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1 Introduction

The trade of intermediate inputs constitutes the majority of international trade. This trade
is enabled by the formation of production networks between firms, which plays a crucial
role in the transmission of shocks. The recent rounds of tariff increases across the globe
raise questions about how supply chains may reorganize and how it impacts the aggre-
gate economy. The standard quantitative trade model, the mainstay of applied analysis
for global value chains, treats these production linkages as fixed, overlooking the fact that
firms actively shape these networks by establishing relationships with their suppliers and
buyers. While a growing body of research provides evidence on firms’ decisions in form-
ing production linkages, a gap remains in understanding how these decisions collectively
shape the aggregate structure of production networks, economic activity, and regional
welfare — both theoretically and quantitatively.

We address this gap by developing and analyzing a tractable, quantitative multi-location
general equilibrium trade model that incorporates firms’ production network formation.
Our model embeds firms’ production network formation decisions in an otherwise stan-
dard trade model with input-output linkages, as reviewed by Costinot and Rodriguez-
Clare (2014) and Antras and Chor (2022). Firms search for both suppliers and buyers across
space while facing ad-valorem trade costs and search costs. Relationships materialize de-
pending on the suppliers’ and buyers’ bilateral search efforts and the matching technology.
We show that our model implies a gravity structure of production networks and bilateral
trade. Production networks, in turn, shape aggregate economic activity across locations
in general equilibrium. We use this framework to develop sufficient statistics for global
and regional welfare and characterize the deviations from the fixed network environment.

A key feature of our framework is the search and matching externalities arising from
firms’ production network formation decisions. They play a critical role in the aggregate
effects of trade shocks and the departures of our setup from the standard trade model with
fixed production networks. To clarify the nature of these externalities, we solve a plan-
ning problem and derive a simple optimal policy formula for sales and search cost taxes.
We show that the search taxes are generally non-zero unless the elasticities of matching
technology take particular values so that the social marginal benefit of search coincides

with the firms’ equilibrium spending for search. Under these parameter values, the non-



appropriability and business stealing effects of relationship formation exactly cancel out.
This result extends the classical insight of search externality by Hosios (1990) to the set-
ting with multiple layers of production networks spanning across multiple locations.

Equipped with this result, we develop a series of sufficient statistics for the aggregate
welfare effects of trade cost shocks. First, up to first order, global welfare changes are
proportional to the product of observed nominal trade flows times the trade cost changes,
scaled by a specific coefficient. This observation that nominal trade flows are key sum-
mary statistics relates to the ex-ante welfare sufficient statistics analyzed by Atkeson and
Burstein (2010) and Baqaee and Farhi (2024) with fixed production networks, who in turn
build on the insight of Hulten (1978) in the closed economy. The specific coefficient may
not be equal to one, precisely because of the presence of equilibrium inefficiencies. In
the fixed network environment, this coefficient is greater than one due to a classic double
marginalization inefficiency that arises from monopolistic competition. With endogenous
production networks, this coefficient depends on the value of the social marginal benefit
relative to the private spending for search and how it interacts with the inefficiency from
the double marginalization.

Second, for any magnitude of the shock, welfare changes of a region are proportional
to the changes in intra-regional sourcing shares, scaled by a specific coefficient. This result
extends the familiar ex-post welfare sufficient statistics of welfare gains from trade with
fixed production networks (Arkolakis, Costinot and Rodriguez-Clare 2012; Blaum, Lelarge
and Peters 2018). This coefficient deviates from what is implied by a fixed production
network environment for two reasons. First, endogenous network formation increases
the aggregate trade elasticity — the responsiveness of aggregate trade flows to variable
trade costs — by enabling adjustments in supplier and buyer linkages. Second, trade cost
shocks can directly change the search cost payment, which amplifies these shocks.

We also demonstrate that our welfare sufficient statistics results extend beyond the
particular microfoundation of the network formation based on search and matching. Fol-
lowing the approach of Arkolakis et al. (2012), we derive reduced-form macro restrictions
that lead to the same ex-ante and ex-post welfare sufficient statistics. We show that these
restrictions hold for alternative microfoundations under appropriate parametric assump-
tions, such as relationship-specific fixed costs (as in Lim (2018); Huneeus (2018); Bernard,

Dhyne, Magerman, Manova and Moxnes (2022); Dhyne, Kikkawa, Kong, Mogstad and



Tintelnot (2023)) or discrete choices of suppliers (as in Oberfield (2018), Acemoglu and
Azar (2020), Antras and De Gortari (2020) and Eaton, Kortum and Kramarz (2024)), pro-
viding a coherent account of how endogenous production network formation affect the
aggregate economy. We also show that our framework can be extended to a multi-sector
environment following the specification of Caliendo and Parro (2015).

How much does endogenous production network formation affect the aggregate ef-
fects of trade cost shocks in practice? We answer this question using Chilean domestic
and international firm-to-firm trade data. We first provide reduced-form evidence that
a permanent trade shock —tariff changes from Chile’s recent bilateral trade agreements
with the U.S. and China- leads to the reorganization of production networks surrounding
Chilean firms. Using a difference-in-differences design with firms’ pre-agreement import
mix to construct an exposure measure, we show that firms with higher exposure to import
tariff reduction differentially increase both international and domestic supplier linkages.
Our finding of the increase in domestic supplier linkages is in contrast to existing re-
search studying the impacts of temporary international demand shocks (Demir, Fieler, Xu
and Yang, 2024a) and supply shocks (Huneeus, 2018) on domestic production networks,
and suggests that domestic and international supplier linkages are gross complements.

We next calibrate our model to data. We estimate the key structural parameters —
matching function elasticities and labor coefficients on search costs— using an indirect
inference approach, targeting the reduced-form effects of Chilean tariff reforms on do-
mestic production network reorganization. We show that our estimates of large matching
function elasticities and small labor coefficients on search costs can indeed rationalize the
differential increase in domestic supplier linkages when import tariffs go down.

Using the calibrated model, we first assess the impacts of moderate international trade
cost shocks on the Chilean economy. When we increase the iceberg trade costs from U.S.
and China to Chile by a magnitude similar to the aforementioned trade agreements (about
a 6.5 percentage point increase in tariffs for all imported goods from U.S. and China), the
aggregate welfare in Chile decreases by 0.35 percent. When we shut down endogenous
networks, this number decreases to 0.28 percent. Therefore, shutting down endogenous
network formation reduces the aggregate welfare losses by approximately 20%. This re-
sult is consistent with the interpretation that the equilibrium level of search, and hence

the trade flow, is inefficiently low. Given observed trade flows, the aggregate welfare ef-



fects are larger if we account for the fact that observed production networks are formed
endogenously.

Finally, we assess the welfare gains from trade (GFT) relative to municipality autarky
(i.e., no trade across Chilean municipalities and with international countries) and those
relative to international autarky (i.e., allowing for trade across Chilean municipalities but
no trade with international countries). Fixing the trade elasticity, abstracting from en-
dogenous networks decreases the average GFT relative to municipality autarky from 169
to 97 percentage points, which is a 42% reduction. This reduction reflects the amplifica-
tion of trade shocks through search costs. We also find that abstracting from endogenous
networks decreases the average GFT relative to international autarky from 6.2 to 5.6 per-
centage points, which is a 10% reduction. The smaller gap for this counterfactual reflects
the fact that the reorganization of domestic production networks across Chilean munici-
palities has an additional mitigation effect. Overall, our findings suggest that endogenous
network formation has a large quantitative implication for the aggregate welfare effects
of various trade shocks.

This paper contributes to several strands of literature on international trade and macroe-
conomics. First, we contribute to the literature on production networks by developing a
tractable quantitative multi-region general equilibrium trade model featuring endogenous
production network formation and by characterizing its aggregate implications. Existing
work has established that shocks propagate through fixed production networks. Existing
work has also established that firms endogenously form production networks depending
on the economic environment (see Johnson (2018), Bernard and Moxnes (2018), Carvalho
and Tahbaz-Salehi (2019), Antras and Chor (2022), and Baqaee and Rubbo (2023) for re-
cent reviews). Some authors, such as Antras and De Gortari (2020) and Eaton et al. (2024),
incorporate discrete choices of suppliers in multi-location general equilibrium trade mod-
els with input-output linkages. However, this literature offers a limited theoretical char-
acterization of how endogenous network formation under various frictions shapes the
aggregate effects of trade shocks. We contribute by extending familiar ex-ante and ex-
post welfare sufficient statistics in trade models with fixed production networks to the
endogenous network environment.

Our emphasis on sufficient statistics relates to Baqaee, Burstein, Duprez and Farhi

(2024), who provide a nonparametric accounting framework to evaluate the firm-level



and aggregate effects of observed changes in production networks. A key distinction
of our work is that we endogenize production network formation. We show that this
feature crucially influences the aggregate effects of trade shocks, both theoretically and
quantitatively.

Several existing papers study the equilibrium inefficiency of production network for-
mation. Grossman, Helpman and Lhuillier (2023) and Grossman, Helpman and Sabal
(2024) examine the equilibrium inefficiency from markup distortions in a stylized small
open economy model. Boehm and Oberfield (2020) analyze a model with a discrete choice
of suppliers under wedges and quantify the aggregate distortion. Acemoglu and Tahbaz-
Salehi (2024) study a model where a discrete number of firms form linkages and bargain
over surplus and highlight equilibrium inefficiency due to a hold-up problem. In contrast,
our work highlights the equilibrium inefficiency from search and matching externalities.
We do so in the multi-location general equilibrium environment with flexible geographic
frictions, which allows us to map our model to data for quantification.

Finally, we contribute to the literature on search and matching frictions in trade. This
literature has provided empirical evidence for the search and matching frictions in inter-
and intra-national trade and developed various models to capture these frictions.! Our
model extends the firm-level supplier and buyer search decisions of Demir et al. (2024a)
to multi-location general equilibrium environment, and use this model to characterize

equilibrium inefficiency and welfare sufficient statistics.

2 Model

The economy is segmented by a finite number of locations (such as regions or countries)
denoted by u,i,d € N. In each location, there is an L; measure of households. Each
household supplies one unit of labor inelastically and earns a competitive wage w;. There
is a fixed mass of intermediate goods producers in each location, which we call “firms” in

short. We denote each firm in location ¢ by w € 2; and the measure of firms in location ¢

'Examples include Chaney (2014); Allen (2014); Bernard, Moxnes and Saito (2019); Brancaccio, Kaloupt-
sidi and Papageorgiou (2020); Krolikowski and McCallum (2021); Eaton, Jinkins, Tybout and Xu (2022);
Lenoir, Martin and Mejean (2023); Startz (2024); Miyauchi (2024); Huang, Manova, Perello and Pisch (2024);
Demir, Javorcik and Panigrahi (2024b).



by N;. We denote the distribution function of total factor productivity (TFP) by firms in
location i by G(-), which can flexibly depend on the location.

Firms produce differentiated intermediate goods, combining labor and intermediate
goods. Intermediate goods can be traded across firms and locations connected by produc-
tion linkages subject to iceberg trade costs. These connections, in turn, are determined
by firms’ search and matching decisions. Local competitive retailers source intermediate
goods from local firms and create retail goods within each location. The retail goods are
used for final consumption and for firms’ search activity. We take the global nominal GDP
as the numéraire unless explicitly stated otherwise.

We denote S,,;(w) C €, to indicate the set of suppliers producing in u that a firm w in
location ¢ can purchase from. Therefore, {S,;(-)}.; summarize the structure of produc-
tion networks in this economy. We first describe how production occurs given networks
{Sui(*) }ui- We then describe how these networks are endogenously formed through a

search and matching process.

2.1 Production given Networks

Firms. The production function of firm w € (), is given by

0 ) = 5 (M) (B n

where z; (w) is the TFP of firm w, [; (w) is labor inputs, and ¢; (w) is the composite of
intermediate inputs, /3 is the parameter proxying the input share for labor. The composite
of intermediate inputs is a constant elasticity of substitution (CES) aggregator of the input

varieties sourced from their connected suppliers, given by

~i = ui 5 UT_I d - ) (2)
i ) <Eglﬁmmq<vm v)

where ¢,;(v,w) is the quantity of input for the variety from connected supplier v €
Syi(w), and o is the elasticity of substitution. From cost minimization, the marginal cost

of production of firm w is given by
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where p,; (v, w) is the intermediate goods price that supplier v in location u charges to

firm w in location . On top of these production costs, when a firm sells their intermediate
goods to location d, they incur an iceberg trade cost of 7,4 > 1.

We assume that all firms are matched with a continuum of suppliers and, therefore,
suppliers are under monopolistic competition to supply to each buyer. Thus, given the
isoelastic intermediate goods demand, suppliers charge a constant markup to their marginal

cost net of the iceberg trade cost;

Pid (U, w) = d¢; (V) Ty, (4)

where 6 = 0/ (0 — 1) is the markup ratio.

Retailers. Perfectly competitive retailers in each location ¢ combine intermediate inputs
from all firms in location ¢ and produce standardized nontradable retail goods. Their

production function is given by

Qi = gi ({4 )} eq) - )

where g; (-) is a function that satisfies homogeneous of degree one, and ¢* (w) is the quan-
tity of intermediate inputs from firm w. The retail goods are used for final consumption
and for firms’ search activity to form production linkages, as we describe further below.
We also assume that retailers have the entire bargaining power when purchasing inter-
mediate inputs from each firm, and therefore, purchase goods at the marginal cost ¢; (v).

From cost minimization, retail goods prices are given by

P =gi ({c: (@) }oca,) » (6)

where g; (+) is a solution to the cost minimization problem by retailers.



Final Consumers. Measure L; households supply labor inelastically at wage w;. They
also own an equal share of local firms and earn their profits. Therefore, their budget

constraint is given by
Hi

P =w; + —,

(7)

where Q! is the amount of final consumption of retail goods per capita, and II; is aggre-

gate profit by firms producing in location i.

2.2 Production Network Formation

Next, we describe how the production network structure, {S,; ()}, is endogenously de-

termined through a search and matching process.

2.2.1 Firms’ Search Decision

Each firm w from a given location ¢ decides the buyer search effort in different destinations,
{nB}4cn, and the supplier search effort across supplier origins, {n>;},cxr.2 Following
Arkolakis (2010); Boehm and Oberfield (2023); Demir et al. (2024a), we assume that these
search efforts are associated with iso-elastic upward-sloping search costs. The total search

cost is given by

S

({nzd}d7 {nuz Z Z ) (8)

deN ueN

where e; is the unit cost of supplier and buyer search in location i (we describe how this is
determined in the end of this section), and v > 1 and 7° > 1 are parameters capturing
the decreasing returns in search effort. {f2} and {f5} are location-pair-specific search
cost shifters, capturing the possibility that the cost of searching for suppliers and buyers

may depend on geographic frictions.?

?Whenever the equilibrium variables involve two locations with an upstream and downstream rela-
tionship (e.g., n2, n2,), we adopt the convention of denoting the subscripts in the order of upstream and
then downstream locations.

3In Appendix B.2, we consider an alternative specification where either the supplier or buyer search is
undirected to a specific location. The only difference in the aggregate welfare implications arises from the
differences in trade elasticities, as we discuss in Section 4.3.



Supplier search efforts, {n>;},, turn into successful supplier relationships at location-
pair specific match rate, {m?;},. Similarly, buyer search efforts, {n2},, turn into suc-
cessful buyer relationships at rate {m2},. Each firm is atomistic and hence takes these
matching rates as given. In the equilibrium, these matching rates are endogenously de-
termined by the aggregate search efforts and matching technology, as we describe in the
next section.

Firms in the same location ¢ with the same productivity z face the same equilibrium
revenue and cost functions, and thus, they will make the same supplier and buyer de-
cisions. Therefore, without loss of generality, we denote equilibrium search efforts by
nB (w), nS. (w)} and {n2 (2), n? (2)} interchangeably.

Applying the law of large numbers, the cost function (3) can be written as a function

of firm efficiency z and the set of successful supplier matches, n”; x m>., such that
1-8
1 =
S S, .S 1-
Ci (Z7 {nuz}u) = Z_wzﬁ (Z nuzmuzCM U) ) (9)
t ueN

where C\; = [ (6¢, (2) i)' 7 dGE () is the CES aggregator of the prices of suppliers
producing in location u to supply to location 7, and G2 (2) is probability density func-
tion of productivities weighted by the equilibrium buyer search efforts, i.e. dGZ (2) =
nk (2)dGu(z)/ [, nZ (2') dG,(%'). Given this cost, a firm in location ¢ with productiv-
ity z has expected revenue from each matched buyer from location d, r;4(z, {n2},) =
(6Tidci (z, {nii}u))lﬂ7 D,, where D, is the average demand per buyer in location d net
of the buyer-specific price index.

The firm’s total revenue from a destination d is the revenue per match times the ex-
pected number of buyers, n x mB. The firm profit is then determined by the optimal
search decisions given by the difference of the variable profit and search costs,

Rz max oS abmbraCndk) - £ (0l nSh) . 0

{ngi}d7{n§¢}u g dGN

5
0, which guarantees that firms make positive sales and profit. The following lemma char-

subject to (8) and (9). We impose a parameter restriction that 6=(c — 1)/ (1 — ,%B — %) >

acterizes the solution to this problem.



Lemma 1. Consider the optimization problem (10) and let § > 0. Then,
a) The solution to the supplier and buyer search problem (10) is given by

5 5
nfé (z) = aflsz, no.(z) =a,z"7, (11)

1 1

where a2 = (FZB ede> " and a, (FS XJ;@) " with ¥, T8 > 0 defined in Appendix
A.1, and X, is aggregate nominal sales of intermediate goods from i to d.

b) Furthermore, its unit cost, ¢; (z), can be expressed as

1

1-8
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The proof of this lemma and all other propositions are in Appendix A. The Lemma
extends the characterization in the single location environment in Demir et al. (2024a) to
many locations. It implies that optimal search decisions {n? (2), n?. (z)} are multiplica-
tively separable between the firm-specific component that is iso-elastic in productivity z
and the location-pair-specific components {a2, a2 }.

It is worth pointing out that the unit cost, ¢; (2), decays at a faster rate than z~*. This is
because more productive firms search for suppliers more intensively (Equation 11), which
leads to disproportionately lower production costs.

The firm’s total revenue (excluding sales to retailers) is

ri(2) =57 D;C{7, Z aggmigDariy ”. (13)
deN

In addition, we can substitute these results in Equation (10) to obtain firm profit as a

constant fraction of revenue,

Fi(2) = % (1 _ (%B 4 1;—Sﬂ>) " (2). (14)

Where and £ corresponds to the fraction of firms’ variable profit that goes to buyer
and suppher search efforts, respectively.

