Multinational firms’ organisational dynamics®

Leandro Navarro®

July 18, 2021

Link to the latest version

Abstract

I analyse the organisational choices of heterogeneous firms in a model of incomplete contracts
under uncertainty about foreign institutions. Under institutional uncertainty, only the most productive
firms offshore production but other firms sequentially follow as uncertainty reduces through learning.
The process intensifies competition among final good firms, which impacts the optimal organisation
of the firm: firms initially choose vertical integration, but the stronger competition tilts the balance
towards outsourcing. Thus, the least productive offshoring firms sequentially shift to outsourcing.
A test with sector-level data for the US manufacturing sectors provides supportive evidence of the

model’s main predictions.
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1 Introduction

The increasing importance of intermediate inputs in international trade and the growing role of multina-
tional firms in the organisation of global value chains have captured the attention of many scholars.! A
growing literature on global sourcing has focused on the determinants of firms’ organisational choices

under incomplete contracts, with a particular emphasis on the role of institutions in the organisation of
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supply chains.”> Recent events, such as Brexit and US-China trade war, have intensified the attention
on the consequences of those events in the reorganisation of global value chains and the relocation of
suppliers to new countries.’

Firms face uncertainty about institutional conditions when deciding on reorganising the supply chains
to new foreign sourcing locations. For example, when firms lack previous experience in foreign coun-
tries, they form beliefs about institutional conditions by using external information sources and observing
other firms active in those locations. Institutional uncertainty also emerges when foreign governments
announce the implementation of deep institutional reforms, but firms do not fully believe in the scope of
the reforms.

I extend a model of global sourcing to analyse the effects of institutional uncertainty on the organisa-
tional dynamics of global value chains.* In the model, the presence of uncertainty implies that, initially,
only the most productive firms in the market explore offshoring. These firms’ actions reveal informa-
tion about the foreign institutions (information externalities), allowing other firms to learn and reduce
their prior uncertainty. As more firms explore their offshoring potential, more information is revealed.
Uncertainty progressively erodes, and more firms sequentially follow, resulting in a progressive expan-
sion of the sectoral offshoring activity. The model predicts that the lower prices of the offshoring firms
cause a progressive increase in the competition intensity in the final goods market, which impacts the
dynamic organisational structure of the supply chains.’ On the offshoring side, the more intense compe-
tition implies that the least productive firms among the vertically integrated offshoring firms sequentially
reorganise the supply chains to arm’s length trade.

The baseline model of global sourcing defines two countries (North-South) and multiple differenti-
ated final good sectors.® As in Antras and Helpman (2004), the final good producers are located in the
North, and they can decide on contracting either with northern or southern manufacturers to supply the
intermediate inputs. The location dimension of the decision balances the trade-off between exploiting
the advantage of lower marginal costs in the South to produce intermediate inputs and the higher or-
ganisational fixed costs of offshore operations. Under incomplete contracts, the sourcing decision also

involves an organisational dimension (integration vs outsourcing). It balances the trade-off between min-

2See Antras and Helpman (2008); Yeaple (2006); Levchenko (2007); Nunn (2007); Nunn and Trefler (2013). For the
analysis of the role of FTAs and multilateral agreements on the organisation of global value chains, see Ornelas and Turner
(2008, 2012); Antras and Staiger (2012); Ornelas et al. (2020); Handley et al. (2020).

3See Head and Mayer (2019); Blanchard (2019); Van Assche and Gangnes (2019); Grossman and Helpman (2020); Gereffi
et al. (2021) and Bown et al. (2021).

*For a close reference to the perfect information benchmark, see Antras and Helpman (2004).

SHigher competition intensity in final goods market impacts on dynamic allocation of property rights along the value chain.

The characterisation of the benchmark perfect information equilibrium is based on a generalisation of the global sourcing
model in Antras and Helpman (2004). I discuss below the extent, features, and consequences of the generalisation.



imising the hold-up by vertical integration and increasing the per-period organisational fixed costs due
to managing a larger and more complex organisation.’

I characterise uncertainty about the institutional conditions in foreign locations as uncertainty in the
per-period organisational fixed costs of offshore operations. The northern final good producers face
uncertainty about the new institutional regime abroad, but they can learn from offshoring producers
and progressively reduce the prior uncertainty. As in Larch and Navarro (2021), in each period ¢, the
producers under domestic sourcing face a trade-off situation. They can delay exploring their offshoring
potential (i.e. wait) and receive new information that reduces the exploration risk. The delay involves
lower expected profits by sourcing domestically during the waiting period. If they explore, they have to
pay an offshoring sunk cost, and the institutional fundamentals are revealed to them.® Thence, they can
choose with certainty the optimal organisational form. The sectoral equilibrium path is characterised by
a Markov decision process, in which the final good producers update their prior uncertainty through a
Bayesian learning mechanism.’

The main prediction of the model concerning the organisational dynamics is: the increase in off-
shoring activity progressively lowers the sector’s price index, implying a higher intensity in the competi-
tion in the final goods market. Thus, it induces a progressive vertical disintegration of the supply chains.
I call this prediction the first channel of the competition effect on vertical disintegration.'”

Zooming in on the vertical disintegration dynamics, the model shows that the most productive final
good producers lead the offshoring exploration and initially choose foreign integration as the optimal
organisational form. However, as the competition in the final goods market endogenously intensifies, the
least productive among them begin to sequentially reorganise the supply chains to independent foreign
suppliers.!! To illustrate the process, consider the dynamic organisational path of one final good producer

H. Initially, the expected gains from waiting surpass the expected gains from exploring for H. Therefore,

H decides to wait under domestic sourcing. As other more productive final good producers explore

"Different ownership structures lead to different distortions in ex-ante investments. The hold-up is minimised by the al-
location of property rights on the party that contributes more (Grossman and Hart, 1986; Hart and Moore, 1990). About
organisational fixed costs, integrated structures impose additional costs due to the more complex structure of a larger and more
diversified organisation (Grossman and Helpman, 2002). They are governance related to the integration of two independent
parties into a hierarchical structure within the firm boundaries (Coase, 1937; Williamson, 1979, 1985).

8The offshoring sunk cost refers to feasibility studies that analyse all the possible organisational structures of offshoring in
the South. Thus, after paying it, they discover the institutional fundamentals in the foreign location for all the offshoring types.
There is no remaining uncertainty for those producers. Nevertheless, it remains as private information to them.

The characterisation of the learning mechanism and the exploration decision is based on Larch and Navarro (2021). Other
references are Rob (1991) and Segura-Cayuela and Vilarrubia (2008).

190 ower marginal costs in the South imply that, as more firms offshore, the competition in the final goods market intensifies.

"'Technically, the productivity cutoff for foreign integration has a non-monotonic behaviour over time. It decreases in early
periods of the dynamic offshoring path, as the leading final good producers choose foreign integration. In later periods, the
productivity cutoff increases as the more intensive competition in the final goods market deteriorates the benefits of integration
and induces a sequential vertical disintegration.



the offshoring potential, H receives new information, reducing H’s exploration risk. At a later date,
H finds it profitable to explore, pays the offshoring sunk cost and chooses foreign integration as the
optimal offshoring type. However, as the exploration sequence continues, the sectoral offshoring activity
increases and more producers exploit the marginal costs advantages of offshoring. Thus, the price index
progressively reduces and the competition in the final goods market intensifies, leading to a progressive
deterioration in the gains from integration. Eventually, H finds it more profitable to vertically disintegrate
the supply chain towards foreign outsourcing.!?

I test the main theoretical prediction of the model, i.e. the first channel of the competition effect on
vertical disintegration, using sector-level data of US manufacturing sectors for the period 2002-2016. To
that aim, I use the related-trade party import data provided by the US Census Bureau, which distinguishes
import flows between related and non-related parties.'> To obtain information on the input-output rela-
tionships, I merge this data with the BEA input-output matrix linking the import data at the supplier
sector with the final good producer sectors that use these intermediate inputs in their respective produc-
tion processes. Additional data on the final good producer sectors comes from the manufacturing survey
of the US Census Bureau.'*

I work with sector-level data. Thus, I aggregate the firm-level theoretical predictions of the model
to obtain the respective sector-level organisational dynamics. I derive a structural two-stage empirical
model that identifies the mechanism of the first channel of the competition effect on vertical disintegra-
tion. In the first stage, I derive a log-linear empirical model that estimates the effects of the final good
producer sector offshoring activity (offshoring share) on the respective final goods market price index.
In the second stage, I derive a fractional logit model that estimates the effect of the predicted changes in
the price index on the intra-firm intensity of the final good producer sector.!> The empirical results show
that an increase in a final good producer sector’s offshoring activity is associated with a reduction in the
respective price index. The latter, in turn, leads to a reduction in the intra-firm intensity of the sector.'¢

To analyse firms’ organisational dynamics in the context of location and relocation decisions of off-

"20n the domestic side, the increase in competition intensity leads to vertical disintegration of domestic supply chains.

BThe data on imports does not identify the type of integration (forward or backward). Therefore, I generalise the organisa-
tional choice model in Antras and Helpman (2004) by allowing for both types of integration. Thus, I derive firm and sectoral
organisational dynamics that allows me to overcome the data limitations. Nevertheless, I show that the model’s predictions are
also consistent with an organisational decision space as defined by Antras and Helpman (2004).

14T use Rauch (1999)’s classification of commodities to build differentiation indices for final good producer and supplier
sectors. They reflect the intensity of the sectors in relationship-specific investments. i.e. the contract-dependency of the sector
and thus the exposure to hold-up (Nunn, 2007). For similar input-output matrix approach, see Antras (2015).

5The sector offshoring share captures the offshoring activity in the final good sector. It is computed by the total imports
of the final good sector divided by the total sales of the respective sector. The intra-firm intensity measures the intensity of
intra-firm trade (i.e. imports from related parties) relative to the total sales of the final good sector.

1T also introduce a set of reduced-form empirical models that capture different features of the organisational dynamics
consistent with the model’s theoretical predictions.



shore suppliers across heterogeneous foreign countries, I follow by extending the theoretical model to
multiple countries. In a multi-country setup under institutional uncertainty, information shocks (e.g.
institutional reforms) may cause the exploration of new countries and thus promote the relocation of
offshore suppliers across foreign locations. I analyse the case of a low-wage foreign country (East) that
experiences a favourable institutional information shock (e.g. generated by institutional reform). When
the shock impacts on the prior beliefs about eastern institutions, it may trigger a sequential offshoring
exploration to the East, resulting in a full or partial relocation of offshore (southern) suppliers to East. As
the sequential offshore relocation advances, it reduces the sector’s price index and increases the compe-
tition intensity in the final goods market. As in the two-country model, this effect leads to a progressive
vertical disintegration of the supply chains in the sector. I define the relocation of offshore suppliers to
low wage foreign countries as the second channel of the competition effect on vertical disintegration.

I test the prediction of the multi-country model by analysing the effects of a particular institutional
information shock: the accession of China to the WTO. The initial conditions are characterised by a
low wage of China with low market shares in US markets. To this aim, as before, I aggregate the firm-
level predictions of the model to sector-level organisational dynamics. I derive a structural model in two
stages that identifies the mechanism of the first and second channels of the competition effect on vertical
disintegration. The first stage estimates the effects of both channels, i.e. the sector offshoring activity
and the China market share on the sector’s intermediate inputs imports, on the respective price index.!”
As before, the second stage estimates the effect of price index changes predicted by both channels of the
competition effect on the intra-firm intensity of the sector. In line with the theory, the results show that
the increase in the sector offshoring share and the increase in China’s market share in the imports of the
sector’s intermediate inputs reduce the sector price index. The reductions in the price index predicted by
both channels lead to vertical disintegration of the offshore supply chains.

I conclude by introducing a theoretical extension to the multi-country model that studies the role of
free-trade agreements (FTAs) and multilateral agreements (MAs) as institutional information shocks that
trigger the exploration of new locations under institutional uncertainty.'®

The FTAs incorporate a set of rules and regulations that define the institutional framework in the
agreement, such as intellectual property and property rights protection, foreign investment, dispute reso-

lution mechanisms, environmental regulation, labour market regulation and mobility.'® The ratification

17 After controlling for the total offshoring activity of the sector, China’s market share in the final good sector’s imports
captures the relocation of offshore suppliers to China.

18 As predicted by the theory, the exploration of new countries by northern final good producers may increase the offshoring
activity and/or relocation processes of offshore suppliers across foreign countries. This extension focuses on the role of FTAs
and MAs as triggers of the exploration sequences to new locations.

9See Maggi (1999), Diir et al. (2014), and Limédo (2016). For examples of regulatory agreements involved in FTAs see



of a FTA reveals a commitment of the signing governments to provide an institutional environment that
meets the set of rules specified in the agreement. If those rules are observable by the final good produc-
ers, a new FTA impacts on the institutional beliefs about a partner country, leading to an improvement of
the previously pessimistic priors.?’

Exploring further the institutional dimension of the FTAs, I also consider the role of FTAs among
third countries as institutional information shocks. I define them as those FTAs where the country of
the final good producers (North) is not involved. The model predicts that they may impact on priors
and trigger the exploration of new locations in the FTA by northern firms. The intuition is the follow-
ing: when a FTA is under negotiation, countries with good institutional fundamentals do not want to
expose themselves to trade with partners under poor institutional conditions, while countries with bad
institutional fundamentals may want to avoid committing to strict rules that they cannot enforce. Thus,
the institutional framework of the FTA emerges from bargaining on a set of rules among the members.
The final good producers from a non-member country may associate this FTA to a common institutional
ground among the members. Therefore, the countries with relatively worse priors may benefit from the
partners with better institutional reputation. The FTA may positively impact on the priors of the first
countries and thus incentivise the offshoring exploration of that location by northern firms.

Finally, I analyse also the role of multilateral agreements (MAs) as institutional information shocks.
In particular, I focus on the accession to WTO memberships. The WTO membership reveals the country’s
commitment to a common set of rules that define a general institutional framework in areas such as trade

t.2! Thus, the commitment to these rules revealed by

policy, intellectual property, and dispute settlemen
WTO membership may impact on the prior beliefs about that country.

Using UN Comtrade import data for the US at HS 6 digits for the period 1996-2016, I find supportive
evidence for the extension’s predictions: when a country signs a FTA with third countries that count with
good institutional reputation, it increases the probability of offshoring exploration of that country by

US firms in differentiated goods. Regarding MAs, the empirical evidence shows that access to WTO

membership increases the probability of exploring a new location by US firms, with a stronger effect

NAFTA: www.naftanow.org, EU: europa.eu, Pacific Alliance: alianzapacifico.net/en, MERCOSUR: www.mercosur.int, China-
Australia (ChAFTA): www.dfat.gov.au/trade/agreements/in-force/chafta/Pages/australia-china-fta.

27 also analyse the effects of preferential tariffs on the exploration decisions to new locations. If prior beliefs about institu-
tions in the partner country are pessimistic, no final good producer may find it attractive to explore the offshoring potential in
the foreign location previous to the agreement. When the reduction in tariffs for intermediate inputs is sufficiently large, it may
trigger a sequential offshoring exploration. Therefore, tariff changes may lead to stronger relocation of suppliers compared to
an approach that ignores the presence of institutional uncertainty.

2The WTO provides an institutional framework for the General Agreement on Tariffs and Trade (GATT), the General
Agreement on Trade in Services (GATS), and the Treaty on Trade Related Aspects on Intellectual Property Rights (TRIPS)
(Felbermayr et al., 2020). The WTO agreements cover goods, services and intellectual property, and among others, they set
procedures for settling disputes and monitoring trade policies (WTO’s official website).



for differentiated goods. Finally, the results also show that signing a FTA with the US also increases
the probability of exploring the partner in new differentiated inputs. In all the cases, the effects of these
institutional information shocks are relevant or significantly stronger for differentiated goods, i.e. for the
case of institutional or contract dependent goods.

The paper is organised as follows. I follow with a review of the literature. Section 2 defines the
North-South model setup and the perfect information equilibrium. Section 3 introduces uncertainty in the
organisational fixed costs, defines the learning mechanism and sourcing decisions, and characterises the
dynamic equilibrium paths. Section 4 introduces the empirical model for the North-South setup. Section
5 extends the model to multiple countries and introduces the respective empirical models. Section 6

analyses the role of FTAs from a theoretical and an empirical perspective. Section 7 concludes.

Literature review. = My theoretical approach has its roots in two branches of the literature: global
sourcing and firm theory. Regarding the first branch, the main theoretical reference for a perfect in-
formation benchmark is Antras and Helpman (2004).%> 1 contribute to this literature by introducing a
dynamic model that analyses the effects of institutional uncertainty on firms’ organisational dynamics.

Grossman and Helpman (2002) analyse how the organisational structure is affected by competition in
the final good market. In particular, they show that an exogenous increase in the elasticity of substitution,
which produces stronger competition in the final goods market, induces more outsourcing (i.e. less
integration). Instead, I identify an endogenous mechanism that increases competition intensity in the
final good market and produces a progressive vertical disintegration of the supply chains.

Antras (2005) characterises a dynamic organisational equilibrium path of a differentiated sector in
a context of a Vernon’s product cycle.”> Both models can be taken as complementary mechanisms
for sectoral dynamics characterised by an initial offshoring phase of foreign integration followed by a
progressive vertical disintegration. While Antras (2005) centers the attention on the progressive stan-
dardisation of the technology, I focus on how the progressive increase in competition intensity in the
final goods market affects the dynamic organisational structure of the supply chains.

My paper also relates to the growing literature on uncertainty in global sourcing decisions (Carballo,

2016; Kohler and Kukharskyy, 2019; Larch and Navarro, 2021; Handley et al., 2020).>* The closest

21t is also related to Antras (2003, 2005); Grossman and Helpman (2002, 2005) and Antras and Helpman (2008).

2 As the technology becomes more standardised, the final good producers start offshoring production in low-wage countries.
At first under foreign integration, and at a later stage of standardisation through arm’s length trade.

*There is a more extensive literature on uncertainty in trade, in particular in export decisions (see Rob and Vettas (2003);
Segura-Cayuela and Vilarrubia (2008); Albornoz et al. (2012); Nguyen (2012); Ramondo et al. (2013); Aeberhardt et al. (2014);
Araujo et al. (2016)). In terms of the characterisation of a learning process and a sequential dynamic, close references are
Segura-Cayuela and Vilarrubia (2008); Albornoz et al. (2012) and Araujo et al. (2016).



reference is Larch and Navarro (2021). By assuming complete contracts, the authors concentrate on the
location dimension of the sourcing decisions under institutional uncertainty, the characterisation of the
multiple equilibria and the respective consequences on the countries’ sectoral specialisation patterns. |
incorporate the organisational dimension of the sourcing decision by introducing incomplete contracts,
but instead, I simplify the location dimension. In this sense, both approaches are complements.

Handley et al. (2020) studies the effects of trade policy uncertainty on firms’ import decisions and
input choices. From two different and complementary perspectives, we analyse the role of institutional
shocks as triggers of the exploration process. However, the models differ in the type of the underlying
uncertainty and the focus of the analysis. First, Handley et al. (2020) focus on the uncertainty defined by
exposure to a potential tariff shock. Instead, I analyse the situation where firms lack precise information
about the institutional fundamentals in foreign locations, but they can progressively reduce it by learning
from others.?> Second, they analyse the effects on input choices and abstract from the organisational
dimension of the sourcing decisions. Instead, I focus on the latter aspects of the sourcing choices.?

Regarding the literature on global sourcing and trade liberalisation (Ornelas and Turner, 2008, 2012;
Ornelas et al., 2020), I contribute to it by identifying an additional role that tariff reductions in interme-
diate inputs may play on the global sourcing decisions, when firms face uncertainty about institutional
conditions in the partner countries. I also identify the role of the institutional dimension of FTAs and
MAs in the exploration of new sourcing locations under institutional uncertainty.

The second branch of the literature from which I draw is firm theory, particularly the property rights
approach. The characterisation of the firm is based on the Grossman and Hart (1986)’s version developed
by Antras and Helpman (2004). I generalise the space of the organisational choice defined in the latter
by allowing for a more flexible allocation of property rights. Following Grossman and Hart (1986) and
Hart and Moore (1990), the final good producers can choose integration in either of the two possible
directions, i.e. final-good producer’s control (backward integration) and supplier’s control (forward
integration), in addition to outsourcing with an independent supplier. The generalisation allows me to
overcome the lack of distinction in the data between the two types of integration, and thus derive theory-
consistent empirical models to test for the main theoretical dynamic predictions. Nevertheless, I show
that the model results are also robust to the specification in Antras and Helpman (2004), where only

outsourcing and backward integration types are considered.?’

*The model could also incorporate stochastic institutional fundamentals in a relatively straightforward manner.

ZCarballo (2016) and Kohler and Kukharskyy (2019) focus on how the exposure of firms to exogenous shocks (in the
demand or the supply side) affect the sourcing decisions, but assuming perfect knowledge of the stochastic nature of the world.
Instead, I analyse a situation in which firms can reduce the uncertainty progressively by exploiting informational externalities.

"In Appendix E.2, I show empirical evidence for the generalised approach. I build on Yeaple (2006); Nunn (2007); Nunn and



2 The two-country model: North-South

The model consists of a world economy with two countries, North (/V) and South (.5), and one factor of
production, labour (¢). The representative consumer preferences are represented by equation (1), where
qo,+ denotes the consumption in period ¢ of a perfectly competitive and tradable homogeneous good, and

Qj+ 1s the aggregate consumption index in the differentiated sector j in period ¢.

J

J
Uy=vlg+Y %Qi , %>0 Vji=0,...0 , > =L (1)
j=1 Jj=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/
Qjt = / ()% di , 0<aj <1, (2)
ZAEIj’t

which consists of the aggregation of the consumed varieties ¢; () on the range of varieties ¢ 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 7 in period ¢ is given by:

pit(i) = 1 EQ; Y qja (i), 3)

where E is the per period total (world) expenditure,”® and the sector’s price index in ¢ is defined as:

1

170]-

Pj;= / (i) % di : 4)
’LAEijt

Each of the differentiated sectors has a continuum of heterogeneous final good producers. The final

good varieties in sectors j = 1, ..., J are produced with a Cobb-Douglas technology:

(i) =6 mhvj(i) " mm,j(i) o

; )
nj 1 —mn;

95

where 7; € (0,1) is a technology parameter, which measures the final good producer intensity (i.e. H-

Trefler (2013) and Antras (2015). Additionally, I trace elements that relate to the evolutionary theory of the firm (Nelson and
Winter, 1982, 2002; Nelson, 1995; Dosi et al., 2000; Teece, 2009). I identify the presence of tacit knowledge and idiosyncratic
routines as determinants of the efficiency losses when a party seizes the control of the other after investments in relationship-
specific assets are realised. I develop a novel measure to identify it.

2See Appendix A.1 for the derivation of the demand functions.



intensity) of the sector j, and the parameter § represents the productivity level of the final good producer.

The quantity of services produced by the final good producer H is denoted by xj, ;, while x,, ; indi-
cates the quantity of intermediate input provided by the supplier M. The first refers to services provided
by the final good producer, such as design, marketing, and assembly of the final good.?° The second
indicates the intermediate inputs supplied by a manufacturer. They are both produced after investing
in relationship-specific assets h;(i), m;(7), respectively, that fully depreciate in one period. The invest-
ment in one unit of relationship-specific assets requires the use of one unit of labour. The production
technology of the inputs have constant returns and are given by x, ;(i) = h;(7) and xp, (i) = m;(1).

As in Antras and Helpman (2004), the final good producers are located only in the North, and thus
the services xj, ; can be produced only by northern producers. The final good producers can decide to
contract with northern or southern manufacturers M for the supply of the intermediate inputs. The 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, the final good producer must pay the
offshoring sunk cost s’ in northern labour units. The sunk cost refers to feasibility studies related to the
organisation of the offshore supply chain and the optimal organisational structure.

Each organisational type has a per-period organisational fixed cost denoted by f,g B withl = N, S
indicating the location of the intermediate input supplier and & = O, Vg, Vi referring to the type of
allocation of property rights.>! The per-period organisational costs are defined in northern units of labour.

The homogeneous sector has a constant returns to scale technology given by g = Ag;fo, where
N

Ap; > 0 refers to the productivity parameter in country [ and Ag s < A . Therefore, w® > w?.

Furthermore, I assume that 7y is large enough such that every country produces it.

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 w” s, the final good pro-

ducer discovers her productivity level 6. The productivity is drawn from a c.d.f. distribution G (9).

2.1 Organisational choice under perfect information.

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

types: domestic outsourcing O”; domestic integration, which can be backward Vév or forward V]\]}] ;

PThe assembly could be provided instead by the 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.

39Ex-post, however, the parties are locked into a bilateral exchange. Due to incomplete contracts, they are subject to oppor-
tunistic behaviour and hold up in their respective investment (Williamson, 1971, 1979).

310, Vi, Vi refer to outsourcing, backward integration, and forward integration, respectively. I define them in section 2.1.

10



foreign outsourcing O°; and foreign integration, which can also be backward Vlf or forward V]@.”

After the organisational decision, she offers a contract to potential suppliers. The contract defines
the location of the supplier, the organisational structure, and an upfront payment. Suppliers apply to the
contract and the final good producer chooses one among the candidates. Both parties simultaneously
decide their respective investment levels in the specific assets. The output is produced and sold. The
revenues are distributed according to a Nash bargaining. Figure 1 shows a simplified sequence of the
timing of events.

Until otherwise stated, I focus the analysis on one differentiated sector. To simplify notation, I drop

the subscript j.

1 (If stays) 2 3 4
Final good producer Choose organizational H offers a contract to QOutput is produced
pays entry sunk cost form. potential suppliers, which and sold.
whse stipulates an upfront Revenues are divided

If offshores, she pays

offshoring sunk cost

whsT

payment. according to a Nash

She discovers the bargaining process.

productivity 8

She chooses one supplier.
Supplier and the firm

1
1 1
! !
1 N .
1 choose their respective !
[
1 investment levels. '

Figure 1: Timing of events

The final good producer’s organisational choice must be solved by backward induction, starting from

the Nash bargaining stage. To simplify notation, I drop the time index in the remaining of section 2.33

Nash bargaining. [ define 5 as the bargaining power of the final good producer in the asymmetric
Nash bargaining. The location of the intermediate input supplier is denoted as [ = N,.S. The solution

to the Nash bargaining shows that the revenue shares received by the final good producer under each

32Backward integration refers to property rights allocated on the final good producer, while forward integration corresponds
to property rights allocated on the intermediate input supplier.
33See Appendix A.2 for a detailed characterisation of the organisational choice and the respective proofs.
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organisational type are given by: 3*

»36 =p if outsourcing O in country /,
BQH = (5€/H)a(1777) + 61 — (5{/H)°‘(1*”)] if backward integration V7 in country [,

5{/M = (1 — (5{/M)°”7] if forward integration V) in country [.

