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ABSTRACT

Supply chain uncertainty is becoming increasingly frequent, generating unpredictability for
firms that need to source inputs to produce. We aim to understand how this uncertainty
affects firms’ sourcing decisions. To answer this, and following Antras et al. [2017], we write
a multi-country sourcing model where firms self-select into importing based on productivity,
cost minimization, and trade uncertainty that can alter the cost of importing. Our findings
reveal that, even in the presence of aggregate or idiosyncratic uncertainty, a pecking order
emerges, with larger firms self-selecting into importing from a more extensive set of suppliers.
Despite the quantitative significance of marginal cost reduction as the primary driver of
firms’ sourcing decisions, risk introduces a nuanced dimension. Firm-specific risk introduces
a positive option value associated with diversifying the set of suppliers. Meanwhile, aggregate
uncertainty has a theoretically ambiguous impact, since it also affects the market demand.
In our structural analysis, we estimate both aggregate and idiosyncratic uncertainty and
fixed costs of sourcing using firm-level data from Chile. We then obtain a counterfactual
using the change in aggregate uncertainty from 2020 to 2023 and find a positive relationship
between the change in uncertainty and the change in both intensive and extensive margins.
This research contributes to understanding how firms navigate supply chain risk and make

strategic sourcing decisions in the face of uncertainty.
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1 Introduction

We live in a highly globalized and interconnected world. Trade to world GDP ratio increased
from 25 percent in 1970 to 57 percent in 20211. Because trade disruptions were infrequent
until recently, supply chains were assumed to work smoothly, allowing companies to use
just-in-time strategies, and only consider the cost reduction when deciding where to import
from. This implies that firms did not need to consider the necessity of maintaining large
inventories or diversifying their supplier portfolio for risk mitigation. However, recent events
like Covid-19, the Russia-Ukraine war, as well as rapidly deteriorating climate change, have
brought higher uncertainty to supply chains. As stated in Baldwin and Freeman [2021], the
Business Continuity Institute (BCI) Supply Chain Resilience Report 2021, found that over
a 25% of the surveyed firms experienced ten or more disruptions in 2020, while the number

in 2019 was under 5%.

The recent negative supply chain risk seems to have increased delivery times as well as
shipping costs. For example, Alessandria et al. [2023] show that, from the start of the pan-
demic through February 2022, the costs of shipping goods from Asia to the United States
by air nearly doubled. They also show that cost increases were accompanied by delays in
transactions. In line with this, LaBelle and Santacreu [2022| find that exposure to supply
chain disruptions through global value chains greatly influenced the transmission of supply
chain shocks to U.S. prices. These effects could all impact how firms evaluate their expected

profits.

1. Trade to GDP ratio data from IMF. Available at https://data.worldbank.org/indicator/NE.TR
D.GNFS.ZS


https://data.worldbank.org/indicator/NE.TRD.GNFS.ZS
https://data.worldbank.org/indicator/NE.TRD.GNFS.ZS

Figure 1: Quarterly average of supply chain risk and supply chain disruption sentiment
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Notes: Own creation using Hassan et al. [2023]’s data where they obtain firms’ exposure to the shock
by using text-based measures and finding the proportion of firms’ earning calls dedicated to the event of
interest. Sentiment and risk are, in our case, supply chain disruption’s overall perceived impact on the

mean and variance of the firm’s economic outlook, respectively.

As illustrated in Figure 1, firms all over the world, not only the United States, are evidently
concerned about supply chain uncertainty impacting their expected economic outlook nega-
tively. This uncertainty has led to a reduction in the expected average economic outlook and
an increase in the expected variance of their profits. However, there is an ongoing debate
regarding the appropriate response of firms to this heightened uncertainty affecting their
economic outlook. Some argue for re-shoring operations, while others advocate for diversi-
fying the set of suppliers. This diversification includes both domestic and foreign suppliers,
aiming to reduce exposure to the uncertainties of specific countries (Javorcik [2020], Bonadio
et al. [2021], IMF [2022]). Consistent with this perspective, research by Dhyne et al. [2021]
and Caselli et al. [2020] suggests that diversifying suppliers can decrease aggregate volatility
and enhance resilience against sector shocks. The relevance of this theoretical discussion
is reflected in actual sourcing decisions, where companies are actively considering the best
strategies to manage supply chain risks, as depicted in Figure 1. For instance, a news article
from the Financial Times on December 26, 2022, emphasizes this ongoing consideration of

supply chain uncertainty by companies.



However, carmakers are also aiming to be more rigorous over their choice of suppliers as
they focus on the resilience of the supply chain as well as costs, to make sure it
does not break down. “It is no longer an era where cost is the major driving factor,” said
Masahiro Moro, senior managing executive officer at Mazda. “Right now, robustness of our

supply chain also needs to be considered to ensure the stable procurement of parts.”

This implies that managers are not solely focused on cost reduction when making sourc-
ing decisions; they are also prioritizing resilience and robustness. Ensuring the ability to
maintain production and minimize price increases during disruptions underscores the con-
sideration of uncertainty in their decision-making process. With that in mind, we are inter-

ested in understanding the effect of supply chain uncertainty in the sourcing decision of firms.

Various types of firms are likely to make diverse sourcing decisions in response to uncer-
tainty, potentially impacting the aggregate number of countries from which the home econ-
omy sources and not in a clear direction. To assess this impact on the concentration of
sourcing at the country level, we calculate the aggregate unweighted Herfindahl-Hirschman
index (HHI) for Chile using publicly available customs data from 2017 to 20232. The HHI is
calculated by summing the amount spent on imports from each country ¢ in year ¢, dividing it
by the total amount spent on imports from all countries in year ¢, and squaring the resulting
market share for each country. The sum across all countries provides the concentration of
importing countries. A higher HHI indicates less diversification, while a lower HHI implies
more suppliers and greater diversification. So, for example, an HHI of 1 implies that Chile
is buying everything from one country, while an HHI close to 0 means that Chile is buying

from all countries.

2. Data obtained from Chilean customs public database available at www.aduana.cl. Data available up
to May 2023.



Figure 2: Aggregate unweighted Herfindhal-Hirschman Index for Chile
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year t, and squaring the resulting market share for each country.

From Figure 2, we observe fluctuations in the HHI, with a notable change during the Covid-
19 period. There is a slight increase in 2020 when the pandemic initially hit, followed by
a more substantial increase in 2021. Subsequently, the HHI starts a gradual decline. This
suggests that the uncertainty stemming from Covid-19 could have influenced the concentra-
tion of foreign suppliers at the aggregate level for the average products. Linking this to our
model, the observed HHI trends may result from ex-ante decisions regarding the choice of
sourcing partners or ex-post decisions on the allocation of sourcing volume among the coun-
tries with which firms have established relationships. We aim to investigate if our model can

replicate this pattern and offer insights into its underlying drivers.

In this context, the objective of this paper is to develop a framework to understand the

effect of supply chain uncertainty in the sourcing decision of firms when the characteristics
4



of countries are also an important driving factor of this decision, not just the uncertainty.
We will focus on intermediate goods trade because they constitute a substantial portion of
global trade flows, accounting for approximately two-thirds of it (Feenstra [1998|, Hummels
et al. [2001], Johnson and Noguera [2017]). Given the contemporary relevance of vertical
specialization across countries (Hummels et al. [2001], Hanson et al. [2005]), understanding
how firms navigate sourcing decisions amid supply chain uncertainty becomes crucial. For
the case of the US, Antras et al. [2017], and Bernard et al. [2007] find that importers are
larger and more productive than non-importers, which implies heterogeneity on the firm’s
productivity. Antras et al. [2017] take this further and find that firm size increases in the
number of countries they import from, giving rise to country level fixed costs. Nevertheless,
the number of firms that import from each country does not necessarily match the amount
spent on them, so these fixed costs must be heterogeneous across countries. As previously
stated, Alessandria et al. [2023] and LaBelle and Santacreu [2022] find that supply chain
disruptions increased the price index, which implies that this uncertainty affects the cost
payed by final-good firms. Then, in our model, supply chain uncertainty will affect the price
of final goods. Our goal is to explore these dynamics for Chile, aligning our model with em-
pirical observations. Additionally, the change in HHI observed in Figure 2 suggests that, in
the face of significant supply chain uncertainty, Chile has diversified its number of sourcing

countries or the amount spent on them, a phenomenon we aim to capture in our model.

To answer these questions, we build a multi-country sourcing model with heterogeneous
firms that matches the facts observed in the literature and in our data. However, final-good
firms do not ex-ante observe the price they pay for their intermediate goods, since there is
aggregate and idiosyncratic supply chain uncertainty that affects iceberg costs, so it impacts
the price that final-good firms end up paying for the inputs they source from different ori-

gins. Firms decide to enter the market and can decide learn their productivity level. Firms’



decide to produce and form expectations on the shocks to choose where to source from by
maximizing their expected profits before knowing the realization of the supply chain shocks.
After they decide their set of suppliers considering the uncertainty, and pay the respective
fixed costs of initiating the relationship with their set of suppliers, the shocks are realized
and firms have to decide how much intermediate input to buy from their available set of

suppliers, i.e., those they previously started a relationship with.

Using our model, we are able to dissect the impacts of the decrease in marginal cost, supply
chain shocks, market demand, and fixed costs on the expected profit of final good firms.
Theoretical analysis reveals that uncertainty influences firms’ profits and sourcing decisions
through three margins: (i) sourcing potential, (ii) sourcing capability, and (iii) market de-
mand. When decomposing firms’ expected profits, we find five different effects: (i) the
sourcing capability for expected shock, which is the term that increases when adding coun-
tries to the sourcing strategy through adding an extra cost draw which increases competition
and lowers the overall cost. (ii) Risk effect on capability, which is an option value since firms
gain from adding riskier countries by being able to sell cheap if countries in their sourcing
strategy are hit with a positive shock. (iii) The covariance between sourcing capability and
market demand, which is the effect of hedging by adding countries that negatively covaries
with the countries that most firms add to their sourcing strategies. (iv) The market demand
term, which is affected by the prices of all firms and only by aggregate, and not idiosyncratic,
uncertainty. And (v) the fixed cost of sourcing, which negatively affects expected profits dis-
incentivizing firms from adding all countries to their sourcing strategies. We then utilize
a numerical example to elucidate how these terms influence expected profits and we find
that the predominant driver of firms’ ex-ante sourcing decisions is the sourcing capability
for expected shocks term, while the risk effect on capability is positive but small and the

covariance effect is negative but smaller. This suggests that the impact of uncertainty on



firms’ ex-ante sourcing decisions is marginal compared to the effect of decrease in expected

marginal cost from adding more countries.

Finally, we will estimate this model using quarterly data at the firm-level from the Chilean
customs and IRS obtained through the Central Bank of Chile. We have data from the first
quarter of 2012 to the fourth quarter of 2023, which we will leverage to obtain the distribu-
tion of the shocks. For the rest of the estimation, i.e., obtaining the fixed cost of sourcing
from each country, we use the average from 2012ql to 2019q4. We do this to retrieve the
firm-level fixed cost of sourcing avoiding the period 2020q1-2023q4, since there is high supply
chain uncertainty due to Covid-19 and wars. Because sourcing decisions interact between
countries, the dimensionality of our problem is very high, however, assuming complementar-
ity on these decisions, we can leverage Jia [2008]’s algorithm to reduce the dimensionality
of our problem. Finally, we perform a counterfactual analysis in which we compare the ex-
tensive and intensive margins for the cases of the average uncertainty from 2012q1-2019q4
to 2020q1-2023g4. We find an increase in the number of firms that import from countries
whose uncertainty increased, and a decrease for those whose uncertainty decreased. The
same occurs with the intensive margin, finding a positive correlation between the amount
imported from countries and their supply chain uncertainty. From this, we learn that in our
model, the option value effect is higher than the covariance effect, which implies that firms’

want higher risk for the possibility of a positive shock.

1.1 Related literature

Our paper contributes to five literatures. We contribute to the literature on firms’ sourcing
decisions. Antras et al. [2017] write a multi-country sourcing model with firm and fixed cost
heterogeneity that accounts for the fact that more productive firms are heavier importers

than less productive firms. They follow both Melitz [2003] and Eaton and Kortum [2002]



and find that, under certain conditions, the interdependencies in the decision of firms on
who to source from are very relevant. Blaum et al. [2018] also write a multi-country sourc-
ing model to understand the aggregate effect of input trade when firms are heterogeneous.
Using French data, they find that trade of inputs decreased manufacturing prices by around
27%. Antras and Helpman [2004] write a model in which firms have to decide weather to
produce intermediate goods or to import them, and from where. They then add contractual
frictions in Antras and Helpman [2006]. Finally, Bernard and Moxnes [2018] reviews the
literature on networks in trade. The closest work to ours is Antras et al. [2017], however,
we contribute by adding both aggregate and idiosyncratic supply chain uncertainty to an
international sourcing model. We are able to understand how this new channel affects both
the decisions of who to source from (extensive margin) as well as how much to source from
each of the importers they initiated a relationship with (intensive margin). To the best of
our knowledge we are the first ones to add supply chain uncertainty to a sourcing model
and calibrate it. We also contribute by calibrating our model for a small open economy, like
Chile, which might provide a new insight as well as by recovering the moments of the supply

chain uncertainty during the period 2012-2023.

Our work is also related to the theoretical literature on supply chain uncertainty and sourcing
decisions. Grossman et al. [2023a] study’s the effect of supply chain disruption uncertainty
in the sourcing decision of firms. The authors focus on the efficiency of sourcing decisions for
different utility functions when there are variable markups. They find that for the CES case,
the government should subsidize diversification. Grossman et al. [2023b] writes a model for
supply chain uncertainty resilience with vertical production tiers and study the first- and
second-best policies. Gervais [2018] writes a theoretical model in which there is supply chain
uncertainty and managers are risk-averse use diversification of suppliers to make their profits

less variable. He finds that, in this case, firms tend to import from suppliers with less vari-



ance. Gervais [2021] writes a theoretical model to study if risk diversification can be motive
enough by itself to produce multi-country sourcing when firms are risk averse. Our work
expands on the previous papers by having a multi-country model that allows for a non-linear
production function, sourcing interdependencies, and to separate effect of cost and aggregate
and idiosyncratic uncertainty. We also have a model that can speak to features of the data,
like the fact that most productive firms are the ones that import and they import from more
countries, which is relevant to understand how different types of firms would react to uncer-
tainty and how that would affect the aggregate economy. This will allow us to understand
how much of the sourcing decision is being driven by the effect of uncertainty and how much
comes from cost reduction and degree of complementarity between sourcing decisions as well

as evaluate counterfactual scenarios.

Another literature we relate to is the literature on tariff policy uncertainty. Handley et al.
[2020] write a sourcing model in which there is policy uncertainty. Firms have to decide
who to buy from considering the expected marginal cost and the sunk cost they have to pay.
They are able to separate between a substitution and complementarity effect between inputs
and find that the accession of China to the WTO, which reduces tariff uncertainty, increased
firms’ imports. Handley and Limao [2017] also study the effects of reduced policy uncertainty
from the accession of China to the WTO on trade, prices, and real income. Charoenwong
et al. [2023] study the relationship between trade and foreign economic policy uncertainty
and the supply chain networks of American firms, and find that firms that require more
specific inputs, produce more differentiated products, have higher market shares, or those
located in a more central position in the production network are more sensitive to policy
uncertainty. Our model is very similar in spirit to Handley et al. [2020], since they add
uncertainty to a multi-country sourcing model, but our shocks are supply chain shocks and

we have a static model, whereas they have a dynamic one. We contribute to this literature



by having a general framework for policy, supply-chain risk, and trade shocks.

A different strand of literature that relates to ours is the empirical literature on propa-
gation of supply chain shocks through trade networks. Carvalho et al. [2021] and Boehm
et al. [2019], both study the transmission of shocks using the specific case of the Great East
Japan Earthquake of 2011 as an exogenous shock and the later finds that the elasticity of
substitution between inputs is around zero (close to Leontief). Bonadio et al. [2021] study
how Covid-19 impacted GDP through global supply chains and find that global value chains
explain one quarter of the model-implied real GDP decline but re-shoring does not eliminate
the effect of the pandemic since domestic inputs were also shocked. They also find that
trade helped countries with high degrees of lockdown. Di Giovanni et al. [2020] use data on
French firms to study how business cycle shocks transmit both at the micro and macro level.
They find that larger firms are significantly more sensitive to foreign shocks because they
are the most likely to trade internationally, and they transmit these shocks to the domestic
economy through input-output linkages. Our paper contributes to this literature by studying
the effect of supply chain disruption uncertainty on firms’ sourcing decisions, which affects

the transmission of these shocks, so we study firms’ joint sourcing and diversification decision.

We also contribute to the literature on trade disruption shocks. A way firms can deal with
the uncertainty in supply chains is by holding inventories, as stated by Alessandria et al.
[2023], Carreras-Valle [2021], firms have a trade-off between importing from the cheapest for-
eign supplier and uncertainty in the delivery time in a world with an idiosyncratic demand
risk. Carreras-Valle [2021] finds that the decrease in delivery times explains more than half
of the decline in inventory holding in the US. Novy and Taylor [2020] write a trade model
with uncertainty in the supply chain and inventories which they take to the data and find

that when there are uncertainty on supply chains, firms usually stop supplying from foreign
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countries because of the high fixed cost. Our work contributes to this literature by adding
supply chain risk to a sourcing model that explains importing patterns and understand how
uncertainty affects this. Another way to deal with uncertainty in supply and demand is
by having a diversified set of suppliers. In this paper we focus on this counterpart of risk
management, i.e., supply chain restructuring and we contribute by analyzing uncertainty
and firm’s sourcing choice using a structural model. In reality, we expect both options to
be working along side, but we abstract from the inventory holding decision to focus on the

specific effect of uncertainty in sourcing decisions.

Empirically, there seems to be contradictory evidence on the relationship between sourc-
ing and uncertainty. Lafrogne-Joussier et al. [2022], study how firms in GVC react to input
shortages and find that diversification doesn’t help mitigate the effect of shocks since it seems
like firms were willing to pay the sunk cost to import from other countries. LaBelle et al.
[2021] investigate the role of global value chains in the declines of manufacturing employ-
ment and output in the U.S. during COVID-19 and find a modest impact of diversifying or
re-nationalizing GVCs in mitigating the economy’s exposure to foreign shocks, and Khanna
et al. [2022] characterize what features make supply chains more resilient. D’Aguanno et al.
[2021] find that re-shoring increases aggregate volatility, while diversifying can lower it by
decreasing the exposure to a single country. Chung [2017] finds multi-sourcing seems to be
more likely when the biggest supplier is more risky. Finally, Ersahin et al. [2023] use textual
analysis of earnings conference calls to proxy for supply chain risk and find that firms that
experience an increase in supply chain risk increase investment and establish relationships
with closer and domestic suppliers and with suppliers that are industry leaders. Our paper
contributes to this strand of the literature by providing a multi-country allows us to quantify
how much of the sourcing decision comes from uncertainty because of supply chain disrup-

tions.
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The remainder of our paper is organized as follows. In Section 2 we present our trade
model with exogenous supply chain disruptions and the main mechanisms for the competi-
tive equilibrium. Then, in Section 3 we solve for the equilibrium. In section 4 we introduce
our data and provide descriptive evidence. In Section 5 we estimate our structural model.

In Section 6 we perform our counterfactual analysis. Finally, in Section 7 we conclude.
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2 Model

In this segment, we construct a quantifiable multi-country sourcing model rooted in the
framework proposed by Antras et al. [2017]. The model incorporates supply chain uncer-
tainty, which directly impacts the pricing for intermediate inputs acquired by final-good
firms. The decision-making process for firms involves a decision to enter and pay the fixed
cost of entry, without prior knowledge of their productivity levels. Once their productivity
is realized, they decide to produce and choose the set of suppliers to source from by draw-
ing expectations on the supply chain shocks and pay the relationship-specific fixed costs.
Following the revelation of supply chain shock realizations, firms can adjust and make in-
formed decisions regarding the quantity of imports they want from each available supplier

they previously started a relationship with.