Finally, we describe how the unit cost of search, e;, is determined. In order to engage in

10



search activity, firms use both labor and retail goods. These search costs capture the broad
notion of costs associated with finding and establishing supplier and buyer connections,
including the cost of advertisement, sales promotion, product customization, quality as-
surance, and investment for relationship building. Assuming a Cobb-Douglas technology

and by cost minimization, the unit cost of search effort is given by
1—
€i = (@Uz’)“ (F) ", (15)
where (1 is the labor share in search activity.

2.2.2 Matching Technology and Aggregation

We now describe how the equilibrium matching rates between suppliers and buyers, m?,
and m?,, are determined. Following the literature of labor search and matching (Dia-
mond 1982; Mortensen 1986; Pissarides 1985), we assume that the aggregate measure of
successful matches between a pair of locations, M4, is determined by the Cobb-Douglas

matching technology, given by:

__ g )\B g /\S
Mua = tua (M) (M) (16)

where A2, \S > 0 denote the elasticities of total matches created for the pair of regions
with respect to the aggregate supplier and buyer search intensity, respectively;* k4 is the
parameter governing the efficiency of matching technology that can flexibly depend on
the location pairs; and Mfd = N, [.n(2)dG,(z) and Mid = Ny [, n3,(2)dGqy(z) are
aggregate buyer and supplier search intensity. Given M,,q, the matching rates m?Z, and

m?, are determined as:

M, M,

B d S d

Myqg = %7 Myqg = —Z‘ : (17)
Mud Mud

The following lemma provides an analytical expression of the aggregate production

networks and trade flows.

*Notice that AP represents the elasticity with respect to buyer search (by the suppliers), and A repre-
sents the elasticity with respect to supplier search (by the buyers).

11



Lemma 2. The measure of supplier-to-buyer relationships from supplier location u to buyer
location d (extensive margin), M,,, and the average transaction volume per relationship

(intensive margin), T4, are given by the following gravity equations:
Mua = 0" XaCi€d s Tud = 0'XuaCubis (18)

with bilateral resistance shifters

- - . 1
K= [ (1) 7 057 G T = )

where we define N5 = X% /7%, AB = \B /yB; {oF, o'} are constants invariant across loca-

tions, and the origin and destination shifters {CZ, £F, (L, £1} are given in Appendix A.2.

This lemma shows that aggregate trade flows follow a gravity structure, where the ex-
tensive and intensive margins have distinct geographic structures. The intensive margin
is only affected by the iceberg trade cost, (Tud)l_a, as the search and matching frictions do
not affect trade flows once a link is formed. The extensive margin is, in addition, affected
by the matching technology, x4, and the bilateral search costs, ffd and uSd.

For later analysis, we define trade elasticity as the partial derivative of X,,; with respect

to iceberg cost, 7,4, holding factor and intermediate goods prices as given:

oc—1

g —_———.
1— XS — B

(19)

2.3 General Equilibrium

The general equilibrium is defined by the set of prices {p;q (v,w) , P;, w;, ¢;} and quanti-
ties {qia (w, ), ¢F (w), Qs, nB (W) ,n%; (W), l; (w)} with which (i) households maximize
consumption given the budget constraint (7) with income from firm profit given by II; =
[, 7 (2) dG; (w); (ii) firms make optimal pricing and production decisions for intermedi-
ate goods (3), (4) and search decisions (10); (ii) retailers make optimal optimal production
decisions for retail goods (6); and (iv) intermediate goods, retail goods, and labor markets
clear (see Appendix A.3 for precise market clearing conditions).

The following proposition shows that our model yields a tractable mathematical struc-

12



ture, one that resembles standard multi-location general equilibrium trade models.

Proposition 1. The equilibrium satisfies the following properties:
a) Equilibrium wages {w; } and cost shifters {C;} solve the following set of equations

1+>\B _e 1+>\B1 u 1 1-fo _5S JE c %7;\5%
w ZLZK?fo{dxi%wgl O )
(3
d
1-(LL23Sp) =5 —e(25-As iz 1 3By 14AB 1=u
w; <1 B ) ICi (1 B 1) — fngKZDX£zX£wU Ho= 10 ( o— 1)’ (21)
¢ u

where { KU, KP} are exogenous constants defined in Appendix A.4.
b)lfﬁ(g L > > (1—p) (5\3 + S\S> and (1 bo _ )\S ) < 1, the equilibrium exists and

is unique up-to-scale.

Part (a) of this proposition shows that the key region-level economic variables, {w;, C;},
can be solved using only two sets of fixed-point equations. This proposition drastically
simplifies the equilibrium conditions to two sets of equations. Therefore, we can apply
existing techniques to establish positive properties of the equilibrium system, such as
equilibrium uniqueness. Furthermore, as an immediate consequence of Proposition 1, we
can apply the exact-hat algebra approach of Dekle, Eaton and Kortum (2008) to solve for
counterfactual equilibrium changes given external shocks as long as we set the values of
the structural parameters {o, £3, 1, AB S } and the observed aggregate trade flows, { X;4}.
We use this approach for our quantitative analysis in Section 5, extended to a multi-sector
environment.

A special case with \¥ = \® = 0 corresponds to a scenario where production net-
works are fixed. In our analysis below, we refer to this case as “fixed production networks”

and contrast it to our baseline with endogenous production networks.’

5To eliminate spending for search, we also take the limit v°,¥® — oo when we implement the “fixed
production network” case.

13



3 Planning Problem and Equilibrium Inefficiency

An important feature of our model is the search and matching externalities resulting from
firm network formation decisions. To shed light on these externalities and their role in
determining the aggregate welfare, we solve a planning problem. We consider a global
planner that controls all locations and has a set of policy tools that differ across origin-
destination pairs but are the same across firms within that pair.® First, the planner can
introduce ad-valorem subsidies for intermediate goods sales specific to origin 7 and desti-
nation d, s/;. Under these subsidies, the intermediate goods prices change from Equation
(4) to

pia (v, w) = (1 = siy) 5¢; (V) Tig. (22)

Second, the planner can introduce ad-valorem taxes for supplier and buyer search, tfd and
t5, for each pair of supplier and buyer locations. Therefore, total search costs by firms in

location 7 is modified from Equation (8) as

TLS» ’ys
f; ({nﬁ}d,{ni}u)=ei{2(1+t£)f o) +Z (1+13) %} (23)

deN ueN

Finally, we introduce lump-sum transfers for households in location 4, T}, so that house-
holds’ budget constraint is modified from Equation (7) to P,Q = w; + 12— +TF.

The planner chooses the optimal policy to maximize the global welfare

W=> LQr (24)

[{otathatis} 7} Z
subject to equilibrium constraints and the government budget constraint (see Appendix
A6 for the formal definition), where 1); > 0 corresponds to the welfare weights attached
to the households in each location. The following proposition provides a simple formula
for the optimal policy and illustrates how each set of taxes/subsidies corrects for each

source of market failure.

®Specifically, we rule out firm-level search taxes within a location pair. With those taxes, the planner can
address additional externalities arising from the firm heterogeneity in the matching market, where lower
productivity firms create congestion externality to more productive firms (Acemoglu, 2001; Bilal, 2023). We
do not focus on this inefficiency as it does not interact with aggregate trade cost shocks in Section 4.
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Proposition 2. [Optimal Taxes and Subsidies] For any weakly positive welfare weights
{1}, the optimal set of taxes and subsidies { s%,, t5, 3} must satisfy
1

1 1 E
Sid = 0_7 tzd )\B 17 tzd AS (1 6) Rd ]'7 (25)

foralli,d, where Ry =), X and Eg = ), X4

The proposition illustrates how each set of taxes/subsidies corrects for each source of
market failure. First, the intermediate goods subsidy s/, is set at a constant rate across
location pairs to exactly offset the markups. These subsidies address the double marginal-
ization distortions that commonly arise in a model with input-output linkages and imper-
fect competition (e.g., Baqaee and Farhi, 2020).

Second, buyer search taxes, t5 , target the search and matching externality by balanc-
ing two potential inefficiencies: the non-appropriability effect and the business stealing
effects. The non-appropriability effects arise because suppliers capture only a fraction of
social surplus as revenue. Business stealing effects arise because an additional connection
leads to the loss of profit of other suppliers. When \? = 1, there is no externality in the
matching rates (Equation 16), and the business stealing effect only arises through input
substitution by buyers given connections. Serendipitously, the two effects exactly can-
cel each other, similarly to the entry models with CES demand (Dixit and Stiglitz, 1977,
Mankiw and Whinston, 1986). With \® < 1, instead, optimal buyer search taxes are
positive in order to discourage search and offset the congestion externality.

The optimal taxes for supplier search, ¢, similarly balances the non-appropriability
effect and the business stealing effects. However, the expression is slightly different from
tffl. This difference stems from the fact that, while firms’ buyer search incentives increase
proportionally with revenue, firms’ supplier search incentives proportionally increase in
intermediate input expenditure, and (1 — ) E,;/ R, capture this ratio.

Proposition 2 can be rewritten in the form of a necessary condition for equilibrium

efficiency in the tradition of labor search and matching literature.

Corollary 1. [Constrained Efficiency] Suppose the subsidy for intermediate goods sales is

set at the optimal level, s, = 1/0. Then, there exists welfare weights {1;} that maximize
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the global welfare with t3 = 5, = 0 for all i, d if and only if
N =1, N =1-4. (26)

Furthermore, the supporting welfare weights 1); are proportional to equilibrium retail prices

P,

This condition resonates Hosios (1990), which establishes a necessary condition of
the efficiency of two-sided search and matching models between firms and workers. He
shows that, when this knife-edge condition is satisfied, the equilibrium is (constrained)
efficient since the hold-up problem that arises due to Nash bargaining — because firms
cannot exploit the entire surplus from the match - exactly cancels out the congestion
externalities. The intuition behind Corollary 1 is similar, with the non-appropriability
effects taking the place of the hold-up problem, and the congestion externality arising

from search and matching and input substitution from other connected suppliers.’

4 Welfare Effects of Trade Shocks

We now turn to the analysis of the impacts of shocks on aggregate welfare. For exposi-
tional purposes, we focus on a shock in iceberg trade costs {dIn 7;;}, while it is straight-
forward to extend our analysis to other shocks on technology, such as those on search
costs or firm productivity. Unless explicitly stated, we focus on the laissez-faire equilib-

rium without taxes and transfers.

4.1 Ex-Ante Sufficient Statistics on Global Welfare

We first analyze the first-order effect of shocks on global welfare. Let us define the global
welfare according to Equation (24). To isolate our focus from the redistribution effects,
we set welfare weights ¢); equal to each region’s retail goods price, F;. The following

proposition provides a sharp characterization of the shock’s first-order effect.

"Interestingly, constrained efficiency requires the increasing returns to scale (IRS) matching function
instead of the constant returns to scale (CRS) in the Hosios’ environment. This difference reflects the pres-
ence of additional business stealing effects through input substitution given links. See Miyauchi (2024) and
Eaton et al. (2024) for empirical evidence that matching function in firm-to-firm trade exhibits IRS.
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Proposition 3. [Ex-ante sufficient statistics] The first-order effect of a shock in iceberg trade
costs {dIn7;;} on global welfare with welfare weights; = P, is given by:

dinW = — ° 3" Xuadnrg, 27)

B 1-u(y 3
m——q</\3+/\s> u,d

Q

where ¢ = (3, wili + >, 11;) />, ; Xui is the ratio of nominal world GDP to nominal

world intermediate goods expenditure by firms, given by:

B 1 l-pf1 1-8
R (7_B+ 7S ) 9

This proposition shows that, up to first order, global welfare changes are proportional
to nominal trade flows, scaled by a specific coefficient. Notice that the expression depends
only on the baseline trade flows and a set of structural parameters. In particular, it does
not require solving for a counterfactual equilibrium, thereby providing a powerful ex-
ante sufficient statistic. The observation that changes in global welfare are proportional
to nominal trade flows relates to the analysis of Atkeson and Burstein (2010) and Baqaee
and Farhi (2024) with fixed production networks, who in turn build on Hulten (1978)
for a closed economy. However, because of the presence of the equilibrium inefficiency
discussed in Section 3, the coefficient of proportionality may not be equal to one.

We build intuition behind Proposition 3 focusing on several special cases and alterna-
tive versions. First, consider the case with fixed production networks (A\* = A\ = 0) and
firms do not use any resources for search activity (v°,7® — 0) . In this case, the only
equilibrium inefficiency is the double marginalization of intermediate inputs discussed in

the previous section. Therefore, Proposition 3 comes down to

gFixed

~

Fixed —

dInWrxed — _ X, qdIn Tyq, S

U

1
+ —. (29)
1— o

=

B
1-8 wud

In the denominator of the coefficient, /(1 — 3) is the standard input-output multiplier,
which captures the propagation of production cost shocks toward downstream firms.

Fixed

The numerator ¢ is the GDP-to-input-expenditure ratio. The coefficient ¢fx¢d/ %

is greater than one, which reflects the fact that the equilibrium intermediate goods ex-
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penditure is inefficiently small due to double marginalization.
Next, consider the case where we allow for endogenous networks, while the optimal
sales subsidy s/, = 1/0 is in place to eliminate the inefficiency from double marginaliza-

tion. Then, Proposition 3 becomes (see Appendix A.7)

Bl <LB " %>
. 1— o—1
d In yySalesSubsidy ; . L Z X, qdIn 74 (30)
5~ ooi </\B+AS) w.d
Under a fixed network environment (\* = A\? = 0; v%,+% — 0), the coefficient in

Equation (30) is one, as the double marginalization is the only source of inefficiency. With
endogenous networks, search and matching externality influences the coefficient through
both its denominator and the numerator.

In the denominator, the additional term i—:’f (S\B +\S > reflects the multiplier effects
through search costs.® In particular, negative iceberg trade cost shocks decrease search
costs depending on the intensity of retail goods used for search, 1 —p. This effect increases
buyer and supplier search effort with elasticity, 1/v” and 1/+°, respectively. In turn, these
responses increase the number of equilibrium links with elasticity, \Z and A%, through the
matching technology. Finally, the increase in production linkages reduces the production
costs through the love-of-variety effect with elasticity, 1/(c — 1). In the numerator, the
additional term i—:% <%B + 1;—55> corresponds to the aggregate spending for retail goods
for firms’ search activity as a share of aggregate firm revenue, if optimal sales subsidy
st = 1/0 is implemented.

The role of inefficiency is clear. To see this, if we set AB =1and \* = 1 — 3 such that
the equilibrium is constrained efficient with sales subsidy s/, = 1/0 (Corollary 1), the
coefficient in Equation (30) becomes one. However, interestingly, the converse is not true.
One such case arises when i1 = 1, i.e., labor is the only resource used for search activity. In
this case, the coeflicient in Equation (30) becomes one (because there is no distortion in the
intermediate goods market other than double marginalization), even though labor is mis-
allocated between production and search activity (and hence equilibrium is constrained

inefficient). Hence, there is no deviation from Hulten’s characterization. Another case

8See Buera, Hopenhayn, Shin and Trachter (2023) for a similar multiplier effect in a growth model,
where a part of fixed cost for technology adoption originates from produced goods.
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arises when \B + \5 = VLB + 1;—56 In this case, even though resources for search activity

is misallocated between supplier and buyer search, its total use is not, and hence aggregate
trade flows are not distorted.’

Finally, we come back to the laissez-faire equilibrium (s!, = 0) as considered in Propo-
sition 3 and discuss the differences between the fixed and endogenous networks. With
fixed networks, the welfare effect is influenced by double marginalization, and with en-
dogenous networks, it is additionally influenced by the search and matching inefficiency.
These two inefficiencies interact: Due to double marginalization, firm revenue is too low,
which implies that the private incentive for search is also too low relative to the social
optimum. Therefore, even under A” = 1 and \® = 1 — 3, the coefficient on Equation (27)

is larger with endogenous than fixed network environment.

4.2 Ex-Post Sufficient Statistics on Each Location’s Welfare

We now turn to the welfare of each region. There is no convenient ex-ante sufficient
statistics expression for each region’s welfare, unlike the global welfare with price weights
as in the previous section. However, the following proposition presents a simple ex-post

sufficient statistics for each location’s welfare.

Proposition 4. [Ex-post sufficient statistics] For any magnitude of trade cost shocks that

satisfies dIn 7;; = 0 for location i, changes in location i’s real GDP is given by:

1
—
25— = (3 +3m)

dln QF = —

™ | =

dlnA;;, (31)

o—

where ¢ is the trade elasticity defined by Equation (19), and N;; = X;;/ >, Xy is the aggre-

gate share of intermediate inputs by firms in location i sourced from location i.

Therefore, for any magnitude of the shocks (notice that the coefficient in front of

d In A;; is constant), welfare changes are solely summarized by the changes in intra-region

*Due to the Cobb-Douglas production and search and matching technology, aggregate trade cost shocks
do not induce any reallocation of labor between search and production activity. Therefore, there are no
changes in “allocative efficiency” in our framework (as highlighted for example by Bagaee and Farhi, 2020),
and the only deviation from Hulten’s characterization arises due to the distortion in pre-shock trade flows.
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expenditure share. This result resonates with the familiar ex-post welfare sufficient statis-
tics for welfare gains from trade with fixed production networks (Arkolakis et al. 2012;
Blaum et al. 20138).

Notice that under the fixed network specification, this expression comes down to

dln Qf’,Fixed _ ﬁ% dln Axed, (32)
1-8

where o — 1 corresponds to the trade elasticity with the fixed network environment,
and (1 — 3)/f is the input-output multiplier. Comparing Equations (31) and (32) reveals
two key differences between the endogenous and fixed network environment. First, an
additional amplification term, % </~\S + AP ) , appears in the endogenous network case.
This term coincides with the one that appears in the denominator of Proposition 3, and it
reflects the multiplier effect of trade shocks through search costs. Second, trade elasticity
is higher with endogenous networks than fixed networks, i.e., ¢ > ¢ — 1. This is because
the adjustment of supplier and buyer networks act as an additional substitution margin.
This force decreases the welfare changes conditional on the same change in intra-region
expenditure share.

Proposition 4 is inherently related to Proposition 3. To see the connection, we can

rewrite Equation (31) as

> —~1dln1\ﬁ

1
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dInQF = (33)
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where the first term in the right-hand-side is the same coeflicient as in Proposition 3.

Notice that —%d In A;; is the changes in terms-of-trade (dIn P, — > A, dIn P,) and 1/¢
1
3
Hulten’s expression from terms-of-trade shocks to location 7. The constant in front of this

is the Domar weight of intermediate goods sector. The term, (— %d In Aii) is analogous to

term reflects the equilibrium inefficiency, and is identical to the coefficient in Proposition
3.