Under backward integration (VIZ{), the final good producer H faces an efficiency loss in the production
of the intermediate inputs if she fires the manager of the integrated supplier M in country [ after the
investments in relationship-specific assets. The efficiency losses in the production of the intermediate
input are represented by (1 — 5{,H) with 6{/H € (0,1). Under forward integration (V,), supplier M in
country [ faces an efficiency loss in producing the final good producer services if he fires the manager of
the integrated final good production facilities H after the investments in the relationship-specific assets.
The efficiency losses in the production of the final good producer services are represented by (1 — 5{/M )s

with &f, € (0,1).%
Assumption A. 1. 6% > 5€H > 0 and 6%1 > 5€M > 0.

Assumption A.1 states that the efficiency losses are larger in the case of multinational operations,
as a result of higher technological and/or cultural frictions related to the management and monitoring of
overseas operations relative to fully domestic supply chains. Therefore, the ranking of the revenue shares

of the final good producer under each organisational type are:

BY. > By > B8 =85=p>87, > B8, (6)

Investment decisions and input provision. Both parties internalise the revenue shares 6,2 in their
investment decisions. The parties simultaneously decide their investment levels by maximising their

respective profits. The ex-post production levels of the respective inputs for the variety ¢, which are a

3*Under asymmetric Nash bargaining equilibrium, each party receives its outside option plus a share of the residual revenues.
For example, under backward integration, the outside option of M is zero and for H is (4%, ye(=my(3), where 7(4) denote
the total revenues. Thus, the total revenue share of H, i.e. ,Bi/H, is the sum of the outside option revenue share, (5€,H )“(1_"),
plus /3 share of the residual revenues, 3[1 — (3%, y©(1=m]_ See Appendix A.2.1 for further discussion.

3 A similar characterisation of the efficiency losses can be found in Antras and Helpman (2004). However, while the latter
defines it as a general efficiency loss in the production of both inputs, I define it as an efficiency loss in the production of the
respective input. For a complete characterisation of the Nash bargaining, the efficiency losses and the respective proofs, see
Appendix A.2.1.

12



function of the ex-ante investment decisions in the relationship-specific assets, are given by:3¢

l
L% (9) . aﬁknrl,*(g)’

Ly p\V) = wN 'k
a(l— )1 —n) @
2 (0) = )L =1) 1

w
with k = O, Vg, Vi, and the total revenues given by:
1

1N\ - ANE Ul
7"2*(9) = aa—lea—l(,yE)UQl—a [(%) <1 /6143) ] ) (8)

w w!

Organisational choice. The final good producer faces a discrete set of possible organisational types.
Given the upfront payment, the final good producer chooses the organisational structure {k, [} that max-

imises the overall profits:
maxmi (6, Q,m) = 077 (YE) Q" "Wh(n) —w™ £, ©)
k

with £k = O, Vg, Vy, location I = N, .S, and

oo — [LalBn —ﬁ,i;)(l—mq [(@) g —ﬁé)l‘"]“.

al—a

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

S <Ry, <o+ (1 =XNs" < f§, +(1=N)s",

O <IN <fS+ (1 =X)s" < f + (1=,

where \ € (0, 1) denotes the per-period survival rate to an exogenous “death” shock.

I assume that the higher organisational complexity involved under integration, relative to the manage-
ment of two independent specialised firms, imposes additional managerial or governance costs (Coase,
1937; Williamson, 1979, 1985; Grossman and Helpman, 2002). Thus, 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.
f(lj < f‘l,H and flo < f‘l/M. Additionally, I assume that overseas operations require a larger management
structure relative to fully domestic supply chains. Both conditions together result in assumption A.2.

The optimisation program defined by (9) balances the two trade-off situations that the final good

producers face when they decide on the organisational structure of the supply chain from the discrete set

3%For a complete characterisation of the respective maximisation programs and proofs, see Appendix A.2.2.
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of feasible types. From a property rights dimension, they can realise gains from integration by allocating
the property rights to the party that has the highest contribution to the relationship, but at the cost of facing
higher organisational fixed costs of integration due to the more complex structure of the organisation. At
the same time, from a location dimension, they can exploit the gains from offshoring that result from the

lower marginal costs of southern suppliers, but at the cost of higher fixed costs of offshore operations.

Sector classification and organisational types. In the case of H-intensive sectors, i.e. when 7 > 7,3
backward integration minimises the hold up by transferring the property rights on all the assets to the
final good producer. However, I show in section 2.2 that for some final good producers, those gains are
surpassed by the higher fixed costs of integration.

In the case of M-intensive or component-intensive sectors, i.e. when n < 7., forward integra-
tion minimises the hold-up by transferring the property rights on all the assets to the manufacturer M.
However, those gains cannot compensate for the higher organisational fixed costs for some final good
producers.

In the case of the sectors with a balanced intensity between the two parties, i.e. when . < 1 < 7.,
outsourcing dominates any type of integration. Therefore, the only active dimension in the sourcing

decision is the location of the intermediate input supplier.

2.2 Perfect information steady-state.

The characterisation of the perfect information equilibrium is close to Antras and Helpman (2004). The
main departure comes from the possibility of forward integration as an additional organisational type.
This generalisation leads to the emergence of a third type of sector (balanced intensity) and a different

organisational structure of the component-intensive sectors compared to Antras and Helpman (2004).

H- and M -intensive sectors. In H-intensive sectors, forward integration is strictly dominated by the
other two organisational types. In M -intensive sectors, instead, backward integration is strictly domi-
nated by the other two organisational types. In both sectors, the equilibrium shows a sectoral structure
with four organisational types. The organisational structure in equilibrium for H- and M -intensive sec-
tors are similar, and they only differ in the type of integration that emerges. Thus, I characterise it in
general for both sectors, where V' indicates Vi for H-intensive sectors and V}s for M -intensive sec-

tors.38

37For definition of the critical values 7, and 1., see Appendix A.2.3.
38See Appendix A.4 for proofs and explicit expressions for the productivity cutoffs.
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The most productive final good producers in the market choose V7, i.e. foreign integration. The
respective productivity cutoff, 65, is defined by the indifferent firm between this organisational type and
arm’s length trade, O°: ¥

T () = 7 (6) — wH(0) = e (6) =0,

Figure 2a illustrates with the light shaded area the profit premium of V' relative to O°.

The final good producers with 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 them opt, instead, for an independent southern supplier,
0% .40 The arm’s length trade productivity cutoff 62, which also represents the offshoring productivity
cutoff, is defined by the final good producer that obtains a discounted offshoring profit premium high
enough to recover the offshoring sunk cost w” s”.

WgT;;Y‘L/N(Q) =713(0) — 7Y (0) = Wng;;L/N(H‘g) = (1 - NwVs",

prem

with TOS VN

(0) as the profit premium of arm’s length trade relative to domestic integration.

Finally, the domestic integration productivity cutoff, #{), is defined by w@rﬁrfo v (0%) = 0, and the

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

oy e e (@) oot go- @) =
NFN e 0
Wiy -whfg
—wp

—w¥[f5 + (-2 s"]

VSN Byt N YN oS Vs
. Exit oV 0°
Xit ON VN OS VS
—WNfS + (1= 2)s7] M M
(a) H-intensive [M -intensive] (b) Balanced-intensity

Figure 2: Perfect information steady states by sectors type

3The offshoring profit premium of those producers under V' is the sum of both coloured areas in Figure 2a, for § > 6. The
offshoring profit premium of those producers under O is the dark coloured area for @ € [0, 05). The cutoff 6% is defined by
the indifferent producers between V' and O°. See Appendix A.3 for formal derivation of profit premiums.

“*When the gains from offshoring, w® < w®, overcompensate the losses from a “misallocation” of property rights.
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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.*! The sectoral organisational
structure under equilibrium is illustrated by Figure 2b.

The shaded area represents the offshoring profit premium for the final good producer with 6 > 08
The offshoring productivity cutoff, #2, is defined by the final good producer that realises a discounted
offshoring profit premium high enough to recover the offshoring sunk cost.

Tosjon () =15(0) =75 (8) = mhs 0w (05) = (1 — Nw's".

Finally, the market productivity cutoff, 8, is defined by the condition ﬂg (@) =0.

The related-party trade database does not identify the type of integration (forward or backward).
However, the generalisation of the organisation-space allows me to overcome this data limitation and de-
rive predictions on organisational dynamics under institutional uncertainty that contemplates both types
of integration. Moreover, the analysis below remains robust to the situation where only one type of

integration is available (i.e. backward integration), as in Antras and Helpman (2004).42

3 Uncertainty in organisational fixed costs in South: model setup

A close reference to the characterisation of the Bayesian learning mechanism and the offshoring ex-
ploration decisions as a Markov decision process is Larch and Navarro (2021). The main difference is
that, by assuming incomplete contracts, my focus is on the organisational dynamics, i.e. in the dynamic
allocation of property rights across the value chain, while by assuming complete contracts, Larch and

Navarro (2021) center the attention in the location dimension of the sourcing decisions.*?

3.1 Model setup and initial conditions.

The initial conditions are defined as the steady-state economy with non-tradable intermediate inputs
(n.t.i.). Offshoring strategies are initially not feasible for the northern final good producers due to weak

institutional fundamentals in South. The higher marginal costs in the North imply a higher price index,

#ISee Appendix A.5 for proofs and explicit expressions for the productivity cutoffs in balanced-intensity sectors.

“In Appendix E.2, I use data for US manufacturing sectors to analyse empirical evidence for the generalisation of the
organisational choice introduced in this section.

BTo avoid the emergence of multiple equilibria, I simplify the location dimension of the offshoring decision under in-
stitutional uncertainty. For a complete characterisation of the location dimension in offshoring decisions under institutional
uncertainty and its consequences in terms of specialisation of countries and welfare, see Larch and Navarro (2021).
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Pt which translates into a lower competition intensity in the final good market.

Under n.t.i conditions, the most productive final good producers in the H-intensive [M -intensive]
sectors choose domestic backward [forward] integration, while the least productive producers opt instead
for domestic outsourcing. In the balanced-intensity sectors, they all choose domestic outsourcing.

I denote with * the perfect information equilibrium variables. Comparing both steady states:**

N s : . gn.t.i. * . plNn.t.g N+ | pnti. * . n.t.i. *
H{[M]-intensive sectors: 6 <0 QVH[A{] < HVH[M] ;P > P*Q < Q*,

« Balanced-intensity sectors: 8" < §* ; Prti > pr o Qb < QF,

Institutional reform in South ({ = 0). An institutional information shock (e.g. institutional reform)
takes place in the South in ¢ = 0, but the weak credibility of the southern government produces that
northern final good producers do not fully believe in the fundamentals of the new institutional regime.
Thus, based on how credible the announcement of the southern government is, uncertainty emerges about
. . . . . . S S S
the per-period fixed costs for each organisational type that involves a southern supplier, i.e. /3, fv._, /v, -

The final good producers’ prior beliefs at ¢ = 0 about institutions in South post-reform are:

fo~Y(fS) with £ e [fy, filand k= O, Vi, Vi, (10)

where Y (.) denotes the c.d.f. of the prior uncertainty.*’

The organisational choice is modelled as a recursive Markov decision process where firms update
their beliefs through a Bayesian learning mechanism. Based on the priors, each final good producer
must decide whether to explore the offshoring potential or wait. If the final good producer chooses to
explore, she must pay a sunk cost for feasibility studies to set up a supply chain abroad, which consists
in the analysis of the possible offshoring strategies from the South. Thus, after paying the offshoring
sunk cost w” s", she discovers the organisational fixed costs in the South for all the alternative types, i.e.
fg, f{?H, féM. After she receives this information, she must choose the optimal organisational form.*®
If, instead, she decides to wait, she does it by sourcing for one more period with a domestic supplier

under the previous organisational type k'". At the beginning of the next period, she updates the prior

beliefs by observing the chosen organisational type of the final good producers that explored their off-

“ Appendix B characterises the n.t.i steady state for each type of sector. Appendix A.8 defines the price and aggregate
consumption indices under perfect information equilibrium for H- and M -intensive sectors, while Appendix A.7 defines them
for balanced-intensity sectors.

“>For the moment, the only condition on the prior distribution is that it has a finite expected value. To avoid a taxonomy of
cases, I also assume that the true value is within the range of the distribution, i.e. f£ € [ Jf,f, fe ]

6 An important feature of the exploration activity 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.

17



shoring potential in the previous period. With this new information, she decides first whether to leave
the market or remain active. If she stays active, she decides whether to explore the offshoring potential
or wait one more additional period.

In the following sections, I introduce the information externalities and the learning mechanism. Then,
I characterise the exploration decisions of the initial explorers (¢ = 0) and the followers (f > 0). Figure

3 illustrates the timing of events of the recursive Markov decision process.

Figure 3: Timing of events - Uncertainty

3.1.1 Informational externalities and learning.

The learning mechanism involves the interaction of two states: the beliefs state and the physical state
(Larch and Navarro, 2021). The latter refers to the information externalities generated by the actions of
producers under offshoring. The first state defines how 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 type k° = O, Vg , V]@ in period ¢ as:

(1-n)(o—1)
prem (9) -0 = fks(e) _ rljgv(ert) [<wN> ! -1

N
— v, 11
Trks/k’N,t O'UJN ’LUS + fk; ( )

k‘/N

where indicates V;IV in the case of H-intensive sectors, V]{/[V for M -intensive, and O¥ for the indus-

tries with balanced intensity. It is easy to see that if f,f > f,f (6) VK5, the final good producer 6 does
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not find it profitable to offshore under any type. Thus, after discovering her offshoring potential in the
South, she decides to remain sourcing domestically under the previous organisational type &'V

I define 9;3 , as the least productive final good producers doing offshoring under type k in ¢, and éf as
the least productive producers that has explored the offshoring potential in ¢ — 1. Thus, f,f: ;= f,f (Gksyt)
denotes the maximum affordable fixed cost under type & for the final good producers G,f’t in ¢, and

S = 95 ) indicates the maximum affordable fixed cost under type k for 62, in t.
0= fr(6;,) ind h ffordable fixed der type k for 67,

Beliefs state: learning. The initial state of the beliefs is defined by the initial prior distributions in
equation (10), and they evolve according to the learning mechanism defined in (12). Intuitively, the
final good producers that have not explored 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 ¢ > 0 for each £ = O, V7, Vs are given by:

Y(f];g) iff,it:fgtil:fi]f,

S S1¢S — ¢85y YURIFRESH, ) 079 _ 4s s

Fr V(R < fk,t) = W if fioe = i < Jia-1> (12)
i if fiy, < f2

The first line indicates that the posterior beliefs for type k£ remain equal to the prior, when no final
good producer has yet offshored 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 Bayes rule, the distribution progressively truncates from the right, while
the lower bound of the prior remains constant.*® To simplify the notation, I removed the lower bound in
the condition of the distribution.

Finally, the third line indicates the moment in which the true value is revealed, and thus the uncer-
tainty distribution collapses to the maximum affordable fixed cost by the least productive producer 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 domestic sourcing. I discuss this further below.

47 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. In Appendix C.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.

*For proofs of the derivation of the Bayesian updating process, see Appendix C.1. For a similar Bayesian learning process
see Rob (1991); Segura-Cayuela and Vilarrubia (2008); Larch and Navarro (2021)
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3.1.2 Exploration decision of the offshoring potential.

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

sourcing domestically under its current organisational type.
Vit(0:07) = max{Viey(60: 67); Vit (0:07)}; for k = O, Vig, Vi,

where 07 = {98’“ 9€H7t, 9‘5,M’t} indicates the state of the sector in period t.
: : : S _ NS yvS S
The value of exploring the offshoring potential for a final good producer 6 under type k&~ = O~, V3, V3,

is given by the expected discounted profit premium of that type k° relative to the current domestic sourc-

k/N

ing organisational type , net of the offshoring sunk cost w'Vs":

T=t

Vi (0:07) = B [max {o; > Affwzﬁﬁ/N,T<e>}

S _ S N
fe < fk,t] —w's".

The final good producers, based on their posterior beliefs at ¢, can compute this expected value of off-
shoring for each alternative type, k&% = 0%, Vg , V]*VS}.

The value of waiting is defined as:

VE(0;07) = 0+ NE¢[Vi41 (0507 1),

which is computed by the producers for each type k% = OF, Vlf , V]@, based on posterior beliefs at £.

The Bellman equation for each offshoring type takes the form:

Vit (0;07) = max {Vi2,(0; 07 ); NE¢[Vi 410 07,1)] } - (13)

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

lfie — EURIIE < 120)]

> 0.
iy

Under assumption A.3, I show 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.*’

Therefore, the Bellman equation becomes Vy 4(6; 07 ) = max {V,gt(e; 0;); ka£1 (6;62) } From this

“This assumption implies that the information revealed is decreasing in time. See Appendix C.2 for proofs.
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expression, I derive the trade-off function (14) for each offshoring type k = O, Vﬁq , V]\*Z:
Dk,t(g; 957 §Eg+1) = Vko,t(g; 9297 N§+1) - Vklfjt’l(g; 01, 9~t+1)» (14)

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 1

When the value of offshoring is higher than the value of waiting, the final good producer finds it
profitable to explore the offshoring potential under type & in ¢t. When it is negative, she finds it 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.

N >0 Explores offshoring potential in South under type & in ¢.
.pS js
Dk»t(ga Ht s 9t+1)

< 0 Waits one period sourcing under &".

After paying the offshoring sunk cost w'¥ s”, the final good producer discovers the value of the fixed
costs in the South for all the offshoring organisational types. Therefore, she decides to explore her off-
shoring potential whenever the trade-off function is non-negative for at least one type k = O, VI:IS , V]@.SO

Substituting the value of offshoring and the value of waiting into equation (14), I obtain:!

Y(/E)
d . 15
Y(S,) ] ()

Dia(0;05 .05, )) = max {O;Et [wg;e;“w’t(e)‘ 5 < f,it} } _ WV [1 _ Akl
From this expression, I derive a first property of the equilibrium path. Consistently with Larch and

Navarro (2021), Lemma 1 shows that the exploration of the offshoring potential in the South is led by

the most productive final good producers in the market.

Lemma 1 (Sequential offshoring). The final good producers with higher productivity have an incentive

to explore the offshoring potential in earlier periods.

m)k,tw; 9297 éigﬂ)

> 0.
00 =0

Proof. See Appendix C.5.1. O

30 After she receives that information, she may opt for a different organisational offshore structure than the type that triggered
the exploration decision. In section 3.2, I characterise the decisions for each sector.
S1See Appendix C.3 for derivation of equation (15).
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Moreover, the trade-off function is strictly increasing in 6 for those final good producers facing a real

trade-off, i.e. those with a positive value of offshoring.

Assumption A. 4. Dk,tzo(ﬁz; 5, 5) > 0 for at least one k = O,Vy,Vy, where 0 refers to the most

productive final good producer in the market.

Assumption A.4 establishes that at least the most productive final good producer in the market,
denoted by 5, finds it profitable at ¢ = 0 to explore the offshoring potential for at least one organisational
type k = O, Vg, V. This is a necessary condition to trigger the sequential exploration of the offshoring

potential in South.?

3.2 Sectoral equilibrium paths.

I focus the analysis on the sectoral organisational dynamics, particularly on the vertical disintegration
patterns that result from an endogenous increase in competition intensity. Thence, I concentrate on
the characterisation of the equilibrium paths for the sectors where those patterns emerge, i.e. the M-
and H-intensive sectors. Given that both types of integration are strictly dominated by outsourcing in
balanced-intensity sectors, those dynamic patterns are absent in the sectoral equilibrium paths. Thus, I
characterise the latter in Appendix C.4.

Both H- and M -intensive sectors face similar equilibrium paths. The main difference is that the
integration type that emerges in the first case is backward, Vg, while in the second case, it is forward,
Vs. Icharacterise the equilibrium paths for both sectors together, where V refers to Vi for a H-intensive

sector and Vs for a M -intensive sector.

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

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

The trade-off function is thus given by:

. Y(f i)
.pS 4SS |\ — . prem S« f8 . N_r B k,i+1
Dk,t(ea gt ) 9t+1) max {07 ]Et |:7TkS/VN,t(9) )fk’ = fk:,ti| } wSs 1 A Y(fig:t) ; (16)

S21f the distribution G(8) is unbounded on the right, i.e. § — oo, then the assumption A.4 holds for any distribution ¥ (f{)
with a finite expected value.

3In the case of H-intensive sectors V refers to V. The other organisational types strictly dominate forward integration.
Therefore, it is not considered a potentially profitable alternative. Instead, in M -intensive sectors, V' indicates Vjs. The other
types strictly dominate backward integration. Thus, it is not considered as a potentially profitable alternative.
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with £k = O, V. A final good producer with productivity § explores the offshoring potential in period ¢
when Dy ,(0; 65,67, 1) > 0 for at least one k = 05, V5.
The offshoring exploration productivity cutoff, i.e. the least productive final good producer exploring

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

Lemma 2 (Per-period offshoring exploration productivity cutoff). The offshoring exploration productiv-

ity cutoff in any period t, denoted as éfﬂ, is given by:

S _ . [55 ;S
0711 = min {90,t+1a 9v,t+1} )
with

[N 51 8 g N T Y (f8,641) o1
wN \B(fSIFE < 18.) = ) + 5" (1= A5

¥ (n) — vl (n) ’

ég,tJrl = (vE)T5 Qy

. 1 es g N - Y(fF 1) 71
. - wh \E(fPlfy < fp) = fy +57 (1= VUL,
9€,t+1 = (VE)To Qs |

P (n) — ¥l (n)

Proof. 5g,t 41 and é\b;t 1 are defined by the fixed points:

0 N rem 0 Y(fS )
Dyi(Ovs1:07.05,) =0= K |:7T€*S/VN t(QVi-‘rl)‘f\g < ff?t} = w1 )‘# ;
5 ) Y(f‘/’t)
n 0 rem a Y(fS )
DO,t(eO,t—H; 9?7 929—&-1) =0= E [WZS/VN t(907t+1)‘f5 < fg t:| = wNST L - )\% :
) ) Y(foﬂ(:)
See Appendix C.5.2. O

Organisational choice after exploration. After paying the offshoring sunk cost w”s", the producer
receives information on the true values fg , f{?H, ng. Therefore, she chooses the organisational type that
maximises her profits, independently of the type k that triggered the exploring decision.

The organisational decision after exploration is as follows: After paying w” s” in period ¢, the final
good producer discovers the true values of fg, féH and f{?M , and she must choose an organisational type.
The final good producer with productivity 6 chooses foreign integration, V°, when:

Wz‘o/rse;nos’t(@) :71‘%(0) - Wg,t(e) > 0.
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She chooses arm’s length trade, O°, when:

T (0) =78 ,(0) — 7y (6) >0 and VST (6) <0,

Otherwise, she remains under domestic integration.

Lemma 3 (Foreign integraton productivity cutoff). The foreign integration productivity cutoff at the end
of period t, th 41 Le. the least productive final good producer that has chosen V'S after paying the

sunk cost in period t, is given by:

y S,e
67,1 = max {9;11; ewﬂ} , (17)
with )
o N [fS _ fS] o—1
qbrem (GS’. ) -0 = 95,0 _ (’YE)EQt w % o . (18)
VE[OSTV s ¥y (n) — 5 (n)
Proof. See Appendix C.5.3. O

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

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

. . N t—
perfect information equilibrium, Hf 1220, 9S* = 05 when:

S S S S
Case I: fO = io = f0,00 = io,

Case II: f2,+ (1 —\)s" < f5.
Hysteresis takes places, i.e. convergence leads to some "excess” of offshoring , when:

Case lII: 3+ (1—\)s" = f§ =07 2= 057",
Case IV: [5+ (1= N)s" > f§ > 5 =67 %65

with 08’* > 9800 > H(S)ﬁr, and GS’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".

Proof. See Appendix C.5.4. O

I define  as the earliest period in which: 65 < 3% ie. fort > t, the new producers exploring

i+1 — “Vi+1l
the offshoring potential in South choose foreign outsourcing after the exploration decision. Figure 4a

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

of the sequential offshoring process.

(a) Offshoring productivity cutoff (b) Productivity cutoffs

Figure 4: H- and M -intensive sectors. Equilibrium paths

3.2.3 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
long-run steady states defined by Cases I to IV in Lemma 4. The lower prices charged by the final good
producers under offshoring reduce the price index and increases the aggregate consumption index in the
final good markets. The price index and the aggregate consumption index converge to their respective

long-run steady states defined by Cases I to IV, as shown by Lemma 5.

Lemma 5 (Price index effect of sequential offshoring). As the offshoring productivity cutoff converges

to the steady state (Lemma 4), the price index in the final good market reduces:

¢

Cases I and II: P, \, P* if 07\, 05",

Case IIl: P; \, P™" T

Case IV: P, \, Ps, € (P*;P™") if07 \, 03 € (057, 05%).
\
Proof. See Appendix C.5.5. U

Lemma 6 (Convergence of market productivity cutoff). As the offshoring productivity cutoff converges

to the steady state (Lemma 4), the price index in the final good market reduces (Lemma 5), and the
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market productivity cutoff increases:

CasesIandI1I: 0, / 0" if 07\, 05,
Caselll: 0, /0" iFo7 N\ 05,

Case IV: 0, /0., € (0%077)  if05 \, 05 € (0577 05%).

Proof. See Appendix C.5.6. O
From Lemma 6, it is possible to see that the decreasing price index intensifies the competition in

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

As P, N\, P*, the market productivity cutoff 8, , 6*.

Proposition 1 (First channel of competition effect on vertical disintegration). As the offshoring produc-

tivity cutoff converges to the steady state (Lemma 4), the price index in the final good market reduces

(Lemma 5), and.:

(a) the least productive final good producers under domestic integration sequentially disintegrate the

supply chains to domestic outsourcing:

;

Cases I and II: 9{}; Ve 05’* if 07 N\, 0%,

Case II: 0, 7 00" ifo5 N\, 65,

Case IV: 0, 7O € (007500°7) i 07\, 05, € (0577;657).

