the agreement.

It is easy to see that if the tariffs in intermediate inputs previous to the FTA are large enough, such
that cf > ¢/, no final good producer find it profitable to offshore from the South independently of the
existence of uncertainty about southern institutions. In other words, 08 > @ and 0{3 > 0.

However, when initial tariffs are small enough such that ¢ < ¢}, it may be possible that under
perfect information some final good producers may find it profitable to offshore from the South, i.e.
98 < 6 and/or 9‘5/ < 0. However, the prior beliefs may constrain all the northern final good producers
to explore their offshoring potential in the South, when they are very pessimistic about the prevailing
conditions in that country. This situation takes place when the following condition holds for any ¢ < 0

at the pre-agreement tariffs.

Dyt(0;0,0,75,) <0 forall k=0,Vy, Vi

and 6 indicates the most productive final good producer in the differentiated sector. A necessary condition
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is that the support of the distribution G(#) is bounded to the right, i.e. f < .
If the FTA reduces sufficiently the marginal cost for northern producer to contract with a southern
supplier, it is possible that the reduction in tariffs induce an offshoring exploration at the given prior

about southern institutions, i.e. at £ = 0O:

ijtzo(é; 5, 9=, Trfm) >0 foratleastone k=0,Vy,Vy

7.2 Multicountry-model: North-East FTA

I define the initial conditions as a situation where offshoring is only profitable from the South. At any
t < 0, there is free trade in the final goods, but the northern country sets possitive tariffs on intermediate
inputs, i.e. Tﬁ’t = Tg’t > 1. In order to avoid a taxonomy of cases, I assume that at the current
tariffs, the marginal costs of the intermediate inputs for the final good producers from each location are:
c,{E < cf < civ . As I have already shown above, under perfect information some final good producers
may find it profitable to offshore from the East (see section 6.1) under such conditions.

However, when the prior beliefs about eastern institutions are pessimistic enough, no final good
producer may find it attractive to explore the offshoring potential from the East at the given tariffs.
Formally, this sitution is represented by the condition below for any ¢ < 0:

Dysp1(0;07,05 7E , 75 ) <0 forall k=0, Vi, Vi

m,tr "m,t

In £ = 0 the FTA between North and East takes place, and the tariffs on intermediate inputs are re-
moved for eastern suppliers, i.e. r{,ﬂ;t = 1. As before, I assume that the FTA is limited to an agreement on
tariffs, with no implications in institutional terms. Therefore, the prior beliefs about eastern institutions
are not directly affected.

If the change in tariffs induces a large enough reduction in the marginal cost ¢/ relative to ¢, such
at the most productive final good producer currently offshoring from South find it profitable to explore
East for a potential supply chain relocation. Formally,

Dk/k',t=0(9:§ 6%, 6% E 5 ) >0 foratleastone k= O,Vy, Vi

m,tr 'm,t

To conclude, I showed that the changes in tariffs associated to a FTA or a preferential trade agreement
may have some additional effect relative to those directly associated to the tariff change. In particular,

when institutional uncertainty is present, small reductions in intermediate input tariffs may create enough
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incentives for the most productive final good producers in the market to explore the offshoring potential
in those locations, and thus trigger the sequential offshoring equilibrium path characterised above.
Moreover, when the FTA comprehends institutional bindings>® additional to the tariffs reductions, the
agreement have thus a direct impact on the prior beliefs about the institutional conditions in the partner
country. Therefore, the tariffs reduction together with the institutional bindings boosts the offshoring

exploration of that country with the potential relocation of supply chains towards that location.

8 Empirics: dynamic model

Using the US manufacturing sector-level data for the period 2002-2016 described above, I test for the
consistency of the empirical sectoral dynamics with the theoretical predictions of the dynamic model
with uncertainty.

The main theoretical predictions, in particular those related to the effects of competition intensity
on disintegration decisions, are analysed in section 8.1. I focus in both mechanisms identified above: 1)
the effect of the increase in offshoring activity that results from the sequential offshoring exploration;
ii) the effect of relocation of the offshoring supply chains towards other foreign locations with lower
marginal costs. In section 8.2, I show supporting evidence for the predictions from Proposition 3, i.e.
the organisational choices dynamics at the initial exploration periods. Section 8.3 analyses the effects
of different types of institutional shocks in the exploration decision of new locations. The latter aims
for capturing the effects of institutional shocks on prior beliefs, which potentially trigger the sequential

exploration of a new country.®

8.1 Competition effect: sequential offshoring and relocation

I begin with the description of stylised facts and general evidence. Later, in section 8.1.2, I introduce the
empirical model for the competition effect and the respective results.

8.1.1 Stylised facts and main empirical trends

Figure 12a%' shows that both types of supplier industries have experienced a positive trend in total im-

ports. This behaviour is consistent with the increasing offshoring activity of US firms shown in Feenstra

3With institutional bindings I refer to regulatory agreements that define a lower bound for the institutional quality of each
country member. Therefore, the FTA may not induce a change in fundamentals when the country’s institutions are already
within the bounds defined in the agreement. This bindings impact in our model through a reduction in the upper bound of the
prior distribution of the fixed organisational costs relative to the members in the FTA.

%OFor a structural estimation of the learning mechanism, see Larch and Navarro (2021).

IThe vertical lines indicate the global financial crisis shock.
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(1998). Additionally, Figure 12b illustrates a positive trend in the participation of independent suppliers
in US imports, in particular in the differentiated supplier’s industries®?, which may be explained by a

progressive vertical disintegration of the value chains among the offshoring firms (Feenstra, 1998).

§ - I = [ I
= 1 —— L=3 — [ 1
0 I -~ - SR I | =
I — % = ——
/ I I —
| 4 . [ |
=] I rd ) I
=1 I A I I
= S 7 r .
a ’/ 1 I # i 1 I / e S—
- - 1 T |
o % N \
- I [ I Y
— ] I ] I
o = | e ; | \
=2 I I I
IS I I I
2 I I |
I I
| g = = =4
] | g I I
— RSP T
—2 [ 1 [ 1
I £ois |—i)
= 1 - 1 1

2000 2005 2010 2015 2000 2005 2010 2015
year year

Non-diff M: total imports Diff M: total imports | | Mon-diff M: intra-firm share Diff M: intra-firm share |

(a) Total imports, millions USD: by M sector type (b) Intra-firm import share: by M sector type

Figure 12: US imports by input-sector type

From the perspective of the dynamic model with uncertainty, the sequential offshoring equilibrium
path increases the intensity of competition in the final good markets, and thus it eventually leads to a
sequential vertical disintegration of the offshoring firms. From a broad perspective offered by Figure 12,
the positive trend in total imports in the differentiated sectors, as well as with the negative trend in the

share of intra-firm imports, are consistent with the sectoral equilibrium path characterised in Section 5.

Institutional reform: Access of China to WTO. The access of China to the WTO in December 2001
has had a deep impact on the global organisation of supply chains. In that context, Handley and Limao
(2017) showed that the membership of China in WTO impacted in the reduction of the tariffs’ uncertainty
in US for Chinese products, which resulted in an increase in the exports flows from China to the US. In
other words, the authors show that after controlling for tariffs changes, a significant share of the export
growth is explained by the reduction in the uncertainty about future tariffs.

However, Figure 13 shows a slow and progressive increase in the imports from China relative to
other foreign locations, which may reflect a remaining effect of a residual uncertainty beyond the tariffs
dimension addressed by Handley and Limao (2017). In this sense, the low market share of China in 2002
and its progressive increase in the years following the WTO membership is in line with the sequential
offshoring exploration dynamics and the sequential relocation predicted by the theoretical model above.

In particular, a sequential offshoring exploration and relocation towards China results in a progressive

©2There is a more stable behaviour pattern in the sense that the trend shows a consistently negative trend all over the period,
except during the financial crisis. During the crisis it showed a small increase, but it returned quickly to the decreasing trend.
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increase of the market share of China over time. Figure 13 shows that the aggregate market share of
China in the US imports is growing up to 10 years after the reform. However, although China’s market
share has increased in both sectors, the Chinese products show a higher and more dynamic penetration

in differentiated supplier’s industries. In this sense, the model complements the findings in Handley and

Limao (2017).
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Figure 13: Intra-firm shares and China market-share, by M sector type

The period covered by the data on imports imposes limitations for a direct control of the Chinese
institutional shock. Nevertheless, it may still shed light on the sectoral dynamics predicted by the model
of section 6, in particular about the effect of the relocation channel of the competition effect on vertical
disintegration.®?

I focus the analysis in how this institutional reform may have created incentives for the US firms to
begin a sequential exploration of the offshoring potential from China. I will test for both channels of this
exploration: i) the exploration of domestic sourcing firms, which should be reflected by an increase in
the offshoring share, and ii) the exploration driven by a relocation process of foreign suppliers.

Figure 13a shows a possible theory-consistent relation between the penetration of China in the US
market and the total intra-firm imports. In particular, the negative trend in the total intra-firm trade may
be a response to increasing competition in the final-good markets, which comes from the relocation of

suppliers towards a location with lower marginal costs (China) compared to the previous configuration

of the supply chain.

1n a future version of the paper, I will introduce WTO access and institutional shocks for other potential locations, as well
as a direct measure of the marginal costs gains from relocation towards those countries.
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8.1.2 Identification of the empirical model and estimation results.

Given the non-linear nature of the model, I estimate the effects on the intra-firm import share by a

fractional logit model. The main specification is thus given by:

eXP (L7, j.1.6P)

14+ exp(m;n,j’l’tp)

E[mhrm,j,l,t)x} (31)

with IFshr,, ;; as the intra-firm import share in input m from country [ in year ¢ of sector j, and x

refers to the vector of explanatory variables.

$;n’j,l’tp =p1 offshr shr; , + p2CHN mrkt shry, i + other controls + p; + py (32)

The effect that comes from the sequential offshoring activity is proxied by offshr shr; ;. The offshoring

share is defined as:
sectoral total input imports; ,

offshr shr; , =
it It sectoral total sales;

The effect coming from the relocation of suppliers among foreign locations, in particular relocation
of suppliers to China, is capture by CHN mrkt shry, ;, which represents the market share of China in US
imports in input M in year ¢. Finally, p; ; refers to country-year fixed effects.

Among the other controls, I include the degree of differentiation of the supplier industry, M diff €
[0, 1], based on Rauch’s classification. The intuition is that the higher differentiation of the supplier
industry may be link to higher relationship-specific investments, and thus to a higher contract dependency
of the relationship. As already mentioned, this measure is equivalent to the contract dependence index
for the supplier’s industry of Nunn (2007). Additionally, I control for the H differentiation level based
on Rauch’s classification, with diff € [0, 1].

Finally, I control for the mean tariffs of sector M for each year with respect to each foreign location.

H-perspective. This perspective aggregates the data at the final good producer sectors level. Therefore,

the empirical model is given by:

_exp(@fp)
1+ exp(x; ,p)

E {IFsher’t ‘ZL'] (33)
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where IFshr;; ; indicates the intra-firm import share of sector j from country / in year ¢. The vector of

explanatory variables is defined by:

mg-’l’tp =p1 offshr shr; , + poCHN mrkt shrj + other controls + p; + py (34)

where CHN mrkt shr;; indicates the weighted mean of China market share in inputs imported by sector

J in year t.

M-perspective. This perspective aggregates the data at the supplier sector level. The empirical model

is given by:
g y ,

- exp<wm,l,tp)
1+ exp(;,, ;..P)

E[[Fshrm,ht‘w} (35)

where IFshrj, ; indicates the intra-firm import import share in input m from country [ in year ¢. The

vector of explanatory variables is defined by:

az;n,l’t p =p1 offshr shr,, , + poCHN mrkt shry, . + other controls + p; + py (36)

where offshr shr,, , indicates the weighted mean of the offshoring share in year ¢ of the final good
producer sectors that use input m.

Table 2: Effects on intra-firm imports shares, differentiated sectors.

Fractional logit: all countries
H perspective M perspective No aggregation
(1 @) 3) C)) ) (6)
IFshrj IFshrj; ; IFshry, s IFshry, ¢ IFshry, ;. IFshrp, ;s
In(offshr shr); ¢ -0.00495*  -0.00631**  -0.0108*** -0.0130*** -0.00815***  -0.0102***
(0.00286) (0.00302)  (0.00209)  (0.00225)  (0.00221) (0.00231)

In(CHN market shr), ¢ 0.00196 -0.0105*** -0.00767***
(0.00326) (0.00233) (0.00226)
In(1 + tariff)m 14 -0.00649***  -0.00626***  -1.837***  -1.685*** -1.518** -1.462%*
(0.00181) (0.00179) (0.228) (0.229) (0.219) (0.217)

Other controls: H differentiation, M differentiation. Country and year fixed effects included.
Average marginal effects. Standard errors in parentheses.
*p<0.10, " p < 0.05, " p < 0.01

Regression results. Table 2 shows a consistent negative effect of the offshoring activity in the intra-
firm import share, which is consistent with the theoretical prediction of the model. As the offshoring
activity increases, the competition intensity in the final good markets increases, leading to a progressive

disintegration of the offshoring firms.
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Regarding the second channel of the competition effect, i.e. the increase in the competition intensity
caused by the sequential relocation decisions towards lower marginal costs countries®*, the table shows
that the market share of China has a signficant negative impact on the intra-firm import share. Therefore,
assuming that the relocation of supply chains to China is driven by the marginal costs advantages that this
country offers to the offshoring firms, the increasing relocation of firms to China pushes the competition
intensity further up, leading to a stronger vertical disintegration of the supply chains. The relocation
to China of already offshoring supply chains is captured by the increasing market share of China after

controlling for the sector offshoring share from any location.