20



4.3 Isomorphisms with Other Network Formation Models

So far, we have derived our theoretical results under a particular microfoundation for
production network formation through search and matching. In this section, we argue
that these results extend to a broader class of production network formation models. To do
so, we follow the approach of Arkolakis et al. (2012) and derive common macro restrictions
that lead to the same theoretical results as Propositions 3 and 4. Here we develop our main
argument, and delegate the formal results in Appendix B.

Suppose that the economy satisfies the same three macro restrictions considered by
Arkolakis et al. (2012) (i.e., trade balance, constant profit and labor share to intermediate
goods sales, and constant aggregate trade elasticity).'” We introduce two additional macro
restrictions pertaining to endogenous production network formation. First, in response

to trade cost shocks {dIn 7,;}, the changes in aggregate bilateral linkages follow

dinM,; = (5L7U + 5Q,U + 5[,7[) + 5Q7D) dln X4
— (5L7Udln Wy, — (5Q7Udln Pu — 5L,Ddlnwd — (5Q7Ddln Pd, (34)

where 41,17, 0g,u, 01,p, dg,p are constant parameters capturing the reliance of link for-
mation in labor and retail goods in upstream and downstream locations. In our baseline
model, iso-elastic search decisions (8) and Cobb-Douglas matching technology (16) jointly
imply that 6, = P, dgu = (1 — u) AP, dp.p = pA®, and dg.p = (1 — p) A°. Alter-
natively, M,; can be determined by other mechanisms, such as relationship-specific fixed
cost or discrete supplier choices, as we further discuss below.

Second, the changes in retail goods prices are given by

dIn P, = Bdlnw; + (1= 8) > Ay (dIn P, + dIn7,; — vdIn M,;). (35)

Equation (35) is a version of Shephard’s lemma, relating the retail price index of location
1 to the average input costs weighted by the expenditure share. v is a constant parameter
capturing the elasticity of input bundle price with respect to supplier linkages. In our

baseline model, v = 1/ (0 — 1) captures the love-of-variety in intermediate inputs. Al-

107f there are no intermediate goods, as originally considered by Arkolakis et al. (2012), the second
condition comes down to the constant profit to GDP ratio.
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ternatively, v can also be affected by the selection of suppliers to serve the buyer (under
relationship-specific fixed cost) or buyers’ selection of suppliers (under a discrete choice
of suppliers), as we further discuss below.

Under these conditions, Proposition 3 generalizes to

dln W =

S
XuadIn 7,4, (36)
% — v (0gu +9q,p) w,d

where ¢ is the GDP-to-intermediate-goods-expenditure ratio, restricted to be constant as

a part of our macro restrictions. Furthermore, Proposition 4 generalizes to

dinQF — 2 !

€ % — v <5Q,U + 5Q,D)

The intuition behind Equations (36) and (37) is similar to those of Propositions 3 and 4.
v (6gu + 0¢,p) in the denominators captures the multiplier effects through retail goods
costs used for production network formation. The deviation of Equation (36) from Hulten
(1978) arises because of the potential equilibrium inefficiency in the size of the interme-
diate goods sector, s.

It is easy to verify that our model in Section 2 satisfies our macro restrictions. In
Appendix B, we also argue that they hold in an alternative specification where either the
supplier or buyer search is undirected toward a specific location. In those cases, the only
difference from our main specification is the differences in the trade elasticity, which is
smaller as it only depends on the search and matching elasticities of only one side.

In the same appendix, we discuss two alternative microfoundations of production net-
work formation that give rise to these macro restrictions. The first one is with models
based on relationship-specific fixed costs incurred by suppliers. In these models, het-
erogeneous monopolistically competitive suppliers pay a relationship-specific fixed cost
to form a relationship with buyers. Similar to our framework, this model exhibits the
non-appropriability and business stealing effects of relationship formation. To establish
the isomorphism, we extend the two-sided partial equilibrium model of Bernard, Moxnes
and Ulltveit-Moe (2018) to a multi-location general equilibrium environment with pro-

duction networks and roundabout inputs and show that this model satisfies the proposed
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macro restrictions if the productivity distribution follows a power law.!’ In particular,
trade elasticity is given by ¢ = 70, where 0 is the shape parameter of firms’ produc-
tivity distribution, and 7o > 1 is a composite parameter that translates the productivity
distribution to the marginal cost distribution. The elasticity of input bundle price with
respect to supplier linkages is given by v = 1/(c — 1) — 1/ (y¢#), which is affected by
the love-of-variety in inputs, 1 /(0 — 1), and the supplier selection, —1/ (y¢0).

The second alternative microfoundation is with models based on discrete supplier
choice. This approach is taken by Oberfield (2018) and Acemoglu and Azar (2020) with-
out geographic dimensions, and Antras and De Gortari (2020) and Eaton et al. (2024) with
geographic dimensions. In these models, competitive firms produce homogeneous inter-
mediate goods and the buyer chooses the least cost supplier. We show that a version
of these models satisfies the proposed macro restrictions if the productivity distribution
follows a power law. In particular, the aggregate trade elasticity coincides with the pro-
ductivity shape parameter, i.e., ¢ = 6, similarly to Ricardian trade models (Eaton and
Kortum, 2002). Furthermore, firms do not incur any resource costs for network formation
and simply choose the optimal suppliers under perfect competition and constant returns
to scale, i.e., = dgu = 0r,p = 0g,p = 0. Therefore, v (dg v + dg,p) = 0; and the
coefficient of Equation (36) becomes one (notice that ¢ = 3/ (1 — 3) due to perfect com-
petition); and Equation (37) reflects the formula derived by Arkolakis et al. (2012) with
the standard input-output multiplier (5/ (1 — /3)).

4.4 Extension to Multiple Sectors

So far, we have focused on the environment where the only source of firm heterogene-
ity is the TFP. However, in reality, firms may produce different types of intermediate
goods using different production technologies and may face different degrees of search
and matching frictions. To accommodate such heterogeneity, we extend our model to
incorporate multiple sectors k,m € K connected through input-output linkages follow-
ing the specification of Caliendo and Parro (2015), as detailed in Appendix C. In this ex-

tended environment, production technology takes a Cobb-Douglas form with labor and

Lim (2018); Huneeus (2018); Bernard et al. (2022); Dhyne et al. (2023) consider this microfoundation
without multi-location dimension.
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intermediate inputs with expenditure shares, {5, ., {Bkm},}, and intermediate inputs
aggregate with elasticity of substitution, 0. Final consumption is Cobb-Douglas with
sectoral share, ay,. Iceberg costs depends on location-and-sector pairs, 7;; 4. Matching
occurs for each location-and-sector pairs with search cost elasticities, {yZ,~: }, matching
elasticities, A\, and the labor share in search costs, jiy.

We show in Appendix C that this version of the model predicts gravity equations of
trade flows for each sector pair. Consequently, we can use the exact-hat algebra approach
to undertake counterfactual simulations. We also extend the optimal policy formula in
Section 3 and the ex-post sufficient statistics in Section 4.2, where the Leontief inverse of
the input-output matrix, adjusted by the search cost multiplier, become the key statistics.
Due to the potential misallocation across sectors, there is no convenient ex-ante suffi-
cient statistics as in Section 4.1, and obtaining the welfare effects from an arbitrary shock

generally requires solving the full equilibrium system.

5 Data and Reduced-Form Evidence

In this section, we describe our data from Chile we use to quantify our theoretical predic-
tions. We also use this data to provide reduced-form evidence that production networks

reorganize in response to tariff changes from Chile’s recent trade agreements.

5.1 Data Sources

Our key data source is a firm-to-firm transaction-level data set that covers the universe of
domestic and international trade by Chilean firms. For domestic firm-to-firm transaction
data, we draw on the electronic receipts reported to the fiscal authority for the purpose
of value-added tax (VAT) collections. Since 2018, all corporate entities in Chile are man-
dated to submit electronic receipts of all the transactions that occur across firms to the
Chilean Internal Revenue Service, SII (for its acronym in Spanish).'? Each receipt includes
information on the supplier’s and buyer’s unique tax-ID, transaction dates and values,
and the municipalities of the establishments where the transaction occurs. For our model

calibration in Section 6, we use data from 2019. For our reduced-form analysis of bilateral

2Informal firms in Chile, which do not appear in our data sets, represent only 2% of Chile’s GDP.
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trade agreements in Section 5.2, we use data from 2003 to 2007, which also come from the
VAT records, but aggregated at the level of supplier’s and buyer’s unique tax-ID at the
biannual frequency."’

For international firm-to-firm transaction data, we draw on customs data. This data
set reports the export and import activity of each tax-ID, with the information about the
products traded, country of origin or destination, transaction value. Importantly, the data
also reports the identity of the foreign firm involved in the transaction, which allows us
to construct the firm-to-firm international transaction information.

We merge these two data sets using the unique tax-ID that is common across sources.
We also merge these data sets with balance sheet information (SII tax form 29) and labor
information (SII tax form 1887). We drop tax-IDs that report no value-added or employ-
ment and samples that report negative values of value-added, sales, or material inputs. '*
We also use the Inter-Country Input-Output (ICIO) sectoral tables from the Organization
for Economic Cooperation and Development (OECD) to capture the international trade

surrounding Chile for our model calibration.

5.2 Reduced-Form Evidence for Endogenous Production Networks

Before proceeding with the model quantification, we provide causal evidence that produc-
tion networks endogenously reorganize in response to time-varying trade shocks. Specif-

ically, we study the impacts of Chile’s bilateral trade agreements with the United States

I3For the data in 2003 to 2007, only firms that have total expenditures on intermediates in a given year
above US$390000 have to report this information, which account for around 80 percent of value added in
the Chilean economy. See Huneeus (2018) for further details.

14T secure privacy, the Central Bank of Chile (CBC) mandates that the development, extraction, and
publication of the results should not allow the identification, directly or indirectly, of natural or legal per-
sons. Officials of the CBC processed the disaggregated data and merged them across sources. The authors
implemented all the analysis and did neither involve nor compromise the CBC nor the Chilean tax author-
ity. This study was developed within the scope of the research agenda conducted by the CBC in economic
and financial affairs of its competence. The CBC has access to anonymized information from various public
and private entities, by collaboration agreements signed with these institutions. The information contained
in the databases of the Chilean tax authority is of a tax nature originating in self-declarations of taxpayers
presented to the authority; therefore, the veracity of the data is not its responsibility.
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(US) and China. Chile signed a Preferential Trade Agreement (PTA) with the US in 2004
and a Free Trade Agreement (FTA) with China in 2006. Both of these agreements reduced
the average tariffs from 6.9 percentage points to nearly zero percentage points, depending
on the products traded (see Appendix E.2 for details). Previous studies have analyzed how
these episodes affected Chile’s aggregate product-level international imports (Fontagné,
Guimbard and Orefice, 2022). Here, we instead focus on how these trade shocks have
affected the architecture of international and domestic production networks.

A key challenge in identifying the impacts of these trade policy changes is to iso-
late them from general macroeconomic trends. A simple comparison of Chile’s overall
production network architecture before and after these trade agreements does not allow
us to identify the impacts of trade policy shocks. Therefore, we adopt the differences-
in-differences design using firm-level exposure on the import tariff changes as an addi-
tional cross-sectional variation (e.g., Goldberg, Khandelwal, Pavcnik and Topalova, 2010).

Specifically, we estimate the following firm-level regression specification:
Alogy,, = almportTariffShock , + (u) + 8'X. + €w, (38)

where w is the firm, A indicates that we take differences of variables between 2003 (pre-
agreements) and 2007 (post-agreements), y,, is the outcome variable of firm w (e.g., num-
ber of import and domestic production linkages), ImportTariffShock  is the proxy for
firm-level import tariff shocks as we further discuss below, ( (. is the 6-digit sector fixed
effect for firm w’s sector h(w), X, is a vector of firm-level control variables, including the
shares of imports in firms’ total material inputs and a proxy for the firm-level export tariff
shocks (import tariffs charged by the counterparty countries)."”

We use two different proxies for firm-level import tariff shocks depending on the out-
come variables. First, when we study the impacts on the international import linkages,

we use the following proxy:

5We control for pre-period import share in firms’ total material purchases to deal with the concern
that firms with a higher import penetration may have differential trends in outcome variables (Borusyak,
Hull and Jaravel, 2022). We focus on import tariff changes, instead of export tariff changes, because of the
significantly fewer number of firms that engage in exports than imports in Chile.
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Import
ImportTariffShock Z Z PO g to x Alog(1+ 7;Lg>7 (39)

ImportSum, ,

where 7 is the origin country, g is the HS-6 product, Import_, , is the value of imports

by firm w from country n and product g in the baseline year tog: 2003, ImportSum,, , =
Yo ,Import ., is firm w’s total import values in the baseline year, 7, is the rate of
applied import tariff for product g from country n. Intuitively, this proxy captures the
weighted average of import tariff changes in the basket of imported goods by firm w,
where the weights are based on the import shares in the pre-agreement period.

When we study the impacts on the domestic production linkages (i.e., the number of

domestic suppliers and buyers), we use the following proxy:

Import
ImportTariffShock wng;to Alog(1+7T,,), (40
mport faritishoc Z Z ImportSum,, , + DomPurchase,, , X Alog(1+Tny), (40)

where the difference from Equation (39) arises from the inclusion of total domestic mate-
rial purchases by firm w in the baseline period, DomPurchase,, ;,, in the denominator of
the weight. Intuitively, this proxy captures the weighted average of import tariff changes
in the basket of all purchased materials by firm w. We take this definition for the domestic
network outcome variables because, even if firms face large import tariff reduction within
their import portfolio (hence Equation 39 takes a large negative value), it may not affect
firms’ behavior regarding domestic production networks if overall imports are a relatively
small share of their intermediate inputs.

Table 1 presents the estimation results of Equation (38). Columns (1) and (2) present
the impacts on international production linkages of import tariff shocks defined by Equa-
tion (39). Column (1) shows that a one percentage point increase in international import
tariffs is associated with a 3.2 percent reduction in the value of international imports.
Column (2) shows that more than half of this response is driven by the extensive margin,
i.e., the increase in the number of foreign suppliers by Chilean firms. Therefore, the reor-
ganization of international supplier linkages substantially contributes to the total import
responses, consistent with our theoretical model.

Columns (3) and (4) present the impacts of import tariff shocks on domestic production
linkages defined by Equation (40). We find the coefficient of —1.52 for the number of
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domestic suppliers and —1.30 for the number of domestic buyers. Therefore, the reduction
in import tariffs not only increased the international supply linkages but also increased
the domestic supplier and buyer linkages within Chile.

The positive effects on the number of domestic suppliers are notable, as it implies that
the import tariff reduction complemented the formation of domestic supplier linkages,
instead of substituting them. In a recent literature, researchers have studied how the tem-
porary international trade shocks affect domestic sales (Dhyne, Kikkawa, Mogstad and
Tintelnot 2021; Dhyne, Kikkawa, Komatsu, Mogstad and Tintelnot 2024) and the forma-
tion of production linkages (Demir et al. 2024a; Huneeus 2018), following the design of
Autor, Dorn and Hanson (2013). Interestingly, this line of research has not found signif-
icant impacts on the number of domestic supplier linkages from international demand
shocks (Demir et al., 2024a) and from supply shocks (Huneeus, 2018). These differences
potentially stem from the permanent feature of the import tariff reduction that we study.
We show below that our model can successfully replicate these domestic production net-
work responses through endogenous search decisions, and that these responses crucially

determine the aggregate welfare effects of trade shocks.

6 Quantitative Analysis

In this final section, we explore the quantitative implications of endogenous production

network formation for the effects of trade cost shocks on aggregate welfare.

6.1 Calibration

We calibrate our multi-sector model in Section 4.4 to the Chilean economy for 2019. We
define locations in our model as 345 within Chile and three international locations: United
States, China, and the Rest of the World. To avoid the sparseness of the sector-region
trade flows, we broadly divide sectors into “goods” and “services” sectors, where “goods”
sector includes agriculture and fishing, mining and quarrying, and manufacturing, and
“services” sector includes all other sectors.

To undertake counterfactuals, we need to calibrate the baseline trade flows across lo-

cations and sectors { X, xx } and a subset of structural parameters {ay, Bk, 1, Bk, 7,?, 7;?,
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Table 1: Impact of Import Tariff Shocks on International and Domestic Production Links

Total Number Number Number
Imports Int. Suppliers Dom. Suppliers Dom. Buyers
(1) (2) (3) (4)
Import Tariff Shock -3.20 -1.88 -1.52 -1.30
(1.26) (0.61) (0.71) (1.10)
Number Observations 33260
Sector FE (6 digit) Yes
Prior Import Share Yes
Export Shock Residualized Yes
Period 2003-2007

Notes: This table reports the estimates of regression equation (38). Import shocks are
defined by Equation (39) for Columns (1)-(2) and by Equation (40) for Columns (3)-(4).
All outcome variables are log changes between 2003 (pre-agreements) and 2007 (post-
agreements). The samples include all Chilean firms that exist in both 2003 and 2007. Ex-
port shocks are constructed similarly to import shocks and controlled for. Standard errors
are computed following Borusyak et al. (2022). Appendix E.2 presents summary statistics
with the magnitude of the tariff changes. Appendix E.3 shows a set of standard tests to
assess the validity of the shift-share design, including placebo regressions as suggested
by Borusyak et al. (2022).

€ks )\,Z, )\fl, L, 0% . We construct baseline trade flows { X4 1 } using various data sources
described in Section 5. For trade between municipalities within Chile, we aggregate our
domestic firm-to-firm trade data, and for trade between Chilean municipalities and inter-
national countries, we aggregate our customs data. For trade across international coun-
tries that do not involve Chile, we obtain the values using the Inter-Country Input-Output
(ICIO) table. The trade flows constructed in this way may not satisfy our model’s equi-
librium conditions. To enable well-defined counterfactuals, we adjust the trade flows so
that they are consistent with the equilibrium conditions by interpreting that the observed
trade flows involve measurement errors (see Appendix F.1 for details).