(b) starting from t, the least productive final good producers under foreign integration sequentially

disintegrate the supply chains to foreign outsourcing:

(

Cases I and II: 9‘5,’,f N 9{5;’* if o7\, 0%,

Case II: 03, 7 05" ifo8 N\, 65,

Case IV: 05, 705 € (075007")  if 07 N\ 05 € (0577,65%).

Proof. See Appendix C.5.7. O
Figure 4b illustrates the equilibrium paths of the productivity cutoffs for Case I (solid line) and Case
III (dashed line). Any path between I and III represents Case IV. For simplicity, I will refer from now on

to either of the long-run steady states as the perfect information steady-state.>*

3*As shown in Lemma 4, some steady states differ from the perfect information equilibrium (hysteresis). Nevertheless, for
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Effects on offshoring firms: regime change and sequential disintegration. Proposition 1 (b) shows
that the least final good productive producers under foreign integration sequentially shift to foreign out-
sourcing, as the competition in the final goods market intensifies. For ¢t > ¢, as P, \, P*, the foreign
integration productivity cutoff converges from below to the perfect information steady state: 9{% Ve 0‘5/’*.

The least productive of the early offshoring final good producers have chosen V° as a temporal
organisational type. As the competition intensifies, they find it optimal to vertically disintegrate and
switch to arm’s length trade.” This represents a non-monotonic behaviour of the foreign integration
productivity cutoff over time. It manifests itself as a regime change or a reorganisation of the supply

chains of the least productive final good producers that have initially chosen foreign integration.>®

Effects on middle size firms: sequential disintegration of domestic supply chains. Proposition 1
(a) shows that the least productive producers under domestic integration sequentially disintegrate the
supply chain to domestic outsourcing. As before, due to the effect of the increasing competition on
the revenues, some domestically integrated final good producers discover that the gains from integration
can no longer compensate for the higher managerial or governance costs. Thus, they sequentially shift

towards independent northern suppliers (domestic outsourcing).

4 Empirical model: Competition effect in North-South model

I test the theoretical prediction characterised by Proposition 1: the first channel of competition effect
on vertical disintegration. In particular, I focus on the organisational dynamics of the offshoring final
good producers.’’ To that aim, I use US manufacturing sector-level data for the period 2002-2016. 1
describe the data in section 4.1, and I follow with stylised facts in section 4.2. In sections 4.3.1 to
4.3.5, I introduce a set of reduced-form empirical models that capture different features of the sectoral
organisational dynamics. Finally, in section 4.3.6, I aggregate the firm-level predictions of the theoretical

model to sector-level consistent organisational dynamics, and I derive a structural two-stage empirical

simplicity, I refer as “convergence to perfect information equilibrium” to any of those cases. For further discussions on the
welfare consequences of each steady-state, see Larch and Navarro (2021).

35For simplicity, I assume that there is zero cost of reorganisation of the supply chain when they switch from foreign inte-
gration to foreign outsourcing. The introduction of a cost of disintegration would simply shift upwards the productivity level in
the conditions that define the period 7.

%The increase in competition intensity in the final good market shrinks the total revenues for all the active final good
producers. It diminishes the outside options at the bargaining stage of the final good producers under integration. Thus, it
affects proportionally more to those final good producers under integration. Therefore, a subset of the final good producers
under V° observes that the gains from integration cannot compensate for the higher managerial costs of that organisational
type. Thus, they sequentially shift the regime from V° towards O®.

5"In other words, T test for the effects characterised in part (b) of Proposition 1. The available data does not allow to test for
the vertical disintegration dynamics on domestic supply chains.
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model that identifies the mechanism of the competition effect characterised Proposition 1.

4.1 Data.

The main datasets are the Related-Trade Party dataset and the manufacturing survey, both from the US
Census Bureau, and the supplementary import table before redefinitions of the input-output matrix from
the Bureau of Economic Analysis (BEA).

I use imports data for the period 2002-2016 from the Related-Trade Party dataset, provided by the
US Census Bureau.”® The data covers US manufacturing sectors reported at NAICS 6 digits, classified
according to the supplier’s (i.e. exporter’s) activity. The data allows for the distinction between imports
of US firms from a related party (intra-firm trade) and a non-related party (independent suppliers). The
sector-level aggregation constitutes the main drawback of the data for a complete structural estimation
of the model’s predictions. For that reason, I aggregate the firm-level model’s predictions and derive the
respective sectoral organisational equilibrium dynamics.

A second limitation of the data refers to the lack of distinction between forward and backward inte-
gration in imports flows. Instead, it identifies whether the parties are related (in either way) or indepen-
dent. Nevertheless, the generalisation of the organisational space in the theoretical model to both types
of integration allows me to overcome this limitation in the data. Thus, the model’s prediction test does
not require the distinction between forward and backward integration.

A third limitation comes from the classification of imports at the supplier sector, while the model’s
predictions are defined at the final good producer sector. Thus, to reclassify the data from supplier to
final good producer sectors, I use import matrix before redefinitions 2012 of the input-output matrix
provided by the BEA. I identify the final good producer sectors by the user manufacturing industries in
the matrix, while the supplier sector is linked to the manufacturing industries of the imported commodity
in the matrix. Both are classified by BEA code. After reclassification of the manufacturing survey and
the related-trade party datasets to BEA code, I merge both datasets to the matrix. Thus, I obtain a sample
that consists of 139 final good sectors, 160 supplier sectors, and 173 foreign countries.

Considering that the main predictions of the theoretical model are related to the organisational dy-
namics of the final good producer sectors, I aggregate the m (i.e. supplier) dimension in the data and
identify the mean supplier sector features at the final good producer level.

Regarding the imports data, I transform it to obtain the imports at final good producer sector j level.

To that aim, I build a measure based on the BEA matrix that captures the share of each final good sector

38For 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).
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J in the imports of each input m sector. It is denoted as HshrM,, ;. Using these shares, I distribute the
imports of each input m through each final good sector j and aggregate them at the j level. Thus, I
compute the total imports and the intra-firm imports of each sector j from each sourcing location. The
manufacturing survey provides data on total sales of the final good producer sector j.>° Combining this
data with the imports data at sector j level, I compute the offshoring share and the intra-firm intensity of
each final good sector j.°° In section 4.3, I discuss the construction of the main variables.

I use the “liberal” criteria of Rauch (1999)’s classification of commodities. I define a measure that
takes the value 0 if Rauch’s category is “w”, 0.5 if 77, and 1 if ”d”.%! After reclassification to BEA
codes, I obtain a continuous differentiation index in [0, 1], which increases in the differentiation of the
sector. I merge this data with the input-output matrix and obtain a differentiation index for 5 and m sides
of the relationship. Thus, I obtain a weighted mean supplier differentiation index at the sector j level.

The elasticity of substitution of the final good markets comes from Broda and Weinstein (2006), and
the data on bilateral tariffs comes from the World Integrated Trade Solutions (WITS). I reclassify these
datasets to BEA codes and compute the respective mean values for each sector j.

Finally, using a factor analysis approach (FA), I build a measure for H-intensity of the final good
sector, 77j, which is defined by the first factor from a factor analysis of the determinants of the H-intensity.
To that aim, I build on the works of Yeaple (2006); Nunn (2007); Nunn and Trefler (2013) and Antras
(2015).92 The data used for that purpose comes from the manufacturing survey of the Census Bureau
and the Business R&D and Innovation Survey (BRDIS) survey of the National Center for Science and

Engineering Statistics (NCSES) of the National Science Foundation.

4.2 Stylised facts.

Figure 5a shows a positive trend in US total imports for differentiated and non-differentiated supplier’s
sectors.®3 The positive trend in total imports and the negative trend in the share of intra-firm imports
of the differentiated sectors shown by Figure 5 are consistent with the sectoral equilibrium path char-
acterised in Section 3.2. The model’s prediction states that the sequential offshoring equilibrium path

increases the competition intensity in the final good markets, and thus it eventually leads to a sequential

% Additionally, the manufacturing survey data is used to compute the measures of the determinants of the component-
intensity of the sector j in the static empirical model. For further discussion on the data and identification of the static empirical
models, see appendices E.1 and E.2.

OThe offshoring share is the total imports of sector j over the total sales of the sector. Instead, the intra-firm intensity is
defined as the total intra-firm imports of sector j over the total sales of the sector. Additionally, I compute for the reduced-form
model the intra-firm share, which refers to the intra-firm imports over the total imports of the sector j.

5IThe catergories are: i) good traded on an organised exchange (w), ii) reference priced (r), and iii) differentiated (d).

%2Main measures are: Capital intensity, Machinery intensity, R&D intensity, Advertising intensity. See Appendix E.2.

%The vertical lines indicate the global financial crisis.
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vertical disintegration of the offshoring firms. Additionally, Figure 5b shows an increasing participation

64

of independent suppliers in US imports, in particular in the differentiated supplier’s industries.
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Figure 5: US imports by type of input m sector (differentiated and non-differentiated).

Figure 6 illustrates the predicted sectoral dynamic path and highlights the main features of the first
channel of the competition effect on vertical disintegration. The sequential reduction in the offshoring
productivity cutoff (red solid line) translates to a progressive increase in the competition intensity in the
final goods market (i.e. reduction of the sector’s price index). Among offshoring firms, it leads to a
sequential vertical disintegration of the least productive final good producers under foreign integration

(blue dashed line), which begins in period #.6

4.3 Identification of the empirical models and estimation results.

I test for the predictions of Proposition 1, i.e. the first channel of competition effect on vertical disinte-
gration, in particular those related to the organisational dynamics of offshoring firms. In sections 4.3.1 to
4.3.5, I introduce a set of reduced-form models that show evidence consistent with different features of
the organisational dynamics characterised by Proposition 1. Sections 4.3.1 and 4.3.2 present the models
in a two-country setup, where I aggregate the foreign sourcing locations. Sections 4.3.3 and 4.3.4 exploit
the variation that comes from the country dimension. Section 4.3.5 disentangles the bilateral and global
effects of the offshoring activity on the vertical disintegration of supply chains.

Finally, in section 4.3.6, I introduce main specification. It refers to a two-stage structural empirical

model that identifies the mechanism of the first channel of the competition effect on vertical disintegra-

This pattern is also consistent with the increasing offshoring activity of US firms shown in Feenstra (1998) for an earlier
period. There 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. It is consistent with a progressive vertical disintegration of the offshoring firms (Feenstra, 1998).

%The green dotted lines illustrate the effect of the increasing competition intensity in the domestic supply chains.
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Figure 6: First channel of competition effect: increase in offshoring activity

tion, as characterised by Proposition 1.

4.3.1 Reduced form model: First channel of competition effect in a two-countries setup.

Following the North-South setup, I aggregate the country dimension to one offshoring location. Given

the non-linear nature of the model, I define a fractional logit model given by:

exp(z} 4p)

R LA - ’ _ '
1+ exp(z),p) with % p =p1 In(offshr shr; ;) + other controls + py,  (19)

E {IF shrj ¢ ‘ az}
where [Fshr;; indicates the global intra-firm import share of sector j in year ¢, and offshr shr; , measures
the offshoring share of sector j in period ¢t. Among the other controls, I include a set of sector-level
variables that account for the relevant dimensions identified by the theoretical model.®® The control
variables are: the elasticity of substitution of the final good sectors, from Broda and Weinstein (2006)
(sigmaj), the degree of differentiation of the mean supplier sector relative to sector j (M diﬁ‘j),67 and
the differentiation degree of the final good producer sector (H diff;). The model also includes year fixed

effects (p;). Finally, the observations are weighted by the relevance of final good sector j in imports of

%These control variables also account for the sector-level determinants of the organisational choices identified by the previ-
ous empirical literature. See Yeaple (2006); Nunn (2007); Nunn and Trefler (2013); Antras (2015).

"This measure is similar to the contract dependence index from Nunn (2007). I describe below the construction of the
weighted mean measure of the differentiation index.
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supplier sector m, i.e. HshrM,, ;.

Definition of the main variables. From the manufacturing survey, I obtain the final good sector total
sales in year t, total sales;;, while the data on total imports and intra-firm imports at the input sector
level in year ¢, total imp,, , and IF imp,, ,, comes from the related-party trade dataset.8

The variable IFshr;; is defined as:

IF im
IFshrj; = ZIFshrm’t X MshrHy, j  with  IFshry, ; = ﬂ, (20)
— total imp,,,
and the offshoring share, offshr shr; ;, is:
total imp , . ) )
offshr shr;, = ————=— with  ftotal imp;, = Z total imp,,, ; X HshrM, ;. (21)

total sales ; ; —

The variable offshr shr; , captures the intensity of offshoring activity in sector j, which is related to the
red solid line in Figure 6. The model predicts a negative coefficient p;: higher offshoring activity in
sector j (decreasing red solid line) leads to lower intra-firm import share (increasing blue dashed line).

The differentiation index for the mean supplier of sector j is M diff; = > m M diff,, x MshrH,, ;.

Results. Column (1) of Table 1 reports the estimated coefficients and average marginal effects of the
model in equation (19). Column (2), instead, introduces the offshoring share in levels.%° The empirical
evidence is consistent with the theoretical predictions of Proposition 1: as the offshoring activity in the
sector increases, the intra-firm import share decreases. The latter is consistent with a vertical disintegra-
tion of the offshore supply chains.

However, the results may also capture a situation where the intra-firm import share increases but
offshoring final good producers do not vertically disintegrate their supply chains. In Figure 6, it would
be represented by a decreasing red solid line, while the blue dashed line remains horizontal from ¢ on. To
account for the latter concern, I introduce a complementary reduced-form model in section 4.3.2, which

is able to account for this potential situation.

%Total imports is defined as the sum of related-party imports plus non-related party imports. The non-classified imports are
removed from the sample.

%See Table 10 in Appendix E.3.2 for complete table. Table 11 in Appendix E.3.2 reports the results of models that control
for sector j fixed effects. The supportive evidence vanishes in the latter case.
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Table 1: Competition effect: coefficients and average marginal effects.

(1 (2) 3)
IFshr; IFshr; IFint;
+ ++ + ++ + ++
In(offshr shr;,) -0.180"* -0.0381***
(0.0768)  (0.0139)

offshr shr; -2.356*  -0.506*  11.69"*  0.279***
(1.427) (0.289)  (1.319)  (0.0389)
offshr shr? , -6.006"*  -0.143***
(1.268)  (0.0331)
FEs t t t t t t
Observations 2039 2039 2039 2039 2039 2039

Other controls: H diff;, M diff;, In(sigma,), n(FA;). Coefficients (+) and average marginal effects (++).
Standard errors in parentheses. Cluster s.e. at sector j. * p < 0.10, ™ p < 0.05, *™* p < 0.01

4.3.2 Reduced form model: Intra-firm intensity.
I define /Fint;; as the intra-firm intensity in the sector j in period ¢, which is given by:

IF imp; ,

IFint;; = with [IF imp]-,t = Z imp relmyt X HshrMp, ; (22)
m

tot sales;

The dynamics illustrated in Figure 6 show that the intra-firm intensity exhibits a non-monotonic be-
haviour over time. Until period £, the intra-firm intensity increases as the offshoring activity in the sector
progressively increases (sequential offshoring). From that moment on, a further increase in offshoring
activity leads to a progressive reduction in the intra-firm intensity. Thus, considering the U-shaped rela-
tionship predicted by the theory, the empirical model specifies a quadratic relation between the offshoring

share and the intra-firm intensity. I define it as a fractional logit model, which is given by:

exp(/;,p)

E | [Fint Am =t
|: J :| 1 —+ exp(m;-’tp) (23)

with :c;‘,t p = proffshr shr; , + paoffshr shr?’t + other controls + py,
Results. Column (3) of Table 1 reports the results of model in (23).”® The inverted U-shape of the
effect of the offshoring share on the intra-firm intensity provides evidence consistent with the predictions

of the model: once the sector has reached a sufficiently extensive offshoring activity, characterised by ¢,

further increase in the offshoring share induces a vertical disintegration of the offshore supply chains.

See 10 in Appendix E.3.2 for report of full table. Table 11 in Appendix E.3.2 reports the results of models that control for
sector j fixed effects. The results remain robust.
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4.3.3 Reduced form model: Competition effect at bilateral levels.

I exploit now the variation in the country dimension. I estimate the effects of the global offshoring
activity of sector j in the bilateral intra-firm import shares.

The empirical model is given by:

_ op(@l4P)
I+ exp(a] ;. p)

E {IFshrlvj’t‘a:} with ;5 . p =p1 In(offshr shr; ) + other controls + py + py,
(24)
where IFshr; ;; indicates the bilateral intra-firm import share of sector j from country [ in year ¢, and
offshr shr; , refers to the offshoring share of sector j in period ¢ from all sourcing locations. From the
theory, the increase in the offshoring activity in any country [ affects the organisation of supply chains
in all sourcing locations, through its impact on the price index in the final good market. Therefore, the
bilateral intra-firm import share of sector j is affected by the global offshoring activity of sector j.
As before, the other controls include: the elasticity of substitution from Broda and Weinstein (2006);
the degree of differentiation of the mean supplier industry, M diff, which is defined by equation (19);
the H differentiation level (H diff); and In(1 + tariffs, ; ), where tariffs; ; , denotes the weighted mean
of tariffs in inputs imported by sector j in year ¢ from country [. For the definition of the variables,

see Appendix E.3.2. The model includes country (p;) and year (p;) fixed effects. The observations are

weighted by the relevance of the final good sector j in supplier sector m’s imports, i.e. HshrM,, ;.

Table 2: Competition effect: average marginal effects.

(D (2) (3) 4) (%) (6)

IFshry ;¢ IFshry j IFshryj;  IFshry IFint ;4 IFint ;
In(offshr shr;,) -0.00598**  -0.00756***
(0.00264) (0.00244)

offshr shr;, -0.0280  -0.0417  0.0109***  0.0104***
(0.0333) (0.0304)  (0.00117)  (0.00107)
offshr shr?, -0.00494***  -0.00473***
(0.00116)  (0.00111)
FEs .t It It It .t It
Observations 60979 60979 60979 60979 60979 60979

Other controls: In(1 + tariff, ; ,), H diff;, M diff;, In(sigma;), 7(FA;). Average marginal effects.
Standard errors in parentheses. Cluster s.e. at sector 5. * p < 0.10, ** p < 0.05, *** p < 0.01

Results. Columns (1) and (2) of Table 2 show the estimation results of the model in equation (24). The

empirical models provide supportive evidence for the competition effect predicted by Proposition 1: as
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the global offshoring activity in sector j increases, the bilateral intra-firm import share decreases. The
latter is consistent with a progressive vertical disintegration of the supply chains. The effect vanishes

when the offshoring share is introduced in levels (see columns (3) and 4).

4.3.4 Reduced form model: Intra-firm intensity.

I analyse the effect of the global offshoring activity in the bilateral intra-firm intensity. The empirical

model is given by:"?

__ XP(@,54P)
L+ exp(@y ;. 4p) (25)

E 1Fint M
with zc{,j’tp = pr0offshr shr; , + paoffshr shrit + other controls + p; + py,

Results. The results of model in equation (25) are reported in columns (5) and (6) of Table 2. They
provide evidence in favour of the quadratic relationship between the global offshoring share and the

bilateral intra-firm intensity, consistent with the sectoral dynamics illustrated in Figure 6.7

4.3.5 Reduced form models: Bilateral and global effects.

From theory, the characterisation of the mechanism of the competition effect through the price index
implies that the global offshoring activity of the sector affects the bilateral intra-firm import share (and
the bilateral intra-firm intensity). The alternative would be an effect limited to the bilateral relationships,
without global effects. Thus, the latter would provide evidence that the impact of the offshoring activity
is not channelled through the sector’s price index in the final good market.

To that aim, I disentangle the bilateral offshoring share and the global offshoring share of the sector
7, and test for their impact on the bilateral intra-firm import share (and the bilateral intra-firm intensity).

The empirical models are given by:

__ OP@50P)
1+ exp(x] ; ;p) ’

exp(x) .
E[IFshrM’t’w} = p( l’g’tp)

- . E [IFintl t‘m}
T+ cxplal ,p)

(26)

with

@y i+ = p1In(offshr shry ;) + pa In(offshr shr_y ;) + other controls + py + pz,

where —[ indicates the aggregation of all the countries excluding [.

"See Table 12 in Appendix E.3.2 for report of the full table. Table 13 in Appendix E.3.2 reports the results for the models
with sector j fixed effects. As before, the evidence is not consistent with the theoretical predictions in the latter case.

"For the definition of the variables, see Appendix E.3.2.

3 Appendix E.3.2: Table 12 in reports full table, and Table 13 reports models with sector fixed effects. Results remain robust.
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Table 3: Competition effect: bilateral and global effects.

(1 2 (3) 4)
IFshrlyj,t [Fintl,]‘,t 1Fshr17j,t IFintlﬁjyt
+ ++ + ++ + ++ + ++
In(offshr Shrl,j,t) 0.144%** 0.0111*** 1.151%** 0.00142*** 0.158***  0.0117*** 1.105*** 0.00135***
(0.0276) (0.00237) (0.0327) (0.0000622) (0.0208)  (0.00184) (0.0211) (0.0000464)

In(offshr shr_y ;) -0.123** -0.00951***  -0.0636** -0.0000787*** -0.155** -0.0115** -0.0916*** -0.000112***
(0.0278)  (0.00201) (0.0206) (0.0000259)  (0.0282)  (0.00191)  (0.0185)  (0.0000210)

FEs l,t l,t it it l,t l,t It It

Observations 60978 60978 60978 60978 60978 60978 60978 60978

Other controls: H diff;, M diff;, In(1+ tarijfl_17t), ln(sigmaj), n(FA);. Coefficients (+) and average marginal effects (++).

Standard errors in parentheses. Cluster s.e. at sector j. * p < 0.10, ** p < 0.05, *** p < 0.01

Results. Table 3 shows that the effect of the offshoring activity on the vertical disintegration of the
supply chains is driven by the global offshoring activity. This result is consistent with an effect channelled

through the changes in sector’s price index.

4.3.6 Empirical model: Identification of the competition effect mechanism.

I introduce a two-stage model that identifies the mechanism of the first channel of the competition effect
on vertical disintegration through the price index in the final good markets, as characterised by Proposi-
tion 1. For the derivation of the respective regressions, see Appendix E.3.3.

In a first-stage regression, I estimate the effect of the offshoring share in the sector’s price index. To

that aim, I derive the following log-linear model:

In(Pj¢) = bo + b1 In(offshr shr; ;) + other controls + by + by + u; ;. (27)

In a second-stage regression, I use the predicted value of In(P;;) from the first stage and estimate
the effect on the intra-firm intensity. In other words, I use the predicted changes in the sector j’s price
index produced by changes in the sector’s offshoring share. Thus, the second-stage regression is defined

as a fractional logit model given by:

exp(ay ;4p) , ) .
- " with @y ; ,p =p1In(P}+) + other controls + p; + pt. 28
1+ exp(aci’j’tp) Lj,eP =p1In(Pjy) pL+ Pt (28)

E | iFint M

Results.  The results are reported in Table 4.7 Regarding the first regression, the table shows that an
increase in the sectoral offshoring activity reduces the sector’s price index in the final good market. The
result is consistent with the intensification of the competition in the final good market due to a progressive

increase in the share of offshoring final good producers.

"See full table of first stage regression in Table 14 in Appendix E.3.3.
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The results of the second-stage regression provide supportive evidence for the vertical disintegration
consequences of the competition effect predicted by the theory. Reductions in the sector’s price index,
predicted by an increase in the sector offshoring activity, result in a lower intra-firm intensity in the
sector.

Table 4: Competition effect: Estimation in two stages.

Second stage: Coefficients reported
Agg. countries No aggregation of countries

(1) 2 (3)
IFint; IFint; ; IFint; ;
In(Pj;) -35.43%** -25.63%** -25.74%**
(1.814) (1.598) (1.545)
In(1 + tariff; ;,) 51.88** 61.78**
(22.253) (17.724)
H diff; 2.486*** 2.905*** 2.982%**
(0.573) (0.533) (0.514)
M diff; -0.164 2.855%** 2.755%*
(0.363) (0.524) (0.482)
In(sigma;) 2.583%** 2.046™** 2.063***
(0.195) (0.16) (0.158)
n(FA); 0.191* -0.362** -0.345**
(0.101) (0.159) (0.146)

FEs t l,t It

First stage: Main coefficients

ey 2 3)

In(Pj+) In(P;) In(P;)

In(offshr shr; ;) -0.0312***  -0.0350***  -0.0352***
(0.00869) (0.00959) (0.00979)

FEs t It It
R? 0.292 0.297 0.309
Adjusted R? 0.285 0.294 0.282

Second stage: Bootstrapped s.e. (1000 rep). Coefficients reported.
All stages: Cluster s.e. at sector j. Standard errors in parentheses.
*p<0.10, " p < 0.05, *** p < 0.01

To sum up, the model shows that an increase in the offshoring activity impacts on a reduction of the
sector’s price index, which translates into a more intensive competition in the final good markets. The
theory predicts that the latter leads to a progressive vertical disintegration of the offshore supply chains,

supported by the findings above.
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S Multiple countries

In a world with multiple countries, the effect of the offshoring decisions on the price index, and thence
on the sector’s organisational structure, may not be independent of the location of the suppliers. Thus,
it may also come from the relocation of offshore suppliers across foreign countries. Therefore, I extend
the model to multiple countries. The main goal is to characterise the relocation dynamics of offshore
suppliers after an institutional reform in one low-wage foreign country (the East) takes place. Under
such conditions, I study the consequences of the competition effect on the organisational dynamics.”>

I define a world economy with three countries: East (£), North (V) and South (5). The production

of the services z;, and the final good varieties are still produced only in the North, but the intermediate

inputs z,,, can be supplied by manufacturers in any location.

Assumption A. 5. Wages are higher in the South than in the East, but institutional fundamentals are

better in South for each organisational type.

wf <w® <w™ o fS<fi<fE<fE withV =V, V.

