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Abstract

Institutions play an important role shaping the multinational firms’ sourcing decisions world-
wide. We analyse firms’ sourcing decisions when they face uncertainty about institutional conditions
abroad. In a North-South model, we find that firms exploit informational externalities, which allow
them to better assess their offshoring potential by observing other firms’ behaviour. A sequential off-
shoring equilibrium path drives the economy to the perfect information steady state, led by the most
productive firms in the market. Finally, the extension to multiple countries shows multiple equilibria
with implications in terms of welfare and allocation of production across countries. The prior beliefs
and the informational spillovers drive the sectoral specialisation of countries, and thence become a
source of their comparative advantages. Using firm-level data from Colombia, we build a direct mea-
sure for the informational spillovers, and test the main predictions of the model from two approaches.
With a conditional probability model, we test for the determinants of the offshoring decisions and
the location choices, while by a survival analysis approach we test for the timing dimension of those
decisions.

Keywords: Multinational firms, global sourcing, supply chain, institutions, uncertainty, information externalities,
spillovers, learning, sequential offshoring, selection patterns, comparative advantages, multiple equilibria, sur-
vival analysis.
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1 Introduction

Intermediate inputs explain a substantial share of global trade, revealing a deep transformation of the
structure of international trade. The geographical vertical disintegration of the supply chains makes evi-
dent that sourcing strategies have become global, arousing the interest of many scholars to understand the
determinants of the offshoring activity, the sourcing strategies of multinational firms, and their role in the
organisation of international trade'. Recent literature has focused the attention on how institutions affect
the firms’ investment decisions, their organisational structures and technology choices (Helpman, 2006;
Acemoglu et al., 2007; Antras and Helpman, 2008; Antras and Chor, 2013), as well as the institutional
determinants of countries’ comparative advantages (Costinot, 2009; Acemoglu et al., 2007; Nunn, 2007;
Levchenko, 2007).

* Acknowledgements to be added.

"Hummels et al. (2001); Helpman (2006); Antras and Helpman (2004, 2008); Grossman and Helpman (2005); Grossman
and Rossi-Hansberg (2008); Alfaro and Charlton (2009); Nunn and Trefler (2008, 2013); Antras and Yeaple (2014); Antras
(2015); Ramondo et al. (2015); Antras et al. (2017)



However, while firms take usually their sourcing decisions under uncertainty, in particular about
the prevailing conditions (e.g. institutions) in foreign countries, most of these studies characterise these
decisions under perfect information. A clear case of uncertainty arises when firms consider sourcing from
locations where they have never been active before?. But it may also emerge with respect to locations
where firms have had some experience in the past. For instance, after the implementation of an ambitious
institutional reform by a foreign government, firms may face doubts about the true scope of the reform,
inducing uncertainty about the ex-post-reform prevailing institutional conditions.

The primary goal of this paper is to understand how the existence of prior uncertainty about the
institutional fundamentals in foreign countries may affect the firms’ sourcing decisions, in particular
offshoring, and comprehend its implications in terms of the organisation of the firm and the supply
chain, the sectoral specialisation of countries, and the respective welfare consequences.

The paper builds mainly from the literature on global sourcing with heterogeneous firms, in partic-
ular the models developed by Antras and Helpman (2004, 2008), and complements the approaches of
Grossman and Helpman (2005) and Antras et al. (2017) where the focus is on the location dimension
of the offshoring decisions. The main departure from this literature consists in introducing institutional
uncertainty as an ambiguous knowledge about the per-period offshoring organisational fixed costs. For
simplicity, in order to focus in the location dimension of the sourcing decisions, we consider the case of
complete contracts’.

Up to our knowledge, this is the first paper in the global sourcing literature to introduce uncertainty
in the form of a diffuse knowledge about conditions abroad, and to allow firms to learn about their
offshoring potential by exploiting informational externalities obtained by observing the behaviour of the
other firms.

There is a small but growing literature on uncertainty in global sourcing decisions, but the attention
has centered on how the exposure to shocks affects firms’ choices (Carballo, 2016; Kohler et al., 201 8)*.
In those cases, the firms optimise their sourcing strategy with a perfect knowledge of the distributions
of shocks, i.e. the stochastic nature of the world. In our model, instead, the firms face an imperfect
knowledge about the institutional fundamentals abroad, but they are able to progressively reduce their
prior uncertainty by exploiting informational externalities.

There is a comparatively more extensive literature on export decisions under uncertainty, where firms
may improve their prior knowledge by learning, and thus better assess their exporting potential >. The
closest studies to our approach in this literature are Segura-Cayuela and Vilarrubia (2008), Albornoz
et al. (2012) and Araujo et al. (2016), although applied to a different context.

We characterise the dynamics of the model as a Markov decision process, in which firms learn by a
Bayesian recursive mechanism. In this regard, the closest references are Rob (1991) and Segura-Cayuela
and Vilarrubia (2008), and the general literature on recursive methods and statistical decisions such as
Stokey and Lucas (1989); DeGroot (2005); Sutton and Barto (2018)°.

Firms do not usually posses a sharp clear knowledge about the institutional quality of countries in which they have never
been active before, in particular in areas such as: the reliability of the court system, expropriation risk, or complexity and costs
associated to the regulatory or tax systems.

3The model could be easily extended to a context of incomplete contracts or partially contractible investments, without
allowing firms to decide whether to integrate or outsource the production of intermediate inputs. The latter, as in Grossman and
Helpman (2005), simplifies the model and allow us to center the attention in the location dimension of the sourcing decisions.
This extension may be consider in a future version.

“Carballo (2016) examines how the various organisational types of global sourcing respond differently to demand shocks.
Kohler et al. (2018), on the other hand, analyses the sourcing decisions when firms face shocks in demand (the size of the mar-
ket) or in supply (supplier’s productivity) conditions, and studies the role of labour market institutions (rigidity vs. flexibility)
in those choices.

3 Segura-Cayuela and Vilarrubia (2008); Albornoz et al. (2012); Nguyen (2012); Aeberhardt et al. (2014); Araujo et al.
(2016).

®Rob (1991) introduces a model of market entry in which there is imperfect information about the demand conditions (the
size of the market). Rob introduces a Bayesian learning process, which allows firms to progressively improve the information
about the demand, characterizing a sequential entry into the market. Based on Rob (1991), Segura-Cayuela and Vilarrubia
(2008) applies this same approach to a Melitz (2003)’s type model with uncertainty in fixed exporting costs, leading to sequential
entry in the foreign markets.



We introduce in section 2 a model with two countries (North-South) and multiple sectors. One per-
fectly competitive sector, which produces a homogeneous good, and J differentiated sectors with mo-
nopolistic competition and a continuum of heterogeneous final good producers (firms). The production
of the varieties in the differentiated sectors requires of the production of an intermediate input, which can
be supplied to the final good producer by a domestic or a foreign manufacturer (supplier). The model
characterises the dynamic equilibrium path where informational spillovers allow firms to learn about
their offshoring potential in the foreign country’. The equilibrium path takes the form of a sequential
offshoring process led by the most productive firms in the market. The latter results in an increasing
offshoring activity that induces a progressive reduction in the sectoral price index and thus an increase
in the competition intensity in the final-good market. Although this competition effect pushes the least
productive firms out of the market, reducing the number of available varieties, the reduction in the price
index results in aggregate welfare gains from offshoring. Moreover, the model shows that the initial
welfare losses produced by the uncertainty vanish progressively as the sector converges to the perfect
information steady state.

In section 3 we test the theoretical predictions of the model in section 2, by using firm-level Colom-
bian data for the period 2004-2018. We follow two complementary empirical approaches. First, we build
a conditional probability model to test for the determinants of the offshoring exploration decisions, as
predicted by the theory. Second, given the dynamic nature of firms’ choices and the equilibrium path,
we use a transition (or survival) analysis approach to test for the timing dimension of the theoretical
predictions. We discuss the identification of the models, and introduce a measure for the informational
spillovers used by the firms, consistent with the learning mechanism defined in the theoretical model.
We test whether these spillovers are part of the information set firms use when they decide whether to
explore their offshoring potential as predicted by the theory, and present the main results. For the transi-
tion analysis, the closest reference is Bergstrand et al. (2016), and the general econometrics literature on
the topic (Lancaster, 1990; Jenkins, 2005; Cameron and Trivedi, 2005; Wooldridge, 2010).

In order to analyse the effects of the information spillovers in the location dimension of the sourcing
decisions, we extend the model to multiple countries in section 4. The extension shows how the infor-
mational spillovers conduce to multiple equilibria, characterising the different paths with the potential
relocation decisions involved, and the respective welfare implications. When firms face uncertainty, the
allocation of production across countries may differ from the optimal equilibrium defined by the insti-
tutional fundamentals. The model shows that, in such a case, prior beliefs and informational spillovers
become a source of sectoral specialisation. In this sense, our model complements the literature on the role
of institutions as determinants of countries’ comparative advantages (Acemoglu et al., 2007; Costinot,
2009)%, by showing the role that informational spillovers and learning play in the offshoring decisions
under uncertainty, and its consequences on the allocation of production across countries. Acemoglu et al.
(2007) and Costinot (2009) define the differences in the fundamentals of contractual institutions as the
source of comparative advantages. On the other hand, our model remarks the importance of both di-
mensions (beliefs and fundamentals) in the definition of the countries’ comparative advantages. In other
words, not only the differences in institutional fundamentals matter. As key drivers of the offshoring
flows, the firms’ prior beliefs and the informational spillovers play an important role in defining the
sectoral specialisation of countries.

In section 5 we test the theoretical predictions of the multi-country model. We follow the same two
complementary empirical approaches as before, and we introduce also an instrumental variable approach
for the conditional probability model. In the latter, the IV approach offers a more structural identification

"Firms are able to learn about the conditions abroad by their own experience, through the interaction with local agents and
institutions, or by exploiting informational externalities, via observation of the behaviour of other firms who are active in those
locations.

8 Acemoglu et al. (2007) and Costinot (2009) analyse how institutions shape the countries’ specialisation profile. The first
concentrates in the sectoral specialisation of countries driven by the technology choices of firms. Instead, under a transaction
costs approach, Costinot (2009) characterises the firms’ choices on the complexity of the production processes, that depend on
the existing institutional conditions in each country. A common feature of both models is that institutional fundamentals are
the underlying factors defining the comparative advantages, and thence the sectoral specialisation of countries.



of the learning mechanism as characterised in the theoretical model, and it shows the importance of
uncertainty in the offshoring decisions and how the effects of institutions are affected by ignoring the
information spillovers and learning.

From a policy perspective, our model sheds light on situations where improvements in institutional
fundamentals may not have the expected results as predicted by the models with perfect information.
It brings new insights in the underlying determinants of the offshoring decisions, and characterises the
conditions that must be considered by the governments when they implement reforms to promote the
insertion of domestic suppliers in global value chains’.

Finally, in order to analyse the general and input-specific dimensions of institutions and informational
spillovers, we extend the model to multiple intermediate inputs 6.

We summarize the main conclusions in section 8, and briefly describe further possible extensions
and next steps.

2 The two-country model: North-South

The model consists of a world economy with two countries, North (V) and South (.S), and a unique
factor of production, labour (¢). We assume that investments are fully contractible.

Preferences. They are represented by a per period Cobb-Douglas utility function

J J
U=ywhqg+) vhQ, , Y y=1 (1)
=1 =0

where qq is the per period consumption of a homogeneous good, and (); is an index of the per period
aggregate consumption in the differentiated sectors j = {1, ..., J}.

All the goods are tradable in the world market, and there are no transport costs nor trade barriers, i.e.
there is free trade in the final good markets and in intermediate inputs'?. We assume also that consumers
have identical preferences across countries.

The per-period aggregate consumption in a differentiated sector j is given by

l/aj
Q= / q(i)* di , 0<aj<1 @)
i€l

which consists of the aggregation of the consumed varieties ¢;(¢) on the range of varieties ¢ of sector j.
The elasticity of substitution between any two varieties in this sector is o; = 1/(1 — ).
The inverse demand function for variety ¢ in differentiated sector j is given by:

p;(i) = 1 EQ ™% q;(i)* ! 3)

where F denotes the per period total (world) expenditure, and the price index in each differentiated sector
j is defined as:

1
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“We show that when the economy converges to a “bad” steady state, the country which has better fundamentals but does
not receive any offshoring flows must concentrate the reforms in the short-run in policies oriented to produce changes in the
perceptions (beliefs) instead of improving fundamentals. On the other hand, the country with bad fundamentals but currently
receiving the offshoring flows has an incentive to concentrate the efforts in improving the institutional fundamentals in the
long-run.

"Trade costs in intermediate inputs can be easily introduced in the model, without any major consequences in the results
and predictions of the model.



Technology and production in differentiated sectors (j € {1,...J}). The per period output of
variety ¢ is produced with a Cobb-Douglas technology:
. A\ 177
) =0 Lh,j (z) Lm,j (Z) (5)
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where the respective inputs are the final good producer services, xj, ;, and the intermediate input, x, ;.
They are respectively supplied by the headquarter!!, H, and the intermediate input supplier, M.

n; € (0,1) is a technology parameter, which measures the headquarter-services intensity of the
sector, and the parameter 6 represents the firm’s productivity level, which varies across firms.

Both inputs for each variety are produced with constant return technologies:

xy (1) =Ly ;(i) withk =h,m 6)

As in Antras and Helpman (2004), we assume that the final-good producers in the differentiated sectors
are always located in the North.

Assumption A. 1. The services xy, j and the final good varieties can be produced only by firms in the
North.

Entry cost and productivity draw. The process corresponds to a Melitz (2003)’s entry mechanism.
Firms must pay a one-period market entry sunk cost s, ; in northern units of labour, i.e. wh Se,j. After
the payment, they discover their productivity 6, which is drawn from a c.d.f. denoted by G(). This entry
cost can be thought as the R&D expenditures that the firm has to afford in order to develop the variety
she will commercialize.

Technology in homogenous sector (; = 0). We assume that the homogenous sector has a constant
returns to scale technology:

q0 = Ao,ilo (7
where Ag; > 0 is a productivity parameter in country /.

Assumption A. 2. The productivity of northern workers in the homogeneous good sector is higher than
southern workers in the same sector, i.e. Ag s < Ao, n. Therefore, wN > w.

We assume also that v is large enough such that the homogeneous good is produced in every country.

2.1 Perfect information equilibrium

In the remaining theoretical sections of the paper, the analysis focuses in the sectoral dynamics of one
differentiated sector j. Therefore, for simplicity, we assume that there is only one differentiated sector,
and thus drop the subscript j.

The equilibrium under perfect information characterised in this section plays an important role in the
study of the transition path and the convergence properties of the dynamic model with uncertainty. This
equilibrium is closely related to the Antras and Helpman (2004)’s model with two main differences. First,
as already mentioned, we assume perfectly contractible investments, instead of incomplete contracts'?.
Second, we introduce an offshoring market research sunk cost s” in northern labour units, which must
be paid in advance by those firms who want to offshore'®. The offshoring sunk cost can be interpreted
as the market research costs and feasibility studies that firms have to afford when search for potential
suppliers in different locations.

The Figure 1 shows a schematic representation of the timing of events under perfect information. 4

""'We refer to the final-good producer alternatively as the firm, the headquarter, HQ, or H.

">This assumption reduces the sourcing decision directly to the location dimension. Nevertheless, we could relax it and
introduce incomplete contracts as mentioned in the Introduction.

B The offshoring sunk cost s” does not play an important role in the model with perfect information, but as we will show in
section 2.2, it makes costly (and risky) for the firms to explore their offshoring potential under uncertainty.

“For a detailed solution of the model under perfect information see Appendix A.
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Figure 1: Timing of events.

Assumption A. 3. The ranking of per-period fixed production costs is
< S+ -N)s"

with A € (0, 1) denoting the per-period survival rate to an exogenous “death” shock that pushes the firm
out of business.

The final good producer must choose whether she will source the intermediate input domestically or
from a supplier in a foreign location. Thus, we define the per-period offshoring profit premium of a final
good producer with productivity 6 as:

N (g wN (1=n)(c—1)
wSen (6) = 15(9) - ¥ (6) = %) [(UJQ 1| =W [ - ) ®

The final good producers choose the sourcing location that maximizes their lifetime profits. Under

perfect information, this is equivalent to choose the sourcing location that maximizes the per-period

profits. Hence, using equation (8), they prefer to offshore whenever the per-period offshoring profit
premium is higher than (or equal to) the discounted offshoring sunk cost.

<(1—=MNwls" if0 < 65" = firm 6 sources domestically
(1 —-XNwhs" if§ = 09* = firm 6 offshore )
> (1—MNwhs™  if 0 > 0%* = firm 0 offshore

ﬂ_S,prem(e)

with #°* indicating the offshoring productivity cutoff '>. The * refers to the equilibrium values under
perfect information.

Figure 2 illustrates the offshoring productivity cutoff (§°*) and the market entry productivity cutoff
(6%) at equilibrium. The dark area in between the profit curves represent the per-period offshoring profit
premium for each firm 6 with a productivity above the offshoring productivity cutoff.

2.2 The North-South global sourcing dynamic model with uncertainty

We study now the sourcing decisions when firms face uncertainty about the per-period fixed costs of
production in the South. However, they can exploit the informational spillovers, and thence progressively
update their knowledge and thus reduce their prior uncertainty.

We define the initial conditions of the dynamic model as the steady state of an economy with non-
tradable intermediate inputs (n.t.i.), i.e. a situation where the final-good producers can source only
domestically, but the final goods are tradable in the world market. This may reflect a situation where
pre-existing (beliefs about) institutions in the South make the cost of offshoring prohibitively high.

'5The Antras and Helpman (2004)’s model with complete contracts and no offshoring sunk cost would be represented as the
case where the marginal offshoring firm earns 75P7¢™(%*) = 0, i.e. the offshoring cutoff firm obtains zero offshoring profit
premium at equilibrium.
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Figure 2: Per-period offshoring profit premium.

At t = 0, there is an unexpected shock that makes intermediate inputs potentially tradable. In other
words, offshoring becomes feasible at least initially for some firms. It is possible to think about the
shock at ¢ = 0 as the moment in which the southern government annouces that it has implemented a
deep institutional reform!®. Nevertheless, northern firms do not fully believe in the announcement of the
foreign government, but they know that some changes have been implemented. Therefore, the northern
firms bluid a prior belief about the possible scope of these reforms, which may turn offshoring attractive
at least to a subset of the firms. These prior beliefs manifest as a prior distribution about the southern
institutions.

After the announcement, the adjustment under perfect information to the new equilibrium is instan-
taneous. However, in the following sections we show that under uncertainty the adjustment is sequential
and led by the most productive firms in the market.

2.2.1 Timing of events

Figure 3 illustrates the timing of events after the intermediate inputs market opens up to trade. From¢ = 0
on, final good producers sourcing domestically can choose whether to explore their offshoring potential
or wait for new information to be revealed. If the final good producer chooses to explore offshoring, then
she pays the offshoring sunk cost w'Vs™ and discovers the true fixed cost f°, which remains as private
information. Thus, she can take the optimal sourcing decision with complete certainty for the rest of the
periods. In terms of the Markov decision process, choosing to explore the offshoring potential by paying
the sunk cost wVs” is an absorbing state for the final good producer.

However, if the she decides to wait for more information to be revealed, then, while she is waiting,
she keeps sourcing domestically with a northern supplier. In the following period, she must decide again
whether to explore her offshoring potential or wait, but now under a reduced uncertainty given the new
information revealed by observing the behaviour of the new offshoring firms, i.e. of those firms that have
explored offshoring in the previous period.

Assumption A. 4. Firms are risk neutral

2.2.2 Initial conditions: non-tradable intermediate inputs (n.t.i.)

We characterise briefly the steady state of the n.t.i. economy, which defines the initial conditions for the
dynamic model'’. Given Assumption A.2, the prices charged by a firm # under domestic sourcing are

!%Consider this as a reform oriented to promote the insertion of local firms as intermediate input suppliers in global value
chains.
7For details and proofs see Appendix B.
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Therefore, it is straightforward to see that!8

Pn‘t.i. > pP* : Qn.t.i. < Q* : Qntz < Q*

where superscript n.t.:. indicates the equilibrium value for the non-tradable intermediate inputs economy,
and x still refers to the equilibrium variables under perfect information with tradable intermediate inputs.

The higher initial price index allows the less productive firms to remain active in the market after
entry, which is represented by a lower market productivity cutoff. However, when offshoring becomes
feasible for the northern firms, the least productive firms in the market are not able to face the stronger
competition that comes from the reduction in the price index, and therefore they must sequentially leave
the market. The exit from the market of the least productive firms increases pari passu the offshoring
productivity cutoff reduces.

Additionally, it is possible to observe a polarisation effect as in Melitz (2003), but of a different
nature. The polarisation effect in our model comes, instead, from the cost advantages that firms doing
offshoring can exploit by obtaining access to foreign intermediate input suppliers with lower marginal
Ccosts.

Welfare implications. The comparison between the n.2.2. and the * scenarios shows the welfare gains
from offshoring. In the steady state, the economy * reaches a lower price index and thus a higher
aggregate consumption in the differentiated sectors. Those welfare gains are larger the higher is the
share of offshoring firms. We can note that from the price index of the * equilibrium in equation (10):

wN\ M=
G=)

where y* denotes the share of offshoring firms in the steady state of the economy, and Pt refers to
the price index of the offshoring firms if they would be sourcing domestically'®. Therefore, it is easy to
observe that the price index P* is decreasing in x*.

(P*)lfo' — (Pn.l.i.)l_o' 4 X* (POH‘H.l.i.> 1=o (10)

!8Regarding the expressions of the Tradable Intermediate Inputs economy with perfect information, see Appendix C.

19 pnti- requires a careful interpretation in the context of the % economy. As it is possible to observe in Appendix C, it
corresponds to the n.t.i. price index but considering the cutoff productivity of the * economy, i.e. 6*. Nevertheless, when
x* — 0, the market cutoff §* — §™** and P* — P™%".



2.2.3 Dynamic model with uncertainty: tradable intermediate inputs

We continue with the description of the dynamic equilibrium path to the new steady state, after the
institutional shock in the South in ¢ = 0.20

We introduce uncertainty in the per-period organisational fixed cost in South, and the dynamic model
is characterised as a Markov decision process in which firms learn by exploiting the informational exter-
nalities that emerge from other firms’ behaviour.?!

The state of the Markov process is characterised by a state with two dimensions: “beliefs” and "phys-
ical”. The first refers to the Bayesian learning mechanism by which firms update their knowledge and
reduce their prior uncertainty, exploiting the new incoming data. The “physical” dimension corresponds
to the data observed by the firms in the market, i.e. the per-period informational externalities produced
by offshoring firms. Below, we define both state dimensions with more detail.

”Beliefs” state: Prior uncertainty and Bayesian learning. The institutional reform in the southern
country in ¢ = 0 allows northern firms to consider offshoring as a potentially feasible sourcing strategy.
Nevertheless, as mentioned above, they do not fully believe in the announcement of the southern govern-
ment. Thus, the northern firms build a prior (diffuse) knowledge about the scope of the reforms and the
quality of the institutions abroad. Formally, this prior uncertainty translates as a prior distribution of the
per-period organisational fixed costs in South represented by:

fE~Y (%) with  f5 e [f9, F7]

where Y'(.) denotes the c.d.f. of the prior distribution.
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Figure 4: Perfect information and static equilibrium with uncertainty.

Figure 4 illustrates the perfect information equilibrium (dark lines) in comparison to the expected
profits by sourcing type, given the initial prior uncertainty (light lines). The latter represents the equilib-
rium of a static model with uncertainty, where firms cannot learn from informational spillovers.

However, the dynamic approach captures the emergence of informational externalities and charac-
terises the conditions under which the steady state converges progressively to the perfect information

PFor details about the equilibrium of the tradable intermediate inputs sector under perfect information, and its comparison
with the n.t.i. economy, see Appendix C.

2n particular, we assume that firms are able to observe the market’s total revenues, the market share of every active firm,
and the type of sourcing strategy chosen by each of her competitors. These elements, together with the known wages at each
location, allow the firms to infer the productivity level of each of her competitors.



equilibrium??. The learning mechanism takes the form of a recursive Bayesian learning process, in

which the posterior distribution at any ¢ > 0 is given by:

S1 ¢S — #8y _ YUSIFSSFE ) 075 _ pS _ ¢S
Y(FPUP < 10) = vippgs,y W =10 < fia

£~
1 if f7 < f7°
with f; defined as the revealed upper bound in ¢, and fts as the expected revealed upper bound in ¢t. We
define both below in the “physical” state, as they are both related to the data (informational externalities)
that firms observe.

Assumption A. 5. The prior distribution satisfies the following condition:

oL — E(f51% < f7)]
ofp

>0

Intuitively, this assumption implies that the information flows are decreasing as the upper bound of the
distribution reduces.

”Physical” state. Let’s define f°(6) as the maximum affordable fixed cost in South for a firm with
productivity 6. This implies that under this fixed cost, the firm 6 would earn zero per-period offshoring
profit premium offshoring from South, i.e.:

rem Nox Q;Q N (t=mle=1)

We define 60; as the least productive firm doing offshoring at the beginning of period ¢, i.e. that
offshored in ¢ — 1. This implies that after paying the offshoring sunk cost w”s", the firm 6; realises a
non-negative per-period offshoring profit premium, i.e. 757" > 0, and thus remained sourcing from
South. Therefore, ftS ,1.e. the revealed upper bound at the beginning of period ¢, represents the maximum
affordable fixed cost in South such that firm 6, remains sourcing from abroad after paying the offshoring
sunk cost in ¢ — 1. This bound is given by:

s _ (g = (00 Q) {(“’N)“")(”D - 1] + (11)

ocwN ws

Finally, we define 6, as the least productive firm trying offshoring in ¢ — 1. Therefore, fts = fS (ét),
i.e. the expected revealed upper bound in ¢, represents the maximum affordable fixed cost in South such
that the firm ; would remain offshoring after paying the sunk costin ¢ — 1.

Both, 6, and 6, are observable by the all the firms, and in particular by those firms that are waiting
while sourcing domestically. Thus, fts and f; can be easily computed by them. They are key elements
defining the incoming data of the Bayesian learning mechanism in the "’beliefs” dimension of the Markov
state.

When both values fts and f; coincide, the true fixed cost has not been revealed, but domestically
sourcing firms can truncate their prior distribution according to the Bayesian rule shown above. However,
when they differ, i.e. fts < f7, this implies that those firms in the range € [ét; 6;) have explored their
offshoring potential in ¢ — 1 and after discovering f*, they have decided to remain sourcing domestically.
Such a situation reveals that the marginal offshoring firm which earns zero offshoring profit premium is
0;, and thence the true value f° = f;°. After this event, the learning process stops.