We now turn to the calibration of structural parameters, summarized in Table 2. We
calibrate the final expenditure shares, {4}, labor coefficient in production, {5 1.}, and
intermediate input coefficient in production, { G}, by aggregating our domestic firm-to-
firm trade data and firm-level labor compensation at the sectoral level across all firms and

municipalities, analogously to Caliendo and Parro (2015).
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Table 2: Calibrated Parameters

Parameters Goods Services Description
ok 0.25 0.75 Final consumption share
{Br.r} 0.14 0.33  Labor coefficient in production
{Bu} Intermediate input coefficient in production
l: Goods Sector 0.45 0.10
[: Services Sector  0.41 0.57
e 2.6 2.7 Search cost curvature w.r.t. suppliers
VB 4.5 2.8 Search cost curvature w.r.t. buyers
€k 5.0 4.6 Trade elasticity
i 0.05 0.05 Labor coefficient in search
= AB (Vk, 1) 0.64 0.64  Matching function elasticity
Ok 4.1 3.5 Elasticity of substitution

To calibrate the search cost elasticities, {’y,{cB , ’y,f }, we use the model-predicted log-
linear relationship between the number of suppliers and buyers and aggregate sales at

the firm-level, given by

1
log » > g (2) = 7710g rk (2) + 0%, X €{S, B} (41)
i

deN leK

for any subset of locations N C N, where {¢fk, ¢f «} 1s a composite variable that de-
pend on location and sector but not by firm productivity 2. Specifically, we estimate
{1/48,1/~7} from the regression of the log number of domestic suppliers and buyers
within Chile (by taking A as all municipalities within Chile) on the log of the aggregate
intermediate goods sales, conditional on the location and sector fixed effects (capturing
{05, #7).}). We find the values of {v/,~;} ranging from 2.6 to 4.5, which satisfy our
equilibrium assumptions v > 1 and 7 > 1.

We calibrate the trade elasticities {¢;} from the existing literature. For the goods
sector, we set it to 5.0 following Fontagné et al. (2022), who estimate this parameter using
Chile’s aggregate import responses to import tariff changes. For the services sector, we set

it to 4.6 from Gervais and Jensen (2019), who estimate this parameter using service trade

16This relationship is obtained by reformulating Lemma 3 and Equation (C.15) in Appendix C of our
multi-sector model, which corresponds to Lemma 1 and Equation (13) for the single sector case.
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flows within the United States. Notice that we can also obtain the elasticity of substitution
or =i (1 = A5 /72 — X3 /77) once we additionally choose the values for {\J, A, 1}
as we do below.

We estimate the matching function elasticities, {\2, A7}, and the labor share in search
costs, {1}, through the indirect inference approach. Specifically, we calibrate these pa-
rameters so that the model replicates the impacts of import tariffs on the reorganization of
international and domestic production linkages as documented in Table 1. The procedure
is summarized below (see Appendix F.2 for details).

First, for each sector k£ and origin country u, we construct the average import tariff
changes 7, as the value-weighted average across HS-6 products. Next, for each candidate
value of {\2, A2/, 11}, we undertake the counterfactual simulations of the changes in the
iceberg trade costs 7,41 = 1 +7~'uk for all municipalities d and sector [ within Chile. Notice
that, even though 7,4 ; are common for all d, [, they have different effects across munici-
palities and sectors depending on the baseline import exposure to the US and China. We
then run the analogous regressions as in Table 1 using the model-predicted counterfac-
tual changes as the location and sector within Chile as a sample. We look for the values
of {\B )7, 1ix} that minimize the squared distance between the regression coefficients
on domestic production linkages in the data (Columns 3-4) and in the model prediction.
We use the regression coefficients on international production linkages (Columns 1-2) as
untargeted moments to assess the external validity.

Due to the limited variations in tariff changes outside tradable sectors, we assume
that these parameters are common across all sectors k,[ € K. We also assume that the
matching function elasticities are symmetric \® = \° as these two parameters tend to
jointly affect the equilibrium system and it is difficult to identify each of them separately.
Alternative values for A®, \¥ while keeping the sum A% + \” unchanged yields virtually
identical implications for the aggregate welfare changes (Appendix Table G.1).

Following this procedure, we obtain the estimates of A¥ = A\ = 0.64 and u = 0.05.
Table 3 shows that the model-predicted regression coefficients under these parameter val-
ues align with the targeted reduced-form regression coefficients (Columns 3 and 4). Fur-
thermore, our model predicts similar regression coefficients for the total imports and the
number of international suppliers as we find in the data, even though we do not directly

target these regression coefficients (Columns 1 and 2).
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Table 3: Impact of Import Tariff Shocks: Model vs Data
Untargeted Targeted

Total Number Number Number
Imports Int. Suppliers Dom. Suppliers Dom. Buyers

(1) (2) ®3) (4)

Data -3.20 -1.88 -1.52 -1.30
(1.26) (0.61) (0.71) (1.10)
Model  -3.93 -1.44 -1.40 -1.54

Notes: “Data” reports the firm-level impacts of import tariff changes from Equation (38),
replicating Table 1. “Model” reports the corresponding regression using model-predicted
counterfactual changes using our calibrated parameters targeting the last two columns,
as discussed in Section 6.1 and Appendix F.2.

Our estimates of the matching function elasticity at \* = A\? = 0.64 imply that equi-
librium production networks elastically respond to firms’ search decisions. Interestingly,
A% = AP > 0.5 implies that the matching technology exhibits increasing returns to scale.
This finding is consistent with existing work that estimates the matching technology in
firm-to-firm trade (Miyauchi, 2024; Eaton et al., 2024), although these papers consider
different models, and hence the estimates are not directly comparable.

Our estimate of the labor coefficient in search costs at 4 = 0.05 means that search
costs are substantially influenced by intermediate inputs costs. This low value of y is con-
sistent with the negative regression coefficients of import tariff shocks on the domestic
supplier linkages, indicating that international import tariff reduction has complemented
the formation of domestic supplier linkages. Our model can replicate this complementar-
ity through the changes in search costs. A decrease in international input costs reduces
not only the marginal production costs but also the search costs (Equation 15). This ef-
fect encourages firms to search reduces not only international suppliers but also domestic
suppliers. In Appendix F.2, we show that the regression coefficient for Column (3) indeed

turns positive if we set higher values of .

6.2 Impacts of Trade Cost Shocks

We first undertake counterfactuals of increasing the iceberg trade costs from US and China

to all Chilean municipalities by the same magnitude of the import tariff changes under
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the trade agreements used in Section 5.2. We then discuss how the effects vary by the sign
and magnitudes of the shock.

Table 4 reports the results. To highlight the role of the endogenous networks, we un-
dertake this simulation under four scenarios: (a) using our baseline parameters (Table 2),
(b) shut down endogenous networks (A° = A\ = () while keeping the trade elasticity
€ at our baseline scenario, (c) shut down endogenous networks while keeping the elas-
ticity of substitution o at our baseline scenario, and (d) allow for endogenous networks
but alternatively set the labor shares in search costs to one (1 = 1). Column (1) reports
the changes in aggregate welfare across all Chilean municipalities (weighted average of
GDP changes across Chilean municipalities with pre-shock GDP weights), along with the
ratio to the values in our baseline specification; Column (2) reports the average percent
changes in imports from US and China; Column (3) reports the average changes in the
number of supplier linkages from US and China; Column (4) reports the average changes

in the number of supplier linkages within Chile.

Table 4: Aggregate Effects From Import Cost Increase From China and the US (%)

1) @e (%) 2) Rel. to Basehne 3) Xui,uEUS,CN 4) Z\Tfm’,,uEUS,CN 5) N[U,T‘,,UECL

a) Baseline -0.35 100 -20.5 -7.6 -0.01
b) Fixed Network, fix &, -0.27 77 -20.2 0 0
c) Fixed Network, fix oy, -0.28 81 -12.7 0 0
d) Baseline, y1, = 1 -0.23 68 -20.3 7.5 0.1

Notes: The results of counterfactual simulations to increase the iceberg trade costs from
US and China to all Chilean municipalities by the same magnitude of the import tariff
changes under the trade agreements used in Section 5.2 under four scenarios: (a) using
our baseline parameters (Table 2), (b) shut down endogenous networks, while keeping
the trade elasticity £ at our baseline scenario, (c) shut down endogenous networks (A% =
AP = 0), while keeping the elasticity of substitution o}, at our baseline scenario, and
(d) allow for endogenous networks but alternatively set the labor coefficients in search
costs to one (ux = 1). Column (1) reports the changes in aggregate welfare across all
Chilean municipalities (weighted average of GDP changes across Chilean municipalities
with pre-shock GDP weights); Column (2) reports the ratio of the values in Column (1)
to our baseline specification; Column (3) reports the average percent changes in imports
from US and China by Chilean municipalities; Column (4) reports the average changes
in the number of supplier linkages from US and China; Column (5) reports the average
changes in the number of supplier linkages within Chile.

Using our baseline specification, we find a 0.35 percent decline in Chile’s aggregate
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welfare from the import cost increase (Column 1, Row a), indicating a modest but non-
negligible aggregate welfare effect. These effects are associated with a decrease in ag-
gregate imports from US and China by 20.5 percent (Column 3). Nearly a third of this
decrease is attributed to the decrease in the extensive margin of Chilean import rela-
tionships from US and China (Column 4). We also find a reduction in supplier linkages
within Chile (Column 5). The signs of Columns (3)-(5) are consistent with our differences-
in-differences findings in Table 1. The magnitudes of the decrease in domestic supplier
linkages are smaller, suggesting that aggregate effects on domestic production network
formation are smaller than the difference-in-differences effects as documents in Table 1.

We find that these aggregate welfare effects become smaller when we shut down en-
dogenous production network formation. When we do so while fixing the trade elasticity,
¢x (Row b), we find that the welfare effect decreases to 0.27 percent, which is 77 percent
of our baseline specification. Interestingly, this reduction is similar by alternatively fix-
ing the elasticity of substitution, o, when we shut down endogenous networks (Row c),
despite that this specification predicts a smaller aggregate import response (Column 3,
Rows c vs b).

These findings are consistent with our theoretical observation in Proposition 2. Up
to first order, whether allowing for endogenous networks increases the aggregate welfare
effects depends on the search externality and how they interact with the inefficiency from
the double marginalization. In particular, it increases if the equilibrium trade flows with
endogenous networks (subject to both search externality and double marginalization) are
inefficiently lower than the case with fixed networks (only subject to double marginaliza-
tion). Our results suggest that this is indeed the case under our calibrated parameters.

In Row (d), we allow for endogenous networks but instead set the labor coefficient
in search costs at © = 1. We find that the welfare effect under this specification is
smaller than our baseline specification (68 percent), and the predicted welfare changes
are more similar to those with fixed networks (Rows b-c). This finding is also consistent
with Proposition 2, where endogenous networks do not affect the first-order aggregate
welfare changes if 1 = 1. As discussed before, in this case, even though labor is misallo-
cated between production and search activity, equilibrium trade flows are not distorted.
Therefore, endogenous networks do not influence the aggregate welfare changes to a first

order. Notice also that, in contrast to our baseline specification, the number of supplier
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linkages within Chile increases in response to the import cost increase (Row d, Column
4). In other words, with y = 1, the model predicts the substitution of production linkages
toward domestic suppliers, instead of complementarity in our baseline specification (Row
a). Therefore, the failure to capture these complementary patterns of network reorgani-
zation is consequential for assessing aggregate welfare effects.

In Figure 1, we present how these patterns depend on the sign and the magnitude of
the shock. Specifically, we report the aggregate welfare effects of the iceberg trade cost
changes from US and China to all Chilean municipalities by the magnitude of reverting
the trade agreements, multiplied by the value in the horizontal axis. A value of zero in the
horizontal axis indicates no trade cost shock; a value of one indicates the same increase
in the iceberg trade cost as in Table 4; a negative value indicates a decrease in the iceberg

trade costs.

Figure 1: Aggregate Welfare Effects From Import Cost Change: Nonlinearity

Baseline

Fixed Network, fix e
------- * Fixed Network, fix o
== == = Baseline, =1

Aggregate Effect (%)

-5 -2 0 1 2 4 T
Trade Cost Shock Scale Factor

Notes: The figure shows the aggregate welfare effects of the iceberg trade cost changes
from US and China to all Chilean municipalities by the magnitude of reverting the trade
agreements, multiplied by the value in the horizontal axis. A value of zero in the horizontal
axis indicates no trade cost shock; a value of one indicates the same increase in the iceberg
trade cost as in Table 4; a negative value indicates a decrease in the iceberg trade costs.

The four lines correspond to the same set of alternative model specifications as used in
Table 2.
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When we abstract from endogenous networks while keeping trade elasticity ¢ fixed,
we find that the welfare changes are always attenuated regardless of the sign and the
magnitude of the shock. Furthermore, these patterns are similar to the alternative scenario
in which we allow for endogenous networks but instead set ;o = 1. This result is consistent
with the interpretation that, fixing trade elasticities, amplification of trade shocks through
search costs is the key margin that shapes the aggregate welfare effects, as highlighted in
Proposition 4.

When we abstract from endogenous networks while keeping the elasticity of substitu-
tion oy, fixed, thereby using smaller values of trade elasticities, we find somewhat different
patterns. When we increase the trade costs (positive and larger values in the horizontal
axis), the differences in welfare gains from our baseline specification remain small and
even narrow for a large increase in trade costs. On the other hand, when we decrease
the trade costs (negative values in the horizontal axis), the gap instead widens. This pat-
tern is consistent with the interpretation that endogenous network formation facilitates
the reallocation of trade flows toward regions with large positive shocks and away from

regions with large negative shocks.

6.3 Welfare Gains from Trade Relative to Autarky

We next study how endogenous production networks affect the welfare gains from trade
(GFT) relative to autarky. While this is the central question in the literature on interna-
tional trade, previous literature has not quantified how endogenous production network
formation affects those numbers. In Table 5, we report the estimates of two types of
GFT. In Panel (a), we report the GFT relative to municipality autarky, i.e., average welfare
changes by shutting down all trade with other Chilean municipalities and international
countries. In Panel (b), we report the GFT from international autarky, i.e., the same values
by shutting down all trade with international countries but keeping the trade within Chile
across municipalities.

Starting from the GFT relative to municipality autarky (Panel a), we find an estimate
of 169 percentage points using our baseline specification (Row 1). This number is sub-
stantially larger compared to GFT relative to international autarky (Panel b), reflecting

the significantly larger trade flows within a country than across countries.
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Table 5: Welfare Gains from Trade
(a) Relative to Municipality Autarky

Welfare (%) % of Baseline

1) Baseline 169 100
2) Fixed Networks, fix €, 97 58
3) Fixed Networks, fix o}, 172 102
4) Baseline, p, = 1 99 59

(b) Relative to International Autarky

Welfare (%) % of Baseline

1) Baseline 6.2 100
2) Fixed Networks, fix ¢, 5.6 90
3) Fixed Networks, fix oy, 8.8 143
4) Baseline, p, = 1 4.6 88

Notes: Panel (a) reports the welfare gains from trade relative to regional autarky by
Chilean municipalities, i.e., average welfare changes by shutting down all trade with other
Chilean municipalities and international countries. Panel (b) reports the same values by
shutting down all trade with international countries but keeping the trade within Chile
across municipalities. Rows (1)-(4) correspond to the same set of alternative model spec-
ifications as used in Table 2.

When we shut down endogenous networks while keeping the trade elasticity ¢, fixed,
GFT decreases to 97 percentage points, which is 42% smaller than that of our baseline
specification. This result is consistent with Proposition 4: Fixing trade elasticities, GFT is
larger through the search cost multiplier. Consistent with this interpretation, we find a
similar value of GFT if we allow for endogenous networks but instead shut down search
cost multiplier by setting 11, = 1 (Rows 4 vs 2)."

When we abstract from endogenous networks while keeping the elasticity of substi-
tution oy, fixed (Row 3), thereby using larger values of trade elasticities, we find that the
average GFT relative to municipality autarky is 172 percentage points, which is similar to

our baseline specification. Therefore, the mitigation effects of the larger trade elasticity

7Proposition 4 shows that, in the single-sector environment, Rows (4) and (2) should exactly equal
to each other given observed trade flows. This may not be the case in the multi-sector environment due
to differences in sectoral reallocation in the two models (see Proposition 8 for the multi-sector version of
Proposition 4), which generates the small difference between Row (4) and (2) in Panel (a) of Table 5.
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roughly cancel out with the amplification effects through search cost.

We next discuss the GFT relative to international autarky (Panel b). We find that the
average GFT relative to international autarky by Chilean municipalities is 6.2 percentage
points. As mentioned above, this value is by an order of magnitude smaller than GFT
relative to municipality autarky (Panel a) and more similar to typical estimates of GFT at
the country level (Costinot and Rodriguez-Clare, 2014).

We find somewhat different patterns regarding endogenous networks from Panel (a).
When we shut down endogenous networks while keeping the trade elasticity ¢ fixed,
GFT decreases to 5.6 percentage points, which is 90% of that in our baseline specification
(Row 2). Therefore, compared to Row (2) of Panel (a), the gap from the baseline spec-
ification becomes smaller. Similarly, when we shut down endogenous networks while
keeping the elasticity of substitution o fixed, thereby using larger trade elasticities, GFT
increases to 8.8 percentage points, which is 143% of that in our baseline specification (Row
3). Therefore, compared to Row (3) of Panel (a), we find a larger attenuation of GFT by
allowing for endogenous networks.

The different patterns of endogenous networks between the municipality and inter-
national autarky counterfactuals indicate that the reorganization of production networks
across Chilean municipalities plays an important role. For the latter counterfactual, we
allow for the reorganization of domestic production networks within Chilean munici-
palities. This reorganization attenuates the welfare loss from the shock of shutting down
international trade. This result is consistent with Korovkin, Makarin and Miyauchi (2024),
who study the role of reorganization of production networks in the aggregate effects of
localized conflict shocks in Ukraine. Using an extension of our model with richer firm
heterogeneity, they find that allowing for endogenous networks mitigates the aggregate
output loss from the spillover effects of conflict shocks, fixing the elasticity of substitution
0. This occurs through the reorganization of production networks within non-conflict

areas.

7 Conclusion

We study the aggregate implications of endogenous production network formation in a

quantitative multi-location general equilibrium trade model. We develop sufficient statis-
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tics formulas for global and each region’s welfare and characterize the precise deviation
from the fixed network environment. The deviation occurs due to inefficiency for the
ex-ante welfare sufficient statistics, and due to the differences in trade elasticities and the
multiplier effects from search costs for the ex-post welfare sufficient statistics. We also
provide macro restrictions under which these sufficient statistics hold for any microfoun-
dation of production network formation, providing a coherent account of how and why
endogenous production network formation matters for aggregate welfare.

We then calibrate our model to the Chilean economy. Our calibrated model is able to
replicate the new empirical finding that import tariff reductions generate increases in both
foreign and domestic suppliers, thereby generating gross complementarity in production
network formation. We show that the deviation from the fixed network environment is

quantitatively large (20-40%), depending on the signs and magnitudes of the shock.
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Appendix for “Production Network Formation, Trade,
and Welfare”

Costas Arkolakis, Federico Huneeus, Yuhei Miyauchi
April 15, 2025

A Proofs and Mathematical Details

For notational convenience, we define M; (0) = [ 2°dG;(2).