2.1 Setup
The world consists of I countries, with ¢ = 1,...,I denoting the origin country and j =
1,..., I representing the destination country. Our proposed static model delineates a three-

stage decision-making process for final-good firms. As illustrated in Figure 3, firms in country
J commit to paying the fixed entry cost, f.; and enter the market prior to know their produc-
tivity, denoted by ¢. Following entry, firms learn their productivity, and draw expectations
for both aggregate (7;;) and idiosyncratic (;;(¢)) supply chain shocks. Incorporating these
expectations, firms select a set of suppliers, Z;(¢), and incur relationship-specific fixed costs,
Jij, for each country they decide to start a relationship with. Subsequently, the shocks 7;;
and 7;;(¢) are realized, but the ex-ante sourcing strategy dictates that firms cannot source
from countries with which they lack established relationships. However, ex-post, firms retain
the flexibility to determine the quantity of imports they want to get from each previously

established supplier.
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Figure 3: Timeline

Supply chain disruption shocks,

Firms learn their productivity, @ ¥ij and #;(p), are realized
Firms enter and Firms choose the set of suppliers to Final-good firms choose
pay fixed cost, f,; import from, J; (¢, given their quantity to import from
expectations about shocks, Fij each supplier, M;;
and ¥;;(w), and pay fixed costs, f;

2.2 Preferences

In each destination country j, there are L; homogeneous individuals who value consumption
of our designated sector of interest. This sector, as explored in our empirical analysis,
encompasses a synthesis of mining, manufacturing, and business activities. Additionally,
individuals also derive utility from goods originating in an outside sector in a Cobb-Douglas
manner, given by

Uj(Cojs Csj) = Coj *C (1)
with Cp; denoting the consumption of the outside sector and C; the consumption of the
sector of interest. This expenditure allocation is characterized by a parameter «, signifying
the proportion of income dedicated to the consumption of goods from the sector of interest,
while 1 — « corresponds to the spending on goods from the outside sector. Notably, within
the sector of interest, individuals place value on the consumption of differentiated varieties,
denoted as w, with a constant elasticity of substitution. The elasticity of substitution for

these varieties is characterized by o > 1.

Cyj = ( / EQ.yﬂw)"aldw) N )

with {2; representing the set encompassing all available varieties accessible to individuals
within country j € I under the prevailing state of the world. From these preferences, which
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we assume homogeneous for all individuals around the world, the resulting demand function
for the variety w in country j is as follows:

pj(w,v,i(so)))_a

y;(w,7,9(p)) = Cs; ( P;(7)

where p;(w,¥,7(@)) is the price of variety w in country j, for given aggregate and idiosyn-
cratic shocks, 7, and (), respectively, E; is the total expenditure in our sector of interest in
country j, which we will take as fixed, and P (%) is the ideal price index, given. To simplify

the notation from now on, we will define a market size term for country j as

c\o—1

-0
Bo=1 (7)) BHE (@)

where everything is independent of idiosyncratic shocks but the price index is dependent
on aggregate shocks. The outside sector in this economy, denoted C,;, which serves as a
numeraire in our model, is homogeneous and freely tradable and big enough to pin down
wages, wj, in the economy in terms of the outside sector’s output. This establishes the
price of labor, the exclusive factor of production in our capital-free economy. Aggregate
income in country j is expressed as Y; = w;L;. Finally, equilibrium only necessitates the

determination of the aggregate price index, P;(%).

2.8 Technology and Market Structure

There exists a measure N; of final-good firms in each country j € I, owned by risk-neutral
managers. Ex-post profits are entirely redistributed to these global managers that are outside
our economy. Each of these firms specializes in producing a uniquely differentiated variety,
since they each own a unique blueprint. There is free entry in the market and, to produce
their specific variety, final-good firms use a unit measure of intermediate goods, and operate
in a monopolistically competitive environment.
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Drawing from the framework established by Melitz [2003], final-good firms face a sequential
decision-making process. Initially, they decide to enter and pay the fixed cost of entry, f.;,
in units of labor specific to country j, before knowing the realization of their productivity,
. Subsequently, after paying the fixed cost of entry and having learned their productivity,

firms, indexed by their productivity level ¢, decide to engage in production.

Firms anticipate the realization of supply chain shocks, shaping their decisions regarding
their sourcing strategy, which is made before the realization of the shocks. The set of coun-
tries firms choose to start an importing relationship with is denoted as Z;(¢). Firms select
this set of countries by maximizing their expected profits, and paying the fixed cost for each

established sourcing relationship, f;;, also in units of labor specific to country j.

Upon the realization of shocks, both aggregate (7;;) and idiosyncratic (;;(¢)), final-good
firms must determine the quantity to procure from each supplier with whom a relationship
has been initiated, denoted as M;;(p,7). The productivity parameter ¢, which associates
a final-good with a specific bundle of inputs, is drawn from a country-specific distribution
g; () characterized by a support in [Ej’ o0), and an associated continuous cumulative dis-
tribution Gj(). The supply chain disruptions are captured by 7;; () = ;5 x ¥;j(), where
%i;j represents common relationship-specific aggregate shocks, and ¥;;(¢) accounts for firm-
relationship-specific idiosyncratic shocks. We have that 7;; ~iiq ¥;;(7), and 7;;(¢) ~iiq
\I/;-’;- (%), and idiosyncratic and aggregate shock are uncorrelated. Examples of these shocks
can be found in cases like a national level quarantine, a war, a natural disaster, the Evergreen
boat stuck in the Suez canal, a problem with output specificity, or weather problems. We
interpret these as shocks to the iceberg cost because these events will affect the price a coun-

try has to pay to import intermediates from the affected country. We will take this shock
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to be mean-preserving and change the variance as to evaluate the effect of the uncertainty
even though, as seen in Figure 1b, uncertainty is expected to affect both the mean and the

variance.

Our model posits that final-good firms procure a unit measure of firm-specific intermediate
inputs, characterized by imperfect substitutability within a firm and perfect substitutability
across different firms, irrespective of their country of origin. The degree of substitution is
captured by a constant elasticity parameter denoted as p. Notably, the specific value of the
elasticity of substitution between intermediate inputs does not drive the results in our model,
as it leverages a within-firm framework inspired by Eaton and Kortum [2002], similar to the

approach taken by Antras et al. [2017].

Intermediate-good firms in our model operate under a constant-returns-to-scale technol-
ogy for the production of their varieties, utilizing labor as the primary input. The unit
labor requirement associated with the production of firm ¢’s intermediate input v € [0, 1]
in country i € I is denoted as a;(v, @), where the specificity of the firm is accounted for to
avoid including innocuous fixed costs. There is perfect competition on the intermediate-good
market, so intermediate-good firms sell at marginal cost. Then, in our world, the price at
which final-good firms procure intermediate goods from country ¢ encompasses the iceberg
trade cost of shipping from country ¢ to country j, 7;;, as well as the potential different cost
in case of supply chain shocks, 7;; x ¥;;(¢), as well as the cost of labor. Then, the cost of
an input is given by 7;;%;;7j(#)a;(v, p)w;. This implies that the price paid by firm ¢ in

country j for its input v is given by:

si(v, @, 7(9); Zj(p)) = arg ‘GHIHED) {wia;(v, )77 (©) } (5)
i€Z;
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As the production of a final-good variety by final-good firms entails utilizing a unit measure

of inputs, the marginal cost for firm ¢ situated in country j can be expressed as:

1 1/(1=p)
cite i) = - ([ sitne 7300 a) ©

Following Antras et al. [2017] and Eaton and Kortum [2002], we will allow the productivity

parameter, 1/a;(v, ) to follow a Fréchet distribution, such that:
—T.af .
P(aj(v,¢) > a) =¢ % with T; > 0 (7)

where T; is the state of technology in country ¢, so better technology implies more produc-
tivity, while € determines the variability of productivity draws across inputs. A low  implies

more comparative advantage within intermediates across countries.

2.4 Discussion of assumptions

Before closing down the model and finding the equilibrium, we will discuss the assumptions
we have made, why we make them, and how relevant they are for our results. First, in
defining the timing of our model, we specify that firms determine their sourcing decisions
before the occurrence of supply chain disruptions. Subsequently, once the shocks materi-
alize, firms possess the flexibility to adjust through their intensive margin, dictating the
quantity sourced from each pre-established supplier. We justify this timing assumption for
several reasons. The first reason is our reliance on ex-post data; we typically observe the
actual purchase made by firms after the realization of the state of the world, rather than
having access to data on potential sourcing decisions for every conceivable state. The second
reason is that this assumption serves as a simplifying heuristic, streamlining the analysis
and enabling a focused examination of the distinct impacts of uncertainty on the sourcing

decision, or extensive margin, apart from its influence on the intensive margin. This division
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facilitates a more nuanced understanding of the specific dynamics at play and contributes to
the clarity of our analytical framework. This assumption is relevant in explaining why the
effect of uncertainty is not as strong for ex-ante sourcing strategies, and why firms can risk
sourcing from countries with high uncertainty. We will discuss this in more detail later in

the paper.

The second assumption is about the ownership structure of final-good firms, assuming that
risk-neutral managers own these firms, and ex-post profits are entirely redistributed to these
global managers situated outside our small open economy. To assess the sensitivity of our
results to this assumption, in our numerical experiment appendix we introduce an alterna-
tive scenario where firms take households’ preferences into account through the inclusion
of a stochastic discount factor (SDF) in the profit function. Relying on finance and option
pricing theory, changing the SDF is analogous to a change in the probability distribution of
the shock, implying a larger weight on high-marginal utility events. From this, we find that
our risk-neutral managers’ assumption is not crucial for our results. Alternatively, the firm
could be owned by risk-averse managers, like in Gervais [2021] and Gervais [2018]. While
these alternative approaches in ownership and decision-making frameworks offer valuable
insights, our focus remains on the trade literature’s prevailing models concerning sourcing
decisions. Our choice to maintain risk-neutral firms aligns with the majority of literature in
this domain. By adhering to this standard, we aim to isolate and comprehend the distinct
impact of uncertainty on firms’ sourcing decisions within well-established frameworks. Com-
parisons with other motives for trade, such as comparative advantage, could be explored in
future extensions to enrich the understanding of risk-neutral firms’ importing decisions in

the presence of uncertainty.

The third assumption in our modeling framework pertains to the specification of final-good
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firms’ production functions as constant-elasticity-of-substitution (CES) across input vari-
eties. Moreover, following Eaton and Kortum [2002], we use a Fréchet distribution for each
intermediate-variety firms’ productivities. Because of extreme values, there always exists a
set of variety for which each country serves as the most cost-effective producer, exporting
to the rest of the world. Notably, our assumption implies that the elasticity of substitution
between inputs, p, does not influence the sourcing strategy decision across countries. As
we previously discussed, this could potentially be an important assumption because Boehm
et al. [2019] find that the elasticity of substitution between domestic factors and imported
intermediates is close to zero, which means that the production function should be modeled
closer to a Leontief production function. Despite this potential sensitivity, we adhere to
the standard assumption in the trade literature, allowing for tractability in our analytical
approach. Although it would be an interesting avenue to explore the impact of relaxing
this assumption and setting the elasticity close to Leontief, we investigate how much this
influences our results but going beyond that lies outside the scope of our current study. Our
modeling framework remains aligned with Eaton and Kortum [2002] and Antras et al. [2017]

to facilitate a more direct comparison and integration into the existing literature.

The fourth assumption in our model involves the allocation of risk, designating final-good
firms as the entities bearing all the risk. This decision arises from the consideration that
intermediate-good firms operate in a perfectly competitive environment, selling their prod-
ucts at marginal cost. Consequently, any increase in prices is absorbed by final-good firms.
This simplifying assumption is adopted to streamline the focus on the decision-making pro-
cesses of final-good firms. This assumption is inherited from Antras et al. [2017], where
final-good firms operate in a monopolistically competitive setting while intermediate-good
firms function within perfect competition. We follow this assumption for the sake of analyt-

ical tractability and practical considerations, since this would introduce extra complexities
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into our structural estimation process.

Our fifth assumption involves the separation of supply chain shocks from iceberg costs.
This decision is made primarily for exposition purposes, allowing for a more targeted ex-
amination of the specific effects of uncertainty and to be able to separately estimate them
in our structural analysis. Alternatively, it could be conceivable to model iceberg costs as
stochastic, which would be equivalent from a modeling perspective. Nonetheless, we wanted
to be able to separate them to understand the specific effects of uncertainty on top of the

usual iceberg cost motive. This assumption does not affect our results in any relevant manner.

Finally, we carry some of the same assumptions as Antras et al. [2017|, which are the fact that
(i) labor requirements are specific to the final-good firm, introducing a motive for the exis-
tence of non-trivial fixed costs. However, the model remains unchanged if labor requirements
are not firm-specific. (ii) Final goods are deemed too costly to be traded internationally.
Consequently, individuals exclusively procure final goods from their own country, denoted as
J. We assume this because it underscores the localized nature of the final goods market and
allows us to focus on the intermediate-goods’ imports, which accounts for 2/3 of interna-
tional trade. (iii) Different market structures are used between intermediate and final good
firms, where intermediate firms have perfect competition and final good firms monopolistic
competition. We do this so that firms can cover the fixed cost of entry and of starting a
relationship and to focus on the final-good firms. (iv) All final good producers combine a
measure one of inputs in production, simplifying the structural estimation process. Finally,

(v) wages are pinned down by this big outside sector, which provides tractability.

21



3 Equilibrium

The equilibrium of the competitive model is derived through a sequential backward induction
process. First, we will assume that firms in country j already payed all the fixed costs, fe;
and f;;, associated with a predetermined sourcing strategy, Z;(y). With knowledge of the
realization of ¢, 7;;, and ¥;;(¢), firms have to choose the optimal share of intermediate inputs
to buy from their available sources. Second, we assume that firms have not yet payed the
country-specific fixed cost of sourcing, f;;, do not know the realization of the supply chain
shocks, ¥;; and 7;;(¢), yet and have to form expectations about these shocks to choose their
sourcing strategy, Z;(¢). Finally, after firms have solved for both the share of intermediate
input purchase and their sourcing strategy, we aggregate and use the free-entry condition
and our outside sector that pins down wages to solve for the number of firms that enter in
equilibrium. From now on, we will denote firms in country j by their distinct productivity

level .

3.1  Final-Good Firm Behavior Conditional on Sourcing Strategy, Z;(¢)

Consider a firm ¢ in country j that has already incurred the fixed cost of entry, f,;, and all the
country-specific fixed cost of sourcing, f;;, associated with a given sourcing strategy, Z; ().
Each firm wants to minimize the cost at which they get their intermediate goods for each
specific variety, v. As previously stated, final-good firms make decisions regarding the coun-
try from which to source each variety, guided by the minimization of w;a;(v, »)7;;%;%i ()
for each i € Ij(gp). Now, leveraging the properties of the Fréchet distribution, we proceed
to derive the expression for the share of intermediate input purchases by firm ¢ in country

j from country i. We get

T (735575 (0)wq) ~°

0;(¢,7)

Xii(p,7) = if i € Zi(p) (8)
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and X;;(p,v) = 0 otherwise, where

Oj(e: =D Tulmwyiniinj(P)wr) ™ (9)
keZ;(p)

From the use of the Fréchet distribution, we get that firms always buy a positive amount
of input from each country in their sourcing strategy set. We will denote ©;(p,7y) =
Zk:te(w) Tk(Tkj%jﬁkj(go)wk)*o as the sourcing capability of firm ¢ in country j and 7; x
(Tij%j%j(go)wi)_e as the sourcing potential of country ¢ from the point of view of firm ¢ in
country j. The sourcing potential of country ¢ from the point of view of firms in country j is
increasing in the technology parameter and decreasing in iceberg costs, supply chain shocks
and wages. This is country 4’s contribution to the sourcing capability of firm ¢ in country
j. Then, the sourcing capability of firm ¢ in country j also depends on these parameters,
extending beyond a single country ¢ to encompass all countries within firm ¢’s sourcing

strategy. We will call this ex-post Eaton and Kortum, within the firm.

Once firm ¢ in country j chooses their least costly supplier for each variety v, as obtained in
Eaton and Kortum [2002], the overall marginal cost faced by firm ¢ from j can be written

as

(7, 7(9)) = (10,7 3(9)) ~1° (10)

0
with n = [F(Ht#)] " and T the Gamma function. From equation (10) we learn that
the overall marginal cost faced by the firm is positively affected by both aggregate and
idiosyncratic supply chain shocks, which means that a shock higher than 1 increases costs,
while a shock lower than 1 decreases them. To ensure that this is well defined, as in Eaton
and Kortum [2002|, we need that § > p — 1. Since final-good firms are monopolistically

competitive they charge a homogeneous markup over marginal cost, so the price charged by
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the final-good firm ¢ in country j is given by

1) = (57 ) el (1)

Analyzing the overall marginal cost for firm ¢ in country j, we observe that having a higher
sourcing capability reduces the overall cost of intermediate inputs for the firm. Then, incor-
porating an additional country into a firm’s sourcing strategy, for given shocks, consistently
reduces the overall marginal cost and, consequently, lowers their prices. This outcome arises
because adding a country gives the firm an extra chance to draw on a lower marginal cost,
which increases competition and lowers the expected minimum price per intermediate good
for all varieties v and countries in the sourcing strategy. In the context of uncertainty, it
also gives the firm a chance to draw on an extra marginal cost of a country that was posi-
tively affected by supply chain uncertainty. Examining a fixed sourcing strategy reveals that
negative (positive) supply chain shocks will increase (decrease) the overall marginal cost,
and hence increase (decrease) final-good prices if the shocked countries are part of the firm’s

sourcing strategy.

Then, the ex-post profits of firm ¢ in country j given the sourcing strategy Z;(¢) can

be written as
(. %,9(9) =7t (19j(0. 7. 9(9) T Bj() —wj > fi (12)

From this equation we learn that, for a fixed market demand, B;(¥), there is a trade-off
between including a country in the sourcing set, thus increasing the sourcing capability, and
paying for the fixed cost of starting the relationship with that country. For the ex-post
profits, we see that, the bigger the sourcing set, the less the profits are affected by shocks
from specific countries through the sourcing capability term. So, there is also a trade-off
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between adding more countries to be less influenced by particular shocks and paying for the
fixed cost of sourcing. For a non-fixed market demand term, there is also an equilibrium
effect of aggregate shocks on the price index, which directly impacts the market demand
term, but idiosyncratic shocks are washed away, so they do not affect the price index. Since
this is ex-post, only actual shocks affect this, and not uncertainty, which affects ex-ante

profits.

3.2 Choice of Optimal Sourcing Strategy, Z;(¢)

We now assume that firms do not know the realization of the supply chain shocks. Then,
firm ¢ in country j forms expectations of the supply chain shocks and chooses the optimal
sourcing strategy, Z;(¢) C I, that maximizes their ex-ante profits. With 1;; an indicator
function that takes the value 1 if country ¢ is included in the sourcing strategy of firm ¢ in

country 7 and 0 if not, we can write the ex-ante problem of the firm as

I ot I
max E(m;(p,7,7(¢))) = E(800_1<772 ﬂz'jﬂ(ﬁﬂiﬂij(@)wi)_e) ’ Bj(7)> —wjy i fij (13)

L-]-G{O,l}{:l i1 =1

E@j(so;ﬁ(w))

From this, we can see that, given the market demand term B;(7), for (0 —1)/0 > 1, the
firm faces a trade-off between the expected increase in revenues from adding a country to
their sourcing strategy and the increase in costs because of the country-specific fixed cost of
starting a relationship, w; f;;. The effect of shocks on profits is twofold for the aggregate case;
supply chain uncertainty affects both the sourcing capability of firms as well as the market
demand in country j. To see the effect of aggregate supply chain disruption uncertainty on

the market demand term for country j, remember that it is defined as

Bj(7) = é (g = 1)1_0Ejpj(7)0—1

25



where aggregate shocks affect the market demand through its effect on the price index. This
can be thought of as an externality to the firm, since the decision of all other firms of where
to source from affects firm ¢’s expected profits, but this is not taken into account by the
firms when they are making their decisions. However, idiosyncratic uncertainty only affects
expected profits through its effect on the sourcing capability and does not affect the market
size. In the last subsections of section 3 we will dive deeper into the effect of aggregate un-
certainty on the price index, and hence on the market demand, and how that affects firm’s

decisions on where to source from.

Examining equation (13), we observe that it is a combinatorial optimization problem in ex-
pectation, introducing complexity due to the uncertainty and the interdependence inherent
in sourcing decisions. The decision to incorporate a country in the sourcing strategy depends
on the number and characteristics of the other countries in the set. If we just calculate the
expected profits for different sourcing strategies and we choose the one that maximizes the
equation above, we would have to compute ol expectations and choose the highest one. This
is feasible for a small number of countries, approximately 12, but it becomes quickly unfea-
sible for a larger number of countries. To address this computational challenge, we establish
that our problem adheres to a pecking order in expectation. This distinctive property allows
for the application of Jia [2008|’s algorithm, offering a more computationally tractable so-
lution to the optimization problem, particularly in scenarios involving a substantial number

of countries.