8.2 Organisational choice after exploration and organisational sectoral convergence

The theoretical model predicts that the more productive final good producers in the market lead the
offshoring exploration and the relocation decisions towards new foreign countries. As defined by Propo-
sition 3, after discovering the institutional conditions in a foreign country, the final good producer choose
the organisational form. While integration prevails in the initial periods, as more firms explore their off-
shoring potential, the offshoring activity under outsourcing increases and thus the intra-firm import share
decreases.

I test for sectoral dynamics that are consistent with the theoretical predictions of the initial exploration
periods, and the convergence to the steady state sectoral organisational structure. First, I show that the
initial intra-firm share is higher relative to the steady state situation. Second, I analyse evidence that
supports that the intra-firm import shares are higher at the period of a first time exploration of a country
for H-intensive and M -intensive sectors relative to balanced-intensity sectors.

For the first analysis, I define the relative intra-firm import share in input m in period ¢ from country

[ for the sector j as rel IFshr,, j,;, which expressed in natural logarithm is given by:

IFshr,, ;
In(rel IFshr)p, j+ = In [S’”m,g,u}

IFshrp, j;

where IF:vhrmJJ is the mean intra-firm import share in input m from country [ for the sector 5. When the
period since first exploration is sufficiently long, ceteris paribus, the latter approximates to the long-term
sectoral organisational structure, i.e. a steady-state condition. According to the predictions of the model,

the ratio is expected to be higher in the initial periods and progressively converge from above to the

%The exploration of new countries to exploit the advantages from lower marginal costs, and the consequential relocation
decision and reorganisation of the supply chain, is consistent with the model developed by Antras et al. (2017).
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steady state intra-firm import share. The empirical model is given by:

In(rel IFshr)p, j 1.+ = Yo + 71 In(years since expl)y, 1+ + v2H int; +ysM int; + v, + Y + €m jit

(37
where years since expl indicates the years since the exploration for the first time in input m of country [,
and H int and M int are dummy variables that indicate whether a sector is H-intensive or M -intensive.
These dummies are defined as follows: first I compute the deciles of the n proxy defined by the mean
value of the FA for each H sector. I define as H-intensive (H int = 1) those sectors in the 9th and 10th
deciles, while M-intensive (M int = 1) are those in the 1st and 2nd deciles. Finally, the B-intensive
sector (B int=1) are those in the 5th and 6th deciles. The other sectors are excluded from the sample

when these dummies controls are included.

H-perspective. Considering the aggregation of the data at the final good producer sectors level, the

empirical model is given by:

In(rel IFshr)j“ = 0 + 71 In(years since expl)jJ?t + yeH int; + y3M int; + v+ + €514 (38)

where rel [Fshr; ; indicates the respective ratio from country [ in year ¢ for the sector j, and years since expl; ; ,

indicates the years since the sector j has imported for the first time from country [ at least one input.

M-perspective. Considering the aggregation of the data at the supplier sector level, the empirical model

is given by:

In(rel IFshr)m, 1+ = o + 71 In(years since expl)m 1+ + YoH inty, + vsM intm, + Ve + v + emye 39

where years since expl,, ; , indicates the years since the input m has been imported for the first time from
country /. The dummy variables H int,,, M int,, and B int,, are defined as above, but after computing

the weighted mean FA at the input m level.

Regression results. Table 3 shows that the ratio is decreasing in the years since entry, which indi-
cates that the intra-firm import share is larger at the initial period relative to its mean, and it converges
progressively from above to the long-term equilibrium.

Regarding the coefficients associated to the dummies, they show the expected effects only for the

H-perspective specification. When one of the parties is relative more important, i.e. when a sector at the
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Table 3: Intra-firm shares since entry, relative to steady state organisational structure.

All countries

H perspective M perspective No aggregation
eV ) (3 C)) &) (6)
In(rel IFshr);,; In(rel IFshr);; In(rel IFshr);,; In(rel IFshr);, In(rel IFshr);, In(rel IFshr);;

In(years since expl) -0.781*** -0.764*** -0.0790*** -0.0933*** -0.0575%** -0.0612***
(0.0206) (0.0262) (0.0118) (0.0165) (0.00352) (0.00490)

H int; 0.155** -0.0297 0.00318
(0.0412) (0.0344) (0.00677)

M int; 0.141%* -0.0209 0.00407
(0.0403) (0.0413) (0.00656)

Other controls: technological relevance of input 1 in sector H, H differentiation, M differentiation. Standard errors in parentheses

*p<0.10,% p < 0.05, " p < 0.01
extremes of the domain of the FA distribution is considered, the higher is the initial ratio relative to its
mean. This is consistent with the model, given that integration would be observed only at the extremes
of the domain of the FA.

As one step further in the identification of the last effect, I consider the following model in order to
capture the relative prevalence of integration at the first exploration period, by sector type. As before, I
consider the ratio relative to the long-term intra-firm share. The estimation results are reported in columns
(5)-(8) of Table 4. As a complementary approach, I also compute the intra-firm share at the exploration
period relative to the mean of the contemporaneous intra-firm shares from other locations. The ratio is
defined by equations (40) and (42) for the H- and M -perspectives, respectively. The empirical models
are defined by equations (41) and (43). The results for this model are reported in columns (1)-(4) of the

same table.

- IFshr;
In(rel IFshr);;+ = In ; Lkt (40)
S=t> . IFshrj;;
In(rel I?’shr)jJ,t =0 +v1H int; + oM int; + v + v+ €54 41)
- IFsh

In(rel IFshr)y,;+ = In ; Fm ot 42)

S=1> 7 IFshry, 14
In(rel ﬁ’shr)ml,t = Yo + 1H inty, + oM inty, + i+ + Emit (43)

Regression results. In both cases, I consider as robustness check a more extreme definition of the H
and M intensive sectors, where H intensive = 1 if the sector is in the 10th decile, while M intensive = 1

if the sector is in the 1st decile of the FA domain. The definition of B-intensive sector remains the same
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as before. Although the results do not contradict the theoretical predictions, the table 4 shows a very

weak supporting evidence.

Table 4: Intra-firm shares at first exploration period of country [ in input m.

All countries

Relative to contemporaneous share Relative to long term share

H perspective M perspective H perspective M perspective
€)) 2 3) “ (©)] (6) O ®)
In(rel IFshr);, In(rel IFshr)j, In(rel IFshr);, In(rel IFshr);, In(rel IFshr);, In(rel IFshr);, In(rel IFshr);, In(rel IFshr);,
H int; 0.132 0.108 0.0914 0.00183
(0.0949) (0.0769) (0.0707) (0.0393)
M int; 0.207** 0.143 0.107 0.0237
(0.0929) (0.0879) (0.0703) (0.0481)
H intensive; 0.309** 0.198** 0.0380 0.0124
(0.125) (0.0912) (0.0936) (0.0489)
M intensive; 0.0575 0.111 0.200** -0.00565
0.111) (0.123) (0.0856) (0.0742)

Other controls: technological relevance of input m in sector H, H differentiation, M differentiation. Standard errors in parentheses
*p<0.10," p < 0.05, """ p < 0.01

8.3 Inmstitutional shocks and the determinants of exploration decisions

I analyse now the influence of institutional shocks in the probability and timing of the offshoring ex-
ploration decision of those locations that have experienced an institutional reform and have not been
explored yet by US final good producers.

I identify the announcement of an institutional reform from three sources: i) the access of countries
to the WTO, ii) the signature of a FTA of each country with the US, iii) the signature of a FTA of the
country with other third countries where the US in not a member of the agreement. All those shocks
may influence the beliefs that US firms possess about those potential locations, and thus incentivize the
exploration of the offshoring potential from those countries.

The access of a country to WTO reveals information regarding regulations that country members of
the organisation must follow. Thus, the access of a country to the WTO may affect the prior beliefs that
US firms possess with respect to the institutional conditions in that location. I capture this effect by a
dummy variable that takes the value one in the year ¢ if the country becomes a member of WTO in that
year (WTO shock, ;), and a second variable that captures the time (years) since the shock has taken place
(yrs WTO shock; ;). I account only for those accessions during the sample period.®

After controlling for tariffs, the signature of a FTA with the US may reveal additional information
about the prevailing institutional conditions in that foreign country, given that this types of agreement

most often involve additional regulations related to contract enforcement and dispute resolutions, non-

% Given the very limited number of countries that have become a member of WTO since 2002, in a future version of the
model I will extend the sample to previous years and capture the effect of WTO accession. I expect that this will improve the
identification of the WTO shock in the offshoring exploration decision of US firms.
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discriminatory policies, and other institutional conditions. I capture this effect by a dummy US shock; ;,
which takes value one when the country [/ signs a FTA with the US. As before, I add also a variable that
captures the time since the agreement has been signed. I account only for those FTAs signed during the
sample period.

Finally, in a similar way as above, the FTAs signed among third countries, where the US is not
involved, may also reveal information to the US firms about the institutional conditions in the countries
involved in the agreement. I capture this effect by a variable that takes the value of the mean institutional
quality of the countries involved in the agreement (mean rule of law) in the year in which the country [
became part of the agreement. This is represented by the variable inst shock; ;. I also introduce a variable

to capture the time (years) since the shock has taken place.%®

8.3.1 Conditional probability

M-perspective. The probability of exploring the offshoring potential from country [ in input m in

period ¢ for inputs that have not been imported from country [ up to period ¢ — 1 is defined by:

Pr (oﬁshr stat,, |, = 1\offshr stat cum,,, |, 1 = 0) =9 ( In(1 + tariff,, ; )71, US shocky iz,

In(yrs US shock; ;)y3, inst shocky yya, In(yrs inst shock; ;)7s,
b b (44)

WTO shocki e, In(yrs WTO shock; )7z, Rule of law; ;7s,

other controls, Yy, %)

where offshr stat,, ; , is a dummy variable that denotes the offshoring status in input m from country [ in
period ¢, while the dummy variable offshr stat cum,,, ; ,_, indicates the respective offshoring status up to
period t — 1. The results for the model defined in equation (44), which represents the M -perspective, are
reported in columns (1)-(3) of Table 5.

After controlling for tariffs, the estimated coefficients show that when a country signs a FTA with the
US, it increases the probability that US firms explore the offshoring potential in that country in that year.
Furthermore, the probability increases further in the years following the signature of the agreement.

About the institutional shock defined by the information revealed from FTAs among third countries,
the table shows that it does not have a direct effect in the year that the country become a member of the
agreement. However, the coefficient associated to yrs inst shock;, shows that agreement increases the

probability that the US firms explore the offshoring potential in that country in the following years.

%The data on FTAs comes from “Mario Larch’s Regional Trade Agreements Database from Egger and Larch (2008)”.
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The Rule of law index of the country has the expected positive and significant effect in all specifica-
tions. Finally, the WTO shock has an unexpected effect that may be explain by the fact that only a small

number of countries have access the WTO during the sample period.

H-perspective. The probability of exploring the offshoring potential from country [ in period ¢ for
sectorj in at least one input, for sectors that have not imported from country [ up to period ¢ — 1 is

defined by:

Pr <0ﬁshr stat;; , = 1|offshr stat cum;, | = 0) = @(ln(l + tariff; ; )71, US shock 12,

In(yrs US shock; ;)y3, inst shocky sy, In(yrs inst shock; ;)7s,
b b (45)

WTO shocki v6, In(yrs WTO shock, )7, Rule of law; ;7s,

other controls, ;, ’Yt)

where offshr stat;; , is a dummy variable that denotes the offshoring status of sector j from country / in
period ¢, while the dummy variable offshr stat cum;; ,_, indicates the respective offshoring status up to

period ¢ — 1. Columns (4)-(6) of Table 5 reports the estimation results for the H-perspective.