A.1 Proof of Lemma 1

We first note that Problem (10) is a strictly convex optimization problem when v% > 1
and 75 > 1. Therefore, there is a unique solution to the problem, and the first order

conditions (FOCs) are necessary and sufficient for the solution.
5 i
Conjecture that solution entails n? (z) = a22+%,n3. (2) = a2.2>°,and § = (0 — 1)

ul ui

/ (1 — ’YLB — 1;—5/5)) as in the proposition. By plugging these solutions to (9), we obtain

the expression for marginal cost ¢;(z) as in Equation (12). By plugging these solutions

to ri (2) = ., 7ia (2) mEnB (2), where 7,4(2) = (67iaci (2))' 77 Dy is the revenue per
buyer link, we obtain the expression for revenue 7;(z) as in Equation (13).

The FOC with respect to n? is given by

~1_ B(1—o) S, S 1—o\1-8
Bfl 01 g —0 wi Zu nuimui (CUZ)
ot (02" = T D, () e us” L
:ci(z)l_"
The FOC with respect to n?; is given by
~1—0o
S (.s\¥°-1_ 0 B. B l-o
5 (nS — BB Dy, (1;
€iJui (nuz) p {; NigMygld (T d) }
B(1-0) S S 1-0\ =8
W s n2eme, (Cyr .
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Note that all terms related to z cancel out under the conjectures of {n2 (2), n, (2)} in the

proposition. Furthermore, Equation (A.1) is rewritten as

1-8
B 5.1—0 o _ e
eifia (GZ)V :az%Tszd (Tid)l wf(l 7 (Z i, (Cm‘)l )
ueN
B0 -0 ~l—0o
= Qg m;a D (Tid) ¢,
5.170' B L (1-B)—(o—1 _
_GZ ngd(Tid)l O'Z 75( B)—(o—1) z( )1 o
1 L (1B —(—
——Tid(z)mﬁaﬁz S5 (1=B)=(c—1)
1 8 (1) (o—
= —ria(z)mfmfy (z) 2 27 0070
B 1
— ¢ Z-]dB (aﬁ}y 2= ;rid (2) mﬁnﬁ (2). (A.3)

By integrating wrt z using density function G;(-) and multiplying by N,

B 1 XZ Y
iJid
where we define I'? = m, and X;q = N; [1iq(2) mEnE (2) dG;(2) is the total

intermediate goods revenue sold by firms in ¢ to firms in d. This expression corresponds
to the one in Lemma 1.

Equation (A.2) is rewritten as

€; S (as )75—1 =

6.1—0
ut ul o

J/

{2 azszdnz-a} (1-p)
d

N

=Dj=2=9r5(2)(6C;)7 "

-8
x w7 (Z ams, <a”->1-“> mi (Cu)' ™

(. 4
~~

—C7(aS)  Aui
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— ef? (afi)vs 2 = % (1 =) Aurs (2) (A.5)
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where Ay, = X,;/ >, Xwi. By integrating wrt z using density function G;(-) and mul-
tiplying by IV,

ur

€ilu S (CLS-)’YS NzMz (5) = % (1 — ﬂ) Ale

1

X \ 5
~(m25)7 e

ur

1
1 (1—=0)R; Xui \°
S _
— Bui = <0Mz (5) Nz €; S Ez )

ur

where R; = ), X, is intermediate goods sales by firms in ¢ (excluding sales to retailers),

E; =", X, is intermediate goods expenditure by firms in 4, and I'} = aMl i f) N g‘ Note
that, under trade balance, R; = E;. This expression corresponds to the one in Lemma 1.

Finally, firms’ profit subtracting the expenditure for search activity is given by

A= {Zfzd +Zf{3 }:5{1—%-1;5}%

deN ueN

where we used Equations (A.3) and (A.5). This equation coincides with Equation (14).

A.2 Proof of Lemma 2

We first obtain the intensive margin of trade flows, i.e., the average transaction volume
per relationship (intensive margin). Noting that the average sales per buyer by firms in u

with productivity z selling in d is given by 7uq (2) = (67ugcy (2)) 7 Da,

Fd—fmd ynB( z)dG (Z):(m'd) dfcu 1UB()dG().
' J ey (2) dGu (2) ’ Jnii(2)dG, (2)

Using the expression for the marginal costs and buyer search from Lemma 1,

1— [ ML (9)

Tud = 0" (Tud) —5011”_0 Dy, (A.7)
. ()

1—0’ Mu((s)

, which corresponds to 7,4 in Equation (18) with ¢! = e () C1=7 and
ul o5

with o/ =&

£l =



We next obtain the extensive margin, i.e., the measure of supplier-to-buyer relation-

ships from supplier location u to buyer location d, M,,4. From Equation (16),

5 \\* s\ L XY
. S v B e X ud
Mud = Rud (Ndaude (75)> (Nu(ludMu (’}/B>) Ruyd @536:}5

here 1y = g (£5) 7 (£2) ™ (Nt (2)) (b, (2)) (09)* (7)™
where K}, = Kud (fud) ( ud) ( d d($>> ( u u(ﬁ)) ( d) ( 'u,) .
Plugging X, q = T4 M, into this equation yields
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which corresponds to M,  in Equation (18) with p = (QI ) 1-35-3F "and

1
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A.3 Market Clearing Conditions

Intermediate goods for each firm w are used as inputs for production by other firms and

local retailers:
g (w) + Z/ Gia (W, V) Tiadt) = ¢; (W) . (A.12)
deN 7 ¥ wESia(Y)



Search activity uses local labor and retail goods:

LAY A\ H
[ (zuz m) W (U ()7 e

where L and Q! corresponds to the aggregate amount of labor and retail goods used for

search activity.

Retail goods are consumed by final consumers and used for search activity:

LQF +Qf = Q. (A.14)

Labor is used for intermediate goods production and for search activity:
/ li (W) dw + L = L;. (A.15)
weN; (w)

A.4 Proof of Proposition 1

Preliminaries We first obtain several useful expressions. First, we derive C;7 =
[ (Gey (2) Twi) 7 dGE (2), where GZ (-) denotes the weighted distribution of z by buyer

search intensity, given by

By nB. (2)dG,(2) _ ZW%dGu(Z) :zv%d w(2)
dG; (2) fnuBl (2/) dG (") fz’"%BdGu(Z/) M, %> )

Therefore we have

1—0
Cl-o = / (&cuz*%sﬁ*w) dGE (2) = (6C, 7)) 7 —2 )



Next, we derive D,. Notice the aggregate intermediate input expenditure £, satisfies

Ed_ZN / )7 Da (5eu ()7 02, (2) mP,dG (2)

)
_ DdZN Tud)lig (5_)10/(C¢u)1 o’afdmfdz_y +fs(1*ﬂ)+(071)dGu (Z)

— Dd Z Tud 1 7 - (Cu)lio- NuafdmfdMu (5)
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= Dy Z Twa) 7 (5)77(C) T Nyal ymS ,———4M, () (from 17 and M, ,, M,,)

) )
= DyNsM, <$> Z C7a5 m?, (from Equation A.16)
_ pNM, (2 o) = from Equati
= D,N;,;My ? [wd d] (from Equation 12)
Denote nominal labor compensation to intermediate input expenditure ratio:

o—1 1 el
. walg 5"‘ M<_B+,Y_S>
B, = =I(1-5) : (A.17)

S

Then,

-

1 Ld 1-Bo o—

Dy = C—Lm (wa) =7 (Cq) =7 . (A.18)

Finally, from Equation (18) and Appendix A.2, total margin trade flows are given by

Xud = QXudCugd (A19)



where p = 0"0", Xua = XlaXly and

1
; 1-X5-XB
1B

(o = Oy T3 U U = M, (9) (NuMu (_

Part (a) From the accounting identity,

L
wiLi =Y X,
d

(A.20)

where ¢” is the nominal labor compensation to intermediate input expenditure ratio as

defined in Equation (A.17). Plugging Equation (A.19) into this equation, and after some

algebra, we obtain Equation (20) with KU = ocZ KV,

Next, by combining Equation (A.20) and the trade balancing condition (implied by the

market clearing conditions,’ we obtain:

w;L; = ¢* Z Xui-
Plugging Equation (A.19) into this equation, we obtain Equation (21).
Part (b) We apply Allen, Arkolakis and Li (2024). Define the matrices

T = 1+ C1 Co ] ’ B (SG C3 ]
—C1 —Co

1 —5(; —C3

where we define

(A.21)

By integrating intermediate goods clearing condition (A.12) across firms, we have P;Q; + ), Xiq =
R;, where R; is firms’ aggregate revenue. From the accounting identity, R; = > X+ +w; L+ P,QA.
The retail goods market clearing (A.14) implies that I1; + w; L; + P;Q# = P;Q;. Putting together, we have

2o Xui = 2 X



£ spl—n 1 ssl—p
—\F—_ —c|14+ )\ = —\°
¢ = B 1u, Co €<+)\ 0_1), c3 5(1_5 )\0_1)

where ¢; > 0 and ¢, > 0 under our model parameter assumptions. A sufficient condition

for the equilibrium uniqueness is that the spectral radius of A = |BI'"}!| is equal to 1,

where

1 1 i dc  c3 —C3 —C2
BI' =
—C3 (1 + Cl) — C9 (1 — 5@) —C1 —Co — (1 — 5g) 1+ C1

1 —C3 —0gca +c3(1+¢q)
—c3(1+c1) —ca (1 = dg) | ccs (1—4¢)co —Co

We now show that, when d; < 1 and ﬁ (o= 1) > (1—p) ()\B + )\S> as assumed in the
proposition, the largest eigenvalue of | BT~ 1 ] is 1ndeed less than one. From the second con-
dition, we have c¢3 > ¢, > 0. Furthermore, together with ¢ < 1, —dgca + ¢3 (14 ¢1) >
cic3 + (1 — dg) o > 0. Therefore,

1
cs(14c¢1)+ea(l—d¢)

C3 —5062 + c3 (]_ + Cl)
cics + (1 —dg) ea Co

BT =

Note that the sum of the rows for the first column and second column are both one.
Therefore, from Collatz-Wielandt Formula (see Allen et al. (2024)), the largest eigen-
value of | BI'"!| is one under this condition. Therefore, when d; < 1 and 2 (10 51) >
(1—p) (5\3 + A5 > , the equilibrium exists and it is unique up to scale.

A.5 Exact-hat Algebra

Consider the changes in fundamentals {7.q, &ua, f2, f5,}, where # = 2//x denote the
proportional change in variable x and 2’ denotes the value of x after the change in funda-
mentals. The changes in equilibrium wages {t;} and cost shifters {C;} are given by the
solution to the following set of equations:

RO
w;

o 1“31 1) (7 —2u) 757 Ae(g A0k
Z‘Ifzdxzdwd 2 1Cd(1 ? 1), (A.22)



1— (=82 38, )= . _¢(-L _3Sl=n N e (R
0. ( -8 “)a—1 Cr E(I—B rr—l) _ ZAid)A(uiUA)u)\ Ho=T Cua(H_ o= 1)’ (A.23)

(2 7

where ¥,y = X4/ >, Xin and Ay, = X5/ >, X, are import and export shares in the

baseline equilibrium, and

- 1
B 1-A5_AB

. Y - -5
fua (1)~ (£2)

A.6 Planning Problem and Proof of Proposition 2 and Corollary 1

(A.24)

A ne
Xud = Tyuq

Formal Definition of Planning Problem Given the set of subsidies/taxes described

in Section 3, the government budget constraint is given by

811 t 11-p

id+ =5 Xt : Xia =0, (A.25)
%14—155073 Zl+tzd0 &

where = 71 Xiqand = L1-5 X, correspond to the aggregate expenditure for buyer and sup-

plier search, respectlvely. Then, defining the equilibrium prices and quantities by X =

{Xid,Pid (v,w), By, e, w;, Ci, gia (wﬂ?),qu (w), o Z'Aﬂ%% (w) ns, (W), s (W%Lf‘},the

[ ? ur

planning problem is defined by

F
(a2 o

11;
s.t. PZQfJ = w; + f + EF

Xig = / daa (w0, ) G (w0)AGa()
wEN; WYEN,

(1)-(3), (5)-(6), (9)-(17), (22), (23), (A.12)-(A.15), (A.25)

Proof of Proposition 2 We proceed in two steps. First, we solve for a relaxed planning
problem (A.26) where the planner directly specifies the aggregate allocation. Next, we
show that the planner can implement this allocation using the subsidies/taxes available

to the planner.



Consider the following relaxed planning problem:

iLi i A.27
max MM}Zw Q; (A27)

F DA 1A TP AS B R
{Q»L 7Qi ’Ll‘ 1Li ,AM-,AM,(]Z- sqid>

st QA+ LiQY = gi (¢F)

i

LA+ LF = I, [w]
LANH Q,A 1=p
e () (%)
1 ooy 227\ P
n idTid = L -
q + ;Qde 3 1_5
2B A5
B B S -5
Y i Y ”
My = K (—BAfi) (—SAi) [ﬁm]

where A2 and A?, correspond to the aggregate buyer and supplier search effort between

suppliers in u and buyers in 4, and L! is the aggregate labor used for production. The
brackets in each constraint represent the Lagrange multipliers. In the final constraint,
we combined the matching technology (16) and search effort (8). In the second to last
constraint, we define ¢” and ¢,; as aggregate intermediate good quantify (not per firm or
link).

Notice that we dropped the firm identifiers w within each location, because the planner
has no policy tool to discriminate firms within a location. We later verify that these allo-
cations are achieved given tax instruments { {s/,,t5,t5,} , T; }. The FOCs of this problem
with respect to Qf, f‘, qu, Lf‘, LZP, AB A5 M

ued £ tue? u

i» Qui are given by:

P =1, (A.28)

1
Pi=eAi(1—p) (A.29)
Ci = Pig; (¢f) (A.30)
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w; = ﬁoi%‘i (A.32)

LP

\B 1
€y = nm")/_BMmA_El (A.33)

S 1
€ = nmﬁMmA_gz (A.34)
L a_paga— (A.35)

nuz - O_ _ 1 'qu ur MU,L .
1

ui
1 o—1
M. g
where A, =) A;jl- +> Aﬁl, G =qlt+ > 4 TidTia> and Ay; = #. From (A.33),
e Mg ap”

(A.34), (A.35),

A1
?0 1 (1 - B) Ciqil\yi = eiAii (A-38)

We now consider the equilibrium subsidies/taxes that implement this allocation. Sup-
pose that the Lagrange multipliers { P;, w;, ¢;, C;} correspond to equilibrium prices. Then,

from firms’ profit maximization given sales subsidy,

(1 - Siz)

d 1Tuicuqui = (1 - 5) Ciqi\u; (A.39)

By comparing this condition with (A.36), the optimal s!; satisfies 1 — s!, = 1 — s/ =

ut

=l T =1/0.

g

Next, following Lemma 1 applied to the economy with taxes, equilibrium allocation

for buyer and supplier search is given by

11 1
1+t8)e,AB = = — X, —— A.40
(+uz)6 ur U/YB 1—81 ( )
11— R, 1
(1+15) eiAs = = o (A.41)

o S TUE 11—l

where we accommodate the possibility that R; # F; due to the potential trade imbalance

11



from taxes and transfers. By comparing these equations with (A.37) and (A.38), and by
noting that X,; = (1 — ) C;¢; A, we obtain the expressions in Proposition 2.

Finally, we confirm that these allocations are indeed consistent with the equilibrium
conditions. The constraints in (A.27) coincide with resource constraints, production of
search effort, and matching technology; (A.32) and (A.36) coincide with intermediate
goods producers’ optimal production decisions; (A.30) coincides with retailers’ optimal
production decisions; (A.29), (A.31), (A.40) and (A.41) coincide with firms’ optimal search
decisions. Finally, assume that lump-sum transfers are set such that

F

II:
TiF:PinF— LZ — Wi

By inserting these equilibrium allocations to Equation (A.25), we can verify that these

allocations satisfy the government budget constraints from market clearing conditions.

Proof of Corollary 1 We first prove that Condition (26) is a necessary condition for the
constrained efficiency (i.e., “if” statement). Suppose Condition (26) holds. Suppose that
the taxes/subsidies are set according to Corollary 1, i.e., s., = 1/0 and t5 = tJ, = 0 for

all 7, d. Suppose also that all supplier subsidies are financed by the local lump-sum taxes,

I
Fo_ Sid _ 1 .
T == g Xu=— =72 Xu

d i d

ie.,

Clearly these taxes and transfers satisfy the government budget constraint (A.25) and
all equilibrium conditions. Together with Proposition 2, these taxes/subsidies are indeed
optimal. Furthermore, from Equation (A.28), v; is proportional to equilibrium retail prices
P,. Finally, since the taxes are financed within each location, trade balance holds from
market clearing conditions, i.e., F; = R; for all i. This completes the proof of the “if”
statement.

Next, we prove that Condition (26) is a sufficient condition for the constrained effi-
ciency (i.e., “only if” statement). From Proposition 2, \A® # 1 cannot be optimal under the

taxes/subsidies in according to Corollary 1. Furthermore, \° # (1 — /3 1% cannot be op-

timal under these taxes/subsidies. At the same time, the only case where \* = (1 — 3) %

holds for all d is when trade balance holds, ie., E; = Ry and A = 1 — 3. Hence,

12



A% #£ 1 — 3 cannot be optimal under the taxes/subsidies in Corollary 1. Therefore, \Z # 1
or A% # 1 — 3 cannot attain constrained efficiency. This completes the proof of the “only

if” statement.

A.7 Proof of Proposition 3

Assume that the welfare weights coincide with the retail goods prices, 1; = F;. Denote
the nominal GDP by Y;”. Then, by noting that we define global nominal GDP as the
numeraire (3_, Y;" = 1), and that dIn C; = dIn P; from cost minimization of retailers

(Equation 6),
dinW => "V (dnY/ —dnC;) = =) ¥ dInC;. (A.42)

We first characterize d In C; through forward (cost) linkages. By applying Shephard’s

Lemma to firm’s cost minimization problem (12),

oc—1
Furthermore, from Lemmas 1 and 2,

dln M,; = (XS + XB> (d1n Ay + dlnw,)
— N (pdlnw, + (1 —p)dInC,) — X8 (pdInw; + (1 — p) dInCy), (A.44)

where we used the fact that dIn X, = dInA,; +dIn E; = dInA,; +dInw; and dlne; =
pudInw; + (1 — p) dIn C;. Reformulating,

g

1— - 1— -
(1—(1_5) _ﬁl‘AB)dma:u—ﬁ)ZAm(<1+U_’“lus)d1n0u+d1mm+d1nzm),

where

1 /. o
dnZ,; = —— ()\S,udlnwu - (AS FAB(1- u)) dlnwi)
g
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In matrix notation,
dinC =01 -p)[A-(1+2Z)]'1, (A.45)

where dIn Cisal x |N|vector of {d1In C;}, A, 7, Z are matrices of {A,;}, {dInT,}, and
{dIn Z,;}, 1isal x |[N] vector of ones, and

- 1— -
o= [[1-(1-p =3 [1-(1-p) 1+U—_‘1‘A5 Al
) ;;3 =cs

where I is the identity matrix. Together,
dnW = -Y¥o Y1 -B)[A- (- +2Z)]'1. (A.46)

We next characterize nominal GDP Y/ through backward (demand) linkages. Let us
define R; as location i’s final consumption expenditure (V') plus the intermediate goods

sales to other firms. Then, ];’l = éY;F , where

B 1 1— 1 1 1-8
wiL; +TI; m+5(7—3+7—s>+3(1—7—3—7—s>
()0 ey pry
i%—ﬁ S t—= ) t-(l—-——F5%— Sﬁ +1
1-5 o\n Y o gl gl
—wiLi/R; _IL/R,
(A.47)
Then,
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where we used the trade balance Rz => Aid}?d. In matrix notation,

o (00 (e =) e (8- (- (3 +39))

¥ ¥

(@1 YF.