21n this regard, the informational externalities play a key role by allowing firms to progressively discover their offshoring
potential and thence adjust optimally their sourcing strategy.
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Offshoring decision. At any period ¢, a domestically sourcing firm must decide whether to discover
her offshoring potential by paying the sunk cost, or wait for new information to be released.

The existence of informational externalities has two important consequences in the firms’ exploration
decision. First, some firms with a positive expected offshoring profit premium may decide to delay the
offshoring exploration, in order to reduce the risk of the decision by the learning mechanism. Second, af-
ter that enough informational externalities have been generated, certain firms that initially had a negative
expected offshoring profit premium, may now discover that it may be profitable for them to explore their
offshoring potential. This trade-off “explore or wait” is a key element of the characterisation of firms’
decisions. Formally, the decision process implies that the firm solves the value function V;(6; 6;):

Vi(0;01) = max {V,?(6; 0,); V" (0; 01) }

with V,°(6;.) and V;*(0;.) denoting the value of offshoring and the value of waiting for a firm with
productivity 6 in t, respectively.

The value of offshoring in period ¢ is given by the discounted expected total offshoring profit pre-
mium that the firm can earn starting from ¢ minus the sunk cost s”, or a loss equivalent to the sunk cost
in the case that after paying it she finds out that the offshoring premium is negative. Thus, the value of
offshoring in ¢ for a firm 6 is given by:

max {0; Z AT b hprem gy }
T=1

The value of waiting at period ¢ for a firm 6 is given by:

V(05 0) = Eq

fS < ftS] _’LUNST

Vi (0;01) = 0+ AE¢ [Vig1(0; 0111)]

The first term of the RHS means that the firm remains doing domestic sourcing in ¢, and therefore earns
zero offshoring profit premium in ¢. The second term on the RHS implies that she decides again in the
following period whether to explore her offshoring potential or wait.

The Bellman’s equation can be expressed as:

Vi(0;0;) = max {V;?(0; 0;); AE¢ [Viq1(0; 0141)]}

By Assumption A.5, given the information set in ¢, the strategy of waiting for one period and explore
offshoring in the following one, V;w’l (.), dominates waiting for longer periods.

VM (0; 00, 001) > V"2 (0501, 0010) > oo > V" (00, 014n)

Therefore, the One-Step-Look-Ahead (OSLA) rule is the optimal policy??, and thus the Bellman’s equa-
tion becomes:

Vi(0;.) = max {Et lmax {O; Z ATt Sprem (9)}

T=t

o< ff] _wNST;‘/th(H;')} (12)

By a further transformation of equation (12), we derived a trade-off function, which defines the
offshoring exploration decision at any period ¢ for any non-offshoring firm 6:

Di(0; 01, 0,11) = V,2(0; 01, 0,11) — V" (60, 0141) (13)

where the first argument of D,(.) indicates the productivity of the firm taking the decision, the second
argument refers to the state of the system at ¢, i.e. the productivity of the least productive offshoring firm
in South, and the third argument denotes the expected new information that will be revealed at ¢, i.e. the
least productive firm that will attempt offshoring in ¢.

BSee Appendix D for proofs.
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At any time ¢, firm’s offshoring exploration decision is based on:

Di(6: ) {Z 0 = pay the sunk cost and discover the offshoring potential.
t\v; .

< 0 = remain sourcing domestically for one more period.

By plugging the respective expressions of V,°(6;.) and V;w’l(Q; .) in the trade-off function, it is
possible to derive Proposition 174,

Proposition 1 (Sequential offshoring). Firms with higher productivity have an incentive to explore off-
shoring in early periods. B
OD:(0; 04, 01+1)
00

, the trade-off function becomes :

>0

Using Proposition 12

i .
Di(0; 01, 6111) = max {0; 5, [n5777(0)| 15 < f7]} — s {1 - )\Y(é}gl))} (14)

e YU
with Lo = V(f5155 < £5).
Assumption A. 6. At least the most productive firm in the market finds profitable to offshore, given the

prior knowledge att = 0.

Dy—0(6;6,0) >0
where 0 refers to the most productive firm in the market.

Intuitively, Assumption A.6 means that at least the most productive firm in the market must find profitable
to explore offshoring in the initial period, given the prior uncertainty. This assumption is key in order to
trigger the production of informational externalities®.

Proposition 2 (Per-period offshoring cutoff). The offshoring productivity cutoff at any period t, §t+1, is
defined as the fixed point in the trade-off function

0, .. ] _ S,prem (g S S| _, N.r Y(ft‘il)
Di(0141;0t,0041) =0 = K¢ | (O )| f7 < fr | =w™s" |1 = Ao
Y (f7)

Thus, solving for §t+1 = éfﬂ, the offshoring productivity cutoff at the end of period ¢ is:

1
o—1

i , N [BfSIS < 18) - Y s (1 A5
071 = [(1 = 70)E] ™7 Qi

Y (fF)
wS _ wN

where Qt—i—l refers to the aggregate consumption defined by §t+1, ie. Qt+1 = Q(ét+1).

Long-run properties (convergence analysis). We concentrate now in the characterisation of the steady
state, and the conditions under which it converges to the perfect information equilibrium defined in sec-
tion 2.1. The convergence to the latter holds, if any of the following conditions is satisfied:

t— t— t—
tS —°O> fS : ef —OO) 05,* : Qt —00> Q*

First, it is easy to see that the learning mechanism collapses in the long-run in the lower bound of the
prior distribution, unless the true fixed cost f* is revealed and the updating process stops in a finite time.

2* Appendix D for proofs.

2 Another way to express the result coming from Proposition 1 is: firms explore offshoring sequentially, led by the most
productive ones in the market. For proof of Proposition 1 see Appendix D.

*When the support of the productivity distribution G(6) is [@min, o0), e.g. Pareto distribution, it is enough to assume that
the prior distribution Y () has a finite expected value.

12



o If f¥ = {9 = The distribution collapses in the lower bound of the prior.
o If f9 € (5, f°] = Updating stops sooner (true value revealed).

Finally, from the analysis of the trade-off function in the long-run (as ¢ — o0), we show the condi-
tions under which this function has a unique fixed point, which corresponds to the perfect information
steady state®’.

D(foo; fo,00s) =0 = E, [wsvpfem(efo)]fs < ffo} — wNs (1 A)

Proposition 3 (Convergence of offshoring productivity cutoff). There is asymptotic convergence to the
t—o00

full information equilibrium, i.e. 0 ~——> 0°* when:
CaseI: [° = 5 = foSo =f
Case II: {5 + (1 — \)s" < f*

Hysteresis takes places, i.e. the convergence produces some “excess” of offshoring, when:

Case III: 5 + (1 — \)s" = f5 = 67 12 45

Case IV: 5+ (1= \)s" > f5 > f5 = 5 12 g5

with 0% > 05 > 0577, and 5" denoting the case where the marginal firms obtain zero per period
offshoring profit premium, i.e. firms who cannot recover the offshoring sunk cost.

Proposition 3 shows that there are four possible cases of convergence. Although the steady state
is unique, the convergence point depends on distance of the lower bound of the prior distribution with
respect to the true value f°.

In the Case I (f¥ = f°), the sector converges to the perfect information equilibrium in infinite peri-
ods. The Case Il is the other path in which the same steady state is achieved. The prior is initially “’too

optimistic”, leading to the full revelation of the true fixed cost f in a finite number of periods. There-

fore, although the offshoring productivity cutoff initially converges to 6 Leeo, 65", the hysteresis is

transitory. The exogenous death shock progressively vanishes the excess of offshoring firms, pushing the
sector to the perfect information equilibrium in the long-run, Hf EmiNERS

In the other two cases, the convergence paths drive to steady states with some excessive offshoring,
i.e. the hysteresis remains in the long-run. Figure 5 illustrates these convergence points. The Case IV
corresponds to any point between Case I and III, and the Case II to any point below Case III.

To conclude, the equilibrium path of the offshoring productivity cutoff defines the respective path
of the market productivity cutoff. The increasing number of offshoring firms reduce the sectoral price
index, increasing the competition intensity in the final good market, pushing the least productive firms
progressively out of business.

Proposition 4 (Convergence properties of market productivity cutoff). Convergence in the offshoring
productivity cutoff implies the convergence in P and Q, leading thus to a convergence in the market
productivity cutoff 0. Considering the taxonomy of cases from Proposition 3,

Cases I, II: 8, — 6" if07 — 05
Case IIl: §, — 0" ifo7 — 05
CaseIV: 0, — 0. € (05:07") if07 — 05 € (0577;05%)

Welfare considerations. We have shown that the transition from the initial conditions defined by the
n.t.i. equilibrium to the * steady state presents potential welfare gains from offshoring. Propositions 3
and 4 show that in the long run, the informational spillovers allow the economy to achieve those welfare
gains, as P; | P* and thence Q; T Q*.

*See proof in Appendix D
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Figure 5: Convergence paths

3 Empirics: Two-country model

We test the predictions of our theoretical model from section 2. In particular, we focus the analysis
mainly in the identification of the sequential dynamic equilibrium path of the offshoring activity led by
the most productive firms in the market.

With the conditional probability models, we test for the determinants of the offshoring exploration
decisions, i.e. the components of the information set considered by the firms when they face the trade-off
and decide to explore their offshoring potential. In particular, we center the attention in the productivity
of the firms and the effects of the informational spillovers as predicted by the theory. We this purpose, we
identify the informational spillovers and learning mechanism by building two alternative measures. The
main specification of the spillovers comes directly from the theory, and it is given by the productivity of
the least productive offshoring firm in the same sector in the previous year. As an alternative measure, we
use the standard deviation of the productivity of the offshoring firms in the same sector in the previous
year. From the theoretical model, we expect that as more firms explore offshoring the lower is the
upper bound of the uncertainty distribution, which is equivalent to an increase in the variance of the
productivities of the offshoring firms. As measure for productivity, we use the rotal assets of the firm (in
million USD) as proxy.?®

From a complementary approach, we use survival analysis methods to identify the timing dimension
of the exploration decisions characterised above. In particular, we focus in the determinants that induce
firms to explore the offshoring potential in earlier periods?®. Given the dynamic nature of the exploration
decision, this approach drives us closer to a direct identification of the predictions of Proposition 1.

3.1 Data description and sample selection

We use data of Colombian manufacturing firms for the period 2004-2018. The dataset comes from
two sources. The first consists of a firm-level dataset provided by the Superintendencia de Sociedades
(SIREM) of Colombia, which consists of balance sheet information®® and the sectoral classification of
the firms by ISIC (4 digits). The second dataset is published by the National Statistics Office (Direccién
Nacional de Estadistica - DANE) and includes import data by firm at product level (10 digits)>'.

28 Alternative proxies such as Machinery assets, and Long-term assets are considered for robustness.

PFor the role of the information spillovers in the location choices, see the multi-country extension in sections 4 and 5.

39The variables include: firm tax ID (NIT), sector (ISIC at 4 digits), year, operational sales, assets (by types, short-term,
machinery, long-term, total), liabilities (by type, short-term, long-term, total), profits, etc.

3IThe dataset includes: the importer identifier (NIT), name of firm, month, year, imports value CIF and FOB, quantity (kg
and units), country of origin, country of purchase, city of exporter, product code (10 dig), etc.
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The universe of firms is defined by manufacturing firms from the SIREM dataset. Both dataset
are merged by firm ID (NIT) and year. When a firm in the SIREM dataset is not included in the DANE
imports data, it is considered as non-importer, i.e. as a domestically sourcing firm. The product codes and
ISIC codes are made compatible by concordance tables provided by DANE. We aggregate the product
code (from now on we call them intermediate inputs) at 8 digits.

Finally, considering that the main goal of the model is to test for the effects of the informational
spillover that arise from firms learning about offshoring conditions from other firms in the same sector,
we drop all the sectors with less than 20 and 50 firms that have been active for at least one year during
the entire sample period. Thus, the models below focus in Colombian manufacturing sectors with at least
50 firms and with at least 20 firms.

Density
01 .015 .02
Il Il 1

.005
1

0 200 400 600
Number of firms in sector

Sectors with at least 20 firm

All sectors
Sectors with at least 50 firms

Note: 171 sectors - 87 sectors with at least 20 firms - 39 sectors with at least 50 firms

Figure 6: Kernel - Firms by sector

3.2 Conditional probability model

The North refers to Colombia, i.e. the location of the firm taking the sourcing decision, while South
refers to the rest of the world.

We model the probability of exploring offshoring in period ¢ of a domestically sourcing firm up to
period ¢ — 1. In other words, we identify the offshoring decision for firms that explore their offshoring
potential for the first time. Thus, the empirical model is given by:

Pr (oﬁ‘shr status; ; = 1|offshr status cum; ; ,_, = 0) = <I><ln(assets tot; 1) B, info spillover; , Ba, ;, 'yt>

where ¢, j denote the firm and sector, respectively. The variable offshr status; ; , is a dummy variable that

takes the value 1 if the firm ¢ in sector j offshores in period ¢. The variable offshr status cum; ;,_; is a

dummy variable that takes the value 1 if the firm ¢ in sector j has offshored up to period ¢ — 1 inclusive.
As already mentioned, we define the informational spillover measure in two alternative ways:

e Direct measure from theory: info spillover; , = min (assets tot offshr);,_,. It refers to the produc-

tivity of the least productive firm offshoring in previous year in the same sector.

e Alternative measure (theory-consistent): info spillover;, = sd(assets tot offshr);,_;. It refers to
the standard deviation of the productivity among offshoring firms in previous year in the same
sector.
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Table 1: Regression results - Conditional Probability Model

Sectors with at least 20 firms

Sectors with at least 50 firms

Variable Exp. sign 1) 2) Q) () 5) (6) 7 [€))
Linear Linear Probit Probit Linear Linear Probit Probit
In(assets tot) + 0.0433%%*  0.0431%**  (.313%**  (.312%** | (0.0453***%  (0.0454%**F  (0.307%*%*  (.307%%*
(0.00228) (0.00228) (0.0144) (0.0144) (0.00250) (0.00250) (0.0161) (0.0161)
min(assets tot offshr) - -3.164%* -27.05%%* -2.336 -7.792
(1.461) (13.14) (8.745) (60.29)
sd(assets tot offshr) + -0.108* -0.427* 0.458%%*%* 2.901%*
(0.0632) (0.225) (0.174) (1.212)
constant 0.373 %% 0.376%#:* 0.629%#%  (,634%%:* 0.382%: 0.356%:#* 0.553%:#:% 0.389%:
(0.0237) (0.0238) (0.150) (0.150) (0.0260) (0.0262) (0.164) (0.169)
N 15203 15181 15203 15181 12072 12072 12072 12072
R-sq 0.052 0.052 0.050 0.051
adj. R-sq 0.046 0.046 0.046 0.047
pseudo R-sq 0.091 0.091 0.086 0.086

ISIC and Year FE included. Standard errors in parentheses. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

Table 1 shows that the probability of exploring the offshoring potential is increasing in the produc-
tivity of the firm, consistent with Proposition 1.

On the other hand, the coefficient associated to the main measure for informational spillovers has
the expected sign in all specifications, although only significant (at the reported levels) for the sectors
with at least 20 firms. This gives support to the prediction that the informational spillovers as defined
by the model are part of the information set of the non-offshoring firms when they face the trade-off of
exploring the offshoring potential or wait.

Regarding the alternative measure for spillovers, the associated coefficient shows the expected sign
(and significant) for the sectors with at least 50 firms, but it has the opposite sign in the other cases.
By using a discrete measure of firms’ productivity (quintiles), we estimate the effect of the information
spillovers separately for each productivity group. Table 13 in Appendix E reports the results of this last
specification and it shows that sd(assets tot offshr) has the expected effect in particular for the group of
non-offshoring firms with the highest productivity. According to the sequential offshoring exploration
path, those are the firms facing the strongest trade-off situation between exploring offshoring and waiting,
and thus have the highest potential learning gains from the information spillovers.

In summary, the conditional probability model for the North-South model with one intermediate
input shows a strong support for Proposition 1, and give evidence in favour of domestic sourcing firms
using the informational spillovers in their respective offshoring exploration decision.

3.3 Transition (or survival) analysis

Due to the grouped nature of the data®? and the time-varying covariates, the complementary log-logistic
distribution is a standard choice for the modelling of the baseline hazard. Thus, the hazard rate to
transition from domestic sourcing to offshoring firm in period ¢ is given by:

Aija(t) = 1 — exp[—exp(x; ;,8 + d;)]
where J; indicates the general time-trend of the spell duration (years since entry),
X; ;18 = Bo + B In(assers tot); ; + Bainfo spillover; , + Bzentry year; +;

and the informational spillovers are defined by the two alternative measures described above. The vari-
able J; controls for the general time-trend. We also introduce the variable entry to control for the year in
which the firm enters the sample.

We considered two types of modelling of the general time-trend: a logarithmic form of the type &; =
aIn(t), and a non-parametric approach. We observe that the results remain robust to both specifications.

32j.e. the underlying continuous process but with discrete time data collection.
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Table 2: Regression results - Model 1: Survival Analysis

Sectors with at least 20 firms Sectors with at least 50 firms \

Exp. Sign (€))] 2) A3 @)

cloglog cloglog cloglog cloglog
In(t) -0.512%** -0.503%** -0.539%** -0.624%**

(0.0754) (0.0755) (0.0844) (0.0918)
In(assets tot) + 0.439%* 0.438%*** 0.418%*** 0.418%***

(0.0275) (0.0275) (0.0307) (0.0307)
min(assets tot offshr) - -69.14%* -139.4

(33.05) (114.4)
sd(assets tot offshr) + -0.921%* 3.687*

(0.388) (2.016)

constant 2.021*** 2.009%** 1.904 % 1.721 %%

(0.267) (0.266) (0.285) (0.290)
N 15203 15181 12072 12072

Standard errors in parentheses. ISIC and year of entry included. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

The estimation results in Table 2 support Proposition 1: the most productive firms explore their
offshoring potential earlier. Therefore, from a temporal dimension, the offshoring equilibrium path is
led by the most productive firms in the market (sector).

Regarding the information spillovers, the main measure min(assets tot offshr) shows a theory con-
sistent coefficient in all specifications, indicating that the information revealed by the other firms’ off-
shoring activity (i.e. information spillovers) are part of the information set considered by the non-
offshoring firms when they decide whether to explore the offshoring potential or wait. An increase
in the information revealed by the other firms accelerates the transition of the non-offshoring firms to the
offshoring status.

The alternative measure, as before, shows a theory-consistent result only for sectors of at least 50
firms, but not in the case of at least 20 firms. However, Table 14 in Appendix E shows a clear positive
effect for the most productive firms in the case of the sectors with at least 20 firms, as expected from the
theory. As already mentioned in section 2, given that the exploration is sequential in productivity, those
in the higher quintiles are the firms facing the trade-off in the decision, and thus derive a higher benefit
from the use of the spillovers.

In summary, the transition analysis shows strong support for the leading role of the most productive
firms in the offshoring exploration, as well as for the learning mechanism characterised in section 2.
Firms use the informational spillovers to learn from other firms offshoring activity. As more information
is revealed by the others, the sooner the firms transition to an offshoring status.

However, in order to achieve a more complete understanding of the role that information spillovers
play in the offshoring decisions, and in particular in the location dimension, we extend the model to
multiple countries in the next section.

4 The multi-country model

In a world with multiple countries, particularly one in which northern firms can offshore from have
alternative foreign locations, two immediate questions arise: i) how is the allocation of intermediate
inputs’ suppliers across countries affected by the informational spillovers?; and ii) what are the welfare
consequences of uncertainty in the steady state of the economy?

This section gives a step towards answering those questions. We assume a world economy with three
countries: North (), East (£), and South (S). The final-good producers of the differentiated sectors
are still located in the North, but they can now choose the location of the intermediate input suppliers
among: domestic sourcing (North), offshoring in East, or offshoring in South.
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In order to discover their offshoring potential in the South or in the East, firms must pay the country-
specific market research sunk cost s™% or s, respectively. Both are expresed in northern labour units.
For simplicity, we assume s "E = s". On the other hand, we assume that the fundamentals
of southern institutions are better than the respective eastern ones. However, under uncertainty this is
unknown to the firms.

= S

Assumption A. 7. Institutional fundamentals are better in South than in East.
o< f®

For simplicity, we assume identical wages across foreign countries, i.e. w” = w®. Therefore, the
steady state under perfect information implies that firms will offshore only from the South.?3

Assumption A. 8. South and East have the same labour productivity in the homogeneous sector.

AO,S = AO,E’ = ws = U)E

Under uncertainty, the final good producers in the differentiated sector can reduce the risk of explor-
ing their offshoring potential by learning while waiting. However, given that the informational exter-
nalities are country-specific’*, the behaviour of firms offshoring from one country does not affect firms’
beliefs about institutions in the other foreign locations.

4.1 Multi-country model with symmetric wages

The steady state of the world economy, and furthermore the sectoral specialization of countries, depend
on both the institutional fundamentals and the beliefs that firms have about the institutions in those
countries. We show that the informational spillovers are key elements in defining the specialization
patterns and thus the observed countries’ comparative advantages. We characterise the multiple equilibria
that emerge from the model, and their respective welfare consequences.

In the rest of this section we refer as convergence to the "perfect information equilibrium” or to the
“perfect information steady state” to the situation in which the offshoring productivity cutoff in South
converges to the steady state as defined in Proposition 3 in section 2.2.3 3, and the firms doing offshoring
are sourcing only from the South:

0F - coand 0? | 05* = P, | P* = Q, T Q*

We characterise first the offshoring exploration decisions, and continue with the identification of the
multiple equilibria under different assumptions on the beliefs: symmetric and asymmetric priors across
countries.

4.1.1 Firms’ offshoring decision

At any period ¢, firms sourcing in North decide whether to explore their offshoring potential or wait. If
they decide to explore, they have two options: South or East. Therefore, the decision in ¢ for any firm 6,
who has never explored her offshoring potential in the past, takes the following form:

Vi(0;.) = max {Vto’s(ﬁ; D VtO’E(H; D3 AE; [Vig1(6; )]}

— max {max { V5 (6:); V2 (6:.) } : AE: [Via (65.)]

33For a model with heterogeneous wages, in particular w? < w® < w?™ see Appendix G and section 6.

3In the case where the informational spillovers are also sector-specific, this implies that the dynamics of each differentiated
sector are separable. This may potentially imply that spillovers lead to sectoral specialisation of countries.

3Proposition 3 shows cases where excessive offshoring emerge. Therefore, we abuse on the terminology in order to simplify
the description of all possible multiple equilibria analysed below. Given this warning about terminology and notation, we denote
with * any of the cases characterised in Proposition 3.
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Assuming that V;(6; ) is the solution to the max {Vf’S(G; ) V,oE (6 )}, withl = Forl = S, the
decision becomes:
V(0;.) = max {Vto’l(ﬁ; D V;”*”(e; )}

with Vf’l(ﬁ; .) as the value of exploring offshoring in country [ in period ¢ for firm 6, and V}w’l’l(e; .) as
the value of waiting one period and offshoring in country [ in the next period.

From this expression, we derive the trade-off function:

Dy(0:6;.011) = Vi (000, 010) = V" (0:04,0,41)
Y (fi1)
— . l,prem I < ¢l _ oy N r _ t+1
maX{O,Et {71',5 (9)‘f _ft}} w''s {1 A YD) }

Intuitively, the process can be thought as a two-stage decision. In the first stage, the firms choose the
preferred location (in expectation at t) among all the available foreign locations. In the second stage, the
firms decide whether to explore offshoring in the chosen location or wait.

4.1.2 Case A: Equilibria with symmetric initial beliefs

We assume that both countries are fully symmetric in terms of beliefs®®. Therefore, firms randomise their
location choice at ¢ = (. Due to the continuum of firms, the exploring firms are divided equally into East
and South by the law of large numbers.

The exploration continues in both countries further periods as long as the symmetry in beliefs remains
unbroken, i.e. until the true fixed cost in one of the locations is revealed. In particular, by Assumption
A.7, the exploration in both locations continues until the fundamentals in the East are revealed. However,
this event may not take place in a finite time.

Case A-I: Stable steady state with equally distributed offshore across foreign countries. Considering
the results shown in Proposition 3, the transition path and the steady state of the economy depends on
whether the prior beliefs about the eastern institutions are “optimistic” or “pessimistic”’. We describe
both situations below.

Pessimistic beliefs. We define the priors as pesismistic when the lower bound of the distribution is close
enough to the true value f¥. This corresponds to the Cases I, IIl and IV of Proposition 3, where the
institutional fundamentals in East (f¥) are not revealed in any finite number of periods. Formally, this
situation is defined by the following condition:

f+Q=Ns">fF>rf

It implies that the difference in institutional fundamentals between South and East is relatively small, i.e.
0 < fF — f9 < (1 — \)s". Therefore, the offshoring flow continues indefinitely to both countries. The
economy converges to a steady state in which both foreign economies receive offshoring flows, diverging
from the optimal sectoral specialization defined by the fundamentals.

From a welfare perspective, the price index and agregate consumption index converge in the long
run to the perfect information steady state of the economy. Therefore, welfare gains from offshoring are
fully achieved in the long run, but with a very slow and costly transition phase.

07 105 =05 and 02 <co= P, | P* = Q; T Q"
Optimistic beliefs. We consider now the situation in which the prior beliefs are relatively optimistic such

that the institutional fundamentals in East are revealed in a finite time, i.e. the situation characterised by
the Case II of the Proposition 3. Formally, the condition for optimistic beliefs is given by:

L+ =N)s" < f"

First, we characterise the transition phase up to the revelation period, and then we define the condi-
tions under which the relocation processes from one offshoring location to the other may take place.

36Symmetry in beliefs implies: f° = f% = fand f5 = f¥ = f and in the distribution Y (.).
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Revelation period of eastern fixed cost. We define 7 as the period in which f¥ is revealed, and 9£E as

the productivity level of the marginal firm that remains doing offshoring in East in 7.

From ¢ + 1 on, the offshoring flow concentrates in South following a sequential dynamic path as
the one described in section 2.2.3. From this result, we can already observe that the industry converges
to a steady state in terms of the offshoring productivity cutoff, price index and aggregate consumption,
consistent with the perfect information steady state. In other words, the welfare gains from offshoring
are fully achieved in the long run.

0; 10" = Pl P"= Q1 Q"

From the perspective of the specialization of countries, it may be possible that some firms may keep
sourcing from East for certain periods, even though the southern institutions have been already revealed
as better than the eastern ones. Nevertheless, different types of relocation processes may take place as
the share of offshoring firms increases. We analyse them below, and define the conditions under which
these relocations take place.

Relocation dynamic of least productive firms offshoring in East. A relocation process of the least
productive firms offshoring in East starts unfailingly as soon as the share of offshoring firms keeps
increasing after . The offshoring sequential dynamic pushes the price index further down, driving the
least productive firms offshoring from East to earn negative offshoring profit premiums if they remain
sourcing from that country. Thence, starting by the least productive firms, they sequentially relocate their
supply chain from the East to the South.