From the problem of the firm, we can see that there is a relationship between productivity,
¢, and sourcing capability, ©;(¢,%,7(¢)). From Antras et al. [2017] we know that, for the
case under no uncertainty, the profit function is supermodular in ¢ and ©;(p,%,%(¢)). In

the case under uncertainty, we have that 7;;, 4;;(») > 0 and the expectation is a weighted
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average, so we have a weighted average of supermodular functions, which is supermodular.

We will prove that the profit function is also supermodular in expectation.

Proposition 1: For 7;;, 7;;(y) > 0 and i.i.d, the solution 1;;(¢) € {0, 1}{:1 to the optimal

sourcing problem is such that

(a) a firm’s expected sourcing capability times its market demand term

E(@j(@ﬂﬁ(éﬁ))%ij)) =E((XL, ﬂz‘j(@)Tz‘(%’jwmﬂij(90))_0)%13]'(7)) is non-

decreasing in ¢
(b) if (0 —1)/0 = 1, then Tj(o) € Zj(ppn) for o > ¢, where Zj(p) = {i: L;;(¢) = 1}

Proof: See theoretical appendix.

Proposition 1, part (a), reveals that more productive firms exhibit a larger expected sourcing
capability times market demand compared to less productive firms. This outcome may arise
from multiple factors. Firstly, more productive firms may engage in sourcing from a greater
number of countries than their less productive counterparts. Alternatively, it could stem
from their strategic sourcing from countries characterized by high sourcing potential, i.e.,
high T ; (Tijﬁij%j(go)wi)_g, attributed to factors such as (i) high technology, (ii) low wages,
(iii) low iceberg costs, (iv) small/“positive" shocks, or because (v) their shocks negatively
correlate with the shocks that affect the market size. For example, it could happen that
high productivity firms can have a larger expected sourcing capability times market demand
because they buy from one foreign country that has lower wages, or better technology, or
has higher uncertainty, which could ex-post imply a smaller price, or that the shock covaries
negatively with shocks from the countries that most firms source from. On the opposite side,
low productivity firms could be buying from two countries with lower fixed cost of sourcing

than the country from which the high productivity firm sources from, but have a higher
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marginal cost, which could be happening because they have worse technology, higher wages,
or less uncertainty, for example. It could be instead that high productivity firms are sourcing
from more countries than low productivity firms thus reducing the overall marginal cost for

the firm by giving an extra cost draw and increasing competition between countries.

As explained, Proposition 1, part (a), leaves the specific mechanism undisclosed, while part
(b) provides insight that, under the condition (¢ — 1)/0 > 1, implying complementarity in
the sourcing decisions, more productive firms source from a greater number of countries com-
pared to less productive firms. This is because the expected profit function has increasing
differences in (1;;, 13;) for i,k € {1,...,I} and j # k, implying that the marginal benefit
of adding an extra country is not reduced by adding other countries to the set Z;(y). We
understand complementarity as the fact that the marginal benefit of adding an extra country
increases with the number of countries, since there’s an extra draw to lower the cost and
that creates competition between countries that lowers the overall cost. This is the case
when (0 —1)/6 > 1 because it means that o is high, and/or, 6 is low. A high ¢ implies that
consumers are price elastic, so they are more sensitive to lower prices, and a low ¢ means
that inputs are more heterogeneous. When either of this is true, lowering the price has
higher benefits, so more productive firms will always want to add countries to their sourcing

strategy to reduce the cost through this mechanism.

From Proposition 1 (b), there exists a “pecking" order, which means that there is a strict
hierarchical order in the extensive margin of offshoring. This implies a distinct hierarchical
arrangement wherein all firms importing from one country source from the same one (e.g.,
China), and correspondingly, firms importing from two countries do so from the same specific
countries (e.g., China and the United States). However, it is crucial to note that this hierar-

chical order, under uncertainty, is not necessarily identical to the case without uncertainty.
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The determination of the hierarchical order now encompasses not only countries’ marginal
and fixed costs but also their expectations of shocks and how these shocks correlate with
market demand, so the pecking order is maintained in expectation. This is the case if we

have fixed costs that are relationship specific but not relationship-firm specific.

As we show in Proposition 1, because of increasing differences in the profit function, when

o — 1> 60, we can now write:

Proposition 2: For all i € {1,...,}, define the mapping V;;(¢,7,5(¢),Z) to take the
value of one whenever including country ¢ in the sourcing strategy Z raises firm-level ex-
pected profits E(m;(v,%,7(#),Z)), and to take a value of zero otherwise. Then, whenever
(0 =1)/0 > 1, Vij (0,7, 7(¢), I') = Vij (0,7, 4(), I) for T C T".

Proof: See theoretical appendix.

Building on Proposition 1, akin to Antras et al. [2017]|, we exploit this proposition’s in-
sights to employ Jia [2008]’s algorithm. This allows us to reduce the dimensionality of our
problem. Leveraging the expected hierarchical order, we initiate the process from the set
comprising all countries, denoted as Z. Subsequently, we iteratively eliminate countries until
we identify the point where V;;(y,7,9(¢)) = 0. This outcome provides the upper bound for
the sourcing strategy. Conversely, starting with the set that encompasses no countries, de-
noted as Z, we systematically incorporate countries until the point where V;;(0,%,%(¢)) = 1
is reached. This procedure yields the lower bound for the sourcing strategy. By adopting
this approach, we circumvent the need to compute all potential sourcing strategies to address
the firm’s problem. This reduction in dimensionality enables the resolution of the problem

for a larger number of countries. However, it’s important to note that this method is ap-
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plicable exclusively in the “complements" case, where ¢ — 1 > 6. It is not suitable for the
“substitutes" case, which would necessitate additional assumptions, such as a common fixed

cost for all foreign countries.

Finally, we obtain the firm-level intermediate input purchases from country i € Z;(y). This
is an ex-post decision for firms so, for i € Z;(¢), this will be a fraction (o —1)4&;; (¢, 7, 7(»))

of firm’s ex-post profits, which gives us

A 7 1) T (737575 (9)wi) ™% B;(%),
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From equation (14), we observe that, for (o — 1) > 6, i.e., when there are complemen-
tarities in the sourcing decisions, and with a fixed market demand, B; (%), firm-level in-
termediate input purchases from any country i € Z;(¢) are increasing in both the sourcing
potential, T; (Tij"yij%j(gp)wi)_a, and the sourcing capability, © (¢, 7,5(¢)) = ZkEIj(ap) T}
(Tkjﬁkj:ykj(go)wk)_g. This implies that, not only does the sourcing potential of country i
contribute to firm-level intermediate input purchases, but also the sourcing potential from all
other countries in the firm’s sourcing strategy, k € Z;(). In cases where B;(¥) is not fixed,
the market demand is not directly affected by idiosyncratic shocks, which solely impact the
sourcing potential and capability. Consequently, both aggregate and idiosyncratic shocks for
all countries affect the firm-level intermediate input purchase decision of firm ¢ in country
7’s through the sourcing capability and country ¢’s shock through the sourcing potential
too. However, the realized aggregate shocks for all countries in any firm’s sourcing strategy
influence the market demand too, resulting in the sourcing decision of all other firms also

affecting firm ¢’s intermediate input purchases.
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In the absence of a constant market demand term, B;(¥), the impact of an aggregate shock
Yij on M;;(p,7,79(¢)) becomes nuanced. Consider a scenario where only country i € Z;(y)
experiences a negative shock. This would lead to a reduction in both the sourcing potential
of country ¢ and the sourcing capability from the point of view of a firm ¢ in country j.
However, the equilibrium-determined market demand will be affected through the change in
the price index. A negative aggregate shock, i.e., 7;; > 1 implies an increase in the price
index, and so an increase in the market demand. It could even happen that the increase
in market demand is big enough to even offset the negative effect of the shock if ¢ is the
country where most firms are sourcing from and it is very negatively shocked. Conversely,
if only country k € Z;(¢) is negatively shocked, the sourcing potential of country i from the
viewpoint of country j remains unaffected, but the sourcing capability diminishes, while the
market demand rises. In this situation, it is plausible that the increase in market demand,
triggered by the higher price of the alternative country &, could counterbalance the reduction
in demand for intermediate inputs from country ¢ due to the complementarities in sourcing
capability. The outcome hinges on how big the shock is and the distribution of firms sourcing

from each origin.

Consider now an idiosyncratic shock occurring for firm ¢ importing from country k # i,
with k& € Z;(¢), such that B;(7) remains unaffected by this shock. This shock will diminish
the sourcing capability of firm ¢ in country j. Under the condition (¢ — 1)/ > 1, this
reduction will propagate to decrease firm-level intermediate input purchases from all coun-
tries, not limited to country k. In the case of a shock to 7, instead of k, the reduction to the
intermediate input purchases from country ¢ for firm ¢ will be even more pronounced due

to the decrease in the sourcing potential of country 3.
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Nonetheless, except for the case of idiosyncratic shocks, the price index will adjust in equi-
librium, which will affect the market demand. In the event of a shock to country k, the
market demand term will rise, which could counterbalance the decrease of the sourcing ca-
pability or even increase the firm-level intermediate input purchases from country i # k. In
sections 3.6-3.8, we will take a closer look at the effect of uncertainty in the expected profits

of final-good firms.

3.8 Equilibrium

To solve for the equilibrium, we will assume that there is a perfectly competitive outside
sector in which consumers spend (1 —a) of their labor income on. This implies that they allo-
cate a of their labor income to our relevant sector. The outside good, which is homogeneous
and freely tradable across countries, utilizes labor linearly and serves as our numeraire. We
assume that the share (1 — «) is large enough that the labor productivity of this sector pins
down the wage rate w; in each country j. As previously noted, we only need to determine

Pj (%), since wages are exogenous.

Because of our assumed timeline, firms make the decision to enter and pay the fixed cost of
entry before learning their productivities. Consequently, firms will continue to enter until the
expected profits from entry become zero. Therefore, the free-entry condition in our sector of

interest is expressed as:

[/ T O AT B s T | AR ()G (0) = wifs (19
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where ¢; denotes the productivity of the least productive firm in country j.

Finally, we want to obtain the number of active firms in equilibrium so, using equations

(15), (4), (10), and (11), as well as Fubini’s theorem, and the fact that Ej; is a share a of
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labor income, we find?3

OéLj (16)

o < fgjfﬁ(cp)Zite(go) fijd¥5(7)dGi () + fej)
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This leads to the equilibrium number of active firms denoted as N;[1 — G;(¢;)]. This is
obtained when the fixed cost of sourcing from domestic is non-zero, resulting in a positive
measure of firms choosing not to produce. For our empirical strategy, we set the domestic
fixed cost, f;;, to be zero, so all firms will produce, since in our data we only observe firms

that are producing.

Finally, the equilibrium price index is given by

[ pj(w, 7, @(w))l_"d\ff?(i)dW> B (17)
¥(w)

where we see that idiosyncratic shocks do not affect the price index, but aggregate shocks

do.

3.4 Gravity Equation

As final goods are not traded, all transactions occur at the intermediate goods level. Then,
to find the aggregate volume of bilateral trade, or gravity equation, we only need to aggregate
the firm-level intermediate input purchases from origin country ¢ across firms in destination
country j. Given that trade in intermediate goods occurs ex-post, we formulate the gravity

equation for a specific realization of the shocks %;;,%;;(¢). Substituting equation (14), we

3. Fubini’s theorem states that if the integral of the absolute value is finite, then the order of integration
does not matter, so we can interchange the order of the integrals.
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obtain:

@ij JA(0)
= Nj(o - 1)7707?173(%'3'%'%)_033'(7) X (18)
15097 050,530 T D (34 (0) P abF (1)dGi (),
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Mij(3) = Nj(o = V)08 Ty(ri;7i5wi) "0 B (3)A (7), (19)
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where, again, ¢;; represents the productivity of the least productive firm in country j import-
ing from country . Notably, B;(¥) will not be a part of the definition of A;;(¥), since idiosyn-
cratic shocks do not affect the price index. Using the definition of B;(¥) and Q; = > My,

the total production of intermediate inputs in country j, for general shocks, we get,

_ E; Qi -0 _
M () = 5= X X (1357%i5) "7 x N (%), (21)
’ Pj(7)/Nj Zk#%(ﬂk%k)_ef\ikﬁ) T !
with,
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the ideal price index and £ the expenditure in our sector, which is fixed as a proportion a

of labor income.
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This equation implies a relationship between bilateral trade flows and exporter fixed ef-
fects, importer fixed effects, and iceberg costs. However, it also includes the term A;; ),
which varies for both 7 and 7, unless all firms import from all countries. As shown in Antras
et al. [2017], this could happen if f;; = 0 for all i, resulting in A;;(5) = A;(%). In this case,
shocks shouldn’t matter in terms of sourcing strategies, since firms are already importing
from all countries, so after the shocks are realized they can just buy from the countries that
were positively or least negatively affected. The parameter 6 provides the elasticity of trade
flows with respect to changes in these bilateral trade frictions and the aggregate elasticity
coincides with the firm-level elasticity, which is not the case whenever f;; > 0. As shown in
their paper, in this case, the elasticity of trade flows with respect to changes in the bilateral

trade frictions is higher than 6.

To control for the extended gravity forces, we again follow Antras et al. [2017] and de-
fine an importer-specific term: =;(y) = Kj(W)Tj(Tjjﬁjjwj)*aNij(ﬁ), with K;(7) = (0 —
1)77(‘7_1)/9Nij (7) so we can write,

Ay(3) = f((’;)) / °° / B O, 72D T T () AV ()G o), (22

where the second term on the right-hand side corresponds to the domestic input purchases
aggregated over all firms based in j that import inputs from ¢, so now the elasticity of trade
0 is closer to the firm-level estimates. How to obtain this expression can be found in the

theoretical appendix.

3.5 Herfindahl-Hirschman Index (HHI)

As we aim to understand both the sourcing strategy (extensive margin) and the decision on
how much to purchase from each available source (intensive margin), we are also concerned

with the impact of supply chain risk on intermediate input purchases and market concen-
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tration. In our introduction, we used publicly available data at the product-origin level for
Chile, classified using the harmonized-system (HS) at the 8-digit level, which is a standard-
ized method of classifying traded products using numerical digits. We obtained Figure 2,
which shows the unweighted average of the yearly country-level HHI from 2017 to May 2023.
Notably, there is a substantial increase in market concentration post-2020, coinciding with
the heightened supply chain uncertainty due to Covid-19. The concentration subsequently
exhibits a gradual decrease. This suggests that following Covid-19, the concentration of
foreign suppliers increased. This phenomenon may arise from either a reduction in the set
of countries Chile imports from or firms adjusting the intensive margin by subsequently pur-

chasing from a smaller set of countries less, or positively, affected by the shock.

We would like to be able to match this with our model and understand the mechanism
in action. To do that, we need to obtain the model-implied HHI. Using equation (19), ag-
gregating over all sources of import to obtain the total imports for country j, which gives
us the market share, then squaring that and summing over all sources, we get the HHI for
country j, which is:

2
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We are summing over all countries and not just the set of suppliers since we know that the
value will be zero if no firm buys from that country. The term A;;(%) is defined as detailed

in section 3.4. We can subsequently leverage our findings from the structural estimation

process to obtain the model-implied HHI and assess the fit of our model.

36



3.6 Simple Case: 2 Countries with Aggregate Shocks

To understand the mechanisms that are at play in our model, we develop a simple case
with 2 countries where there can be both aggregate and idiosyncratic uncertainty. We sim-
plify everything as much as possible and assume that technology is the same in both Home
and Foreign, and wages, as well as iceberg costs, at Home are all equal to 1 at Home, so
Ty =1Tp = wyg = 7g = 1. We denote the countries as Home, H, and Foreign, F', but
we only add the origin country, and not the destination, since the destination country is al-
ways Home. Specifically, we consider the case where the fixed cost of sourcing domestically
(frr) is set to zero, implying that firms invariably prioritize sourcing from the Home country
before considering buying from Foreign. Consequently, the sourcing strategy of exclusively
procuring from Foreign is not an option. Instead, firms in this simplified setting face a binary
choice: either they source solely from Home (H) or opt for a mixed strategy by sourcing

from both Home and Foreign (F'H), i.e., they diversify.

To simplify things further, supply chain shocks, with 7;; denoting aggregate shocks, and
’y;.’;., denoting idiosyncratic shocks, will follow an independent and identically distributed
(i.i.d.) Binomial distribution. Specifically, we concentrate on the scenario of “non-positive"
shocks, i.e., shocks that can only maintain or increase the price, so ’y;p, ~; > 1. This case is

specified as follows:

1 wpl-—my 1 wpl-—n7
Vi = )
0; Wp T 6oF wp T

with i € {H,F}, 1 < 0y < dp, 1 < 6%, < &%, and the probability of shock is higher for
Foreign than for Home, 7p > 7y, and 7?}? > ﬁz. We now compare the expected profits for

each of the strategies and understand how aggregate and idiosyncratic uncertainty affects

37



the firm’s decision of where to source from.

We proceed to show the expected profits of a firm whose sourcing strategy is to buy only
from Home, so the only shocks that affect this firm are the domestic aggregate shock and

the firm-domestic specific shock, such that:

1 ~ ~ — ~ —_— — —
T > PO AR G T BAHAF)  (24)
Y

where we do not have a fixed cost of sourcing from Home since we set it up to be equal to zero.

We now find the expected profits for a firm whose sourcing strategy includes both Home
and Foreign countries. This firm will be affected by both the domestic and foreign coun-
tries’ aggregate uncertainty as well as firm-origin specific uncertainty for both domestic and

foreign countries. The expected profits for a firm with this sourcing behavior are:

o—1

~ o—1 o1 o~ p o~ _ o~ — — ~p\—0) ? /= -
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with O5(¢,%,49%) = (i) "0, and Oy p(,3,39) = (rpypiewr) ™0 + (T7%) 0 the
sourcing capabilities for each of the two sourcing strategy. Because shocks are distributed
i.i.d Binomial, we have 2% = 16 possible states of the world in this case. This means
that we have 16 different probabilities of shocks, e.g., P(dg, 0, 5}}, 5}@) = ﬁHﬁFﬁgfrﬁ, or
P(6g,0F, 5}?], 5%) =(1- ﬁH)ﬁFﬁzﬁﬁ, and so on. Finally, since there is no domestic fixed

cost, we only consider the foreign fixed cost.

Then, we take a look at the firm-level intermediate input purchases. This is an ex-post

decision, so it happens after shocks have already been realized. For a firm that only sources
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from Home:

My (9,7,7%) = (0= 1) 1 7 ¢ Az o By, 3r) (26)

and for the case of a firm that sources from both Foreign and Home:

a—1_1
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o—1
with A = (0 — 1)n @ a constant. We now take a closer look to what the market demand

term includes. We have that
B(yg,7F) = K x P(g,7p)"

l1—0c
with K = <%) X (%) x F a constant.

Then, for each realization of the shocks, we will have different values of the price index

Py, 3F): P8y, o), P(0g,1), P(1,0F), P(1,1). Writing them out, we have:
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where the shares, denoted as s1(@, ¢) and s9(p), represent the proportions of firms exclusively

sourcing from Home and those diversifying and sourcing from both Home and Foreign,
respectively. With ¢ and ¢ denoting the cutoff productivity levels for firms that do not
leave the market, and those who buy from both Foreign and Home, respectively. From the
equation above, we can see that the effect of an aggregate shock on the price index depends
on these shares which, at the same time, depend on the expectation of the shocks, as well
as the productivity of the firm and fixed costs. We are interested in understanding what is
the effect of expected shocks on the shares and, finally, what is the effect on the price index,
which will allow us to comprehend better what are some of the moving pieces that affect
firm’s sourcing decisions in the case of uncertainty. To find the value of ¢ that determines
the cutoff productivity level for firms that only import from Home versus firms that import
from both Home and Foreign, we set the expected utility of sourcing from Home equal to
that of sourcing from both Foreign and Home, with E(7g) = E(7mpg). This equality allows
us to recover @, i.e., the productivity value of the marginal firm, which is indifferent, in

expectation, between the two sourcing strategies.
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Figure 4: Simple 2 countries example
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In Figure 4, we plot the simple case of firms’ profits, and expected profits, when there are
only two countries in the world, Home and Foreign. We plot both the case with and without
uncertainty, and where the productivity parameter, denoted as ¢, follows a Uniform distribu-
tion. Figure 4a depicts the expected profits of firms that source from either only Home (red
line) or Home and Foreign (black line) when there is no uncertainty (solid line) and when
there is uncertainty (dotted line). In the absence of uncertainty, firms solely sourcing from
Home initially exhibit higher expected profits due to a lower fixed cost. However, because
the slope of the firms that diversify (i.e., source from both Home and Foreign) is higher, since
higher productivity firms benefit more from sourcing from more countries, there is a pro-
ductivity level after which the profits obtained from diversifying surpass those from sourcing
only from Home. Passed that threshold, all firms with a productivity higher than the cut-
off will source from both Home and Foreign because they obtain higher profits choosing to
diversify instead of sourcing only from domestic. Now, when there is aggregate uncertainty,
we know that the market demand will be affected, since firms that source from both Home
and Foreign will have to increase their prices, either by sourcing more from Home, which
is more expensive, or sourcing from a now more expensive, in expectation, Foreign country.
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For firms sourcing only from Home there is no direct effect in their sourcing capability. The
only effect they face is through the expected change in the market demand, which increases
if Foreign is shocked, so the profits, as well as the slope, increase with uncertainty in the
Foreign country. This occurs because a higher uncertainty in Foreign affects the expected
price of final goods and hence the overall demand for cheaper goods. This will increase the
demand for final goods from firms that source only from Home because now the price differ-
ence will be less, i.e., they gain competitiveness. Now, for the firms that source from both
Home and Foreign, the result is ambiguous. On the one hand, the increase in uncertainty
reduces firms’ sourcing capability, decreasing profits and, on the other hand, market demand
increases, counteracting the decrease in profits. Then, it could happen that the increase in
expected market demand is big enough (¢ is low enough) that high uncertainty does not
affect firms’ expected profits that much. The illustrated scenario in the figure represents
the specific case where the expected profits end up decreasing due to the increase in Foreign

uncertainty.