Plugging this expression into (A.46),

= — 14 R'(1 — (7 "1.
dlnW = (5—(1—5)H(XB+XS))R(1 BN (T+Z)]'1

From the definition of ¢ in Equation (A.47), EiAui = ﬁXm. Furthermore, RZ is propor-
tional to Y;*" and w; L,. Therefore, under the normalization that 3>, Y/ = 1, R/ [A - Z]' =

0. Hence we have

AW = - ——— Y XudIn T, (A.48)
(&5 )
where ¢ = % = ﬁ is the ratio of nominal world GDP to nominal world interme-

diate goods expenditure, as defined in the main text. Hence we obtain the expression in

Proposition 3.

Proposition 3 under optimal sales subsidy (Derivation of Equation 30) Suppose
that optimal sales subsidy s/, = s/ = 1/ are in place as considered in Corollary 1. The
only difference from laissez-faire equilibrium above is the expression for ¢, which becomes

nominal final consumption expenditure (instead of GDP) such that

SalesSubsidy — w; L; +11; 4+ T‘zFLZ

1 1 1 1-— 1 1 1 1— 1 1
. Lo 8y EN UL A -
1-p5 1—slo" \ B s 1—slo ~B ~3 1—slo

Reformulating the expression and plugging it into Equation (A.48) yields Equation (30).

S
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A.8 Proof of Proposition 4
Applying Shephard’s Lemma to firm’s cost minimization problem (12), and by taking an
alternative numeraire such thatw; = 1,

1
dinCi = (1-5) Y Ay(dinC, +dln, — ——dIn M)

1 1
— (1 — InC, — ——dInM:: + ——d1In A
(1= P)(dInC; = ——=dIn My; + ——dIn Ay

1 1-5 1 1-5
= ——dInAy; — ————"dIn M, A.49
-1 5 o o—1 5 b (A.49)

where the second transformation used the fact that dInA;; = —dInC; + ﬁd In M;; —
Zu Am(—dln Cu —dln Tui + ﬁdln Muz)
Notice also that, from cost minimization of retailers (Equation 6), dIn P; = dInC;.

Furthermore, firm profit is a constant fraction of labor compensation. Hence dIn Q" =
Furthermore, from Lemmas 1 and 2,
dln My = (X4 37) din X = (X + X¥) dlne;
_ (XS + XB) din Ay — (1 — 1) (XS + XB) dn P, (A.50)

where the last formulation uses the fact that dIn X;; = dIn A;; + dIn E; = dIn A;; under

our normalization of w; = 1. Combining these together, we have

s 1- (047

1 552 (- ) (A4 A7)

Manipulating this equation, we obtain the expression in Proposition 4.
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B Details on Isomorphisms

B.1 General Results

We first establish the general results. Consider a generalized economy of Section 2 by
allowing for an arbitrary aggregation of intermediate input bundles (instead of CES in
Equation 2) and arbitrary microfoundation of the network formation {S,; (-)} (instead
of search and matching in Section 2.2); see Appendix D for the formal set-up. We first
introduce three macro restrictions extending Arkolakis et al. (2012) to an environment

with endogenous production networks.

Condition 1. Aggregate trade balance holds, ), X,; = >, X4 for all 4.

Condition 2. Aggregate profit II; and labor compensation w; L; are constant fraction of
aggregate intermediate goods sales (excluding those to retailers) R; for all i. We denote

GDP-to-intermediate-goods-expenditure ratio ¢ = (w;L; + I1;) / R;.

8lnXm/X“
8ln7—m-

Condition 3. Aggregate trade elasticity is CES. That is, = ¢ for all u, 1.

The three conditions are the same as Arkolakis et al. (2012) except that Condition 2
is extended to an environment with intermediates. In addition, we introduce two more

macro restrictions that are relevant for the endogenous production networks.

Condition 4. Denote the aggregate measure of links by M,; = fw . Syi (w) dw. Then,

it follows the following equilibrium relationships:
dlIl Mm = (5L,U + (SQ,U + 5L,D + 5Q,D) dhl Xm
— 6L,Ud In Wy — (5Q7Ud In Pu — 5L,Dd In Wq — (5Q7Dd In Pd (Bl)
Condition 5. The retail goods cost has the following relationships
dln P, = Bdlnw; + (1 = 8) > Ay (dIn P, + dIn 7, — vdIn M,;) (B.2)

where v is some constant parameter.
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The following proposition shows that versions of Propositions 3 and 4 hold if these

macro restrictions are satisfied.

Proposition 5. Consider global welfare with GDP weights: 1; = w;L; + 1I,. Under Condi-
tions 1- 5, the first-order effect of a shock in iceberg trade costs {dIn7;;} on global welfare is
given by:

dln W = °

Xudd 111 Tud s (B3)
% —v (5Q,U + 5Q,D) wd

where ¢ is the ratio of nominal world GDP to nominal world intermediate goods expenditure
by firms defined in Condition 2.

Proposition 6. If Conditions 1- 5 are satisfied, the welfare changes in location i from exter-

nal shocks of any magnitude is given by:

dinQF = —1 !

€ % —v <5Q,U + 5Q,D)

The proof of this proposition, as well as the one below, follows a similar structure as
the proof of Proposition 3 (by replacing Equations A.44 and A.43 with Equations B.1 and
B.2) and Proposition 4 (by replacing Equations A.50 and A.49 with Equations B.1 and B.2),

and hence omitted here.

B.2 Search and Matching

We start by discussing that our baseline model satisfies Conditions 1-5. Condition 1 is
trivial from the market clearing conditions (see Footnote 1). Condition 2 holds because
our model predicts constant aggregate profit and labor share, as discussed in Section 2.2.
Finally, Condition 3 holds as with ¢ given by Equation (19). Condition 4 is satisfied by the
isoelastic search decisions (8) and Cobb-Douglas matching technology (16), with 6,y =
pAB, Sou = (1 — ) AP, 6,.p = pX®, and o p = (1 — p) AS. Condition 5 holds from
cost minimization (12) with v = 1/ (¢ — 1), which captures the degree of love of variety
in intermediate inputs.

We also argue that the macro restrictions hold in the alternative specifications where

either supplier or buyer search is undirected with respect to locations. First, consider the
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case where buyer search is undirected. The search costs are modified from Equation (8)

to
S

B\"" S\

v ueN

where notice that buyer search n” does not depend on destinations d. The matching

technology is modified from Equation (16) to
_ \AB g\ XS
Mud = Rud <Mf> (Mid) )

where M. = N, [.n8(2)dG,(z) and de = Ny [.n5,(2)dGq(z). Given M,q, the

matching rates m? and m? are determined as:

5= Mg s My
m, = E Tl Myy = —g
d Mu Mud

Following the same algebra as in Lemmas 1 and 2, we can verify that this model sat-
isfies the macro restrictions with ¢ = 2<%, o, = — (1 — p) A, Sou = (1—p) AP,
6o = pA°, dg.p = (1 — p) A%, and v = 1/ (¢ — 1). Therefore, the only difference in our
welfare sufficient statistics (36) and (37) arises through the differences in trade elasticity
¢. Importantly, trade elasticity is smaller than our baseline model, as it only depends on
the search and matching elasticities on the supplier search side.

The case where supplier search is undirected can be considered analogously. In this

o—1

case, this model satisfies the macro restrictions with ¢ = VL opuy = ,uS\B ,0Qu =

(1= A2, 6, p=—(1 -, 00p=(1—p) A, andv =1/ (o —1).

B.3 Relationship-Specific Fixed Cost

This section develops a production network formation model with relationship-specific
fixed cost incurred by suppliers. The structure of production given networks follow ex-
actly as in Section 2.1. In addition, we assume that the productivity z; (w) follows Pareto
distribution with shape parameter § with lower bound z*. In terms of network formation,
we assume that any pair of a supplier in u and a buyer in d form a relationship as long as

the supplier is willing to pay a fixed cost f,4. These fixed cost are paid as a Cobb-Douglas
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composite of supplier’s location’s labor and retail goods with labor share i, similarly to
the search costs in our baseline specification.
Let us conjecture that firm’s production cost and intermediate goods revenue take the

following form:

ci(2) = Ciz 7, i (2) = Rz,

where ¢, Vg are constants, and C; and R; are location-level cost and revenue shifter.
Furthermore, conjecture that the upper-bound of the marginal cost of firms in location
u to supply to a firm in location ¢ with productivity z (by paying a fixed cost) takes the
following form:

Em' (Z) = Qm'Z'YP,

where vp is a constant. We now confirm these conjectures are correct and derive the
expressions for vo, Vg, Vp-

First, from cost minimization,

1—0o

gleld
Ci (Z) - éwzﬁﬁl (Z)l_ﬂ ) Di (Z) = (Z <o‘ i 1E“i (2)) /p>”cm‘(2) pligdGc (p)>
’ - (B5)
where G (-) is an inverse Pareto distribution with lower bound —?<¢,; (2) and shape pa-
rameter Y.
Next, we consider the zero-profit condition for a marginal supplier to sell to a buyer.
Denote the revenue by a supplier with marginal cost ¢ to a buyer with productivity z,

conditional on positive transaction, by

Tui(CTui7 Z) = ?—Ti (Z)

Similarly as in Bernard et al. (2018), we consider a limit where the lower-bound of pro-

ductivity z* — 0. Then, from zero-profit condition of a marginal supplier,

_ 1—
(=550 (2) Ti) 7

pi(2)7 ri (2) = fuwi Py ™" (B.6)

u

Tui(Cui (2) Tuiy 2) =
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Finally, from the definition of intermediate firm revenue,
ru(z) =70 (2)+ > N / Tua(Cu (2) Tug, 2)dGq (') (B.7)
d Cu(z)ZEui( /)

F

" (2) is sales to local retailers, and N, proxies the measure of firms in location d.

where 7
To obtain closed form solution, we assume that retail goods production technology (D.5)
takes the form of CES with the elasticity of substitution g, such that 7" (2) = R 2%,

By focusing on the exponents on z, Equations (B.5), (B.6), (B.7) are satisfied with

Yol — (0 —1)

=1 1-—
vo=1+0=B)rr——7

YR = VPVl
TR
YR = VC <’Vc@ - —>
TP

Notice now that aggregate expenditure share is given by

fcu(z)zzm(z/) rud(cu (Z) Tud, Z/>de (Z/) o Eui (2/)700

Aui — -
2o Jeu e Tud(Cu (2) Tua, 2)dGa () 3 2 ()

Hence Condition 3 holds with
£ = ’}/09 .

Furthermore, from Equation B.5,

1 1
oc—1 b

UV =

It is also straightforward to verify that the other conditions hold.

B.4 Discrete Choice of Suppliers

In this section, we discuss a version of Oberfield (2018) and Eaton et al. (2024). Firms
choose the optimal supplier among the randomly drawn potential suppliers. Suppliers

provide homogenous products for each task. Therefore, production technology (D.2) can
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be given by

W => > quvw).

U vESy;(w)

Hence the marginal cost of production (D.3) is given by

1 4 =7
¢ (w) = @ w; (w?ﬁ(lw) cy (V) Tm) :
We also assume that the set of suppliers S,;(w) is determined simply by exogenous ran-
dom process, i.e., probability of supplier in u to match with 7 is given by a Poisson process
with exogenous location-pair-specific parameter.”

As Oberfield (2018) and Eaton et al. (2024), this model yields a tractable solution if we
assume the Pareto productivity distribution. In particular, aggregate expenditure share is

given by
(PuTui)e

Zu (PuTui)e

ut

Therefore, Condition 3 holds with
e=40

Furthermore, given that S,;(w) is determined simply by exogenous random process with-

out using resource costs, Condition 3 holds with
oLy = 0u = 0Lp = 0gp =0

It is also straightforward to verify that the other conditions hold.

2Eaton et al. (2024) considers a set up where the matching rate depends on the supplier’s production
cost. In this case, the aggregate trade elasticity is affected by how the matching rate varies by the supplier’s
production efficiency. Furthermore, we abstract in-house production for intermediate goods, which leads
to a violation of the constant labor share restriction.
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C Multiple Sectors

This section develops a model of endogenous production network formation across space
and sectors.

The economy is segmented by a finite number of locations denoted by u,i,d € N. In
each location, there is an L; measure of households. Each household supplies one unit of
labor inelastically and earns a competitive wage w;. There is a fixed mass of intermediate
goods producers in each location, which we call “firms” in short. Firms also belong to a
sector, denoted by h, k,l € K. We denote each firm in location 7 and sector k£ by w € €, ;,
and the measure of firms in location 7 and sector £ by NNV, . We denote the distribution of
total factor productivity (TFP) by firms in location ¢ and sector k byG; x(+), which can flex-
ibly depend on the location. Firms produce differentiated intermediate goods combining
labor and intermediate goods. Intermediate goods can be traded across firms in different
locations subject to iceberg trade costs as long as there are production linkages between
them. Local competitive retailers, and the retailers sell the combined composites to local
consumers.

We model production networks as the presence of connections between supplier firms
and buyer firms. Specifically, we denote S,; nx(w) C Q,, to indicate the set of suppliers
producing in « that a firm w in location ¢ can purchase from. In what follows, we first
describe how production occurs given networks {Sy; ni () }uink. We then describe how

these networks are endogenously formed through a search and matching process.

C.1 Production given Networks

Firms. A continuum of firms produces a distinct variety in each location and sector.

Production of intermediate goods requires labor and intermediate inputs. Intermediate



inputs are sourced from firms that are directly connected by production networks. The

production function of firm w € €, is given by

Gir (W) = Zik (W) (li’k (w))ﬁw I1 (Qi’hk (w))ﬁhk : (C.1)

Br.1 - Bhk

where z; . (w) is the total factor productivity (TFP) of firm w which follows distribution
Gik(+), lix (w) is labor inputs, and §; ;. (w) is the composite of intermediate inputs, S .
is the parameter proxying the input share for labor, and S is the parameter proxying
the input share for intermediate inputs from sector h. We assume that the production
technology is constant returns to scale such that 5 ;, + > wex Brs = 1. The composite of
intermediate inputs is a constant elasticity of substitution (CES) aggregator of the input

varieties sourced from their connected suppliers. Therefore,

o
B op—1 op—1
Gink (W) = (Z /es ( )CIm,hk (v,w) on dU) ; (C.2)
m VEOwui,hk W

where ¢ pi(v,w) is the quantity of input for each variety, and o}, is the elasticity of

substitution.

Given these production functions, the marginal cost of production by firm w is given

by

Bhk

1 . Y l—oyp,
=t TS [ et =a) L e
% w Y VESuihk(W

h

where py; i (v, w) is the intermediate goods price that supplier v in location u and sector
h charges to firm w in location ¢ and sector k. On top of these production cost, when a
firm sells their intermediate goods to location d and sector [, they incur an iceberg trade
cost of T > 1.

We assume that all firms are matched with a continuum of suppliers. Furthermore,
suppliers are under monopolistic competition to supply to each buyer. Thus, given the

isoelastic intermediate goods demand (Equation C.3), suppliers charge a constant markup



of their marginal cost net of the iceberg trade cost;

Pid el (V,w) = 05Cik (W) Tid i, (C.9)

where 61, = 01/ (0 — 1) is the markup ratio.

Notice that firms producing in the same location with the same productivity z; ; (w)
charge the same prices and earn the same profit. As we describe below, they also make the
same decisions regarding supplier and buyer search. Therefore, without risk of confusion,
we sometimes index the cost function using z instead of w, e.g., ¢; x(2) instead of ¢; x(w)

for firm w whose productivity is z = z; 5 (w).

Retailers. Perfectly competitive retailers in each location ¢ and sector £ combine in-
termediate inputs from all firms in location ¢ and sector k£ and produce a standardized

nontradable retail goods. Their production function is given by

Qik = Gik ({qz{%k (w>}weﬂi,k) ; (C.5)

where g;, (-) is a function that satisfies homogeneous of degree one, and ¢/}, (w) is the
quantity of intermediate inputs from firm w. The retail goods are used for final con-
sumption purposes and by search service sector for production network formation, as we
describe further below.

We also assume that retailers have the entire bargaining power when purchasing in-
termediate inputs from each firm at their marginal cost ¢;  (v). Under cost minimization,

retail prices are given by
Lo = Gik <{Cz‘,k (w>}weﬂi,k> ) (C.0)
where §; 1, (+) is a solution to the cost minimization problem by retailers.

Final Consumers. Measure L; Households supply labor inelastically at wage w;. They

also own an equal share of local firms. Therefore their budget constraint is given by

I
PO = w, + L )



where 11, ; is aggregate profit by firms producing in location i. QI is a Cobb-Douglas

aggregator of retail goods across sector, i.e.,

Qf =TI @™ (C8)

k

C.2 Production Network Formation

We now describe how the production network structure, {S,; 1z (-)}, is endogenously
determined. To capture the notion that establishing supplier and buyer connections are
costly and frictions, we model that these connections arise as a consequence of search
and matching process, building on the literature in labor search and matching (Diamond
1982; Mortensen 1986; Pissarides 1985).

C.2.1 Search Decision

To search for suppliers and buyers, firms use services from local search intermediaries.
In particular, firms in location ¢ determine how much search services to use for supplier
search in many different locations and sectors, {ngi,hk}u’ and for buyer search in many
different locations and sectors, {n/} ,;}4,. Each unit of supplier search {nZ,  },, will turn
into a successful supplier relationship at rate {m;fz ni bu.h; and each unit of buyer search
{n?} 1, }4; will turn into a successful buyer relationship at rate {m/, ,,}4:; where we de-
scribe how {m3; ;. }un and {m[},,}4, are endogenously determined through the match-
ing technology in the next section. While our terminology of “search services” may sound
specific, one should interpret these search services to include a broader notion of the cost
to establish supplier and buyer connections; which not only includes the literal external
intermediation cost, but also other costs such as identifying the right suppliers and buy-
ers, customization, quality assurance, or investment for relationship building. The total

search costs payed by the firm is given by

B S
Vi

Tk
d kl hk)
ik ({”51,kl}d,la {nimk}um = Z Z fzd kl n + Z Z ui, hk R ,

deN |1 ueN h
(c.9)



where ¢; 1, is the unit cost of search service in location i and sector k, and 77 and 7} are pa-
rameters capturing the decreasing returns in search investment. {f;,,} and {f5 ,,} are
location-pair-specific search cost shifters, capturing the notion that the cost of searching
for suppliers and buyers may depend on spatial frictions.