For any period ¢ > t, the industry shows P, < P; and Q, > Q;, and therefore the offshoring produc-
tivity cutoff from the East at any period ¢ > { is given by 37:

N [fE _ ¢N1] o1

07 = [(1—)E]™7 Q [W] > 0F

As new firms keep exploring their offshoring potential in South, the ”price index effect” pushes up

the offshoring productivity cutoff in East. The convergence of the industry offshoring productivity cutoff

is defined by the offshoring productivity cutoff in South 950, which determines () and P, and thus

the steady state level of £ 33, Therefore, the offshoring productivity cutoff in East in the “steady state”
of the industry is given by:

’LUN [fE _fN] ﬁ
B —yN

0 = [(1 =) E]™7 Qu [

Considering this relocation decision of the least productive firms offshoring from East, the steady
state is (temporarily*’) characterised by the following expression, in which some firms remain sourcing

from the East:
0F <ocoand 0 | 65* = P, | P* = Q; 1 Q"

However, as we show below, this is not the only relocation that can potentially take place.
Relocation decision of most productive firms offshoring in East. When the difference in institutional

fundamentals is large enough to compensate the payment of the offshoring sunk cost in South, a second
kind of relocation process from East to South may take place.

37For the expression of 9? see Appendix F.

3¥In this regard, the industry offshoring productivity cutoff 65 is defined as in section 2.2.3, with the corresponding price
index and aggregate consumption steady state levels Po, = P(03) and Qo = Q(65.).

3This characterisation considers only this relocation of the least productive firms in East. Therefore, it may not represent
the true steady state of the industry. Below we incorporate another type of relocation that may arise in the industry, as well as
the long run effect of the death shock.

“OTemporarily in the sense explained in Footnote 39.
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The firms offshoring from East with productivity § > 6% will not be relocated by the mechanism
described above. They still find more profitable to source from eastern suppliers than to relocate the
supply chain to the South. However, these firms may consider to relocate and source from South when
the following condition holds:

E, Z )\T—tﬂ_f7pre7n(9)‘fs < fts —E, Z )\‘r—tﬂ_fjmrem(g)'fs < ftS _ wNSr >0
T=t T=t

Intuitively, it means that the expected lifetime gains from relocation are large enough to recover the
offshoring sunk cost in South, considering that the relocation of the supply chain involves the payment
of the market research sunk cost s” to discover the offshoring potential in the new location.

Solving this equation leads to the following condition:

FE—E )5 <] > (1 - N)s" (15)

The relocation takes place whenever this holds. It means that whenever the expected institutional quality
in South is good enough compared to eastern institutional fundamentals, the remaining firms sourcing
from East will change their suppliers’ location to South*!.

We show below that there are two different transition phases depending on whether the second relo-
cation process takes place or not. We define both of them below as Case A-II and Case A-III.

Case A-I1: Transition phase without relocation. This refers to the situation in which differences in insti-
tutional fundamentals between South and East are not large enough, i.e.

P9 <(1-Ns"

Thus, the firms already offshoring in East with productivity § > 6 will not relocate to South at any
period t. The steady state of the industry, without condidering the exogenous death shock effect, is given
by:

0F <ocand | 05" = P, | P* = Q; T Q"
Thus, the economy remains under a suboptimal sectoral specialization of countries. However, after the
institutional fundamentals in East are revealed, the ”death shock effect” pushes the industry to the optimal
production allocation in the long run. Therefore, the steady state in the long run is finally achieved.

0F - coand 0? | 05* = P, | P* = Q, T Q*

Case A-IlI: Transition phase with relocation. When differences in institutional fundamentals between
South and East are large enough, i.e.

FE=17 =1 =Ns"
those firms already offshoring from East with productivity § > £ will relocate to South in a period
t < 0o defined by the following condition: f¥ —E, [f5|f% < f7] = (1 — \)s".

Thus, the economy converges to the perfect information equilibrium as defined in section 2.2.3,
where firms only offshore from the South and welfare gains from offshoring are realised. The main
difference with respect to the Case A-II is that here the optimal specialization is achieved in a finite
period of time, while in the other case it is realised in the long run.

0f = ocoand 6] | 05 = P, | P* = Q: 1 Q*

4 A specific feature of the setting of the model is that this relocation is decided by all firms at the same time. This comes
from the simplified illustration of the sourcing firms’ problem. Nevertheless, the main features of this model are consistent with
more complex scenarios. See section 6 for a more complex characterisation of sourcing decisions.

21



4.1.3 Equilibria with asymmetric initial beliefs

We characterise now the equilibria when the first movers coordinate in the ”good equilibrium” or in
the ”bad equilibrium”. For this, we introduce asymmetric beliefs about institutions in East and South,
inducing an initial coordinated movement in favour of the exploration of the offshoring potential in one
of the countries.

In order to analyse the strength of the path dependence process, we define the conditions under which
the coordinated movement of the first explorers to the good or the bad equilibrium leads to a persistent
flow into that initially chosen location. We also define the cases in which the industry equilibrium path
pushes the offshoring flow out of the initially chosen location.

Case B: Coordination in the good equilibrium. We begin with the case in which the firms’ beliefs
about the southern institutions are better than the respective beliefs about the East. For simplicity, we
assume that the lower bound of the prior uncertainty is the same across countries, i.e. ]fS = fF =1,
and thus the asymmetry comes from the difference in the upper bound of the prior distributions, i.e.

FF=fF=fand fS=fF -5 withd >0 = Eo(ff° < %) < Beeo(fZ|fF < )

In period ¢t = 0, the favourable beliefs about the South induce the most productive firms to explore
their offshoring potential in this location. In consequence, informational externalities emerge with re-
spect to the southern country, while no new information about eastern institutions is revealed. Therefore,
the beliefs about institutions in each country evolves in the following way:

FE~Y (fF) with f2 € [£7, F7)
5 AYUPIS < A5 R = JE < 15
i if f7 < f?

The decision at any period ¢ of a non-offshoring firm € is given by:
V,(6;.) = max {V;”S(a; ); VS (g, .)}
and the respective trade-off function is:

s

DF (6;65,65,1) = max { OB, [x57(0)| 15 < £5]} - 0" [1 - A};((J}:;))] (16)

Due to the effect of informational externalities, the strategy of exploring the offshoring potential in

the South increasingly dominates exploring it in the East. Therefore, the sequential offshoring equilib-

rium path concentrates in South, while East remains producing only the homogeneous good. This drives

the industry to the perfect information steady state. However, whether the economy reaches the steady
state in a finite or infinite time depends on the conditions defined by Proposition 3.

0 — ooVtand 07 | 65 = P, | P* = Q; 1 Q"

with F — ooVt denoting the fact that no firm offshores in East in any period .

To conclude, the specialization of each country is defined according to the perfect information steady

state of the economy, and the welfare gains from offshoring are fully realised in the long run*?.

“There is a special case when ¢ is relatively close to zero and the prior beliefs about southern institutions are extremely
optimistic, such that the true value f reveals in t = 0, i.e. when first explorers go to South. A subset of those firms that have
failed in South may explore their offshoring potential in East in ¢ = 1. Formally, this takes place if DF (OtS:l; 0%, 67) > 0.
Nevertheless, the explorers in the East will immediately discover that offshoring from that location is not profitable for them
either, and they will remain sourcing domestically. In this situation, both fixed costs £ and f¥ are revealed in the first two
periods, and still the steady state of the economy is defined by the perfect information steady state.
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Case C: Coordination in the bad equilibrium. We assume now that firms believe that the eastern
institutions are better than southern, i.e. 4 < 0.

FF=fF=fand fS=fF -6, with6 <0 = Eo(f°|f° < f%) > Emo(f®|fF < fF)

The coordination in the bad equilibrium may be stable or unstable depending on the institutional
fundamentals in the East, the size of § and how optimistic are the prior beliefs of the eastern institutions
with respect to the fundamentals. We characterise below all the possible cases.

Case C-I: Stable bad equilibrium path. Differences in how optimistic are the priors with respect to the
fundamentals of eastern institutions push the economy to different transition phases and steady states.
Using the definitions of “pessimistic” and “optimistic” beliefs from above, we show below the two pos-
sible paths.

Pessimistic beliefs. As mentioned above, this represents the situation in which the institutional funda-
mentals are not revealed in a finite time. Accordingly, the sequential offshoring process continues in the
long run and it concentrates only in the eastern country. In consequence, the offshoring productivity cut-
off, 0% > 65, drives the economy to a steady state with a higher price index P, and lower aggregate
consumption index () oo-

07 — ooVtand 0F | 02 > 05" = P, | P > P* = Q1 1 Qoo < Q°

In other words, the economy converges to a bad steady state in which the supply chain is organised
under a suboptimal allocation of production across countries*?, and the potential welfare gains from off-
shoring are not fully achieved in the long run.

Optimistic beliefs. The institutional fundamentals in the East will be revealed in a finite time. We define
again t as the period in which the true value f¥ is revealed**. Up to i, the beliefs evolve according to:

5~ Y (%) with £5 € [£7, f]
e {Y(fEfE < fF) I =P < fE
i if £ < f¥
The decision at any period ¢ < f of a non-offshoring firm 6 is given by:
Vi(0:.) = max {V2F (0:: V" (65.)}
and the respective trade-off function is represented by:

E
DE(0: 0785, 1) = max {0: 5, [xE7 7 (0)] 57 < 1]} —w?sr [1 - AW] (a7

From period 0 up to £, the strategy of exploring the offshoring potential in the East dominates the
exploration in the South. Therefore, the offshoring flow concentrates in the East, while the South remains
exclusively specialized in the production of the homogeneous good.

At £, the beliefs about institutional conditions are:

F5~Y(F5) with £5 € [£5, 7]
17 = fE(0F)

with ¢9£E denoting the least productive firm offshoring from East in period .

#i.e. South remains producing only the homogeneous good while all the offshored production of intermediate inputs has

been located in East.
“When f¥ — f£ < (1 = \)s", thenf — oc.
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Consider |§| is large enough*® such that the following condition holds: Df (GtE :05,65) < 0. This

means that the most productive firm doing domestic sourcing at £ + 1 ¢ does not find it attractive to
explore her offshoring potential in the South. Therefore, no exploration of the South takes place that
could trigger the sequential offshoring flow into that location. This drives the economy to an inefficient
steady state where the specialisation of countries is suboptimal, and the welfare gains from offshoring
are not fully realised.

07 — ooVt and 0F | 0F > 05* = P, | Poo > P* = Q; 1 Quo < Q*

with 0 — ooVt refering to the fact that no firm offshore in South at any period .

Case C-II: Early explorers shifting path. There is a special case in which the economy starts in the bad
path and it is pushed towards the good steady state. It arises when § is relatively close to zero and the
priors about eastern institutions are optimistic enough, such that f¥ is revealed in the first period, i.e.
some of the first explorers (in ¢ = 0) find unprofitable to offshore in East after paying the sunk cost.

Too optimistic priors about eastern institutions implies that f¥ > f E(éf: ) = ftE: 1> where éle
indicates the least productive firm that have explored her offshoring potential in the East in period ¢ = 0,
and 0{5:1 refers to the least productive firm that remained sourcing from East.

Those firms with productivity 6 € [é?:l, 95:1), who have explored their offshoring potential in
East in the period ¢ = 0, discovered that it is not profitable for them to source from this country. In
consequence, if || is small enough such that firms 6 € [#Z,,6E ) find profitable to explore their
offshoring potential in South in the period ¢ = 1, a sequential offshoring process to the South is triggered
by those firms. This takes place when: D;—1 (02 ;;0%,6%) > 0. Intuitively, this implies that at least the
most productive firm among those who have failed offshoring from East, must find profitable to explore
the offshoring potential in South.

Thence, after the initial period, the beliefs about the institutional conditions in both foreign countries
at each period ¢ is represented by:

fE _ fE
t=1

5 AV USRS < A5 AR = JE < 1
fE if f7 < fF

and firm’s decision at any period ¢ > 1 is characterised by the trade-off function in equation (16).

Once the emergence of informational externalities in the South has been triggered, it leads the econ-
omy towards the perfect information steady state in which the welfare gains from trade are fully achieved
in the long run. However, the transition phase can take two different paths, which we characterize below.

Case C-Ila: Transition phase without relocation. It refers again to the situation in which differences
in institutional fundamentals between South and East are not large enough such that firms will have an
incentive to relocate at some period ¢, i.e.: f¥ — f% < (1 — \)s”. Thus, the firms already offshoring in
East with productivity 6 > Hthl will not relocate to South at any period ¢. In consequence, the steady
state of the industry, without considering the exogenous death shock effect, is given by:

0% =0/, <ocoand 9} | 05" = P, | P* = Q1 Q"

As shown above, although the economy remains temporarily under a suboptimal sectoral specializa-
tion of countries, the ”death shock effect” pushes the industry to the optimal production allocation in the
long run. Therefore, the steady state in the long run is finally characterised by:

0F - ocoand 07 | 05* = P, | P* = Q; 1 Q"

“SEquivalently, it is possible to consider that fundamentals in the East are good enough such that the true value does not
reveal in the first period. Therefore, firms sourcing domestically, after the true value f% is revealed, will not find profitable to
explore their offshoring potential in South.

4j.e. the firm marginally less productive than the offshoring productivity cutoff in East.
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Case C-1Ib: Transition phase with relocation. When differences in institutional fundamentals between
South and East are large enough, i.e. f¥ — 9> (1 — A)s”, those firms already offshoring from East
with productivity § > £ ; will relocate to South in a period ¢ < oo defined by the following condition:

FE—E 5 <] =1 - N)s"

Thus, the sector converges to the perfect information steady state, where firms offshore exclusively
from the South and welfare gains from offshoring are fully achieved in the long run. The main differ-
ence with respect to the previous transition phase consists that in this case the optimal specialization is
achieved in a finite period of time, while in the other case it is realised in the long run.

0F - coand 07 | 05* = P, | P* = Q; 1 Q*

4.2 Final consideration on the multi-country model and policy implications.

The extension to a multi-country world results in a multiple equilibria model, which shows the risks and
costs faced by the firms when they explore their offshoring potential among several potential locations.
The model shows the importance of the informational spillovers as drivers of the countries’ revealed
comparative advantages.

We have characterised above the cases where the sector reaches the perfect information steady state,
the optimal allocation of production across countries according to the comparative advantages in funda-
mentals, and a full realisation of the welfare gains from offshoring.

But we have also defined and analysed the cases in which the industry converges to an inefficient
steady state in which the welfare gains from offshoring are not fully achieved in the long run. Further-
more, we have shown the importance of the informational spillovers in the determination of the allocation
of production across potential locations, and therefore in the definition of countries’ comparative advan-
tages.

Propositions 5 and 6 present the main results in terms of specialisation and welfare implications in
the long run, respectively.

Proposition 5 (Countries’ sectoral specialisation: multiple equilibria). The steady state of the economy
converges

1. to the specialisation of countries according to fundamentals when

(a) the prior beliefs are symmetric and ”optimistic”. This is achieved in a finite time when the
relocation takes place, or in the long run when the relocation does not take place.

(b) the prior beliefs are asymmetric and in favour of the country with the best fundamentals.

(c) the prior beliefs are asymmetric and in favour of the country without the best fundamentals,
but the prior beliefs are too optimistic about institutions in that country.

2. to an inefficient specialisation of countries when

(a) the prior beliefs are symmetric and ”pessimistic”.

(b) the prior beliefs are asymmetric and in favour of the country without the best fundamentals
(except in the special case Ic).

Proposition 6 (Welfare effects). In the long run, the welfare gains from offshoring
1. are fully achieved when

e the prior beliefs are symmetric.

o the prior beliefs are asymmetric and in favour of the country with best fundamentals.

2. are not fully realised when the prior beliefs are asymmetric and in favour of the country without
the best fundamentals (except in the special case 1c of Proposition 5).
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Finally, in the cases of strong sector-specific institutions, or industries more dependent on institu-
tional quality, the scope of the informational spillovers may extend only to an industry-specific effect,
and thence it may lead to different sectoral specialisation paths in each industry. In other words, un-
der this situation, the sequential offshoring process in one differentiated sector j is separable from the
dynamic of other differentiated industries. However, when the scope of the spillovers is larger, i.e. the
externalities spill across sectors, this may lead to a more extensive or across-sectors effect.

Policy implications. The model introduces some new questions in the discussion about the effective-
ness of the institutional reforms. We show that a change in the fundamentals in a country may not have
the expected results when firms do not fully believe in the scope of the reform, i.e. the prior beliefs are
not sufficiently affected. In consequence, a high uncertainty prevails after the reform.

Furthermore, the informational spillovers produce an increasing differentiation between countries in
terms of beliefs or perceptions. As this process advances, a successful reform requires a deeper change
in (or larger impact on) firms’ perceptions*’. In other words, this pattern becomes harder to break by
policy as the offshoring sequence progresses, and countries become increasingly differentiated.

Moreover, the goal of the institutional reforms may depend on the specific path in which the sector
is involved, and the country implementing it.

For instance, in the cases of convergence to a "bad” equilibrium path, the country which has been
hurt by the spillover effects but possesses better fundamentals, the entire orientation of the “reform” must
lie on changing the beliefs that firms have about its institutions. Thence, it may be more effective for this
country to introduce policies mainly defined as signals oriented to change firms’ perception, i.e. signals
that strongly affect the multinational firms’ prior uncertainty about institutional quality in those country.
48

On the other side, the countries receiving the offshoring flows under the bad equilibrium path, i.e.
those who benefit from the spillovers, have an incentive to concentrate the effort on inducing reforms
in the institutional fundamentals in the long run. The reforms must be oriented to avoid the stop of the
offshoring inflows and the potential relocation processes.

S Empirics: Multi-country model with one intermediate input

The empirical model is expanded now to multiple countries for the potential location of the supplier of
the intermediate input. There are S foreign countries, with S = 1, ..., s, ...5*°. Figure 7 shows the mean
number of countries of origin by sector, for each of the samples defined.

Complementary to the Colombian data already described, we use data from CEPII on distance (dis-
tance between capitals) and common language. Additionally, we incorporate data from World Bank on
GDP and income per capita, and institutional measures such as governance efficiency and rule of law
from the Worldwide Governance Indicators of the World Bank.

As controls, we use the mean income per capita as a proxy for wage level (marginal cost) in the
foreign country, and the mean GDP as a measure of market thickness. The latter control is based on the
model of Grossman and Helpman (2005), where the authors show that the thickness of the market is a
driver of location choices for offshoring.

“TIn the case of sector-specific spillovers, the countries may exploit that in their favour and develop sector-specific institutions,
especially those oriented to relatively new industries, in which informational spillovers have had only a weak effect by that
moment.

“8The access to and reputation of the countries at international institutions such as WTO or ICSID, the participation in
RTA or FTA, or the introduction of dispute resolution mechanisms by international arbitration institutions, well known by
multinational firms, and the enforcement of their resolutions, may work as strong signals to induce changes of the prior beliefs
that multinational firms may have about those countries.

“The model defines a total of 182 foreign locations (countries).
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Figure 7: Suppliers’ locations by sector

5.1 Conditional probability model

We estimate the probability of exploring the offshoring potential in country s in period ¢ separately for:

e Non-offshoring firms: it refers to firms that up to ¢ — 1 have not offshored from any country, i.e.
offshr status cum; ;,_; = 0. In other words, it denotes the first time explorers.

e Offshoring firms: it indicates firms that up to ¢ — 1 have offshored from at least one other country
s’ € S with s' # s, i.e. offshr status cum; ;, = 1 and offshr stat country cum, ; ;, 4 = 0. In
other words, it refers to the firms that consider exploring a new location for a potential relocation.

Non-offshoring firms. These are the firms with a non-offshoring status up to ¢t — 1 Vs € S. It refers
to the set of domestically sourcing firms that in period ¢ must decide whether to explore their offshoring
potential for the first time or wait.

The model aims to identify the determinants of the location choice for these firms that explore their
offshoring potential for the first time. The main goal is to test for the theoretical prediction on selec-
tion patterns in the offshoring locations driven by the information spillovers. Given the prior beliefs,
firms tend to explore offshoring in countries from which more information has been revealed about their
institutional conditions.

Pr <0ﬁshr stat country; ¢ i = 1|offshr status cum; ; ,_; = 0) =
=& ( In(assets tot; 1) 51, In(rel spillover)s j+(2,7;, ’yt)

where i, s, j denote the firm, country and sector, respectively. The variable offshr status cum; ;,_; is a
dummy variable that takes the value 1 if the firm ¢ in sector j has offshored up to period ¢ — 1 inclusive
from any country, while offshr stat country,  ; , refers to the offshoring status of firm ¢ from country s in
period .

Finally, the variable In(rel spillover), ; refers to the information revealed with respect to country
s relative to the rest of the potential locations. This allows us to consider the effect of information
revealed on alternative competitive locations on the location choices. With this purpose, we develop
three alternative indices for each spillover measure. For the main measure, the relative spillover indices
used are:

min (assets tot offshr), ;4
In(rel spillover MIN(minTA))s j+ = In . . )
e min {Vs’ € S : min (assets tot oﬁ‘shr)sljjjt_l}
min (assets tot offshr), . ,_
In(rel spillover mean(minTA)), j+ = In < ( W) s 11 (18)
S=LY 70— min (assets tot offshr)y i, 4
min (assets tot offshr), ; ,_
In(rel spillover Wmean(minTA)), j+ = In 5 ( W)y st
> _w—1 min (assets tot offshr)y ;1 X InvDisty
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The first equation in (18) compares the information revealed in country s relative to the country s’ with
the highest information revealed. Instead the second equation compares it relative to the mean infor-
mation revealed in all the locations. Finally, the third equation compares it relative to a weighted mean
of the information revealed in all the locations, with the weights given by the normalised inverse of the
distance to each location.

For the alternative measure sd(assets tot offshr), we build equivalent indices given by:

sd(assets tot offshr), . ,_
In(rel spillover sd TA), ;1 = In ( ( W) g1 )

max {Vs' € S : sd(assets tot oﬁshr)s/7j7t_1}
sd(assets tot offshr) ; ;
S—1 23:1 sd(assets tot offshr)

sd(assets tot offshr) sjt—1
25,:1 sd(assets tot offshr)y ;1 X InvDists

In(rel spillover mean(sdTA))s j+ = In ( (19)

s 7,t—1

In(rel spillover Wmean(sdTA))s j+ = In (

Table 3 shows that the probability of exploring the offshoring potential in country s for non-offshoring
firms is still increasing in productivity, as predicted by Proposition 1 and the multiple equilibria described
in Section 4. The table reports the estimation results for the third equation only (weighted mean). The
other cases are reported in Table 15 in Appendix E.

Table 3: Regression results: Cond. Prob. Model - Non-offshoring firms

Non-offshoring firms

at least 20 firms at least 50 firms \
Exp. sign 1 (2) 3 (C)]
Probit Probit Probit Probit
In(assets tot) + 0.218%#** 0.22] %% 0.216%** 0.219%#**
(0.00771)  (0.00803) | (0.00843)  (0.00867)
In[rel sp Wmean(minTA)] -0.101%** -0.107***
i (0.00735) (0.00822)
In[rel sp Wmean(sdTA)] + 0.00313 0.0138
(0.0117) (0.0128)
In(market thickness) + 0.236%** 0.280%:* 0.24Q% 3 0.28 3%
(0.00791)  (0.00807) | (0.00862)  (0.00865)
In[mean(income pc)] -0.0830%**  -0.109*** | -0.0811%** -0.107***
i (0.00917)  (0.00943) | (0.00992) (0.0101)
common language + 0.137%** 0.160%** 0.114%** 0.150%**
(0.0304) (0.0315) (0.0335) (0.0341)
In(distance capital) -0.116%*% Q. 141%*%% | -0.121%**  -(.]143%**
i (0.0207) (0.0219) (0.0227) (0.0237)
N 628039 430768 558256 395526
pseudo R-sq 0.187 0.161 0.184 0.158

ISIC and Year FE included. Standard errors in parentheses. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

In relation to the spillovers effects, both indices are consistent with the theoretical predictions, al-
though the alternative spillover measure is not significant at the reported levels in this specification of
the model®’. As more information from country s is revealed relative to the rest of the world, the higher
the probability that non-offshoring firms will explore the offshoring potential in country s. In short, the
informational spillovers drive the location choices of non-offshoring firms when they decide to explore
their offshoring potential for the first time.

OIn a future version of the model we will include the analysis by productivity quintile as before.
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Offshoring firms Now the analysis relies in those firms that up to ¢ — 1 have offshored from other
locations s’ # s, i.e. offshr status cum; ;1 = 1, but they have never explored their offshoring potential
in the country s (i.e. offshr stat country cum; , ;,_1 = 0). The main idea is to capture the drivers for the
exploration of a new potential location, and the consequential relocation of the supply chain !,

Pr (Oﬁshr stat country; . 5 = 1|offshr stat country cum; , ;,_y = 0, offshr status cum; ; , ; = 1) =
= ( In(assets tot; 1) 51, In(rel spillover) j + B2, 7;, %)

where 4, s, j denote the firm, country and sector, respectively. The variable offshr status cum; ;,_; is a
dummy variable that takes the value 1 if the firm ¢ in sector j has offshored up to period £ — 1 inclusive
from any country, while offshr stat country; , ; , refers to the offshoring status of firm ¢ from country s in
period .

Table 4 shows, as predicted by the model, that firms with higher productivity among the offshoring
firms lead the exploration of new locations. This is reflected by the positive effect of productivity on the
probability of offshoring from country s, for firms that have already offshored from other locations. As
before, the table reports the estimation results for the third equation only (weighted mean). The other
cases are reported in Table 16 in Appendix E.

Table 4: Regression results: Cond. Prob. Model - Offshoring firms

Offshoring firms from other locations

at least 20 firms at least 50 firms \
Exp. sign §)) $) &) @)
Probit Probit Probit Probit
In(assets tot) N 0.24 3% 0.24 3% 0.24 5% 0.24 3%
(0.00216) (0.00243) (0.00237) (0.00260)
In[rel sp Wmean(minTA)] -0.0851%*%* -0.0889%***
i (0.00208) (0.00227)
In[rel sp Wmean(sdTA)] N 0.0142%** 0.0141%*=*
(0.00358) (0.00383)
In(market thickness) N 0.228%#:* 0.253 % 0.226% % 0.256%*:*
(0.00267) (0.00293) (0.00291) (0.00311)
In[mean(income pc)] -0.0241%**  -0.0449%** | -0.0210%**  -0.0428***
i (0.00285) (0.00318) (0.00310) (0.00339)
common language N 0.162%** 0.1927%%%* 0.161%** 0.192%*%*
(0.0112) (0.0118) (0.0122) (0.0128)
In(distance capital) -0.0404%*%  -0,0407*** | -0.0425%**  -0.0449%**
i (0.00640) (0.00693) (0.00696) (0.00740)
N 1317889 871851 1160882 796086
pseudo R-sq 0.142 0.121 0.142 0.119

ISIC and Year FE included. Standard errors in parentheses. Robust standard errors.
*p<0.10, ** p<0.05, *** p<0.01

In regard of the informational spillover effects, as before, they are consistent with the predictions
of the theory. The more information is revealed about the location s relative to all the other alternative
locations, the higher is the probability of exploring the offshoring potential in that location.