Table 5: Conditional probability model

All countries: Conditional probability model

M perspective H perspective
) (€3 3 C) &) (6)
offshr stat,,, ,,  offshr stat,, ,, offshrstat,, , offshrstat;;, offshrstat;,, offshrstat;;,
US shock; 4 0.191*** 0.173*** 0.318*** 0.293***
(0.0240) (0.0240) (0.0157) (0.0157)
In(yrs US shock, ;) 0.134*** 0.120*** 0.133*** 0.109***
(0.0183) (0.0185) (0.0105) (0.0106)
inst shocky 0.0641 0.0978 -0.265** -0.234***
(0.117) (0.117) (0.0723) (0.0721)
In(yrs inst shock, ;) 0.0922* 0.0968** 0.0726* 0.0806*
(0.0484) (0.0481) (0.0425) (0.0422)
WTO shock -0.358"* -0.400** 0.226*** 0.182***
(0.163) (0.162) (0.0615) (0.0617)
In(yrs WTO shock, ;) -0.0261 -0.0364 0.0260 0.0237

(0.0237) (0.0241) (0.0197) (0.0196)
Rule of law; 0.221** 0.243*** 0.199*** 0.211*** 0.251*** 0.192%**
(0.0154) (0.0153) (0.0165) (0.0109) (0.0106) (0.0112)

M sector FE YES YES YES NO NO NO

H sector FE NO NO NO YES YES YES

Year FE YES YES YES YES YES YES

Other controls: distance, mean income per capita, market thickness (mean GDP). Standard errors in parentheses
*p<0.10," p < 0.05, " p < 0.01
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The results regarding the establishment of a FTA with the US remain robusts relative to the M-
perspective model. The FTAs among third countries shows a negative contemporaneous effect. It may
be capturing the trade diversion effects of the FTA among third countries, as identified by the trade
literature. However, the years following the agreements have a positive effect in the probability of the
US firms exploring offshoring potential in those locations. As before, the Rule of law index of the

country has the expected positive effect in all specifications.

8.3.2 Transition analysis

In order the estimate the respective transition rate in the offshoring status, I follow a similar approach to
Larch and Navarro (2021), as well as Bergstrand et al. (2016) and the general literature in transition or
survival analysis (Lancaster, 1990; Jenkins, 2005; Cameron and Trivedi, 2005; Wooldridge, 2010).

Due to the grouped nature of the data and time-varying covariates, the complementary log-logistic
distribution (cloglog) is a standard choice for the modelling of the baseline hazard. Regarding the general
time-trend, I consider two alternative specifications: a logarithmic form defined as v = v¥in(t), and a

non-parametric approach that is defined by the year fixed effects.

M-perspective. [ estimate the transition rate from a non-offshoring status in location [ in input m to
offshoring status in that input from that location in period ¢. Thus, the hazard rate to transition from

non-offshoring status from country [ in input m to offshoring status is given by:

A1 (t) =1 — explexp(xy,, ;.47 + V)] (46)

offshr stat cum,,, ; ,_1=0

where ~; refers to the general time-trend, and

zc;n’l’t'y =0 + 1 In(1 + tariff,,, ; ;) + 12US shocky s + 3 In(yrs US shock, ;) + yainst shocky s
+ 5 In(yrs inst shock; ;) + v6WTO shock ; + 7 In(yrs WTO shock, ;)

+ ysRule of law, , + other controls +

The columns (1)-(4) of table 6 show the estimation results for the M -perspective specified in equation
(46). As expected, when a country signs a FTA with the US, it accelerates the transition to offshoring
status of US firms from that country in those inputs where US firms have not explored their offshoring
potential yet. Furthermore, the positive and significant coefficient associated to the variable related to

the years since the agreement shows that the transition accelerates in the subsequent years. This result
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may introduce additional evidence on the sequential dynamic of exploration of a new location.

Regarding the FTA among third countries, the coefficient shows no significant effect. However,

when I consider the years following the agreement, 1 observe a positive effect of those agreements in

the specification with the non-parametric time-trend. Although it is a weak evidence, it shows that those

FTAs where US is not a member may still impact on the prior beliefs of US firms, and thus accelerate

the exploration of the offshoring potential from those locations.

Finally, the Rule of law of country [ has a positive effect, as expected, in all specifications.

Table 6: Transition analysis: Institutional effects on hazard rate

All countries: Transition analysis. Estimation of hazard rate

M perspective H perspective
(1) @) 3) ) (5) (6) @) (®)
Az At At At A Ajug Aju Ajue
In(t) 0.0411 -0.328%** 0.178%* -0.415%*
(0.0350) (0.0591) (0.0204) (0.0281)
In(1+ tarl_'}f’l’t) -0.194**  -0.196***  -0.186*** -0.188*** -0.00610 -0.000539  0.00335 0.00828
(0.0290)  (0.0297)  (0.0290)  (0.0296) (0.00919) (0.00939) (0.00913) (0.00934)
US shock; 0.422%*  0.450*  0.379*** 0407  0.542"*  0.541"* 0497  0.498"*
(0.0594)  (0.0597) (0.0589) (0.0592) (0.0318)  (0.0319) (0.0316)  (0.0316)
In(yrs US shock, ;) 0.334**  0.316™* 0.250***  (0.233***
(0.0477)  (0.0473) 0.0213)  (0.0220)
inst shocky 4 0.165 0.168 0.234 0.254 -0.417*  -0.287**  -0.357**  -0.233*
(0.282) (0.289) (0.283) (0.290) (0.137) (0.139) (0.138) (0.139)
In(yrs inst shock, ;) 0.0549 0.274** -0.0568 0.267**
(0.0382) (0.116) (0.0353) (0.107)
WTO shock; -0.716* -0.928**  -0.831™  -1.041"*  0.576™*  0.580"**  0.463*** 0477
(0.409) 0.411) (0.409) (0.412) 0.117) (0.118) 0.117) (0.118)
In(yrs WTO shock; ;) -0.119**  -0.120** -0.0400 -0.0346
(0.0571)  (0.0568) (0.0428)  (0.0430)
Rule of law; 0.517*  0.514**  0.455*  0.452***  0.349***  0.353**  0.302"*  0.309***
(0.0370)  (0.0368)  (0.0405) (0.0405) (0.0204)  (0.0205) (0.0211)  (0.0212)
M sector FE YES YES YES YES NO NO NO NO
H sector FE NO NO NO NO YES YES YES YES
Year FE NO YES NO YES NO YES NO YES

Other controls: distance, mean income per capita, market thickness (mean GDP). Standard errors in parentheses
*p <0.10, " p < 0.05, " p < 0.01

H-perspective. I estimate the transition rate from a non-offshoring status from location ! of sector

J to offshoring status of that sector from that location in period ¢. The hazard rate to transition from

57



non-offshoring status from country [ in in sector j to offshoring status is given by:

Ajue(t) =1 — explexp(x}; 4y + V)] (47)

offshr stat cum; ; , =0

where

x% 1 Y =0 + 1 In(1 + tariff; ;) + 72US shocky ;s + 3 In(yrs US shock, ;) + ~ainst shocky s
+ 5 In(yrs inst shock; ;) + v6WTO shock ; + vz In(yrs WTO shock; ;)

+ sRule of law, , + other controls + ~;

Columns (5)-(8) of Table 6 show the estimation results for the H-perspective given by equation (47).
The table shows that the final good sectors in US accelerate the exploration of countries when the country
[ signs a FTA with the US. Thus, conclusions remain robust to this alternative perspective.

Regarding the FTAs among third countries, the table shows now a negative contemporaneous effect.
However, although these FTAs reduces the speed of the transition in the short-run, the coefficient associ-
ated to the time after the FTA shows support to a later acceleration effect of the shock. Finally, as before,

the Rule of law of country [ has a positive effect in all specifications.

9 Conclusions

I introduce in the model a more general space for the organisation choices of the final good producers.
As characterised by Grossman and Hart (1986), integration is the optimal allocation of rights in sectors
with asymmetric relevance of inputs. This extension of the decision space results in a new sectoral clas-
sification which shows integrated firms in both extremes of the component-intensity range of technology.

Regarding the bargaining stage, I introduce a new characterisation of the efficiency losses that the
residual claimant must face when decides to seize the control of the facilities from the manager. I relate
this efficiency loss to the disruption of idiosyncratic routines and potential destruction of tacit knowledge
when the manager is fired.

I introduce a novel measure for the relevance of this managerial knowledge and routines at sectoral
level, and I test for the organisational structure. In particular, I focus in the effect of the tacit knowledge
on the intra-firm import shares, and in the non-linear (U-shaped) relationship between the component-
intensity of the sector and the intra-firm import share, and I find sectoral patterns that support the exten-

sion of the organisational space introduced in the theoretical model.
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I extend the model by introducing uncertainty in the institutional conditions in foreign countries. I
first did it in two-country setup (North-South) and I extended it later to multiple countries.

I characterised the learning mechanism and the trade-off decisions that the final good producers face
when they must decide whether to explore their offshoring potential in a foreign location or wait under
their current sourcing type. The distinctive feature of this model is that it focused the attention in the
dynamic allocation of property rights, instead of the location dimension of the offshoring decisions. In
this sense, this model complements the approach in Larch and Navarro (2021)

As in the latter, I show that the sectoral dynamic results in a sequential offshoring path led by most
productive final good producers®’. Furthermore, the increasing offshoring activity increases the compe-
tition intensity in the final good markets, and leads towards a sequential reorganisation in the ownership
structure of the supply chains: vertical disintegration.

As the competition in the final good markets intensifies, the final good producers under domestic
sourcing progressively disintegrate their supply chains. Pari passu, the foreign integration decisions
show a non-monotonic behaviour over time. The productivity cutoff of foreign integration reduces pro-
gressively over time, as more final good producers explore their offshoring potential, until a moment
where the least productive final good producers among those under FDI decide to sequentially disinte-
grate their supply chains, i.e. they redefine their sourcing strategy from FDI to arm’s length trade.

With the extension to multiple countries, I introduce a second channel for the increase in the compe-
tition intensity in the final good markets. When the final good producers that are already under offshoring
decide to explore new locations with lower marginal costs, they may trigger a sequential relocation of
the supply chains towards the last countries. Therefore, the lower marginal costs in the new sourcing
location push the sectoral price index further down, reinforcing the disintegration trend that comes from
the first channel.

Finally, using sectoral-level data for the US manufacturing sectors, I find empirical sectoral dynamics

that support the main theoretical predictions of the model.

Next steps and further extensions. In terms of the empirical model, in a future version of the paper
I will finish the description of the methodological approach and consider additional specifications as
robustness tests. I also consider the expansion of sample to consider the effects of years following the
institutional shocks that have taken place in years previous to the sample period.

Finally, in terms of the theoretical model, I consider for an upcoming version the extension to partially

"Due to data limitations, I do not test for the sequential offshoring dynamic in the empirical model. Nevertheless, using firm
level data of Colombian manufacturing firms, Larch and Navarro (2021) shows empirical support for this theoretical prediction.
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contractible investments as in Antras and Helpman (2008). In such a case, the uncertainty would be
related to the degree of contractibility of the supplier’s investments when the location of the supplier is
abroad. This extension focuses in the uncertainty about a very specific type of institutions (quality of
the court system for contract enforcement), instead of the general institutional conditions captured by the
model above. A second possible extension for future work consists in a model with multiple intermediate

inputs.
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A Perfect information model
Under perfect information, I eliminate the time index to simplify the notation.

A.1 Consumer’s problem

To obtain the variety ¢ demand function ¢; (), the representative consumer maximize the utility subject

to the following budget constraint:
J
Pogo + Z/ pj(i)g;(i)di < B
=1 Vel

From the FOCs for two different varieties 4, ¢’ in the differentiated sector:

[qj(i)~|aj—1 _ p](l) & i) = [pj(i/)]g%qj(i’)

q; (i) p;(i') p;(9)
Given the Cobb-Douglas utility function, v; E refers to the expenditure in varieties of the differenti-

ated sector j. Plugging the expression above for ¢;(¢) into the budget constraint:

. N 7- . ’YjE Dy (Z/) -
vE= | pil)g()di < qi') =5
! i€l ! ! ! PJ PJ
This expression holds for any variety ¢ in sector 7, thus
(o= E[m@]
q;(1) = P | P
Or equivalently, from the FOCs, I can obtain:

q;(i) = %‘EQjaij(i)_ll

— XE

To conclude, the demand for homogenous good qq is given by: qg = Do

A.2 Nash Bargaining

The revenues are computed by using equations (3) and (5) into (i) = p(i)q(i). Plugging the equation

(3) into the expression for revenues:

r(i) = yEQ “q(i)* ' q(3)

Replacing with the production level of variety with the production technology (5):

sl )]

65




The Nash equilibrium bargaining equilibrium comes from the solution to the following problem:
argmax Q = [zr(i) — wp]?[(1 — 2)7r(7) — wm]* P
4

From solving the FOC, I get:
(1 - /B)wh - 6wm
r(7)

Therefore, the outside options under outsourcing are wy, = wy, = 0, and the equilibrium shares are

z=p0+

defined by z = 3.
Under integration Vp, the outside options are w,, = 0 and w;, = ((5{/}1)“(1*”)7“@). Thus, the final

good producer receives in the bargaining the revenue share:

2= B+ (8,)*"

Finally the outside options under integration Vj; are wy, = 0 and w,,, = (%M)O”’r(z‘). Therefore, the

final good producer receives in the bargaining the revenue share:

A.3 H-intensive sectors: productivity cutoffs

The market entry productivity cutoff, %, is defined by the zero profit condition 75 (8*) = 0. Solving for

the market productivity cutoff:

- N N7 o5=1
0 = (YE) ™5 Q [Z’g{%] (48)

Final good producers doing domestic backward integration realise an additional per-period profit

with respect to domestic outsourcing, which is defined by the following condition:

= 67" (vE)7Q"7 [, (n) — v ()] —w (£, — 15)