I assume that East have lower marginal costs than South, but the institutional fundamentals are better
in South.”® In addition to Assumption A.2, the Assumption A.5 defines the marginal costs differences
and the institutional fundamental conditions in foreign countries. However, the ranking on institutional
fundamentals is unknown to the final good producers when I introduce uncertainty in section 5.2.77

Given assumptions A.2 and A.5, together with the assumption that 15 (1) > 15/(1)’8, the sector

organisational equilibrium under perfect information is represented by:

0" < oYt <03 <Oy <05 <00 (29)

5.1 Perfect information equilibrium.

The wage advantage in the East allows the most productive final good producers in the market to realise

higher gains from offshoring. Thus, a comparison of the perfect information equilibrium to an initial

"5For a more general analysis of the consequences of institutional uncertainty in the location dimension and the consequences
in terms of specialisation of countries and consumer’s welfare, see Larch and Navarro (2021).

1t fF < f2, no final good producer finds it optimal to offshore from South under any organisational type. Therefore, only
offshoring types O V¥ are observable in perfect information equilibrium.

"7 An additional simplifying assumption is that the offshoring sunk cost w’ s” is homogeneous across countries.

"The assumption 15 (1) > % (n) implies that the gains from the lower marginal costs in the East with respect to South
compensate 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
(29), but without observing any producer under OF.
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condition situation where only offshoring from the South is possible shows:”®

PO >pr Q¥ <@, 09 <o o0 <ol 059 <05 00 <65 (30)

where (.S) denotes the equilibrium variables when offshoring is possible only from South and there is no
remaining uncertainty about southern institutions, and * denotes now the perfect information equilibrium

conditions for the multi-country model.

5.2 Institutional reform in East: Model setup and initial conditions.

I assume initial conditions are defined by the steady-state where offshoring is only possible from the
South, and there is no uncertainty about the institutional conditions in this country.

There is an institutional information shock (e.g. institutional reform) in the East in ¢ = 0, but the
northern final good producers have uncertainty about the scope of those reforms. As a result, they build
prior beliefs based on the credibility of the announcement of the eastern government. As before, the prior
uncertainty is given by:

fF~Y (e with  fF e [fE, FEL 31)

with & = O, V7, Vas. The learning mechanism is defined as in section 3.1.1, but instead relative to the

organisational fixed costs in East.

5.3 Exploration decision of offshoring potential in East: Relocation and competition.

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

(O, V5). The decision of a final good producer with productivity é relative to type k in t is defined by:
Vit (0;6F) = max{Vi,(6;6F); Vi.(0;6F)}; for k = OF Vi, Vi,

with 9F = {Qg’t, 05{{7“ 9€M’t} denoting the state of the sector in period ¢.
The value of exploring the offshoring potential for a final good producer with productivity 6 in ¢ under
type k is given by the expected discounted profit premium of type k relative to its current organisational

type k', net of the offshoring sunk cost w” s":

"In the case of (S) equilibrium conditions, there is no offshoring from East under any organisational type, i.e. 05'(S>

for k = O, Vi, Var. Therefore, 055 > 05 and 655 > 9E

— OO
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o0
V;;E(G;Hf) = E; |max < 0; Z)\T—tﬂzr/e;j(e) f,f < f,ft —wNs".
T=t

The respective value of waiting is defined as:

VEL(0;0F) = 0+ NE[Vi 11 (6;0F,1).

Thus, the Bellman equation for each offshoring type &k from East for a producer 6 in ¢ takes the form:

Vit (0;0F) = max { Vi, (0508 ); NE¢[Viei1(05071)]} - (32)

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

= Y(fF)
Digae (0307, 0F1) = max {0: B [=270 0)|1F < fE,]} = ws™ |1~ Ny e
k,t

The trade-off function characterises a sequential exploration led by the most productive final good pro-
ducers in the market.8? Therefore, the sequential exploration of the East starts as a relocation process
of offshore suppliers. The final good producers, originally offshoring from South, sequentially start to

relocate their supply chain to the East.3!

Proposition 2 (Second channel of competition effect on vertical disintegration). As the offshoring pro-
ductivity cutoff in East converges to the steady state (Lemma MC-4), the price index in the final good

market reduces (Lemma MC-5), and:
(a) the least productive final good producers under domestic integration sequentially disintegrate the
supply chains to domestic outsourcing:

§
Cases I and II: 9% N 95’* ifoOF \, 05,

Case IIl: 03, /7 630 if0F N 0E

Case IV: 0N, 70N € (007:00™)  ifF \, 0 € (977, 67).
k K b

(b) the least productive final good producers under foreign integration in South sequentially disinte-

81n Appendix D.2, I derive the Lemmas for the multi-country (MC) model: Lemma MC-1 (sequential exploration), Lemma
MC-2 (exploration productivity cutoff of East), and Lemma MC-3 (foreign integration productivity cutoff in East).
81 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/kgtzo(é; 6,0) >0
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grate the supply chains to foreign outsourcing in South:

(

Cases I and I1: 9‘% Ve 05’* ifOF N\, 0%,

Case II: 05, 7 03" ifOF N, 65

Case IV: 05, 705 € (007:007)  if 0F \ 0% € (0577;057).

(c) starting from t, the least productive final good producers under foreign integration in East sequen-

tially disintegrate the supply chains to foreign outsourcing in East:

2

Cases I and II: Hg,t N 95’* ifoF \, 05,

Case II: 95, /077" ifOF N\, 6F

Case IV: 0F, 7 0F € (0075077")  if 0F \ 0L € (977 05).
Proof. See Appendix D.2.7.82 O

Relocation and competition effect. As more final good producers explore their offshoring potential
in the East, they sequentially relocate their supply chain to this country. This allows the final good
producers to exploit the lower marginal costs offered by contracting eastern suppliers, driving the price
index further down as the sequential relocation flow to East continues.

As shown by Proposition 2, the increase in competition induces a sequential disintegration of do-
mestic and southern offshore supply chains, and from period £ on, a vertical disintegration of the least
productive producers under foreign integration in East.

The increase in the competition intensity also generates the exit of the least productive producers
from the market (Lemma MC-6 (a)). An additional effect is a potential reshoring decision of the least
productive producers offshoring from the South (Lemma MC-6 (b)). However, I describe below the cases

when reshoring decisions may not be observed.

Additional considerations on equilibrium paths: Sequential institutional shocks. If the institu-
tional reform in the East takes place before the sector reaches the steady-state defined in section 3.2,

denoted here as (S), it may be possible that the reshore characterised above is not observed.®? The main

82For Lemma MC-4 (convergence of offshoring productivity cutoff in East), see Appendix D.2.4. For Lemma MC-5 (price
index effect of relocation of offshore suppliers), see Appendix D.2.5. For Lemma MC-6 (convergence of market and offshoring
productivity cutoffs), see Appendix D.2.6.

831 describe here one case. For a complete analysis of the multiple equilibria with simultaneous institutional reforms, see
Larch and Navarro (2021).
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condition is that the institutional reform in the East takes place at a period ¢ where Hf > Gg’*, i.e. when
the offshoring exploration cutoff in South is still above its new steady-state level. A second condition is
that the prior beliefs about eastern institutions must be optimistic enough such that the offshoring explo-
ration of the East is faster than the exploration flow to the South. Thus, the convergence of the relocation

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

5.4 Empirical model: Competition effect in multi-country model.

I introduce an empirical model to test for both channels of the competition effect: i) the progressive
vertical disintegration that results from the increase in the competition intensity due to the increasing
offshoring activity (Proposition 1); ii) the progressive vertical disintegration that results from the reloca-
tion of the offshore suppliers towards foreign locations with lower marginal costs (Proposition 2). With
that aim, I consider a particular institutional shock in a low wage foreign country with initial low market

share in US markets: the accession of China to the WTO.

5.4.1 China access to WTO: stylized facts.

The access of China to the WTO in December 2001 has had a deep impact on the global organisation of
supply chains. Handley and Limao (2017) analyses the effect of the membership of China to the WTO
on the reduction of the tariff’s uncertainty for Chinese goods in the US. They show that, after controlling
for tariffs changes, a significant share of the export growth from China to the US is explained by the
reduction in the uncertainty about future tariffs shocks.

However, the slow increase in the imports from China relative to other foreign sourcing locations,
shown by Figure 7, may reflect effects of a residual uncertainty beyond the tariffs dimension addressed
by Handley and Limao (2017). The low market share of China in 2002 and its progressive increase in the
years following the WTO membership is in line with sectoral dynamics characterised by the theoretical
model above. Figure 7 shows that the market share of China in the US imports is growing up to 14
years after the reform, which is consistent with a sequential exploration and relocation of suppliers to
that country. In this sense, the model complements the findings in Handley and Limao (2017).

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 the-
oretical model. Figure 7a provides a first glimpse to a possible theory-consistent relation between the
penetration of China in the US market (i.e. relocation of offshore suppliers to China) and the intra-firm

import share. The negative trend in the intra-firm import share of differentiated goods may respond
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Figure 7: Intra-firm shares and China market-share, by M sector type

to an increasing competition intensity in the final-good markets, which may come from the sequential
relocation of suppliers to a low wage country (China).

From the model’s perspective, the Chinese access to the WTO may have created incentives for US
firms to begin a sequential exploration of the offshoring potential in that country. I test for both chan-
nels of the competition effect on vertical disintegration: i) the exploration of domestic sourcing firms,
captured by an increase in the sectoral offshoring share (Proposition 1), and ii) the relocation of offshore

suppliers, identified by the market share of China in intermediate inputs imports (Proposition 2).

5.4.2 Competition effect: China institutional shock and relocation channel.

The first channel of the competition effect is identified in the same manner as before, i.e. by offshr shr; ;.
The effect of the relocation of offshore suppliers to China is captured by China’s market share in US
imports of intermediate inputs of sector j in year ¢. The intuition is the following. Assuming that the
relocation to China is driven by the marginal costs advantages that this country offers relative to the
previous offshore locations, an increase in the market share of China in the imports of intermediate
inputs of a sector j should have an impact on a reduction in the sector’s price index, and thus an increase
in the competition intensity in the final goods market.3*

I estimate the effects of the increase of the offshoring activity (predicted by Proposition 1) and the
relocation of suppliers to China (predicted by Proposition 2), through their impact on the price index, on
the sector’s organisational structure (i.e. sector’s intra-firm intensity). With that aim, I follow a two-stage

regression approach similar to the empirical model in section 4.3.6.%3

84 After controlling for the offshoring intensity in the sector, the increase in the market share of China captures a relocation
of offshore supply chains towards this country.
8For derivation of the two stages, see Appendix E.3.4.
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Identification of the empirical model. In the first stage, I estimate the effect of the offshoring share

(Proposition 1) and China’s market share (Proposition 2) on the sector’s price index. I derive the follow-

ing log-linear model:

In(Pj ;) = by + by In(offshr Sh”j,t) + bo In(CHN mkt shrj ;) + other controls + by + by +uj; (34

In the second stage, I use the predicted value of In(P;;) from the first regression and estimate its
effect on the intra-firm intensity. In other words, I use the predicted changes in the sector price index
induced by changes in the sector global offshoring activity and relocation of offshore suppliers to China.

The second stage is defined as a fractional logit model:

exp(z; j +P) . , —
- - with @y ; p =p1In(P; ;) + other controls + p; + py. 35
1+ eXp(a:i,j,tp) l,g,tp P1 ( ],t) Pl Pt ( )

E [IFintl,j,t ’w}

Table 5: Competition effect: Estimation in two stages.

Second stage: Main coefficient reported
Agg. countries No aggregation of countries

) 2 3)
IFint; ; IFinty ; ; IFint; ;;
In(Pj) -33.50%* -23.42%* -23.38%*
(1.981) (1.751) (1.697)
FEs t t,l It
First stage: Main coefficients
(D 2 3)
ln(Pj’t) ln(Pj,t) ln(Pj’t)
In(offshr shr; ;) -0.0307*** -0.0340*** -0.0340***

(0.00841) (0.00961) (0.00981)

In(CHN mrkt shr; ;) -0.00531 -0.00784** -0.00826**
(0.00332) (0.00323) (0.00343)

FEs t t,1 It
R? 0.299 0.301 0.314
Adjusted R? 0.291 0.298 0.285

Second stage: Bootstrapped s.e. (1000 rep). Coefficients reported.
All stages: Cluster s.e. at sector j. Standard errors in parentheses.
*p<0.10, " p < 0.05, " p < 0.01

Results. The regression results are reported in Table 5.86 The results of the first stage show, as before,
that an increase in the offshoring share reduces the sector’s price index. Additionally, the results show

that an increase in China’s market share in the imports of intermediate inputs of sector j leads to a further

8Full table is reported in Table 15 in Appendix E.3.4.
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reduction in the price index. Therefore, as more final good producer relocate their offshore suppliers to
China, the competition in the final good market intensifies. The empirical evidence is consistent with the
theoretical predictions on the two channels that intensify the competition in the final goods market.

The results of the second stage show supportive evidence for the vertical disintegration consequences
of the competition effect characterised by the theoretical model above. It shows that the sector’s price
index reductions predicted by both channels in the first stage regression result in lower intra-firm intensity
in the sector. To sum up, the regression results are consistent with the predictions of the model and

provide supportive evidence for Propositions 1 and 2.

6 The role of FTAs and MAs on exploration decisions

I develop a simple theoretical extension of the model to characterise the role that free trade agreements
(FTAs) and multilateral agreements (MAs) may play as exploration triggers of new sourcing locations.
I highlight specific features of FTAs and MAs that may lead to novel effects on exploration decisions

when firms face institutional uncertainty.

6.1 Role of FTAs.

I consider the role of the FTAs from two dimensions: the preferential tariffs and the institutional ar-
rangements. The first refers to the reduction in bilateral tariffs among the members of the FTAs. The
second comprehends the institutional commitments and regulations agreed by the members that consti-
tute the institutional framework of the FTAs (Maggi, 1999; Diir et al., 2014; Limao, 2016). It includes
areas such as: intellectual property and property rights protection, foreign investment, dispute resolution
mechanisms, environmental regulation, labour market regulations and mobility.?”

I begin with the role of preferential tariffs on the exploration decisions of new locations. I follow
with the role of the institutional dimension of the FTAs as information shocks on the prior beliefs that

may lead to exploration of new locations and thus sequential offshoring and relocation processes.

6.1.1 Role of FTAs: tariff dimension.

I define the marginal cost for a northern producer of an intermediate input sourced from [ as ¢} = fn,twl ,

where T,ln’t captures the associated trade costs relative to the location [ = N, I/, S. I define it as T,lmt =1

87For examples of this type of regulations involved in FTAs see NAFTA: www.naftanow.org, EU: europa.eu, Pacific Alliance:
alianzapacifico.net/en, MERCOSUR: www.mercosur.int, China-Australia (ChAFTA): www.dfat.gov.au/trade/agreements/in-
force/chafta/Pages/australia-china-fta.
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when the tariffs are zero with respect to the country /. Therefore, TW]\[’ =1Vt

Two-country model: North-South FTA. The initial conditions are defined by free trade in the final
goods and positive tariffs in the intermediate inputs, i.e. 7'7“75;7,5 > 1forany ¢ < 0. Int = 0, a FTA between
North and South is signed and all tariffs are removed, i.e. Tﬁ’t = 1Vt > 0. I consider that the FTA
is limited to a tariff reduction and has no implications in terms of institutional reforms. Therefore, the
priors about the southern institutions are not directly affected by the agreement.

If tariffs in intermediate inputs previous to the FTA are large enough, such that ¢ > ¢}, no final good
producer finds it profitable to offshore from the South independently of the uncertainty about southern
institutions. In other words, Gg > 6§ and 9“’; > 0. Instead, when initial tariffs are small enough such
that ¢; < ¢}V, it may be possible that under perfect information, some final good producers would have
found it profitable to offshore from the South. However, when the prior beliefs about southern institutions
are pessimistic, it may discourage all the northern final good producers from exploring their offshoring

potential in South. This situation takes place when the following condition holds for any ¢ < 0:83
Dk,t(ez; 9,0, T;Z,,t) <0 forall k=0,Vy, V.

If the tariff reduction introduced by the FTA is large enough, it may induce the offshoring exploration

at the given prior beliefs for at least the most productive producers in the market:
Dk,tzo(é; 9:, 9:, T,,it) >0 foratleastone k=0O,Vy, V.

Once the exploration begins, the information spillovers drive the sector to the perfect information steady-

state, as characterised in Section 3.2.

Multicountry-model: North-East FTA. I extend the previous case to a multi-country setup. As be-
fore, initially, offshoring is only profitable in the South. There is free trade in the final goods but the

northern country sets positive tariffs on intermediate inputs, i.e. 75

+ = rﬁt > 1. 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: ¢ < cf < ¢N. Under perfect information, some final good
producers would find it profitable to offshore in the East.

When the prior beliefs about eastern institutions are too pessimistic, no final good producer finds it

attractive to explore the offshoring potential from the East at the given tariffs. Thus, for any ¢ < 0:

Dy 1(0;07,07 7F 75 ) <0 forall k=0,Vg,Vu.

»im,t) "'m,t

830 indicates the most productive final good producer in the differentiated sector. A necessary condition is that the support
of the distribution G(#) is bounded to the right, i.e. 6 < co.
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In ¢ = 0 the FTA between North and East takes place, and the tariffs on intermediate inputs are
removed for eastern suppliers, i.e. Tﬁt = 1. As before, the FTA is limited to an agreement on tariffs.
Thus, the prior beliefs about eastern institutions are not directly affected by the FTA.

If the change in tariffs induces a large enough reduction in the marginal cost ¢} relative to cf , the

most productive final good producers currently offshoring in South may find it profitable to explore East

for a potential relocation of suppliers. The FTA triggers the sequential exploration of East if:

Dk/k/,t:0(9:§ G:E,9:E 7B 9 )>0 foratleastone k= O, Vi, Va.

y 'm,ty ‘m,t

The sequential exploration drives the sector to the perfect information steady-state, as in section 5.
Summing up, preferential tariffs may have a stronger effect compared to an approach that neglects
the presence of institutional uncertainty. When institutional uncertainty is present, small reductions in
intermediate input tariffs may create enough 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 paths characterised above.

6.1.2 Role of FTAs: institutional dimension.

I analyse the role of the institutional dimension for two types of FTAs: i) the signature of a FTA with
North, ii) the signature of a FTA among third countries where the North is not a member of the agreement.
Additionally, I study the role of MAs, in particular, the access to a WTO membership. I show that these
shocks may impact the prior beliefs that northern producers possess about foreign locations and thus

create incentives to explore the offshoring potential in those countries.

FTAs with North. The implementation of a FTA usually goes beyond reductions in tariffs and incor-
porates institutional aspects (Diir et al., 2014). Therefore, the signature of a FTA reveals a commitment
of the governments to provide an institutional environment that meets the set of specified rules.

When a FTA between the North (US in the empirical model) and a foreign location is signed, the
institutional framework is observable by the northern producers. Thus, if the institutional priors about

the partner country were relatively pessimistic, the FTA may positively affect the beliefs.

FTAs among third countries. The FTAs signed among third countries, where the North (US) is not
involved, may also reveal information to the northern producers about the institutional conditions in the

countries involved in the agreement. When a FTA is under negotiation, countries with good institutional

47



fundamentals may not want to expose themselves to trade with partners under poor institutional condi-
tions, while countries with bad institutional fundamentals may want to avoid strict rules that they cannot
enforce. Thus, the institutional framework of the FTA emerges as the result of a bargaining on a set of
rules that regulate the relationships among the members.

The northern final good producers may associate the FTA among third countries to the revelation of a
common institutional ground among the members. Therefore, the countries with relatively worse priors
may benefit from those with a better institutional reputation. The priors related to the first countries, i.e.
those with worse priors, may experience a positive shock, and thus the FTA may promote the offshoring

exploration in those locations.

MAs: WTO membership. The access of a country to a WTO membership reveals information regard-
ing regulations that members of the organisation must follow. It may affect the prior beliefs that northern

producers possess about the institutional conditions in that location.

Modelling of the prior’s shock. I assume that initially, the prior beliefs of northern producers in sector

J about country [ institutions before any shock takes place are given by:

Thg ~Yilfly) with gy € [£h fhy] and k=0, Vi, Vi,

As already mentioned, FTAs and MAs are institutional shocks that reveal information about rules
to which the government of country [ has committed to enforce. In other words, it reveals the minimal
institutional conditions in the country /. In the model, it is captured by a reduction in the upper bound de-
fined by the initial prior, only when prior to the shock the institutional beliefs were relatively pessimistic.

Formally, the prior institutional uncertainty at any period ¢ is given by:

l ! . l l 7l 1
frg ~Yilfey)  with € 1 fh g fry— Ik,j,t] ;

where f,i ; refers to the initial upper bound of the prior distribution, and Iﬁc ;¢ Tefers to the institutional
information revealed by FTAs and MAs shocks experienced by a non-explored location [ up to period ¢.

Ifk it is defined as:

.o = max {1 [d} = 1] FTALG: U [ = 1] WTOR 5 1 [d{¢"7 = 1] FTA ]

where dlU ts is a dummy that refers to the existence of a FTA between the North (US) and country [ in
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period ¢, dmm is a dummy that indicates the WTO membership of country [ in period ¢, and di tTA’3 s a
dummy that indicates that country [ has a FTA with third countries in period ¢.

The variable F TA,L!’ 5 refers to the institutional information revealed by a FTA between the North and
country [, i.e. by the institutional commitment revealed by the agreement. The variable F TAif ? represents
the institutional information revealed by a FTA that country [ signs with third countries. Finally, WTOy ;

denotes the upper bound defined by the WTO institutional framework. All these variables are defined in

[0, oo] and they are increasing in the information revealed by the respective FTA or MA.

6.2 Empirical model: The role FTAs on exploration decisions.
6.2.1 Data.

I use data on US imports classified at HS codes (6 digits) from UN Comtrade. The main advantage of
this dataset is the longer sample period (1996-2016), which allows me to cover a higher number of WTO
accessions and the formation of new FTAs and new memberships of countries to pre-existing FTAs. A
second advantage comes from the higher disaggregation of the data, which provides a higher variation
of foreign countries’ first-time exploration decisions for each product code.

The Rule of Law index comes 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 World Bank. I use
the data on distance and common official language from CEPII. Finally, the data on FTA comes from an

updated version of “Mario Larch’s Regional Trade Agreements Database from Egger and Larch (2008)”.

6.2.2 Identification: definition of main variables.

I identify the tariff dimension of the FTAs by controlling for bilateral tariffs. Regarding the institutional
dimension of the FTAs, I identify the three types of shocks characterised in section 6.1.2: i) the signature
of a FTA with the US, ii) the access to WTO membership, iii) the signature of a FTA with third countries.

The prior beliefs about the institutional conditions in country [ in year ¢ are captured by the respective
Rule of Law index. This index is built based on surveys. Therefore, instead of being a direct measure of
the institutional fundamentals, it is closer to capturing the perceptions about the institutional conditions
in each country. In the latter sense, it is a suitable proxy for the prior beliefs about the institutional

conditions in each location.?° I define the Rule of Law index by the exponential function of the original

8 »Rule of Law captures perceptions of the extent to which agents have confidence in and abide by the rules of society, and
in particular the quality of contract enforcement, property rights, the police, and the courts, as well as the likelihood of crime
and violence”. World Bank http://info.worldbank.org/governance/wgi/Home/Documents. For methodological information see
Kaufmann et al. (2011). See Larch and Navarro (2021) for further discussions.
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value reported in WGI, such that it is defined in (0, 00).

I identify the first type of shock as F TAgtS , which captures the institutional differential between the
US and the prior beliefs of country [ at the moment ¢ when it signs a FTA with US. When prior beliefs
about institutions in country [/ are better than in US, F TAll,]IEg takes value zero, i.e. the agreement provides

no additional information about the institutional conditions in I. Thus, FTAYS is given by:%

max {RLYS — RL;,0}  if l access the FTAint' < ¢
Us ’
FTA[} =

0 otherwise

The effect of the access to WTO membership is captured by the variable WTO, ;. It takes the value

one from the period when country [ becomes a member of WTO, and zero otherwise.”!

I identify the FTAs among third countries by the variable F TAirtd

defined in [0, c0). When country
[ becomes a member of a FTA with third countries, the variable measures the additional information
revealed by the agreement about institutions in the country [. To capture this, the variable takes the
maximum value between the mean institutional quality of the members of the agreement at the year that
the country [ becomes part of it, and the Rule of Law index of country [ in that same year. In other words,

it captures the additional information revealed by the agreement over the direct perception of institutional

conditions. Thus, F TAi ;‘J is given by:*?

il max {RLITA3 RL; v} if | access the FTAin ¢/ < ¢

0 otherwise

where RLZF t,TA?”'d denotes the mean value of the Rule of Law indices of all the countries that are part of
the agreement in the accession year ¢’
If the country signs multiple FTAs during the sample period, the variable takes the value of new FTAs

only when new information is revealed. For instance, consider the situation where country / signs a FTA

”A” in year ¢’ and a FTA "B” in year ¢t” with ¢’ < ¢”. The variable F TAfEd is:

,

max { RLF 7 A3 4" A" RL; 4} ift <t
3 d AN %3 b} .
FTAYY = § max {RLFTAS A" RLFTAS "B R, if ¢ <t
0 otherwise

\

Tt considers only those FTAs signed during the sample period. Previous FTAs are captured by country fixed effects.
1t considers only new memberships during the sample period. Previous memberships are captured by country fixed effects.
21t considers only those FTAs signed during the sample period. Previous FTAs are captured by country fixed effects.
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Table 6 shows the correlation between the FTA variables defined above and the cumulative changes
in the future beliefs about institutional conditions in country . The positive correlation between the FTAs
among third countries and the changes in the Rule of Law years after the agreement is consistent with an
impact of the FTAs among third countries on the institutional priors.