3! For future specification, we may consider the probability of offshoring from s and stop offshoring from s’. This is more
clearly a relocation than the current specification. This will be introduced in the next versions of the model 3. Nevertheless, it
may be too restrictive for the one intermediate input model, but possibly feasible in the model 4 (multiple countries and multiple
intermediate inputs).
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5.2 Survival (or transition) analysis
The hazard rate to transition to offshoring status from country s is given by:
Aisjt(t)]. =1 — exp[—exp(Xis, ;0 + 0t)]
where J; denotes the general time-trend, and
X;,s,5,t83 = Bo + B1In(assets tot; s + o In(rel spillover) j; + [sentry year; + ;

with the variables related to the informational spillovers defined as before.

Non-offshoring firms This section estimates the hazard ratio for non-offshoring firms:
Ai s 5t (t)|offshr status cum; j, 1 =0

i.e. the transition rate to offshoring status from country s for firms with non-offshoring status up to ¢ — 1.

Table 5 shows that the most productive firms experience a transition to offshoring from s in ear-
lier periods. In other words, among the non-offshoring firms, the most productive ones explore their
offshoring potential from s earlier.

Table 5: Regression results: Survival Analysis Model 3 - Non-offshoring firms

Non-offshoring firms

at least 20 firms at least 50 firms \
Exp. sign (1) (2 3 4
cloglog cloglog cloglog cloglog
In(t) -0.926%**  -1.006%**  -(0.939%**  _(),939%**:*
(0.0680) (0.0704) (0.0750) (0.0750)
In(assets tot) + 0.618***  0.615%*%*  0.617***  (.617***
(0.0205) (0.0213) (0.0226) (0.0226)
In[rel sp Wmean (minTA)] - -0.296%** -0.301%#**  -0.301%**
(0.0207) (0.0231) (0.0231)
In[rel sp Wmean (sdTA)] + 0.00342
(0.0339)
In(market thickness) + 0.657**% (. 775%*%*  (.674%**  (.674%%*
(0.0227) (0.0226) (0.0248) (0.0248)
In[mean(income pc)] - -0.261%*%*  _0.326%**% (0. 259%*k*  _(,259%**
(0.0261) (0.0264) (0.0284) (0.0284)
common language + 0.263***  (0.336%** 0.196** 0.196%*
(0.0905) (0.0936) (0.0993) (0.0993)
In(distance) - -0.355%%k% Q. 414%*%k (0 3T4%%kx (), 374%*k
(0.0625) (0.0657) (0.0688) (0.0688)
constant -17.40%%%  _1533%k% [T 84wk _]T B4kkk
(0.657) (0.807) (0.724) (0.724)
N 628039 430768 558256 558256

ISIC FE and year of entry included. Standard errors in parentheses. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

From the perspective of the location choice, the empirical model shows that the location decision

is affected by the informational spillovers as predicted by the theory. The non-offshoring firms tend to
explore their offshoring potential earlier in those locations with more revealed information.

Offshoring firms We consider now the hazard ratio to transition to offshore from s in ¢ for firms
already offshoring from other locations:

A 5,5, (t) |offshr stat country cum; ;1 = 0, offshr status cum; ;, 1 =1
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Table 6: Regression results: Survival Analysis Model 3 - Offshoring firms

Offshoring firms from other locations

at least 20 firms at least 50 firms \
Exp. sign (1) (2) 3) €)]
cloglog cloglog cloglog cloglog
In(t) -0.536%**  _0.663***  -(,533%** -0.655%%%*
(0.0135) (0.0150) (0.0148) (0.0161)
In(assets tot) + 0.555%** 0.545%** 0.565%** 0.552%*%
(0.00506) (0.00555) (0.00567) (0.00607)
In[rel sp Wmean (minTA)] - -0.195%%** -0.205%**
(0.00479) (0.00522)
In[rel sp Wmean (sdTA)] + 0.0360%** 0.0355%%*%*
(0.00802) (0.00860)
In(market thickness) + 0.521*** 0.563*** 0.520%** 0.576%**
(0.00584) (0.00631) (0.00638) (0.00673)
In[mean(income pc)] - -0.0590%**  -0.103***  -0.0520%**  -0.0979%**
(0.00655) (0.00705) (0.00716) (0.00758)
common language + 0.30 1% 0.370%** 0.3057%** 0.38 1%
(0.0253) (0.0265) (0.0278) (0.0288)
In(distance) - -0.114%%% 0, 114%%*  (Q,122%** -0.125%%#*
(0.0150) (0.0161) (0.0164) (0.0173)
constant -15.49%**  _13,00%**  -15.57%** -13.29%%*
(0.178) (0.231) (0.192) (0.246)
N 1317889 871851 1160882 796086

ISIC FE and year of entry included. Standard errors in parentheses. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

The results in Table 6 show that the most productive firms among the offshoring ones explore new
locations earlier, which reflects a leading role in the exploration of new countries. This is consistent with
the theoretical predictions of the model.

From the perspective of the location choices, the estimation results show that the location decision is
affected by the informational spillovers as predicted by the theory. Firms tend to locate the supplier in a
new country s earlier when more information about that country has been revealed, relative to the rest of
the other potential locations.

5.3 IV model: Multi-country with one intermediate input

We go now one step further to the structural identification of the model. As already mentioned, we
use the following institutional measures from the Worldwide Governance Indicators of the World Bank:
Government efficiency and rule of law. For both cases, we use the estimate and the percentile rank
measures.

Based on the fact that the cited measures capture perceptions about the institutional conditions in each
country, we proxy the prior beliefs of the conditions in each location by these alternative institutional
measures.

On the other hand, the informational spillover is the information received by each firm by observing
the behaviour of the other firms in the market. In other words, the information spillovers capture the
physical state used by the firms as part of the learning mechanism.

Therefore, based on Chapter 14 of Cameron and Trivedi (2009), we use an IV model to identify
the learning mechanism. The instrumentation of the institutional measures by information spillovers
captures the posterior of the learning process, which drives the offshoring decisions.

In order to capture the third country effects on offshoring location choices, we build relative institu-
tional measures in an equivalent form as for the spillovers in equation (18). Thus, we have:
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. . inst. indexs i+ 1
In(rel mean(inst. index))s j; = In S S.’]’
S35 inst. indexy ji 1
(20)
: : inst. indexs ;i +—1
In(rel Wmean(inst. index))s j; = In - - 5, .
>0 _y inst. indexy ;i1 X InvDistg

The tables 7 and 8 report the results for sectors with at least 20 firms, for each of the alternative
institutional measures. Each row refers to a different specification of the model. The first column of each
group of firms, shows the estimated coefficient for the institutional measure in the probit model, while
the second column reports the coefficient of the IV probit model. Finally, the third column shows the
estimated coefficient of the instrument in the reduced form. For the respective full tables see Appendix
E.

Table 7: Regression results: IV Probit - Non-offshoring firms

Non-offshoring firms

Vethod rront StructuIr‘;:l lezilgel;ted mei;leg:ilel;f?grm
In(rel Government Efficiency est) _0((())2)312;?* (1(5.650621*8*; '?00(())01(?66;;)*
In(rel Government Efficiency rank) (201(75::: ?Eoogg:;;‘ _?00(5)09(;3;); 6*)*
In(rel Rule of Law est) 0(82)5196’;* 1(06(1)%;;: -((())..(()) :) 2) 3;;
C T O R

Sectors with at least 20 firms.

Standard errors in parentheses. Robust standard errors. ISIC and Year FE included.

Other controls: In(market thickness), In(mean income pc), common language, In(distance capital).
* p<0.10, ** p<0.05, *** p<0.01”

Table 8: Regression results: IV Probit - Offshoring firms

Offshoring firms from any location s’ # s

Vethod rront Structu:';]l: nvl‘:f(il%lllted meal‘gag:igﬁrm
In(rel Government Efficiency est) (200(3)33;:; (10'%9028*3*3*) -((()) (()) %)Z) i 2 ’; >;<
In(rel Government Efficiency rank) (2(;% } ;:;k 2(09(3;:;;; _?008093 ; (;k 3*)*
In(rel Rule of Law est) -((())z)?é:ﬂ; 1(04(7)%:;;;‘ —((())(())%)(())iﬂ; *; >;<
TR o

Sectors with at least 20 firms.

Standard errors in parentheses. Robust standard errors. ISIC and Year FE included.

Other controls: In(market thickness), In(mean income pc), common language, In(distance capital).
* p<0.10, ** p<0.05, *** p<0.01”

From the comparison across columns, we observe that the estimation of the effects of institutions on
the offshoring decisions suffer from a downward bias in all the cases. Moreover, we see in rows 1 and 3
that the bias may be strong enough such that the effect is reverted.

These results supports the uncertainty that firms face about institutional conditions in new locations,
and the relevance of the informational spillovers and the learning mechanism in capturing the effects that
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institutions have in the global sourcing decisions.

6 Extension: Multiple intermediate inputs

We assume a world economy with three countries, as before: North (N), East (E) and South (S). Still the
final good producers are located in the North, but they can choose the location of the supplier of each
intermediate input m = 1, ..., M; among: domestic sourcing (northern supplier), offshoring from East
(eastern supplier), and offshoring from South (southern supplier). Again, we focus the analysis in one
differentiated sector, therefore for simplicity we drop subscript j.

We characterise briefly first the perfect information steady state, and then we follow with the dynamic
model with uncertainty. The latter involves two cases called Scenario 1 and Scenario 2. The first case
refers to the effects of a unilateral institutional reform in the East, and we focus the analysis in the
potential relocation processes that may be triggered from South to East after this shock®?. Instead, the
second scenario refers to a simultaneous institutional reform in East and South™3. In this case, the focus
is as in section 4, in the identification of the multiple equilibria and the drivers of the selection patterns
in the offshoring location decisions.

The Cobb-Douglas technology for a variety ¢ produced by a final-good producer with productivity ¢
is defined by equation (21) as:

a(i) =0 [xh;(i)]n ﬁM_’t?]ln 1)

where ¢;(i) indicates the quantity produced of variety ¢, and X/ (¢) indicates a composite input pro-
duced in period ¢ by a Cobb-Douglas technology with a set M of x,,; intermediate inputs with m =
{1, ..., M}, as defined by equation (22).

M M
Xara(@) = [[me@m 5 > wm=1 (22)
m=1 m=1

The marginal cost for the final good producer of an intermediate input m produced in location [ =
{N, S, E} is:

l
l

W
" P
¢! can be interpreted as the aggregation of the productivity level of country [ in the production of input
m and the associated input-specific trade costs from that location to the North. The lower ¢!, is, the

higher the marginal cost that the final good producer faces in that intermediate input m from country [.
For simplicity, we consider assumption A.9 holds along this section.

C

with ¢l € (0, 1] (23)

Assumption A. 9.

¢%:1:>c%:wN Vm=1,.,M and w" >w®>wF

6.1 Firms’ profit maximisation problem

We solve it by backward induction in three steps.

32The access of China to the WTO is a potential case to be analysed under this framework.

3The access of multiple countries to the European Union in 2004 is a clear example of a simultaneous institutional shock in
the new entrants. Another case, that will be analysed in a future version of this model is the Pacific Alliance agreement signed
in 2012 by Chile, Colombia, Mexico and Peru.
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6.1.1 Cost minimisation and unit cost function

First, we solve the cost minimisation problem for a given level of composite input X (7) and location
set I, with I = {1, ..., 1, ..., [ps } indicating the location of each intermediate input supplier. Thus, we
obtain the unit cost function of production of the composite input for a given [.

mlnM E cmxmt s.t. XMt met

{am ()}, £~

where [,,, denotes the location of supplier of intermediate input m.
The optimal level of input m for each m € {1, ..., M} is given by:

w Ml \
emal) = 2 Xana) TT ()
m

m m=1

and the respective unit cost function c(1) is:

M Cl’” Wm,
)= 1] (f) (24)

m=1

6.1.2 Profit maximisation: optimal level of inputs

We find the optimal production levels of inputs xj, (), X+ (4) for a given L.

max i (0,1) = 74(0,1) — w™Naxp 1(0,1) — (1) Xar4(0,1) — w™ (1)
xp,1(2),X 01, (4)

and the per-period fixed cost f(1) is defined below in Assumption A.10.

Assumption A. 10. The final-good producer faces intermediate input specific organisational costs that
depend only on the respective location of each supplier m.

M M M
Q) =Y 1{me MV + > 1{me M} fn+ > 1{me MP}fn
m=1 m=1 m=1

with f. = fl + e and é,, ~ iid € [0,€,] 3*. The number of inputs supplied from location [ is denoted
as M, with MN + M5 + ME = M. >

Thus, the per-period profits for a final-good producer with productivity 6 and a given [ are:

T (0,1) = 077 [(1 =20 EI"Q' 7% (1) — w™ f(1) (25)
with
ao—l o6
N RO 0
The optimal investment levels in the inputs are given by:
o 0.0 = 2Ly 5 X, 0.0 = L= g 27)
s ’ wN t\Y» ’ M\ C(l) t\Y>

with 77(0,1) = a® 1671 [(1 — ~0) EJ7 Q17 [(w™)ne(1) =] ~°.

34The general institutional fundamentals in country [ are represented by f*, while €/, captures the input-specific institutional
conditions in country .

55Tf we assume that the per-period fixed cost is homogeneous across intermediate inputs, i.e. no input specific institutions,
such that f!, = f'¥Ym € M, we have: f(I) = M™N f~ + M55 + MEfE.
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6.1.3 Profit maximisation: optimal location of intermediate inputs suppliers

Finally, firms choose the location set ! that maximises profits. In other words, the final good producer
decides the location of each intermediate input supplier m that maximises firm’s profits.

Ny R G
mlaxH(G,l)—Tz:%)\w(H,l)— W

with 7 (60,1) = 071 [(1 — ) E]°Q'~79(1) — w™ f(1)
We assume that the ranking in the institutional fundamentals is defined by Assumption A.11.

Assumption A. 11. fN < 3 < fEvym c M

6.2 Offshoring (market) research costs: sunk cost per-input and location

The offshoring sunk cost is input-specific. This means that a firm that wants to discover the offshoring
potential in an input m from a location [ must pay an offshoring sunk cost, independently of the off-
shoring status of the firm in any of the other intermediate inputs. In general terms, the input-specific
offshoring sunk cost for input m from country [ is defined as stlwith | = S, E. In consequence, the

total offshoring sunk cost that a firm must pay for all the offshored inputs is>:
M M
') =" 1{me M }sp5 + Y 1{m e ME}s)FE
m=1 m=1

6.3 Perfect information equilibrium

There are two offshoring productivity cutoffs with respect to each intermediate input m to be defined:
6> and 6Z. The first indicates the productivity cutoff for firms offshoring m from the South, while the
second refers to the respective productivity cutoff of firms offshoring m from East 3.

6.3.1 Equilibrium offshoring productivity cutoffs

The offshoring productivity cutoff in South in input m is given by:

o TwN[fS N pa-nshS] 1T
HS,* — [(1 - VO)E] 170_@ |: 1&?1%7{/)712@%72/) ]:| lf Al > O /\ A2 < ].

o0 if A1 <0V A5 >1

with
A =Yy = S,U') — (I, = N, 1)

_ [@z}(z,%, V) — (i, l’)} S - — ]
LS V) =R 1) FE 4+ (1= N)siF — fN
S

The condition defined as A; is positive when ¢, < w™N. About As, it represents the trade-off
between the marginal cost advantages of the East with respect to South, compared to the disadvantage of
the first with respect to the latter in terms of institutions (i.e. fixed costs). The first bracket reflects the
ratio of the relative slopes of the profit functions, while the second represents the relative intercepts.

Ao

r,l

%1f we assume that the offshoring sunk cost is homogeneous across inputs m, i.e. s = s™'Vm € M, the expression
simplifies to s"(1) = M Ssm% 4+ MEs™E. Furthermore, if we assume that the offshoring sunk cost is homogeneous across
countries, i.e. " = s = 5", we have: s"(l) = (M® + M¥)s". We solve below the problem for a general case, i.e. s
However, it is straightforward to substitute and apply any of these simplifications.

5"When no firm offshores input m from a location I, we denote this as 0, — oo or 8%, > 0, where 6 denotes the productivity
of the most productive firm in the market. For the definition of the profit premiums and the conditions for the offshoring

productivity cutoffs see Appendix H.1.
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The offshoring productivity cutoff in East in input m, is given by:

if Ay > 1A A3 >0

1
o [V R NP T
(1 =0)E]*Q [ L(zg,z')—w(l%w q
1
N Yt A G
[(1=0)E]TQ { | w(zfn,z')—zp(z(,i,l') )]]

o0 if A3 <0V AL <0

gE,*:
mn if Ao < 1A AL >0

with
Az = (i, V) = (i, V)
Ar= (U, V) = (. V)
The variable A3 > 0 implies that ¢ < w™, while A; > 0 reflects the marginal cost advantage of
East with respect to South in the intermediate input m, i.e. cZ < ¢
Finally, the firms with productivity # € |6*, min{ 05", 951*}) source the intermediate input m from

domestic suppliers.

Offshoring productivity cutoff and the intermediate input relevance. It is easy to see that the off-
shoring productivity cutoffs are decreasing in the gains from offshoring that arise from the marginal cost
advantage and the technological relevance of the inputs, for a given institutional differential (i.e. a given
difference in the per-period fixed costs).

Formally, 65" is smaller when (15 ') — (1N, 1) is higher. Equivalently, 65 is lower for those
inputs m for which ¢ (12, 1) = (IN, 1) or (1E, 1") — (15, 1') is larger, depending on which condition
defines the input’s offshoring productivity cutoff from East.

6.3.2 Import shares: extensive margin

The number of inputs sourced by a firm 6 from each location is given by:

M M M
MYH0)=> {0 <05 A0 <O Y MIN0)= > 1{0n" <0< 0"k MPU0)= > 1{6,," <0}

m=1 m=1 m=1

The import shares (input extensive margin) from each country [ of a firm 6, i.e. u'(6), are given by:

MNE(O) | MEE9) | MP(0) N 5 B
7 T T L = w O e O) e (0) =1

An important results that can be easily derived from this expression is that the share of offshored
intermediate inputs, i.e. 1 — p/V*(#), is increasing in 6. In other words, the most productive firms in the
market offshore a larger number of intermediate inputs.>®

6.4 Uncertainty - Scenario 1: Institutional reform in East

The initial conditions correspond to the steady state of a world economy in which offshoring is only
profitable from southern firms. Therefore, the final good producers can decide whether to source each
input m € M from a domestic or southern supplier. In ¢ = 0, an institutional reform takes place in the
East.

Bntegrating over the productivity distribution of active firms, we can obtain the average shares in the sector:

5 6 ’
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We show the case that refers to a small economy assumption, defined in section 6.4.1. It allows us
to simplify the sectoral dynamics, keeping the focus on the sequentiality of the offshoring exploration
in terms of firms’ productivity and inputs’ relevance. We do this simplification at the cost of shutting
down the endogenous competition effect through the impact of the offshoring flow on the sectoral price
index. We introduce some insights of the full sectoral general equilibrium case along this section and in
Appendix H.5. However, a full description of the extension will be introduced in a future version.

6.4.1 Multiple northern countries: Small economy /N assumption.

There are N countries in the North, with N = 1, ..., N. We assume that the share of country N’ firms in
the world market is small®®. Furthermore, we assume that the information spillovers in country N have
no effect on firms’ decisions from another country N’ # N and N’ € N. Thence, the sectoral dynamic
in N does not have an impact in the sectoral price index P and the aggregate consumption index ().

6.4.2 Initial conditions:

We present a synthesis of the comparison of the initial conditions and the perfect information steady state
under both cases.

e For small economy assumption: The absence of price index effects implies that the market pro-
ductivity cutoff # is unaffected by the offshoring path. The analysis focuses exclusively in the
movement of the offshoring cutoffs in East and South, i.e. in the underlying dynamics that explain
the specialisation of countries under uncertainty.

Qg,mmal So00 VmeM : H%mmal < 9%*

e For general equilibrium analysis: The effects on the price index, due to the offshoring sequence,
have a direct impact on the market productivity cutoff with welfare consequences. The analysis
thus covers the convergence in:

Hﬁ,initial 500 VYmeM : Hgl,initial < 0;%* : Qinitial < Q*;Pinitial > P* and Qinitial < Q*

6.4.3 Prior uncertainty and learning

Int = 0, after the reform takes place in the East, firms build an initial prior uncertainty about institutional
conditions in that country. In general terms, the prior is defined as f£ ~ Y (f£) with f£ ¢ [fE, fE].
For simplicity, we assume that firms have a common prior across inputs:

FE~Y(FE) with £5 € [£7, F7]

The mechanism through which firms can learn about the fixed costs for an input m depends on the
current offshoring status in the East of the respective firm. We characterise first the learning mechanism
for those firms that have not explored their offshoring potential in the East for any intermediate input
m € M. We call this set of firms Group I or ”new entrants in East”. Then, we introduce the learning
rule for the firms that have already explored their offshoring potential from the East in at least one
intermediate input. As we show below, after the first exploration, firms are able to learn about the general
institutional conditions in the country, and thence build a new prior about input-specific conditions for
all the remaining unexplored intermediate inputs. We call these firms Group II.

¥See Appendix H.2.1 for market share definition.
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Learning of Group I: New entrants in East. The initial priors are updated through a Bayesian learn-
ing process by observing other firms’ behaviour. The beliefs in period ¢ of a firm in Group I are:

Y (5 with fZ € [fZ, fF]andt = 0
fm~ SY(FEIfE < fg,t) if fnb;,t = f%t < f,%vt_l andt >0
et if fF, < fE,andt >0

with the maximum affordable fixed cost, fﬁt, for the least productive firm offshoring m from East in ¢,

E 60.
O,n.1» defined as®™:

re (01N 11 e a7y A=mie=1) .
b ey )| () sRec 5,0 1(05.) =0
m,it — Jm\Um,t) = " 0;lN,l, clN,l' (1—-m)(c—1) clN,l' (1—-n)(o—1) .

(Ol ke) (cﬁzz,zﬁ) _ (cEzjs:,zig) F IS ifdS (08 ,) =1

where dfmfl (.) indicates the offshoring status from South in period ¢ — 1 in input m of the firm denoted
in the argument of the function.

The firms in Group I cannot disentangle the components of fZ,i.e. f¥ and ¢£, by observing other
firms’ behaviour. They can only update their overall beliefs in the inputs that are explored by other firms,
but no information is released to them about the other intermediate input specific conditions nor about
the general institutional framework in the East.

Learning of Group II: Already offshoring firms from East. These firms have already discovered the
general institutional conditions in the East, i.e. f¥, when they explored the offshoring potential in East
for the first time. After that first exploration, they remain uncertain about the input-specific institutional
conditions for those inputs m € M that they have not explored. Therefore, they build new prior beliefs
about the component ¢2 for these inputs, that are given by:

Z ~Y(el) withef € 0,€E)]

Therefore, considering a firm from Group II that has already discovered f¥ and explored her off-
shoring potential in a set of intermediate inputs M/ |, the beliefs in ¢ for each input m ¢ MtE_ 1 1s:

fE+Y(E) with £ € [0,€Z]
E E o~
Jn ~Y () = S [E+Y (b€l < Gﬁ,t) if Er%t = Er%t < eg,tfl
fE+ 6rEn,t if grErL,t < 67?1,15

with the upper bounds of the distribution, i.e. the maximum affordable fixed cost fﬁt for the least
productive firm offshoring m from F in ¢, defined as:

m? YV m

(1-m)(e—1)
E _ tE/pE E E Tt(HJTAn[’li) C(l%ali)
= = = + = -1
fm,t fm(gm,t) f 6m,t wNo C(ZE,li)

+ £

By comparing the beliefs between the two groups of unexplored intermediate inputs m, we observe
that the upper bound of the distributions may differ. After at least one firm explores the offshoring
potential in the input m, the upper bound of the distributions will converge to the same value in both
groups. However, the distributions may still- and most likely will- differ between both groups due to the
remaining differences in the lower bounds, given by fZ for Group I and f¥ for Group IL

OSee Appendix H.4 for details.
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6.4.4 Firms’ offshoring decision

The decision to explore the offshoring potential is fully separable®! for each intermediate input m. There-
fore, we can characterise the offshoring decision for one specific intermediate input m. After this, we
define three types of intermediate inputs and the equilibrium paths of each of them.

Firms sourcing the input m from a domestic supplier or from the South must decide at any period
t whether to explore the offshoring potential in East for that input or wait sourcing from the current
location. This decision is defined by the maximum value between the value of offshoring in East and the
value of waiting.

Vi1 (0; 0;) = max {v,gvf(a; 0:); V.U E (6; et)}

with @, indicating the state of the sector at the beginning of period ¢, and 6} = {6} ,,...,60", ,, ..., 0%}

For a firm # who has not yet explore the offshoring potential in input m from the East in a previous
period, the value of offshoring input m from East in period ¢ is given by:

E; |maxq 0; Y 20, A7t a6 lﬁ/N,l,’:)} | —wNspE if s, (0) =0

Vit (0:00) =
T| —wNsp it dS,(0) =1

T=

E; |max O;Zoot)\'rtﬂgrem(Q;lﬁ/S,li)}

where d%t(e) indicates the offshoring status from South in input m of the firm taking the decision, and
T refers to the information set of this firm in ¢, which differs depending on the group the firm belongs to

in ¢93.
{o if6 < 65,

dp, 4 (0) = .
1 ife>65,

m,t

The value of waiting for the firm 6 in ¢ is Vﬁ”ﬁ(&; 0t) = 0+ AE[Vi14+1(0;0¢41)]. Thus, the
Bellman’s equation takes the form:

Vit (05 0) = max {Vn‘;vf (0:04); By [Vit41(0; 041 )]}
Using the optimality of the OSLA rule as before, the Bellman’s equation results in:
Vit (9; 04, di,t(ﬁ)) = max {Véf (93 04, d}i,t(@)) ?VnIf,th’E (0§ 0y, dTSn,t(H))} (28)
Trade-off function for intermediate input m. By taking the difference between the first and second

arguments of equation (28), we obtain the trade-off function D , (9; 0:,0:11, d%t(a)), which drives the
offshoring exploration decision of firm 6 in ¢ for m:

E
max {O;Et [wffem(o; 1N 1) L} } CwNeE 1 A XUmed | i gs 0) = 0

Y m,t
Dy (65) = /s v f(E ")) (29)
max {O;Et [wffe“‘(e; 1515 1) It” —wN s LA i (0) = 1

This trade off function holds the same properties as in the case of one intermediate input m.