Thus, the productivity cutoff for domestic backward integration is defined by the following condition:

prem

VA JON (#) = 0. The respective productivity cutoff is defined by:
H

™

N R o )
Py () — 5 (n)
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The arm’s length trade profit premium for final good producers with productivity 6, ﬁgTse;r‘L/ ~(0), is
H

defined as the difference between the profits that she obtains under arm’s length trade (O and the profits
she would obtain under domestic integration (Vé,V ). Formally,
m (8) = 76(6) — 71, (6)

= 07 B Q7 [uS ) — ui, 0] — W S - i)

The foreign outsourcing productivity cutoff is defined by the final good producer 08’* that is in-

different between domestic vertical backward integration and foreign outsourcing, i.e. 7%7"567;/ ~(0) =
H

w™ (1 — \)s". Thus, the respective productivity cutoff Gg’* is given by:

wN[fg—l-(l—)\)sT—f‘]/\;] =

(50)
Ve () = (n)

05" = (vE)T7 Q

The FDI-V} profit premium obtained by the final good producers opting for this sourcing strategy
with respect to domestic integration is:
S N
R (0) = 75, (6) — 7, (6)

=07 (VB QY [Uv, (n) — ¥, ()] — w™ (£, — £y

The profit premium obtained by the final good producers doing FDI compared the premium they

would realise under arm’s length trade offshoring is defined as:

R s (0) = 7, (8) = 5 (0)

=67 (4B Q7 [0, (n) — S ()] — (£, — £5)

The FDI productivity cutoff (95;) is defined by the indifferent final good producer between arm’s

prem

length trade and FDI, 7, 5 /08

(95;) = 0. Solving for «9‘3/; the respective productivity cutoff is:

wN[flgH_fg])]Ul (51)

0yt = (vE)T7
vie = OF) Q[w§H<n>—¢g<n

A.4 M -intensive sectors: productivity cutoffs

The characterisation of the productivity cutoffs in these sectors is similar to H-intensive sectors, with the

difference that instead of backward integration, in this case the control resides on the supplier M.
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The market entry productivity cutoff, §*, is defined by the zero profit condition 73 (§*) = 0. Solving

for the market productivity cutoff:

1

- N N7 5=1
0* = (vE)T=Q [Z’g{%] (52)

The per-period profit premium of V3, with respect to domestic outsourcing is given by:

=07 (yE) Q' [y, () — w5 ()] — w™ (7, — 15)

prem

Thus, the respective productivity cutoff is defined by TYN jON
M

(#) = 0, and it is given by:

i, — 10 1)] ﬁ 53)

Oy = (YE)T-=
v = 0F) Q[w%m)—wg(n

The arm’s length trade profit premium is defined as the difference between the profits that she obtains
under arm’s length trade (O®) and the profits she would obtain under domestic forward integration (V]\]}[ ).

Formally,

nlre o (6) = 75(0) — 7, (0)

=07 (VE)7Q'7 [ (n) — ¥y, ()] —w™ (£ — f7,)

The foreign outsourcing productivity cutoff is defined by the indifferent final good producer between

domestic vertical forward integration and foreign outsourcing, i.e. ng”;;’;/N (0) = w™V (1 — \)s". Thus,
M

the respective productivity cutoff 08’* is given by:

WS+ (1— N — fY 1177

(54)
P (n) — ¢ (n)

05" = (vE)T=Q

The FDI-V) profit premium with respect to domestic integration is:

rem _ S N

= 07" (vE)7 QT [yw, () — vy, ()] — wN (7, — £,

The profit premium obtained by the final good producers doing forward FDI with respect to arm’s
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length trade offshoring is defined as:

A (0) = 75, (6) — 75 (6)

= " B QT [0, () — v )] — w (£, — 1O)

The FDI-V}; productivity cutoff is defined by the indifferent final good producer between arm’s

prem (95,*

length trade and FDI, 7, 5105 VM) = 0. Solving for 05;';, the respective productivity cutoff is:

1
. wN [ fS _ fS] o—1
05,* — ('YE)EQ Vi o (55)
Vi Ui, () = U5 ()
A.5 Balanced-intensity sectors: productivity cutoffs

The market entry productivity cutoff, 8%, is defined by the zero profit condition: 7 (6*) = 0. Thus,

theexpression for the market productivity cutoff:

. N ¢N71o1
e

The offshoring profit premium for a final good producer with productivity # doing arm’s length
trade is defined as the difference in the profits she obtains under this sourcing type (O°) with respect to
the profits she would earn under domestic outsourcing (O*V). Formally, it is defined by the following
condition:

prem S N
7TOS/0N (9) = ﬂ-O(e) —To (‘9)
= 07" (vE) QT [Y5(n) — w5 ()] — w (f5 — 15)

The arm’s length trade productivity cutoff, 93’*, which is also the offshoring productivity cutoff, is
defined by the final good producer indifferent between domestic and foreign outsourcing, i.e. by the final

good producer with a productivity such that the discounted value of the offshoring premiums 7y /"Z) ~(0)

is just enough to recover the offshoring market research sunk cost. Formally,

R o (057 = w™ (1= N)s'

leading to the following expression for the productivity cutoff:

WIS+ (L= N5 = 3]

(57)
V3 (n) — v (n)

05" = (VE)T7 Q
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A.6 Price index and aggregate consumption index by sector type

Taking equation (10),

h(0) = 070" (B Q7 [(fw) (* ;F’i)l_n] G

(L0 (YE) QY = ab (f]lkv)n <1 - 52>1—n

U)l
[l 0 a—1 —a _ _—1p-1 illc ! 1_512 T
hO1 B =a e |( ) (1

Using equation (3), the price of a variety ¢ produced by a final good producer with productivity 6 under

organisational type k' is:

INT /1l 107t
o= [(4) (58]

Using the expression above, I can derive the prices for each organisational type for any 6. The price

of a variety ¢ offered by a final good producer # who source the intermediate input from an independent
domestic supplier is®:

wl

vo" ) = S — gy

For a final good producer ¢ sourcing from an independent southern supplier, the price of variety ¢ is:

("))

0[B7(1—B)t="]

S,
po (0) = o

In the case of integrated final good producers, the respective prices depending on the location of the

manufacturing facilities are:

’LUN

N,x o
w0 = T = By

for V=Vyg,Vu

S,* o (wN)n(wS)lfn _
pv (9) = od [(ﬁg)n(l—ﬁ‘%)l*"] for V—VH,VM

% Recall that 3y = 83 = 8.
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A.6.1 H-intensive sectors

The following ranking of prices of a variety produced by a final good producer with productivity 6 for

each organisational type is a direct result of the setup of the model. Given that w® < w™:

wS 1-n
g (0) = (wN) Py (0) =pg"(0) < o (9)
wS 1-n N N
o= (5)  mre =5 0) < P 0)
(1 — B)1—n
p$x>!wfﬁL@NyJ¢¥@ =y, (6) < po" ()
Vi Vi
(1 — /)17
Py (0) [(5;)7521 _Bﬁ)é )1n] g (0) =py(0) < pgy ()
" BY Y11 — BY Y= 1St . . .
P 0) = [( LI ] 2] e <o <ale)

The last equation implicitly assumes that the gains from the lower marginal cost in the intermediate input
overcome the losses from the hold-up.

To sum up,
Py () < g (0) < p(0) < py(6)

The price index in the sector is given by:

@ (0) % 9)
Pl—o‘ — H N 9 1_0—H97d9 / N 0 l—aH g d0
P10 g, RO
- H
4 (6) o0 9)
S 1—0’H g / S 1—0'H g
s 700 o@ " g, O T e

with H denoting the number of final good producers active in the market. Starting by a transformation

of the third and fourth terms:

Pl*O’ H \/GgH N(e)lfo' g(e) do + /929) N (9)1*0’ 9(0) do

= b T Py, T

0 1-G(9) oy, 1-G(0)
o _ 0) o _ - 9(0)
S 0 l1—0o g( do S / S 2 l-0c S 0 l1—0o do
+/gg O TG+ X, PO 150l

e 1G5

with xy, = T=Gw referring to the share of final good producers under FDI-Vy.
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Transforming similarly the second and third terms:

" (©) * (0)

Pl—o‘ — N 1-0 9 / N 1-0_ 9
[/9 Po(O)" T g+ . A et
> _ _ 0) > - o1 9(0)
S Sela_Nelo' g( do S/ 5310_5910 do
#3300l 07 0 4 7 o B30 =300 ") =gy

_ S

with x?} = 11_(;65(090)) denoting the share of final good producers under offshoring. In other words, it

denotes the share of H under foreign outsourcing and backward FDI. Therefore, the share of final good
producers under foreign outsourcing is x?} — X\S/H-

Finally, with the first and second terms:

_ > - 0) > - o1 9(0)
PlU:H Nela g( do N/ Nelo'iNola 46
[/H 07 TG [, B0~ B0 s
> - - 9(9) s [Ts oyie S (gy1- 9(6)
+xs/ po(0)' =7 —pv, (6)' 77 0 +xv,, | [PV, (0)' 7 —p5(0)' 7 do
5 [y PO POl RO 50 s
LoN G0y : N {105 vS
with xy. = T=G@) denoting the share of final good producers that are under V' U O° U V7. The

share of H under V[]{V is XgH — Xf)‘ On the other hand, the share of final good producers under domestic
outsourcing is 1 — x7). .

It is easy to see that the RHS of the last expression is increasing in the shares Xé/,, and thus the price
index is decreasing in those shares. In particular, as more firms offshore, i.e. xé 71, the price index
decreases. A similar effect has an increase in X\S/H-

To conclude, the aggregate consumption index is:

_ o * Npi—o 9(0) N [TN 1-o _  N¢pgyl-o 9(0)
Q= l | oo e, /e%[pv},(m P07l Gy
) > S l1-0o N l1—0o 9(0) S > S l1-0o S -0 9(0) 011
8 [ B0 o, 011t /GéH[vaw) PO ey

A.6.2 Balanced intensive sectors

S\ 17
S,k w £ S, % J*
0= (25) W0 = w50 <0
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The price index in the sector is:
Pl—a _ /6g N(Q)l_aH 9(9) do + /OO 5(9)1—01{ 9(9) do
"y PO 1-GO)" " Jos 7O 1-G(0)

700 o S 00

_1—G(98) /ezopg(a)l—crHl 9(9) de

1-G(0) - G(05)
e [ [0 g [0 -0l
s _ 1-G(63)

where H denotes the number of active final good producers in the market, and x5 = WW) indicates
the share of final good producers under foreign outsourcing.

It is easy to see that the second term in the brackets on the RHS is positive. Therefore, a higher share
of final good producers under offshoring, i.e. a lower arms’ length trade productivity cutoff, induces a
reduction in the price index P. A second order effect that reinforces this adjustment is the increase in the
market productivity cutoff due to an decrease in the price index (and thus an increase in the aggregate
consumption index).

The aggregate consumption index is thence:

1

Q=EH7 [ [ mster e s [0~ |

As expected, the aggregate consumption is decreasing in both, the southern wages and the arms’ length

trade productivity cutoff.

A.6.3 M -intensive sectors

S x wS e N x S, % N,
w0 = (1) o) =05 (0) <2 ()
S, * wS = N ,* S, *
i 0) = <wN) o) — 05 (0) <D 6)
ok | 11— 1 ] * ¥
* : (1 — 1= * *
W= 55/3 ),E 0 _/25 = pgv ) i (60) < 5 (6)
o [ B TS o
o (6) = ( Vf‘ézi (i — B)‘fﬁ? LUU)N} Py (6) =957(0) <y (6)
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Summary of prices’ ranking:

P (0) < 3 (0) < py(0) < p(6)

The price index can be derived with a similar procedure as in the case of H -intensive sector, and thus

I obtain:

e Uw O Lgge s [ B0 o0 s

* l1—0o 1—0o 9(9) < 1—0o l—0 9(9)
+ X0 /g(s) [P5(0) —PgM (9) ]ng)de + XxS/M /9€M [ng(é’) - po(0) ]szxS/M)dg]

and the aggregate consumption index is:

_ = * Nipi-o_ 9(0) N N 1-0 _ , N(p\l—oc 9(9)
Q= EH l | e g, /%[va<o> P3Ol Gy

~ - oy (0)
de"‘X\S;M /as [p‘S}M(H)l —pg(ﬁ)l }1_61(9‘5/‘1\4)650]

x5 [ 50 =l 01l

6‘O Vi

The offshoring profit premium of a final good producer with productivity # that chooses arm’s length

trade, relative to domestic outsourcing, is:

(1-n)(c—1) )
) , the expression above becomes:

. r3 (6 w
using 35 = BY = B, and Tg(w)) = (w—{i

w™N

(1—n)(o—1)
T o (0) = 5 (0) [( ) - 1] L—alBy+@-B)1-n -V [f5-73] 8

wS
The profit premium obtained by a producer § under FDI-V with V' = Vg, V), with respect to a

domestically integrated firm is:

Ty ) 65 1*55

SNT /1 -85\ /N7
-l () ()" ()]

x [L=alBon+ 1 =801 =n)]] - [1—aByn+ 1 =p0)A =] | —w" [f7 — ]

(59)

s SN\ /1_8S\ 11 1ot
using o0 _ [(%) (1 ﬁv) (%;’) ] , the premium is thus given by:

-1
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Finally, the profit premium of a producer 6 doing arm’s length trade relative to domestic integration

s 1- 1-p1o-t
using :8((2) = [(5)77 ( 1-8 ) ! <ﬂ> 77] , the premium is thus given by:

sy ) iy wS

ool () (54) ()]

x[L=alBn+ (1= B)(1L=n)] = [L—alfFn+ 1 -7)1=n)] | —w™ [[5 -]

o—1

(60)

B Empirics

In section B.1, I describe the methodology for the static models, and present additional estimation results
and robustness checks regarding the theoretical predictions of the static model. In particular, the focus

relies in the determinants of the organisational choices among offshoring firms.