Table 6: Correlation table: FTA shocks and cumulative change in future institutional beliefs

FTA}  FTAJY
ARL, -0.0228  0.0503%***
RLit11 —RLj;—1 -0.0185 0.0533%%*
RLitio—RLj;—y -0.0127  0.0908%*
RLiti5—RLj;—1 -0.0104 0.0804%%*

*p <0.10, ** p <0.05 , #** p <0.01

6.2.3 Empirical model.

I define a conditional probability model that captures the probability of exploring the offshoring potential
from country [ in input m in period ¢ for inputs that have not been imported from that country / by US

firms up to period ¢t — 1. Thus, the empirical model is given by:

Pr (oﬁ‘shr stat,, |, = 1|offshr stat cum,, 141 = 0) = CI)(ln(l + tariﬁ‘m_l’t)fyl,RLl,tny,
| | (36)
FTAgf'Y?)) FTAl3,rtdry4a WTOl,t’YFN <o Ymo ’Yt)>

The variable offshr stat is a dummy that indicates the offshoring status in input m of US firms in

m,l,t
year t. The variable offshr stat cum,,, ; ,_, is a cumulative offshoring status up to ¢ — 1, which is defined
as a dummy that takes the value zero when US firms have not imported the input m from country [ up to

year ¢t — 1 and one when it has been imported from [ in any period before ¢. I also consider specifications

that capture differential effects for differentiated goods, M diff,,,.

Regression results. Table 7 shows that reductions in bilateral tariffs increase the probability of explo-
ration of country [ in m, in particular for differentiated goods. As expected from the theory, the results
show that better institutional priors (Rule of law) implies a higher probability of exploration of country [
in good m, and that the effect is stronger for goods that are more dependent on institutional conditions.”?

Regarding the role of FTAs with the US, the results show that it increases the probability of explo-
ration for differentiated goods, while it has no impact on non-differentiated goods.

About the FTAs among third countries, Column (1) shows that it has no effect on the probability of

the exploration. When country fixed effects are included in Column (2), the coefficient becomes sig-

%The coefficient related to the effect of Rule of Law on exploration remains significant and positive for differentiated goods,
when country fixed effects are included. However, the respective effect for non-differentiated goods vanishes.
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Table 7: Conditional probability model: Institutional shocks and exploration decisions

Exp. ) (2) 3) 4)
sign  offshrstat,, ;, offshr stat,, ,, offshr stat, ,, offshrstat,,
In(1 + tariff,,, ; ;) - -0.483*** -0.508*** -0.0173 0.0106
(0.0660) (0.0671) (0.117) (0.120)
RL;, + 0.0661** 0.0104 0.0315%* -0.0142
(0.00319) (0.00787) (0.00698) (0.0103)
FTA[} + 0.0289*** -0.000269 0.00812 -0.0158*
(0.00303) (0.00374) (0.00832) (0.00856)
WTO, ; + 0.230*** 0.160*** 0.142%** 0.117**
(0.00782) (0.0144) (0.0230) (0.0266)
FTA}Y 0.00188 -0.0286*"* -0.0245%* -0.0587***
(0.00264) (0.00360) (0.00631) (0.00673)
In(1 + tariff,, ;) x M diff,, - -0.891%** -1.018***
(0.187) (0.194)
RL;; x M diff,, + 0.0480*** 0.0335%**
(0.00787) (0.00807)
FTA[} x M diff,, + 0.0238** 0.0178*
(0.00961) (0.00965)
WTO,; x M diff,, + 0.103*** 0.0461*
(0.0258) (0.0267)
FTAY x M diff,,, + 0.0352%** 0.0394***
(0.00728) (0.00730)
FEs t,HS4dig ~ t,HS4dig,l  t,HS4dig  t,HS4dig,]

Other controls in columns (1) and (3): In(dist;), In(GDPpc,), In(GDP;), common official lang,.
Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

nificant and negative. This effect is consistent with a trade diversion effect, while it does not provide
evidence in favour of the mechanism predicted by the model. Columns (3) and (4), instead, show that it
positively affects the exploration decisions for differentiated goods relative to non-differentiated goods.
The negative effect for non-differentiated goods is still in line with an expected trade diversion effect. In-
stead, the positive and significant coefficient related to the interaction term provides supportive evidence
for their role as institutional information shocks on priors. The information revealed by FTA% positively
affects the exploration decisions in goods that rely more on the institutional environment.

Finally, the empirical evidence shows that access to WTO membership promotes offshoring explo-

ration.’* This is in line with the model’s predictions considering that the accession to the WTO reveals

%The results are consistent with the theoretical predictions and the literature that have already analysed entry decisions after
WTO accessions (Handley and Liméo, 2017; Handley et al., 2020).
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a commitment of country [/ to a general set of rules in a multilateral agreement. As expected from the

theory, the effect is stronger for differentiated goods.

7 Conclusions

I develop a dynamic model on global sourcing where the final good producers face uncertainty about
institutional conditions in foreign countries when deciding the organisation of their supply chain. The
model centers the attention on the dynamic allocation of property rights. I introduce first a model in a
two-country setup (North-South), where northern final good producers face uncertainty about the south-
ern institutional conditions. Later, I extend it to multiple countries.

I characterise the underlying learning mechanism and the trade-off decisions that the final good pro-
ducers face when they decide whether to explore their offshoring potential in a foreign location or wait,
and the resulting sectoral equilibrium organisational dynamics. The main result is that the sequential
increase in the offshoring activity progressively reduces the price index in the final good markets, which
translates into a higher intensity in the competition in the final goods market. This leads to a progres-
sive vertical disintegration of the supply chains (Proposition 1: first channel of the competition effect on
vertical disintegration).

In the multi-country extension, I show that when final good producers under offshoring decide to
explore new locations with lower marginal costs, they may trigger a sequential relocation of offshore
suppliers towards those countries. The lower marginal costs offered by the new sourcing locations push
the sector’s price index further down, reinforcing the vertical disintegration trend (Proposition 2: second
channel of the competition effect on vertical disintegration).

Using US manufacturing sector-level data for 2002-2016, I find evidence on sectoral dynamics that
supports both channels of the competition effect. Regarding the first channel, I find that as the offshoring
activity in a sector increases, the price index reduces, which leads to a progressive reduction in the
intra-firm intensity of the sector. Regarding the second channel, I focus on the analysis of one specific
institutional shock: the access of China to the WTO. Considering the low wage of China and its initial low
market share in US markets, I identify the effect of a relocation towards a country with lower marginal
costs. The empirical results show that as the relocation of offshore suppliers to China advances, the price
index reduces, pushing for a reduction in the intra-firm intensity sector.

Finally, I analyse the role of FTAs as triggers of the exploration decisions of new locations. The

role of FTAs is analysed from two dimensions: preferential tariffs and institutional arrangements.”> The

9Regarding the tariff dimension, the model shows that if the prior beliefs about institutions in the partner country previous to
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main focus is on the institutional dimension of FTAs, and their role as information shocks on institutional
priors. The signature of a FTA reveals a commitment of the signing governments to provide an institu-
tional environment that meets the set of rules specified in the agreement. If those rules are observable by
northern firms, a new FTA impacts on the prior beliefs about the partner-country and thus incentivise the
offshoring exploration of the country.

From this perspective, the model also shows that FTAs among third countries may affect countries’
priors beliefs and thus potentially create incentives to explore those locations by northern firms. In
particular, when the final good producers associate the FTA to some common institutional ground among
the members of the FTA, the countries with relatively worse priors may benefit from those with a better
institutional reputation.

As an additional dimension, I also analyse the role of multilateral agreements (MAs) as information
shocks on prior beliefs. In particular, I focus on the access to WTO memberships. This membership re-
veals the members’ commitment to a general institutional framework, which may impact on the previous
pessimistic priors about the new members and thus promote the offshoring exploration of those countries
by northern firms.

Using import data at HS 6 digits for the period 1996-2016 from UN Comtrade, I test for the role
of these types of institutional shocks as incentives to explore those locations where the US final good
producers have not explored their offshoring potential. I identify three types of shocks: the signature of
a FTA where the US is involved; the signature of a FTA where the US is not involved; and the accession

to the WTO membership. The empirical results provide support for the predictions of the model.

the FTA are pessimistic, no final good producer find it attractive to explore the offshoring in that country. When the reductions
in tariffs for intermediate inputs are sufficiently large, it may create enough incentives to trigger a sequential exploration of
that country by at least the most productive final good producers. Thus, small changes in the tariffs may induce a sectoral
reorganisation that extends beyond the expected changes that arise from an approach that ignores the presence of institutional
uncertainty.
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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

The budget constraint is given by:
J
Podo + Z/ pj(i)q;(i)di < E.
= Jie;

Given the utility function defined by equation (1), ;£ refers to the expenditure in varieties of the

differentiated sector j. Thus, the demand function for a variety ¢ in differentiated sector j is:

q;(i) = A/jEQj_aij(i)_ll :
The demand for homogeneous good is given by: gy = V;C;TE‘

A.2 Appendix to organisational choice: backward induction solution.
A.2.1 Nash Bargaining

Plugging the equation (3) into the expression for revenues: (i) = YEQ ™ %q(i)* 1¢(i). Replacing with

the production level of variety with the production technology (5), I get:

e [ () ]

The Nash bargaining equilibrium comes from the solution to the following problem:

argmgxﬁ = [ZT(Z) — wh]ﬁ[(l — Z)T(Z) — wm}liﬁ.

From solving the FOC, I get:

(]- - B)Wh - me )

PTG

Outsourcing (O). Both parties remain as independent specialised firms. Therefore, they keep control
over their respective assets and the inputs produced from their use. If they do not reach an agreement,
they receive their respective outside options, wy, = wy, = 0. Instead, if they agree, the final good variety
is produced and the revenues are divided according to the Nash bargaining and the equilibrium shares are
defined by z = . Thus, the final good producer H receives the share Bé) = [ and the supplier receives

1-— Bé) = 1 — (8, where [ denotes the location of the supplier M.
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Backward integration (V). The final good producer H owns both types of assets. If she and the
manager of M fail to reach an agreement, they both receive their respective outside options. The final
good producer can fire the manager and seize the manufacturing facilities. Thus, [ can use the assets at
the supplier’s location to produce the intermediate inputs without the latter’s cooperation.

Under the non-cooperative outcome, H faces an efficiency loss in the production of the intermediate
inputs, which is represented by 1 — 6€/H with 5€/H € (0,1). When H fires the manager of M, she may
involuntarily induce a disruption on routines and tacit knowledge at the supplier’s facilities (Nelson and
Winter, 1982; Dosi et al., 2000).”® As a consequence, H faces an efficiency loss in the manufacturing
process of the intermediate input for a given level of investment m (i) in relationship-specific assets.
Moreover, given the firm-specific nature of the routines and tacit knowledge, the outside option of the
manager of M is still zero. The outside option of the final good producer is wy, = (5{/H)a(1*’7)r(i),
where r(i) denote the revenues if the parties reach an agreement (cooperate).”’

If the parties cooperate, the Nash bargaining equilibrium leads to revenue shares given by:

Final good producer: B@H = (6{/H)a(1_77) + B[1 — (6€/—H)o‘(1_77)]7

Supplier: (1 — 6{,}1) =(1-8)]1- (5{/11)04(14))]7

where B@H is the revenue share of H under backward integration with a supplier M located in country

1.”% Figure 8 shows BQH as a function of 7 and 5{/H.

Forward integration (V;). The manufacturer M owns both types of assets. Thus, M can fire the
manager of H after the investment in relationship-specific assets and seized the northern facilities. M
can thus take control of the production of the H-services and the final good variety.

Under the non-cooperative outcome, due to the destruction of tacit knowledge and disruption of
routines at the final good production facilities, M faces an efficiency loss in the production of the final
good producer services xp, represented by 1 — 5%,M with 5%/M € (0,1). Thus, the revenue realised by M
is (6€/M)°”7r(z'), which defines his w,, under forward integration. Given the firm-specific nature of the

routines and tacit knowledge, the manager of H has an outside option equal to zero.

%They identify non-codifiable knowledge and routines as key determinants of a firm’s (supplier’s) productivity.

“TThe 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 the supplier’s facilities. In such a case, the production of the variety would be given by (6' + (&n’VH)l_”)q(i), where
(1 — &') refers to the general loss and (1 — &,n,v7, ) refers to the input m specific dimension. Therefore, in terms of revenues:
(8 + (8L 1)) (0)-

%8By the upfront payment that the final good producer establishes in the contract, no rents are left to the supplier and M’s
participation constraint binds.
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Figure 8: H’s revenues share - backward integration, ﬁ{/H (n, 6{/H). [8=0.5,a=04]
If the parties agree, the Nash bargaining equilibrium results in revenue shares:

Final good producer: B@M =Bl - ((5€/M)°”’],

Supplier: (1 — By,,) = (81,,)*"r(i) + (1 = B)[1 — (81,,)*"],

where ﬁé/M denotes the revenue share of H under forward integration with a supplier located in 1.%°

Figure 9 shows B%/M as a function of 7 and 5€/—M.

Figure 9: H’s revenues share - forward integration, ,8€/M (n, 5€/M). [6=0.5,a=0.4]

By the upfront payment that the final good producer establishes in the contract, no rents are left to the supplier and M’s
participation constraint binds.
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A.2.2 Investment decisions and input provision.

Both parties internalise the respective revenue shares ﬁ,i in their investment decisions. The investments
in the relationship-specific assets h(i), m(¢) require the use of labour according to the constant return
technologies: h' (i) = E%,k (i) and ml (i) = E'lrn,k:’ where [ denotes the location of M and k = O, Vi, Vs
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, and they are given by: a:lh (1) = K (i) and xin (1) = mk (4).

The parties decide their respective investment by solving their respective maximisation programs, which

are given by:

Final-good producer’s program:  max 7wy = Bhrt (L (1) — wNab (1) — wN fL
$h7k(i) ) ) )

Supplier’s program: max 7r§\47k =(1- Bk)ré(wink(z)) — wlxﬁnk(z)
Tk %

From the FOCs, I derive the optimal investment levels for each party, the respective revenues, and

the total output of variety ¢. The optimal investment levels and input production of each party are:

* * Oéﬁl?? *
W (0) = 375 (0) = — i (0),

i (0) = by () = LA )

with k = O, Vg, Vi,

o—1

i (0) = a® T (Y E) QY0 [(ﬂ]i)n (1 . ﬂ’i)ln] ’

wh w!

and the output level of the variety 7 for these investment levels is:

INT /1 _ gl
qf;*(@)a"@"(vE)"Q”[(fﬁ%) <1wlﬂ ’“) 1 : (37)

A.2.3 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 10 as §* as a function of 1. However,
given the discrete nature of the set, she chooses the organisational type that approximates the most to
(*.101 T characterise this decision and the trade-off involved below.

In the case of H-intensive sectors, 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%,}1. Thus, the critical level 7. is

1% Although the investments in h(i) always take place in the North by using northern labour, the magnitude depends on the
location of the supplier and the chosen organisational type.
!%TFor the derivation of the function 3*(cv, 1) see Antras and Helpman (2004).
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Figure 10: Optimal /3 and discrete organisational choices. Sectoral classification.

increasing in 6€/H. 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 7, and thus increases the critical
level 7.

In the case of M-intensive or component-intensive sectors, the revenue share ﬂ{,M is still increasing
in 7 but decreasing in 6{/M. Thus, the critical level 7, is decreasing in (%/M. 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 3y,, for a given 7 diminishes, and thus

the critical level 1), becomes smaller.

A.3 Offshoring profit premiums

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

trade, relative to domestic outsourcing, is:

Tosjon (0) = 75(0) — 75 (0)
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N\ (1=n)(e—1) .
) , the expression above becomes:

. S o r3(6) o
using 33 = Bg = (3, and rg(e) = (Z’)—S
rem N w™N (1-n)(e—1) N N
Bon ) =130 | (45 S| - g0 -] -V [S-13]. 68
The profit premium obtained by a producer § under V° relative to V¥, with V' = Vg, Vi, is:

R (6) = (6) — 7Y (6),

= ri(6) [1*04[BV77+(1*5V)(1* )] —w™ [ — 1 () [1— a8 n+ (1= 81— )] +w™ f7,
_ _.qo0—1
using 250 [ (i:g%)l ! <ﬁ—g>1 n] , the premium is thus given by:

S\ /1 aS\Ln oo NN ]
Ao =0 | (%) (55) (%)
Bv 1- Bv w?
x [L=alffn+ 1 =)A= - [1=alsifn+ 1= —0)] | —w™ [f7 = ]
(39
Finally, the profit premium of producer § under arm’s length trade relative to domestic integration:
T n (0) = 75 (0) — 7 (0),

= (0) [ —alfn+ (1= B =] = wVf5 —r¥(6) [1 - alfdn+ (1 - BY)L —n)]] +w™ [,

using

5 1-n ~N\1-7 o= . . .
N(e { ﬁT, ) <Z—S> ] , the premium is thus given by:
v

%H@@"c:ﬁ@)” =)

x[L—alfn+ (1= -n))l—[L—aBfn+ Q-8 A-n]] | —w™ [f§- ]

o—1

(40)

A.4 H-intensive and )/ -intensive sectors: productivity cutoffs

Taking advantage of the similar organisation structure at equilibrium of the two type of sectors, I derive
the respective productivity cutoff for both sectors together. The only difference comes from the type
of integration observed in each case. The index V' denotes integration, and it refers to Vy when a H-
intensive sector is considered, and to V; when it is the case of a M -intensive sector.

The market entry productivity cutoff, §*, is defined by the zero profit condition 75 (6*) = 0. Solving

for the market productivity cutoff:

. waN ﬁ
a*:mE)wcz[ O] | (1)
¥g ()
Final good producers doing domestic integration realise an additional per-period profit relative to
domestic outsourcing, which is defined by the following condition:

s (6) = i (6) — 7 (6),

= 7 (B QT [ () — v )] — ™ (1Y~ 1)
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Thus, the productivity cutoff for domestic integration is defined by the following condition: W%\’}T/”O ~(0) =

0. The respective productivity cutoff is defined by:
wN Y — f5] }01 (42)
Ui () — ¥ (1)

The arm’s length trade profit premium for final good producers with productivity 6, wgrse% ~(0), 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 integration (V). Formally,
o5 fyw () = 75 (8) — 7y (9),
=07 (V)7 QT [Y5 () — vy ()] —w™ (S5 — ).

The foreign outsourcing productivity cutoff is defined by the final good producer 9(5;’* that is in-

different between domestic vertical backward integration and foreign outsourcing, i.e. 77?567%/ ~(0) =

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

18+ =Ns" = )7 “3)
b3 () — ¥ (n)

The V° profit premium obtained by the final good producers opting for this sourcing strategy relative

N
* _o w
Rl

to domestic integration is:
sy (8) = i (8) — i (6),
=07 (VE) Q' [uv (n) — o ()] — wN (fF = F).
The profit premium obtained by the final good producers doing V' compared to the premium they

would realise under arm’s length trade is defined as:
s jos (0) = 75 (0) — 15 (0),
=07 (yE)7Q [y (m) = ¥ ()] — w™ (Y~ f5)-

The productivity cutoff for foreign integration (95’*) is defined by the indifferent final good producer

prem

VS /08 (05*) = 0. Solving for 657", the respective productivity

between arm’s length trade and V7, i.e. 7

cutoff is: .
NS S o—1
65" = ()= {“’ [fvfo]] | (44)
Vi =0T sty —us
A.5 Balanced-intensity sectors: productivity cutoffs

The market entry productivity cutoff, §*, is defined by the zero profit condition 73 (6*) = 0, and it is

given by:

N gN7 o=
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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%) relative to the profits

she would earn under domestic outsourcing (O”). Formally, it is defined by the following condition:
T (6) = 75 (6) — 7 (6),
=07 (VB)T QT [ () — v ()] = w™ (5 — £3)-
The arm’s length trade productivity cutoff, Q(S)’*, 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 725" ()

0S/ON
is just enough to recover the offshoring market research sunk cost. Formally,
TS on (057) = wN (1= N)s",
leading to the following expression for the productivity cutoff:
05" = (vE)T5Q wN[fE + (1= Ns" — f5] ﬁ. (46)

b& () — ¥ (n)
A.6 Price of variety by organisational type and final good producer’s productivity

Taking equations (37) and (3), the price of a variety 7 produced by a final good producer with productivity

6 under organisational type k' is:

.
A0 =a ot [(fﬁ’%) (=24) ]

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:'%2

wN

v 0) = g =gy

For a final good producer 6 sourcing from an independent southern supplier, the price of variety ¢ is:

(w) ()~

af [7(1 — )]

Py (0) =

For integrated final good producers, the respective prices are:

,wN

N ,* _ _ _
Py (0) = w0 [AY )P (1 = B ] for V =Vg,Vyyandl =N,
() (w)

ab [(B7)(1 — By )]

for V=Vg,Vayandl =S.

Py (0) =

12Recall that 35 = 83 = 8.
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A.7 Balanced-intensity sectors: Price index and aggregate consumption

The ranking of prices of a variety produced by a final good producer with productivity 6 for each organ-

isational type, given that w® < w?, is:

S, * S\ 1=7
-0 (H)Z(w) <1 o= p3N0) <py (). @7

A.7.1 Sectoral price index.

The price index in the sector is:

% 0 > o
pi-e :/ pg(a)l-aHlf( )9)d9+/ oo g
0 08

) G@ - G@
o (o 1-G03) [* 5. 1 6
:/0 0 Hl_g(G)<9)d0+ 1_(;((53)) /eg péO) i _gé()eg)de N
N (
1-G3) [~ -0 9(0)
“ TG0 Jyy O gy

3

l1—0o o0 1—0o 0 oo . o ;

o

| IS

_ S
where H denotes the number of active final good producers in the market, and Xg = %((%O)) indicates

the share of final good producers under foreign outsourcing.

Plugging equation (47) and replacing with the expression for prices, I get:

v v\ 7L (1-m)(e—1)
pi-o :H<a[5 -5 ]) {(9)"‘1+x% (ﬁ) _1](95)0—1}, (49)

w
Alternatively, I can express the price index at each period ¢ as a function of price indices of producers

under each organisational type. Starting from equation (48), I get:

o > _ ) % _ - 9(9)
Pl —H / pN91 o g( d9+XS / p5'91 U_pNel o d9‘|,
t t Qt O( ) 1 . G(Qt) O,t ggyt[ O( ) O( ) ]1 _ G(th) (50)
Ny 1—0o s\ 1—o SIANN 1—0
P77 = (Ptot ) + Xg,t [(Ptot ) - (Ptot 1 ) ] )
with: .
oy N 1o g(0) o 51
"o V A G(egde] | -
os | [T 5,10 g(0) o 52
PO = l /9 N (8®) =L (egﬂde] , (52)
S1oN o —0o 0 e
Ptot, |O; _ |:/95 (pg(g))l 71 _gcg(gg )d@] . (53)
O,t at

S N
Ptot indicates the price index of producers under foreign outsourcing. Ptot refers to the price index of
S1ON
all the active producers at ¢, as if they were all under domestic outsourcing. Finally, PtOt 19 indicates

the price index of all the producers under foreign outsourcing as if they were under domestic outsourcing.
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A.7.2 Sectoral aggregate consumption index.

The aggregate consumption index is thence:

Qzﬂwh“lémpgwﬂ” gw>(w+xééjm&m“”—pQWPﬂlgwﬁwwlb,

1-G(9)
(1=n)(c—1) =
wN NS \o—1 ’
(5] el

A.7.3 Zero Cutoff Profit Condition (ZCPC) and Free Entry Condition (FEC)

or, by the equivalent expression:

Q 0+ x5

_ABHTTa [31(1 - B)'] {(

wlN

ZCPC. By the ZCPC, the market productivity cutoff, denoted as 8%, is implicitly defined by:

N (p* N ¢N7 71
To (Q ) * = * |:U/ fO :|
=0 = 0 =0nE)"—Q . (54
= OB )
Using the ZCPC, the revenues of the market productivity cutoff final good producers are:
W

(55)

Npty PN = .
T @) =0 = 10l) =T _ Ha

The average revenue is:

N 9(0) > 9(0)
r—/e* rg(ﬁ)l_G(o*)dH—&—/eg*rg(ﬁ)l_G(o*)dH,

. oo [/ mmE=D i

Dividing by 7 (¢*) and replacing with equation (55):

R A V2 g\ Wy
T [(9) o [(wS) % T e gy s

S,x | _prem

In terms of profits, 7 = 73 (0%) + X |:7T'Os/oN

(ég’*) - (1- )\)ST]. Expressing rg(ég’*) in terms
of rg(ég’*), substituting the revenues 73 (§*) and rg(é(s)’*) as functions of 7 (%), and using (55), the
ZCPC leads to:

g\ < wN\ =D g5+ o1 s
7 =wN Y <9) 14Xy [(ws) 11(51) —xo W [f5+ (L= N)s"— f5]

FEC. The present value of a final good producer, conditional on successful entry, is:

(T 9(9) _.7
’U—/H* ’U(G)md@—l_Aa

and the net value of entry is given by:

e _[]— *\15 Nezi——_ e
ve=[1-G@")]v—w"s T WS
By FEC, v¢ = 0, therefore:
o (1=Nwls
T = ;
1-G(9)



Number of active final good producers. The number (mass) of active final good producers is:

= 7E _ VE[L—affn+ (1 - B)1 —n)l]

e [T T

A.8 H-intensive and )/ -intensive sectors: Price index and aggregate consumption

Price ranking for H-intensive sectors. The following ranking of prices of a variety produced by a
final good producer with productivity 8 for each organisational type is a direct result of the setup of the

model. Given that w® < w® and n — 1:

" (0) n(1— gy ) *
ZZ 30) (ﬁyﬁ)"((l —ﬂ;fvv s : =y, (6) <" (6),
Sx (9 BNH "1 —ﬂNH 1=n s\ 1-n ) )
;)&)H*((a)) — ( Vﬁl (E - B)Y_g (Z)}N> < 1 (under A.6) :sp% 6) < pf‘\/fl; (6), (56)
‘S/; 0 B (1— B

S*EG;: B, (=B, =y, (0) <057 (0).
Vu ~ Pvg

Assumption A. 6. The gains from the lower marginal cost in the intermediate input overcome the losses

from the hold-up.

Assumption A.6 implies that four types of sourcing emerge. If assumption A.6 does not hold, for-
eign outsourcing is not profitable to any producer in the market at any period ¢. Therefore, vertical
disintegration dynamics takes place only among domestic sourcing producers.

To sum up, the ranking of prices for each organisational type for a firm with productivity 8 is:
Py (8) < 5" (0) < py (0) < pg"(6).