In Figure 4b, we examine the influence of the threshold on the market demand, denoted
as Bj(7¥). This is a concave function that, for the case of no uncertainty (solid line), in-
creases with the threshold, . A higher threshold implies reduced diversification, leading to
more firms exclusively relying on Home for inputs, which are costlier in expectation than
those from Foreign. Consequently, these firms set higher prices, contributing to an increase
in the price index, increasing the market demand for lower priced goods. Then, when there
is an increase in uncertainty (dotted line), we observe from Figure 4a that this increases the
threshold, and so the market demand, since there are more firms sourcing from the more
expensive country, Home. However, this will decrease the impact of the uncertainty, since
more firms won’t be affected by it. Both the aggregate shock and uncertainty exert an influ-

ence on the price, or expected price, consequently affecting the overall expected price index.
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In equations (24) and (25), and as depicted in Figure 4b, we observe that aggregate un-
certainty affects both the sourcing capability of firm ¢ in country j as well as the market
demand for country j, B;(7). However, idiosyncratic uncertainty affects the sourcing capa-
bility but not the market demand. Specifically, heightened aggregate uncertainty at Home
diminishes the expected sourcing capability of all firms acquiring inputs from Home. This
effect is also observed for firms sourcing from both Home and Foreign, albeit to a lesser
extent, as their expected sourcing capability depends not only on the Home country but also
on Foreign, which allows them to substitute ex-post through the intensive margin, and the
increased competition that reduces expected costs. The higher uncertainty will also increase
the expected market demand, which acts in the opposite direction as the effect on the ex-
pected sourcing capability. This occurs because, if the foreign country does not get negatively
shocked, firms that source from both the domestic and foreign countries can sell their goods
at a lower cost than the ones that only source from domestic, so they get a higher expected
market demand. From this, we learn that the effect of an increase in aggregate uncertainty at
Home is ambiguous and depends on these counteracting forces. Whereas, an increase in id-
iosyncratic uncertainty at Home only impacts the expected sourcing capability and does not
affect the expected market demand. Then, ceteris paribus, if there is an increase in idiosyn-

cratic uncertainty the expected sourcing capability will be reduced, as well as ex-ante profits.

Consider now the scenario where, all else equal, the foreign country experiences an increase
in aggregate uncertainty (i.e., increase in the variance of aggregate shock). This change af-
fects the expected sourcing capability and market demand for a firm that sources from both
Foreign and Home. However, for a firm exclusively importing from Home, while its expected
sourcing capability remains unaffected, the increase in market demand positively impacts

expected profits through the rise in the price index. Conversely, if only idiosyncratic uncer-
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tainty intensifies, it does not influence the expected market demand, as idiosyncratic shocks
are averaged out. Nevertheless, it diminishes the sourcing capability, leading to a reduction
in expected profits. Then, if both Home and Foreign increase their aggregate uncertainty
and there’s also an increase in idiosyncratic uncertainty, the first two will affect the market
demand, increasing expected profits. However, the negative impact of the decreased in ex-
pected sourcing capability counteract these effects, and could even result in a net decrease

in expected profits.

Taking a look at equations (26), (27), and (28), we observe that the impact on intermediate
input purchases is different due to the ex-post nature of this decision, where uncertainty does
not play a role in this case, but the realization of the shocks do. Given B;(¥), and o —1 > 0,
both idiosyncratic and aggregate shocks to Foreign lead to a reduction in sourcing potential
and sourcing capability and subsequently decreases intermediate input purchases from all
sources for firms that diversify, while it does not affect purchases from Home for firms that
only source from the domestic country. However, the reduction of intermediate input pur-
chases is higher for the foreign intermediate inputs than for the domestic ones. However, an
increase in negative aggregate shocks, i.e., 7;; > 1, also results in an increase in B;(Yg,7r),
partially mitigating the decline induced by the reduced sourcing potential and capability.
Consequently, the negative effect of the shock on firms’ profits decreases. Then, higher ¢
values lead to more firms increasing sourcing from Home, resulting in a reduced suscepti-
bility of the market demand to an increase in the shock from Foreign ex-post, decreasing
the intermediate input purchases from all countries. This ex-post mechanism allows firms to
change the quantity they obtain from each country they start a sourcing relationship with
so that, if the foreign country is hit by a negative (positive) aggregate shock, then the firms’
that source from both domestic and foreign countries decreases (increases) the quantity they

import from the foreign country and might either increase or decrease the quantity they
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buy from the domestic country depending on how big the effect is on the market demand.
This increases (reduces) the quantity bought from Home by firms that only buy intermediate

inputs from the domestic country, because of the increase (decrease) in market demand.

3.7  Expected Profits” Decomposition

As firms aim to maximize expected profits in our multi-country model with supply chain
uncertainty, it becomes crucial to discern the factors influencing these expected profits and
their respective effects. To achieve this, we decompose the components that contribute to
firms’ expected profits into five key elements: (i) sourcing capability for expected shocks, (ii)
the impact of uncertainty on sourcing capability, (iii) expected market demand, (iv) covari-
ance between sourcing capability and market demand, and (v) the fixed costs of sourcing.
This decomposition allows us to scrutinize each factor’s influence on firms’ expected profits
comprehensively. We will first write the theoretical decomposition and then we will use a
numerical exercise to explore the specific effects of each of these components.
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The first term, the sourcing capability for the expected shock, encapsulates the impact on
expected profits when incorporating an additional country into the set of sourcing options.
This increase in expected profits results from the additional cost draw a firm gets from adding

a country to their sourcing strategy, heightening competition between these countries and
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thereby reducing overall costs, as observed in Antras et al. [2017]. Notably, this term is
affected by the shock itself but remains unaffected by the uncertainty surrounding it, given
its dependence on the average rather than the variance. Then, this term gives us the effect

of an additional country because of increase competition and not because of their uncertainty.

The second term, the risk effect on the sourcing capability, introduces the first effect of
uncertainty through an option value, which is given by the expected difference between the
sourcing capability for a specific shock and the sourcing capability for the expected shock.
This term reflects the influence of the variance of the shocks on the variance of the sourcing
capability, contributing to the overall expected profits. In this case, firms prefer countries
with a high level of uncertainty because the option value effect reflects the fact that firms
have the chance to sell cheap if one of the countries in their sourcing strategy is positively
shocked, i.e., v < 1. Because firms can ex-post adjust their intensive margin, they can
increase the share they buy from the country that is positively shocked and then sell at a
lower cost, even if the other countries are negatively shocked. Nonetheless, negative shocks
to other countries will decrease the intermediate inputs bought from all countries. However,
overall, firms have higher expected profits from higher variance of shocks, i.e., higher uncer-
tainty. Both the sourcing capability for the expected shock term and the option value term

are then multiplied by the expected market demand term.

Another effect that the uncertainty has on the sourcing decision of firms comes from the
covariance between the sourcing capability and the market demand, since firms would want
to hedge and source from countries that are negatively correlated with the countries most
other firms source from. While the sourcing capability term is influenced by both aggregate
and idiosyncratic uncertainty, the market demand is affected solely by aggregate uncertainty:.

This term likely exhibits a negative impact, since having countries in their sourcing strat-
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egy that everyone else has, reduces their market demand if they have a higher uncertainty
since, if they get negatively hit, most prices will go up and consumers will want to buy more
from less expensive alternative, i.e., from firms that source from countries that didn’t get
negatively hit. In this case, a negative covariance suggests that the countries firm ¢ sources
from experience positive shocks when most firms source from countries undergoing negative
shocks, or vice versa. This allows firm ¢ to hedge and capture a higher market demand by

being able to offer a lower price whenever most other firms get negatively shocked.

Lastly, the expected profits decrease due to the fixed cost of adding a country to the sourcing
strategy, w; f;; per country ¢ in the sourcing strategy. The existence of these fixed cost of
sourcing is the reason why firms don’t just source from all countries and more productive

firms, who have higher earnings, can source from more countries.

We learn that higher productivity firms source from more countries and obtain higher ex-
pected profits. Since higher productivity firms source from more countries, they have a
higher option value effect, so they gain more from higher uncertainty. However, the neg-
ative hedging effect does not highly increase with productivity. Finally, for idiosyncratic

uncertainty, the only relevant effect is the option value.

3.8 Numerical Experiment

To comprehend the behavior of our model, and the effect of uncertainty, we have solved it
using specific numerical values. Table 1 presents the parameter values used in our model
to generate figures that will allow us to understand the mechanisms of our model. The

numerical specifications used for our experiments are as follows:
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Table 1: Numerical experiment values

Variable Definition Value
SD(v) Standard deviation of shock 0.25

p Substitutability accross intermediates varieties 2.00

1 Number of countries 3.00
Tp(rpwp)~?  Domestic sourcing potential 1.00
Tpi(tprwpy)~?  Sourcing potential Foreign 1 0.10
Tro(Tpowps)~?  Sourcing potential Foreign 2 0.03
N Number of domestic firms 150

o Fixed cost of sourcing Domestic 0.00

) Fixed cost of sourcing Foreign 1 0.22

Ir Fixed cost of sourcing Foreign 2 0.12

Calibration for high complementarity (o — 1)/ = 1.58 following Antras et al. [2017]
o Elasticity of final demand 3.85

0 Productivity Fréchet distribution shape 1.789

Using these specified values, we initially plot the expected profits of firms across various
productivity levels and sourcing strategies, in a world with 3 countries: Home, Foreign 1,
and Foreign 2. We use a Uniform distribution for the productivity levels, with U[1,2.5].
Using this, we are interested in learning how different sourcing strategies affect the expected
profits of firms. We then decompose the contribution of each component to the overall
expected profits, discerning variations across different sourcing strategies, which allows us to
understand the overall effect of uncertainty. For this, we take the draws from the uniform
distribution for the productivity levels and obtain the sourcing strategy that maximizes each
firm’s expected profits and then decompose the terms of their maximized expected profits.
Subsequently, we plot the expected profits of firms, examining their impact on the sourcing
decisions of these firms. We focus on the firms deciding to source between only buying from
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the domestic country versus buying from Home and Foreign 1, and then the decision of buying
from Home and Foreign 1 versus Home, Foreign 1, and Foreign 2. We want to understand
how different types of uncertainty — no uncertainty, only aggregate, only idiosyncratic, and

both aggregate and idiosyncratic uncertainty — affect the sourcing decisions of firms and why.

Figure 5: Three countries - Profit decomposition
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In Figure 5, the impact of each term from the decomposition of expected profits is displayed,
with the respective distinct colors representing each term. The x-axis illustrates firms’ pro-
ductivity levels, while the y-axis denotes firms’ expected profits. The vertical lines show
the cutoff productivity level for the different sourcing strategies for the case where there
is both aggregate and idiosyncratic uncertainty. Firms to the left of the first vertical line
source inputs solely from Home, while those between the first and second vertical lines have
sourcing relationships with both Home and Foreign 1, and those to the right-hand side of the
second vertical line include Home, Foreign 1, and Foreign 2 in their sourcing strategy. The

red line indicates the effect on expected profits stemming from the sourcing capability for
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the expected shock, emphasizing the desire to add more countries to the sourcing strategy to
reduce costs through the extra draw of a lower cost and the heightened competition between
countries that this creates, reducing the overall costs. The option value effect, portrayed
by the yellow line, demonstrates how the variance of the shock, or uncertainty, influences
expected profits by providing the ex-post option to source from cheaper countries if they
experience positive shocks. This means that firms gain from buying from countries that
have a higher variance because of the option of getting a lower cost even if this also increases
the chances of that country getting negatively hit and increasing the cost of buying from
them. Firms are willing to start a relationship with countries that have a higher variance
because they can ex-post buy more from the countries that were positively affected by the
shocks, and have the option to sell at a lower price. Whereas, instead, if countries in their
sourcing strategy are negatively affected, they can ex-post decide to decrease the amount
they buy from them. The purple line represents the covariance term between the sourcing
capability and market demand, or hedging effect, which is negative due to the fact that
expected profits decrease if the firm gets hit when every other firm gets hit too. However, a
negative covariance, i.e., the firm being positively shocked while most other firms experience
negative shocks increases expected profits. Then, the green line illustrates the fixed cost of
adding a country to the sourcing strategy, acting as a deterrent for adding more countries,
and reducing expected profits. Lastly, the blue line is the sum of all effects and give us the

total expected profits for the different firms.

The insights from looking at Figure 5 highlight that the primary driver of expected profits
is the sourcing capability for expected shocks. This means that firms want to add countries
to their sourcing strategy to have an extra cost draw and reduce overall cost through in-
creased competition. Subsequently, uncertainty’s impact manifests through the risk effect

on capability, or option value effect, and the covariance between the sourcing capability and

20



market demand, or hedging effect. As these two effects pull in opposing directions, a trade-off
emerges between incorporating countries with higher variance and those displaying a nega-
tive covariance with the shocks experienced by countries favored by most firms. However, in
terms of levels, the option value effect is more relevant for the expected profits, so there is an
overall, albeit small compared to the expected sourcing potential, effect of uncertainty. This
is driven by the uncertainty on sourcing capability, which makes firms to want to increase
diversification and source from countries with high uncertainty because of the option value

effect.

In the numerical experiment appendix we show the results for different types of uncertainty
— no uncertainty, only aggregate, and only idiosyncratic uncertainty. We find that, with only
aggregate uncertainty, compared to Figure 5, the effect of uncertainty decreases,since the
effect of uncertainty in the sourcing capability risk decreases. This occurs because there’s
not a compounding effect from uncertainty coming from both aggregate and idiosyncratic
uncertainty. With only idiosyncratic shocks, there is no effect from the covariance between
the sourcing capability and the market demand. Same as for the aggregate case, the effect of
the option value also decreases. With no uncertainty, as expected, the increase in expected
profits comes only through the extra cost draw. In this case, we have lower expected profits
than with the case of any uncertainty. We also evaluate the effect of different levels of com-
plementarity on the expected profit decomposition and show these results in our numerical
experiment appendix. We obtain our figures again but for a medium level of complemen-
tarity, in which o is equal to 3.1 and 6 is equal to 2.1, which means that (o — 1)/6 is equal
to 1. For a low level of complementarity we set o to be equal to 2.3 and 0 to be equal to
2.7, which gives us (o —1)/6 equal to 0.482. We find that the effect of uncertainty decreases
with lower levels of complementarity. Both the effect of uncertainty on sourcing capability,

i.e., option value, and the effect of the covariance between sourcing capability and market

o1



demand, i.e., hedging, decrease. In Figure 29 in the appendix we obtain the expected profit
decomposition adding a stochastic discount factor in the expected profit function. From this
we learn that risk aversion increases re-shoring from low productivity firms, which means
that less low productivity firms are sourcing from Foreign 1. This also increases the effect of
hedging, which reduces the number of firms wanting to source from Foreign 1, and the cost
reduction through the increased competition. However, these effects are almost negligible,
which means that the effect is mostly driven by the complementarity and cost reduction and

not the firm’s level of risk-aversion.

Figure 6: Expected profits and sourcing strategies
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In Figure 6, the different expected profits are illustrated for various risk scenarios: no un-
certainty (green line), idiosyncratic uncertainty only (blue line), aggregate uncertainty only
(red line), and both idiosyncratic and aggregate uncertainty (black line). Same as in Figure

5, the vertical lines delineate the sourcing strategies for different productivity firms in each
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uncertainty scenario, where the colors denote the same as before, and some vertical lines are
dotted just in case they overlap. In the case of no risk, firms experience increasing expected
profits as they incorporate more countries into their sourcing strategy, establishing a baseline
for productivity levels sourcing from Home, followed by those sourcing from both Home and
Foreign 1, and finally those incorporating Home, Foreign 1, and Foreign 2 in their sourcing
strategy compared to the case of uncertainty. As previously shown, firms’ expected profits
grow with productivity in any case. Then, the blue line represents the impact of only having
idiosyncratic uncertainty, which affects expected profits only through the option value effect.
This incentivizes diversification, since a higher uncertainty is more profitable in this case be-
cause of the option to buy from countries that might get positively shocked, and hence reduce
the cost. This increases diversification for both cases of sourcing from Home and Foreign 1,
and Home, Foreign 1, and Foreign 2. All of this occurs because idiosyncratic uncertainty
does not affect the market demand, and so has no hedging effect, only an option value effect.
Focusing now on the red line, which depicts the effect of aggregate uncertainty on expected
profits and sourcing decisions, both the option value and covariance terms, or hedging, in-
fluence expected profits. In our example most firms are being affected by the uncertainty
of Foreign 1, leading less productive firms to re-shore slightly more compared to the case of
idiosyncratic uncertainty, but still diversifying more than the case of no uncertainty. This
occurs because, even though the option value effect is greater overall, the covariance term has
an, almost negligible, effect that makes less productive firms want to avoid Foreign 1 since
most firms are sourcing from them. So, less productive firms avoid paying an extra fixed
cost because they want to avoid being negatively hit when everyone else is also negatively
hit, but the effect is not strong enough to really affect highly productive firms. For the case
of both aggregate and idiosyncratic uncertainty together, firms re-shore less and increase
diversification by sourcing more from both Domestic and Foreign 1, and Domestic, Foreign

1, and Foreign 2, compared to the case of no uncertainty. This is also the case compared
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to aggregate risk and idiosyncratic risk only. The reason is because the effect of the option
value term highly increases, since it’s affected by both the idiosyncratic and the aggregate
uncertainty, while the effect of the covariance between the sourcing capability and the market
demand does not change compared to the case of aggregate uncertainty only. So, overall,
the effect of the option value is stronger and the uncertainty increases the level of diversifi-
cation even more. The termination points of the lines depend on the chosen parameters, so
we do not expected the red and blue lines to necessarily match. Then, we observe that un-

certainty does not seem to greatly affect expected profits but it does affect sourcing decisions.

In the numerical experiment appendix we show how the expected profits and sourcing strate-
gies for different types of uncertainty are affected by different levels of complementarity. We
find that the lower the level of complementarity, the higher the effect of uncertainty, and the
more diversification there is in terms of adding Foreign 1 to their sourcing strategy, but less
firms actually diversify internationally in terms of adding Foreign 2 to their sourcing strat-
egy. The effect of the covariance between the sourcing capability and the marked demand
decreases even more with lower levels of complementarity, while the effect of the option value
increases. This explains why re-shoring strongly decreases with lower complementarity levels,
even if we find an increase for the case of no risk. Looking at Figure 35, as expected, we only
find an effect on the sourcing strategies of low productivity firms when there is aggregate
uncertainty, and not when there is idiosyncratic uncertainty. In both cases, as explained
before, it increases re-shoring and it does not affect expected profits. Again, these effects

are almost negligible, and implies that it is not relevant that we assume firms are risk neutral.

Leveraging the ex-ante profits equation we show in the theoretical appendix that, every-
thing else equal, firms’ get higher expected profits from higher idiosyncratic uncertainty.