Proposition 7 (Sequential offshoring in productivity). The firms with a higher productivity have an
incentive to explore the offshoring potential in earlier periods for each input m € M.

ODE, (9; at,etH)
00
IThis property mainly comes from the specification of the offshoring sunk cost together with the small economy assumption.
©2Given the full separability derived from the small economy assumption, we could replace the vector 8; by the state in the
respective input 0., ¢
%For the definition of groups I and II see section 6.4.3

>0
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6.4.5 Convergence analysis: small economy N

The main consequence of the small economy assumption® defined in section 6.4.1 is that the price index
P and the aggregate consumption index () are independent of the offshoring decisions of the firms in
N. Therefore, we consider that P and () are constant over time. The analysis is divided in three types
of intermediate inputs, depending on the marginal cost ranking of each location with respect to each
m € M.

Type I inputs’ set:= {m :m € MiwY < cd;wlN < cfl} We denote this set of intermediate
inputs as non-tradables. The trade frictions from [ = FE,S for m € Type I are large enough, i.e.
¢! — 0, such that they turn over the advantages in terms of wages that the foreign locations presents
with respect to N. Therefore, no firm finds it profitable to explore the offshoring potential from any
foreign location [ = E, S in those inputs. In other words, we have:

,Dr?l,t (9:; 9t79~t+1> <0 VWt

with 6 as the most productive firm in N. Furthermore, no firm offshores either from South nor East any
input m € Type I at any ¢ > 0. Thence, the offshoring productivity cutoffs for inputs m € Type I remain
at 6! ooVt > 0 with [ = E, S, implying that all the firms in N source them domestically.

Type II inputs’ set := {m : m € M;(c5, < cE <wN) Vv (cf, <wN AcE > wlV)}. South
shows a marginal cost advantage for the supply of the intermediate inputs m € Type IL. Therefore, given
assumption A.11, firms find offshoring appealing only from the South.

When the beliefs about eastern institutions are optimistic enough, some firms may find it profitable
to explore their offshoring potential in that location. Nevertheless, they will find out immediately that it
is not profitable for them to offshore from that country 9. Formally, the exploration of the offshoring
potential in East for Type II’s inputs requires that the following condition holds for at least one firm 6:

Dr%,t <9§ 0z, ét—|—1> >0 ataperiodt >0 (30)

If such a situation takes place in any ¢ < oo, the true values f. related to the explored intermediate
inputs m are revealed in that period. In conclusion, no firm offshores from the East any m & Type I,
ie. wa — 00, while the offshoring productivity cutoffs from South, 3 ,, remain constant at the initial

m,t»
levels, i.e. 07 = 9;?1’0 Vt, with 9;?1’0 < @ for some m € Type IL

m

Type III inputs’ set := {m:m € M;(cE <5, <wMN)V (cE < wN Ach, >wN)}. East
presents a marginal cost advantage with respect to both of the other locations for inputs m € Type
III. However, under perfect information offshoring from East is only profitable for the most productive
firms in IV, given the relatively less appealing institutional fundamentals in the East. On the other hand,
the least productive firms in N source domestically, while the middle productivity firms choose to off-
shore from the South instead. Only when the marginal cost advantage of the East is large enough to
compensate the relatively worse institutions in this country with respect to South, i.e. As > 1, firms will
choose to offshore only from the East .

The emergence of the informational externalities that trigger the sequential offshoring equilibrium
path towards the new steady state requires that Part 1 of assumption A.12 holds.

%This assumption also states that information externalities do not spread across northern countries. In other words, firms in
country N’ # N do not observe the behaviour of firms in country N. Therefore, they cannot learn from other countries firms’
behaviour.

%The ranking defined by assumption A.11 is unknown. Thus, some firms may have incentives to explore the offshoring
potential in East for some m € Type II.

%For a full characterisation of the perfect information steady state of this set of inputs see section 6.3.
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Assumption A. 12. 1. At least the most productive firm in N finds it profitable to explore her off-
shoring potential after the institutional reform in the East, in at least one intermediate input
me M: ~

Dﬁ;tzo (é; 0:—o, Ht:()) > 0 for at least one m € M

2. After the first entrants learn general conditions f¥ int = 0 and build their new prior about input-
specific conditions in East®’, at least the most productive firm in N finds it profitable to explore in
t = 1 the offshoring potential in East in all m ¢ M({E and m € Type Il

wazl (0:, 011, ét=2) >0 Vm € Typelll and m ¢ MtE

with MF () denoting the set of inputs explored up to t in East by firm 0, and MF referring to the
set of inputs m explored by at least one firm.

The assumption A.12-2 indicates the condition for all the inputs m & Type III being explored by at least
one firm. This is a sufficient condition®® for the convergence to the perfect information steady state®°.

Offshoring productivity cutoff from East for m € Type III in period . The least productive
firm exploring the offshoring potential in period ¢ with respect to the input m & Type III, denoted as
Gfm 11, 18 defined by the fixed point:

Dﬁ,t (éﬁ,tﬂ; 0., §t+1> =0

Thence, the offshoring productivity cutoff from East in input m in period ¢ is given by:

v(rE 179 =1
W | Eo(FE (T~ 1 +piE <1—>\(fm’t+1)>

= I (i) /] e aS (GE Yy _
(1 =) B @ w(E 1)~ (Ih.1) if o (O 1) = 0
ém t+1 = - r S
) — E e
oo [zt (BT
[(1 - VO)E] =7 Q) B BIE 1N —4(5,17) } if dm,t@m,t—ﬁ—l) =1

- 31
with Hfm 41 — oo for any period ¢ in which the productivity cutoff is larger than 6. By following an

equivalent procedure as in the one intermediate input case’’, it is easy to show convergence H,’,Em =

First entrants and exploration sequence in inputs. The first firms exploring the offshoring po-

tential in the East are those with productivity 6 > égl’t:p as defined by the fixed points:

Df@,t:{] (ér%,tzl; 0i—o, ét:l) =0

%7 According to the learning mechanism defined for Group II.

%The necessary condition is that all the inputs with 8Z* < @ are explored.

%We define the convergence to the perfect information steady state disregarding the hysteresis effects as described in the
North-South one intermediate input model. In other words, we call convergence to the perfect information steady state any of
the four cases characterised in that version of the model.

"The main difference consists in the fact that the changes in Q as a result of the offshoring flows are not active.

" As already mentioned, with an abuse of notation we indicate the convergence point as the perfect information steady state,
disregarding the effect of hysteresis due to sunk costs in the convergence point. Nevertheless, the cases identified in the one
intermediate input case as convergence point are still valid under these circumstances.
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The first inputs to be explored in the East are those m & Type III for which the assumption A.12-1
holds. From equation (31), we can easily observe that the offshoring productivity cutoff from East is
decreasing in:

W (1) = (I, 1) i (077 4y) =0

(V) = (I3, V) i dg (07 m) =1
In other words, given their beliefs about the eastern institutional conditions, firms explore the inputs that
are more relevant in terms of the technology, w,,, and with larger marginal cost advantages offered by
the East with respect to their previous sourcing location.

The sequence in the exploration of intermediate inputs in the East is also led by the most productive
firms in the market. These firms take the lead in entering the country as first explorers, but also leading
the sequential exploration of inputs in that location. In general terms, the inputs offshored for the first
time from the East in ¢ are those inputs m ¢ MF | for which the following condition holds for at least
the most productive firm in the market:

Dﬁt (9; 0, §t+1) >0 forat least 0 (32)

Back to the intuition of the exploration after the first period. The condition defined by (32) with
respect to the inputs m ¢ M (6) holds only for a subset of the firms that already explored offshoring
from the Eastin ¢ = 0, i.e. for a subset of § > éﬁ,t:l' The firms in NV that did not find it profitable to
explore their offshoring potential in ¢ = 0 in any input m € M, i.e. those with productivity < éﬁ,t:l
VYm € M(F , have the same prior beliefs about any input m ¢ MéE in ¢t = 1 72, Therefore, they still do
not find it profitable to explore the offshoring potential in any input m ¢ M{” int = 1. They will instead
explore their offshoring potential in the inputs for which they have obtained new information, i.e. those
explored by the first entrants in ¢ = 0, m € MéE . The same intuition applies for any other period ¢.

Proposition 8 (Offshoring sequentiality in inputs). Firms explore sequentially the intermediate inputs
m € Type Ill, starting from those with larger values in (1%, 1") — (15,1') or Y (I1E 1) — p(IN 1),
depending on their previous sourcing location, and given a set of initial prior beliefs.

6.5 Uncertainty - Scenario 2: Simultaneous institutional reforms in East and South

We consider now a situation in which firms can initially source the intermediate inputs only domestically.
In £ = 0 an institutional reform is introduced simultaneously in the East and South. However, northern
firms do not fully believe in the true scope of these reforms, and thus a prior uncertainty emerge about
the institutional conditions in each of these foreign countries.

The Scenario 1 introduced in 6.4 allowed us to analyse the sequential offshoring dynamics in pro-
ductivity and inputs, and characterise the convergence to the perfect information steady state. Instead,
the Scenario 2 moves the model towards the multiple equilibria that emerge when firms face uncertainty
about institutional conditions in several countries. In such a context, we study the path dependence of the
countries sectoral specialisation, and the role of the informational spillovers as drivers of the sourcing
decisions.

As before, we analyse first the scenario under the small economy assumption. The consideration of
the sectoral general equilibrium effects remains for future a version of the model.

6.5.1 Initial conditions

The initial conditions are defined by the steady state of a world economy with non-tradable intermediate
inputs, i.e. n.t.7.. In other words, all the firms are sourcing domestically the intermediate inputs m =
1,..., M.

"Their beliefs about £ for inputs m ¢ Md’ did not change from the initial prior because no informational externalities
have emerged with respect to those inputs.
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e For small economy assumption: the analysis focuses exclusively in the movement of the offshoring
productivity cutoffs in South and East.

ghntt 00 YmeM ; 1=E,S
e For general equilibrium:

efhntz S o0 VYme M; 1= E,S : Qn.t.i. < Q* : Pntz > pP* and Qntz < Q*

6.5.2 Prior uncertainty and learning

As before, we assume that the initial priors are defined over the same range for every intermediate input
m for each location [. Therefore, the initial prior beliefs about institutional conditions in [ for every
intermediate input m are given by’3

fro~Y(fl) with floe[ff'] 1=E,S

The beliefs and learning mechanism about location [ differs depending on the offshoring status of the
firm in location /. We characterise first the firms that have not explored in previous periods the offshoring
potential from the location [ for any intermediate input m € M. We call these firms "Group I” or "new
entrants in country |”. The group is fully integrated by domestic sourcing firms, and firms that may be
already offshoring inputs from a different foreign location.

Then, we introduce the case of those firms that have already explored the offshoring potential from
country [ in at least one intermediate input. After the first exploration, these firms learned the gen-
eral institutional conditions in that country, f!, and remain with uncertainty regarding the input-specific
component, ¢/, . We call these firms ”Group II”.

Learning of new entrants in country / (Group I). The beliefs in period ¢ of a firm that has not
explored the offshoring potential up to that moment in any intermediate input m € M from country [ is:

Y(fL) with 1, € [f, f]and t = 0
Foo e SY (LI <l i fL, = fhy < floy_iandt >0
! if . < fl,andt >0

m,t

The maximum affordable fixed costs for the least productive firms offshoring m from | = E, S in ¢,
f,,b;t and f%b are defined as:

m,tr "m m» s Ymo
(1-n)(e—1) ]
E _ tE/pE 7 (6; 1%712) C(Z%ali) N
:>fm,t fm( m,t) wNU C(l,%,li) +fm
T O Ll 5 18) =703 15, 13) — (63 1, 1) = 0
[ (1=n)(c—1) ]
S _ S/pS (000, 1) | (el 1) N
:>fm,t fm( m,t) ’LUNO' C(l%,li) +fm

with Hfl,t and H,Sn’t denoting the productivities of the least productive firms offshoring m from East and
South, respectively, at the beginning of period t.

Directly from the learning mechanism, we can observe that the firms in Group I are not able to
disentangle the components of f! . ie. fand e, by observing other firms’ behaviour. They can only
update the overall beliefs in those inputs explored by other firms in location /.

"1n general terms, it is given by: f, ~ Y (fL,) with fL, € £, fl.]andl = E, S.
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Learning of already offshoring firms from [ (Group II). This group includes the firms that have
already discovered the general institutional conditions in country I, i.e. f!, when they explored the
offshoring potential in ! for the first time. After that period, each firm in Group II remains uncertain
about the input-specific component, ¢/, , for every intermediate input m that she has not explored yet the
offshoring potential in [.

Following the first time exploration of [, the firm builds a prior uncertainty about the input-specific
institutional conditions. In other words, learning about the general institutions in [ allows the firms to
build new priors about all the remaining non-explored inputs from that location [. Therefore, the new
priors with respect to [ are thus given by:

e, ~Y(e,) withé, €[0,é,]

We define ]\ﬂf1 (0) as the set of intermediate inputs explored by firm 6 in [ at the beginning of period
t. The beliefs in ¢ about the location  for each input m ¢ M/ _, is:

LY () with el € [0,€]
[ l o o~
fon Y () = { L+ Y (e e, < 6lm,t) if 6lm,t = Elrn,t < dnﬂf—l
fl ot e if €0 < €y

with the upper bounds of the distributions, i.e. the maximum affordable fixed costs for the least produc-
tive firms offshoring m from [ = E, S in ¢, fﬂ%t and f%t, defined as:

ﬂ_frem(gE ZE/N,l;:) Eﬂ't(e'lE li) — W(HZN l;) =0

e s Umys r'mo
(1-n)(c—1)
E _ +E/nE E B ’f’t(ng,l;) C(l%,lé) N
=fEgF ) = = -t
= fm,t m( m,t) f + €m.t wNo C(lrEn? l;ﬁ) ! fm
TP 05,5 15/ 1) =m(0:15, 1) — w051, 1) = 0
(1-nm)(o—1)
S S8 v s, s _ r@Ln 1) | el ) N
= fm,t :fm(em,t) - f + Emvt - wNO' C(lri?lé) - i fm

As in section 6.4, the upper bound of the fixed cost f! for an input m may differ between the two
groups. After at least one firm explores the offshoring potential in the input m from [, the upper bound
of the prior uncertainty converges to the same value for both groups. However, as before, the prior
distribution may -and usually will- differ between both groups due to the difference in the lower bound
of the distribution. A second and new feature is that a firm may belong to the first group with respect to
one country while to the second group in relation to the other. This is the case when a firm has explored
already the offshoring potential from the first location but not yet from the second one.

6.5.3 Firms’ offshoring decision

We begin by characterising the offshoring decision for one intermediate input m in period ¢ for the
firms in either of the groups defined above. We consider first the case of firms that are still sourcing the
intermediate input m domestically.”*

At any period ¢, firms sourcing m domestically decide whether to explore their offshoring potential
in one location [ or wait. They have two potential locations to explore: South or East. Therefore, the
decision in period ¢ of any firm 6 in such a situation takes the following form:

Vint(0: 8¢) = max { Vo (6:00); Vit (605 00); Vi (601 |
(33)
= max {max {V,f;f(e; 0:); Vé’f(@; Ht)} (o Ot)}

where 6, = {67,0F} and 6} = {QIM, SN ...,05\“}.

"1n section 6.5.4, we show the relocation decisions from one foreign location to another that may take place in the equilib-
rium paths.
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Value of offshoring and value of waiting. The value of exploring offshoring from a location I = S, F
in period t is given by:

Vol (0;6,) = By maX{O; PPN e (Y l;)} T, | — wVsp?
T=t

Vil (0:0,) = E, maX{O; > AT trleem g BN, l;)} | —wNspF
T=t

with Z, = {Y (f3|f5 < f;z’t), Y(fEIfE < fL )} denoting the information set the firm possesses in ¢.
The value of waiting with respect to alocation [ for firm 6 in tis V.17, (0; 01) = 0+ AE; [V 141 (0; O¢41)].
Thus, the Bellman’s equation is given by:

Vmt(0;0¢) = max {max {V&f(&; 0:); Vn(;’f(ﬁ; Ht)} s AE¢ Vi t+1(6; 9t+1)]}

Let’s assume V,Z’ft(e; .) is the solution to max {Vg’f(e; ): V.2 E (b, )} with [ = {E V S} indicating

» Ym,t
the chosen location in ¢ for this intermediate input m. The Bellman’s equation becomes:

Vth(e; gt) = max {Vr%,lt (9, .); AE; [Vm,t—i-l (9, 0,5.}.1)}}
and using the optimality of the OSLA rule, we get that the firm 6 decision in ¢ is thus given by:

Vim,t(0; 0¢) = max {V#L’ft(g; 6,); Vy;u’%l,z(g; 9t)}

with VTglt (6;.) as the value of exploring offshoring in country [ = [ in period ¢ for firm 6, and an””tl’l.(ﬁ; )
as the value of waiting one period and offshoring from country [ = [ in the next period.

Trade-off function. From the last expression, it is possible to derive the following trade-off function
for the firm 6 in ¢ regarding the intermediate input m:

Dgn’t <9; O étﬂ) - Vﬁ;’ft (9; 04, 5t+1) - Vﬁ,’tl’i (9; 6:, §t+1)
thmo It”—sz;’f 1—)\Y(f’l;1jt“)
Y (fi0)

This process can be thought as a two-stage decision. First the firm chooses the preferred location (in
expectation at t), and in a second step she decides on the timing: explore or wait. The firm faces an
equivalent trade-off function for each intermediate input m.

This trade off function holds the same properties as in the case of one intermediate input m.

= max {O;Et [Trfrem(ﬂ' LN 1})

Proposition 9 (Sequential offshoring in productivity). The firms with a higher productivity have an
incentive to explore the offshoring potential in earlier periods for each input m € M.

oDl , (9; at,§t+1>

>
00 =0

For simplicity, we assume that the offshoring sunk cost for a given input m is the same across

countries, i.e.

. . E s
Assumption A. 13. The market research sunk cost are homogeneous across locations: sy, = sy, = sh,
for everym € M.
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In general terms, the condition for the offshoring productivity cutoff in period ¢ for the input m, i.e.

an’t 1 1» 1s defined by the fixed point:

ng,t (éin,wrl; 0., ét+1> =0

Solving this for the productivity cutoff éiw 41, We get:

i 1
w™N |:Et(f1ln|It) — f1']T'LV+S:n (1 _)\Y(fz{,-f1)>:| o—1

éﬁﬂ,t%—l = [(1 - ’YO)E}ﬁQVtJrl i Y (fh)
(U, 13) — (N, 1)

From this expression, it is easy to see that given the prior beliefs, firms explore first their offshoring
potential in the intermediate inputs for which (1!, 15) — ¥ (I, 1}) is larger.

Proposition 10 (Sequential offshoring exploration in inputs). Given a set of beliefs, firms find profitable
to explore first the intermediate inputs with a larger value in (1L, 15) — (1IN | 1}).

The assumption A.14 defines a necessary condition such that informational externalities emerge and
push the sector to a new steady state.

Assumption A. 14. At least the most productive firm in the market finds it profitable to explore int = 0
the offshoring potential in at least one intermediate input m € M from at least one location |.

Dfn,t:O (9:7 Oi—o, Gt:0> >0 foratleastonem € M andl =EV S

6.5.4 Convergence analysis: Multiple equilibria. Small economy N

Given the small economy assumption, the offshoring equilibrium path of the firms in country /N has no
effect on the sectoral price index P. Therefore, we assume that P and () are constant over time.

The model results in a multiple equilibria situation, where the steady state depends on the priors and
the differences in institutional fundamentals and marginal costs across countries. In order to illustrate
the underlying dynamics, we characterise the equilibrium paths for the case in which initial prior beliefs
are asymmetric and significantly in favour of eastern institutions’>.

The initial prior uncertainty for each intermediate input m € M with respect to each foreign location
is given by:

fro~Y(fr) with £l € [/, ] 5 1=E,S

For simplicity, we assume that the asymmetry in initial prior beliefs is defined by differences in the upper
bound of the prior distributions, i.e. f° > f¥ and f° = fF.
As before, the analysis is divided in the three types of intermediate inputs m.

Type I input’s set := {m :m € Mi;w™ < cd;wl < cfn} This set represents the non-tradable
intermediate inputs. The trade frictions, represented by ¢! for I = F, S, overcome the wage advantages
of East and South with respect to the country N. Therefore, no firm finds it profitable to explore the
offshoring potential in inputs m € Type I at any period ¢ > 0. This is represented by:

D, (5; 0t,0t+1) <0 withi=E,S

"SEmpirically, it is possible to think of this bias in the beliefs as the result of differences in cultural or historical relationships
between North and each of these foreign countries.
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with 6 denoting the most productive firm in the market.’® Thence, the offshoring productivity cutoffs for

inputs m € Type I remain at Gfm — ooVt with [ = E, S. In other words, all the firms in [NV source these
inputs domestically.

Type II inputs’ set :== {m :m € M;(c5, < cE <wMN) Vv (cf, <wN Ack >wN)}.  The
marginal costs advantages of the South produce an incentive in this set of inputs that pushes the most
productive firms in N to explore offshoring in the South. However, given the disadvantage of South in
terms of institutional beliefs, we may have that no firm finds it profitable to explore offshoring in that
location.

The exploration of South starts in ¢ = 0 if, at least for the most productive firm in /N, we have that
both conditions below hold simultaneously:

v, t0(90t 0)>V tO(Qet 0)

m

Dy =0 (0; 0;—o, Ot:0> > (0 for atleastone m € M

For simplicity, we assume that the prior beliefs with respect to the South are bad enough such that
even the most productive firm in [V does not have incentives to explore the offshoring potential in South
in any intermediate input’’, i.e.

Assumption A. 15. DS, (5; O0i—o. 0t=0) <0Vm e M.

The exploration in South may still take place starting at a later period ¢ > 0, if the condition defined
by equation (37) holds. Let’s define ¢° as the moment in which firms explore offshoring potential in the
South for the first time. Assuming that t° < oo’®, we characterise the offshoring productivity cutoff in
input m € Type Il in a period ¢ > ¢°.

Offshoring productivity cutoff from South for m € Type Il in period t. The offshoring produc-
tivity cutoffs at the end of each period ¢ for each input m € Type II are defined by the fixed points:

Dfm <6~7€L,t+l; 0, ét—i—l) =0

S/N Y(f5) 5S
Et [ prem <0m t+1> m/ 7l£) ‘It:| - NSTm |:1 —A y(ggl) :| fd (Qm t+1) =0
S/E Y (f21) 4s
Et [ prem <9m t+17l / 7l£> ‘It] - N |:1 - A Y(}}l) ] fd (Hm t-‘rl) =1
Solving for the respective offshoring productivity cutoffs from South in input m in period ¢:
_ I
e Esm s (1)
(A=) E= Q@ \———mmm—mm if d (0, 141) =0
Om 1 = S s g1l (35)
.|V Et(frﬁ\lt)fffﬂrsfn(lf)\ ;{;g)) o
(=B @ |\ ———mm—an i dp o (O 11) = 1

"The underlying assumption is that firms know with certainty that the offshoring fixed costs from any location ! cannot be
smaller than the respective fixed costs of domestic sourcing, i.e. f., > fX forl = E, S. Relaxing this assumption may lead to
firms exploring the offshoring potential at some period ¢ in these inputs, to immediately discover that it is not profitable for any
firm to offshore these inputs m &€ Type 1.

"7 As mentioned at the beginning, we do not aim to do a full taxonomy of all the multiple equilibria and the different
equilibrium paths that drive to each of them. Thus, additionally to the asymmetric initial beliefs, the assumption A.15 reduces
the number of paths to be considered. However, this simplification does not rule out the relocation decisions and the multiple
equilibria as a function of the initial priors, with the respective consequences in terms of production allocation across countries
(i.e. sectoral specialisation) and welfare.

81f the condition for exploration of the South defined by equation (37) does not hold, i.e. t° — oo, no firm explores the
offshoring potential in South at any period ¢ > 0 in any inputm € M. Comparing with the perfect information steady state, this
would lead to underoffshoring in all inputs m € Type II and in a subset of inputs m & Type III, and therefore to a non-optimal
allocation of production across countries (non-optimal specialisation).
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with HN;?M 41 — oo for any period ¢ in which the productivity cutoff is larger than 0.

Firms will explore South for the first time in those inputs for which the condition defined by equation
(37) holds. After exploring their offshoring potential in those intermediate inputs, those firms are able
to update their beliefs about the other intermediate inputs m € M from South, according to the learning
mechanism of Group II described in section 6.5.2. At the same time, all the other firms in the market
update their beliefs about South in those inputs explored by the first entrants in ¢°, according to the
respective learning procedure of Group I.

Necessary and sufficient condition for convergence to 95;* vm € Type II.  After the discover of
the general institutional environment f*, at least one of the first entrants in S finds it profitable in #°+1 to
explore the offshoring potential in South in at least one input m &€ Type 11, and finds it profitable to source
them from that location. This reveals to all the firms with a higher productivity that offshoring input m
from South is profitable for them with certainty, and thus they will explore the offshoring potential in
South in #°+2. After this exploration, they learn £ and build new beliefs about input-specific conditions
for every m € M in the South, according to the Group II mechanism.

If in ¢ 4+ 3 we have that at least the most productlve firm 6 finds it profitable to explore the offshoring
potential in South in every m € Type II for which 0" < 0, ie.

Dmt 543 (57 0,543 ét:t5—|—4> >0 Vme Typell : 0% <0 (36)

The last part of this condition states that some firms must explore offshoring in intermediate input
m € Type II for which there is offshoring from South under perfect information, such that the infor-
mational externalities about those inputs in .S emerge, and thus the equilibrium path in the respective
offshoring productivity cutoffs.

Type III inputs’ set := {m :m € M;(cE < c5, <wN) Vv (cE <wN Acj, >wN)}.  The
marginal costs advantages in the East, together with the initially favourable prior beliefs, lead the initial
offshoring exploration towards this location for this set of inputs’®

Under the conditions defined in this scenario, the assumption A.14 holds for exploration in East.
In other words, we assume that at least the most productive firm in N finds it profitable to explore the
offshoring potential in East in the initial period in at least one m € M.