We now define firms’ search decisions. Given the random matching with suppliers,
and the cost function (3), the intermediate goods cost is affected by supplier search deci-

sions {n3.}, as follows:

Bhk
1 l—oy,
S B 1 o
cin (2 A i Jun) = K (Z Mo 1 Cn h;?) ; (C.10)
h ueN
where C7 e = ) (Gncun (2) T, i)' " dG7J . (2) is the CES aggregator of the price

of a supplier producing in location u in sector i to supply to location ¢ and sector £,
and Gfi, i (2) is the distribution of productivity weighted by the buyer search intensity.
Depending on this cost, the firm in location ¢ with productivity z’s expected profit per
. . o . 1- .
buyer in location d is given by U—Ik (akTiwci (z, {nﬁzhk}uh)) ok Dg i1, where Dy i is the
average demand net of the price index averaged across all buyers. Together, the optimal

search decisions for {n?, . }.., {n5 ,,}4; are given by:

~ - 1—
i (W) = max E M0 i (UkTid,lez‘,k (z.Angpntun)) " Dap
{”ﬁ,kl}il’{”iz‘,hk}u h Ok

(C.11)

>”f
zdkl uzhk
— Cik E E zdkl +§ E:uzhk

deN 1 ueN h

subject to (C.10).

The first term inside the max operator represents the firm profit, and the last term is

the search cost, as discussed above. We impose a parameter restriction that 1 — %B —
k
Zh—gh’“ > (, which guarantees that firms make positive sales and profit. The following

Tk
lemma characterizes the solution to this problem.



Lemma 3. The solution to the supplier and buyer search problem (C.11) is given by

Ok S
B B _ B, S _ s 5
Mg (2) = Qi 12 5 Mgy g, (2) = Qg i 27F (C.12)

where 0, = (0, — 1) / (1 — % — 75 >on ﬁhk > where

1 1
B S
5 _ (rB Xidg \7F s (s Rip Xuine \7F C13
Aig ki = ik T B ) Qi hlke = kG o 8 (C.13)
CikJid ki ik ei,kfui,hk
where I'?, = ———— and I'B_ = 6 92=L " and X4 is total nominal
i,k O'kMiﬂk((sk)Ni’k i,k O'kMIZ k 51€ hk op—1’ d,kl

trade flows from i,k tod, [.

Furthermore, the unit cost of firms, ¢; (2), can be expressed as

ChE (1-0y,)
*% 2 aihﬂ*l -0k — , Brer(l—ok) S S 1—op "
Cip (2) = Cipz 7 , (Cip) " =wy LT D2 afimwmis i (Cuine)
h ueN

(C.14)

Total revenue from sales to other firms (excluding sales to retailers) is
~ \1—0) vk 1—- -
rik (2) = (68)' 77 Dig (Cin) ™7 ()™, Diyp=Y_> mbualuDaw (Tiam) ™.
deN 1
(C.15)

Search intermediaries. In each location, perfectly competitive search intermediaries

provide search services by combining labor and retail goods. Their production function

LA HE A 1—pg
i,k i,k
Ak = — , (C.16)
’ e L= pu

where Lfk and QZAk, corresponds to the amount of labor and retail goods, and i, is the

is given by

labor share for search intermediaries. The profit maximization condition implies that the



price of search services is given by

eir = (w)"™ (P k)l_#k . (C.17)

)

C.2.2 Matching Technology

The matching rates between suppliers and buyers, mﬂd’ p and mfdvhl, are determined for
each pair of locations and sectors. We follow a long tradition in the literature of labor
search and matching (Diamond 1982; Mortensen 1986; Pissarides 1985) and assume that
only a fraction of supplier and buyer search lead to a successful match. The measure of
total matches created for each pair of locations is determined by the matching function
that takes the aggregate supplier and buyer postings as arguments. The aggregate supplier
search by buyers in location d in sector [ in sector for suppliers in location u and sector i
is given by:

Mid,hl = Nd,l/”id,hz(z)de,l(z) = NagtguMay (%) ; (C.18)
where we define My, (x) = [ 2XdGq,(z). Similarly, the aggregate buyer search by sup-

pliers in location u and sector & for buyers in location d and sector [ is given by:

—B )

M gm = Nu,h/”fd,hz(z)d(;u,h(z) = NU,hafd,thU,h (,ﬁ) . (C.19)
h

The aggregate measure of successful matches between a pair of locations, M, is

determined by the following Cobb-Douglas matching function:

—S )‘fl —B ’\EI
Mg = Kud,ni (Mud,hl> <Mud,hl> : (C.20)

where A\, \B > () denote the elasticities of total matches created for the pair of regions

with respect to the supplier and buyer search, respectively, and x4 is the parameter

governing the efficiency of matching technology. Given M, ;, the matching rates m?,



and m?B, are defined by:

Mya m B My

S :
Muydm = —g > Mydn = —p (C.21)

ud,hl ud,hl

C.2.3 Aggregate Trade Flows and Trade Elasticity

The analytical characterization of the firm search decision combined with the Cobb-Douglas

matching technology yields a tractable expression for the aggregate production networks

and trade flows.

Lemma 4. The measure of supplier-to-buyer relationships from supplier location u to buyer

location d (extensive margin), M,q 1, and the average transaction volume per relationship

(intensive margin), T4 11, are given by the following gravity equations:

E.E +E ¢E = I I AT eI
Muant = PriXuamiCouniSanys  Tudbl = OniXudhiSunSdns (C.22)

where we define X, = A5, /v, \B = \B /B and

AR

pfl — (th) 1-39 =35,

s - s
AP by
RS TR
C O hl hl e hl hl
u,hl u,h wh
- b .
R — Apit AR RV
E _ dl 1T A’”D“Ahz** . 135, AP
d,hl _Ed z iy "

E
Xud,hl = Tud,hl

Kud,hl ) A S A 58,
L0 ) (vanta (55)) (onton (55) )

ud,hl

and



X{Ld,hl = (Tud,hl)l_gh

I 1-
Cun = (Cup) ™"
&= Dan

We define trade elasticity, defined by the partial derivative of X, ;; with respect to

iceberg cost 7,4 5; fixing factor and intermediate goods prices as given:

Uh—l

1=\, = \B

Enl =

C.3 Market Clearing and Equilibrium

To close the model, we introduce the various market clearing conditions. Intermediate

goods for each firm w are used as inputs for production by other firms and local retailers:

g (W) + Z Z /¢ Gidkt (W, V) Tigadd = gi g (W) - (C.24)
IR

t weSiq ()

Retail goods are used by final consumers and by search service intermediaries:

LzQsz + Qf‘k = sz’ (C~25)

Search services in location ¢ and sector k are used for supplier and buyer search toward

all supplier and buyer locations:

/ (Z n%kl (w) + Z n;ji,hk (w)) dw = A . (C.26)
we k(W) \ gy u,h

Labor is used for intermediate goods production and for search services:

> / Lk (w)dw+ L7y | = L. (C.27)
k weQy k(w)

The equilibrium is defined as follows:



Definition 1. The equilibrium is defined by the set of prices {p;q 1 (v, w) , P; k., €k, Wi, Ci 1 }
and quantities {Qid,kl (w7 w) 7qfﬁk: (w> g 5]@7 fk? nz’%,kl (w) 7n1€i,hk (w> 7Ai,k7 li,k (w) ) Lf}k? ﬁ-i,k (w)}

that satisfy the following set of conditions:

1. Households maximize consumption given the budget constraint (C.7) with firm

profit given by IT; , = [

weQ; (w) ﬁ-i’k (w) dw

2. Firms make optimal pricing and production decisions for intermediate goods (C.3),
(C.4) and search decisions (C.11); retailers make optimal optimal production deci-
sions for retail goods (C.6); search service intermediaries make optimal production
decisions (C.17)

3. All markets clear (C.24), (C.25), (C.26), and (C.27)

C.4 System of Equilibrium Equations
C.4.1 Baseline Equilibrium

« Trade flows

Xud,hz = thXud,thu,hzfd,hl

where

I —€hl

Phl = (th)

1
1735 38 _
Xud,hl = (’de,hz) A (Tyg )

;S
M h ((Sh) _ _1_;Shl_;B*
Cu,hl — u’—(scu;heu’h Rl ki
M (%)
h

S‘El 5B
S5 5E 1 - hl
Rd,l 130 -3 1-35,-3P T 1-Xx5 P
Sam = | = Dy i €4,
Edl b b

]

« Intensive and extensive margin

Tudpt = 0 (T, ud,kl)liak

10



Revenue and expenditure

4 1
Ei, = Z;Xm,hk

Cost shifter

Y G\ ! - Y .
(€’ k:(Ni,kMi,k (72)) wfhe - "H(ZMW ) ()] )
k

h ueN

Labor compensation

op—1
Br.1 1 1 2o Bugi
w;L; = Eip+— -+ | R
Z > B "ok ol %f ve ‘
_

(. J/
-~

search intermediaries

firms

Profit

Search cost

eir = (w;)"* (Ci,k)li'uk

(C.28)

(C.29)

(C.30)

(C.31)

Aggregate expenditure for sector k£: by noting that there is no profit from sales to

retailers,

[ o — 1
Eiy = <Z 5hk> Pir@Qfy + Pir@iy + ka Ri,k:|

k

' 1 L S22 e
= Zﬁhk a (W Ly +11;) + | — (1 — pg) —= + h - h—1 k
h L Ok 7,19 ’Yk (%
(C.32)
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C.4.2 Counterfactual Equilibrium

« Trade flows

1S Xgl 1B
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Eq.
« Intensive and extensive margin
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Muipie = =%, Tuapr = (Fuaga) " Cy 7 Day
T'ud,kl
« Revenue
Ry = E g Vi k1 Xid ki
d 1
« Cost shifter
@ﬁ;(l—Uk)

A 1—0oy R 1— 2 2 I=on —0
<C’i,k> = ﬁ“( k) H ZMm,hk <Cu,h> (Tui,hk>1 " Ni bk
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« Labor compensation
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k

« Profit

A
:E Si,kRi,k
k

« Search cost

N 1—pg
5 ()M
ei,k—(wi) < zk)
« Expenditure

Ei = SEkL w; + S ﬂz + Sf];RRZ7k

’ (2
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« Demand shifter

~ ~ ~ 3 S \B
AN\ TR s\ OARAR)
~ B d,l ~ e A 1935, 3B
— hl ’ hl hl hl
Dd,hl = €4, = E Xud,hl E Am‘,thud,th Cu,h
Eq -

where the baseline shares are given by

« Revenue share

Xid kl
Vidk =
Do Doy Xid kv
+ Expenditure share
Xouihk
Avink = =+
> Xuti ik

+ Labor compensation shares across sectors, by firms and by search intermediaries

Bk,L

S.L’F _ > Bhk Ei’k
. Bk,L E; 1 1 2n Prk Z:j R
Zk > Br bk + o Hk B - v ik
> Bhkzki:l
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ik
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> Bhkf,’“iil
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« Profit share across sectors

S Bk
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SP=

ik T
’ >on Brk
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« Demand shares
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EII o 11,

Si’k - Zh ﬁhk 1
ay (w; L; +11;) + [é (1 — pg) (71 ) + =

O'k 1

:| i,k
7,

} :

S Bk 2=
1 _ 1 ‘Th 1 O'k 1
Lo (2 )

Zh B 2k o

E.R _
Si,k =

ay (wi L; +11;) + { (1 — pux) (%

where

search intermediaries
1 1 > B
m=S L (1 (L &0 ) g,
. Ok Yk Yk

C.5 Planning Problem

We consider a planner with a restrictive set of policy tools. First, the planner can intro-
duce linear (ad-valorem) subsidies for intermediate goods sales specific to origin 7 and
destination d, s}, ;. Under these subsidies, the intermediate goods prices change from
Equation (4) to

Piaw (U, w) = (1 = sig ) Grcin (V) Tia (C.33)

Second, the planner can introduce linear taxes for supplier and buyer search, ¢, ,, and
tﬁl’ 1> for each pair of supplier and buyer locations. Therefore, total search costs by firms

in location ¢ is modified as
Jik ({nfi,kl}dJa {”5zmk}um)
B S
( 5,1@5)% s (“i‘,hk)%
= €k ZZ 1+tzdkl zdle+ZZ(1+tuzhk) wihk™ S5

deN 1 k weN h Tk
(C.39)

Finally, we introduce lump-sum transfers for households in location 7, T}, so that house-
holds’ budget constraint is modified from Equation (7) to 3, P, xQ}, = w; + g—z +TF.
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The planner chooses the optimal policy to maximize the global welfare

- w=) dili] [(@0)™ (C.35)
{{ zdml7zdml’tdml}TF} Z ];[( ’k)

subject to equilibrium constraints and the government budget constraint, where v; > 0
corresponds to the welfare weights attached to each location. The following proposition

provides a simple formula for the optimal policy.

Proposition 7. The optimal set of taxes and subsidies {s!,,t5 t,} must satisfy

1 1 1 o,—1
1 B S m
s; = — t. =——1 t: = — —1 C.36

id,ml O ) id,ml )\B ) id,ml )\fnl O O] — 1 6ml d l ( )
foralli,d, where R; ), = >, Xiq i corresponds to aggregate intermediate goods sales (ex-
cluding those to retailers) in location d and E; j, = ) ., Xy ni corresponds to the aggregate
intermediate goods expenditure in location d. Lump-sum transfers {T1"} is set depending on

the welfare weights ;.

Proof. Similarly as Proposition 2, we solve for a relaxed planning problem where the plan-

ner directly specifies the allocation. The relaxed problem is given by

max W L (C.37)
{QZF]C»QZ k’ i k’L;Pk’Auz hszEiyhkv%f’?kv%ld,hk’Muz hk} Z ' H
stQfy + LiQik = gi (47) [

S (L& +LE) =L [w:]

Nk) (i

ZZAuzhk+zl:zd:AZ,kl:< )
1 op—1 op—1
(Z ul hkqu:;;k>

11 Bt [Cr)

P
sz

B, L
ka + Z Z Qid kmTid,km = Zik ( ’ >
— B,

B ¥ S v
Th 4B " Ve 4s F
Mui,hk = Ruihk | 75 Am‘,hk 7S Am‘,hk [Uui,hk]
ui,hk ui,hk



The FOCs of this problem with respect to Qz o QF k, ql s Lf‘k, Lfk, Afl hies AEZ k> Moy ks

Qui,hk 18 given by:

Wi
P = %Lz’&k—p (C.38)
ik
1
Py = eirAip (1 — pix) =1 (C.39)
ik
Cik = Pi,k’gz/‘,k (ka) (C.40)
1
w; = ei,kAi,k,UkL_A (C.41)
ik
1
w; = 5k0i,kQ¢,kL—P (C.42)
ik
AB. 1
Cuh = Nuihk—7 Muihk—7— (C.43)
71? Afz ik
Ay 1
€ik = Nuihk—g Muink—o— (C.44)
71}9 ASZ hk
- BriC, A ! (C.45)
Thi,hke = 1 kUi ki kD i hk Moy .
TuihkCuh = Bk Ci ki kN nk (C.40)
Qui,hk
where I/VZ - Hk ( ) l k= Zh Z Auz hk+2l Zd id,kl> ik = q; k+z Zd Qid kmTid,km>
i O'
M'uihhkquz f?k
and Aui,hk 1—Jh1 From (C43), (C44), (C45),
> M, Zz hkqlz hk
M1 BurCi ki kA AB (C.47)
B hkCi ki ki hk = Cu,h 41y .
VP o —1 ohk
T Bk Cipi A AS (C.48)
g hkCi ki k Duihk = €4 kAy; .
v o — 1 ohk

We now consider the equilibrium subsidies/taxes that implement this allocation. Suppose

that the Lagrange multipliers { P, ,, w;, €; , C; .} correspond to equilibrium prices. Then,
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from the intermediate goods market clearing condition,

Oh
(1 — 8£i7hk) hTui,hkCu,hQui,hk = BrkCi ki e Nui bk (C.49)
Y —
By comparing this condition with (C.46), the optimal s}, ,,, satisfies 1 — s/, ,, =1 — s} =
op—1

Z—h <~ Sh = 1/0’h.

Next, following Lemma 3 applied to the economy with taxes, equilibrium allocation

for buyer and supplier search is given by

11 1
B B _
(T + i) Cun A s, = U_hﬁXm’hkl——s{L (C.50)

iﬁhkz Ry 1

—X
g Muihk
Ok Vi E1— sh

(1 + ti’,hk) ez‘,kAfi,hk = (C.51)

By comparing these equations with (C.47) and (C.48), and by noting that X ; nx. = BreCi k@ . Aui bk
we obtain the expressions in Proposition 7.

Finally, we confirm that these taxes can be implemented in the equilibrium. Notice
that the constraints in (C.37) coincide with resource constraints, production of search
effort, and matching technology; (C.42) and (C.46) coincide with intermediate goods pro-
ducers’ optimal production decisions; (C.40) coincides with retailers’ optimal production
decisions; (C.39), (A.31), (C.50) and (C.51) coincide with intermediate producers’ optimal

search decisions. Finally, lump-sum transfers can be set such that
Zk
Z F; sz — W

We can verify that these allocations satisfy the government budget constraints from mar-

ket clearing conditions. ]

C.6 Ex-Post Sufficient Statistics on Each Location’s Welfare

The welfare gains from trade from an external shock to location 7 is characterized by the

following proposition:
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Proposition 8. The welfare changes in location i from external shocks is given by dIn W,; =

— >, andInC; p, where

1 1 "'S "'B
dln Ci,h = ; ¢hk ; 5lh (ad In Aii,lh + ﬁ <)‘lhd In Ri,h + )‘lhd In E@h))
(C.52)
where Nij = Xii/ Y., Xuiki> and ¢y, is an (k, h)-th element of a matrix ® given by

o= [’ 1-C”]™" (C.53)

wherel is the | K| x | K| identity matrix, c® is the | K | x 1 vector with k-th element corresponds
tol—>", Bhk;—f’i;\fk, and CP is the | K| x | K| matrix with (k, h)-th element corresponds

to B, (1 + 5\}%)

op—1

Note that Proposition 8 collapses to Proposition 4 in the case of single sector. Note
that, in the case of single sector, dIn R; = dIn E; = dInw; because of the trade balance
and constant share of intermediate goods sales to labor, and hence dIn A;; is the only

endogenous variable summarizing the welfare gains from trade.