The explicit expressions for the additional price ratios are:

S,y 0 SN\ 1-n * *
ﬁg’*(w)) B (ZjN <1 =p2"(0) < pY7(6),
(0]
S, * n 1-7 1—
Py, (0) BoL)" (1 =B, wS U ) )
o) Eﬁg ;" El - Bg ;1" <wN> <1nderA6) =pyi(0) <py; (), (57)
S, % 1— 1—
Py, (0) An(1—p) " <w5> n .. o
o) " wN 1 (6 *(8).
Po”(0) (»BVHYI (1-53, )1_7] wh < =py;, (0) <po"(0)

Price ranking for M -intensive sectors. The following ranking of prices of a variety produced by a

final good producer with productivity 8 for each organisational type is a direct result of the setup of the
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model. Given that w® < w” and n — 0:

N, * 1—
py,(0) (- p)" . .
pyO)  (BY) (1—BY ) =py,; (6) < po"(9),

o 0 51\;1 ! 1 _B]\gw Y S\ * *

;’&;((0)) _ ( Vﬁl (i - ﬂ)}/n) (sz) < 1 (under A.6) :>pg’ 9) < pa& (6), (58)

S, * 1—

Py, 0) (- p)" . ..
b5O - BR) -a) =975 (0) < 57(0).

To sum up, the ranking of prices for each organisational type for a firm with productivity 8 is:
Pvis () <25 (6) < py; (6) <95 (6).

The explicit expressions for the additional price ratios are:

S, SN =7
Po (9) <w > S, * N, *
=\~ <1 =p5 (0) < py(0),
pg7*(9) wN Po (0) Po (0)
S, N \7 N \1-7 1-n
0 1— S
p]x\/lki( ) _ (5VM)77( 5VM)H7 L’N < 1(under A.6) =py”(0) < py.(0), (59)
pVZ\’f (0) (B‘S}A{) (1 - ﬂé}u) w
S,x 1— 1—n
9 T - ! s * *
pl‘\//M*( ) = Sﬂ n( ﬂ)s R Z}N) <1 ipxs/}u(o) < pg’ (0).
Po (0) (ﬁVM) (1 - ﬁVM)

A.8.1 Sectoral price index.

I derive a general expression for the sector’s price index that comprehends the H- and M -intensive
sectors. As above, the integration V' refers to Vg when the sector is H-intensive, and to Vj; when it is
M -intensive.

The price index in the sector is given by:

(60)

with H denoting the number of final good producers active in the market. After a simple algebra trans-

formation, I get:

P —p l P e et AU e e e

#x3 [ 80" 0 a0 +xd [0 —p%w)l-o]l_g(es)de],
(61)

- N
with X{}’ = 11_Gcg?é’)) denoting the share of final good producers that are under V¥ U O% U V5, the

1-G(03)
1-G(0)

variable X‘S/ referring to the share of final good producers under foreign integration V%, and
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_ S
x% = %(ZE)) denoting the share of final good producers under offshoring. In other words, x% denotes

the share of producers under foreign outsourcing and integration. Therefore, the share of final good
producers under foreign outsourcing is x(S) - X‘S/, the share of producers under V' is Xﬁ — xg, and the
share of final good producers under domestic outsourcing is 1 — X{y .

Using the expressions from equation (56), the price index can be expressed as:

B7(1 = 8)" o N [ Nopi-o g(0)
<(5§)71(1_,8‘1/V)1n> _1:|XV /GN po (6) 71—G(0§)d6

P'"° =H [/:o pg(e)l‘“ﬂde +

1-G(0) .
B A=) (w7 ® e gl0)
+ ( Bn(1— p)i—n <w1v> > - 1} X0 /98 pv (0) ng)de (62)
gra-gr \ © e g(0)
i ((55)77(1—/35)1-") ‘1]"5/95 o (6) 1_G<eg)d9]-

Replacing with the expressions for prices, I get:
o—1
pioe =H<waw> { [B7a -8 @t ¥
N\ 17 o—1 .
[(Z) 81~ /3)1"] - [ a-s]” } (63)7"

N\ (=m(e—1) 1 o1
+x€<w> {[(65)”(1—65)1_"]0 - [pra-s'] ](95)“*},

wsS

(83— )]~ [sra - m“’]“} (@)

+ X0

(63)

with

o—1

g5 _ | [T 90 1T e | [T e 9(0) .
egl/e 9 11—0(98)d0] .0y [/9 0 11_0(93)(19] :

s s
o v

Note that the expressions in equation (64) represent the mean productivities of the final good producer
from the cutoff indicated in the subindex up to the most productive firm in the market. For instance,
indicates the mean productivity in the market, while 9_8 refers to the mean productivity of the offshoring
final good producers under any offshoring type. Instead, 0}% indicates the mean productivity of the final
good producers under foreign integration. Finally, éﬁ refers to the mean productivity of the final good
producers in the market with a productivity 6 > 0{}7 .

Equivalently, I can express the price index at any period ¢ as a function of price indices of producers

under each organisational type. Starting from equation (61), I get:

s Of\r l1—0o VfN l1-0o VtN Og\/ l1-0
= () e () ()

g oS 1—0o OS‘VN 1—0o g V.S l1—0o VSlOS 1—0]] (65)
+X0¢{<Ptt) _(Ptt t) :|+XV,t[(Ptt> _(Ptt t) )




oFIVY, /°° N\ 10 g(0) o
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where P, " refers to the price index of all producers with 6 > 6y,,, as if they were all under domestic
S S|yvN
integration. PtVt indicates the price index of all the producers under foreign integration. Ptot V™ denotes
the price index of all the producers under offshoring (6 > 68 .) under the cost structure of domestic

S10HS
integration, and Ptvt 197 refers to the price index of all the producers under foreign integration (6 > H‘S}t)

under the cost structure of foreign outsourcing.
A.8.2 Sectoral aggregate consumption index.
The aggregate consumption index is:

Q=pH [ [0 g et [ s i

+ X5 /:[pg(e)l_“ *ﬁ(@““]%demi /:[pi(@)l_” pg(é‘)l_”}g(a)s)d(’} -

or by the equivalent expression:

" MEH{ [gra—ar) @ | [y -] - [ - ,6’)1"]6_1} (6%)7!
K ) W"T - [(ﬂ%"u—ﬁw—"]”] @5)" "
N\ —m(e—1) . . o
+XV< ) [[W(lﬁéf"] ~[sra -5 ]wé)"l} |

A.8.3 Zero Cutoff Profit Condition (ZCPC) and Free Entry Condition (FEC)

+x0

ZCPC. The market productivity cutoff, denoted as 6, is implicitly defined by (54), and the revenues
of the market productivity cutoff final good producers by (55).

The average revenue is given by:

03’,* GS.* es,* 0o

. N 9(0) ° N 9(0) v s 9(0) s 9(9)

r—/e* TO(0)1—G(9*)d0+/9N,* rv(é?)l_G(@*)d9+ 5. ro(9)1 rellE do + 5e rv(ﬁ)l_G(e*)dﬁ,
= - \4 - O 2 -

=8 (0) +x [ O0) =8 (O0)] +x3 [r3(88) = 1Y (08)] + X7 [r(0%) —r&(0D)] .

r—rg(9)+Xv[<(6v)( o) ) 1]%(05)

ﬁn(l — ﬁ) -n

g (TN ] s s | (B98N
((55)"(155)1_7’ (ws) ) 1} v(00) +xv [( Bn(1—B)t-n 1| ro(0y).

+ X0
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Dividing by 7 (¢*) and replacing 7 (¢*) with (55):
N A N O A gy\ 7!
T_{ (€> R [( BBy 1\
Sin ’LUN (1—n)(c—1) (55)’!} (1 _ 55)177] o—1 55’* o—1
o [(wS) “\ e o )

W\ -1 (BS)W (1- ﬂé)k” o1 g5 o—1 W £y
S,* 14 _ A% o)
T (w) [< B =By e T—aln+ (0 -A0 -l

Regarding profits,

OS (e
9 0 * ™
41/; ﬂgwyggLL4d9+/" wé@hfﬁgjmrde—ngM%1—Aﬁ,
90’* z 0% - (7 )

N /p* N,* _prem NN, * S,* _prem nS,* S,* _prem nsS,* S,x N T
=m0 (0") + xv WQ/N/ON(OV )+ X5 WIOS/VN(QO )+ XV WIVS/OS(GV )= xo w (1= A)s".

Expressing profits premiums in terms of 7 (§*), and substituting with (55), I get:
é* o—1
(7)o

e [1 —a [Bn+ (1— B — )] ((ﬂfﬂ)” (1- /35)1‘")“ B 1] (95’*>01 w5y

T =

1—alfn+(1-p8)1—n)] Br(1—p)tn 0" °

w? 1—affn+(1-5)1-n) Br(1—pB)tn 0 ©

T [(“’N)(l_w_l)— L—a[Bn+ (1~ 5Y)(1 ~n) (WY’ (1—ﬂ5>1ﬂ>01] <eg’*)glww

+X‘5/* [1 Ca [ﬂ{?n-ﬁ- (1 —ﬂ‘?)(l _7])] <(ﬂ‘s/')7l (1 _ﬁ§)1n>01 B 1] (wN)(l—n)(o—l) (0‘5/‘,*>0—1wa]\]

L—alBn+(1-B)(1-n) (1= gy wS o ¢
=™ (R = 18) = x&mw (18 + (1= N8 = 1Y) = xFre™ (57 - 58).

(67)

FEC. The present value of a final good producer, conditional on successful entry, is:

B 00 g(a) 7Trn.t.i.
= 0 —df = ,
o= O = T

and the net value of entry is given by:

1—- GO
Ve = [1 — G(Q*)]T; — sze = Mﬁ- _ sze_
11—
By FEC, v® = 0, therefore:
(1= Nwhs®
T= "
1-G(9)

Number of active final good producers. The number (mass) of active final good producers is:

_1E
7

m* ,

with 7 given by equation (66).
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B Initial conditions by sector type: Non-tradable intermediate inputs

When the offshoring types are not available for the final good producers, the respective shares x% =
X\S/H = X‘%M = 0. I denote the steady-state values for the economy under such a situation with superscript

n.t.a..

B.1 Balanced intensity sectors.
B.1.1 Price index and aggregate consumption index under initial conditions
The price index is given by:

Pn.t.z. l1-o :Hwt.z‘/ N 0 1_0Ld97
( ) gn-tei. pO( ) 1_ G(Qntv)

and the aggregate consumption index is:

n.t.i ntints | [T 0) =
n.t.i. — E Hn.t.z. =T |:/ N 9 1_0Ld9 .
Q v ( ) gn-t.i. pO( ) 1 _ G(Qn.t.z.)

Comparing this n.t.i. 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 > pP* : Qntz < Q*
B.1.2 Zero Cutoff Profit Condition (ZCPC) and Free Entry Condition (FEC)
ZCPC. The final good producer’s value function is:
,Un.t.i.(e) _ max{(); UN,n.t.i.(e)}’

with

o™ (9) = max {0; ; /\f’ﬁlov(Q)} = max {0; 107(6;\) } .

By the ZCPC, the market productivity cutoff, denoted as 6™-*", is implicitly defined by:

7_rg(gn.t.i.)
1—-A

1
wa(])Vil o—1

¥o (1)

Using the ZCPC, the revenues of the market productivity cutoff final good producers is:

=0 = Qn.t.i. — (,YE)ﬁan |:

7_‘_N (ent.i.) =0 = T‘N (9;1.1‘.[.) _ wag (68)
o o L—alBn+ (1 -B)1-n)]
The revenues of a final good producer with mean productivity is:
N (pn.ti. an.ti\ 91 an.ti\ 91
ro (0™) (9 > N (gn.ti. (9 ) N (gn.ti.
L = . = 0 = — 9" ). (69)
Tg (Qn.t.z.) Qn.t.t. To ( ) Qn.t.z. To (7 )
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Using expression from above, the average revenue in the initial conditions is:

o o gnti\ 771 wN fN
nii. — N en.m. — i [0
r=re (e) 1= alBn+(1-B)(T—n)]

and the ZCPC leads to:
At = () = 5 (@) [1 - alfn+ (1 - B)(1 - )] — w1,
gn.r.i. o—-1
= l(@"“) 1] wag.
FEC. All the final good producers, except for those at the market productivity cutoff, earn positive
profits. Therefore, given the positive expected profits, final good producers decide to sink the entry cost

s€ and enter into the market.

The present value of a final good producer, conditional on successful entry, is:

B 00 9(0) ﬁn.t.i.
= 0 _df = ,
o= [ O = 1

and the net value of entry is given by:

[1 _ G(an)]

,Ue _ [1 _ G(Qnt.i.)h—} _ sze _ Ty ﬁ_n.tj. _ sze-
By FEC, v® = 0, therefore:
) 1— N e
i - (LZ Nws” (70)
1 _ G(Qn .l.)

Number of active final good producers. The number (mass) of active final good producers is:

1B _ B[ —alfy+ (1 - 51— )]

Hn.l.i. —
Fn.LI Y NAR N N
pnti L +w fO

)

with 7" from equation (70).

B.2 H-intensive and )M -intensive sectors.

As before, V refers to Vi when the sector is H-intensive, and to V; when the sector is M -intensive.

B.2.1 Price index and aggregate consumption index under initial conditions

The price index is:

(Pn.t.i.)l—a —pgn-ti- l/ pg (9)1—17 1 9(9) do
Qn.t.i. —

03],n.t.1/. 1— G(Qg,n.t.z.

n.t.i. < 1—0c 1—0c g 0
XN\/7 ! / pNV(G) pN(>(9) ] ( )) df )
Equivalently, the price index can be expressed as:

. N\ 1—0o N\ 1—0c . l-0o
(Pn.t.z.)lfa' — (PON,n.tJ.) + Xg |:(PVN,n.t.l.> _ (PVN,n.t.1.|ON) :| ,
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oo 1—0o

1
n.ti. i I—o 0) t=o N n.Li. 1-o 9(9)
pon :U N Ld&} Y / No Lo R—r)
gnti. (pO( )) 1—GO™*") o i (p"( )) 1— GOy
_1

et | [ 80 20|
95’“’“‘ 1— G(eg,n.t.z,)

The aggregate consumption index is:

Qn.t.i. Z’YE(Hn't'i')ﬁ l/ pg(e)l—al 9(9) do
en.t.i. —

Nt [0 N/ gp\l—o N/p\l—c 9(0) o
+ Xy’ / oy (0) 7 —po(0) l—— N dG] ;
9‘1>/,n.t.z. 1 _ G(av, t )

Comparing the initial conditions with the respective perfect information equilibrium, I get:

.. N,n.t.i. N, . .. . n.t.g
gt < gt s gt < gl prtio s pro Qb < Q7

B.2.2 Zero Cutoff Profit Condition (ZCPC) and Free Entry Condition (FEC)

ZCPC. By the ZCPC, the market productivity cutoff, denoted as 6", is implicitly defined by:

N (gnti. N ¢N7 71
’/TO(Q ) URAR <= Nn.Li |:'LU fO:|
02 0 = @ = (yE)TE QM
1—\ E) ¥g ()
and the revenues of the market productivity cutoff final good producers are:
W g

7TZOV (Qn.t.i.) -0 = Tg (Qn.f.i.) _

T a0 -A0 -0 7y

The average revenue in the initial conditions is:

GN,A././‘. o
= [ 0L [ oL,
o r=a@ ) Sy G0

((ﬁ‘z/\])n B (1 - 65)1_77)(71 1 N(éN,n.f.i.).

N,n.ti. r
Br(1— )t o

— Tg(én.t.i.) + Xv

Dividing by rg (6™"*) and replacing with (71):

i _ (én.t.i.)ffl | (55)71 (- ﬁy)l—n o—1 . g o1 wN 1Y
o xv Bl — B)t=n o L—af[fn+(1-p8)(1—n)]

Thus, by the ZCPC:

0g,ru.i. o
—nti. __ N g(@) N g(e) _ _Npnti. N ,n.ti. _prem N,n.ti.
T = /0"»“1 7o (6) 1- G(0™) df + /95’"-“’- mv (0) 1- G(e™) df = 7o (6"") + xv ﬂnyfN/oN (6.

Replacing profit and profit premium with respective expressions, and using equations (69) and (68), I

get:

n.ti g\t N N
T = (en,mﬂ) —1ljw f0+

Nt <e$ ) N P {( (BY)" (L -p¥)"" ) T i—alBtn+ -0 -n]

v o Bl — B)i—n [1—alBn+(1-8)1—-n)
_ Xg,n,t,i.wN[f‘l/\f _ f(l)\f]
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FEC. All the final good producers, except for those at the market productivity cutoff, earn positive
profits. Therefore, given the positive expected profits, the final good producers decide to sink the entry
cost s¢ and enter into the market.

The present value of a final good producer, conditional on successful entry, is:

B oo g(e) ﬁ.n.t.i.
= 0 —df = :
v /9 01z G(0") DY

and the net value of entry is given by:

[1 _ G(Qntt)]

e __ _ nLiNs . N ge —nti _ ., N _e
ve=[1-G@"")]v—w"s —g-x 7 w' s°.
By FEC, v® = 0, therefore:
—n.ti. __ (1 B A)leSe
- 1— G(Qn.t.i.) .

Number of active final good producers. The number (mass) of active final good producers is:
VE _ YE[1 - alfy+ (1= B)(1 - )]
R _ o No—1 N7 nyi-n\ oL GN i\ 0—1 .
n.t.i. n.t.i. B —(1-8 6y’
[(g,,_,_i_) e [(CEC U 1] (%) ] W

C Uncertainty - Dynamic model: Sectoral equilibrium path

Hn.l‘.i. _

C.1 Proofs: Bayesian learning mechanism

From the ”physical” state, final good producers in North receive information about 9,th fork = O,Vy, Vi,
i.e. the least productive producers sourcing under type k. With this information, they compute the re-
spective f,f:t.

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

Y(fEIFE < £ DY (S0 1S)
Y(fe lfd <)) 7

YRR < fio) =

where Y (f7|f7 < f,it_l) refers to the prior distribution at period ¢, Y( f,it] 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:

Lt £ > 7

0 iff7, < fe

Y(f ) =

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

YR < 181
V(S5 < feiy)

Y(fRE < fRe) =
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From equation (12), 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 fks is revealed.

C.2 Proof: OSLA rule as optimal policy

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

Consider the Bellman’s equation (13). 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.

I define Vklf)t’l (05.), -, Vi (05 .) as the value of waiting in ¢ for 1, ..., n periods, respectively. I define
k'N as the current organisational form of the producer taking the decision, i.e. &'V = OV, Vév , Vz\]}[ .

The value of waiting is:

Vi (050, 0000) =0 +

YU Y UE)] ) T ()
Y(/5,) i e R Y
Y (f5040)

— "\
T

N S S S
—w Sr}‘fk7t+1<f ka,t]

E, lmaX{O; Z )\T_t_lwzge/:,N,T(H)} ‘f,;g < flitﬂ] —sz"] ,

T=t+1

Y US) =Y (0]
V(75

Y (£ >
(fk,t-‘rn) E, [max{o; Z /\T—t—nﬂ_zge/]?w 7(0)} ’flf < flit—&-n] _ szr] .

4 o
Y(fks:t) T=t+n

If the waiting period goes to infinity:

Vi (0504, 0140) =0+ A'E,

1-A

AT (0)
! N S S S
maX{O;—w Sr}’fk-,t-s-n<fk ka,t]

Jimn V2 (0300, 00n) = 0.

As in Larch and Navarro (2021), I concentrate the analysis on 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 ¢'93. Therefore, the value of waiting for these producers for any period n = 1, ..., 00 is

non-negative, i.e. V" (6;.) > 0Vn > 1.

1%When the value of offshoring is negative, the producer does not face any trade-off in the decision.
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Following Segura-Cayuela and Vilarrubia (2008) and Larch and Navarro (2021), I consider the
marginal producer 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 (6;.) = Vi, (6;.) — V,;f;’l 0;.) =
0. The intuition of the proof is as follows and makes use of assumption A.3. The value of waiting for n
periods before exploring the offshoring potential under type k falls at a rate \™ 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 informa-
tion 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.

I 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. szf;’l (0;.); Vkﬂ’Z(@; .). As mentioned above, I focus the analysis on
the marginal producer, i.e. the indifferent one between explore offshoring under % today or wait for one

period.!%4

Dy, 1(6; 0, ét+1) = V;f,t(9§ 6;) — Vklf){l(e; 0, ét+1) =0,

Y(fi141)
_ . prem S ~ £S oy N o o\ Vkttl)
max{O,IEt |:7Tk5/k/N7t(e)‘fk _fk,t}} w s [1 A Y(ﬁit)
Y(fS,)-Y(fS s (6
+ [ (fk,t) S(fk,t+1)])\Et max { 0; M
Y(fk,t) 1-A
prem
7Tk5 KIN(G) r

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

Dk:,t(e; 9157 ét+2) = qut(e; et) - Vﬁf(&; et, 9~t+2)7

Y (fiis2)
_ . prem prem S < S . Nr _)\2 k,t+2
max {0; Et [WkS/k/N’t(a) + Aﬂ-ks/k/N’tJ’,l (9)‘fk = fk,t} } ws [1 A Y(f]?:t)
[Y(flf,t) - Y(flf,t+2)] 2E, | max d o: WZQF‘}’ZN (0)
t s 1y
Y (fi) 1-A
prem
TS /N (9) .
—maX{O;l/_)\—wNS ‘flcs,t+2<fl§§fks,t .

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

1941 show the derivation of the trade-off function in the main part of the paper, and the respective proofs are in Appendix C.3.
195This assumption allows me to focus on the most restrictive condition. It can be easily shown that if the 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:

0 rem r Y(fks )
Dica 0300, 0141) = B [wi0s (0)| £ < 15,] —w™'s [1 AT |
N rem rem Y(fS )
Dyt (0;0,,0,45) = By [wgs o 1 (0) + AT +1(0)‘ fe< f,f:t} —ws" ll — )\27}/ (’}fj; .
k.t

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

V2(0;.) — V2l 6;.) — [V;O(e; ) = VR0, .)} <0e V2%0;.) -V 6;.) <o0.

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

Y (Fii) Y(f,f,t+2)] |

rTem S S ' N r
B [ cn OFF < 52] > 0™ | S5 A5

From the marginal producer condition above, I know:

Temnm r Y(fS: )
Ee [wl5in (0)] 15 < 15.] = ws [1 B AY(%] |

By Assumption A.3,

L= XY (falfE < fed) > Y (Fe i lfE S fE0) =AY (fEqalfid < £20)

and thus,
Y(fP) Y (fiesa)
E, [nP5em o (O)|f5 < £ Ngr LAAR AN WA SUA R V2200,) — VL(6;.) < 0.
t I:ﬂ-ks/k ,t+1( )‘fk = fk,t:| >w's Y(f]it) Y(f]f)t) = k,t ( ) ) k,t ( ) )<
From the result above, it is easy to see that V;;"(8;.) >V, (6;.) for any period n. Therefore,

Vt0:) > ViR 0:) > > V).

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

dominates waiting for longer periods.!%

C.3 Trade-off function
Dk,t(9§ 0y, ét-s-l) = VkO,t(e; O, §t+l) - V;:t’l(a; 0y, ét+1)~
Decomposing the value of offshoring,

Viey(0;.) =max {O0:E, [=P0n ()£ < £5,] } = s

Y(fS,) - Y(f s o (0)
[ (fk,ti/(f}f()fk,t-{-l)} maX{O; kl/iA }‘f/ﬁt+1 < f]f < fgt]
t

Y(fs ) = Tem
—s—%)\ﬂit max < 0; Z )\T_t_lﬂ-ZS/k/N’T(G) ’f}fﬁf}itﬂ )
(flmt) T=t+1

AE,

106Eollowing similar steps as Larch and Navarro (2021), it is possible to there is no degeneration in producers’ choices when
Vi°(6;.) < 0. In other words, there is no reversion of the trade-off function sign under this situation, so producers will never
find it optimal to explore offshoring under k in ¢ when V7, (6;.) < 0.
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[Y(flit)_y(flit+1)] Y(fks,t+1)
Y(fg,) Y(f7,)

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

where denotes the probability that ka is revealed in period ¢, while indicates

Introducing f7 (),

Vi1 (05 .) = max {O;Et {wggj’zw . )’fks < fkst}} —wNs
Y (fi,) = Y (7 (0))]

A0
Y (£
Y s gem,N
[ (fk ( ))(f]f )(fk t+1)])\E kl/k ’fk 1 < fk < fk ( )]
¢
Y(fS c-
+ }%A& maX{O; Z AT 17T£ge/71:l/zv7 9)} ‘fks < flf,tﬂ] ‘
, T=t+1

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

Y (FE)-Y (f5(0))] Y (S5 O)-Y (5, )]
YUE) YU, '

, and the probability of being revealed below is

= V2,(6;.) = max {o E, [ e )‘flf < ffft] } N

[Y( S( )) (f )} ';5 N

Ik (fk’t) k,t+1 )\E:t []Hﬂc‘fk t+1 < ]k < fk( )]
Y fS P 9 S S
}E(?:Slt)l))\ﬁt ;t 1/\‘r t— lﬁkg%:b,w T )’Jk < fk’,t+1] .

Decomposition in an equivalent way the value of waiting one period,

V() =Y (o) s o (6) .
Vi (6;.) =0+ { Y })\Et max < 0; ﬁ —w's' ‘f,f,t+1 <8< Fiy

. V(£ 41 \ [E

Y (£

maX{O; Z )\T_t_lﬁzge/?w’.r(e)} ’f}f < ka,t+1‘| _wNST‘| )

T=t+1

YUEO) - Y UEen)] |

w,1 . _
= Vei (0;) = YOS
,t
prem
s k/N(H) -
XEt max{o,l//\—wNS )f]it+1 <fksgfl’f(9)
Y(fS ) = TEM
+ %A B 30 Artiermen 9)’f,f < S| —wNs |
(fis) r=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(f2 1
Dr(8;.) ZmaX{O K [Wkge/yl:’f\’ t )’f}f < f}f,t}} —wNs" [1 — /\}%1
Y(f20)

prem

s (0
- max{(), ksl/kNA() - wNST} ‘fks,tJrl < ff < flf(e)]

AL (0)

1—-A

AE,
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By Proposition 1, the probability of f,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—i—l < 0) has tried offshoring before the producer 8, which is not possible due to Proposition 1.

Therefore, the trade off function becomes:

n rem Y(fS )
Dy,(0;6,0,41) =max {O;]Et [WZS}k/N,t(H)‘fIsS < fkst]} —wNg" [1 — )\% )
kot

C.4 Balanced-intensity sectors: The trade-off function and equilibrium paths.