Offshoring productivity cutoff from East for m € Type III in period ¢. The offshoring produc-
tivity cutoff at the end ¢ for each input m &€ Type III are defined by the fixed points:

D, <9mt+1’9t79t+1> =0 = Et[ prem <9mt+1,lE /N ) )It} =wNs" [1_)\%]

Y (fF)

Solving for the offshoring productivity cutoff from East in input m in period ¢:

1
YV (fE o—1
N wN [Et(f£|zt) — fo + St (1 —A Y((th”F))ﬂ
Ormi1 = [(1=20)E]T7Q (i, 1) — YU, 1)

First entrants and exploration sequence in inputs from East. Consistent with Proposition 10,
firms explore initially those intermediate inputs m € Type III for which 1 (12, 1}) — (120, 1}) is larger.

"Recall that under perfect information, the bad institutional conditions in East relative to the South implies that the middle
productivity firms offshore from South. Only the most productive firms find East profitable as sourcing location. Only when
the marginal cost advantage in East is large enough to compensate the higher fixed costs, i.e. A2 > 1, firms will offshore only
in East. For a full characterisation of the perfect information equilibrium see section 6.3
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Necessary and sufficient condition for convergence to 05" ym € Type III. For convergence
in the offshoring productivity cutoffs to be triggered in each input m € Type III, the informational
externalities must emerge with respect to each of them in East. This implies that at some period ¢ at least
the most productive firm must explore the offshoring potential in East for every input m & Type III for
which 65* < 6. Given the learning mechanisms for Group I and Group II, this condition may hold in
t = 0, i.e. the most productive firm explores all these inputs in the first period, or in ¢ = 1, after she
learns £ and builds new priors about input-specific conditions in that location. Formally:

Dﬁ,t:o (57 0t=o0, 9t:0> >0 Vm € Type lII

or
Dﬁ,t:o (é; 6:—o, 9t:0> >0 for atleast one m € Type III

D7Er;’,t:1 (5, Btzl,ét:2> >0 Vm' #m;m’ € Typelll

Exploration in South.  As before, let’s define as #(m) the period in which the true value f reveals.
With an abuse of notation, let’s denote this period as 7, but it is nevertheless clear that the revelation period
may vary across intermediate inputs m. If # < oo, this means that the true value reveals in a finite period
of time, implying that firms with productivity 6 € [éﬁ @ 95 7 t) found unprofitable to offshore m from
East after exploring.

The firm 95 ; 1s defined as the firm that obtains a zero profit premium offshoring m from East. Thus,
the productivity70f this firm for each input m is given by:

m,E'm t

W rE-gN] |7
Dl 1) — Dl 1)

aeMQE BN 1y =0 = eﬁgz[(l—%)E]lU“Q[

However, if the condition below holds for at least a subset of the firms in that productivity range,
they will find it profitable to explore the offshoring potential in m from the South:

Dfn,f (0;6;,6;,,) >0 foratleastone 6 € {éﬁ’{, 9575) (37)

The period t° defined above is defined as the earliest period in which a firm explores the offshoring
potential in South, i.e. ¥ = min{#(m)}}. In such as situation, the most productive firms within
[éfl P Gi 7 i) explore their offshoring potential from South in the period £ for these intermediate inputs m.
The productivity cutoff of the exploring firms in the South for an input m in this set is defined by the
fixed point:

S nS . 0 _ prem (38

/ / r +1
ZSN,ltMIt]—szm [1—)\ (tts)]

Solving for the offshoring productivity cutoff from South in input m in period ¢:

1
. vs )\177
wN [Ef(fi‘zf) - fn]g + Sm <1 —A y(}:gl) ):|

0 11 = (1= )77 Q

Relocation of suppliers from East to South. New information about £ flows to firms sourcing
m from a different location (North or East), as a result of the offshoring sequence of firms into South
starting from £(m). If the following condition holds in any period ¢ > #(m), the least productive firm
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offshoring from Eastin ¢, i.e. Gfm decides to explore the offshoring potential in South and, if she find it
profitable, relocate the supplier to the latter location.

D5 (05,1361,6041) >0 = B [al" (65 ,05/7.1) [T] > w™s, [1 - )\};(‘(f:igl))] (38)

Therefore, the offshoring productivity cutoffs from East in m in ¢ > £(m) is defined by:
Dif (9£7t+17 Bt) 0t+1> = O

Solving for the offshoring productivity cutoff, we get the expression in the second line of equation (35):

~ o

1
. . wh [Et(fn‘ilIt) — 5+, (1 — )\Y(fts“))] o
Omi+1 = [(1 —70)E] ™ Q

Y (f?

In conclusion, firms with productivity 6 € [Omyi, ...) sequentially relocate the supplier m from East
to South, starting from period £(m).

7 Empirics: Two-country model with multiple intermediate inputs

This section is based on the extension to multiple intermediate inputs, but still hold the assumption of
two-countries, i.e. the North-South world economy.

Production function. As in the theoretical model, we assume that the total set of intermediate inputs
M; is the same for all firms in the sector j, and empirically we define it by the set of inputs imported
by the firms in the sector during the period 2004-2018. Thus, all the inputs that have been imported
by any firm in the sector during that period are considered as an intermediate input. Once that set has
been defined, we expand the sample such that every firm has an offshoring status in relation to each
intermediate input in the sector.®

Figure 8 shows the mean number of inputs (8 digits) imported during the period 2004-2018 by each
sector included in the sample, while Figure 9 shows the kernel density of the number of inputs by sector.

2,000 3,000 4,
3,000

mean of number_inputs

1,000
1

(a) with at least 20 firms (b) with at least 50 firms

Figure 8: Inputs by sector

7.1 Conditional probability model

The offshoring exploration decision in input m in period ¢ is modelled separately for: i) firms that up to
t — 1 have not offshored any input m € M (i.e. non-offshoring firms); and ii) firms that up to ¢ — 1 have
offshored at least one other input m’ € M; with m’ % m. This distinction allows us to differentiate the
decisions according to the information set possessed by each group of firms.

89This definition could be refined and improved by the use of a input-output matrix. Moreover, it would also allow to control
for the technological relevance of the input, and test for the sequential exploration in technological relevance of the inputs as
shown in Propositions 8 and 10.

50



Kernel density estimate Kernel density estimate

0008
0008

0006
0006

ensity

0004
sity

[
Den:
10004

.0002
0002

0 1000 2000 3000 4000 0 1000

2000 30¢
Number of inputs by sector (8 dig) Number of inputs by sector (8 dig)
komol = cpanechmkov, bandwidh =216.2068  kemal = epanechnikoy, bandwidth =275.1001

00 4000

(a) with at least 20 firms (b) with at least 50 firms

Figure 9: Kernel - Inputs by sector

Non-offshoring firms As mentioned, this section concerns to those firms with a non-offshoring status
up to ¢ — 1 in any intermediate input m € M, where M; denotes the total set of inputs in the technology
of the sector j. In other words, it refers to the domestically sourcing firms that in period ¢ must decide
whether to explore their offshoring potential for the first time or wait.

Pr (oﬁ’shr stat input ;= l‘oﬁshr status cum; ; , ;= O) =

i,m,7,
=® ( In(assets tot; 1) B1, info spillover,, ; B2, 7;, 'yt)

where ¢, m, j denote the firm, intermediate input and sector, respectively. The variable offshr status cum; ;
is a dummy variable that takes the value 1 if the firm ¢ in sector j has offshored up to period £ —1 inclusive
any intermediate input, while offshr stat input; ,,, ; , refers to the offshoring status of firm ¢ in input m in
period .

The measures for info spillover,, ;, are alternatively defined as:

e Direct measure from theory: info spillover,, ;, = min (assets tot offshr),, ;, . It refers to the

least productive firm offshoring input m in previous year in the same sector j.

o Alternative measure (built based on theory): info spillovermvjvt = sd(assets tot oﬁfshr)m’j’t_l. It
refers to the standard deviation of the productivity among offshoring input m in previous year the
same sector j.

Table 9: Regression results - Cond. Prob. Model - Non-offshoring firms

Sectors with at least 20 firms Sectors with at least 50 firms \

Exp. Sign 1 (2) 3) 4)
Probit Probit Probit Probit
In(assets tot) + 0.0700%** 0.0793#** 0.0638*%** 0.0728%*%**
(0.00810) (0.0102) (0.00859) (0.0105)
min(assets tot offshr) - -0.992*** -2.105%%**
(0.259) (0.369)
sd(assets tot offshr) + -0.0796 0.169
(0.111) (0.168)
constant -2.513%%* -2.186%%* -2 474k -2.238%%:*
(0.0836) (0.105) (0.0856) (0.109)
N 995569 401447 929493 387490
pseudo R-sq 0.053 0.052 0.039 0.038

Standard errors in parentheses. ISIC and Year FE included. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

The sequential offshoring exploration in productivity is supported by the results in Table 9. In relation
to the information spillovers, the main measure has the expected effects in all specifications.
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About the coefficients associated to the alternative measure, they have no significant effect in any
of the specifications in Table 9. However, Table 21 in Appendix E shows that the spillovers have the
expected effect for the non-offshoring firms with higher productivity.

Offshoring firms This section focuses on firms that up to ¢ — 1 have offshored at least one other
intermediate input m’ € M; with m’ # m. In other words, it refers to the group of firms that already
possess knowledge about the general conditions for offshoring, but remain uncertain about the input-
specific conditions.

Pr (oﬁshr stat input; ., ;; = 1‘oﬁ”shr stat input cum; ,, ;1 = 0, offshr status cum; ;,_; = 1) =
= ( In(assets tot; 1) B1, info spillover,,, ; B2, 7;, ’yt)

The variable offshr status cum;, ;,_, is a dummy variable that takes the value 1 if the firm ¢ in sector
J has offshored up to period ¢ — 1 inclusive any intermediate input, offshr stat input; ., ; , refers to the
offshoring status of firm ¢ in input m in period ¢, and offshr stat input cum; ,,, ; ,_ indicates whether this
firm has offshored input m up to period ¢ — 1. The variable info spillover, has the two alternative

m7j7t
measures defined above.

Table 10: Regression results - Cond. Prob. Model - Offshoring firms

Sectors with at least 20 firms Sectors with at least 50 firms \

Exp. Sign 1) (2) 3 4
Probit Probit Probit Probit
In(assets tot) + 0.205%** 0.213%** 0.207%** 0.216%**
(0.000769) (0.00105) (0.000836) (0.00111)
min(assets tot offshr) - -0.365%%#* -0.874%%%*
(0.0214) (0.0212)
sd(assets tot offshr) + 0. 111 %*% 0.331%***
(0.0113) (0.0227)
constant -1.426%%* -1.135%%%* -1.401%%* -1.148%%*
(0.00885) (0.0124) (0.00939) (0.0129)
ISIC 4 dig FE No No No No
ISIC 2 dig FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 19844059 8026509 18289452 7677984
pseudo R-sq 0.079 0.079 0.080 0.078

Standard errors in parentheses. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

The sequential offshoring exploration in productivity is supported by results in Table 10, and the
information spillovers have the expected impact in both measures in all the specifications.

7.1.1 Survival (or transition) analysis
In this case, the conditional hazard rate to transition to an offshoring status in input m is given by:
Aimji(t)]. =1 — exp[—exp(Xim, ;1B + 0t)]
where §; denotes the general time-trend, and
Xi;m,jtB = Bo + B1In(assets tot;  + Painfo spillover,, ; , + Bsentry year; + 7;

and the informational spillovers are defined as above. The conditional denotes the two different group of
firms considered below.
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Non-offshoring firms The section concentrates in the hazard rate for non-offshoring firms, for the
transition in the offshoring status with respect to input m. This hazard rate is denoted as:

Ai gt (t) |offshr status cum; ;4 1 =0

In other words, we estimate the transition rate to becoming an offshoring firm in input m, for firms that
up to ¢ — 1 have never offshored any intermediate input, i.e. for first time explorers.

Table 11: Regression results - Survival analysis - Non-offshoring firms

w/ at least 20 firms

Exp. sign 1) 2)

cloglog cloglog
In(t) -0.124* -0.276%%**

(0.0637) (0.0742)
In(assets tot) + 0.244%** (). 264%**

(0.0275) (0.0332)
min(assets tot offshr) - -3.656%**

(0.929)
sd(assets tot offshr) + -0.222

(0.260)

constant -4,398%** .3 3D H**

(0.259) (0.310)
N 995569 401375

Standard errors in parentheses
ISIC FE and year of entry included. Robust standard errors.
* p<0.10; ** p<0.05, *** p<0.01

As predicted by the theory in Propositions 7 and 9, the more productive firms explore their off-
shoring potential earlier in each input m. The coefficient associated to productivity is positive and highly
significant in all the specifications.

In regard to the informational spillovers, the main measure shows also a theory consistent result.
As more information is revealed about the offshoring conditions in one input m, the earlier the non-
offshoring firms will explore their offshoring potential in that input. On the other hand, the coefficient
associated to the alternative measure (sd(assets tot)) shows no significant effect at the reported levels.

Offshoring firms The hazard rate to transition in ¢ to offshoring status in input m for firms already
offshoring at least one other input m’ € M; with m’ # m is denoted as:

Aim,j i (t) |offshr stat input cum; ,, ;4 1 = 0, offshr status cum; ;, 1 =1
In other words, we estimate the transition rate to explore offshoring potential for the first time in input m,
for firms that up to ¢t — 1 have already offshored other intermediate inputs, i.e. firms that already possess
the information about the general offshoring cost, but must still learn the input-specific conditions.

As before the coefficient in Table 12 associated to productivity is positive and highly significant in
all the specifications. This shows support for Propositions 7 and 9 with respect to the already offshoring
firms. The most productive firms explore earlier the offshoring potential in inputs still not explored.

In regard to the informational spillovers, both measures show theory consistent results. As more
information is revealed about the offshoring input-specific conditions in input m, the earlier the already
offshoring firms (in other inputs) will explore their offshoring potential in m.

In sum, the sequential offshoring equilibrium path led by the most productive firms in the market is
robustly confirmed in all the specifications of the Model 2. Furthermore, this feature is confirmed at the
input level, as predicted by the theory in Propositions 7 and 9.
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Table 12: Regression results - Survival analysis - Offshoring firms

w/ at least 20 firms

Exp. sign (€))] 2)
cloglog cloglog
In(t) -0.617%%* 0. 707***
(0.00646)  (0.00847)
In(assets tot) + 0.592%#*% (), 595%*%*
(0.00224)  (0.00287)
min(assets tot offshr) - -1.053%%**
(0.0622)
sd(assets tot offshr) + 1.203%%**
(0.0600)
constant -0.913%%*  _(,380%**
(0.0341) (0.0477)
N 19844030 8026458

Standard errors in parentheses
ISIC FE and year of entry included. Robust standard errors.
* p<0.10; ** p<0.05, *** p<0.01

Finally, in relation to the learning mechanism through the use of the information spillovers, the
models above show that they are part of the information set of both groups of firms when they face the
trade-off of exploring the offshoring potential in input m or wait.

8 Conclusions, extensions and next steps

Institutions are key drivers of the multinational firms’ sourcing decisions, and in consequence in the
definition of the comparative advantages of countries and the allocation of production worldwide.

However, firms usually possess an uncertain knowledge about the institutional fundamentals in for-
eign countries, particularly about locations where they have never been active before, or countries that
have implemented deep institutional reforms and the firms do not fully believe in the real scope of the
changes announced by the foreign governments. In the latter sense, the institutional reforms induce also
uncertainty about the true conditions in those locations.

In a model with two countries (North-South), we showed that firms can exploit informational ex-
ternalities that emerge from other firms’ behaviour, and thus better asses their offshoring potential and
progressively adjust their sourcing strategies. These informational spillovers result in a sequential off-
shoring dynamic path led by the most productive firms in the market, which converges to the perfect
information steady state of the economy. In consequence, informational externalities allow the economy
to progressively overcome the initial inefficiencies produced by uncertainty, and thence fully achieve the
welfare gains from offshoring in the long run.

Then we extended the model to multiple countries, in which northern firms can choose among dif-
ferent foreign locations for offshoring. We showed that a selection pattern emerges when firms do not
posses perfect information about the true conditions in the foreign countries, with multiple equilibria
driven by the informational spillovers. Therefore, the prior beliefs and the differences in institutional
fundamentals across countries may drive the economy to the perfect information equilibrium, or may
push the system to a non-optimal steady state. In the first case, the steady state is characterised by the
perfect information welfare gains from offshoring and the optimal specialization of countries. On the
other hand, in the second case the economy achieves a steady state with non-optimal specialisation of
countries and welfare gains from offshoring that may not be fully achieved.

The latter shows how priors and informational spillovers drive the offshoring flows to certain loca-
tions becoming a source of the countries’ revealed comparative advantages. In this regard, the model
complements the literature on institutions and comparative advantages (Costinot, 2009; Acemoglu et al.,
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2007), which focuses on the importance of institutional fundamentals in the specialisation of countries.

The scope of the informational spillovers defines or drives the sectoral specialisation of each country.
If the institutions (or the spillovers) are sector-specific, the sequential offshoring path narrows its effects
to a sectoral dynamic, which may lead to a sectoral specialisation of the countries. However, if the scope
of the spillovers is larger, i.e. externalities spill across sectors, it leads to a more extensive effect.

Finally, we tested the model using firm-level data of manufacturing Colombian firms, and we find
support for the main predictions of the model. In particular, our empirical evidence support the learning
mechanism and the sequential offshoring equilibrium path led by the most productive firms in the market,
and the selection patterns in the location choices, driven by the informational spillovers.

Extensions of the model and next steps. We may extend the model in a future version to incorporate
incomplete contracts or partially contractible investments®!, where in the latter the uncertainty relies in
the degree of contractibility. In such a case, the definition of uncertainty would be narrowed down to a
specific type of institutions: contractual institutions such as the quality or reliability of the court system.

Finally, in regard to the empirical model, we will go further into a full structural identification of
the theoretical model, and analyse the theoretical predictions in the context of the conformation of the
Pacific Alliance between Chile, Colombia Mexico and Peru in 2012 as the institutional shock.

81 As in Grossman and Helpman (2005), we would limite the organisational choices of the firm such that the analysis con-
centrates in the location choices. In other words, the model would not allow firms to decide whether to integrate or outsource
the intermediate inputs.
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A Perfect information model

A.1 Consumer’s problem

To obtain the variety ¢ demand function ¢; (), we maximize the utility subject to the following budget
constraint:

J
Pogo + Z/ pj(i)g;(i)di < E
j=1 i€l

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

[qj(i) r;j—l _ p0) o q0) = [pj(i/)] J“jq,(i/)
./) ; J !

q;(i p; (i) p;(i)

Given the Cobb-Douglas utility function, (v;)E refers to the expenditure in differentiated sector j’s
goods. Plugging the expression above for ¢; () into the budget constraint:

N . wE | pi(i -
wE= [ na@d o) = 22| 0
iEIj P

P:

J

J

This expression holds for any variety ¢, thus

Or equivalently, from the FOCs, we can obtain:

qj(i) =

%‘EQj_apj(i)_l]

To conclude, the demand for homogenous good ¢q is given by

_E
Po

q0

A.2 Producers’ problem
The per-period revenues of a firm producing a variety ¢ is given by:
rj (i) = pj(1)q; (i)
Plugging in the expression from equation (3), and replacing with the production function (5):

(i) = v EQ; “q; (i)™

) = —aj [ o[ (D) " Ty (1) i
T [0( hﬁj ) (1—773‘) ]

Solution to producer’s problem. Given that all investments are contractible, the final good producer
solves the following optimization problem.

max  m; =1;(i) — wa;,,J(i) - wl:z:mj(i) - wa]l»
Th,j (1), Tm,; (1)

where [ = {N, S} refers to the location of the input’s supplier.
By solving the FOCs,

oaym
(1) = UJ)NJ 0]
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ol =my)
p (i) = S
Dividing the two equations above, and plugging them into the FOCs, the optimal HQ’s investments

are:

* [ Q575 1«
2j,5(8) = “Z50 " (6) (39)
1 l7* 1 .
with 777 (6) given by:
1—0;
0) = a7 (E) QT l(wN)’“ W)“’H] (40)

Equivalently, the optimal supplier’s investments are:

z* (i) = Mrlx*(g) (41)

m,j w! J
Plugging the optimal investments into (5), we get the optimal production for a firm with productivity

—0o;

4} (i) = 0707 (1, B) Q)" [ (w) (')~ “2)

Consequently, the optimal price for a variety produced by a firm with productivity 6 with a supplier

from location [ is:
pi0) = 07 g (™) ()

Finally, the profits realised by a firm with productivity ¢ for each sourcing strategy, i.e. domestic
sourcing and offshoring, are:
7T§-(9,Qj,nj, ]l-,wl) = rj*(e) — wa;‘w-(i) —wla?, (i) — wajl-

m,j

Replacing with the expressions above for optimal investments:

1%
ry ()
7T§'(9, )= % - waJl'
J
Therefore, plugging the solution for revenues,
m(0,.) = 07 (3 E) Q) T — w ] 43)

with [ = {N, S}, and gZJg- is defined as:

O'jfl
l — J

gj [(U}N)ﬂj (wl)lfnj]o'jfl

B [Initial conditions: Non-tradable intermediate inputs (n.t.7.)

We focus the analysis on one differentiated sector. As mentioned above, we assume that there is only
one differentiated sector, therefore we drop the subscript j.

The production, price and per-period profits for a firm with productivity € in the steady state of the
n.t.i. economy are given by:

_ n.t.i.y—og \ 7
N
p;z.t.i.(g) — 1:;79 (45)
,n_tN() — 0071[(1 o ,YO)E]U(Qn.t.i.)lfowN o waN (46)
with N = o1 [u%,ril.
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B.1 Sectoral price index

The price index can be represented as:

1—0o

preti. _ [/ p(i)l—adi] : o pretio l/ocp(e)l_an.t.i.M(e)de “47)
i€l 0

where H™!* refers to the total number of final-good producers active in the market in this sector, and
1(0) denotes the ex-post distribution of firm productivities in the market.

) ife > g
0) = ¢ 1-GE") e 48
1(0) {0 i£9 < gt (48)

By plugging equation (45) into (47), we get the price index of the differentiated sector in terms of
the average productivity in that sector.

L1
n.t.i. __ n.t.i. i wN * o—1
prti = (gt T 07~ u(6)do
Q 0

Defining ™" as the average productivity in the sector:

Replacing the equation (49) into the price index,

1 wN

Pn.t.i. _ (Hn't‘i')lfa e i = Pntz _ (Hntz)

aen.t.z.

liap(e_n.t.i.) (50)

B.2 Sectoral aggregate consumption

The aggregate consumption in terms of the quantities produced by the average active firm is given by

1/« 00
Qi = l/ief q(i)adi] & QU= [/0 q(0) = H "'/t(9)d9]

o—1

2 _
o—1

U}N 0

Qntis — (Hm i)y {W} ’ Q)17 [/Oo 0~ 14(6)d6

. L , , 1—~VE - ..
Qn.t.z. _ (Hn.t.z.)ﬁq(on‘t.z‘) - Qn‘t.z‘ _ (Hntz)ﬁ a( w]\;)/o) gr-t-i- (51)

B.3 Zero Cutoff Profit Condition (ZCPC)

The firm’s value function is: } _
Un.t.z.(a) — max {O;UN’n't'Z'(e)}

with
) & ) N,n.t.i. 9)
N,n.t.i. 0) = . /\t N,n.t.i. 0 _ . T (
v (#) = max O,; ™ (9) max § 0; T
where A refers to the per period survival probability to an exogenous bad shock.

Thence, using the zero cutoff proﬁt condition (ZCPC), the market productivity c;utoff, denoted as 0%,
is implicitly defined by V"% (§™*-) = (. Thus, solving this expression for §™-*, we get:
N

HN=0@IWA=0@W§:0
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1/JN

Also, by using the (ZCPC), we get the revenue level for the cutoff productivity firm r

N ¢N | o1
= Qntz _ [(1 _ VO)E]ﬁQn.t.i, [w f ] (52)
N,n.t.i.(an.t.i.).
ﬂiV(Qn.t.i.) =0 = ,,,N(Qn.t.i.) _ CTwaN (53)

Furthermore, the revenues of the average firm as a function of the cutoff firm revenues is given by:

_ _ o—1 _ o—1
,rN(@n.t,i.) entz [ ontz Nt
TN(Qn.t.i.) = Qntz - T (9 ): Qntz r (Q ) (54)
and the average revenues are:
_ . o—1
—n.t.i N (pgn.t.i en.t.z. N ¢N
it =t () = gt ow" f (55
Finally, it is possible to obtain the profits of the average firm as:
N (pn.t.i.
gt = N (gntis) = r (90 ) w™ N

Replacing with (55) and plugging the cutoff revenues from (53), we obtain the (ZCPC):

gn.ti.\ 71

en.t.i.

B.4 Free Entry Condition (FEC)

All the active final good producers, except for the cutoff firm 9™t earn positive profits. Therefore,

7t > 0. Given this expected positive profits, firms decide to sink the entry cost s. and enter into the
market.
The present value of a firm, conditional on sucessful entry, is:

B o] 0 0\d8 ﬁ.n.t‘i.
0= ., vOmOw =T

On the other hand, the net value of entry is given by:

N 1- G(Qn't'i')ﬁn.t.i N

Ve = PinlU — W Se = - =W Se
By (FEC): v, = 0. Therefore,
_ N
R e 7

LG
B.5 Equilibrium: number of firms
From (ZCPC) and (FEC):

on.t.i. (1 — )‘)56 7T n.t.i.

The number of active firms is given by:

Rt - Hrti — (1-7)E

Fn.ti. fn.t.i.

Hn't‘i' .