B.1 Empirical model: determinants of the organisational choices

METHODOLOGY DESCRIPTION: TBC

The section is organised as follows. Section B.1.1 shows the eigenvalues for the factor analysis and
principal component analysis. Section B.1.2 shows complementary illustrations to sections 3.3.2 and
3.3.3 about the relationship of the intra-firm import share and the determinants of the organisational
choices identified in the literature. Section B.1.3 shows the regression results for all the determinants of

the organisational choices as identified in the literature, and reports additional robustness checks.

B.1.1 Eigenvalues for Factor Analysis and Principal Component Analysis

Figure 14 shows the values of the eigenvalues for each of the approaches. I use the first component of
each method as a direct measure of 1. From the graphs below, it is straightforward to see that the first
component of the factor analysis is a better summary of the H -intensity. Nevertheless, I report the result

for both measures.

B.1.2 Complementary graphs for H-intensity measures

In the figures 15 to 18, I report the results from three complementary perspectives. H-sector perspective

aggregates data at the H-sector level, while the M -sector perspective does the same at the M -sector
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Figure 14: Eigenvalues: Factor analysis and principal component analysis

level. Finally, the no aggregation exploits both dimensions together.
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(a) K intensity: H sector perspective (left) - M sector perspective (center) - No aggregation (right).
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(b) K intensity (mean): H sector perspective (left) - M sector perspective (center) - No aggregation (right).

Figure 15: Intra-firm share and capital intensity
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(a) Mach int: H sector perspective (left) - M sector perspective (center) - No aggregation (right).
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(b) Mach int (mean): H sector perspective (left) - M sector perspective (center) - No aggregation (right).

Figure 16: Intra-firm share and machinery intensity
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(a) R&D intensity: H sector perspective (left) - M sector perspective (center) - No aggregation (right).
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(b) R&D int (mean): H sector perspective (left) - M sector perspective (center) - No aggregation (right).

Figure 17: Intra-firm share and R&D intensity
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(a) Adv intensity: H sector perspective (left) - M sector perspective (center) - No aggregation (right).
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(b) Adv int (mean): H sector perspective (left) - M sector perspective (center) - No aggregation (right).

Figure 18: Intra-firm share and advertising intensity

B.1.3 Robustness checks: Estimation results
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Table 7: Organisational choices in offshoring decisions

All countries: Fractional logit

H perspective M perspective No aggregation
(e)) 2 3) ) (5) 6) (@) (®) ©) (10) (a1 12)
IFshrj  IFshrj, IFshrj IFshrj IFshrp s IFshrpgs  IFshry, . IFshry 4 IFshry oo IFshrp i IFshry, jie  IFshry g
Kint;, 0.189 -3.021% -2.013***
(0.305) (0.488) (0.301)
Kintff -1.402 14.85%* 5.083***
(0.973) (4.247) (1.174)
MACHint;; 0.203 -3.343% <2141
(0.321) (0.511) (0.322)
MACHins3 , -1.648 17.607* 5.904%
(1.114) (5.103) (1.366)
RDint; 1474 1.466™* 3.520%* 3.943*+* 3.405** 3752+
(0.440) (0.435) (0.390) (0.390) (0.393) (0.389)
Rﬁim? -4.445 -4.367 -8.239%  -12.46"* -8.383"* -11.90**
(3.626) (3.593) (3.282) (3.280) (3.305) (3.266)
ADVint;; -8.188**  -8.151*** -18.17  -18.33*** -18.90*** -19.03***
(1.788) (1.762) (2.065) (2.066) (1.860) (1.857)
ADVint‘]va 183.1%  182.1*** 532.8%** 545.3%* 489.8%** 498.3%**
(55.96) (55.36) (89.03) (88.84) (76.33) (76.09)
PCA;, 0.000360 -0.0255*** -0.0189***
(0.00408) (0.00407) (0.00355)
PCA?J -0.0000889 0.00346*** 0.00105***
(0.000213) (0.000869) (0.000234)
FAj, -0.00305 -0.0356*** -0.0288***
(0.00570) (0.00572) (0.00498)
FAJZ.vt 0.0000842 0.00634*** 0.00222***
(0.000418) (0.00177) (0.000464)
HOJT;, -0.00370  -0.00369  -0.0113** -0.0115** -0.00510  -0.00616  -0.0201***  -0.0208**  -0.00520 -0.00559  -0.00895**  -0.00974**
(0.00441)  (0.00443)  (0.00540) (0.00548)  (0.00498)  (0.00500)  (0.00497)  (0.00500)  (0.00417) (0.00419)  (0.00413)  (0.00414)
M OJT, 0.0389***  0.0389***  0.0427*** 0.0425%** 0.0111** 0.0113** -0.00420 -0.00408 0.0187*** 0.0191*** 0.00680 0.00657
(0.00735) (0.00739)  (0.00883) (0.00891)  (0.00527)  (0.00534)  (0.00522)  (0.00523)  (0.00519) (0.00524)  (0.00496)  (0.00495)
In(1 + rariff) ¢ -0.00169  -0.00170  -0.00686™** -0.00684***  -0.555***  -0.531***  -1.835***  -1.828*** -0.445** -0.402** -1.593%  -1.597**
(0.00174)  (0.00174)  (0.00170) (0.00172) (0.189) (0.190) (0.228) (0.229) (0.194) (0.195) (0.220) (0.220)
In(M shrin H)p, . 0.0103*** 0.0103***  0.0141*** 0.0140**  -0.0136"** -0.0145"**  -0.00187 -0.00111  -0.00768***  -0.00863***  0.00376 0.00455
(0.00400)  (0.00401)  (0.00471) (0.00471)  (0.00246)  (0.00244)  (0.00282)  (0.00282)  (0.00251) (0.00250)  (0.00277)  (0.00277)
H diff;, -0.0216 -0.0221 0.0233* 0.0252* 0.0274* 0.0305* 0.187*** 0.184*** 0.0398*** 0.0400*** 0.182%** 0.181***
(0.0144)  (0.0146) (0.0131) (0.0130) (0.0155) (0.0157) (0.0158) (0.0158) (0.0150) (0.0151) (0.0152) (0.0152)
M diff,, 0.0671"*  0.0675** 0.0682** 0.0695** 0.0920***  0.0924*  0.0781"**  0.0801"**  0.0759*** 0.0761°*  0.0501***  0.0521***
(0.0301)  (0.0304) (0.0330) (0.0331) (0.0145) (0.0146) (0.0153) (0.0153) (0.0143) (0.0143) (0.0149) (0.0148)

Country and year fixed effects included.

*p <0.10," p < 0.05,*** p < 0.01

Average marginal effects. Standard errors in parentheses
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Table 8: Organisational choices in offshoring decisions: with additional controls
All countries: Fractional logit
H perspective M perspective No aggregation
M @ 3 “ ® 0) ) ® © (10 an (12
IFshryy  IFshryye  IFshryie  IFshry,  IFshtyge  IFshrmge  Fshrmge  IFshtoge  Fshrmsie IFshrmgie IFshtois  IFshrmgi
Kintj+ 0.121 -3 717 -2.218%**
(0.301) (0.503) (0.303)
Ki”’f,: -1.054 18.62** 5.846"*
(0.962) (4.296) (1.182)
MACHint; 0.0793 -4.130%** -2.443%
0.319) (0.533) (0.326)
MACHintfyt -1.067 2321 7.082***
(1.112) (5.187) (1.378)
RDint; 1.326%** 1.317%* 2.910%* 3.376** 3.035%* 3.404***
(0.445)  (0.439) (0.406) (0.402) (0.400) (0.394)
RDint? -3.755 -3.680 -5.613% -10.38** -7.004** -10.82%
(3.663) (3.629) (3.329) (3.303) (3.319) (3.269)
ADVint; -7.1107* -7.067* -17.17% -17.28% -17.97%** -18.08
(1.805)  (1.788) (2.048) (2.049) (1.847) (1.844)
ADVint']zv)t 153.6"** 152.4** 492.6%* 5047 458.7%** 467.0%**
(55.91) (55.48) (88.37) (88.12) (75.89) (75.59)
PCA;y -0.000812 -0.0411*** -0.0263***
(0.00381) (0.00404) (0.00351)
PCAiz 0.00000861 0.00531*** 0.00146***
(0.000200) (0.000840) (0.000231)
FAjy -0.00452 -0.0620*** -0.0402***
(0.00535) (0.00573) (0.00493)
FA;‘)‘t 0.000266 0.0110*** 0.00311***
(0.000395) (0.00169) (0.000458)
HOJTj, -0.00116  -0.00122 -0.00614 -0.00625 0.000771 -0.000496 0.00466 0.00300 0.00106 0.000712  0.00916**  0.00819*
(0.00461) (0.00462)  (0.00518)  (0.00525)  (0.00480)  (0.00484)  (0.00501)  (0.00503)  (0.00420)  (0.00422)  (0.00437)  (0.00436)
M OJT,n 0.0378***  0.0377**  0.0396*** 0.0392*** 0.0101* 0.0104* -0.00267 -0.00233  0.0172**  0.0177*** 0.00561 0.00525
(0.00720)  (0.00725)  (0.00813) (0.00819) (0.00526)  (0.00533)  (0.00533)  (0.00532)  (0.00517)  (0.00521)  (0.00505)  (0.00503)
In(1 + rariff)m,e -0.00142  -0.00143  -0.00565*** -0.00561*"**  -0.770*** -0.754*** -1.991%** -1.989*** -0.595*** -0.557* -1.705*** -1
(0.00173)  (0.00173)  (0.00168)  (0.00169) 0.192) (0.193) 0.215) 0.214) (0.196) 0.197) 0.215) 0.215)
In(M shrin H)p, . 0.0106*  0.0106***  0.0138*** 0.0137***  -0.00935*** -0.0101***  0.00504*  0.00687**  -0.00559** -0.00647**  0.00589**  0.00698**
(0.00397)  (0.00398)  (0.00448) (0.00447) (0.00254)  (0.00251)  (0.00277)  (0.00279)  (0.00253)  (0.00252)  (0.00270)  (0.00271)
H diff; -0.0138 -0.0135 0.0308"* 0.0323*** 0.0718** 0.0785%* 0.259** 0.259** 0.0716"*  0.0737** 0.232%* 0.232%*
(0.0144)  (0.0145) (0.0122) (0.0121) (0.0167) (0.0170) (0.0160) (0.0159) (0.0155) (0.0156) (0.0152) (0.0151)
M diff,,,. 0.0628**  0.0630** 0.0628** 0.0646** 0.0684**  0.0677*** 0.0158 0.0182 0.0589***  0.0584*** 0.0114 0.0138
(0.0300)  (0.0303)  (0.0313) (0.0314) 0.0144)  (0.0145)  (0.0150)  (0.0149)  (0.0141)  (0.0142)  (0.0146)  (0.0145)
In(SKILLint);, 0.0254*** 0.0255"**  0.0474*** 0.0478*** 0.0609***  0.0638***  0.163*** 0.167**  0.0476"**  0.0495*** 0.118** 0.120%*
(0.00933)  (0.00938)  (0.00945) (0.00950) (0.00851)  (0.00861)  (0.00818)  (0.00824)  (0.00756)  (0.00758)  (0.00743)  (0.00745)

Country and year fixed effects included.