Outsourcing dominates integration for both domestic 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.

The trade-off function, which drives the offshoring exploration decision, is given by:

. Y (/8 111)
.95 Sy — . prem S « ¢S N | O,t+1
Do (0:07,0%,1) =max {0:5, [w570n (0|18 < 18]} —w™'s [1 S

The least productive final good producer that explores the offshoring potential in period ¢, i.e. éf =
GNgi 41» is defined by Lemma Bint-2.
Lemma Bint-2 (Per-period offshoring exploration productivity cutoff) The offshoring exploration

productivity cutoff at any period t is given by:

U5 () —v5 ()

ég,t+1 = (’YE) 7 Qt

Proof of Lemma Bint-2. The offshoring exploration productivity cutoff at any period ¢, 9}11 =

58 1o is defined as the fixed point in the trade-off function:

~ A prem 0 T Y(fg )
Do,t(0r41:06:0:01) =0 = Eo[m5s)6 (OS5 < 5] = ws ll - )\ng

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 /6
075 (V) Qi [0S () — v ()] = w" [Et(fg S <IE)— I+ (1 - Amﬂ |

w [Efofg S8~ I8+ (1 B Ayﬁgﬁ)ﬂ -
V() — Py (n)

Or41 = (VE) 727 Qui1
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C.4.1 Convergence: Long-run properties of the trade-off function.

The steady-states of the Balanced-intensity sectors characterised by Lemma Bint-4 are the result of the

fixed point of the trade-off function defined by:
DO,m(QO,oo; 9007 900) =0 = E [WgT;%N (eg,oo)‘fg < fg,oo:| = szr (1 - )‘) :

Lemma Bint-4 (Convergence of offshoring productivity cutoff) The sector converges asymptotically

t—o0 QS’*

to the perfect information equilibrium, i.e. 98 ¢ , when:

Case I: fg = fg = fgyoo :[g,
Case II: £2 + (1 —\)s" < f5.
Hysteresis takes places when:

Case III: fg +(1-XNs"= fé = eg,t L ggﬁr’

Case IV: £, 4+ (1 = N)s" > f5 > fo = H(SM LN 9300,
with Gg’* > 08700 > Gg’w, and Hg’w 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.
Proof By Assumption A 4,
Et[”grse%w,t(g)\fg < f5]—whs"(1 =) >0,

N S| ¢S - 78 Npr N . w7y
W= wNE(SEISS < J8) —wN[sT (1 =X = f8] >0 with W = ( -l

Taking the limit of the trade off function as ¢ — oo,

0 (f)

Do (B O ) = "0 W = wNE (F155 < 15 00) = 0™ [7(1 =X = £3].

Totally differentiating D(0; fo0, U0 ) With respect to each of its arguments:

DO (0003 b0, 000) _ W 98 (6o) N OR(SIIS < 15 00) 015 o

6, o 0. 0f8 - 90~

with fg,oo given by:

N N (1—n)(o—
1§ o0 = 15(0) = 10 ) [(f}s)u " 1)‘1] + 18

Therefore,

Do (0o 00, 00) _ W drS(0s) v W drd(00) OEUSISS < 15 00)

doc o dh " WV diw e
_drS0) W || OBUEIE < 5.00)
 dl o af5 '
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. . drY (0
From this expression, rge(oo ) > 0 and % > 0.

Taking Assumption A.3,

Olf8.. —E(f815 < £8.1)] OE(fEIFE < f54) OE(fEIFE < 154
3f3,t >0=1-— 3fg,t >0= 3f§,t

Thence, the expression in brackets:

| ORGSIS < S5)
0f8 00
Only in the limit, when the distribution collapses with the lower bound,

OE(fSIIS < J5.4) _ | _ dDo (0o 00, 0cx)
8fg,t dfoo

<1

> 0.

=0.

Therefore, it is possible to see that this problem has at most one fixed point. Therefore, the fixed
point defined in Lemma Bint-4 is unique. 0
In conclusion, it is possible to observe that the steady-state exists and is unique. However, the
resting point depends on how optimistic are the initial prior beliefs. The Figure 11a illustrates the cases

characterised in Lemma Bint-4.

C.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.

Convergence properties of market productivity cutoff. I characterise the steady-state of the market
productivity cutoff, and Figure 11b illustrates the equilibrium paths of the domestic and offshoring pro-
ductivity cutoffs in the long run for the Case I (solid line) and the Case Il (dashed line). On the other
hand, the Case IV is represented as any path in between paths I and III.

As the offshoring productivity cutoff converges to the steady-state defined by Lemma Bint-4, the

intensified competition pushes sequentially the least productive final good producers out of the market.
Cases I and II: 9, 1 6* if 03, | 98’*,
CaseIII: 0, 1 67" if03, 1 077",
Case IV: 0, 70, € (0%:07™") 03,165 _ € (0577:057).
To conclude, by Lemma Bint-4 it is possible to show that P; | P* and Q; 1T Q*!Y7, and thus the

informational spillovers allow the economy to realise the welfare gains from offshoring in the long run.

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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Figure 11: Balanced-intensity sectors

C.5 Proofs of Lemmas and Propositions.

C.5.1 Proof of Lemma 1.

prem

0Dy, (6;0¢,
ks/k/N 00

The profit premium 7 (0) is increasing in 6. Therefore, it is easy to see that ber1) > 0.
Moreover, the producers facing a trade-off have a positive value of offshoring under £ in ¢, i.e.
E; [ﬂige/]:w, (0) ‘ fP < f,f,’t} > (. Therefore, the trade-off function for type k is strictly increasing in

for these final good producers.

C.5.2 Proof of Lemma 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 into three cases. Assuming a risk for repetition, the separation of
the analysis helps in the understanding of the underlying decision.

I consider first the case where, given the priors Y (£5), Y (f:}), the final good producers find op-
timal to explore offshoring only under V. In other words, given the priors, the trade-off function

Do.t—0(8;.) < 0ford < 0. Therefore, the exploration cutoff is defined by the fixed point below:

Dy,i—o (G\S/,t=1§ 9t3=07 95’,t=1) =0,

) , . Y (fdr)
[ prem s S« S| o Ner |1y MVit=1/ |
Ei—o [WVS/VN,tZO(ev,t:JUV < fv} wes ll A Y (f5)
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By replacing with the respective expressions, the exploration productivity cutoff in ¢ = 0 is given by:

N S| ¢S — FS N | o Y (3 =1) 7
5 o w | Eemo(f7f S fp) —fr +s7 (1A ’
g\s},tzl = (YE)™7 Qi=1

)
Vo (n) — v (n)

(73)

The second case takes place when the prior beliefs promote exploration only in foreign outsourcing,

ie. Dy=0(8;.) < 0forf < f. Therefore, the exploration productivity cutoff is defined by the fixed
point:

Do i=0 (ég,t:h 95:07 98,:::1) =0.

Replacing with the expressions, the exploration productivity cutoff in ¢ = 0 is given by:

N S| ¢S ~ 7S N | or Y (£5 4=1) 7
} o w™ | Emo(f31f5 < f8) — fiy +8" (1 = A=57
98,1&:1 = (YE)T7 Qi=1

v (/3
Ve (n) — v (n)

(74)

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.

DV,t:O(é\‘g,tzﬁ 0?:07 9?:1) =0,

DO,t:O(G(SD,t:ﬁ 929:0a 95:1) =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:

re 7 I r Y(fs t:l)
Bemo [ 12w o030 U5 < ] — s [1- 22 ] o
Tem N 7 Y(fs ,:1)
E¢—o [ﬂ-gS/VN,t:o(eg,tzlﬂfg < g} —whs" {1 — A5 } =

V(7S) 0.

(65,7 (Y E) QL [ () — ¥ ()] = w™ [Et(f5 <) - s (1 - A”f&“))] ,

Y(f3)

wN |:Ef(f5|fg < f_‘g) _ f‘]/\l 45T <1 o )\Y(fg,tl))] )

(02,417 (vE) Qi [ () — v (m)]

Y (£3)
The solution to this system is thus given by:

) [ et (17 ] T
T YUH
Vi1 = (VE) 777 Q=1 DT —0F ()

Y(£8)
¥ ()= (n)

N S| ¢S 7S N, .- Y(F§ 1) o—1
. a o e BB - e (1 Tz
00,t:1 = (VE)T7 Q=1

and the exploration cutoff in ¢ = 0, étszl, is defined as: éle = min {5{%21; ég,t=1 }
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Exploration in¢ > 0. If after exploration in ¢ = 0 all the producers that have explored their offshoring
potential have chosen V5, then the offshoring exploration productivity cutoff is defined for any following
period by condition below with £ = 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 & = O.

Instead, if after exploration in £ = 0 at least one producer chooses foreign outsourcing, then for any

t > 0 the exploration cutoff is given by the condition below with & = O.

Dk,t(élf,ﬁgfaegrl) =0,
rem A r Y(fS )
By (w5 ORI < £5,] - ws [1 YT =
k¢

By replacing with the respective expressions, the exploration productivity cutoff in ¢ is given by:

_1
N g, (fS|+S SY_ N Lo (1 \YFEer) o
w f(fklfk ka,t) fv + s 1 A Y(/5,)

(75)
¥ (n) — ¥ (n)

élf,t+1 = (vE) ﬁ@ﬂrl

C.5.3 Proof of Lemma 3.

The foreign integration productivity cutoff is defined by equation (17), i.e. by the maximum between the

S,e

offshoring exploration productivity cutoff (HtSH) and the productivity cutoff denoted by 6y7; ;.

I define ¢ as the earliest period in which: 9}11 < 0‘3,: 1~ Thus, for any period ¢ < t, the foreign

integration productivity cutoff is defined by (Lemma 2):

o B < 20— v (1- 2% ) |
Py (n) — oy (n)

9\5/,t+1 = §f+1 = (’YE)ﬁQt fort < £.

For any t > £, the offshoring productivity cutoff, defined by Lemma 2, is §f+1 = 58t +1»> and the
foreign integration productivity cutoff is given by equation (18). For any ¢ > ¢, the foreign productivity

ffse;nos t(G‘S/’: 1) = 0. As less productive producers explore the

cutoff is defined by the condition 7
offshoring potential, the price index reduces and the aggregate consumption index increases. Thus,
equation (18) shows that the foreign integration productivity cutoff increases as new (less productive)

final good producers explore offshoring.

C.5.4 Proof of Lemma 4.

By assumption A.4, Dm(g; 5, 0:) > 0 for at least one k = OF, Vg, V]\%. Therefore, for the type k where
this condition holds, I get: E wif?vN’tzo(g)\ fe< f]f] —w™Vs"(1 — A) > 0. For exploration decision

in t = 0 and posterior dynamics, see appendix C.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 /- and M -intensive cases.

I assume that the condition above holds for k = V.

E 7520 o1 < ] - s (1= 2) >0,

Yo @)B —wNE(FIfE < F) —wN [s"(1-N) - Y] >0,

[CIN=IICONN

x [L—alBgn+ (1= 631 —n)] — [1—al8fn+ (1 - 8Y)(1—n)]

with

B‘S/E

Taking the limit of the trade-off function as ¢ — oo,
Dy o0 (003 Ooc, 0o = 19,0 (00) BY = wVE(fPIf5 < filo) = 0™ ["(1 =) = 7]

By totally differentiating the trade-off function:

dDVSA,oo(eod 9()0’ 900) S 87‘5,00(900) N aE(f\§|f\§ < f\%oo) afaoo

A0 VT o, Y afs 90
with
Vieo = N vV 0  wN 00,

Replacing this into the previous expression:

017 o

df o TV 90,

orY  (6eo .
From this expression, %O(O) > 0 and B‘é; > 0. Also, from assumption A.3,
O[fn—EWIR <F] |, BRI <A _ _ OB < f)

= <1.
Ofve Off off,

Therefore,

| BURINY < fé,oo>] o

OfV e

Only in the limit, i.e. when the distribution collapses with the lower bound ( f{?t = [‘5}),

3]E(f\§\fx§ < f\g,t) — 1= dDVS,oo(Goo;HOOaHOO) -0
af\?t dﬁoo .

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 latter.
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For any ¢ > £, with # defined in section 3.2.2, the trade-off function that drives exploration is given

by:

DOS,t(e; et’ ét-i-l =E {ﬂpori‘n}vl\f’t(eﬂfg < fg,t] - wNST(l - /\)’

= (0)Bg — wVE(fSIf5 < f5.) —w [s"(1 = A) = 7],

()=

x[L—aln+ (1= 81—l - [1—al8fn+ 1 -5Y)(1—n)]

with

o—1

B

Taking the limit, as before, of the trade-off function as ¢ — oo,
D05 00 (0ooi Ooor oo = 11 o0 (000) BY — wNE(FS115 < [ .00) —w™ [s"(1=X) = f] .

By totally differentiation of the trade off function,

D05 00 (0o0; 00, 00) _ s Voo (0)  n OB(SBISE < [5,00) 015 o

b0 P 00, " 0f5 - 90,

with

rg,oc (000)

afs . BSord (0
fg}szBg+f¢V = 0, —JM.

s  wN 90

Replacing this into the previous expression:

B Of5

dD o5 0o (ooi O Ooc) Bsﬁrﬁm(eoo) . OE(f318 < f8.00)
db, O 96, B

. . orll (0o .
From this expression, TV%() > 0 and Bg > 0. As before, from assumption A.3, I get:

1—

OE(f5115 < 15,50
T > 0.

In the limit, i.e. when the distribution collapses with the lower bound ( fgt = [g),

BE(fS‘fg < f(%t) 1= dDOspo(eoo;eomeoo) -0
ofs., B dfoo e

In conclusion, the sectoral equilibrium path has at most one fixed point. Therefore, the fixed point
defined by Lemma 4 is unique.
C.5.5 Proof of Lemma 5.

At any period ¢, the price index is given by equation (65) in Appendix A.8.1.19 The initial price index

is defined by P™" (see Appendix B.2.1).

108Gee alternative expressions in Appendix A.8.1 defined by equations (60), (62) and (63).

90



As more final good producers explore the offshoring potential, in ¢ < ¢, the foreign integration
productivity cutoff reduces, 9‘% 1. This increases the shares X‘b;’t and Xg,t’ with X‘S},t = Xg,t' The lower
prices of the producers under foreign integration reduces the price index.!®”

For ¢ > t, the producers exploring the offshoring potential choose foreign outsourcing. Thus, the
foreign outsourcing productivity cutoff reduces, i.e. 987,5 4, and thus the share Xg,t increases. The

new offshoring producers that switch the supply chain from domestic integration to foreign outsourcing

charge lower prices, which leads to a lower price index in the sector.!!”

C.5.6 Proof of Lemma 6.

It follows from Lemma 5 and % < 0, with 0, ; given by:!'!!

_1
wa(])V] o—1

¥o (1)

i = 0BG |
C.5.7 Proof of Proposition 1.

. 6% . .
For part a), it follows from Lemma 5 and g Iﬁt“ < 0, with Hg’ 111 given by:!1?

_1_
o—1

w™ [~ 15]

PN (n) — Y (n)

e%ﬂ = (’YE)ﬁQt l

63 ~
For part b), it follows from Lemma 5 and gi’}.f:’l < 0 for any ¢t > t, with 9‘% 41 given by Lemma 3.

C.6 Alternative learning mechanism: unobservable organisational type.

Assumption A. 7 (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 integration. Furthermore, they
also know that the offshoring organisational fixed costs cannot be smaller than the respective fixed costs

of domestic sourcing.

By the regularity condition A.7, the evolution of the foreign outsourcing type drives the offshoring
equilibrium path. Thus, the learning mechanism does not require that firms observe the sourcing type

chosen by the others. Therefore, the following results can be derived from this condition:

SIS <fy and [, <fP, VE20 5V =Vg Vi

1%The reduction of the price index leads to the least productive producers to leave the market, which reinforces the reduction
in the price index.

"0The reduction in the price index leads to the following effects: it increases the market productivity cutoff, which reinforces
the reduction in the sector’s price index; it increases the productivity cutoff of domestic and foreign integration. The latter two
effects diminish the first order effect.

"'The market entry productivity cutoff, 0,1, s defined by the zero profit condition T (0441) =0.

">The productivity cutoff of domestic integration at the end of any period ¢ is defined by the condition 7%/ (60 4,1) =

VN JON
T (00, 041) — 75 (00,141) = 0.
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In this situation, I define fét as the maximum affordable fixed cost for the least productive firm
offshoring from South in period ¢, under the assumption that the firm has chosen integration. Also, define
f gt in the same way but under the assumption that the firm has chosen arm’s length trade, whenever

f 05 S fg . Thence, the learning mechanism is given by:

YUBIIE < 05) = v eaht= W50, = 18, < 8
f{j - f\?t iffé,t < f\g,t’
Vit it f5, < 7
Y(f5) with § € [£5, 8] it f5, > 15,
S~ N YUBIIE £ 15,) = voiteass=s 15, =15, <13, .
fg,t if fgt < fgt

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
integration. However, by regularity condition A.7, this knowledge is irrelevant for defining the offshoring

exploration equilibrium path.

D Multiple countries

D.1 Price indices
D.1.1 Balanced-intensity sectors

The sector’s price index at any period t is given by:

Og,t 05‘ h
Ptl—"thl/g pg(”l_”%dH/Q pg(e)l—dl_g(cfget)de-f—/e pg(e)l—al_g(gget)del,

S
Yy O,t

pree ] [0 2 [ oo A

Y, t 0.t

x| o —p%(ef-a]l_g(]ﬁf;g)de] |

o Of\[ 1—0o Of l1—0o Of Oiv l1—0o OtE 1—0o Of Of l1—0o
p! :(Pt ) +Xg,t|:(Pt ) _(Pt | ) +Xg,t|:(Pt ) _<Pt | ) )

(76)
. _ON . or Of|ON
with P,”* defined by equation (51), P,”* by (52), P, by (53),
2 > —o 9) s
PO = / 2y~ 90l (77)
t l s, P00 T Gg)
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and
PO = [ o) 0 g (78)
¢ l 05 . <p0( )) 1- G(Gg,t)

D.1.2 H-intensive and )/ -intensive sectors

The sector’s price index at any given period ¢ is given by:

Bg’t 3 0 Gg,t _ 0
Ptl—o' _Ht|:/ pg(e)l 0'1 g( )9 d9+/ pg(e)l o g( ) do
[ 0

Zt

g, 5.,
[ e 2 s [ e 2
0y ¢ - 9(0) ° 1-o 9(0)
+/9 pEO)" 7 G(Qt)dw/gatpew) ! G(Ot)de}
—o __ o —o 9(0) < -0 o 9(6)
P/ H{/Gt o (0)' 1_G(Qt)d6+x% 0%[275(9)1 o (0)! ]17G(0%)d9
B [ B0 b0l i / 5 0)' 7 =5 (0)' " 1= st
+xBa [ By *pi(ﬁ)lw]%dwrwz / F0)'7 = pB(0)' ) 0
NN\ 1—0 N — N AN -
P = (Pto‘ ) + XV [(Ptv‘ ) - (Ptv" o ) }
s\ 1— s\ 1l—o
xS [(Ptot) - BTV }+x€,t {(Pt“) — (BY7197) } (79)
BN 1— E /S EN\ 1l—0 E\~EN\ 1—0
+Xg,t (Ptot) ( porY ) } +X\€,t [(Ptvt ) - (PV o ) }

D.2 Lemmas and Propositions.
D.2.1 Lemma MC-1

Lemma MC-1(Sequential offshoring exploration in East) The final good producers with higher produc-

tivity have an incentive to explore the offshoring potential in East in earlier periods.

ODiyie 1(0:0F,08%1)
00 -

Proof. It follows from proofs of Lemma 1 in Appendix C.5.1. U
As in Lemma 1, the trade-off function is strictly increasing in # for those final good producers that

are facing a real trade-off, i.e. those with a positive value of offshoring in East.

D.2.2 Lemma MC-2

When the final good producers must decide whether to explore the offshoring potential in East or wait,
they compare the profits under their current organisational type &’ with the expected profit under each

feasible organisational type in East net of the offshoring sunk cost.
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Lemma MC-2 (Per-period offshoring exploration productivity cutoff in East) The offshoring explo-

ration productivity cutoff in any period t, denoted as éﬁrl, is given by:

E _ . [pE . E
9t+1 = min {90,t+1a 0V,t+1} )

with
_1

[N {E(fglfg <IE)-fE+s (1 - A%))ﬂ
v (n) = ¥ (n) :

§g7t+1 = (’YE)ﬁQt

1
N E E|rE < E N _ ¢S rlq1— Ay(f\];l,mq) ot
w ( VlfV = fV,t) fV+5 Y(fE,)

VE(n) — ¥ (n)

ég,tJrl = (’YE)ﬁQt

Proof. From Assumption A.5 and Lemma MC-1, the exploration sequence to East is led by the
most productive final good producers in the market. In the initial conditions defined by (S), those final
good producers are organised under foreign integration in South, i.e. &' = V°.113

Thus, ég,t 41 and 55 +41 are defined by the fixed points:

x A rem ! r Y(fE )
DV,t(eg,tJrl; 9?7 9&1) =0= E [WPVE/VS_t(eg,tH)’f\? < fgt} =whs" |1— )‘7‘/’;;“ )
’ Y(fv7t)
) i o T YUBL
Do,t(95t+1;9f79ﬂ1) =0= E |:7rgE/VS7t(gg,t+1)‘fg < fg,t] =uws [1 - Aiy(f}ff)l .
Ot

D.2.3 Lemma MC-3

After exploration, the final good producer discovers all the organisational fixed costs of offshoring from
the East, and she must choose the one organisational type. After paying w™ s” in period ¢, the final good
producer discovers the true values of fg , f‘%; and f‘% ,» and she must choose an organisational type. The

final good producer with productivity 6 chooses foreign integration in East, V¥, when:

Ve om 4 (0) =1y, (0) — 76 ,(6) > 0.

TvE/OF ¢

She chooses arm’s length trade in East, OF when:

T (0) =75, (0) =7 (6) >0 and TSV (6) <O

Otherwise, she remains under her current organisational type &’.

"3In other words, I assume that exploration of East leads to a partial relocation of suppliers from South to East. Moreover,
I assume that in the new steady state, the sector still shows both types of offshoring in South (i.e. O, V). I assume this
for simplicity and to avoid a taxonomy of cases. Without any loss, this assumption can be easily relaxed and thus extend the
analysis to more general cases of partial or full relocation.
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Lemma MC-3 (Foreign integraton productivity cutoff in East) The foreign integration productivity
cutoff in East at the end of period t, 957 441 I-e the least productive final good producer that has chosen

VE after paying the sunk cost in period t, is given by:
0F,., = max {éﬂl; 95;;“} , (80)
with

wN [f5—fg] ﬁ_ (81)
AGEREAC)

rem Ee Ee <2 _ A
mejoeOvip) =0 = 0y, = (E)T7Q [

9E7.

Proof. Define now { as the earliest period in which éﬂl <Oy

It follows from proofs of Lemma 3

in Appendix C.5.3. 0

D.24 Lemma MC-4.

Lemma MC-4 (Convergence of offshoring productivity cutoff in East) The sector converges asymptoti-

. . A t
cally to the perfect information equilibrium, 0F 10 pEx — Hg’*, when:

Case I [§ = 16 = f6,00 = L0
Case II: £5+ (1 —N\)s" < f5.
Hysteresis takes places when:
Case Ill: 5+ (1—N\)s" = f§ = 0F 122 g5
Case IV: f5+(1—Ns" > f& > f& = 0F oo, 05 00

with Hg’* > Hg’oo > Gg’ﬁr, and Gg’ﬁr denoting the case where firms cannot fully recover w™ s”.

Proof. It follows from proofs of Lemma 4 in Appendix C.5.4. O

D.2.5 Lemma MC-5.

Lemma MC-5 (Price index effect of relocation of offshore suppliers) As the offshoring productivity

cutoff in East converges to the steady state (Lemma MC-4), the price index in the final good market

reduces:
Cases I and II: P, \, P* if 0F N\, 65+,
Case IIl: P, \, P if 0F N\, 05,
Case IV: P, \ Py, € (P*;P™") if0F \ 0% € (9% 0E).
Proof. It follows from proofs of Lemma 5 in Appendix C.5.5. O
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D.2.6 Lemma MC-6.

Lemma MC-6 (Convergence of market and offshoring productivity cutoffs) As the East offshoring pro-
ductivity cutoff converges to the steady state (Lemma MC- 4), the price index in the final good market

reduces (Lemma MC-5), and:

(a) the market productivity cutoff increases:

CaseslandIL: 9, 6" if 0F N\, 05+,
Caselll: 9, /0" if 0F N\, 05,
Case IV: 0, 7 0. € (8507") if0F N, 0L € (9F;0F~),
(b) the foreign outsourcing productivity cutoff in South, i.e. the sector’s offshoring productivity cutoff,
increases:
Cases Tand II: 03 , 7 65" if 0F \, 07,
Case I1I: 03t Va Hg’ﬂr if OF N\, 05,

Case IV: 05, 705 € (057:057") if 0F N, 0F € (0777 05).

Proof. For part a), it follows from Lemma MC-5 and 83;;1 < 0, with:
R P 7=
[ = (yE)T7Q [O] ,
w1 = OB Q xt

. 003 .
For part b), it follows from Lemma MC-5 and —55™ < 0, with:

w5 = £ }
|7

9,111 = (E) = Qu [wé(n) Y0

D.2.7 Proof of Proposition 2.

6N
For part a), it follows from Lemma MC-5 and gij.ft“ < 0, with:

W [FY — 1Y) 1
RS T

O = OE) T Qs lw ) — o8

865
For part b), it follows from Lemma MC-5 and gi’;t“ < 0, with:

W [ -s8)]7
Vo (n) — v (n) '

e\s/,t+1 = (’YE)ﬁQt [

. 00E A~ .
For part c), it follows from Lemma MC-5 and —55 < 0 forany ¢ > ¢, with 05 141 given by Lemma

MC-3.
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E Empirics

In section E.1, I complement the data description of section 4.1. In section E.2, I introduce the empirical
static models related to the generalisation of the organisational choice problem in Antras and Helpman
(2004), where the focus relies on the determinants of the organisational choices among offshoring firms.
In section E.3, I follow with the appendices to the empirical models related to the dynamic approach with

uncertainty.