Using 7t = o [ﬁ"'t'i' + waN} , the number of active firms in sector j is:

(1—)E

Hn.t.i. _ i
o [ﬁ-n.t.z. + waN}
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and replacing 7! with (ZCPC), the number of active firms is:

. o—1
Hn.t.i. _ (1 B '70)E (6‘7”.2') (39)

owlN N\ gniti

C Perfect information: tradable intermediate inputs

The revenues for a firm with productivity § doing domestic sourcing is represented as 7¥>*(6). Instead,
when the firm chooses offshoring the revenue is denoted as *(6). Dividing both expressions:

S,% Ny (I=m)(e—1) N (1=n)(e-1)
ri@ — (w ) <:>TS’*(0) _ <w > TN’*(Q)

@) \wS ws

Substracting on both sides "V*(6), we obtain the offshoring premium in revenues received by a firm
with productivity 6, when the firm decides for offshoring:

wN (1-n)(c—1)
TS,prem(e) = 7,57*(9) _ TN’*(Q) — [( ) — ]_‘| TN’*(G) (60)

w’S

Equivalently, the per period offshoring premium in profits for a firm with productivity 6 (without
considering the market research sunk cost) is given by:

aorrem(9) = 75(0) — 7V ()

pSirrem g) :aa—190—1[(1 —40)E]° QY [(wN)(l—n)(cr_l) _ (wS)(l—n)(o_l)] WV [fs B fN}

o [(wS)A=mwN] (e—1)

Thus, the per period offshoring premium in profits for a firm with productivity 8, without considering the
market reserach sunk cost, can be equivalently expressed as?:

. (1=n)(e—1)
= 7TS,}Urem(g) :rN (9) l(wN> ! — 1] —wV [fs — fN] 61)

o wS
Let’s define ° as the average productivity of the firms doing offshoring. Formally,

_ 1 o =
QS = |:1_(;’(05’*) 5. 0 1g(6)d9:| (62)

On the other hand, the variable 6 is still defined as:

_ 0 o1 ﬁ _ 1 00 o o—1
j= (/O 0 M(e)(w) - <1_G(0)/0 0 g(e)da) (63)

The light area of Figure 2, below the 7™V () function, can be computed in a similar way as in the case
where domestic sourcing was the only available option:

sueee (87

On the other hand, the per period offshoring premium in profits, without considering the offshoring
market research sunk cost, of the average productivity firm in offshoring is represented by:

ﬂ_S,pT‘enz(éS) = 7TS(éS) _ 7TN(§S)

821t is straightforward to see that this offshoring profit premium can be positive or negative depending on the productivity
level of the firm.
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with the aggregate offshoring profit premium if the dark area in Figure 2 between both profit functions.
Replacing in the previous equation with the respective profit equations evaluated at 6°:

N, (g8 N (I=m)(e—1)

= ﬂ_S,prem(éS) :’I" (9 ) l(%) — 1‘| — wN [fs — fN] (64)
g w

Therefore, the average per-period profits when the intermediate inputs become tradable are given by:

7= 7N (0) + potr [15FT™(05) — (1 — N)ws"]

A\ 0—1
) -
0
1-G(05)

with x* = TG denoting the share of offshoring firms. The first term of the RHS refers to the
average profits obtained by the firms if they would all have choosen domestic sourcing, while the second
term denotes the premium in profits received by those firms that decide to offshore adjusted by the share
of offshoring firms among the active ones.

Equivalently, the average revenue is given by:

(65)

_ waN + X* [,/TS,prem(éS) o (1 . )\)'LUNST]

=N 0) + X [r50%) - (0%
N (e—=1)(1—n) (66)
(Z’}S> = 11 N (6%)

Finally, the offshoring profit premium for the firm with the offshoring productivity cutoff:

= (0) +x"

ﬂ_S’,prem(QS,*) . (1 o )\)szr =0

WV ==
=T (0%7) = ow™ [f7 4 (1= N)s" = fV] [( ) . 11

wS

Dividing by the revenues of the firm at the market cutoff productivity level:

N (95) B FS4+ (1= N)s" . ﬂ (1=n)(e—1) . -
TNv*(Q*) - fN w’S

Also, by using the equivalent of equation (54), it is possible to show

TN,*(GS,*) 95 o—1 67
N T\ g

Putting both equations together, and solving for the offshoring productivity cutoff:

ER o—1 _ fS + (1 _ )\)Sr . ﬂ (1-n)(c—1) .
0" I w?

s \\er =1 Ny (1=m)(e—1) =
jes,*:(fw»s_l) Kw) _1] o 9

w wS

-1

C.1 Price index in sector ;

The price of a variety ¢ produced by a firm with productivity # which sources only domestically is given
by:

N
w
-2 (69)
p(0) = —
Meanwhile the price of a variety ¢ produced by a firm with productivity § which offshores is:
NN (,,,S\1—n
pOff(G) — (w ) (U} ) (70)

ab
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By substracting equation (69) from (70), we get the price differential of an offshoring firm with produc-
tivity 6:
B N\n S\1—-n _ N\1—-n
potr(e) —p(6) = (w™) [(w ) - (w™) } (71)
o

If w® < w', as defined by Assumption A.2, p°(6) — p() < 0, i.e. offshoring firms can charge a lower
price for a given productivity 6.

Moreover, the offshoring price of a firm with productivity 8 as a function of its domestic sourcing
price is given by:

b = () ) 12

We define P°" as the price index of the firms doing offshoring, and P°ff1"*% ag the price index of the
same firm doing offshoring but computed under the cost structure of domestic sourcing. Formally, they
are defined:

Poff = |:/0:O* [poff(o)}lngl _‘965?257*) d0:| T-e (73)
off|n.t.i > R 9(8) B 74
potin.ti — [ [ a9 (74)

Finally, to obtain the sectoral price index:

Plfo' _/ef : p(e)lfaHl g(G?) de—i_/oc* [poff(o)}lfaH g(a) do

Pl—o :/ p(e)l—aH g(e) do
0*

[ 1-G(O)
1-— G(as’*) o o -0 g(@)
TR /gs,*[p (9)] Hmde
L-G(O%) [ oy 9(0)
T1-Ge) /HS p(9) Hi—Ggsy®

Therefore, the price index is
= pl-o — (Pn.l.i.)l_g + X* |:(Poff)1_‘7 _ (Poff|n.t.i.)10:|

Furthermore, using equation (72), the sectoral price index for the tradable intermediate input econ-
omy, P, is given by the following expression:
ﬂ (1=m)(e—1) .
wS

The price index is increasing in southern wages, i.e. 9P/dw® > 0. Moreover, given w® < w’, the
price index is increasing in the offshoring cutoff #%*. Therefore, reductions in the offshoring productivity
cutoff, i.e. more firms choosing to offshore, leads to reductions in the price index of that sector.

Moreover, as 0°* — oo, the share of offshoring firms goes to zero, i.e. x* — 0. Therefore, the
second term of the RHS of the equation (75) vanishes and the first term shows P (6*) 1 P”'t"'(Q”'t'i)
and 6* | 9™"“. In other words, P | P™'% where the last term corresponds to the price index of the
n.t.5. model.

o

Pl—o _ (Pn.l.i.)17 + X* (Poff\n.l.i.> 1= (75)
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C.2 Aggregate consumption in sector ;

Using the relation ) = %’ 33

and the price index from equation (75), the sectoral aggregate con-
sumption is:
T

Ny (I=n)(e—1) o
(ws> 1 ( Poff|n.t.i.) ! ] (76)
w

As expected, the sectoral aggregate consumption is decreasing in both, southern wages and the offshoring
productivity cutoff. As before, the latter implies that more firms choosing offshoring leads to a higher
sectoral aggregate consumption.

Q=(1=0)E | (P")"" +x*

C.3 Firm entry and exit

We derive now the (ZCPC) and (FEC) for the economy with tradable intermediate input.

C.3.1 Zero Cutoff Profit Condition (ZCPC)
The firm’s value function is still represented by the same function:
v(0) = max {0;v(0)}

with

— . SV _ _Wl(e)
v (0) = max{(),;)\ 771(9)} = max{O, T )\}

As before, the market productivity cutoff denoted as 6* is implicitly defined by the zero cutoff profit
condition (ZCPC), 7 (8*) = 0. Solving this expression for §*, the market productivity cutoff is:

wN

As before, from the (ZCPC) we get the same expression (53). Thence, dividing 7 from equation (66)
by the cutoff firm’s revenues (53), we can express the average revenues as a function of the cutoff firm’s

revenues: B na _
P TN(Q) o [(wN>(U )(1=n) - 1] rN(HS)

r(@%) ~ r(0") wS (67)

0" =[(1-7)E]™Q [“’Nﬂ (77)

Replacing the first and second terms of the RHS by equivalent expressions from equation (54),

é o—1 wN (e—=1)(1—n) 93 o—1
o) |6 ‘1] (7)
Solving for 7, and replacing r(0*) with its expression from equation (53):

) g\ . wN (e—1)(1—n) S\ 7!
@ TG e

Taking the average profits from equation (65), and plugging it into equation (64):

T =7rN(9_) +x* [ﬂ_S,prem(éS) -(1- )\)szT]

g\ ! PN (S wN (1-n)(c—1)
@) ] )

=3

8 As we focus the analysis on one differentiated sector, we drop the subscript j. Therefore, the expenditure share in the
differentiated sector under analysis is given by 1 — o, i.e. by the expenditure that is not intended for consumption of the
homogeneous good. This is a trivial assumption which we do in order to simplify notation.
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Finally, replacing ~¥>*(6%), the (ZCPC) is given by:

o[-

_X*wN [fS+(1_)\)Sr_fN]

+x*

wN (1-n)(c—1) g5\ !
Z 1 (2
(i) (7) -

C.3.2 Free Entry Condition (FEC)

The (FEC) is given by the following expression:

I S __ (1= Muwse
ve—pml_A w'se=0 = 7= l—G(Q*)

(80)

C.3.3 Sectoral equilibrium. Number of firms.

As before, putting the (ZCPC) and (FEC) together, we can obtain the sectoral equilibrium productivity
cutoff and the average profits in the sector.
From the (ZCPC) and (FEC), we get:

ey

AN —MNwNs,
#xwi) () ] xR = S

with
wN (1=m)(c—1)
W™, w®) = <S) -1
. ) (81)
F(fN,fS7Sr) = <f + (f:,lN_ )‘)S ) 1
Solving for 6,
- (1—X)se . o5\ ! - N 82

Number of active firms. Finally, we obtain the number of active firms, i.e. the number of final good
producers, in the differentiated sector. For this, we consider as before:

1—v)E
- (=)
r

Using 7 from equation (78),

- {(f*)g_l e {(%)(a—l)u—m B 1] (‘Zf)a_l} e (83)

It is easy to see that when w” > w?, the number of active firms with tradable intermediate inputs is
smaller than in the case when offshoring is not possible. This is due to the reduction of the price index
induced by offshoring firms, and thus leads to a stronger competition in the final good market.

C.4 Offshoring productivity cutoff

The firm at the offshoring productivity cutoff is indifferent between offshoring and domestic sourcing.
Therefore,

N _r _

7TS(@S,*) WN(GS’*)
T N
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The offshoring productivity cutoff is thus given by:

o=t [T

Equivalently, the offshoring productivity cutoff can be expressed in terms of the market productivity

cutoff:
Sin fS + (1 _ )\)sr o1 wN (1=n)(e—1)

D Uncertainty - dynamic model: tradable intermediate inputs.

1
i-o

Q*

When a firm decides whether to explore her offshoring potential or remain active under domestic sourc-
ing, she must compute the present value of the total offshoring profit premium that she expects to obtain,
and compare it to the offshoring market research sunk cost s”.

At time ¢, the present value of the expected offshoring profit premium for a firm with productivity 6,
who is currently sourcing domestically, is given by:

oo
E, [T (9)| £ < f5] = E, EZATtwfmm(affxxfffonﬂﬁwswaSJE]
T=t

From the equation above, it is clear that the expected profit premium flow depends on the expected
offshoring fixed costs at the moment of the decision, and on the expected flow of new incoming infor-
mation from the behaviour of other firms. The per period profits depend on the expected fixed costs at
t and on the expected information flow. Therefore, they are affected by the effect that the increasing
share of offshoring firms over time has on the sectoral price index, and thence in the sectoral aggregate
consumption.

To simplify notation, we denote 7, "™ (0, £5, Q(f5), £V, w™,wS) = 72 P*™(6), while w5rrem(f)
refers to the per-period offshoring profit premium when there is no remaining uncertainty in the industry,
i.e. when the true fixed cost has been revealed.

D.1 Proofs regarding Bayesian learning mechanism

After t = 0, firms sourcing domestically update their prior knowledge by observing the ”physical state”.
By applying recursively Bayes rule, firms update every period their beliefs. The posterior distribution at
time ¢ is given by:

Y (215 < fEDY (F2IF5)
Y (2115 < )
where Y (f5]f° < f,) indicates the prior distribution at time ¢, Y (f;%|f*) refers to the likelihood

function, and the denominator is the scaling factor.
The likelihood takes the following form:

Y(fIf5 < fP) =

1 iffy > f8

wﬁu%ﬂ)ﬁﬂ<ﬁ

Therefore, the posterior distribution is represented by:

Y(f3f5 < f2y)
Y(fE1fS < f24)

which is similar to the learning mechanisms characterized by Rob (1991) and Segura-Cayuela and Vilar-
rubia (2008).

Y(fIf5 < 1) =
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On the other hand, if a firm who explored offshoring in the period ¢ — 1 is doing domestic sourcing
during period ¢, then this reveals that this firm has made a mistake. After paying the sunk cost, this firm
learned that the true fixed cost in South is too high for her, i.e. she would obtain negative per-period
offshoring profit premiums.

Therefore, given the assumption of a continuum of firms, this situation implies that the true fixed cost
in South has been revealed and it corresponds to the maximum affordable fixed cost in South of the least
productive firm doing offshoring in ¢.

As a summary, the knowledge that firms have before taking the offshoring decision in period ¢ is
given by:

Y (f9) with f5 € [f*, f¥] fort =0
JE e QY (SIS < fF) i fF = f7 < [ fort >0 (85)
fs it f$ < fSfort >0

D.2 Proof of the OSLA rule as optimal policy
The Bellman’s equation takes the form:

Vi(0;0:) = max {V;?(0; 0;); A\jE¢ [Vig1 (65 0141)]}

Vi (97 915) = max {Et lmax {O’ Z )\T—tﬂ.f,prem(g)}

T=t

o< f{g] — whs"; AR, [Vt+1(9§9t+1)]}

The goal is to find the optimal policy, which defines how many periods it is optimal to wait given the
information set at ¢.

a € arg aler%)i} Vi(0;6,) =a

E; lmax {0; Z ATt Siprem (0)}
T=t

+ (1 — G,))\Et [Vt+1(9; 9t+17 CLI)]

where a = 1 denotes the action of trying offshoring in period ¢, while a = 0 refers to waiting.

5 < ff] - sz’“]

Solution by policy iteration. By policy iteration, it is possible to prove that the One-Step-Look-Ahead
(OSLA) rule is the optimal policy. In other words, that in expectation at ¢, waiting for one period
dominates waiting for more periods.

At any given point in time, all the firms sourcing domestically have an expected flow of new infor-
mation for every future period. According to this, the firms know they can obtain gains from waiting, by
receiving new information and take the offshoring decision at a later period under a reduced uncertainty,
or eventually with certainty if the true fixed cost has been revealed during the waiting period(s). How-
ever, the firms also face an opportunity cost of waiting, which is given by the offshoring profit premium
that the firms can obtain by exploring the South in the current period and discovering their respective
offshoring potential.

Let’s define as V"' (.), ..., V;*""(.) the value of waiting in ¢ for 1, ..., n periods, respectively.

Sy _ S ,prem
VL (0: 0, 0r01) =0 + [Y(f7) = Y(fi)] \E, [max {O; i 9 wNSr}

T ff}

Y(7P) 1=
+ l;({;zgl))A E, |:max {o;Tilx—t—lnimm(e)} ‘fs < ftil] - sz*]
V220504, 0142) =0 + [Y(ftS;ijs/)(fgrQ)] N [max {0; % B wNST} fer < f7 < ff}
+ %AQ [Et max{O;TZEO;Q Af—t—zwf*mm(e)} ‘fs < ftSH] - szT]
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w,n/p. _ [Y(fts) - Y(ft‘%rn)] n . ﬂ_S,p'rem(e) N o~
Vt (97 6t79t+n) =0+ Y(fts) AN'E; |:max {O, ﬁ —w's }

S )
Y(ft-HL) maX{O; Z ATthE,PTEM(a)} ‘fS < fta—n:| _wNSr:|

+ — A" | Ey
V(S [ 2

It is straightforward to see:

<5< ff}

lim V;"""(0;60;,0147,) =0

n—oo

The relevant analysis consists in the case when a firm 6 faces a trade-off in her decision. This situation
takes place when the value of offshoring for the firm € in period ¢ is non-negative, i.e. V;°(6;.) > 0, but
nevertheless she can reduce the risk of exploring offshoring in ¢ by waiting n periods for new incoming
information®*. In this situation, considering the decision characterised in section 2.2.3, the firm § must
decide what is the optimal number of periods for waiting and compare it to the value of offshoring in ¢
in order to decide whether she will explore her offshoring potential or wait.

Therefore, if we narrow the analysis to the firms with a non-negative value of offshoring, i.e. V,°(6;.) >
0, thence it is easy to see that for each of these firms the value of waiting for any period n = 1, ..., 00 is
non-negative, i.e. V,""(6;.) > 0Vn.

So we go one step further in analysing this trade-off situation, and define the number of periods
that, in expectation at ¢, a firm 6 finds optimal to wait. In this regard, following a similar argument as
Segura-Cayuela and Vilarrubia (2008), we begin with the case of the marginal firm which compares the
value of exploring offshoring now with the value of waiting for one period and explore in the next one,
ie. Dy(0;.) = V2(0;.) — V' (6;.) = 0.

The argument of the proof is as follows. The value of waiting for n periods before exploring the
offshoring potential falls at a rate of A™ for firms that weakly prefer exploring the offshore potential now
than waiting for one period. Since A\ < 1, waiting for any number of periods n > 1 is dominated by wait-
ing for only one period. In other words, given Assumption A.5, if waiting for the information revealed in
one period does not convince a firm to wait, waiting for two or more periods is less preferred, as the new
information revealed every futher period is less. Therefore, to characterise the optimal equilibrium path
it is only necessary to consider those firms who are deciding between exploring the offshoring potential
in the current period or wait for one period.

We start by comparing the value of waiting for one period with the value of waiting for two periods,
ie. Vtw’l(ﬁ; D Vtw’Q(H; .). As mentioned above, we focus the analysis in the marginal firm, i.e. the firm
indifferent between explore offshoring today or wait for one period. Formally®>,

Dt(g;et,ét+1) =V72(6;0:) — Vtw‘l(e;at’étJd) =0
s
= max {0 B¢ [x7777(0)| 1 < fF] } — w5 [1 - )\Y(ft“)}

Y (f7)
YU =Y (o) s [ fo, 77

1—A
S,prem
— max {O; o) szT}

T ftil<f3§ff]—0

84Otherwise, the firms who have a negative value of offshoring in ¢, i.e. Vi2(6;.) < 0, are not facing any trade-off in their
decisions. In other words, they do not confront any dilemma, given that exploring their offshoring potential in ¢ is not attractive,
therefore they do not face any opportunity cost from waiting.

85We show the derivation of the trade-off function in the main part of the paper, and the respective proofs are in Appendix
D.3.

69



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

Di(0; 01, 0142) = Vi (0;00) — V(05 01, 014)

= max {05 B, [m7 777 (0) + Ar e (0)] 5 < 1]} — w7 [1 -V 1;({;;2))}

[Y(fts) - Y(f{a_g)] 2 ' 7.‘.S,prem((g)
+ Y7 NE; max{O,ﬁ}
—max{o; % _wNST} fla<f?< ftS:|

We consider the case in which the third term of the RHS is zero for both trade-off functions®®.

Therefore, the trade-off functions become:

~ Yy g
Dt(e, et, 0t+1) = ]Et {Wfaprem(g)’fs S fts:| _ 'LUNST |:1 o A}E‘(Ji‘}:‘;}))]
~ . v g

If the value of waiting for one period dominates the value of waiting for two periods, thence:
V205 = VN 6;) - V0B - V6] <0
!
SV20;) = V" (0:) <0
By replacing with the respective trade-off functions in this last expression, we have:

MURY YU
YU YR

!
E, [wfﬁ”m(e)]fs < ff} > wis" {
From the marginal firm condition above, we know:

rem r Y fS
e [sEr )5 < 2] = e [1- )

By Assumtion A.S,

L= XY (fo01F° < £2) > Y (fEA1f° < f2) =AY (fo1F° < £7)

and thus,
- Y(fo) |\ Y(fie)
E. |x3eremgy| £5 < S| < wNg" { tH1) oy t+2
rEmem o) s5 < 57 TR AV
=V (0;.) = V™l (0;.) < 0
From the result above, it is easy to see that V;""(0;.) > V;*’"*1(0; ) for any period n. Therefore,

VN0;.) > VR 0;) > > V65

In other words, for those firms in a trade-off condition, in expectation at ¢, waiting for one period dom-
intates waiting for longer periods.

Given that our interest concentrates in modelling the “offshoring vs. waiting” trade-off and charac-
terising the decision rule that drives the movements of the offshoring productivity cutoff at every period
t, we consider it is sufficient to focus on the case for which V,°(6;.) > 0, i.e. when firms face a non-
negative value of offshoring®’.

8This assumption allows us to focus in 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.

87We show here that there is no degeneration in firms’ choices when V;°(0;.) < 0. In other words, we show that there is no
reversion of the trade-off function sign under this situation, so firms will never find it optimal to explore offshoring in ¢ when
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Thus, using the result that OSLA is the optimal rule under this condition, the optimal value function
takes the following expression:

Vi(0;6¢) = max {Et [max {0; Z )\TtTrTS’pTem(G)}

T=t

<

—w S le(H 6t79t+1)}

and by the transformation explained in section 2.2.3, we obtain the trade-off function.

D.3 Derivation of the trade-off function
Dt(0§0taét+1) = Vto(e;etagtﬂ) w (9 9t79t+1)

Decomposing the value of offshoring,
V2(0;.) = max {O;Et [wf’pTem(G)‘fs < fts} } —whs"
Y Sy _ Y S S,prem
LU YU {0, O g5 < g

Y(/F) b=a
+ (ft+1))\Et max { 0; i )\T—t—lﬂ.f,prem(e) ‘fS < ftS:H
(ft ) T=t+1

Y (f8)-Y (f5.4)]
Y(ff)

is the probability that the true value is not revealed but the uncertainty will reduce given the new

Note that

Y(f2)

Y(fF)
information flow.

Going one step further, by introducing the maximum affordable fixed cost of production in South for

the firm, i.e. f5(6),

denotes the probability that the true fixed cost is revealed in period ¢, while

Vi°(0;.) =max {O;Et [ﬂf’prem(G)‘fS < ffs} } —ws"
YU - YO,

+

Y(f?9)

Y(f5(0) - Y(£5, TSvrem (g
DO ﬂmt{ "0 < < )
+MAEt max < 0; Z ATt SI”"PT" ) ‘fsgfzi-l

(ft ) T=t+1

The probability of true value revealed and above the maximum affordable fixed cost for the firm 6 is
Y (f2)=Y (f5(9))] [Y (£5(0))— (ft+1)]
Y(f7) Y (f7)

, and the probability of the fixed cost revealed below it is

= V?2(0;.) = max {O;Et [ﬂ_&prem (0 ‘fs < fts} } —whs"

S S rem
L WU -V g [£7 0 e s )
Y(fF) 1-
+ (ft+1))\Et Z /\T—t—lﬂ.f,prem(e)‘fs < fzi—l
YOS LA

Vi(6;.) < 0. If V"™ (6;.) > 0, then the trade-off function D(6; .) is negative for any waiting period n with a positive value
of waiting.

On the other hand, from a first sight it is possible to think that if V,;*""(6;.) < 0 this may result in a positive value for the
trade-off function D(; .). It is easy to see that in these cases |V;°(6;.)| > \V” "(0;.)|. Therefore, the trade-off function is still
negative in all those cases.

In consequence, when the value of offshoring in ¢ is negative, the trade-off function leads to a waiting decision. However,
the number of periods that these firms find optimal to wait depends on the productivity level of each of them. Sufficiently low
productive firms, for which V,"""(0;.) < 0¥n, find it optimal to wait infinite periods. On the other hand, firms relatively more
productive than the previous ones find it optimal to wait a finite number of periods, which is decreasing in the productivity of
the firms.
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On the other hand, with an equivalent decomposition for the value of waiting one period,

w,1 Y tS -Y is ﬂ,S,prem ¢ r
v o) =0 4+ LU ;(fts)(f )]\, max {0, T e L < g <
Y(fts ) . — T—t—1 ,prem s
Y(f}l) A lEt maX{O,T_zt;rl)\ i (9)} ‘fsfftill —ws ]
wig o Y () =Y(£50))] [Y(£5(0)) = Y (f&1)]
e 7 IR 7
ﬂ.S,prem(e)

X AE; [maX{O; T

Y(fti—l) > T—t—1__S,prem S S N _r
y(fﬁ)A[Et 2 O < £a] —u's

(Y (£5(0)) = Y (f&1)]
Y (f7)
x [max {0;

Y(f5)
Y(f7)

Replacing the value of offshoring and the value of waiting for one period in the trade off function
gives the following equivalent expressions,

- szT} i< st < ff]

= Vil(6:) = A

7.‘.S,prem (0)

B —wNST} ‘fﬁu <f< fs(a)]

+ A

E, [ Z )\Tftflﬂf,prem(e)‘fs < fti—l‘| wN.ST‘|

T=t+1

Dy(0;.) = max{O;Et {Wf’pmm(ﬁ)‘fs < fts]} —wls" [1 - )\Y(ftsﬂ)]

Y(f7)
[Y(fts) - Y(fti—l)] AR, lmaX {0 /,Ts,prem(e) }

N R o
- a0 ) w5 < £ < ff]
D) e 7 ]} - [ L)
Rt (;gftil)] \E, lnsvfwi(e) 7

S,prem 0
— max {07 %A() — 'LUNST}

Proposition 1 implies that the probability of the true value being revealed below the maximum af-
fordable fixed cost for the firm 6 is zero. If it is not zero, this means that a firm with a lower productivity
(i.e. §t+1 < 0) has tried offshoring before the firm #, which is not possible due to Proposition 1. In other
words, given the sequential shape of the offshoring equilibrium path, led by the most productive firms in
the market, a firm 6 will discover her positive offshoring potential by waiting with probability zero.

Therefore, the trade off function becomes:

ftSJA <f9< fs(e)]

Dt(9;9t7ét+1) =max {O;Et [Wfﬂﬁem(e)‘fs < fts}} —wNs [1 _ )\3;/({;2&1))}

D.4 Proof of Proposition 1

From section 2.1, it is clear that the offshoring profit premium 777" (#) is increasing in 6.

Thence, taking the trade off function expression from equation (86), it is straightforward to see that
D (0;0¢,0141)
— w20
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D.5 Proof of Proposition 2
Dt(§t+1; 04, ét—i—l) =0

is
By [r) 7" (0p41) | £ < £7] - wNs” ll - /\Y(ftﬂ)] =0

Y(£7)

Replacing 727" (0,41) with expressions for 75 (A;41) and 7 (A,4.1) from equation (43),

BT < S - 1Y+ (1 - AY(ffil))]

0711 = 10) B Qi w° — V] = w™ Y(£5)

W B < 09 - 1 v (1-2E0)] ]

5 o x Y (fF
Or41 = [(1 —70)E] 77 Q41 S — N )

D.6 Proofs of Propositions 3, 4 (long-run properties)

By Assumption A.6, o
D:(0;6,0) >0
Eofm) P @) < 5 — wsT(1—X) > 0
riN*(é) N S| ¢S - 78 Nior N
S () —w N B < 5 = w1 = X) - Y] > 0
Taking the limit of the trade off function as ¢ — oo,

N, %

W()—wVE (515 < f5) —wh [s"(1=X) = 7]
Totally differentiating D(0oo; Oo0, U0 ) With respect to each of its arguments:
AD(0oo; 0o, 000) W () IrV*(0) wNaE(fS\fS < f5)ors

df o 00 ofs 00
By equation (11), 3 is given by:

N N (1-n)(c-1
122 1) = () T ] e
Therefore,
AD(Ooci e, 0u0) _ W) ¥ (0) W) dr¥(6.0) OE(S51f5 < £5)
dfoo o df oo wVo  dfy ofs
AV (0 W) [1 _OB(SISS < f;i)}
df s o ofs
From this expression, %ﬁf“ﬁ > 0 and WT() > 0.