This happens because a higher variance of idiosyncratic shocks increases the option value
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effect, hence giving a higher chance of reducing costs. However, the numerical experiments
also demonstrates that firms with varying levels of productivity respond distinctively to dif-
ferent types of uncertainty. We observe that, ceteris paribus, higher productivity firms gain
more from adding countries with higher idiosyncratic uncertainty to their sourcing strategy
than less productive firms, This occurs because higher productivity firms gain more from
“better" countries, for a given number of countries in their sourcing strategy, than low pro-
ductivity firms. This is the case because revenues are multiplied by the productivity of
the firm ((,0”_1). Finally, for the case of aggregate uncertainty, or both aggregate and id-
iosyncratic uncertainty together, the results are ambiguous. A higher variance for aggregate
shocks increases expected profits through the option value effect, i.e., the option of having a
lower cost because of a positive aggregate shock. However, adding countries that every other
firm sources from reduces expected profits through the hedging effect, since this will increase
the market demand for lower price goods that are positively shocked when other firms are
negatively shocked. These effects occur to both high and low productivity firms, but lower
productivity firms are more affected by the hedging effect, while higher productivity firms
sourcing decisions are more affected by the option value effect. However, if the option value
effect is bigger than the hedging effect, then the effect is similar to the idiosyncratic case. If

not, then the overall effect is uncertain.

Figure 38 shows how different types of uncertainty affect the ex-post intermediate input
purchases. Figure 38a shows the effect on domestic input purchases, while Figures 38b and
38c show the effect on input purchases from Foreign 1 and Foreign 2, respectively. We learn
that, in the case of domestic purchases, the case of no uncertainty has the highest purchases,
while the case of both aggregate and idiosyncratic uncertainty has the highest. So, the lower
the risk, the more firms’ buy from domestic. In terms of levels, the difference of expected

domestic intermediate input purchases between types of uncertainty is not high. However,
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Figure 7: Firms’ expected intermediate input purchases
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in terms of percentages, the difference in the case of domestic purchases between the case of
no uncertainty and idiosyncratic and aggregate uncertainty is not that high, but compared
to foreign purchases it is still quite significant, proportional to the decrease in foreign input
purchases. Firms are decreasing their domestic input purchases proportionally to what they
are increasing their foreign input purchases. From Figures 38b and 38c we observe that,
for the case of foreign purchases, opposite to the case of domestic purchases, the case of no
uncertainty has the lowest levels of Foreignl and Foreign 2 purchases, while the case of both

aggregate and idiosyncratic uncertainty has the highest level of Foreign 1 and Foreign 2 input
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purchases. Overall, the lower the uncertainty, the more firms buy from domestic, and the
lower they buy from foreign countries. These results can be explained by the option value
effect, which decreases expected cost and increases profits and sales. This, then increases
intermediate input purchases. So, you substitute in favor of foreign if the cost decreases. In
this case, we are plotting the expected intermediate input purchases, so this results will be

different for different realizations of the shocks.

In the numerical experiment appendix we show the effect on firms’ expected intermediate
input purchases from Home, Foreign 1, and Foreign 2, for different levels of complemen-
tarities. We find that, the effect on domestic input purchases gets proportionally bigger,
i.e., the lower the risk, the more firms buy from domestic, with lower levels of complemen-
tarity. For the case of Foreign 1 intermediate input purchases we find that, the lower the
level of complementarity, the lower the level of Foreign 1 input purchases, but the bigger
the proportional difference between the different cases of uncertainty. Finally, for Foreign 2
intermediate input purchases, we find that, similarly than the case of Foreign 1, the lower
the level of complementarity, the lower the level of Foreign 2 input purchases, but the big-
ger the difference between the different cases of uncertainty. However, for the case of low
complementarity, or substitution, firms’ do no source from Foreign 2, so they have zero in-
put purchases from that country. In Figure 55, we plot the distribution of import shares
for China for different realizations of aggregate supply chain shocks. We observe that the
import share increases for positive shocks and decreases for negative ones. This implies that,
even though we find an increase in expected intermediate input purchases with uncertainty
for Foreign 1 and Foreign 2, it could be the case that actual purchases decrease if the shock

is negative.
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4 Data

In the previous section we showed our theoretical model for firms’ sourcing decision under
supply chain uncertainty. This model provides a way for us to estimate aggregate and
idiosyncratic supply chain uncertainty and analyze the effects of a counterfactual scenario
using firm-level data from Chile. We will next describe the database we use in the paper

and show descriptive evidence that supports the use of our model.

4.1 Data Description

We utilize proprietary customs data from Chile, which has product-origin-firm level data
encompassing all import transactions that enter Chile. The products are classified using the
Harmonized System (HS) at the 6-digit level (HS-6), which is a globally recognized product
classification system. Additionally, we leverage confidential tax forms that offer firm-to-firm
level insights into sales based on VAT records from the Servicio de Impuestos Internos (SII)
in Spanish, equivalent to the IRS in English, acquired through the Central Bank of Chile.
Furthermore, access to the unemployment insurance fund at the firm level allows us to ex-
tract information regarding employment and wage bills based on contributions, covering only
the formal private sector, from which one can back out monthly earnings. Our dataset pri-
marily focuses on the mining, manufacturing, and trade sectors, including restaurants and
hotels. We chose this compilation of sectors because it covers approximately 80% of the
total import value in Chile and spans the period from 2012 to 2023 on a quarterly basis?.
We drop firm’s with negative or zero sales and those with less than 5 employees. Moreover,
we create a category denoted as “rest of the world" (RoW), encompassing all countries with
100 or fewer firms engaged in importing from them. Our dataset includes approximately 50

countries each quarter, including Chile, but for our structural analysis we use 13 countries.

4. We take quarterly data because the time frame is long enough to avoid lumpiness but short enough
that it is credible that firms are not changing their suppliers. This is based on Carvalho et al. [2021] who
find that firms weren’t able to quickly adjust their suppliers in the aftermath of the Japan earthquake
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In our data, around 24% of our firms are importers, which is consistent with the pattern
found in the literature for other countries, and the 13 countries we use for the structural

analysis encompass 67.34% of the total value of imports.

To capture the dynamics predicted by the model, we construct a dataset on yearly country
characteristics spanning the years 2012 to 2019. This dataset is instrumental in determining
firm-country-level fixed costs and sourcing potential. Country attributes, such as distance
and language variables, are sourced from CEPII. Additionally, data on the control of corrup-
tion is extracted from the World Bank’s Worldwide Governance Indicators. This compre-
hensive dataset enables us to incorporate critical country-specific factors into our analysis,
aligning with the model’s emphasis on the role of these characteristics in shaping fixed costs

and sourcing potential.

4.2 Descriptive Fvidence

We use the data from the first quarter of 2012 to the fourth quarter of 2023 to identify the
aggregate and idiosyncratic uncertainty, while we use the average data from the first quarter

of 2012 to the fourth quarter of 2019 to obtain the value for the firm-countrylevel fixed costs.

Since in our model we assume that firms source multiple products from multiple countries,
we show that this is the case for our dataset too. To do that, we define a distinct product
as a distinct Harmonized System six-digit code. In our data, we find that, for the period
from 2012 quarter 1 to 2023 quarter 4, firms import approximately 9 distinct products from
2 countries on average. The median number of imported products is around 2, while the
95th percentile is around 33. The median number of countries from which firms import from

5th

are approximately 1, while the 95" percentile is around 6 countries. In the data appendix,

Table 7, we also show that, as assumed in our model, the extensive and intensive margin
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differ in our dataset for the average from 2012 to 2023. For example, Spain is

4th

in terms

of the number of firms that import from them but 122 in terms of the value of imports.

Table 2: Descriptive statistics

Date nb of firms | employment | wage bill | imports | inputs | sales | domestic | imp share
2012¢q1-2015q4 35,742 1,393 4,640 13,717 | 63,353 | 27,731 | 45,059 0.238
2016q1-2019q4 40,706 1,566 5,454 12,720 | 62,993 | 27,822 | 44,908 0.239
2020q1-2023q4 43,819 1,588 5,734 16,272 | 75,464 | 36,170 | 53,485 0.255

Notes: Table reports the unweighted average for the number of firms, the total number of employees in
thousands, wage bill, value of imports, value of inputs, value of sales, value of domestic inputs, all in millions
of USD, and the share of importers obtained using the number of firms that import over the total number

of firms.

From Table 3 we learn that the number of firms in our data increases with time, starting
with an average of 35,742 firms between the first quarter of 2012 and the last quarter of
2015, to an average of 43,819 firms between the first quarter of 2020 and the fourth quarter
of 2023. We observe that all other variables, number of employees in hundreds, value of
imports, value of inputs, value of sales, value of domestic input purchases, all in millions of

USD, and the share of importing firms, they all experience an increase with time in our data.

Following Antras et al. [2017] and Eaton et al. [2011], we now check if our dataset fol-
lows a pecking order by counting the number of firms that import from the number one
destination only (in our case, China), and then the number of firms that import from the
number one and number two destinations only, and not others (in our case, China and the
United States), and we keep going until we have the ordering for the first top ten importing
origins. We find that, more than 12,000 firms, or 35.67% of importers who import from the
top-10 countries, follow a pecking order. We then proceed to compare that with what the
number of firms and percentage of importers would have been if the firms selected randomly

by using the share of importers from country ¢ as the probability that any firm will source
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from ¢, independently. Doing this, we find that only 4,855 firms follow a pecking order, or
14.42% of importers, which is less than the 35.67% we find in our data. This means that we
find a pecking order above the randomly generated one, even if not perfect, which supports

our assumption.

This is similar to what Antras et al. [2017] and Eaton et al. [2011] find for American and
French firms, respectively. This implies that our data follows a pecking order over what would
be randomly generated. However, because the percentage of the data following a pecking
order is still around just one third, this implies that there might be firm-relationship-specific
fixed costs of sourcing, and not just relationship-specific. We will take this into consideration

for our empirical analysis when we estimate the fixed costs of sourcing.

Table 3: Pecking Order

Data Random Entry
String of countries
Firms % of Importers Firms % of Importers

CHN 7,970 23.68 1,865 5.54
CHN-USA 2,201 6.54 2,034 6.04
CHN-USA-RoW 348 1.03 664 1.97
CHN-USA-RoW-ESP 75 0.22 209 0.63
CHN-USA-RoW-ESP-DEU 58 0.17 60 0.18
CHN-USA-RoW-ESP-DEU-ITA 98 0.29 17 0.05
CHN-USA-RoW-ESP-DEU-ITA-BRA 102 3.03 5 0.01
CHN-USA-RoW-ESP-DEU-ITA-BRA-ARG 301 0.89 1 0.00
CHN-USA-RoW-ESP-DEU-ITA-BRA-ARG-HKG 133 0.40 0 0.00
CHN-USA-RoW-ESP-DEU-ITA-BRA-ARG-HKG-TWN 719 2.14 0 0.00
TOTAL Following Pecking Order 12,005 35.67 4,855 14.42

Notes: The string CHN means importing from China but no other among the top 10; CHN-USA means
importing from China and the United States of America but no other; and so forth. % of Importers shows

percent of each category relative to all firms that import from top 10 countries.

We then obtain the share of importer for all firms and for firms with sales below the median,
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since we will use these for our empirical strategy. From Figure 8, we observe that the share
of importers for all firms have been slowly trending downwards in time, but starts trending
upwards after 2020. We also see an upward trend in the share of importers with firm sales
below the median. In both cases, we observe that the share of importers is not constant over
time. The average share of importers for all firm from 2012 quarter 1 to 2019 quarter 4 is

then 0.2264 and the average share of importers with firm sales below the median is 0.0819.

Figure 8: Share of importers
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Finally, we plot the share of importers by country of origin. We show the case for the United
States of America and China because they have opposite trends. We learn from Figure 9
that while the share of importers in the USA seem to be going downwards, and less firms are
importing from them, the share of importers from China is trending upwards, which could
indicate that firms are replacing one country for the other. We also obtain the average share
of importers from the United States, from 2012 quarter 1 to 2023 quarter 4, which is 0.098,

and for China, it is equal to 0.128.
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Figure 9: Share of importers by country of origin
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These figures motivate our structural analysis, where we leverage the time difference in
import shares between countries, as well as total countries, to identify both aggregate and
idiosyncratic shock moments in our model and the averages to obtain our firm-relationship-

specific fixed costs of sourcing.
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5 Structural Analysis

Given the static nature of our model, we opt to utilize the panel data available to us by
leveraging averages over specific periods. For step 3 of our structural estimation, we focus
on the years spanning from the first quarter of 2012 to the fourth quarter of 2019. This
time frame, prior to the onset of the supply chain uncertainty induced by Covid-19 and
wars serves as our basis for analysis. However, the panel structure of our data also allows
us to estimate both idiosyncratic and aggregate supply chain uncertainty. The Covid-19
pandemic stands out as a crucial event that introduced substantial uncertainty into global
supply chains, so for that case we utilize all the available data, from the first quarter of 2012
to the third quarter of 2023. This approach facilitates a comprehensive understanding of
supply chain dynamics by encompassing the pre-, and post-Covid-19 periods, during which

significant supply chain uncertainty was prevalent.

Our estimation procedure involves three main steps, focusing on data at the firm level,

denoted as n, to estimate the parameters [7@']’» %Lj, f{%] in our model:

(i) Step 1. Estimate average country’s sourcing potential. We start by considering
firm n’s sourcing strategy as given. Employing equation (8), we leverage differences
in the shares of sourcing across countries. This allows us to re-write the firm-level
equation for country ¢ with a country fixed effect and a firm-relationship-level error
term. Taking the difference between country ¢ and Chile, which takes care of the
sourcing capability of firm n, and setting the domestic sourcing potential to be 1,
we employ Ordinary Least Squares (OLS) to estimate the average country’s sourcing

potential of country ¢ with respect to Chile.

(ii) Step 2. Estimate aggregate and idiosyncratic uncertainty. We proceed by

taking the time difference for the same quarter in the previous year, which allows
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us to account for seasonality. With this in mind, we control for country-time fixed
effects and a firm-relationship-time-level error term. Using this result, our model-
implied relationship, taking a stance on what is time-varying in our model-implied
relationship, and making assumptions on the initial values, we can recover both the

aggregate as well as the idiosyncratic shock moments.

(iii) Step 3. Estimate firm-level fixed costs of sourcing for each country pair.
Finally, we relax the assumption that fixed costs of sourcing are homogeneous across
firms. We apply the Simulated Method of Moments (SMM) to estimate the firm-level
fixed costs of sourcing and other distributional parameters. To achieve this, we utilize
Jia [2008]’s algorithm, which facilitates the estimation by allowing us to not evaluate

all the options.

Since the focus of our paper is on the effect of uncertainty, we do not estimate the parameters
0, or elasticity of demand, and o, or dispersion of input productivities, and we take their
values from the literature instead. Following Antras et al. [2017], we set o to be equal to
3.85 and 6 to be equal to 1.789. This implies a value of 1.583 for (¢ — 1)/6, which is higher
than 1, indicating the presence of complementarity between countries in our model, which

allows us to use Jia [2008]’s algorithm.

5.1 Step 1. Estimate Average Country’s Sourcing Potential

To estimate the sourcing potential of country ¢ from the perspective of country j (in our
case, Chile), we leverage firm-level sourcing strategies as given and exploit differences in the
shares of sourcing between the two countries. The sourcing potential of country 7 concerning
country j is given by E(Tij"yijﬁ?jwi)_o, which can be decomposed into an origin-specific
term, Ti(Tij%’jwz‘)_g, and an origin-firm-specific term, @an)—a. Given the ex-post nature
of the firm’s sourcing decisions in our model, the sourcing strategy is fixed for firms, and

shocks have already been realized. To find the average sourcing potential of country ¢ from
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the point of view of country j, we normalize equation (8) by the domestic sourcing strategy,
canceling out the sourcing capability term. Taking the logarithm of this normalized equation
yields the difference between the log sourcing potentials of country ¢ and country j. Since
we are normalizing by the domestic sourcing potential but are interested in the sourcing
potential of country ¢ for country j, we set the domestic sourcing potential equal to one, i.e.
T j(Tjj’?jj’??jwj)ie = 1, and assume no domestic aggregate and idiosyncratic supply chain
uncertainty. This approach allows us to estimate the sourcing potential by comparing the
share of intermediates sourced from each country relative to the domestic sourcing strategy.
Since in our case we only have one domestic country, which is Chile, we can get rid of 7 on
the right-hand side of the equation because the origin ¢ will change but the destination j

will be fixed. Then, we write
log XZ} —log ij = log&; + loge (31)

where €' is a firm-country-specific shock. To measure the difference between a firm’s share
of inputs bought from country ¢ and the firm’s share of inputs sourced domestically, we
leverage our dataset on the total value of imports from each of the countries from which
firms’ in Chile source their inputs from, wage bill, and the inputs each of these firms use.
Our analysis is restricted to countries included in the firm’s sourcing strategy, namely those
from which the firm actively sources inputs from. Since the third step of the estimation is
very computationally intensive, to reduce the dimensionality of the problem we created a
country called rest of the world, or RoW, that includes all the countries from which 100

firms or less source from, which reduces the number of countries to 50.

This specification allows us to identify a country’s average sourcing potential, &. For this
to be consistent, we need that there is no selection based on the errors, €. Because we

take the difference between the share of intermediate input purchases from country ¢ and
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country 7, the sourcing capability term, which is affected by the ex-ante decision on the
sourcing strategy, is not relevant in out regression. Then, because our model timeline states
that firms learn their firm-country-specific shocks after they choose their sourcing strategy,
there is no selection of firms based on the errors. Alternatively, we could also treat €' as a
measurement error, in which case we assume that we accurately observe the set of countries
from which firms source from and they have positive imports for all the countries in their

sourcing strategy.

To estimate Equation (31), we will employ Ordinary Least Squares (OLS) with fixed ef-
fects at the country level. The coefficients associated with these fixed effects, along with
the residual term, will provide insights into the average origin-country-specific component of
the estimated sourcing potential for each country, which we will later use for our structural

analysis.

In the estimation appendix, Figure 64, we observe that China has the highest sourcing
potential for firms in Chile, and then the United States followed by Brazil and Paraguay.
This shows that the fixed cost of sourcing might differ between countries, since, as we learn
also from Table 7 in the estimation appendix, more firms are sourcing from the rest of the
world than Brazil and more firms are sourcing from Spain than Paraguay, even though their
average sourcing strategies are higher. This implies that the cost of sourcing from Spain

might be lower than the cost of sourcing from Paraguay, for example.

5.2 Step 2. Estimate Aggregate and Idiosyncratic Uncertainty

We now utilize our panel data structure to estimate the moments for our aggregate and
idiosyncratic shocks. To estimate this, we need to take a stance on what is time varying and

what is not. We assume that any change in time is produce by supply chain shocks. This is
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a strong assumption, however, we are not making assumptions on what are the mechanisms
behind this supply chain uncertainty. As seen in recent events, supply chain uncertainty can
occur because of labor supply issues, which affects wages, as well as changes in the prices
of fuels, which affects iceberg costs, or could even be caused by natural disasters, like the
Japanese Earthquake, which was a shock to productivity. The only difference here is that we
need to be careful with the interpretation we give to the parameters in each of these different
scenarios since, for example, technology is not affected by the heterogeneity of inputs, i.e.,
the parameter 6. Considering this, we can write

T (73754754 (0)w;) ™7
©;.t(#,7)

Xij1(p,7) = if i € Z;(p)

Then, we can decompose the time-dependent sourcing potential of country ¢ into &; =

(7357 +wi) ¥ and €y = (V?j,t)*a-
Utilizing the panel structure of our quarterly data to find the moments for our aggregate

and idiosyncratic uncertainty, we can express the following first-difference equation:

(log 7} ¢ — log A7 ;) — (log X}y —log Xy ) =log &y (1—a) +log€y gy (32)

where, using our model implied relationship and our assumption that only the shocks change
in time, we have that log §; ;_;_4) = —010g(%;,¢/7i,t—4) and log€; ;_;_4y = —0 log(fygt/’ygft_zl).
We take the difference between ¢ and ¢ — 4 because we compare the same quarter in different

years to control for seasonality. This helps us take care of time unobservables.

Subsequently, we perform an OLS estimation for the specified model using origin-country-
time fixed effects and panel data on firm’s total input usage, wage bill, and total imports

from each country from which the firm imports from.
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To obtain the time difference aggregate and idiosyncratic shocks from this regression, we
make the assumption that technology, iceberg costs, and wages are not changing yearly.
This can be seen as a strong assumption, nonetheless we are modeling supply chain shocks
as anything that affects the cost of importing. It will be irrelevant for us if this occurs
because of a change in TFP, iceberg costs, or wages. The only case that affects our interpre-
tation slightly is the case of TFP shock, since this is the only term not affected by 6, which
governs the heterogeneity of inputs. This needs to be taken into account when interpreting

the results.