*p<0.10," p < 0.05,*** p < 0.01

Average marginal effects. Standard errors in parentheses

B.2 Empirical dynamic model

B.2.1 Competition and relocation effects

TBC

B.2.2 Institutional shocks and the determinants of exploration decisions
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Table 9: Organisational choices in offshoring decisions: with additional controls - mean values

All countries: Fractional logit - Explanatory variables in mean values

H perspective M perspective No aggregation
1 (2 (3) ()] (5) (6) (@) (®) (©)] (10) an 12)
IFshr ¢ IFshr; ¢ IFshr ¢ IFshrj ¢ IFshrygs  IFshrygae  IFshryg  IFshrggs  IFshrp e IFshrgie  IFshrp i IFshrp s
Kint; 2.295* -3.492** -2.684***
(1.237) (1.508) (0.932)
Kintf -30.71** 8.552 6.869
(12.74) (21.39) (11.12)
MACHint, 2.778** -4.908*** -3.101*
(1.400) (1.579) (1.065)
MACHinl? -46.88*** 28.23 11.03
(17.90) (26.36) (15.32)
RDint; 0.809 1.013** 1.871%** 2.285%** 1.753** 2.096"**
(0.494) (0.492) (0.448) (0.427) (0.427) (0.420)
RDim‘? 0.495 -1.029 0.721 -3.731 1.316 -2.301
(3.874) (3.841) (3.593) (3.415) (3.466) (3.402)
ADVint; -12.48** -12.83** -48.55%*  -51.04*** -49.04**  -50.89***
(5.854) (5.809) (5.279) (5.316) (4.374) (4.376)
ADVinrf -78.24 -17.47 3068.1"**  3381.8*** 2917.1%*  3144.0%**
(812.0) (819.1) (594.9) (597.2) (488.5) (487.6)
PCA; -0.00512 -0.0418*** -0.0280***
(0.00524) (0.00404) (0.00356)
PCA? 0.00109 0.0136™** 0.00858***
(0.00130) (0.00272) (0.00134)
FA; -0.0122* -0.0729** -0.0513***
(0.00723) (0.00590) (0.00527)
FA_’f 0.00114 0.0185*** 0.0174***
(0.00292) (0.00663) (0.00294)

H OJT; -0.0391"*  -0.0412***  -0.0303***  -0.0349**  -0.0863*** -0.0942***  -0.0264"*  -0.0500*** -0.0996***  -0.106***  -0.0367***  -0.0478"**
(0.0108) (0.0109)  (0.00987)  (0.0102) (0.0130) (0.0135) (0.0117) (0.0126) (0.0122) (0.0124) (0.0111) (0.0113)

M OJT; 0.0626***  0.0639***  0.0562***  0.0578***  0.0674***  0.0703*** 0.0207 0.0343**  0.0842***  0.0883***  0.0494***  0.0501***
(0.00832)  (0.00835)  (0.0104) (0.0101) (0.0143) (0.0143) (0.0155) (0.0153) (0.0139) (0.0139) (0.0149) (0.0147)

Other controls: tariffs, technological relevance of input m in sector H, H differentiation, M differentiation, skill intensity.
Country and year fixed effects included. Average marginal effects. Standard errors in parentheses
*p <010, p < 0.05,*** p < 0.01
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Table 10: Conditional Probit: Institutional effects on probability of exploration

All countries: Conditional probability model

M perspective H perspective
) (€3 (€) “ &) (6)
offshr stat, ;,  offshrstat,, ;, offshrstat,, ;, offshrstat;;, offshrstat;;, offshrstat;;,
US shocky 0.191*** 0.173*** 0.318*** 0.293***
(0.0240) (0.0240) (0.0157) (0.0157)
In(yrs US shock, ;) 0.134** 0.120*** 0.133*** 0.109***
(0.0183) (0.0185) (0.0105) (0.0106)
inst shocky 4 0.0641 0.0978 -0.265*** -0.234***
(0.117) (0.117) (0.0723) (0.0721)
In(yrs inst shocku) 0.0922* 0.0968** 0.0726* 0.0806*
(0.0484) (0.0481) (0.0425) (0.0422)
WTO shocky -0.358** -0.400** 0.226*** 0.182***
(0.163) (0.162) (0.0615) (0.0617)
In(yrs WTO shock, ;) -0.0261 -0.0364 0.0260 0.0237
(0.0237) (0.0241) (0.0197) (0.0196)
Rule of law, , 0.221*** 0.243*** 0.199*** 0211 0.251*** 0.192***
(0.0154) (0.0153) (0.0165) (0.0109) (0.0106) (0.0112)
In(1 + tariff,, ; ;) -0.0728*** -0.0696*** -0.0694*** 0.000393 0.00453 0.00612
(0.0144) (0.0143) (0.0143) (0.00518) (0.00504) (0.00519)
In(dist), -0.137*** -0.142%** -0.122%** -0.339*** -0.322%** -0.323%**
(0.0247) (0.0237) (0.0249) (0.0139) (0.0138) (0.0140)
In(mean income pc), -0.109*** -0.131*** -0.120*** -0.0555*** -0.0764*** -0.0656***
(0.0110) (0.0112) (0.0115) (0.00722) (0.00764) (0.00775)
In(mrkt thick;) 0.259*** 0.265*** 0.256*** 0.338*** 0.356*** 0.339***
(0.00598) (0.00575) (0.00604) (0.00517) (0.00511) (0.00522)
M sector FE YES YES YES NO NO NO
H sector FE NO NO NO YES YES YES
Year FE YES YES YES YES YES YES

Standard errors in parentheses

*p <0.10," p < 0.05, " p < 0.01
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Table 11:

Transition analysis: Institutional effects on hazard rate

All countries: Transition analysis. Estimation of hazard rate

M perspective H perspective
ey ) (3) (C)} (5) Q) @) ®)
Apit At At At Ajig Ajig Ajug Ajuig
In(t) 0.0411 -0.328** -0.178*** -0.415%*
(0.0350) (0.0591) (0.0204) (0.0281)
In(1 + tariﬁ”mJ_’t) -0.194*  -0.196** -0.186*** -0.188***  -0.00610  -0.000539 0.00335 0.00828
(0.0290)  (0.0297)  (0.0290)  (0.0296)  (0.00919)  (0.00939)  (0.00913)  (0.00934)
US shock, 4 0422 0.450"*  0.379"*  0.407*** 0.542%** 0.541% 0.497*** 0.498***
(0.0594)  (0.0597) (0.0589) (0.0592) (0.0318) (0.0319) (0.0316) (0.0316)
In(yrs US shock; ;) 0.334**  0.316*** 0.250*** 0.233%**
(0.0477)  (0.0473) 0.0213)  (0.0220)
inst shocky 0.165 0.168 0.234 0.254 -0.417%* -0.287** -0.357%* -0.233*
(0.282) (0.289) (0.283) (0.290) (0.137) (0.139) (0.138) (0.139)
In(yrs inst shock; ;) 0.0549 0.274** -0.0568 0.267**
(0.0382) (0.116) (0.0353) (0.107)
WTO shock, -0.716* -0.928**  -0.831**  -1.041** 0.576*** 0.580*** 0.463*** 0.477**
0.409)  (0.411)  (0.409)  (0.412)  (0.117) (0.118) 0.117) (0.118)
In(yrs WTO shock, ,) 0.119%  -0.120** 0.0400  -0.0346
(0.0571)  (0.0568) 0.0428)  (0.0430)
Rule of law; 0.517**  0.514**  0.455"*  0.452** 0.349*** 0.353%** 0.302%** 0.309***
(0.0370)  (0.0368)  (0.0405) (0.0405)  (0.0204) (0.0205) (0.0211) (0.0212)
In(dist); -0.248**  -0.248**  -0.208**  -0.209***  -0.610"**  -0.614***  -0.567***  -0.574***
0.0621)  (0.0623) (0.0631)  (0.0632)  (0.0284)  (0.0283)  (0.0288)  (0.0288)
In(mean income pc);  -0237***  -0.238**  -0.262™** -0.262*** -0.0760** -0.0774"* -0.0975*** -0.0996™**
(0.0261)  (0.0261) (0.0269) (0.0270)  (0.0139) (0.0138) (0.0146) (0.0146)
In(mrke thick), 0.602***  0.602***  0.591"**  0.592***  0.605*** 0.608*** 0.605*** 0.607***
(0.0134)  (0.0134) (0.0135) (0.0136)  (0.00866)  (0.00870)  (0.00868)  (0.00872)
M sector FE YES YES YES YES NO NO NO NO
H sector FE NO NO NO NO YES YES YES YES
Year FE NO YES NO YES NO YES NO YES

Standard errors in parentheses
*p<0.10, " p < 0.05, " p < 0.01

C Initial conditions by sector type: Non-tradable intermediate inputs

When none of the offshoring types are available for the final good producers, the respective shares Xg =

X5 = x5 = 0. Let’s denote the steady state values for the economy under such a situation with
Vi VM

superscript n.t.i..

Balanced intensity sectors.

(Pn.t.i.)lfa :Hntz /

The price index is given by:

o0

en.t.L
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and the aggregate consumption index is:

1
. . oo o 9) o—1
nta. _ E Hn.t.z. 7{711 |:/ N 0 1-0o g( _d6
e e

Comparing this n.t.1. steady state conditions with the respective perfect information steady state with

tradable intermediate inputs denoted by =, it is easy to see that:

Qn.t.i. <Q* : Pntz >P* : Qn't’i<Q*

H-intensive sectors. The price index is:

n.t.i\N1—o __ ryn.t.1i. > —0 g(e)
(Prtiyi=o — [ /0 o) e

n.t.i. o —o i g 4
_ Vir

and the aggregate consumption index is:

. .o o0 _ 0)
nt.i. _ E Hn.t.z. p— / N 0 1—0o g( _do
Q Y ( ) [ gt pO( ) 1— G(Qntz)

Nt [ N (nl-o _  Nipl-o 9(0) o
+ Xy, / _ 0 —po (0 ———df
Vi egl;n.t.z. [pVH( ) O( ) ] 1— G(egb,{ntl)

where

Qn.t.i. <Q* : Hy}}ntz <95}}* : Pntz > p* ; Qn.t.i<Q*
M -intensive sectors. The price index is:

(Pn.t.i.)lfo' :Hntz [/oo pN(e)lfo' 9(9) do

gt O 1— G(om+)
Noti. [ N 1-0 N(pg\1—o 9(9)
+ X v (0 —po (6 —————df
XV]\/[ /Gg;tl [ V]\/j( ) O ( ) } 1— G(H‘]/\{]C;lt,L)

The aggregate consumption index is:

n.ta. __ n.t.a. ﬁ > N l1—0o 9(0)

N,n.t.i. > —o —c 9(0) o
T Xvy, t /GN,n.t.i, [ng )7 - pg(a)l ] HN,n.t.i.) d9]
M

Ve
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and

Qn.t.i.<Q* : H%Intz<9g];< : Pn.t.i.>P* ; Qn.t.i<Q*

D Uncertainty - Dynamic model: Sectoral equilibrium path

D.1 Proofs: Bayesian learning mechanism

The characterisation of the learning mechanism is closely related to Larch and Navarro (2021); Rob
(1991); Segura-Cayuela and Vilarrubia (2008).

From the ”physical” state, final good producers in North receive information about 9;3lt for k =
O, Vg, Vi, i.e. the least productive producers sourcing under type k. With this information, they com-
pute the respective f,f:t.

Using Bayes’ rule, the posterior at period ¢ for type k is given by:

Y (OIS < )Y ()

VURUE <60 = =25 g5 178 < Fe )

where Y'( f,f | fks < f,ft_l) refers to the prior distribution at period ¢, Y( fkst] f,f )denotes the likelihood
functions, and the denominator is the scaling factor.

As it is shown in Larch and Navarro (2021), the likelihood function takes the form:

Lot fe, > ff

Y(fElff) =

0 iff,it<f,§

Therefore, the posterior in ¢ for type k£ becomes a truncation of the upper bound of the prior given
by:

YIS < fEe)
YRR < fo) = Y(fgtU% < J’{j;’gtti)

From equation (17), the producers hold the prior beliefs in type k as long as any producer offshore

under that type. In other words, they are not able to update their priors if no new information is revealed
by some of their competitors. Once at least one producer offshores under k& new information reveals to the
other still under domestic sourcing and the update of the prior beliefs follows the mechanism described

above. The updating of type k stops once the true value f,f is revealed.
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D.2 Proof: OSLA rule as optimal policy

I follow the same procedure as Larch and Navarro (2021). Therefore, I will describe only the main steps
of the proofs, and the aspects where they differ significantly from each other.

Consider the Bellman’s equation (18). The goal of this section is to find the optimal waiting policy,
i.e. how many periods is optimal to wait given the information set at ¢.

By policy iteration, I show that, in expectation at ¢, waiting for one period and exploring in the next
one, i.e. the One-Step-Look-Ahead (OSLA) rule, dominates waiting for longer periods.

Let’s define Vklf’t’l(H; Dy ey szf’t’n(ﬁ; .) as the value of waiting in ¢ for 1,...,n periods, respectively.
Let’s define &’V as the current organisational form of the producer taking the decision, i.e. k' =
oN. v Vil

The value of waiting is:

YUE) =Y ()]
V(75

Y (f) =
AR fmaxd 0 30 N (0) ]S < S | - s
T=t+1

Y(fi)

Vi (030, 0041) =0 +

@ s s s
AE; |max O;ﬁ—w S ‘fk,t+1 <f ka,t

Y UE) =Y ()]

prem
w,n n ﬂ—]qS k;/N(e) r
Vi (00, 04) =0 + YOS A'E, maX{O;l/_)\ —wls ’f,jt+n < IS < e
k.t
Y(f8 ) N\ r—ton_prem
+%A" E; |max < 0; Z AT n”ZS}k’N,T(G) 'f,fgf,ﬁwn —whg"
k.t T=t+n

If the waiting period goes to infinity:

lim V];f){n(e, et, (9t+n) =0

n—oo

As in Larch and Navarro (2021), I concentrate the analysis in the case where there is a trade-off in
the decision. In other words, in the case of producers with a non-negative value of offshoring under

type k in period t*

. Therefore, the value of waiting for these producers for any period n = 1, ..., 00 is
non-negative, i.e. Vklft’”(ﬁ; ) >0Vn > 1.