E.1 Data

T 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 O if
Rauch’s category is ”w”, 0.5 if r, and 1 if it is a differentiated good (”d”). I build a concordance table
between Rauch’s product classification (SITC) and NAICS 2012, and thus I obtain a continuous diff
index € [0, 1] at NAICS 2012, increasing in the differentiation of the sector. After reclassification to
BEA codes, I merge it with the input-output matrix and obtain differentiation measures for H and M
sectors.

For the determinants of the [ -intensity, I use data from the Census Bureau manufacturing survey on:
capital expenditure, machinery expenditure, advertising expenditure, and total shipments (total sales).
The expenditure share in R&D comes instead from the Business R&D and Innovation Survey (BRDIS)
survey of the National Center for Science and Engineering Statistics (NCSES) of the National Science
Foundation.

For the measures of tacit knowledge and routines at the management level, I use the O*NET database
together with the employment survey (OES) of the Bureau of Labor Statistics. I describe it in detail in
section E.2.1. This measure is built separately for sectors 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 and data on GDP per capita and GDP from the
World Development Indicator, both from the World Bank. The data on distances comes from CEPII.
Finally, the data on FTA comes from “Mario Larch’s Regional Trade Agreements Database from Egger

and Larch (2008)”.
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E.2 Empirical static model: determinants of the organisational choices under perfect

information

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). The first departure from this literature comes from
the quadratic functional form of the empirical model. I test for the non-linear relation that comes from
the generalisation of the organisational choice of Antras and Helpman (2004).

I build also a synthetic measure of 7; by two alternative approaches: Factor Analysis (FA) and Prin-
cipal Component Analysis (PCA). From these methods, I am able to reduce the multidimensionality of
the previous models to a unique index for 7;. In the case of FA, I use the first factor as measure of the
H-intensity. In the case of PCA, instead, the measure of 7; consists of the first component. The analysis
of the eigenvalues of the respective approaches show that the first factor of the FA is a better measure for
n; than the respective first component of PCA (see figure 15 in Appendix E.2.4).114

I introduce a novel measure for the tacit knowledge and routines at the management level for H and
M sectors. As described in section 2.1, it motivates 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 E.2.1.

E.2.1 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
with 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 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 the “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 routines is
higher, therefore the efficiency loss after firing the manager of the respective facility increases (dyy — 0).

Regarding the construction of the index, using data from the O*NET database, I compute first the

14See Antras (2015) for a similar approach.
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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:

data,.
100 °

9
OJToNET SOC code = E cx
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.

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 12 shows the tacit knowledge measure for managers in relation to the intra-firm import share.
The left figures illustrate the relationship with yearly data, while the right figures shows it for the mean
values of the tacit knowledge. From the theory, a positive relationship between these two variables is

expected for all the cases.

(a) Yearly. (b) Mean values.

Figure 12: Intra-firm import share and tacit knowledge and routines.

I measure M OJT using data that comes from US manufacturing firms. However, it aims to capture
the routines and knowledge in foreign sectors, i.e. foreign suppliers M. The underlying assumption is

that the relevance of routines and tacit knowledge is symmetric across countries for a given sector.

E.2.2 Definition of other variables

For the main variables related to the determinants of capital intensity, I follow the previously empirical

literature. From the manufacturing survey of the Census Bureau, I get the following intensity measures:

Total Capital Expenditure; ,
Total shipments; ’

* Capital intensity: k int;; =

Machinery Capital Expenditure; ,
Total shipments; , >

* Machinery intensity: mach int;; =

Advertising and Promotional Serv Exp. ; ;

* Advertising intensity: adv int;; = Total Shipments
4.t
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As robustness, I use the machinery intensity as a alternative to 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 Y

Figure 13 shows a linear and quadratic relationship between the H-intensity measures and the intra-
firm import share. I show also the relationship relative to the indices for 7); from a factor analysis (FA)

and a principal component analysis (PCA). The latter are illustrated in figure 14.

(a) Yearly.

(b) Mean values.

Figure 13: Component-intensity: individual measures.

(a) Yearly. (b) Mean values.

Figure 14: Intra-firm share and measures of 1 (FA and PCA).

E.2.3 The model

The input-out matrix structure allows me to exploit the variation across inputs-intensity and supplier’s
countries in final good producer sectors. For the construction of the variables at the final good producer
sector level, I aggregate the M -sector dimension, where the variables are weighted by the relevance of

the sector M in sector H imports according to the input-output import matrix (MshrH,y, ;).
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Given the non-linear nature of the model, I estimate it by a fractional logit model, which is given by:

)] - SPE0)

E [IFshr- = 82
7,0t 1 +eXp($9’l,tﬁ)7 ( )

with IFshr; ; as the intra-firm import share from country / in year ¢ of sector j, and
m;’l,tﬁ =Pk int;; + [Bok intit + Bard int; ¢ + Bard int?,t + Bsadv int; ; + Beadv intit @)

+ 87 In(H OJT; +) + Bs In(M OJT; ,) + other controls + ~y,

where H OJT} ; refers to the ”on the job training” index for managers in the final good sector j in year
t. Instead, M OJT}; refers to the “on the job training” index for managers for supplier industries. The
model measures it as the weighted mean of the index for each input m used by sector j. Given that both
indices are increasing in the training time, a higher OJT represents a lower Jy,, which translates into a
higher efficiency loss when the party that owns the assets fires the manager of the other party.

The variables identifying the H -intensity comes from the literature (Yeaple, 2006; Nunn and Trefler,
2013; Antras, 2015), and they have been defined in section E.2.2. Based on Rauch’s classification, I
include also the degree of differentiation of the supplier sectors, M diff € [0,1]. In the model, it is
defined by the weighted mean of the index for the intermediate inputs used by sector j. Additionally,
I control for the H differentiation level, with H diff € [0,1]. Finally, ;; indicates country-year fixed
effects.

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

:c;-,l’tﬁ = [iFA; . + BgFAit + B3 In(H OJT; 1) + BaIn(M OJT; 1) + other controls + vz, )

:v;-,l’tﬂ = B1PCA;+ + ﬁzPCA?’t + B3 In(H OJT; 1) + BaIn(M OJT; 1) + other controls + ;.
Results.  The results reported in Table 8 provide evidence consistent with a non-linear U-shape rela-
tionship, as predicted by the generalised model where the property rights are allocated to the relatively
more important party on the relationship. In other words, the empirical results provide some support for
the prediction that the intra-firm import share is higher at both extremes of the 7; distribution.

Columns (1)-(8) identifies the models as defined above, while in columns (9)-(16) I introduce the
main determinants of 7 in mean values with the aim of capturing the underlying H technological inten-
sity. The FA measure shows a theory-consistent effect through all the specifications, while it is weaker
for the case of the PCA. Regarding the individual measures, they all show a theory-consistent effect,

except for the R&D intensity.
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About the role of tacit knowledge and routines, the table shows that M OJT has a significant and
positive effect on the intra-firm import share, as predicted by theory, while it is not the case for the
effect of H OJT. On the other hand, the differentiation level of the final good (H diff) and the mean
differentiation level of the inputs (M diff) have both a positive effect on the intra-firm import share,
which is consistent with more contract dependent relationships.

Finally, when I cluster the standard errors at the final good sector, most of the effects vanish at
the reported significance levels. Table 9 reports the results and it shows evidence that weakens the
conclusions from above, indicating the need for further empirical investigation.

To sum up, the data shows some evidence in favour of the generalisation of the organisational space
and the respective organisational characterisation of the sectors defined above, but it is not conclusive.
A firm-level data or a higher disaggregation of sectoral-level data beyond the publicly available may

provide stronger evidence. However, a deeper investigation is out of the scope of this paper.

E.2.4 Eigenvalues for Factor Analysis and Principal Component Analysis

Figure 15 shows the values of the eigenvalues for each of the approaches. I use the first component of
each method as a direct measure of 7. The graphs show that the first component of the factor analysis is

a better summary of the H-intensity. Nevertheless, I report the results for both measures.

(a) Eigenvalues FA (b) Eigenvalues mean FA (c) Eigenvalues PCA  (d) Eigenvalues mean PCA

Figure 15: Eigenvalues: Factor analysis and principal component analysis
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E.3 Empirical dynamic model
E.3.1 Derivation of total imports and offshoring share: sectoral aggregate.

I compute the aggregate imports of sector j under outsourcing in period t:

Ov,j,t (0)
X2 5 = 5 0 (0)H; gidé'
m,0,j,t /Go,]-vt 'I"m,O,]yt( ) It 1— G(Q] t)

> g6 > 0
=Hj. X(S),j,t/ :IS;LOJt(e) (9)5 dg — Xv;z/ mfl,o,j,t(e)%de
(S:;,j,t ( 0,3, t) BV_] + ( V.7, t) (85)

7= By - - -\
K ) ()]
« [+ 7S i

Adding (97) and (85), I obtain the aggregate total imports of sector j in period ¢:

Xonit =X 05t + Ximvies
(86)

s s A4S s s AS s AS
=1j,¢ [XO,,j,txm,O,j,t(eo,j,t) + XVt [xm,V,j,t(eV,j,t) - mm,O,j,t(GO,j,t)]] .

nj s \1-m]9 71
mvjt(e) . 1—5\5/',‘731 B\g,j,t I_BV,j,t .
Using oo 2@ = 15, |\ ) =5, et

. 1-n; o;j—1
_ 165, B85 \" (1-p55. _
Xt =Hjt |X0.5,4%m.0.5.6(00.5.6) + X5t s s L — 1| 0.5, (05.5.0)
1-5; Bj 1-5;

(87)
Replacing with the respective expressions for &, _j+(.):
7 mj s\ 1-mi7%it
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The offshoring share of sector j in period ¢ is:
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E.3.2 Competition effect: first channel. Reduced-form models

Table 10 reports the full table related to the results in Table 1, and additional robustness checks. In
particular, it includes the estimation results of the effect of the offshoring share in levels on the intra-firm

import share. The table reports the estimated coefficients and the average marginal effects.
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Table 10: Competition effect: full table.

)] @ (3)
IFshr; IF'shr;; IFint;,
+ ++ + ++ + ++
In(offshr shr;;)  -0.180**  -0.0381"**
(0.0768) (0.0139)

offshr shr; -2.356*  -0.506" 1169 0.279***
(1427)  (0289)  (1.319)  (0.0389)
offshr shr3 , -6.006**  -0.143***
(1.268)  (0.0331)
H diff, 0.806 0.171 0728 0.156  1417"*  0.0338"
0.797)  (0.176)  (0.926)  (0.204)  (0.447)  (0.0118)
M diff; 1.970"* 0417 1.966™  0.422*** 1.665"*  0.0398"**
0.715)  (0.123)  (0.766)  (0.136)  (0.594)  (0.0126)
In(sigma;) 0.599*  0.127**  0.614*  0.132** 0547 0.0131**
(0.295)  (0.0545)  (0.342)  (0.0657)  (0.162)  (0.00368)
n(FA); -0.477 -0.101 -0.504  -0.108  -0.501*** -0.0120***
(0.340)  (0.0647)  (0.381)  (0.0741)  (0.192)  (0.00409)
constant -3.893** -2.940*** -8.357**
(0.877) (0.866) (0.407)
FEs t t t t t t
Observations 2039 2039 2039 2039 2039 2039

Coefficients (+) and average marginal effects (++). Standard errors in parentheses. Cluster s.e. at sector j.
*p<0.10, " p < 0.05, *** p < 0.01

Table 11 shows the estimated coefficients and the average marginal effects of the models reported in

Table 10, but including final good producer sector fixed effects.

Table 11: Competition effect: sector j FEs.

(1) (2) ©)]
IF'shr;, IFshr;; IFint;;
+ ++ + ++ + ++

In(offshr shr; ;) 0.0450*  0.00797*
(0.0238) (0.00421)

offshr shr; -0.141  -0.0251  16.69%**  0.393**
(0.562) (0.0996)  (2.007)  (0.0471)
offshr shr3, -13.38**  -0.315"*
(2215)  (0.0522)
FEs t.j t.j t.j
Observations 2078 2078 2078

Coefficients (+) and average marginal effects (++). Standard errors in parentheses
*p <0.10, ™ p < 0.05, " p < 0.01
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Definition of the main variables of model in section 4.3.3.  As before, the data on fotal sales; ; comes
from the manufacturing survey. The data on total imports and intra-firm imports at the input sector level
in year ¢ from country [, fotal imp,,,  , and IF imp,, ; ,, comes from the related-party trade dataset.

The IFshr, j; captures the intra-firm share of sector j from country [ in period ¢, and it is defined as:

IF im,
IFshry ;= ZIFshrm 1t X MshrH,,, ;  with  IFshry,, ;; = ﬂ, (90)
’ — ’ ' ’ total imp,,, |
The offshr shr; , measures the offshoring share of sector j in period ¢, and it is given by:
totimp . ,
hr shr; , =———
olfshr shr tot sales;
oD
with 7ot imp; , = Z totimp; ; , = Z Z totimp,,, |, X HshrM., ;
l I m
The mean bilateral tariffs of sector j for imports from country [ in period ¢ are defined as:
tariﬁ‘sl’j’t = Z tariﬁ‘sm’l’t X MshrH,, ; (92)
m

Table 12 shows the full table of the estimated coefficients and the average marginal effects of the
model reported in Table 2. The table also includes the estimation results of the effect of the offshoring
share in levels on the intra-firm import share.

Table 12: Competition effect: full table.

[¢5) 2 3) ) ) (6)
IFshry j+ IFshry ;1 IFshry ;4 IFshry ;4 IFint j IFint j
+ ++ + ++ + ++ + ++ + ++ + ++
In(offshr shr;,)  -0.0764"* -0.00598"* -0.101*** -0.00756"**
(0.0353)  (0.00264)  (0.0350)  (0.00244)

offshr shr;, -0.358 -0.0280 -0.556 -0.0417  8.146™* 0.0109*** 81117 0.0104***
(0.429)  (0.0333)  (0.409)  (0.0304)  (0.853) (0.00117) (0.799) (0.00107)
offshr .shrf_L -3.676"  -0.00494**  -3.674*  -0.00473***
(0.881) (0.00116) (0.863) (0.00111)
H diff; -0.247 -0.0193 -0.247 -0.0185 -0.244 -0.0191 -0.240 -0.0180 0.726 0.000975 0.797 0.00102
(0.376) (0.0288) (0.354) (0.0259) (0.406)  (0.0313)  (0.384)  (0.0283)  (0.549) (0.000727) (0.503) (0.000643)
M diff; 4.179*** 0327 4487 0.336"** 4135 0324 44227 0332 2.021™*  0.00271** 1.919***  0.00247***
(0.316) (0.0164) (0.317) (0.0153) (0.331)  (0.0184)  (0.320)  (0.0167)  (0.386) (0.000505) (0.322) (0.000373)
In(sigma;) 0.0670 0.00525 0.106 0.00796 0.0527 0.00413 0.0915 0.00686  0.319***  0.000428***  0.358***  0.000460***
(0.113) (0.00873)  (0.102) (0.00748) (0.122)  (0.00947)  (0.111)  (0.00822)  (0.102) (0.000129) (0.101) (0.000124)
n(FA); -0.0553 -0.00433 -0.0995 -0.00745 -0.0487  -0.00382  -0.0914  -0.00686 -0.450*** -0.000604*** -0.435*** -0.000560***
(0.141) (0.0109) (0.134) (0.00978) (0.156)  (0.0120)  (0.149)  (0.0109)  (0.169) (0.000224) (0.169) (0.000212)
(1 + tariffy ;) -3.553 -0.278 -0.498 -0.0373 -0.840 -0.0659 2.474 0.186 -71.23** -0.0957** -40.45"* -0.0520**
(8.747) (0.675) (9.749) (0.729) (8.169) (0.638) (8.941) 0.677) (29.69) (0.0384) (16.56) (0.0210)
constant -3.235%* -3.486™* -2.660*** -2.705** -10.31* -10.15**
(0.380) (0.337) (0.315) (0.241) (0.462) (0.342)
FEs It l,t it it It It It it It It it It
Observations 60979 60979 60979 60979 60979 60979 60979 60979 60979 60979 60979 60979

Coefficients (+) and average marginal effects (++). Standard errors in parentheses. Cluster s.e. at sector j. * p < 0.10, ™ p < 0.05, *** p < 0.01

Definition of the main variables of model in section 4.3.4. The bilateral infra-firm intensity of the

sector 7 is defined as:

[Fin s = Pk IR im = "imprel,,,, x HshrM,,, ; 93
Lot tot sales ; PLit - P T m.tt " ©3)
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Table 13 shows that that the offshoring activity has an opposite effect on the intra-firm import share

relative to the theoretical predictions, when p; fixed effects are included. In the case of the models related

to the effects on the intra-firm intensity, the results and conclusions remain robust in all the specifications.

Table 13: Competition effect: sector j FEs.

1) (@) 3) “ (5) (6)
IFshry ;4 IFshry ;4 IFshry ;4 IFshry ;4 IFint; j IFint
+ ++ + ++ + ++ + ++ + ++ + ++
In(offshr shr;,) ~ 0.0388"*  0.00300**  0.0389*  0.00287*
(0.0188)  (0.00145) (0.0236) (0.00174)
offshr shr, 0.948**  0.0731*  1.031"* 0.0761"*  6.469"**  0.00865***  7.799"**  0.00999***
(0.279)  (0.0214)  (0.375)  (0.0271) (0.891) (0.00131) (0.574)  (0.000746)
offshr .vhr?_’,, -2.957**  -0.00396***  -4.000***  -0.00512***
(0.800) (0.00111) (0.594)  (0.000761)
In(1 + tariffy ;,) 1977 1.527*  30.65™*  2.263***  20.64** 1.593*  31.97*** 2359  -73.86** -0.0988** -39.32* -0.0504*
(8.635) (0.669) (7.469) (0.554) (8.236) (0.638) (7.069) (0.523) (34.04) (0.0453) (21.51) (0.0279)
FEs i bt .l j.l,t .l j.l,t .t
Observations 62188 62188 62188 62188 62188 62188
Coefficients (+) and average marginal effects (++). Standard errors in parentheses. Cluster s.e. at sector j. * p < 0.10, ** p < 0.05, *** p < 0.01

E.3.3 Competition effect: First channel. Derivation of first and second stages

First stage: Price index. The sector’s price index can be expressed as:!!
p p

170'j
Pj

l1—0o l1—0o 1-0o
oN J VN J V-N\ON J
_ Jit N jit IRANER"
—(Pj,t ) vt (Pj,t — D

1—0; 1—0o;
S J S N J S
S O3 05 1Vj% S Vile
+ X0, (Pj,t ) - (Pj,t +xvje [\ Py

k

)

5

Jrt

(94)

1—0o;
S S J
Vj,tIOJ,i>
)

l.
where P 7" represents the price index of all the producers 6 > 02 ;¢ In sector j as if they were all under

. . O3, VN . .
organisational structure %'. Finally, Pj ; Vi denotes the price index of all the producers 6 > 08 ;¢ as if

. . V3105 o
they were under the cost structure of domestic integration, and P 7 95 refers to the price index of all

the producers 6 > 0‘5} ;¢ as if they were under the cost structure of foreign outsourcing.

As already mentioned, x%, ;+ indicates the share of final good producers under any type of offshoring

in t. Equation (94) shows that as more final good producers offshore, i.e. XS it 71, the lower the price in-

dex.!'® In the empirical model, I proxy the changes in the extensive margin of final good producers under

offshoring, x?} 40 by changes in the offshoring intensive margin at the sectoral level, i.e. offshr shr; ;.

The first-stage regression is thus given by:

In(P; 1) = by + b1 In(offshr shrj,t) + other controls + by + by + uj ¢

15See Appendix A.8 for proofs.

"6 An increase in X0,j,t generates a reduction in Xaj,t’ Xg,j,t and an increase in the market productivity cutoff. While
the latter generates a further reduction in the price index, due to the higher mean productivity in the market, the vertical
disintegration in the domestic and offshore supply chains induce an increase in the price index. However, those effects come
from the initial reduction in the price index. Therefore, it is easy to see that those effects do not overcome the initial impact,

and thus the increase in ng 4.+ has a negative net effect on the price index.
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Second stage: Intra-firm intensity. From the theoretical model above, I have that intermediate input

imports in period ¢ for a final good producer § under foreign integration, xfl’m j}t(é), are given by:

o;(1=69)A —ny) s

xi,v,j,t(e) = wS TV,jJ,(e)? (95)
with _
j 1—n;7 %9
or—t g1y e ios | (B (15,
ra(0) = o T 07 T (G B) QL Kﬁ) —5 - (96)
Plugging (96) into (95), and replacing Q;; = P Iget
o 5 1—n; I
ol (L= BHA =) o [ (B0 (152,
T va(8) = =g L e B . 97)

If I aggregate over all firms under V' in period ¢, the intra-firm imports in sector j in period ¢ are:

> 9(9)
Xonvie = / T O Hy 7= g d6-
=]

Ov,jt
. . . . . . wIXS |, . .
The intra-firm intensity of sector j in period ¢ is defined as IFint;; = #"” Replacing with
J

(97), I get the IFint;; as a function of P;;:

i 1-9;7 %71
6\5; j ! 1- 6\5; j g' —1 -1
IFint;; = ( 5VJ)( n5) [(uﬂé Tj P [9\/,] t] X@,j,tHj,t

with 05 1(Bj), Xir +(Pj), and Hj 4 (P;). Taking logs and grouping all variables that depend on (P,

the intra-firm intensity is given by:

s, \" (1-s,\ "]
IFint;; =exp{ In a?j(l — 55,;‘)(1 —1;) [( wvz\?> < Vj) ] +In[Pj4 ¢, (98)

t wt

0_],_1 oj—1 g oj—1 o1
with Pj; = Py [9\/] (P t)} [XV,j,t(Pj»t)} H;(Pe)]”
The second-stage regression is given by:

} _exp(x];,p) ——

E[IFintl_jyt 2| =7 n exp(a:{’j’tp) with wiﬂ.,tp =p1In(P; ;) + other controls + p; + p;.

From the expression of P;;, it is possible to see that changes in the price index have direct impacts
on the IFint;;, as well as indirect impacts through the effects of the price index on 5{? it X‘S/7 ;¢ and H
Therefore, the second stage captures the net effect of the changes in the predicted price index, i.e. the

effect of P;; on the intra-firm intensity due to a reduction in the offshoring productivity cutoff.

Competition effect: First channel. Two-stage regression. Tables. Table 14 reports the full table of

the first stage shown in Table 4.
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Table 14: All first stage coefficients of table 4.

First stage: All coefficients
1 2 3)
In(P;)  In(Py)  In(Pjy)
In(offshr shr;,)  -0.0312***  -0.0350***  -0.0352***
(0.00869)  (0.00959)  (0.00979)

In(1 + rariff; ;) 2797 2.655
(1.859) (1.899)
H diff; 0.0423 0.0923 0.0929
(0.152) (0.151) (0.152)
M diff; -0.00168 0.0351 0.0376
(0.0683) (0.0583) (0.0596)
In(sigma;) 0.0704 0.0788 0.0790
(0.0468) (0.0499) (0.0504)
n(FA); 0.00825 -0.00564  -0.00564
(0.0227) (0.0253) (0.0255)
FEs t l,t It
R? 0.292 0.297 0.309
Adjusted R? 0.285 0.294 0.282

Cluster s.e. at sector j. Standard errors in parentheses.
*p<0.10, "™ p < 0.05, *** p < 0.01

E.3.4 Competition effect: Both channels. Derivation of first and second stages.
First stage: Price index. The sector’s price index can be expressed as:'!’
pre = () e () - )
+ X5 {(Ptots )H G VtN)”} + X354 [(Ptvts)lg - (e )”} (99)

OtE 1—0o OtE Vts l1—0o VtE l1—0o ‘/tE OtE 1—0o
JFXg,tRPt') *(Pt | ) ]+X€,t|:(Pt ) *(Pf, | ) :

Second stage: Intra-firm intensity. The intra-firm intensity of sector j in period ¢ is given by:

8l n; 18l 1-n;7 %71
IFint; j; = exp ¢ In a;j(l—ﬁ&j)(l—m) <uj/]\?> ( lv’j> +In[Pj4] ¢, (100)

t

oj—1

. _ poi—1[a o1 l oj—1
with Py = Pyt |00, (o) [deP)| T (Pl

7See Appendix D for proofs.
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Competition effect: Both channels. Two-stage regression. Tables.

the two stages.

Table 15: Two-stage regression: Full table.

Agg. countries

Second stage: All coefficients reported
No aggregation of countries

(D @) 3)
IFint; 4 IFint; j IFint; ;
In(P;;) -33.52%** -23.42%% -23.38%**
(1.981) 1.751) (1.697)
In(1 + tariff; ; ;) 53.39** 61.62***
(21.015) (19.087)
H diff; 2.158*** 2.862%* 2.902***
(0.626) (0.548) (0.534)
M diff; -0.122 3.639*** 3.557%*
(0.668) (0.582) (0.526)
In(sigma,) 2263 1.873*** 1.873***
0.217) (0.152) (0.154)
n(FA); 0.100 -0.405** -0.386**
(0.118) (0.184) (0.174)
FEs t t,l It
First stage: All coefficients
M @) 3)
In(Pj 1) In(P 1) In(Pj1)
In(offshr shr; ) -0.0307*** -0.0340*** -0.0340***
(0.00841) (0.00961) (0.00981)
In(CHN mrkt shr; ;) -0.00531 -0.00784**  -0.00826**
(0.00332) (0.00323) (0.00343)
H diff; 0.0315 0.0957 0.0963
(0.149) (0.152) (0.153)
M diff; 0.0346 0.0790 0.0816
(0.0763) (0.0668) (0.0686)
In(sigma,) 0.0647 0.0802 0.0805
(0.0448) (0.0505) (0.0510)
n(FA); 0.00584 -0.00746 -0.00742
(0.0234) (0.0259) (0.0261)
In(1 + tariff; ; ;) 4.138** 4.119**
(1.685) (1.709)
FEs t t,l It
R? 0.299 0.301 0314
Adjusted R? 0.291 0.298 0.285

Second stage: Bootstrapped s.e. (1000 rep). Coefficients reported.

All stages: Cluster s.e. at sector j. Standard errors in parentheses.
*p<0.10," p < 0.05, " p < 0.01
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