For this strategy to be consistent we need, again, that there is no selection based on the

errors, e? b (t—4): For this to be the case, we also exploit the timeline of our model which

t—4
states that idiosyncratic supply chain shocks are learn by the firms after their sourcing strate-
gies have been decided. We also assume that shocks are multiplicative and exponential and

independent in time and with respect to home. These assumptions allow us that there is

independence between the independent variables and the errors.

This regression allows us to obtain the average value of —0log(%;j¢/%ijt—4), as well as
—Qlog(ﬁg‘j’t / iz'nj,t— 4). However, we are not interested in this specific value, but on the mo-
ments for both aggregate and idiosyncratic shocks. Because we want to recover the distribu-
tion of fyij7t and ':yl-”j’t, we first need to divide our results from the estimation by —# and take
the exponential of that. This means we now have the estimated value of 7;; /%j,tle and
’yg‘j ./ :anj +—4, 80 we need to make some assumptions on the trend and initial values to be able
to recover the aggregate and idiosyncratic shocks from this, and then make a parametric

assumption to recover the distribution of shocks.
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To recover the aggregate and idiosyncratic shocks, we assume that the shocks follow a linear
trend process, i.e., a random walk, such that v;;; = vij1—4 X (7ij,t/7Vijt—a)- In order to
estimate the values of the shocks, we set initial values, assuming that for every quarter,
the initial value for a firm-, or country-, level shock is 1, indicating no shock in the first
quarter in which we observe a value for that firm-country pair. Additionally, we make a
parametric assumption, specifying that the shocks follow a log-normal distribution. Utiliz-
ing these assumptions, we can then recover the mean, variance, skewness, and kurtosis for

both aggregate and idiosyncratic uncertainty.

5.8 Step 3. Estimate firm-level fixed costs of sourcing for each country pair

Following the approach from Antras et al. [2017], we estimate the fixed costs of sourcing
using the simulated method of moments. The estimation process involves simulating pro-
duction and sourcing decisions of firms based in our model. We generate simulated data
and use it to derive endogenous values, from which we obtain moments. These moments are
then averaged across all simulations. By comparing the simulated moments with the real
data, we determine the parameter values that minimize the difference between the two sets
of moments. In our estimation, we allow the fixed cost of sourcing from a country to depend
on gravity variables such as distance and language, as well as on a measure of the source

country’s control of corruption.

To address the discrepancy between the number of importing firms and the number of firms
that source from the most popular country, we relax the assumption of country-specific

fixed costs. Instead, we introduce firm-country-specific fixed costs of sourcing, denoted as

Z We assume these fixed costs follow a log-normal distribution with scale parameters
log BZ + ﬂj log distance;; +log ﬁlf language;; + /Bécontrol of corruption; and a dispersion pa-

rameter ﬁc]lcisp' As active firms must use domestic inputs, we set the fixed cost of sourcing
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from home to be zero, so f}z = 0. For the rest of the world, we take the average values using

population weight.

Due to the computational challenges associated with solving the firm’s problem for a large
number of countries, we implement Jia [2008]’s algorithm to reduce the dimensionality of
the problem. In our timeline, the sourcing strategy decision is made before the realization
of supply chain disruptions is known. Consequently, the decision is based on maximizing ex-
pected profits, requiring a Quasi-Monte Carlo simulation of the shocks, which uses a Sobol
sequence of low-discrepancy quasi-random numbers for this simulation. While the firm’s
problem is manageable for up to 10 countries, the complexity increases significantly beyond
that, as there are 21 possible sourcing strategies for I countries from which the firm can
source. To reduce the dimensionality of the firm’s problem, we rely on our Proposition 2

and adopt Jia [2008]’s algorithm.

Next, following Jia [2008] and Antras et al. [2017|, we explain the ideal algorithm for our
case. Given a core productivity ¢, a guess Z for the firm’s sourcing strategy, Z", and dis-
tributions of the supply chain shocks, we define the expected marginal benefit of including

country ¢ in the sourcing strategy Z as

71 oD/ [B(B;(3)0,(ZU1,7,7(¢)) — E(B;(7)0;(L, 7. 3(@)] — £, ifi ¢ T

o7 DI [B(B;(7)0,(Z,7,4(9))) — E(B;(1)0;(Z\ 4.7, 7)) — £, itiel

As in Proposition 2, we introduce a mapping, V/*(Z) equal to 1 if the expected marginal
benefit is positive and zero if not. We showed that for (¢ —1)/6 > 1, this is an increasing
function of Z. When we start from the set that contains no countries, Z, and iterate the
V-operator by adding each country one-by-one to the set it gives us the lower bound of the
firm’s sourcing strategy. Alternatively, if we start from the set that contains all countries,
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7, and, again iterate the V-operator by taking each country one-by-one out of the set, this
provides us with the upper bound of the set. If these sets are not exactly the same, then

we only need to evaluate the expected profits from all the possibilities in the upper bound set.

However, adding uncertainty to this procedure is computationally intensive. Indeed, com-
puting the model equilibrium at every step of the Simulated Method of Moments requires

(i) drawing a large number of shocks 4 and J(y) to compute expectation of sales and profits

using Quasi Monte Carlo methods, (ii) simulating a large number of fixed-cost draws ZT;
also using Quasi Monte Carlo methods, (iii) solving the firms’ sourcing decisions using com-
binatorial discrete choice algorithm following Jia [2008], and (iv) solving for the fixed-point

equilibrium for B(7¥), since the price index aggregates the individual pricing decisions:

1

Pi(5) = (Nj /@ L (@)pj«o,vﬁ(so))l—acz@;?w)dc;(w)@) B

and finally (v) repeat these four steps for every iteration of the parameters f.

Since steps (i) and (ii7) are particularly slow, we simulate the problem with certainty-
equivalence, computing the profit of expected shocks E[7] and E[Y(¢)]. We then check that
our results are not far from the expected case. This causes an upward bias in the estimation
of the fixed-costs. However, our estimation with risk does not imply sourcing shares that are

significantly different from the data.

Continuing with the structural estimation, we adopt the distributional assumptions for the
model parameters. Following the approach of Antras et al. [2017] and Melitz and Redding
[2015], we assume that the productivity parameter ¢ follows a Pareto distribution with a

shape parameter k = 4.25, consistent with the value used in Melitz and Redding [2015]’s
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study. For the estimation of the remaining parameters § = [E, 2 It 637 2 BZ:L 2 B& 2 Bgisp, f]’
we simulate a large number of firms. This involves drawing ¢ from a uniform distribution
and inverting it to obtain the Pareto distribution given k. Additionally, we draw aggre-
gate and idiosyncratic shocks from their specified distributions and obtain an /-dimensional
vector of fixed costs from a standardized normal distribution. The parameter vector ¢ is
then estimated through a guess-and-check process, iteratively adjusting the values to match
the log-normal firm-country specific fixed cost levels obtained from the simulation. In the
model, we consider a continuum of final-good firms, each characterized by different combi-
nations of productivity levels, fixed costs, aggregate and idiosyncratic supply chain shocks,
and country-specific efficiency shocks. The distributional features of these parameters are
assessed through the simulated firms, providing insights into the distributions of the model’s

key variables.

In the structural estimation process, we utilize simulated firms to generate four sets of mo-
ments for comparison with the actual data. These moments are crucial for the calibration

of the model’s parameters. The three sets of moments are as follows:

i. The first set of moments includes the share of importers for all firms. This is a scalar.
We denote the first set of moments in the actual data as mq and in the simulated data

as m1(9).

ii. The second set of moments includes the share of importers with firm sales below the
median. This is also a scalar. We denote the second set of moments in the actual data

as mo and in the simulated data as 1msa(0).

iii. The third set of moments includes the share of firms that import from each country.
This is an (I — 1) x 1 vector of moments. Then, we denote the second set of moments

in the actual data as mg and in the simulated data as msg(9).
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iv. The fourth set of moments includes the share of firms whose input purchases from Chile
are less than the median input purchases from Chile in the data, which is a scalar. We

denote the third set of moments in the actual data as m4 and in the simulated data as

g (0).

The first three sets of moments inform us about the magnitude of fixed costs of sourcing, as
well as on how they vary with distance, language, and control of corruption. Furthermore,
the share of importing firms from the most popular country relative to the total share of
importers serves as an indicator of the fixed cost dispersion parameter. In the absence of
dispersion in fixed costs across firms, the total share of importers would match the share of
importers from the most popular sourcing country. Similarly, the share of importers among
firms with sales below the median firm provides insights into the dispersion parameter. The
fourth moment helps determine the scale parameter E, as F determines the level of input

purchases.

Then, we proceed to explain the method of simulated moments, which is a method that

selects the model parameters that minimize
0 = arg ming[§(5)]" W[§(0)]

where W is a weighting matrix and ¢(0) is given by

my — my(0)
mo — mo(d
56) = m —m(s) = | ™ 7"
m3 — 1m3(0)
| Mg — 1124 (9) |
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For the weighting matrix, W, we can use either the inverse of the estimated variance-
covariance matrix of the moments or weight each moment equally and use the identity

matrix. We decide to follow the later and weight each moment equally.

Finally, the following moment condition is assumed to hold at the true parameter value

00:

E[§(d0)] =0

In section 5.4. we will show the parameter estimates obtained from the simulated method
of moments. To do this, we estimate the average for China, the United States, and the rest
of the world separately, as to improve the fit of the model, and use the SMM to obtain the

scale and dispersion parameters for the rest of the countries.

5.4 Results

Next, we show the results obtained from our structural analysis. In the estimation ap-
pendix, Figure 64 and 65 we plot the country sourcing potential, obtained from step 1 of our
structural analysis, against the extensive and intensive margins. We find that China, USA,
Brazil, Paraguay, and Korea have the highest sourcing potentials for Chile. However, not
many firms import from Paraguay, compared to Germany, Spain, or Argentina. This, again,
suggests that fixed costs probably differ across countries, which supports the assumption we

make in our model.

Next, we will plot our results for the average aggregate standard deviation, and the idiosyn-
cratic standard deviation. We plot these for 12 importing countries, which is equivalent to

67.34% of the total value of imports. We do this, because our model is very computationally
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intensive, so we obtain the firm-origin-level fixed costs by using 12 countries, from which we
estimate the average for China, the United States and the rest of the world separately to
improve the fit of the model. We then use these 12 countries to obtain our counterfactual.
In the estimation appendix we plot the average aggregate shock for these 12 countries as
well as the average aggregate shock and uncertainty, and the average idiosyncratic standard

deviation for all our available countries.

In Figure 66 in the estimation appendix, we plot the average aggregate shock for the top-12
importing countries, for different time periods, and sort it by their importing share. We
observe that most countries had a lower average aggregate shock for the period of 2012q1-
2015qg4, which has increased for the period 2016q1-2019g4 and 2020q1-2023q4. Notable
exceptions are China, Brazil, who’s shocks decreased for the 2020q1-2023q4 period, and
Mexico, who's average aggregate shocks seem to have been relatively constant over differ-
ent period. We also observe that Argentina, Taiwan, and the US have the highest average
aggregate shock compared to other countries and the difference increases even more during
Covid-19. Surprisingly, we find a very low aggregate, i.e., positive. shock for China, which
is even lower compared to the other countries during Covid, while the US has the highest
proportional increase in negative shocks during 2020 to 2023. In our sample, around 4-5
countries have positive average aggregate shocks for most periods, i.e., v < 1, while all other

countries experienced negative shocks during most periods.

76



Figure 10: Average standard deviation for aggregate shocks, top-12 countries
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(32), dividing by —#0, taking exponential, using a linear assumption, and
1 as initial value. We then get the standard deviation over time for these

shocks. We sort the top-12 countries by their importing share.

In Figure 10, instead of plotting the average aggregate shock for the top-12 importing coun-
tries, we plot the average standard deviation of aggregate shocks, so the mean-preserving
aggregate uncertainty, for the top-12 countries. We observe that, in general, most countries
have a lower level of uncertainty for the period 2012q1-2015g4 and 2016q1-2019q4 compared
to 2020q1-2023g4. The average variance of aggregate shocks goes from around 3% for the
period of lowest uncertainty for countries like Italy or Spain, to up to almost 15% for the
periods of high uncertainty for countries like Taiwan, USA, and Argentina. Again, Taiwan
and Argentina have the highest average standard deviation for aggregate shocks. The United
States, instead, has a relatively small standard deviation of aggregate shocks initially but
it increases strongly when considering the period 2020q1-2023g4. China’s aggregate uncer-
tainty is surprisingly low, however it has a big increase during the 2020q1-2023q4 period.
From both Figure 66 and Figure 10 we learn that, even though for some countries the average

aggregate shocks are very constant across time periods, the standard deviation is not. In
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fact, for all countries, the standard deviation changes a lot across periods of time.

Figure 11: Average standard deviation for idiosyncratic shock
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Notes: Figure constructed using the value of the residuals obtained from
equation (32), dividing by —6, taking exponential, using a linear assumption,
and setting 1 as the initial value. We then take the standard deviation across
time for each firm-origin and then we average over all firms that import from

that origin. We sort the top-12 countries by their importing share.

In Figure 11, we show the standard deviation across time from 2012 to 2023 for each firm-
origin idiosyncratic shock and then we average over all firms that import from that country
for the top-12 countries. From this figure we learn that Argentina has the highest average
standard deviation of idiosyncratic shocks, followed by Brazil. Taiwan, which has a very
high aggregate uncertainty, has the smallest average idiosyncratic uncertainty of all the top-
12 countries. Surprisingly, we also learn that idiosyncratic uncertainty is around 100 times
bigger than aggregate uncertainty, which means that there is a greater volatility at the firm
level than at the origin level. Because the idiosyncratic uncertainty is so much higher than
the aggregate uncertainty, we want to learn if this is driven by outliers, which is why in the

estimation appendix, Figures 79, we check how it changes if we drop the firms on the first
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percentile of import shares and we do not find a significant difference between these values.
Because of that, and so our results are not being driven only by idiosyncratic uncertainty,
we set the standard deviation of idiosyncratic risk to be equal in level to the aggregate risk.
However, as observed in Figure 80 in the estimation appendix, if we take the median value
instead, we find a significant difference in the values, which implies our results could be
driven by outliers. In future work, and in the estimation appendix, we perform comparative

statics with the level of idiosyncratic risk.

For disclosure purposes, this is the lowest level of aggregation that we are able to show
for the idiosyncratic shocks, so we cannot reproduce the figure obtained for aggregate shocks
in the case of firm-level uncertainty. We also observer that there is a greater difference in
the average standard deviation for idiosyncratic shocks for different countries. For example,

Italy has a standard deviation of around 6, while Argentina’s is higher than 25.

Using the simulated method of moments to obtain our firm-level fixed costs, but estimating
specific fixed costs separately for China, USA, and RoW, we obtain the parameter estimates
without uncertainty for 13 countries total, including Chile. We show the estimated parame-
ters to obtain the mean and standard deviation of our log-normal distribution as well as the
separate average fixed costs for China, USA, and RoW. We need these estimates because we
are assuming that the firm-level fixed costs follow a log-normal(log Bg + BCJ; log distance; ; +

log ﬂzf language;; + ﬂécontrol of corruption;, 6£isp)‘

Table 4: Estimated parameters

E  feoun fevsa ferow B 5§ 5{ Bé ﬁécisp

22242 19.258  7.635 2.624 1.272 0.255 1.093 -0.368 0.691

In Table 4 we show the average estimated values for the fixed cost for China, the US, and the
79



rest of the world. These are in thousand of USDs, which means that the estimated average
fixed cost for China is 19,258 USD, while for the United States it is 7,635 USD, and for the
rest of the world it is 2,624 USD. We also learn that the fixed costs of sourcing increase
with a common language by around 8.9 percent, increases with distance with an elasticity
of 0.255, and decreases with corruption with an elasticity of 0.368 percent.

Figure 12: Estimated sourcing potential and median fixed cost by country
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Figure 12 shows the estimated median fixed cost and sourcing potential. We observe that
China has both one of the highest sourcing potentials as well as median fixed cost, while
Mexico has a smaller sourcing potential but a median fixed cost almost as high as China’s.
We observe something similar with the United States, which has a high sourcing potential,
and Italy, which has a smaller sourcing potential but higher median fixed cost. These results
are helpful to make sense of the difference found between countries’ extensive and intensive
margin. They also show that heterogeneous fixed costs across countries are relevant to match

the model to the data.
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5.5 Fit of the model

We now show how our model fits the data. From Table 5 we learn that for the case of
the second moment, i.e., the share of importers with sales below the median, the model fits
the data reasonably well. There is only a 3% difference between the data and the model.
Something similar occurs for the case of the fourth moment, which is the median firm’s input
purchases from Chile, where the difference is bigger than for the second moment, but it is
less than 10%. However, the model could do a better job at matching the first moment, i.e.,
the share of importers. For the third moment, we plot the difference between the data and

the model implied share of importers by country.

Table 5: Fit of the model

Moments Data  Model

Share of importers 0.226  0.1959
Share imp. w/sales below median | 0.082  0.0848

Median input purchases 124.430 112.56

From Figure 13, we observe that some countries’ share of importers, like the case of China,
the United States, France, Argentina, Brazil, Germany, and the rest of the world, are well
fitted with our model. However, for some other countries, like Mexico, Taiwan, the United
kingdom, Italy, and Spain, we could improve the fit. However, overall, the fit of the model

is reasonable for the number of countries we are evaluating.
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Model fit: share of importers by country
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6 Counterfactual

We now proceed to use the parameter values that we obtained in section 5 to evaluate the
effect of a change in uncertainty for all countries in the extensive and intensive margin, i.e.
we want to understand how a change in aggregate uncertainty can affect firms’ decisions of
who and how much to source from other countries. We focus on the variation in uncertainty
that happened during the Covid-19 period compared to the average uncertainty levels from
2012 to 2019. Our focus is on the Covid-19 period, 2020-2023, because, as shown in Figure
10, it provides a big shock to supply chain uncertainty in the data that allows us to under-
stand and compare the predictions of our model. These shocks also behave very differently
between countries, which gives us some country variation in our counterfactual and helps us
understand the effects of both increases and decreases in aggregate uncertainty. Our focus is
on the counterfactual effect of mean-preserving change in aggregate uncertainty because this
encompasses both mechanisms in which uncertainty affects expected profits, i.e., the option
value and the hedging effect, so we maintain the average idiosyncratic uncertainty from 2012

to 2023 constant.

Our baseline specification uses the estimated parameters obtained with the average values for
the first quarter of 2012 to the fourth quarter of 2019. To obtain our counterfactual, we ap-
ply our model to estimate the average variance of aggregate shocks for the period 2012-2019
and idiosyncratic shocks for the period 2012-2023, and then we proceed to do the same using
the aggregate uncertainty for the period 2020-2023 instead. We hold all exogenous variables
constant, but solve again for the price index and allow the mass of firms to adjust, while we
increase the variance of aggregate shocks using the estimates for the period 2020-2023. For
our counterfactual, we do not take a stance on what is producing the change in aggregate un-

certainty for each country, and just focus on the effect of this change in variance of the shocks.
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We first show the change in each country’s uncertainty between the periods 2012-2019 and
2020-2023 to understand which countries increased their aggregate uncertainty during the
2020-2023 period and which ones decreased their uncertainty. We need to understand this
first to be able to comprehend the mechanisms that are at work in our model and how that

explains the results we get from our desired counterfactuals.

As we observe in Figure 14, uncertainty increases for all countries except Argentina for
the 2020-2023, or “Post Covid", period. However, there is a lot of heterogeneity in the
change of uncertainty for the period of 2020-2023 compared to 2012-2019. While countries
like China, Germany, Italy, Spain, Mexico, and the Great Britain highly increased their
aggregate uncertainty, countries like the United States, the rest of the world, and France,
did not had a significant increase in aggregate uncertainty. Finally, even though Argentina
decreased its aggregate uncertainty, the decrease is not as proportionally big as some of the

increases.

Figure 14: Change in standard deviation of aggregate shock
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We now proceed to simulate our model economy for the case without aggregate uncertainty,
the case of the average value of aggregate uncertainty from 2012 to 2019’s, and the average
value of aggregate uncertainty from 2020 to 2023. The value of idiosyncratic uncertainty from
2012 to 2023 remains unchanged. We are interested in understanding how firms’ extensive
and intensive margin decisions were affected by the fact that there was aggregate uncertainty
in the period 2012-2019 by comparing that to what would have happened if there wouldn’t
have been any aggregate uncertainty instead. We are also interested in understanding the
effect on the intensive and extensive margin that comes from the change in aggregate uncer-

tainty from the average from 2020 to 2023 compared to the average from 2012 to 2019.