As in Segura-Cayuela and Vilarrubia (2008); Larch and Navarro (2021), consider the marginal pro-
ducer for type k who compares the value of exploring the offshoring potential under k£ with the value of

waiting for one period and explore in the next one, i.e. Dy(0;.) = V2,(0;.) — kat’l(e; .) = 0. The

intuition of the proof is as follows and makes use of assumption A.3.

%When the value of offshoring is negative, the producer does not face any trade-off in the decision.
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The value of waiting for n periods before exploring the offshoring potential under type £ falls at a
rate A" for producers that weakly prefer exploring now than waiting for one period. Since A < 1, waiting
for any number of periods n > 1 is dominated by waiting for one period. In other words, if in expectation
at ¢ waiting for one period does not convince a producer to wait, waiting for two or more periods is less
preferred, as the new information revealed every further period is less. Therefore, the equilibrium path
is defined by the final good producers deciding between exploring offshoring in & in ¢ or waiting for one
period.

Let’s continue with the formal proof. I start by comparing the value of waiting for one period with
the value of waiting for two periods, i.e. V,:,;l (0;.); Vkﬁ’z (0;.). As mentioned above, I focus the analysis
in the marginal producer, i.e. the indifferent one between explore offshoring under k today or wait for

one period.”?,

D (001, 0141) = Vi2,(050,) — Vi (0; 04, 0141) = 0

Y(f8)
_ . prem S < S . N.r S e 24
maX{O,Et |:7TkS/k/N7t(6)‘fk = fk,t:|} ws [1 A Y(fks:t)
Y(£S) = Y(fS s o (0)
[ (fk,t) S(fk:,t—i-l)])\Et max < 0; TkS /RN
Y(fk’t) 1-=A
prem
Wks K/N(e) r
—maX{O;l/_)\_sz ‘flit—l—l <fl§§fl;5:t =0

Equivalently, the expression of the trade-off function for waiting for two periods is given by:

Dy s(6; 61, 0112) = Vko,tw; Or) — Vkﬁ’Q(es 01, 0112)

rem rem r Y(fs )
= max {O;Et [Wﬁs/k,N,t(G) + )‘Wis/k'N,tH(g)‘fl? < flft]} —wVs [1 _\2 M kt427

Y (fiy)
Y (fie) = Y ([ o))

ﬂ_prem/ (9)
S NE,; | max < 0; %
Y (£, 1=A
prem
7TkS k/N (0) r
—maX{O;l/_)\_sz ‘fks,t+2 <fi§9 Sfl?:t

I consider the case in which the third term of the RHS is zero for both trade-off functions’!. There-

T show the derivation of the trade-off function in the main part of the paper, and the respective proofs are in Appendix D.3.

"IThis assumption allows me to focus in the most restrictive condition. It can be easily shown that if value of waiting for one
period is optimal in this case, it is also optimal in the other cases.
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fore, the trade-off functions become:

N rem r Y(flft 1>
Dyt(0; 01, 0141) = Eq {WzS/k/N’t(G)‘flf < fks,t} —w™'s [1 - )\T’E{)

n Tem Tem r Y(fS )
Dki(e; 91‘/’ 0t+2) = ]Et |:7T£S/k/N’t(0) + szs/k’N,t—Jrl(a)‘flf < fks,t} - wNS [1 - )\2%
k,t

If the value of waiting for one period dominates the value of waiting for two periods, thence:

!

! !
VO(0;) = Vi 6 — [V8:) - VPR <0 VERE) -1 0:) <0

By replacing with the respective trade-off functions in this last expression, I have:

Y(fi) Y

Y (7)) Y (/i)

!
Ee (7l o O|1 < £51] > ws'

—_

From the marginal producer condition above, I know:

TEM " Y(f‘S: )
s ol <] e 1o

By Assumption A.3,

1-AY (flf,tﬂ‘fks < flft) >Y (f129,154r1|f1129 < flft) - \Y (flf,t+2’fl§ < flft)
and thus,

Y(flit+l) Y(flf’t+2) w,2 1. w,1p.
vy sy | T )= <0

S S N
By [ns i a0 < J] > ws'

From the result above, it is easy to see that V,;"(6;.) > V7" (6;.) for any period n. Therefore,
1 20p. M (0.
Vit (05 > Vi57(0;.) > . > V(65 )

In other words, for those producers in a trade-off condition, in expectation at ¢, waiting for one period

domintates waiting for longer periods.”?.

"Following similar steps as Larch and Navarro (2021), it is possible to there is no degeneration in producers’ choices when
Vi°(0;.) < 0. In other words, there is no reversion of the trade-off function sign under this situation, so producers will never
find optimal to explore offshoring under & in ¢ when V;?,(6;.) < 0.
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D.3 Trade-off function
D1 (0; 604, 0111) = Vie(0; 61, Ori1) — Vklf)t’l(H; 0r,01+1)

Decomposing the value of offshoring,

Viey(0;.) =max {0, Ey [#70 (0| £ < 5] } —w"s'
L YUE) —YUEin)

prem (9)
AR 0: ks i ) <
Y ¢ | max 1 fkt+1<fk fkt
k,t
Y (fie) =
’ T:t+1
S\ S S
(i) };(f’“’t“)] denotes the probability that f; is revealed in period ¢, while Y(f’“’g“) indicates the
Y(fi ) Y(f7)

probability it is not revealed but the uncertainty reduces given the new information flow.

Introducing £ (6),

Viu(#;.) =max {05, [mPi ()| £ < £E] | — 0™
Y () = Y (£ 0))

A0
Y(fey)
Y(f3(0)) — Y (5 s o (6)
+ Y ( l)f)(f,f )( k’tﬂ)])\Et [ kl/k ‘fkt+1 < fP < R0 )]
it
Y(f? >
+ ;{]}g;))ﬂt [maX{O; Z AT lﬂige;:w )} ‘f}f < fl§t+1]
s T=t+1

The probability of f,f being revealed above the maximum affordable fixed cost for the producer 6 is

Y (5 )Y (£5(0))] Y (5 (0)=Y (£ 1))
Y5 YOS '

, and the probability of being revealed below is

= Vk‘ft(ﬁ; .) =max {O;Et [ﬂzge/ZL,N’t(Q)‘f’f < flft} } WM

Y (£E0) = Y (F)] o [meen (©)
! : Y(flf,t) - AL kl/ki‘fk t+1 < fk; < fk;( )
(fkt—i—l Ykt g Z N7t 1 ZS@NT(Q)‘kaSf;itH]
Vg | 2 |
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Decomposition in an equivalent way the value of waiting one period,

Y (i) =Y (i) s o (0)
qu?lw; ) =0+ [ Y(kat) } AE; [max {0 1/_7/\ — wNSr} ’flit‘f’l < f;f < flf,t

Y (fEi4) r—t—1_prem .

T=t+1

NLCAURCIR
' ' Y(f]it)

qbrem 9)
s /i ( ,
max {O Teopen 7 _ w's } ’flitﬂ < fiP < flf(H)]

E
B 11—

(f T— rem r
D)y g, | S wtmtazmon (@)1 < 58| - 0s

(fkt T=t+1

Replacing the value of offshoring and the value of waiting for one period in the trade off function

gives the following equivalent expression,

Y(fS,
Dia(0:) = mae {O5E [l (O 17 < 2]} - s [ ) Aiﬁj(cf))]
Y 0) = Y (f5 0] [Ah i ()
A
Y (f3) M
kge/rlg’N(a) N_r s s s
—max 0, <L N 78 < £ < A5 0)

By Proposition 1, the probability of f; being revealed below f; (f) while producer 6 is waiting
is zero. If it would not be zero, this means that a final good producer with a lower productivity (i.e.
ét+]_ < 0) has tried offshoring before the producer 8, which is not possible due to Proposition 1.

Therefore, the trade off function becomes:

N " o YU
e N Y| B e

D.4 Balanced-intensity sectors: The trade-off function and equilibrium paths.

As mentioned above, outsourcing dominates integration for both domestic sourcing and offshoring firms.
Thence, when the final good producers must decide whether to explore the offshoring potential or wait,
they compare the profit they earn under domestic outsourcing with the expected profits under arm’s

length trade.
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The trade-off function, which drives the offshoring exploration decision, is given by:

. Y (f8,11)
.05 95 = . S S N O,t+1
Dot (0:05.6. ) = max {O,Et [wg’";y”doN’t(a)‘ 5 < fovt]} — s [1 - )\W 61)
As mentioned, when Do +(; 07, éfH) > 0, the final good producer with productivity 6 explore their
offshoring potential in period ¢.

The least productive final good producer exploring the offshoring potential in period ¢, i.e. §f+1 =

0~g¢ 4 1» is defined by Proposition 6.

Proposition 6 (Per-period offshoring exploration productivity cutoff). The offshoring exploration pro-

ductivity cutoff at any period t, éf_H = ég ¢+ 1> I8 defined as the fixed point in the trade-off function

~ A Tem n Y(fg )
Do,t(00,441: 07 ,0041) =0 = E [WgS/ON’t(Ho,tH)‘fg < fg,t] =ws" [1 - AT?;
Ot

Solving the expression above, the offshoring exploration productivity cutoff in period ¢ is given by:

1
N SIS < 8 N g YUS4r1) !
wM | B(fE1f5 < f8.) = 15 + 5" (1= A5585

¥ (n) — vy (n)

ég,t—l—l = (’YE)ﬁQt

D.4.1 Convergence: Long-run properties of the trade-off function.

The steady states of the sector characterised by Proposition 7 are the result of the fixed point of the

trade-off function defined by:

DO,oo(eO,oo; 0o, eoo) =0 = E [Wgr.;;noN (G(S),oo)‘fg < fg,oo} = wNST (1 - >‘)

Proposition 7 (Convergence of offshoring productivity cutoff). The sector converges asymptotically to

. . S , t
the perfect information equilibrium, i.e. 981& e, Hg’*, when:

Case I: f§ =[O = 800 = LD

Case II: Jfg +(1-X)s" < fg
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Hysteresis takes places, i.e. convergence leads to some "excess” of offshoring , when:

Case llI: 5+ (1 —\)s" = f5 = 9‘(9” KmiN Hg’w

Case IV: 2+ (1 —\)s" > f§ > f2 = 9871& LmiaN 9(5)700
with Gg’* > 9800 > 93’ﬁr, and Hg’ﬁr denoting the case where the marginal final good producers obtain
zero per period offshoring profit premium from arm’s length trade, i.e. they cannot recover the offshoring

sunk cost.

In conclusion, it is possible to observe that the steady state exists and it is unique. However, the
resting point depends on how optimistic are the initial prior beliefs. The Figure 19a illustrates the cases

characterised in Proposition 7.

D.4.2 Competition effect and welfare considerations.

The convergence in the offshoring productivity cutoff pushes simultaneously to a convergence in the
market productivity cutoff. The least productive final good producers must leave the market as the
competition in the final good market intensifies.

Proposition 8 characterises the steady state of the market productivity cutoff, and Figure 19b illus-
trates the equilibrium paths of the domestic and offshoring productivity cutoffs in the long run for the
Case I (solid line) and the Case III (dashed line). On the other hand, the Case IV is represented as any

path in between the paths I and III.

Proposition 8 (Convergence properties of market productivity cutoff). As the offshoring productivity cut-
off converges to the steady state defined by Proposition 7, the intensified competition pushes sequentially

the least productive final good producers out of the market.

(

Cases Iand II: 0, 1 0* ifG(S)ﬂS l Gg’*

Case II: 0,1 67" if03, 105"

Case IV: 0,1 0 € (05077) i 05, 105 . € (0775657)

To conclude, by propositions 7 and 8 it is possible to show that P, | P* and Q; T Q*73, therefore the
informational spillovers allow the economy to fully realise the welfare gains from offshoring in the long

run in these type of sectors.

The aggregate consumption may increase slightly above the perfect information equilibrium value due to the hysteresis
described above in cases III and I'V.
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(a) Offshoring eq. paths (b) Productivity cutoffs eq. paths

Figure 19: Balanced-intensity sectors

D.5 Proofs of Propositions

D.5.1 Proof of Proposition 1

prem

ks/k/N > 0.

. 9Dy, 1 (0;0¢,0141)
The profit premium 7 — g

(0) is increasing in 6. Therefore, it is easy to see that
Furthermore, given that the producers facing a trade-off have a positive value of offshoring under k in ¢,

the trade-off function is strictly increasing in 6 for those final good producers.

D.5.2 Proof of Proposition 2

I start by characterizing the exploration cutoff productivities for the first period ¢ = 0, and then I define

them for any ¢ > 0.

Exploration in ¢ = 0. Although it is possible to characterise the exploration cutoff for any possible
initial condition, I divide the analysis in three cases. Assuming a risk for repetition, the separation of the
analysis helps in the understanding of the underlying decision.