By Assumption A.5,

oLff — E(f1f5 < fP)] OE(f5|f% < f7)

1,
afts >0= c’)fts >0
OB(f|1° < fF)
1
= of° <

Thence, using this assumption, the expression in brackets
COE(fAIfF < fR)
afs,
Only in the limit, when the distribution collapses with the lower bound,
OE(f511% < f7)
off
Therefore, it is possible to see that this problem has at most one unique fixed point. Therefore, the
fixed point defined in Proposition 3 is unique.

1 >0

=1= D(0sc;000,000) = 0
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E Empirical model

E.1 Two-country model with one intermediate input

Table 13 reports the results for the conditional productivity models with a discrete productivity measure
(quintiles) and the interaction term between the latter and the information spillovers. On the other hand,
Table 14 shows the respective results for the transition analysis model with an equivalent productivity

measure and interaction terms.

Table 13: Regression results - Conditional Probability Model - Extension

w/ at least 20 firms

w/ at least 50 firms

|

@ (2 3) (C)]
Probit Probit Probit Probit
assets tot (quintile 2) 0.497%**  (0.483*** | 0.506%**  (0.431%%*
(0.0441) (0.0439) (0.0601) (0.0688)
assets tot (quintile 3) 0.771%**%  (0.768*** | (.799%** (). 748%%*
(0.0481) (0.0491) (0.0663) (0.0789)
assets tot (quintile 4) 0.931%**%  (0.917**%* | (0.983%**% (). 795%%*
(0.0578) (0.0563) (0.0802) (0.0867)
assets tot (quintile 5) 0.988***  (.884*** | 1.076%*%*  1,108%**
(0.0918) (0.0885) (0.112) (0.152)
min(assets tot offshr) -26.41 44.30
(22.04) (95.46)
assets tot (quintile 2) * min(assets tot offshr) -8.038 -7.465
(29.01) (100.0)
assets tot (quintile 3) * min(assets tot offshr) 1.256 -53.75
(29.62) (109.0)
assets tot (quintile 4) * min(assets tot offshr) 0.784 -187.6
(36.14) (127.2)
assets tot (quintile 5) * min(assets tot offshr) -83.75 -230.4
(81.31) (150.9)
sd(assets tot offshr) -0.714%* 1.793
(0.355) (1.413)
assets tot (quintile 2) * sd(assets tot offshr) 0.250 1.931
(0.353) (1.359)
assets tot (quintile 3) * sd(assets tot offshr) 0.0778 0.797
(0.436) (1.652)
assets tot (quintile 4) * sd(assets tot offshr) 0.279 2.878%*
(0.337) (1.606)
assets tot (quintile 5) * sd(assets tot offshr) 1.728%** -4.029
(0.641) (3.716)
constant S2.112%%% D 0Q4%*%k | D [64%EkE D DE5RHHE
(0.129) (0.130) (0.144) (0.153)
N 15205 15183 12073 12073
pseudo R-sq 0.091 0.091 0.086 0.087

Standard errors in parentheses. ISIC and Year FE included. Robust standard errors.

*p<0.10, ** p<0.05, *** p<0.01
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Table 14: Regression results - Model 1: Survival Analysis - Extension

w/ at least 20 firms w/ at least 50 firms \
1) (2) (3) 4
cloglog cloglog cloglog cloglog
In(t) -0.281%*F*  -0.286%**  -(0.289***  -(.380%**
(0.0744) (0.0741) (0.0846) (0.0877)
assets tot (quintile 2) 0.741%%*%  (0.696%** (. 747***  (.58]%***
(0.0940) (0.0922) (0.132) (0.139)
assets tot (quintile 3) 1.081***  1.057***  [,139%**  1.040%**
(0.0999) (0.0993) (0.142) (0.155)
assets tot (quintile 4) 1.210%**  1.207%*%*  ].364%*%*  1.0]18%**
(0.118) (0.114) (0.170) (0.166)
assets tot (quintile 5) 1.318***  1.166%***  ],383%** ] 358%%*
(0.175) (0.153) (0.214) (0.254)
min(assets tot offshr) -45.76 -96.49
(70.81) (225.3)
assets tot (quintile 2) * min(assets tot offshr) -30.54 -24.05
(83.29) (238.2)
assets tot (quintile 3) * min(assets tot offshr) 4.803 -92.52
(83.56) (251.6)
assets tot (quintile 4) * min(assets tot offshr) 29.53 -326.7
(88.39) (300.2)
assets tot (quintile 5) * min(assets tot offshr) -115.6 -263.4
(193.5) (332.0)
sd(assets tot offshr) -0.755 1.307
(0.817) (2.367)
assets tot (quintile 2) * sd(assets tot offshr) 0.671 4.580*
(0.854) (2.672)
assets tot (quintile 3) * sd(assets tot offshr) 0.604 1.726
(0.918) (3.165)
assets tot (quintile 4) * sd(assets tot offshr) 0.383 5.774%*
(0.842) (2.900)
assets tot (quintile 5) * sd(assets tot offshr) 2.367** -3.072
(0.953) (5.952)
constant S1757FkF _1.762% %k _1,659%Fk* -] T4 Hwk
(0.169) (0.167) (0.208) (0.197)
N 15205 15183 12073 12073

Standard errors in parentheses.ISIC 2 dig FE and year of entry included. Robust standard errors.
* p<0.10, ** p<0.05, *** p<0.01

E.2 Multi-country model with one intermediate input

The Table 15 shows the estimation results for the models with the alternative information spillover mea-
sures for those firms that are domestically sourcing, i.e. for the first time explorers. On the other hand,
Table 16 shows the equivalent results for the firms already offshoring from different locations.
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E.2.1 1V approach: multi-country model with one intermediate input

The Tables 17 and 18 show the estimation results for the probit models. We consider only sectors with
at least 20 firms in all the specifications.

The columns labeled as full sample refer to the entire set of observations, while the columns named
as reduced model consider only those observations included in the respective IV model, i.e. those for
which there is a non-missing information spillover measure.

The Table 19 reports the estimation results for the IV model with measures weighted by the inverse
of the distance. On the other hand, the Table 20 presents the estimations for the cases of the measures
relative to the simple mean of the third countries’ values.

We observe that the conclusions are robust to the comparison with respect to any of the samples
considered, as well as to the different alternative institutional measures.
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E.3 Two-country model with multiple intermediate inputs

Table 21: Regression results - Cond. Prob. Model - Non-offshoring firms - Extension

Sectors with at least 20 firms

Sectors with at least 50 firms

@ (2) 3) @) @ (2) 3) (C))
Linear Linear Probit Probit Linear Linear Probit Probit
assets tot (quintile 2) 0.0000908 0.000188 0.0494* 0.0189 0.0000916 0.000110 0.00302 -0.00203
(0.000127)  (0.000281)  (0.0261) (0.0293) (0.000125)  (0.000273)  (0.0306) (0.0310)
assets tot (quintile 3) 0.0000741 0.000763* 0.0418 0.0132 0.000173 -0.000127 0.0634* -0.00577
(0.000139)  (0.000447)  (0.0294) (0.0317) (0.000151)  (0.000336)  (0.0342) (0.0387)
assets tot (quintile 4) 0.000573%***%  (0.000410  0.0872%** 0.0508 0.000495%* 0.000223 0.0624* 0.0553
(0.000194)  (0.000483)  (0.0315) (0.0393) (0.000231)  (0.000481)  (0.0357) (0.0401)
assets tot (quintile 5) 0.00614%**  (0.00998***  (0.537***  (0.562*** | 0.00401%**  0.00581***% 0.410%**  (0.436%**
(0.000675) (0.00145) (0.0362) (0.0471) (0.000652) (0.00140) (0.0497) (0.0560)
min(assets tot offshr) -0.005807%#* -0.910%* -0.007327%#* -2.553%#%
(0.000536) (0.382) (0.000709) (0.803)
assets tot (quintile 2) * min(assets tot offshr) -0.00105 -0.825 0.000534 0.705
(0.000840) (0.584) (0.00101) (0.981)
assets tot (quintile 3) * min(assets tot offshr) 0.00148 -0.610 -0.00143 -2.227%*
(0.000940) (0.609) (0.000907) (1.330)
assets tot (quintile 4) * min(assets tot offshr)  0.00382%*** 0.794* 0.00509* 2.526%**
(0.00117) (0.476) (0.00292) (0.872)
assets tot (quintile 5) * min(assets tot offshr) 0.00123 0.859%:* -0.00355 1.923*
(0.00110) (0.386) (0.00524) (1.088)
sd(assets tot offshr) -0.00386* -0.220 -0.00337* -0.385
(0.00218) (0.234) (0.00202) (0.272)
assets tot (quintile 2) * sd(assets tot offshr) 0.00297 0.335 0.00378 0.520
(0.00327) (0.338) (0.00333) (0.380)
assets tot (quintile 3) * sd(assets tot offshr) -0.00742 0.367 0.00704* 0.552
(0.00711) (0.271) (0.00416) (0.475)
assets tot (quintile 4) * sd(assets tot offshr) 0.0175%%* 1.274%%* 0.0204#%** 1.463%#%
(0.00741) (0.382) (0.00741) (0.404)
assets tot (quintile 5) * sd(assets tot offshr) 0.00862 0.521%* 0.0371* 1.236%%*:*
(0.0110) (0.244) (0.0197) (0.438)
constant 0.00199%*%  0.00304***  -3.175%#*  -2.944%** | (,00183%**  0.00282%#* -3.143%*** .2 9]Q**:*
(0.0000804)  (0.000185)  (0.0471) (0.0554) | (0.0000812)  (0.000170)  (0.0500) (0.0559)
ISIC 4 dig FE Yes Yes No No Yes Yes No No
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
N 996275 402458 996275 402459 929493 387490 929493 387490
R-sq 0.003 0.005 0.001 0.003
adj. R-sq 0.003 0.005 0.001 0.002
pseudo R-sq 0.018 0.016 0.020 0.011

Standard errors in parentheses. Robust standard errors.

* p<0.10, ** p<0.05, *** p<0.01
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F Uncertainty - multicountry model.

Let’s consider the difference between offshoring profit premium with perfect information between firms
sourcing from South and from East. For a firm with productivity 8, it is given by:

ﬂ_S,prem(e) _ 7TE,prem(e) _TN(G)

- Ny(1=n)(e—1)
) ) [
Under uncertainty, this expression for a firm 6 currently sourcing in East in period ¢ is given by:

rem rem N 0,Q —n)(o—
B x5 (0)] 15 < 5] - e 6) =@ 0o

(wB)(E=mo=1) _ (48)(1=m)(o—1)
X { (wEwS)(l—n)(a—l) }

—w [Be(f51£5 < £7) = 1]

(w?)(A=mle=1) _ (wS)(l—n)(a—l)
(wEwS)(lfn)(Ufl) :|

G Extension: multiple countries with heterogeneous wages and institu-
tional fundamentals
We assume that East and South not only differ in institutional fundamentals, but also in their respective
wages.
Assumption A. 16. Institutions are better in the South but the wages are higher than in the East, i.e.:
wP <w’ <wand fN < 51 -N)s" < fE4 (1= N\)s"
Therefore, as before, profits are given by:
m(0,) = 0711 —70) EI"Q" 7Y — wN f! (88)
with [ = {N, S, E}, and ¢ is defined as:

aofl

o [(wN)r(wh)i=n)7""!

W=

Considering Assumption A.16, N < ¥ < ¥, the perfect information equilibrium is represented
by Figure 10.

In equilibrium the most productive firms supply the intermediate input from the country with the
worst institutional fundamentals (higher fixed costs) exploiting the advantages that come from the lower
marginal costs.

However, the firms with intermediate productivity cannot overcome the higher fixed costs with the
marginal costs advantages of the East, choosing instead sourcing from the South.

Still, the least productive firms in the market source domestically.

Productivity cutoffs. The market productivity cutoff is still defined as above.
The productivity cutoff for firms offshoring from South, §%*, is defined by the condition below.

WN(QS’*) — ﬂ_S(eS,*) _ ’IUN(l _ )\)ST
wN[fS—i-(l—)\)ST—fN] Py (89)
1/)5 _ wN
However, when the marginal cost advantages are too large relative to the institutional disadvantages,
no firm will offshore from South. Formally, define 6% as:

N (6F) = 79(6F) —wN (1 = N)s"

WV [P+ (1= )87~ fN]} =
wE _wN

45 =11 - 0B |

¥ = (1= 0B |
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n(6) *

po-1 (95,*)0—1 (Qé,*)a—1 go-1
—WNfN

—wN[fS + (1 - A)s"]

—wN[fE + (1 - 2)s"]

A

Figure 10: Perfect information equilibrium

Therefore, firm offshore from South, i.e. #5* < oo iff:

wE‘ wN]gil{fS_,r_(l_)\)sr_fN]:lq<l
e B VEEN (D

R S, x
0SV*<GE¢99AE <1:>[

where given Assumption A.16 and A.7:
wE ,(/JN ﬁ fS + (1 _ )\)Sr _ fN ﬁ
Lﬁs o >1 and FEr (=N — [N <1

Finally, assuming that #°* < 6%, the offshoring productivity cutoff for firms offshoring from East is
defined by:

ﬂ.S(eE,*) _ WE(QE’*)

v = (1 - 0Bl Q |

H Extension: multiple countries and multiple intermediate inputs

H.1 Profit premiums and conditions for offshoring productivity cutoffs
H.1.1 Offshoring profit premium from location /.

We define the offshoring profit premium for each location [ and input m. The per-period offshoring profit
premium of input m for a firm with productivity 6 and a supplier from the South is:

P (0; 15/ V) = w(6;15,,1) — w(60; 1), 1)

' mo r'mo

r*(0; 1N 1) c(IN. U
c l

o 5.

(1=n)(c—1)
) . 1] N [FUS) — PN

(1=n)(oc—1)
) —1] — NS - Y]

with I’ =1\ {l,,}. In other words, I’ is a set with M — 1 elements and it denotes the given location of
all the other intermediate inputs except m.

)
)
)
)

o EENE

(
(0,18, 1) Kc(zfz,l'
(
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Equivalently, the per-period offshoring profit premium of input m for a firm with productivity 6 and
a supplier from the East is:

P, 15N 1) = (0315, 1) — w(0; 15, 1)

' mo rrmo

T‘*(Q;ZN l/) C(lN l') (1=n)(c—1) . L -
= m? m> 4l " l
o [(0(1727[/) w [f (L, 1) = f(l, )]
*(9: N I N gn\ (1=m(e-1)
_r (Q,Zm,l ) C(lm’l ) -1 —wN[fE — fN]
- o(l5. ) L g

H.1.2 Conditions for offshoring productivity cutoffs

The condition for offshoring from South is defined by:
(0,15, U) —wN (1 =N s" (15,V) > 7 (0,10, 1) —w™N (1 —N)s" (1N, 1)
The cutoff 65, is defined by the binding case of the condition above. Therefore:

(05,05, 0) — 7 (05,1, 1) =wN (1 = N) [s" (13,V) — s (1N, V)]

m(05,15,U) — 7 (00, 1, 1) = w™ (1 — \)sh®

Solving for the productivity cutoft:
1
W [FU5.0) = £ V) + (- 0] ]

S _ 11 _ 25
O = [(1 = 0)E] ™7 Q (IS, 1) — (N, V)

:wN s = N+ =8| |7

S _ (1 A\ BT
= O =1 =) B @ | — s = av )

Let’s temporary define 05 as:

m (05 15 V) — 7 (05010, V) = w™ (1 = ) [sh, (15, 1) = s, (I, V)]

m (05 15 V) = (000, 0, V) = wN (1= N)spP

o

L eV [rE - e a-nsE]]
= 05 = [(1 -0 )T Q

T V) = (5 T)

Therefore, the offshoring productivity cutoff in South for input m is lower than in East when:

6757:1 . w(l7En7l/)_w(lrJXal,) ﬁ
ol Lwn. V) — w(l%,l’)}

Assuming the condition from above holds. The productivity condition for offshoring firms from East
in input m, i.e. > 62 is given by:

1
R L L
FE4+ (1 — Nyl —

(0,12, 0) —wN (1 =N s" (15,0) > 7 (0,15,V) —w™ (1 - N)s" (15,,1)

'y ' m>o ' m?

Solving for the productivity cutoff in a similar way as before:

e[ g - (s - )]
E _ 1—0c
05 = [(1 - 10)E]T7 Q GUET) — 45, 1)
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H.2 Scenario 1: Small open economy

H.2.1 Market share of country N’ firms in world market

The aggregate consumption index in the differentiated sector in the world market is () = [Z%Zl [QN ] a]

1
and the aggregate production of final-good producers from country N inis QY = | Jicrn [¢™ (i)]~di] .
Therefore, the world market aggregate consumption index 1is:

N
Q- [Z /. W(z‘)}“dz‘]

N=1

a

Dividing both, we have the market share of the country /V in the world market economy:

1

[Qé'v rj Sierylay” (1% di QY fela¥ @pdi 7%
A = = — =
@ Snot fiervla) (D] di Q| XN Sy g ()] di

H.3 Profit function: slope’s differences across locations for input m.

o—1
151 —wiN 1) =% N n(ka)[ 1S 1Ha-mQ=e) _ N (177,)(170)}
Dl V) = 9l V) =——(w™) (b 1) (b, V)
Qo1 Mo Wt (1=1) (0 —1)
— Nyn(l—o) m’
o (w?) 1,11 (ci;j;')
m/;zm

wy, \ @D (1 (o)
I\ _<zTN)

Equivalently,
o1 M W, (1=n)(c—1)
E qr N g _ Q@ Nyn(1-o) W/
Ui 1) = i 1) ===y T (5
/71 m/
m'#m
Wi w771(1_77)(0_1) (wm )wm/(l—n)(a‘fl)
% “m _ ([
cE wN
and

a071 M w Wm’(lfn)(o'fl)
E S Nyn(l—o m'’
BUE V) = (15, 1) =2 (w102 ] ( )

’
m =1
m’#m

Win w7rl(1_7/)(0'_1) Wi “Jﬂl(l_n)(o'_l)
“ e S\

H.4 Learning

The maximum affordable fixed costs computed by the firms depend on the offshoring status of the least
productive firm offshoring from East in the previous period.

The least productive firm sourcing from the East at the beginning of the period ¢ is denoted as 97%1:-
In the case that this firm previous sourcing location was a northern supplier, i.e. dfn’t_l(ﬁffl,t) = 0, the
maximum affordable fixed cost for that firm in order to remain sourcing from East is given by:

Wgrem(enE%t; lg/N’ li) = Wt(efz,t; lfw li) - Tt (anEz,t; 1%7 li) =0

(651, 1) KC(ZM))MM .

wNo c(lE 1)

Tg,t = f,’,f(ﬁ,’i,t) = + fézv
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On the other hand, if the firm + previous sourcing location of input n was South, i.e. dm 11 (95,15) =
1, the maximum affordable fixed cost is define by the following condition:

TN OE IE/S 1) = m(0F 18, 1) — m (08 ;1 15,,14) =0

5= gEeE,) = 0t | (el ) N (A A S P
m,t = Jm wNo (ZE l’) C(l;?ulé) ot
with
Prem(egulﬁ/s l/) _ (eﬁt’lﬁyl,) (gflt’l;?”l,)

O [ e 1) (1=m)(e=1) N, 1)\ (e o
e KC(Z%I')) B (C(lfml')> —w [fo = [

H.5 Convergence analysis: general equilibrium

We relax now the small economy assumption, and characterise the equilibrium path of the entire dif-
ferentiated sector, considering that the firms modelled here represent the entire universe of firms in that
sector. In other words, it is possible to think this section as the case in which there is only one country
in North, or alternatively, a situation in which the informational externalities spreads perfectly to all the
countries N € N.

The analysis can still be partially separated across inputs. However, there is a general equilibrium
effect through the price index P that links all the sourcing decisions in each period ¢. Thus, the decisions
are taken simultaneously and the solution can be characterised by finding the multidimensional fixed
point of the system of equations.

This section builds on the results already obtained for the small economy in section 6.4.5, introducing
the modifications implied by the GE effects.

The analysis starts by solving the offshoring productivity cutoffs for each type of inputs, taking
P, Pt+1 and thus @, Qt+1 as given. Therefore, after the characterisation of the equilibrium path of each
type of inputs, we show the general equilibrium sectoral dynamic path by characterising the fixed point
of the system of equations that defines the vector of offshoring productivity cutoffs in each period .

A first effect easy to observe due to the general equilibrium competition effect, already present in
the simple model with one intermediate input, is that the market productivity cutoff increases over time
0, 1 8%, as more firms explore their offshoring potential in the East.

Type I inputs’ set:= {m :m € Mi;wlN < cﬁl; wlV < cfl} As before, no firm among the active
ones 6 > 6, at any period ¢ find it profitable to explore the offshoring potential from any foreign location.
Formally, we have:

e;s;iinitial — 075;;* 00 vt

Dr%,t (9:§ 9t75t+1> <0Vt

with 6 as the most productive firm in the market.

Type I inputs’ set := {m : m € M; (c5, < cf <wlN) Vv (e, <wN AcE >wN)} The ex-
ploration of eastern institutions may still take place under the conditions shown in section 6.4.5. How-
ever, additional dynamics emerge in relation to the offshoring productivity cutoff in the South, as a result
of the increasing competition that comes from the progressively decreasing price index.

The initial offshoring productivity cutoff in input m from South is given by:

_1
o initial [0V S INA0-N)sR] ] 7
pSanital _ ) (1= 0) BT QM | = e o5 i

==
AVARRR VAN
D Dy

00 1
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In the second case, the productivity cutoff is above the productivity level of the most productive firm
in the market®®, therefore 6?,%715 = (9;":{* — 0o Vt%. In the first case, however, the initial offshoring

productivity cutoff is smaller than the perfect information steady state condition, i.e. goymitial g,
Due to the initial lower competition in the market, the firms with productivity 6 € [H;S;gimtial, H}gn*) find it
profitable to offshore m from South.

We know that the consumption price index is monotonically decreasing in the vector 8¢, and thus Q)
increases pari passu. Therefore, as more firms offshore any intermediate input m € M, the decreasing
price index generates that the marginal firms sourcing m from the South must sequentially relocate their
supply chain to the North. This reshoring strategy is a direct result of the increasing competition in the
final goods market.

Formally, the offshoring productivity cutoff in South at the beginning of period ¢ is given by:

W (5~ 2] ]

Sinitial S _ [(] _ ~0VE]Toe
O™ = O = (L= 20) B2 Q| s o

The expected offshoring productivity cutoff of input m € Type II in South, as a result of the overall
offshoring exploration in ¢, is denoted as:

WV S - gy 17T
¢(l1§17l,) - ¢<l7jxvl,)

égl,tﬂ = [(1 - WO)E]ﬁQtJrI [

with Qt+1 = Q(§t+1). The offshoring productivity cutoffs in the expression above represents the
expected state of the system in ¢ 4 1 for the respective inputs m &€ Type II.

Type II inputs’ set := {m : m € M; (cE < 5, <wlN) Vv (cE <wN Ach, >wN)} We as-

sume that Assumption A.12 still holds. Thus, the offshoring productivity cutoff from East for m € Type
IIT in period ¢ is given by:

[ y (€& 17 o=1
wN | Be (FE|Ze)— £N 457" (1—>\(m‘t+l)>

o | Y(fr]i,t) ] e 1S (pE _
[(1 - ’YO)E] 1 Qt+1 Tﬁ(l%li)—w(l%lé) lf dm,t(em,t-i-l) - 0
0 - !
ot Tl " v (2.0 \] T =
N O e ) )
[(1 — '}’O)E]EQlH*l N w(l%l’)—w(lfn,l') et ) if dfn,t(e’rg,t-l—l) =1

\

i 1)
with 9,%7t 41 — oo for any period ¢ in which the productivity cutoff is larger than 6.

Regarding the characterisation of the first entrants and the exploration sequence in inputs from East,
it is still defined in an equivalent way as before, and Proposition 8 remains valid.

Competition effect and relocation of the supply chain. The initial offshoring productivity cutoff
from South for inputs m € Type III are:
1

125 initial [ W oSN 1T s
gamat _ ) [(1=70) o Qoet 1= i e N
Ve

=2

S

et
S 3=
(AVARRVAN
g

=2

00 if >

88This does not take place if the productivity distribution G(6) is unbounded on the right, i.e. if § — co.

%1n general terms, g5l < %= for every m € Type IL However, if the condition in the first line for an input m € Type II
is larger than 0, we observe from the initial conditions that input m is at its perfect information offshoring productivity cutoff
level, i.e. no firm offshores the input m from South.
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The reduction in the price index, and the consequent increasing competition, pushes upwards the
offshoring productivity cutoff in South. Thence, the least productive firms initially offshoring from .S
sequentially move towards domestic suppliers (reshoring)®.

The offshoring productivity cutoff from South at the beginning of period ¢ is given by:

== ) )
m, t m m

o [Lwdrsem) 17T
95  — [(1—)E]T7Q: [W] if < Hﬁ’t
o0 if > 0%,

and the expected offshoring productivity cutoff from South, as a result of the expected overall offshoring
exploration in ¢, is given by:
N[rS N —
o~ w fm _fm o—1 A ~
gﬁl 1 = (1 =) E] ™7 Q11 [M] if < Hr%,tJrl

oS if >0F .,

Finally, a sequential relocation of offshoring firms from East takes place for the least relevant inputs
and the least offshoring productive firms. The Proposition 8 shows that firms explore the offshoring
potential sequentially in inputs, starting from those with larger (12, 1") — (13,1') or ¥ (I1E 1) —
Y(IN 1), depending on the previous sourcing location of the input.

However, as the competition effect intensifies, the least productive firms offshoring from East the
relatively less relevant inputs realise that they are not productive enough to keep offshoring from that
location. Therefore, they shift sequentially their supply chain in these inputs to their previous location.

PAs P, | P*, and thus Q; T Q*, some inputs m with 65,1 < 0 may be fully reshored if the conditions Qfm > 0 and
Gfm > 0 hold simultaneously as t — co.
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