Figure 15: Share of importing firms by country
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In the figure 15, we plot the share of firms that are importing from each country pre- and

post-Covid-19 average change in aggregate uncertainty. We denote this share of importers

85



by the variable A;;, the share of firms in j that import from origin :

Aj = /@ 15(9)dG(p) = / 1{i € T;()} dG(p)

14

From the figure above we learn that the share of importing firms by country increased with
the increase in uncertainty for China, Taiwan, Great Britain, Spain, Mexico, Germany, and
Brazil. For the case of the United States and Italy, the increase in uncertainty increases
the number of firms sourcing from these countries, but the effect is almost negligible. For
countries in which the aggregate uncertainty decreased for the 2020-2023 period, like Ar-
gentina, we observe that the share of firms importing from them decreases compared to the
case of 2012 to 2019. We find a similar, but noticeable smaller, effect on France. Focusing
now on the case of no aggregate uncertainty, we find that the share of importing firms in-

creased with uncertainty for every country, except for Italy and, in a smaller measure, France.

Figure 7?7 in the estimation appendix plots the change in the share of value of imports
by importing firms for each country in the case of no risk and in the case of the average
pre- and post-Covid-19 aggregate uncertainty. From the figure, we learn that the effect on
the change in the share of value of imports by importing firms has the same direction as
the case of the share of importing firms by country, where we find a, mostly positive, corre-
lation. However, as we will see next, these effects are small in levels albeit not as small in

percentages, as observed in Figure 16.

In Figure 16, we plot the percentage change of the two forces we plotted in levels before: the
percentage change in the number of firms sourcing from a country, or extensive margin, and
the percentage change in the total value that firms are buying from each country controlling

for the number of firms, or intensive margin. We also plot the total change from these two
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Figure 16: Percentage change extensive v/s intensive margin
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In the figure 16, we hence plot, for each country i, the decomposition:

A%Xij =~ A%)‘z’j + A%%
)

with the percentage A%Y;;, the extensive margin change, \;; in red, and the change of %
ij

Y

the intensive margin, in yellow.

From this figure, we observe that China, Germany, Brazil, Spain, Mexico, Taiwan, and

Great Britain, increased both their intensive and extensive margin and had a total effect of
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uncertainty between 1%, for the case of Mexico, and almost 10%, for the case of Taiwan.
However, other countries, like the United States and Italy, even though their uncertainty
increased in the period from 2020 to 2023, they experienced a very small increase in both
the intensive as well as the extensive margin. For all cases, the percentage change for the
intensive margin is lower than the percentage change for the extensive margin. We observe
that our results for the intensive margin are the same in sign as for the extensive margin,
however, the effect is smaller in percentage for all cases. This indicates a possible positive
relationship between the change in aggregate risk by country and the intensive and extensive

margin, which is what we check next in Figure 17.

Figure 17: Change in aggregate risk and intensive and extensive margins
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From Figure 84b we observe that there is in fact a positive relationship between the change
in aggregate uncertainty and the change in both the extensive and the intensive margins.
Most countries, except for two, fall inside the confidence interval, which means that, for most
countries the relationship between uncertainty and extensive and intensive margin is positive.

We will next explain this, mostly positive, correlation in terms of the results from our model.

Starting with the extensive margin, we observe that the effect of aggregate uncertainty goes
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in the expected direction for most of the sample. An increase in aggregate uncertainty leads
to an increase in the share of firms importing from that country, which can be explained by
the option value effect being bigger than the hedging effect: firms prefer to add countries
to their sourcing strategy with higher uncertainty because of the chance of getting a lower
cost if the country is highly positively shocked. This occurs because sourcing from more
countries allow firms to have access to more Fréchet shocks, so a mean preserving spread
variance increases is beneficial for lowering the costs and increasing profits. This effect is
even higher for the case of aggregate uncertainty, since that also increases the expected price
index and hence the market demand. However, the case of the rest of the world and France
imply that the extensive margin slightly decreased for these countries even though their ag-
gregate uncertainty increased. We could make sense of that by the fact that, if most firms
are now importing from the countries whose uncertainty increased the most, they have to
stop sourcing from other countries they were previously sourcing from. Because the change
in uncertainty for the rest of the world and France are the smallest ones, firms stop importing
from them and start importing from countries whose uncertainty went up higher than theirs,

or had a small increase but also a small fixed cost.

The intensive margin is, instead, an ex-post decision, so what’s affecting it is the realization
of the shock, and not the uncertainty surrounding it. However, in this case, we are taking
the expected intensive margin. From our model, we expect that, given that the change in the
share of value of imports is increasing in the sourcing potential, an increase in the aggregate
uncertainty of a country will increase the expected average share because it increases the
probability of cost reduction. However, the decrease in the intensive margin that occurs for
France and the rest of the world can be explained by the fact that, in expectation, firms pre-
fer to buy more from countries whose shocks strongly decreased their price, so they have to

buy less from countries whose shocks were not very strong and whose price might either gone
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up or not decreased much compared to the others. From Figure 84b, we observe that the
effect of aggregate uncertainty is higher for the extensive margin than the intensive margin.
This can be explained because the extensive margin is affected by all countries’ uncertainty
through the sourcing capability, through the option value effect, and because of the effect of

uncertainty in the market demand.

Finally, we obtain the average expected HHI for the case of no uncertainty, the average
uncertainty for the period from 2012 to 2019, and the average uncertainty for the period
from 2020 to 2023.

Table 6: Average HHI

No risk  Average 2012-2019 risk  Average 2020-2023 risk

Average HHI | 0.9960 0.9626 0.9616

From Table 6, we learn that an increase in uncertainty, either comparing to ‘no uncertainty”
or to the average uncertainty from 2012 to 2019, decreases the average expected HHI. Com-
paring the average uncertainty from 2012 to 2019 with the average uncertainty from 2020
to 2023, in which the overall average uncertainty seems to have increased, we also find that
the average expected HHI decreased. We are able to explain this through the lens of our
model because the effect on the extensive margin seems to be mostly positive, and higher
than the effect on the intensive margin. This means that, overall, firms are diversifying more
and buying from more suppliers, which reduced the HHI. Even though this result can be
explain using our model, this is in stark contrast with what we found in our introduction,
which is that the increase in uncertainty for the period 2020 to 2023 cause an increase in
the HHI. However, we have to take into consideration that in our structural analysis: (i) we
have less countries and a big rest of the world, which makes our HHI higher and harder to

affect, (ii) we take the expectation, and not the realization of a shock. As a result, upon
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a realization of a particularly large negative shock, as happened during the Covid-19 crisis
with substantial disruptions of international trade, the trade shares of negatively impacted
countries decreased substantially, concentrating the import into “non-shocked” countries. As
a result, the HHI would have increased strongly in some of these events. In future analysis,
we will investigate the role of this reallocation. In the estimation appendix, Figures 82, 83,
84, and Table 8, we show the results for the same counterfactuals using instead the me-
dian idiosyncratic uncertainty. We find similar evidence for most countries, with some small
exceptions, which means that idiosyncratic uncertainty outliers are not driving our results.
Finally, in Figure 85, we plot the average HHI across countries for different realizations of
the shocks and we learn that the HHI tends to increases for positive shocks and decrease for

negative ones.
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7 Conclusions

We develop a multi-country sourcing framework, inspired by Antras, Fort, and Tintelnot
[2017|, where firms self-select into importing based on productivity, cost minimization, and
trade disruption risk that increases the cost of importing. Using this structural model that
we take to firm level data from Chile, we show quantitatively that the decrease in marginal
cost is still the main driver of firms’ sourcing decisions, but risk affects this choice in a non-

trivial way.

In our model, heterogeneous firms have to make decisions at three stages: (i) after they
learn their productivity they have to decide if they want to produce, (ii) ex-ante, these
final-good producers decide the set of countries to import from, subject to a fixed cost of
initiating the sourcing relationship, by maximizing their expected profits. This creates an
extensive margin of firms’ import decision as well as an interdependent choice of where to
source from: adding an additional country to the sourcing set depends on which countries
the firm is already importing from and to which extent it decreases their marginal cost. (iii)
Ex-post, trade shocks affect the cost of importing from a particular country in two ways:
first, idiosyncratic shocks affect the firm-specific cost for that good, and second, an aggregate
shock also changes that price but for all the firms importing from that country as well as
the aggregate price level and market demand of the economy. Based on these costs, firms
make their ex-post quantity decisions as in Eaton and Kortum [2002|, which affects ex-ante
decisions where firms maximize expected profits. As in Antras, Fort, and Tintelnot [2017],
we find that even with aggregate or idiosyncratic uncertainty, a pecking order exists, and

more productive firms self-select into importing from a larger set of suppliers.

Theoretically, we show that aggregate and idiosyncratic uncertainty affects firms’ choice

in opposite ways. Firm idiosyncratic import risk creates a positive option value of diver-
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sifying the set of suppliers, as firm profit is convex in sourcing cost and firms’ decisions
exhibit risk-loving properties. However, country-specific aggregate shocks also affect market
demand, which changes the co-movement between the firms’ cost and the aggregate price of
other firms. In the states of the world where a firm is hit by a negative shock from a foreign
country, the fact that the rest of the economy is very exposed to that same country lowers
its profit, incentivizing the firm to hedge against such a risk. As a result, outsourcing and
diversification objectives can lead to non-trivial sourcing decisions depending on the price

and risk structure of each country.

In numerical examples, we see that the change in expected profits is principally driven
by a decrease in expected marginal cost that comes from the complementarity. This makes
firms want to add more countries to their sourcing strategy to get an extra cost of draw and
increase competition, which decreases overall cost. However, uncertainty is not innocuous
and, even though it has two counteracting forces, it is driven mostly by the option value.
This implies that firms are risk-lovers and prefer countries with high uncertainty for the

chance of getting a high enough positive shock that will reduce the marginal cost.

To evaluate the importance of supply-chain uncertainty on the intensive and extensive mar-
gins, we estimate this model using firm-level customs, IRS, and unemployment fund data
from the Central Bank of Chile from 2012 to 2023 at the quarterly level. We then recover
the variance of aggregate and idiosyncratic risk using firms’ import share and evaluate their
relative importance in firms’ decisions. Moreover, we recover the fixed costs of sourcing from
each country using Simulated Method of Moments and show how accounting for risk affects
our results. Since the sourcing choice interacts between countries, the dimensionality of our
problem is thus very high as it involves solving a combinatorial problem over all possible

combinations of import sources. However, exploiting the complementarity between countries
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in firms’ marginal cost, we can leverage Jia [2008]’s algorithm to reduce the dimensionality

of our problem.

Using our parameters, we re-estimate our model to study how the change in average un-
certainty from 2020 to 2023 affected the sourcing decisions of firms in Chile compared to
the sourcing strategy obtained using the average estimates from 2012 to 2019. We find that
there is a positive correlation between the change in aggregate uncertainty and the change
in both the extensive and the intensive margins. In the case of the extensive margin, we
find that most of the effect is explained by the fact that the option value is bigger than the
hedging effect, so firms prefer countries with higher uncertainty because of the chance of a
cost reduction and getting the expected increase in the market demand. For the case of the
intensive margin we find a similar, albeit smaller, effect of uncertainty. Then, we find that
the expected HHI decreases with uncertainty, which can be explained by the fact that the

extensive margin increases more than the intensive margin.

Our model makes strong assumptions about the timing of firms’ decision-making processes,
which affects our results. We also obtain a model in which firms behave like they are risk-
loving, which does not necessarily match what we observe in reality. However, our model is
novel in the sense that it allows us to obtain the different forces through which uncertainty
is affecting the sourcing decisions of firms. With our model and our data we are able to
estimate the parameters and obtain a counterfactual to understand the effect of uncertainty

in the extensive and intensive margin.
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1 Theoretical Appendix

1.1 Proof of Proposition 1

(a) Two firms with productivity g > ¢r. Denote Zj(¢y) = {i : 1;;(py) = 1} and

Zi(pr) =1{i: Lij(pr) = 1}, and Zj(pp) # Zj(¢r) (f Zj(em) = Z;(¢r), it holds trivially).
For firm g to prefer Z;(wp) over Z;(pr):

E(ef ' (n0;(Zi(er, v (em) ™ Bi(7) —w; Y. fij

i€Z; (o)

> B (19;(Zi (e, () ™ Bi() —w; > fij

i€Z; (er)

and

E(07 (10, (Zi(pm, v (on) T Bi(y) —w; > fy
i€Z;(pn)

o—

<E(93  (00;(Ti (0L, 1) T B;(N) —w; > fiy

i€Z; (L)

Combining these two, we find

o—1

w5t = ¢T IR0, (T (om, 1)) T B;(1) = B0 (T (o1, 1)) T Bi()In"T >0

Given that o > ¢, n > 0, and the fact that v’s are the same and the expectations formed

about these shocks are the same, and shocks are i.i.d, E(@j(Ij(goH,’y(g&H)))UT?lBj(’y)) >

E(©,(Z;(erL, ’V(SOL)))UT_IBJ' (7))

(b) When (o0 — 1)/6 > 1, the expected profit function features increasing differences in

15, 1y  for i,k € {1,...,I} with i # k. To prove this, we show it first for the case without
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risk and then we include uncertainty:

o—1 o—1 o—1

(Ts(7i7i5 (0)ws) ™ + Ti(migmng (@)wi) )T — (Ti(mijves (@)wi) )T > Tu(rijij(0)wi) )77

o—1

(T (rigig (@) wi) ™ + T (mijmeg (©)wi) ™) T = (Tilrigig(0)wi) ™) T + (Te(migg (0)wn) 0) 7

which is true for (¢ —1)/6 > 1 since, for o > 1:

2 4y = (2 + 1) [(xiy)a+ (x—yky)a}
< (z+y)° K;@) + (:c—y%y)}

= (z+y)"

Where we take oo = (0 — 1)/0, z = (Tj(7;jvi;(¢)w;) %, and y = Ty (rpj7k; (0)wy) 7.

Now, because this is true almost surely, and since %;;,%;;(¢) > 0, we can just take the

expectation on both sides and this will still be valid.

Furthermore, it also features increasing differences in (]lij, p) for any i € I, since

(05 = TN (757 (0)wi) ™0 + T (e (9)wr) ™) T >

0__1 o—1

(0% = TN (Th (i (@)wp) ™0 T

Then, again, we can just take expectation and it is still true.

Finally, we use Topki’s theorem, which states that if f is supermodular in (x,0) and D

is a lattice, then 2*(0) = argmax,cp f(z,0) is non-decreasing in 6, we can then conclude

that Z;(¢r) € Zj(ep) for o = ¢f.
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1.2 Proof of Proposition 2

Consider first the case, i # Z;(¢). The mapping defined in Proposition 2 is such that

T BB (7)0,(TUi) T ) — B(B;(1)0;(1) 7)) > f;;

and Vj;j(¢,7,Z) = 0 otherwise. Because of increasing differences, the term E(©;(Z U
i)gTTlBj(v)) — E(@j(I)UTTlBj(v)) is increasing by the addition of elements to the set Z
(for (0 —1)/60 > 1). As a result, for T C I, we cannot possibly have V;(¢,7,Z) = 1
and Vjj(p,7,Z) = 0. Instead, we must have either Vj;(¢,v,Z) = Vjj(¢,7,Z) = 0,
Vij(p,7,Z) = Vij(p,7,Z') = 1 or Vij(¢,7,Z) = 0 and Vj;(¢,7,7') = 1.

Second, consider the case i € Z. The mapping V;j(p,7,Z) defined in Proposition 2 is

such that

SOU—I,YT[E<Bj(7)@j(I)UT?1) — E(Bj(y)@j(l\i)%l)] > fij

and V;;(®,7,Z) = 0 otherwise. Similarly to above, the term (O, (I)UTTl) - E(9; (I\Z)JT?l

)
is increased by the addition of elements to the set Z. As a result, for Z C I’, we can-
not possibly have Vij(p,7,Z) = 1 and V;j(p,7,Z') = 0. Instead, we must have either
Viile,1,Z) = Vij(p,7,T') = 0, Vij(e,7,Z) = Vij(p,7,I') = 1 or Vij(¢,7,Z) = 0 and

%](907 771/) =1

Thus, we can conclude that Vij(w,fy,I’) > Vij(go,fy,Z') for T C I’ as stated in the proposi-

tion.
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1.3 Gravity Equation

Using equation (19), 0 — 1 = 6 (entry decisions are independent), and the formula for the
Pareto distribution, Gj(¢) = 1 — (gj/gp)", to solve for the integral in equation (20) and plug

it back in equation (19):
a—1 _ —
Mii(7) = (0 — )" @ N;B;(3)Ti(7i w15 () k"

With 0 — 1 = 6, we have that the threshold is now given by

o1 wj fij
@7 = -
" nE(B;(3)Ti(7ijwivij () ~9)

Then, we plug this back in our equation for M;;(y) with o — 1 = ¢ and after some manipu-

lation, we find:

_\ _ ~ N, . 2
o NyBi(7) et (mig) T (wiig (0) i) o ()" @i
ii(7) = R

K

= >k NkBk,(?)ﬁ(@k)/i(wk,%k(gp),—yikfik)l—ﬁ

Using the definition of B;(¥) and using the resulting N, of equilibrium obtained for the

Pareto case with shape parameter x, and defining

Jej _ e 1
CDJZLLJJ& "in(’y) “w 1

we obtain equation (21).

101



2 Numerical Experiment Appendix

Figure 18: Profit Decomposition - Agg & idio Risk - Medium Complementarity

Firms' profit -- Aggregate & Idiosyncratic risk
T T T T

T
e Expected Profit
Profit - Expected sourcing potential
Sourcing Capability Risk

= Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition for aggregate
and idiosyncratic risk using a medium level of complemen-

tarity, with 0 = 3.1, 0 = 2.1, s0 (6 — 1)/6 = 1.

Figure 19: Profit Decomposition - Agg & idio Risk - Low Complementarity

Firms' profit -- Aggregate & Idiosyncratic risk
I T T T

T
e Expected Profit
|——— Profit - Expected sourcing potential
Sourcing Capability Risk
——— Covariance Capability & Mkt Demand
== Fixed cost

w
T

~

_— |

Firms' expected profit

-

I
1 12 14 16 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition for aggregate
and idiosyncratic risk using a low level of complementarity,
with 0 =2.3, 0 =2.7,s0 (0 —1)/0 = 0.482.
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Figure 20: Profit Decomposition - Agg Risk Only - High Complementarity

Firms' profit -- Aggregate risk only
T T

T
e Expected Profit
Profit - Expected sourcing potential

Sourcing Capability Risk
== Covariance Capability & Mkt Demand
Fixed cost

SRy

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Firms' expected profit

Notes: Firms’ expected profit decomposition for aggregate
risk only using a high level of complementarity, with ¢ =

3.8, 0 =1.789, s0 (0 — 1)/6 = 1.58.

Figure 21: Profit Decomposition - Agg Risk Only - Medium Complementarity

. Firms' profit -- Aggregate risk only
T T T T

s Expected Profit

Profit - Expected sourcing potential

Sourcing Capability Risk

=== Covariance Capability & Mkt Demand

Fixed cost

Firms' expected profit

a1 I I
1 1.2 1.4 16 1.8 2 22 2.4

Firm productivity
Notes: Firms’ expected profit decomposition for aggregate
risk only using a medium level of complementarity, with

c=31,0=21,s0(c—1)/0 =1.
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Figure 22: Profit Decomposition - Agg Risk Only - Low Complementarity

Firms' profit -- Aggregate risk only
T T

T
e Expected Profit
Profit - Expected sourcing potential

Sourcing Capability Risk
== Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition for aggregate
risk only using a low level of complementarity, with o = 2.3,

0=2.7,s0(c—1)/0 =0.482.

Figure 23: Profit Decomposition - Idio Risk Only - High Complementarity

Firms' profit -- Idiosyncratic risk only
T T T

7 T
e Expected Profit
Profit - Expected sourcing potential
Sourcing Capability Risk

= Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

]

a1 I I I
1 1.2 1.4 16 1.8 2 22 2.4

Firm productivity
Notes: Firms’ expected profit decomposition for idiosyn-
cratic risk only using a high level of complementarity, with

0=238,0=1.789,s0 (¢ —1)/6 = 1.58.
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Figure 24: Profit Decomposition - Idio Risk Only - Medium Complementarity

Firms' profit -- Idiosyncratic risk only
T T T

T
e Expected Profit
Profit - Expected sourcing potential

Sourcing Capability Risk
== Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition for idiosyn-
cratic risk only using a medium level of complementarity,

with 0 =3.1,0=2.1,s0 (6 —1)/0 = 1.