Let’s consider first the case where, given the priors Y ( fg), Y( f{?), the final good producers find
optimal to explore offshoring only under FDI-V}. In other words, given the priors, the trade-off function

Do+=0(8;.) < 0forh < 0. Therefore, the exploration cutoff is defined by the fixed point below:

D=0 (07113 070, 03 1=1) = 0

Y(f:f;,t:ﬁ

prem

Ei=o [

Vs )V N 1=0

(é‘g,tzlﬂf\g < fé] —whs" [1 - )\] =0
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By replacing with the respective expressions, the exploration productivity cutoff in ¢ = 0 is given by:

. 1
N g S48 < Sy _ N 4 ogr (1 3 Y=t o1
. . w t=0(fV|fV —fV) fV +s Y(f{?) (62)
0vi—1 = (VE) 7 Qi=1
’ v (n) — ¥y ()
The second case takes place when the prior beliefs promote exploration only in foreign outsourcing,

ie. Dyy—o(0;.) < 0ford < 0. Therefore, the exploration productivity cutoff is defined by the fixed
point:

DO,t:O(ég,tzl; 00, 98,t:1) =0

Replacing with the expressions, the exploration productivity cutoff in ¢ = 0 is given by:

N S¢S — FS N | o Y(f§,=1) o1
) o w |E=o(f5lf5 < f3) —fy +8" |1 = A=7s
98,:::1 = (VE)T=7 Q=1 (63)

Y(73)
¥ (n) — i (n)

Finally, the third case is defined as the situation where the prior beliefs drive exploration under both

offshoring types, O° and VkS . Therefore, the cutoff is defined by the fixed point of the following system
of equations.

Dlﬂtzo(é\%t:h 929:07 95:1) =0
DO,t:o(é(S),t:ﬁ 07 0:051) =0

Both equations are connected by the expected effects of the exploration flows in the price index and thus

in Q1. Replacing the trade-off function by the respective expressions:

E prem 9~S S « fS N .r 1 )\Y(f\it:ﬂ -0

t=0 WVS/VN¢:0( V,t:l)‘fv < fo|—w's TAYGS) | T
rem N r r Y(fs = )

Bi=o [Wgs/th:o(eg,t:l)’fg < fg} —w's [1 - )‘Y(O;%)l} =0

(65 ,—1)7 L (VE)" Q1T [F (n) — Y (n)]

vt [Et(f§f5 <FH-f+s <1 — )\Y(f‘itﬂ))}
(ég,tzl)gfl(’YE)”Qlf

Y (%)
VT ) — ol ()] = w" [Mfg 5 < J8) — ff + (1 - AYif?fé}”ﬂ
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The solution to this system is thus given by:

N S| ¢S < FS\_ N Y(F ) o1
w | Ee=o (f | f5 <) —fy +s7 | 1=-A Y(}S)
v

S . %U ~
011 = (VE) T Qi=1 S0 )

N S| FS< FSY_ N | or Y(£§ =1 ot
» o [ Eeusisss-ye (1278
00,1=1 = (VE) =7 Qi=1 3 (m) = ()

and the exploration cutoff in ¢t = 0, éle, is defined as: étszl = min {ég,t:ﬁ é(S),t:I}'

Exploration in ¢ > 0. If after exploration in ¢ = 0 all the producers that have explored their offshoring
potential have chosen FDI, then the offshoring exploration productivity cutoff is defined for any following
period by condition below with k& = V, up to the period in which after exploring, a producer chooses
arm’s length trade. From that period on, the exploration cutoff is given by the condition below for &k = O.

Instead, if after exploration in £ = 0O at least one producer chooses foreign outsourcing, then for any

t > 0 the exploration cutoff is given by the condition below with k = O.

Dy (03 4:07,605,1) =0
Y(flitJrl)] —0

E, [Wzge/@N7t(él§,t)|flf < f;f,t} —whs" [1 - )\W

By replacing with the respective expressions, the exploration productivity cutoff in ¢ is given by:

1
N S| ¢S < ¢S N | or Y (o) o
w |Be(f1fe = fig) = fr +57 {12 Y(fie)

(64)
¥ (n) — v (n)

él?,t—&-l = (YE) 77 Q111

D.5.3 Proof of Propositions 4 and 5

By assumption A.4,

Dk,t(ﬁz; 6,0) >0 foratleastone k = O%, V3, Vi)

Therefore, for the & where the condition above holds,
E (w5 o @IfF < FE] = w™s(1-3) > 0

kS VN t=0

For exploration decision in £ = 0 and posterior dynamics, see appendix D.5.2.
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I show now the convergence dynamics for vertical integration V', with V' = V; or V. Later I show
the respective long-run dynamic conditions for O°. Together, they define the long-run steady state of the
differentiated sectors for 4 and M intensive industries.

Let’s assume that the condition above holds for k = V.

B [x v o O < 7]~ wsT (1 -3 > 0

o0 BY — wNE(FIFF < FE) —wN [T (1= X)) = Y] >0

) (=57 ()]

x [L—alBin+ (1= 871 —n)]] = [L—alBn+ (1 —BY)(1L—n)]]

with

o—1

B“gz

Taking the limit of the trade-off function as { — oo,

Dys o0 (0s0; 0o0s 00 = T 00 (0o0) By — WNE(FR1fY < Firoe) —w™ [s"(1 = A) — £]

By totally differentiating the trade-off function:

ADy s oo (Ooc; O, 00) _ O o(0s0) ORI < fil o) OFP oo

dbos ~ VT 00, Y OfS D

with

N S N

7 oo (00) af B 0y oo (0sc)
Flo= e gy gy o OV By Oel)

s w90

Replacing this into the previous expression:

Ao Y 90 Of

. . ory o (Ooo .
From this expression, TV%() > 0 and B{i > (. Also, from assumption A.3,

O\ —BURR <R | OBGBIS < A _ PEURIF < £

>0 = <1
Ofvs Ofvs Ofvs

Therefore,

>0

L _ BRI < o)
OfS
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Only in the limit, i.e. when the distribution collapses with the lower bound ( f{?t = f‘s}),

OE(fRIf7 < f3h) | = TPy o0 (oo Boc, Bc)

_ =0
afs, 0o

Thus, this trade-off function has a unique fixed point. However, from proposition 3, the exploration
driven by this fixed point stops at a period ¢ < oo, when after exploration the producers choose arm’s
length trade instead. From that date, the exploration is driven by the respective trade-off function. There-
fore, I analyse below the convergence conditions of the later.

For any t > £, with ¢ defined in section 5.2, the trade-off function that drives exploration is given by:

Dos (6501, Brir =B [0 n (O)115 < f5.] = w57 (1= )

=10 (0)BY — wNE(f3If5 < fo,) —w™ [s"(1 = N) — f]

(&) (=57 ()]

x [1—alfn+(1—B)1—-n)] - [1—aB¥n+ (1 - 5Y)(1—n)]

with

o—1

B}

Taking the limit, as before, of the trade-off function as { — oo,

DOS,oo(goo3 Ooo, boo = Tg,oo(QOO)Bg - wNE(fg‘fg < fg,oo) —w [3T<1 —A) — f\]/v}

By totally differentiation of the trade off function,

AP0 e (oci O, ) s OO OBUSIFS < 15 .0) 055 o
0o Y 00 afs o 9o

with

S "Ooofoc) gy 013 o0 BE 0ry) o (00)
[ =0 ps gy o HOee B0 TVeoleo)
0,00 w o v 00 w00

Replacing this into the previous expression:

dfo Y 0 015 o

AD s o (o0 000, 0) _ s O (0c) [ OBUIEIIS < 15 .00)
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. . orll (6o .
From this expression, Wg‘gii) > 0 and Bg > (. As before, from assumption A.3, I get:

OE(fSI15 < 15.00)

1—
0500

In the limit, i.e. when the distribution collapses with the lower bound ( fgt = Jfg),

- =0
of5, dfos

In conclusion, the setoral equilibrium path has at most one fixed point. Therefore, the fixed point

defined by propositions 4 and 5 is unique.

D.5.4 Proof of Proposition 6
Y (f g 1) ]

DO,t(§t+1§ 01,0111) =0 = Et[wgr;%/f\ﬂt(étﬂ)'fg = fg’t] S [1 B AW

The RHS represents the gains from waiting, while the LHS denotes the costs from waiting. Therefore,
the offshoring exploration productivity cutoff is given by the indifferent producer.

Substituting 7} "™ (6,4 1) with its expression,

Y rS
E(SIS < S50 — 15 + 5 (1 . A<fo+>>]

07 (VE) QT[4 (n) — ¢5 (n)] = w™ Y (f5,)
it

N S| eS S N . Y(fg,t+1) ot
w \E(folfg < f5.) —fo +s | 1— )\W

V3 (n) — v (n)

ét+1 = (’YE) 7 Qtﬂ

D.5.5 Proof of Propositions 7 and 8

By Assumption A.4,
B (B)11S < F5) —ws" (1= 3) > 0
rN (5) - wN (1-n)(e—1)
%W —wNE(fSIfS < 8 —wN[s" (1= N) = fY]>0 with W = (ws) —1

Taking the limit of the trade off function as ¢ — oo,

0 (00)

Do (B e, Boc) =~ 22W = wNE (8 < J§00) =™ [7(1 = X) = 13
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Totally differentiating D(0; Oo0, 00 ) With respect to each of its arguments:

Do (0003 0o, 0s) W IS (00)  NOBUBIE < f300) 015 0

dbos o 06 afs D

fbg,oo is given by:

N0 N\ (=) (o-1)
oo = 1510w = 20 | () 1| g

Therefore,

Do (003050, 0s) W drS(0)  x W drd(0s0) OEUSISE < f6.50)

dbos o b " wNo dfu of3
_dry(bo) W || OE(BISS < f8.00)
 dh O 8f~09 -

. . dr (0so
From this expression, 739(00 ) > 0 and % > 0.

Taking Assumption A.3,
lf5. — EUS118 < 18] 0 OE(f3IF8 < 15.4) 0o OE(f31F5 < 154) -
013, 13, 013,

Thence, the expression in brackets:

| OBUSISS < £2)

>0
015 o

Only in the limit, when the distribution collapses with the lower bound,

8E(fbg|fg < fg,t) 1= dDO(Ooo§0007900)

=0
Ofg .4 dbo

Therefore, it is possible to see that this problem has at most one fixed point. Therefore, the fixed

point defined in Propositions 7 and 8 is unique.

D.6 Alternative learning mechanism: the organisational type chosen by offshoring is

unobservable

By the regularity condition A.6, the evolution of the foreign outsourcing type drives the offshoring equi-
librium path. Thus, the learning mechanism does not require that firms observe the sourcing type chosen

by the others.
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Assumption A. 6 (Regularity condition). Final good producers know that the organisational fixed cost
of arm’s length trade cannot be larger than the fixed cost of any type of FDI. Furthermore, they also
know that the offshoring organisational fixed costs cannot be smaller than the respective fixed costs of

domestic sourcing.
Therefore, the following results can be derived from this regularity condition:
SISV and  [5, <[P, VEZ0 5V =Vi, Vi

In this situation, define f{g,t as the maximum affordable fixed cost for the least productive firm
offshoring from South in period ¢, under the assumption that the firm has chosen FDI. Also, define
f g,t in the same way but under the assumption that the firm has chosen arm’s length trade, whenever
f*O?’t < fg Thence, the learning mechanism is given by:

Y(FSR<IS, )
YUVIR < 100 = v mers.

e S _ ¢S S
y W =, <

Vi,t—1 =1
S ~
~ S e rS S
fv fV,t lffV,t < fV,t
S e S S
kiV if f‘y’t < Iy
Y(f3) with f§ € (£, 5] it 2, > 15

fO Y(f0|fo < fé,t) - Y(fg,t\fgﬁfg

A,t—l)

180 = 150 < 15,

s e 7S s
fé,t if fé,t < f(),t
It is straightforward to see that the true value fg is revealed in the long run, while the f§ may not reveal
itself. Firms that remain under domestic sourcing may end up with a wrong belief about the fixed costs

of FDI. However, by condition A.6, this knowledge is irrelevant for defining the offshoring exploration

equilibrium path.

E Multiple countries

E.1 Multiple countries: Proposition 1

The exploration of the offshoring potential in the East is led by the most productive final good producers

in the market, i.e. Proposition 1 holds for the trade-off function (29).
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E.2 Multiple countries: Proposition 2

The offshoring exploration productivity cutoff in East in period { is:

JE _ . [FE . 4E
041 = min {90,t+1a 9\/,t+1}

where égt 41 and 6757 +41 are defined by the fixed points:

N N Tem N r Y(f‘gt 1)

Dy(03141: 0 ,0f,) =0= [ |:7T€'E/k/’t(9‘€,t+l)‘f‘€ < f‘?t} =w's [1 — AT’J)
Vit

) i R . Y(f811)

DO,t(eg,t+1; 0r, ‘951) =0= E [WZE/k/,t(Gg,m)‘fg < fg,t} = w's [1 - AT};)
O

E.3 Multiple countries: Proposition 3

After exploration, the final good producer discover all the organisational fixed costs of offshoring from

East, and she must choose the one organisational type according to the following proposition.

Proposition 9 (Organisational choice after exploration). After paying w'¥s" in period t, the final good
producer discovers the true values of fg, f{?H and ng, and she must choose an organisational type.

The final good producer with productivity 0 chooses FDI, VE, when:

RS (6) =nl,(6) — w5, (6) > 0

She chooses arm’s length trade in East, OF when:

T (0) =78 (0) = o, (0) 2 0 and  wETes (6) <0

Otherwise, she remains under her current organisational type k'
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