Figure 25: Profit Decomposition - Idio Risk Only - Low Complementarity

. Firms' profit -- Idiosyncratic risk only
T T T

s Expected Profit

Profit - Expected sourcing potential

Sourcing Capability Risk

=== Covariance Capability & Mkt Demand

Fixed cost

Firms' expected profit

a1 I I I I
1 1.2 1.4 16 1.8 2 22 2.4

Firm productivity
Notes: Firms’ expected profit decomposition for idiosyn-
cratic risk only using a low level of complementarity, with

0=23,0=27,s0 (0 —1)/0 = 0.482.

105



Figure 26: Profit Decomposition - No Risk - High Complementarity

Firms' profit -- No risk
T

T
e Expected Profit
Profit - Expected sourcing potential

Sourcing Capability Risk
== Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition without risk
using a high level of complementarity, with o = 3.8, § =

1.789, s0 (0 — 1)/6 = 1.58.

Figure 27: Profit Decomposition - No Risk - Medium Complementarity

. Firms' profit -- No risk
T T

s Expected Profit
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Sourcing Capability Risk
= Covariance Capability & Mkt Demand
5L Fixed cost i

Firms' expected profit

a1 I I I I
1 1.2 1.4 16 1.8 2 22 2.4

Firm productivity

Notes: Firms’ expected profit decomposition without risk
using a medium level of complementarity, with ¢ = 3.1,

f=21,s0 (c—1)/0 =1.
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Figure 28: Profit Decomposition - No Risk - Low Complementarity

Firms' profit -- No risk
T

T
= Expected Profit
Profit - Expected sourcing potential

Sourcing Capability Risk

= Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition without risk
using a low level of complementarity, with o = 2.3, 0 = 2.7,

so (6 —1)/0 = 0.482.

Figure 29: Profit Decomposition - Agg & Idio Risk - High Complementarity - SDF

Firms' exp. int. input purchases
T T

15 T
Domestic purchases
F1 purchases

F2 purchases

Expected int. input purchases - Agg. and idio. risk

/ /

[

0 L L I I
1 1.2 1.4 16 1.8 2 22 2.4

Firm productivity

Notes: Firms’ expected profit decomposition with aggre-
gate and idiosyncratic risk and stochastic discount fac-
tor using a high level of complementarity, with ¢ = 3.8,

6 =1.789, so (o — 1)/0 = 1.58.
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Figure 30: Profit Decomposition - Agg Risk Only - High Complementarity - SDF

Firms' profit -- Aggregate risk only
T T T

T
e Expected Profit
Profit - Expected sourcing potential
Sourcing Capability Risk

== Covariance Capability & Mkt Demand
Fixed cost
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1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition with aggre-
gate risk only and stochastic discount factor using a high
level of complementarity, with ¢ = 3.8, § = 1.789, so
(0 —1)/0 =1.58.

Figure 31: Profit Decomposition - Idio Risk Only - High Complementarity - SDF

Firms' profit -- Idiosyncratic risk only
T T T

T
= Expected Profit
Profit - Expected sourcing potential
Sourcing Capability Risk

——— Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit

1 I I
1 1.2 14 1.6 18 2 22 2.4

Firm productivity

Notes: Firms’ expected profit decomposition with idiosyn-
cratic risk only and stochastic discount factor using a high
level of complementarity, with ¢ = 3.8, § = 1.789, so
(0 —1)/6 = 1.58.
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Figure 32: Profit Decomposition - No Risk - High Complementarity - SDF

Firms' profit -- No risk
T
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Profit - Expected sourcing potential
Sourcing Capability Risk

== Covariance Capability & Mkt Demand
Fixed cost

Firms' expected profit
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1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected profit decomposition without risk
and stochastic discount factor using a high level of comple-

mentarity, with o = 3.8, § = 1.789, so (¢ — 1)/6 = 1.58.

Figure 33: Exp Profits and Sourcing strategies - Medium Comp
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Notes: Firms’ expected profit decomposition with medium

level of complementarity, with o = 3.1, § = 2.1, so (¢ —

1)/6 = 1.
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Figure 34: Exp Profits and Sourcing strategies - Low Comp

Firms' profit - Comparison
T T T

Firms' expected profit

L I I
1 1.2 1.4 16 18 2

Firm productivity

Notes: Firms’ expected profit decomposition with low level
of complementarity, with o = 2.3, 0 = 2.7, so (¢ —1)/0 =
0.482.

Figure 35: Exp Profits and Sourcing strategies - High Comp = SDF

Firms' profit -

Comparison
T T

Firms' expected profit

Firm productivity

Notes: Firms’ expected profit decomposition with stochas-
tic discount factor using a high level of complementarity,

with o = 3.8, 6 = 1.789, so (o — 1)/0 = 1.58.
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Expected int. input purchases - Agg. and idio. risk

Figure 36: Expected Input Purchases - Medium Complementarity
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(c) Foreign 2

levels of complementarity, with o = 3.1, 0 = 2.1, s0 (6 — 1)/0 = 1.
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Expected int. input purchases - Agg. and idio. risk

Figure 37: Expected Input Purchases - Low Complementarity
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(c) Foreign 2

Notes: Firms’ expected input purchases for Domestic, Foreign 1, and Foreign 2 using low

levels of complementarity, with o = 2.3, § = 2.7, so (0 — 1)/6 = 0.482.
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Expected int. input purchases - Agg. and idio. risk

Figure 38: Expected Input Purchases - High Complementarity - SDF
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(c) Foreign 2
Notes: Firms’ expected input purchases for Domestic, Foreign 1, and Foreign 2 with stochas-
tic discount factor, using high levels of complementarity, with ¢ = 3.8, § = 1.789, so

(0 —1)/0 = 1.58.

113



Figure 39: Exp Input Purchases - Agg & Idio Risk - High Comp - By Country

Firms' exp. int. input purchases
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate and idiosyn-
cratic risk, for high levels of complementarity, with o = 3.8,

9 =1.789, so (o — 1)/0 = 1.58.

Figure 40: Exp Input Purchases - Agg & Idio Risk - Medium Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate and idiosyn-
cratic risk, for medium levels of complementarity, with
c=31,0=21,s0(c—1)/0=1.
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Figure 41: Exp Input Purchases - Agg & Idio Risk - Low Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate and idiosyn-
cratic risk, for low levels of complementarity, with o = 2.3,

9 =27, 50 (o —1)/8 = 0.482.

Figure 42: Exp Input Purchases - Aggregate Risk - High Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate risk only, for
high levels of complementarity, with o = 3.8, § = 1.789, so
(c —1)/6 = 1.58.
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Figure 43: Exp Input Purchases - Aggregate Risk - Medium Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate risk only, for
medium levels of complementarity, with o = 3.1, § = 2.1,

so (c—1)/0=1.

Figure 44: Exp Input Purchases - Aggregate Risk - Low Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate risk only, for
low levels of complementarity, with o = 2.3, § = 2.7, so
(0 —1)/0 =0.482.
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Figure 45: Exp Input Purchases - Idiosyncratic Risk - High Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with idiosyncratic risk only, for
high levels of complementarity, with o = 3.8, § = 1.789, so
(c —1)/6 = 1.58.

Figure 46: Exp Input Purchases - Idiosyncratic Risk - Medium Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with idiosyncratic risk only, for
medium levels of complementarity, with o = 3.1, § = 2.1,
so(c—1)/0=1.

117



Figure 47: Exp Input Purchases - Idiosyncratic Risk - Low Comp - By Country

Firms' exp. int. input purchases
T T

T
Domestic purchases
F1 purchases
F2 purchases

w N n
T T T
L I I

Expected int. input purchases - Idio. risk only
T
I

|

I
1 12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with idiosyncratic risk only, for
low levels of complementarity, with o = 2.3, § = 2.7, so

(0 —1)/6 = 0.482.

Figure 48: Exp Input Purchases - No Risk - High Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, without risk, for high lev-
els of complementarity, with ¢ = 3.8, § = 1.789, so
(0 —1)/0 = 1.58.
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Figure 49: Exp Input Purchases - No Risk - Medium Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, without risk, for medium levels

of complementarity, with o = 3.1, 6 = 2.1, 80 (0 —1)/0 = 1.

Figure 50: Exp Input Purchases - No Risk - Low Comp - By Country
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, without risk, for low levels of
complementarity, with o = 2.3, § = 2.7, so (o — 1)/0 =
0.482.
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Figure 51: Exp Input Purchases - Agg & Idio Risk - High Comp - By Country - SDF
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate and idiosyncratic
risk and stochastic discount factor, for high levels of comple-

mentarity, with o = 3.8, § = 1.789, so (¢ — 1)/6 = 1.58.

Figure 52: Exp Input Purchases - Aggregate Risk - High Comp - By Country - SDF
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with aggregate risk only and
stochastic discount factor, for high levels of complementar-
ity, with 0 = 3.8, 0 = 1.789, so (¢ — 1)/6 = 1.58.
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Figure 53: Exp Input Purchases - Idiosyncratic Risk - High Comp - By Country - SDF
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, with idiosyncratic risk only and
stochastic discount factor, for high levels of complementar-

ity, with o = 3.8, 0 = 1.789, so (0 — 1)/0 = 1.58.

Figure 54: Exp Input Purchases - No Risk - High Comp - By Country - SDF
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Notes: Firms’ expected average intermediate input pur-
chases by country of origin, without risk and stochastic
discount factor, for high levels of complementarity, with
0=38,0=1.789,s0 (c —1)/0 = 1.58.
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Figure 55: Intermediate Input Purchases Histogram for China

Distribution of import share from China

Distribution

Import share ' 0.5

Supply chain cost shock
Notes: Intermediate Input Purchases Histogram for China.

We show the distribution of import shares for different re-
alization of supply chain shocks. We see that import share

increase for positive shocks and decrease for negative shocks.

Figure 56: Option Value and Hedging Terms - High Complementarity
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Notes: Option value and hedging terms for different risks,
for high levels of complementarity, with ¢ = 3.8, § = 1.789,
so (0 —1)/0 = 1.58.
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Figure 57: Option Value and Hedging Terms - Medium Complementarity
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Notes: Option value and hedging terms for different risks,
for medium levels of complementarity, with ¢ = 3.1, § =

2.1,s0 (6 —1)/0 =1.

Figure 58: Option Value and Hedging Terms - Low Complementarity
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Notes: Option value and hedging terms for different risks,
for low levels of complementarity, with o = 2.3, 6 = 2.7, so

(o —1)/0 = 0.482.
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Figure 59: Option Value and Hedging Terms - High Complementarity - SDF

Sourcing capability risk and covariance terms
T T

gar. + ldiosync. risk
ggreg. Risk only
nc.

°
o
2

o

S

S
T

Firms' expected profit

o

)

2
T
L

i
12 1.4 1.6 18 2 22 2.4
Firm productivity

Notes: Option value and hedging terms for different risks,
with stochastic discount factor, for high levels of comple-

mentarity, with o = 3.8, § = 1.789, so (¢ — 1)/6 = 1.58.

Figure 60: Expected Price level - High Complementarity
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Notes: Expected price level for high levels of complemen-

tarity, with o = 3.8, 6 = 1.789, so (0 — 1)/0 = 1.58.
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Figure 61: Expected Price level - Medium Complementarity
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Notes: Expected price level for medium levels of comple-

mentarity, with o = 3.1, = 2.1, s0 (¢ — 1)/6 = 1.

Figure 62: Expected Price level - Low Complementarity
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Notes: Expected price level for low levels of complementar-

ity, with 0 = 2.3, 0 = 2.7, s0 (0 — 1)/6 = 0.482.
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Figure 63: Expected Price level - High Complementarity - SDF

Price level
T T

0.08

0.06 — =

0.04 - g

Distribution across aggregate states of the word

WL | LI | | | |

1 12 1.4 16 1.8 2 22 2.4 2.6
Price index P

Notes: Expected price level with stochastic discount factor
for high levels of complementarity, with ¢ = 3.8, § = 1.789,
so (0 —1)/0 = 1.58.
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3 Data Appendix

Table 7: Extensive and intensive margin

origin | number of firms | value of imports | rank by firms | rank by value
CHN 24755 153955 1 12
USA 17556 140322 2 2
RoW 8286 26033 3 )
ESP 8055 12507 4 12
DEU 7520 25660 5 6
ITA 7493 11571 6 14
BRA 6964 70063 7 3
ARG 6103 36515 8 4
HKG 5652 238 9 45
TWN 5313 2732 10 28

Notes: Sample is Chilean firms from 2012 to 2023, averaged. Value of imports is in

million CLP.
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Figure 64:
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Notes: Figure obtained using the first step of our structural anal-

ysis, which recovers the average estimated sourcing potential. It
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Figure 65:
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intensive margin, or total value of imports, in logarithm.
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Figure 66: Average aggregate shock for different time periods
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Notes: Figure constructed using the fixed effects obtained from equation
(32), dividing by —#0, taking exponential, using a linear assumption, and
setting 1 as the initial value, to obtain the aggregate shocks by country.

We show the top-12 countries sorted by their importing share.

Figure 67: Average Aggregate Shocks All Countries, 2012q1-2019q4
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Notes: Average aggregate shocks for all countries, from 2012ql to
2019q4. Counstructed using the fixed effects obtained from equation (32)

and assumptions to recover the shocks.
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Figure 68: Average Aggregate Shocks All Countries, 2012¢q1-2023q4
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Notes: Average aggregate shocks for all countries, from 2012ql to
2023g4. Constructed using the fixed effects obtained from equation (32)

and assumptions to recover the shocks.

Figure 69: Average aggregate shock all countries, 2012q1-2015q4
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Notes: Average aggregate shocks for all countries, from 2012ql to
2015g4. Constructed using the fixed effects obtained from equation (32)

and assumptions to recover the shocks.
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Figure 70: Average Aggregate Shocks All Countries, 2016¢q1-2019q4
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Notes: Average aggregate shocks for all countries, from 2016ql to
2019¢4. Constructed using the fixed effects obtained from equation (32)

and assumptions to recover the shocks.

Figure 71: Average Aggregate Shocks All Countries, 2020q1-2023q4
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Notes: Average aggregate shocks for all countries, from 2020ql to
2023q4. Constructed using the fixed effects obtained from equation (32)

and assumptions to recover the shocks.
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Figure 72: Average Standard Deviation for Aggregate Shocks, 2012¢q1-2019q4
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Notes: Average standard deviation for aggregate shocks for all countries,
from 2012q1 to 2019q4. Constructed using the fixed effects obtained from

equation (32) and assumptions to recover the standard deviation.

Figure 73: Average Standard Deviation for Aggregate Shocks, 2012q1-2023q4

Standard deviation

WNE AT ZWIZ JUDN D0 Z<COGZZOJCLCZOXNON T II=> IS0 ULEZ><CSW
CrO2Ur<TITONLZONTIaYSAZInEL Q> <L IOXro_0ITO=X W
P T O TG O LS Ta AT AR TG b st ﬂgzzzmgmmmmggmﬁkkézziﬁ

Notes: Average standard deviation for aggregate shocks for all countries,
from 2012q1 to 2023q4. Constructed using the fixed effects obtained from

equation (32) and assumptions to recover the standard deviation.
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Figure 74: Average Standard Deviation for Aggregate Shocks, 2012q1-2015q4
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Notes: Average standard deviation for aggregate shocks for all countries,
from 2012q1 to 2015q4. Constructed using the fixed effects obtained from

equation (32) and assumptions to recover the standard deviation.

Figure 75: Average Standard Deviation for Aggregate Shocks, 2016¢q1-2019q4

.25
2
c
il
©
S .15+
[0}
©
2
C
2
g 17
4]
.05
o_
WL ZWIZ DY ZLZZOIC<CZOXNOXT I > D0 WX Z><<SW
AU TTTONLZONT MY SOZEnEa QU< TOXTroAG0=ITOS T
<2 GOBO0MAMU L EE e =2 —:stzn.n.n.n.n.n.ggmﬁn—p—észiﬁ

Notes: Average standard deviation for aggregate shocks for all countries,
from 2016q1 to 2019q4. Constructed using the fixed effects obtained from

equation (32) and assumptions to recover the standard deviation.
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Figure 76: Average Standard Deviation for Aggregate Shocks, 2020q1-2023q4
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Notes: Average standard deviation for aggregate shocks for all countries,
from 2020q1 to 2023q4. Constructed using the fixed effects obtained from

equation (32) and assumptions to recover the standard deviation.
Figure 77: Aggregate Shocks in Time for China and USA
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Notes: Average aggregate shocks in time for China and USA. Aggregate shocks in

time follow similar shapes but increase for the USA, while it decreases for China.
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mean of standard deviation

Figure 78: Average Standard Deviation for Idiosyncratic Shocks
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Notes: Average standard deviation for idiosyncratic shocks for all countries,
from 2012q1 to 2023q4. Constructed using the residuals obtained from equation

(32) and assumptions to recover the standard deviation.

Figure 79: Average SD for Idiosyncratic Shocks Without P1
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Notes: Average standard deviation for idiosyncratic shocks dropping the lowest
percentile, in term of importing share, of firms that import from each country,
from 2012q1 to 2023g4. Constructed using the residuals obtained from equation

(32) and assumptions to recover the standard deviation.
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Figure 80: Median SD for Idiosyncratic Shocks
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Notes: Median standard deviation for idiosyncratic shocks for all coun-
tries, from 2012ql to 2023q4. Constructed using the residuals obtained

from equation (32) and assumptions to recover the standard deviation.

Figure 81: Change in Share of Value of Imports by Importing Firms for Mean Idio.

T T
[l Pre Covid
[ Post Covid | |
[ INo Risk

USA ROW DEU ITA BRA ESP ARG MEX TWN FRA GBR

Notes: Change in share of value of imports by importing firms for average idiosyn-
cratic standard deviation. This is obtain using our results and equation (36).
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Figure 82: Share of Importing Firms by Country for Median Idio. SD
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Notes: Change in share of importing firms for median idiosyncratic stan-

dard deviation. This is obtain using the results from Figure 80.
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Figure 83: Percentage Change Extensive v/s Intensive Margin for Median Idio. SD

12

T T T T
[l Total change (Pre-post covid)
I Extensive margin

107|:|Intensive margin i

Percent change (2012-2019 vs. 2020-2023)

CHL CHN USA ROW DEU ITA BRA ESP ARG MEX TWN FRA GBR

Notes: Percentage change in extensive and intensive margin for median idiosyn-

cratic standard deviation. This is obtain using our results and equation (36).

Figure 84: Change in Agg. Risk and Intensive and Extensive Margins for Median Idio. SD
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Notes: Correlation between change in aggregate uncertainty and change in both extensive and

intensive margin, when using median idiosyncratic uncertainty.
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Table 8: Average HHI for Median Idio SD

No risk  Average 2012-2019 risk Average 2020-2023 risk

Average HHI

0.9960 0.9626 0.9616

Notes: Average H

uncertainty.

[I for aggregate uncertainty change obtained using median idiosyncratic

Figure 85: HHI and Supply Chain Shocks
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Notes: Scatter plot of HHI for different realization of supply

chain shocks. We see that HHI increases for positive shocks

and decrease for negative shocks.

139



	List of Figures
	List of Tables
	Disclaimer
	Acknowledgments
	Abstract
	1 Introduction
	1.1 Related literature

	2 Model
	2.1 Setup
	2.2 Preferences
	2.3 Technology and Market Structure
	2.4 Discussion of assumptions

	3 Equilibrium
	3.1 Final-Good Firm Behavior Conditional on Sourcing Strategy, Ij()
	3.2 Choice of Optimal Sourcing Strategy, Ij()
	3.3 Equilibrium
	3.4 Gravity Equation
	3.5 Herfindahl-Hirschman Index (HHI)
	3.6 Simple Case: 2 Countries with Aggregate Shocks
	3.7 Expected Profits' Decomposition
	3.8 Numerical Experiment

	4 Data
	4.1 Data Description
	4.2 Descriptive Evidence

	5 Structural Analysis
	5.1 Step 1. Estimate Average Country's Sourcing Potential
	5.2 Step 2. Estimate Aggregate and Idiosyncratic Uncertainty
	5.3 Step 3. Estimate firm-level fixed costs of sourcing for each country pair
	5.4 Results
	5.5 Fit of the model

	6 Counterfactual
	7 Conclusions
	References
	1 Theoretical Appendix
	1.1 Proof of Proposition 1
	1.2 Proof of Proposition 2
	1.3 Gravity Equation

	2 Numerical Experiment Appendix
	3 Data Appendix
	4 Estimation Appendix