Proof. We start by applying the Shephard’s Lemma to firm’s cost minimization prob-
lem (C.14). For expositional simplicity, we only consider shocks to external trade costs
{dIn T, }, while final equation (C.54) is unchanged for any other external shocks consid-
ered in Proposition 8.

Applying the Shephard’s Lemma to firm’s cost minimization problem (C.14),

dinCix =Y B Y Muin(dIn Cyp + dIn 7y, — I Maim)
h u
= Bu(dInCyy — dln My py, + d1n Ay pi) (C.54)
3 op — 1 Op — 1
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At the same time, from Lemmas 3 and 4, and from the cost minimization of retailers,

dln My = (ka n ka> ( dlnXum )+ A5 (dln Ry, — dinEyy)
—_——

=d1nA“"hk+d1n E; i
. ((1 — ) A dIn Gy + (1 — ) ABdIn ck)
= (N ML) dIn Mg+ A In R + M d n By
— (= ) Xpdn G+ (1= ) Midn i)
where R, ;, and E; ;, denote location ¢ and sector £’s intermediate goods sales and expen-

diture. Note that, unlike the case for a single sector, these two objects may not take the

same value. Combining this expression with Equation (C.54),

(1 - Zﬂhk 5 ) dInCyy,

- Zﬁhk (1 + “hA ) dlnCy, + ?dln N+ — B’”“ <X§kd1n Rij+ \B.dIn Ek>
hk

Therefore, denoting ¢ as | K'| x 1 vector with k-th element correspondsto 1—-_, By 2=ttt | /\fk,

and C? as |K| x | K| matrix with (k, h)-th element corresponds to Sy ( + E—H_l)‘hk)
Then,

1
dinCij, = ZqﬁkhZﬁlh < dln A+ —— ()\fhdlan + /\lhdlnEmD

where ¢y, is an (k, h)-th element of a matrix ¢ given by
o= [cS1-C”]™"
where I is the | K| x | K| identity matrix. Finally, welfare gains from trade in location i is

given by
dinW; = = " apdIn Cyy.
k
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Now we derive the expression for aggregate intermediate goods sales (excluding those
to retailers), I?;;,, and aggregate intermediate goods expenditure, E;;, under regional
autarky, similarly as in Costinot and Rodriguez-Clare (2014). Note the normalization of
region ¢’s GDP to one such that w; L; 4+ II; = 1. First, note that

Zzlﬁlh o

Furthermore,

-1
Eir = Z Bk PxQF, T B kQZ 8 + Ri,k}

Ok

1 1 Zﬁhkg op— 1
U—(l—,uk)<—3+ n hl)-i- i
k

Vi ”Yk Ok

= Z Bk ay (w;L; +11;) + R;
—_—

=1

1 1 Zhﬁhkgi_j O — 1 ﬁkh
U_k(l—ﬂk)<%+ v > ]ZZzﬁlh i

= Zﬁm oy +

oy +

1 1 > h 5hk—okj op — 1 -
—(1— = 9T E;
o (1 — pg) ( BT 5 + o Eh BrnEi

Vi Vi

where we define Ei,k = Ei; 1/ (O, Bi)- Then,

E,=E=[I-D] 'a

where E is | K| x 1 vector with k’th element correspond to E;, D is | K| x | K| matrix
ok—1

with (k, h)-th element corresponds to [, { (1 — pup) ( Loy 2 Bh’;%l> + O'k—l:| _and

Yk Ok

ais | K| x 1 vector of .

Once we obtain F; j, we can further back out R; , = >, ZB kglh Eip.
1

20



D Details on Isomorphisms with Alternative Network

Formation Models

We first establish a general framework that encompass different microfoundation of pro-
duction network formation models. The key generalization of the model in Section 2 is
that (1) we allow for arbitrary aggregation of intermediate input bundles (Equation D.2
instead of 2) and (2) we do not impose a structure of the network formation {S,; ()} as

specified in Section 2.2.

Firms. A continuum of firms produces a distinct variety in each location. Production
of intermediate goods requires labor and intermediate inputs. Intermediate inputs are
sourced from firms that are directly connected by production networks. The production

function of firm w € 2, is given by

) = 2 0) (- “"))B (2 M)l_ﬂ , 0.1)

B 1-p

where z; (w) is the total factor productivity (TFP) of firm w which follows distribution
G;(+), l; (w) is labor inputs, and §; (w) is the composite of intermediate inputs, [ is the

parameter proxying the input share for labor, given by

3 (@) = Fs ({0 (0,9) hesopuen ) - (D2)

Given these production functions, the marginal cost of production by firm w is given
by

1 ~
Ci (w) = 2 (w) waZ <{puz (U7w>}1)€sm(w),u> ) (D-S)

where p,; (v, w) is the intermediate goods price that supplier v in location u charges to
firm w in location 7. On top of these production cost, when a firm sells their intermediate
goods to location d, they incur an iceberg trade cost of 7,4 > 1.

We assume that suppliers charge a constant markup of their marginal cost net of the
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iceberg trade cost;

Pia (U, W) = 0ia (V,w) ¢; (V) Tyq, (D.4)

where ;4 (v, w) is the markup ratio.

Retailers. Perfectly competitive retailers in each location 7 combine intermediate inputs
from all firms in location ¢ and produce a standardized nontradable retail goods. Their

production function is given by

Qi = gi ({%R (("))}WEQZ.) : (D.5)

where g; (+) is a function that satisfies homogeneous of degree one, and ¢/ (w) is the quan-
tity of intermediate inputs from firm w. The retail goods are used for final consumption
purposes and by search service sector for production network formation, as we describe
further below.

We also assume that retailers have the entire bargaining power when purchasing in-
termediate inputs from each firm at their marginal cost ¢; (v). Under cost minimization,

retail prices are given by
P =gi ({ci (@)}oeq,) - (D.6)

where g; (+) is a solution to the cost minimization problem by retailers.

Final Consumers. Measure L; Households supply labor inelastically at wage w;. They

also own an equal share of local firms. Therefore their budget constraint is given by

IT;

Pi = ) o
Q; w—i—Li

(D.7)

where Qf is the amount of consumption of retail goods per capita, and II; is aggregate

profit by firms producing in location .
Production Network Formation. Nextwe describe how the production network struc-

ture, {Sy; (+)}, is endogenously determined. Existing papers have taken different ap-

proaches to these networks, such as through the entry decisions into a markets or forming
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a relationship, search and matching decisions, or a choice of suppliers. Here, we sim-
ply assume that they are produced by combining the labor and retail goods by firms in
upstream locations and downstream locations. We denote that there are aggregate re-
lationships between the profiles of labor and retail goods by firms in the upstream and

downstream locations, such that

184 (0} = Gui ({1 @)} e, - {9 @)} eq - {10 @)} e, {QF ()} qy,) DB)

Market clearing. We introduce various market clearing conditions to close the model.
Intermediate goods for each firm w are used as inputs for production by other firms and

local retailers:
gi (W) + Z/ Gid (W, ) Tia = q; (W) - (D.9)
4 Y weSia(y)

Retail goods are consumed by final consumers and used for search activity:
LiQ} + / Qi (w)dw + / Q7 (W) dw = Q. (D.10)
Weﬂi OJEQi

Labor is used for intermediate goods production and for search activity:

/ l; (w) dw + / 17 (w) dw + / 1P (w)dw = L;. (D.11)
weQi(w) wGQi (/JEQZ‘

The general equilibrium is defined as follows:

Definition 2. The equilibrium is defined by the set of prices {p;; (v,w), P;, e;, w;, C;}
and quantities {g;q (w, ), (W), QF, QA nB (w),ns; (W), (w), LA, 7; (w)} that sat-

i y Mg

isfy the following set of conditions:

1. Households maximize consumption given the budget constraint (7) with income

from firm profit given by II;

2. Firms make optimal pricing and production decisions for intermediate goods (3),

(4); retailers make optimal optimal production decisions for retail goods (6)

3. The structure of the network follows (D.8), with some rules to determine {1 (w)}

{Q (W)} g, {17 @)} en, {QF W)} cq,
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4. All markets clear (D.9), (D.10), and (D.11)

E Appendix for Data and Reduced-Form Facts

E.1 Empirical Estimates of Gravity Equations

This appendix presents the estimates of gravity equations of domestic firm-to-firm trade
flows across Chilean municipalities. In Table E.1, we document that geographic fric-
tions shape the architecture of production networks. Specifically, we construct the to-
tal trade flows, average transaction per relationship (intensive margin), and the number
of supplier-to-buyer relationships (extensive margin), across 345 municipalities within
Chile, by aggregating our domestic firm-to-firm trade data in 2019. We then regress the
log of these values on the log of travel distance between the municipalities, controlling
for the origin and destination municipality fixed effects. These regressions correspond to
the structural gravity equations implied by our model (Lemma 2), where we parameterize
iceberg trade costs and search and matching frictions as an isoelastic function of travel
distance.

We find that the overall trade flows sharply decline in geographic distance, with the
estimated elasticity of —1.43. This estimate within the range but on the higher end of the
typical estimates for international trade flows (0.28-1.55; Disdier and Head, 2008). Inter-
estingly, this decay is driven both by the transaction volume per relationship (intensive
margin), with the elasticity of —0.52, and the number of the number of supplier-to-buyer
relationships (extensive margin), with the elasticity of —0.91. This pattern is consistent
with Lemma 2, which predicts that iceberg trade costs and search and matching frictions

drive distinct spatial structures for extensive and intensive margins.

E.2 Tariff Changes from Bilateral Trade Agreements

The U.S. and Chile implemented a Preferential Trade Agreement (PTA) in 2004.> This PTA
reduced Chile’s (average) preferential import tariff towards US products by 93% (from an

3In 2018, imports from China and the US constituted about 24% and 19% of overall imports, which
corresponds to 6% and 4% of Chile’s GDP, respectively. Exports to China and the US were about 33% and
14% of overall exports, which amounts to 8% and 4% of Chile’s GDP, respectively.
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Table E.1: Estimates of Empirical Gravity Regression within Chile

Total Intensive Extensive

(1) (2) (3)
Log Distance -1.43 -0.52 -0.91
(0.01)  (0.01) (0.00)
R? 0.63 0.30 0.83
Origin Municipality FE v v v
Destination Municipality FE =~ v v v
Same Municipality FE v v v
Number of Observations 72668 72668 72668

Notes: This table presents the results of estimating the gravity regressions, where we
regress the logarithm of the total transaction volume between a pair of municipalities on
the logarithm of travel distance, controlling for origin and destination fixed effects and
the dummies for the same municipalities, across 345 municipalities within Chile, using
our domestic firm-to-firm trade data in 2019. The dependent variable corresponds to log
total trade flow, log average trade flow (intensive margin), and the log number of links
between municipalities (extensive margin).

average applied tariff of 6.9 percentage point to 0.5 percentage point (Fontagné et al.,
2022)), with a peak of a 100% tariff cut (i.e. the complete removal of import tariffs) for
many organic and inorganic chemical products as well as for many plastic and rubber
products (Fontagné et al., 2022). It had similar effects on export tariffs of Chile to the
U.S.In addition, Chile has implemented a trade liberalization agenda that in particular re-
duced tariffs from and to China. Average import tariffs with China were reduced from
6.9 percentage points in 2001 to 0.1 percentage points in 2016. Figure E.1 shows a signif-
icant tariff decline from and to China and the US, while there is only a moderate decline
to the Rest of the World (ROW). These tariff cuts were particularly relevant for interme-
diate imports, as one of the products that are most imported from China are computers
and engines whereas from the US are energy-related inputs such as gas and also chemical
products. Table E.2 summarizes the tariff changes between 2001 to 2016 from and to the
US and China for three main sectors where the majority of trade liberalization occurred:
Agricultural and Fishing, Mining, and Manufacturing. While import tariff reduction is
relatively homogenous across sectors, export tariff reduction is heterogeneous across sec-

tors.
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Figure E.1: Import and Export Tariffs of Chile during 2001-2016
(b) Average Export Tariffs

(a) Average Import Tariffs

104

Average import tariff
S
L

Average export tariff

o o] L

T T T T T
2001 2006 2011 2016 2001

—— China —— ROW —— USA

Notes: These figures present the average import and export tariffs of Chile (averaged across sectors) with iChina, the US, and the rest
of the world (ROW), computed using the dataset built by Fontagné et al. (2022). Panel (A) presents average import tariffs and Panel

(B) presents average export tariffs (imposed by the counterpart countries).

Table E.2: Import and Export Tariff Change of Chile with Main Trade Partners: Across

Sectors (%)

T
2006

— China

— ROW

Imports Exports
China US China US
a) Agriculture and Fishing  -6.54 -6.54 -12.84 -1.86
b) Mining -6.45 -6.45 -2.63 -0.20
¢) Manufacturing -6.45 -6.45 -13.06 -3.85

Notes: This table presents the average percentage point changes in tariffs from and to China and the US, between 2001 and 2016,

across different sectors and for import and export tariffs, computed using the dataset built by Fontagné et al. (2022)

E.3 Shift-Share Design

To assess the validity of the shift-share design of our trade shocks we check whether the
assumptions in Borusyak et al. (2022) (henceforth BHJ) hold in our context. Identifica-
tion in BHJ leverages quasi-experimental shock variation of the shifts allowing exposure
shares to be potentially endogenous. Concretely, the consistency of the shift-share instru-
mental variable (SSIV) estimator requires the shifts to be i) randomly assigned, ii) numer-
ous and mutually uncorrelated, and iii) relevant. We focus on this appendix in discussing

conditions (ii) and (iii). In out context, shifts are defined by tariff changes between 2003
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and 2007 at the country-product level. Shares of exposure are defined as import shares

relative to total imports (Equation 39) and relative to total expenses (Equation 40).

Table E.3: Shift-Share Import Shock: Summary Statistics

Share Denominator Total Imports Total Expenses
(1) (2)
Mean -0.05 -0.05
Standard Deviation 0.03 0.03
Interquartile range 0.04 0.04

Effective sample size

Across country-products 2453 2324
Across region-HS3 187 187
Across HS3 61 61
Largest weight

Across country-products 0.00 0.00
Across region-HS3 0.02 0.02
Across HS3 0.04 0.04
Number of countries 113 113
Number of products 4322 4322
Number of region-HS3 869 869
Number of HS3 217 217
Number of shocks (country-products) 33260 33260

Notes: This table presents summary statistics of the shift-share import shock used for the empirical and quantitative analysis. Column
1 uses the definition of the shock where the denominator of the share is total imports as described in Equation (39). Column 2 uses
the definition of the shock where the denominator of the share is total expenses as described in Equation (40).

We start with condition ii. Table (E.3) presents summary statistics of importance
weights ., = ) Syep as in BHJ, where sy, is the share associated to the triple of firm
f, seller country ¢, and HS-6 product p. For our main analysis we use two shocks which
in which is the denominator of the share used: (1) total imports as in Equation (39), (2)
total expenses as in Equation (40). Both shocks have similar means, standard deviations,
and interquartile ranges. We rely on tariff variation across 113 countries, 4322 products,
and 33260 country-product combinations. To assess whether shocks are not too concen-
trated, we compute their inverse HHI 1/ > / sfccp across all country-product pairs which
is coined as the effective sample size. Following BH]J, asymptotics of this design relies on
this measure being large. The effective sample size is indeed high, suggesting that con-

dition ii) holds. We also see that the largest weight in our sample is below 0.01, so no
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single country-product pair is particularly important for firms in the sample. Following
the discussion in BH], this suggests that a shock-level law of large numbers applies for

these shocks.*

Table E.4: Shift-Share Import Shock: Dispersion

Shock Denominator Controls Mean SD  IQR
(1) Total Imports Raw -0.052 0.019 0.027
Net of FE 0.000 0.019 0.024
Net of FE and weights  0.000 0.019 0.024
(2) Total Expenses ~ Raw -0.021 0.020 0.032
Net of FE 0.000 0.019 0.029

Net of FE and weights  0.000 0.010 0.007

Notes: This table presents summary statistics of the mean and dispersion of the shift-share import shock used for the empirical and
quantitative analysis. Row 1 uses the definition of the shock where the denominator of the share is total imports as described in
Equation (39). Row 2 uses the definition of the shock where the denominator of the share is total expenses as described in Equation
(40). For each of the two shocks, the table displays the standard deviation and IQR for i) the raw shock ii) the shock net of sectoral
fixed effects iii) the shock net of sectoral fixed effects, and controls for incomplete shares, as measured by the sum of weights used in
the construction of a shock.

Table (E.4) shows further statistics of the shock at the firm-level. We conclude three
features of the shock. First, shocks have similar standard deviations. Second, adding sec-
toral fixed effects does not remove much of the variation in both shocks. Third, controlling
for "incomplete shares" does play a role for the shock that uses total expenses.’

Finally, we check whether our shocks are in fact relevant (condition iii). We follow
Demir et al. (2024a) in constructing placebo shift-share shocks and run the same shock-
level regressions as before with the placebo shocks instead. Specifically, we keep exposure
shares fixed and draw placebo shifts. Contrary to Demir et al. (2024a), we draw shifts from
the empirical distribution of tariff changes of Chilean imports in our dataset rather than
imposing any parametric assumption on the distribution of placebo shifts. We impose no
structure in the randomization, except that country-products with zero changes remain
unaltered. Table (E.5) shows that results are insignificant when implementing the placebo
shift-share shock.

To compute standard errors when using the shift-share shocks we proceed as follows.

“Table (E.3) also shows that once we compute importance weights at either the country region-product
group or product-group levels, the effective sample size decreases substantially. This implies that there is
much less variation available if we allow shocks to be correlated or clustered at this level.

*It does not play a role for the shock that uses total imports in the denominator as shares are complete
in this case.
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Table E.5: Impact of Import Tariff Shocks on International and Domestic Production Links:
Placebo

Total Number Number Number
Imports Int. Suppliers Dom. Suppliers Dom. Buyers
(1) (2) (3) (4)
Import Tariff Shock -0.93 -1.27 0.53 0.12
(1.63) (0.77) (0.97) (1.51)
Number Observations 33260
Sector FE (6 digit) Yes
Prior Import Share Yes
Period 2003-2007

Notes: This table reports the estimates of regression equation (38) using a placebo shift-
share shock where the tariff changes are drawn randomly from the empirical distribution
of tariff changes. Import shocks are defined by Equation (39) for Columns (1)-(2) and by
Equation (40) for Columns (3)-(4). All outcome variables are log changes between 2003
(pre-agreements) and 2007 (post-agreements). The samples include all Chilean firms that
exist in both 2003 and 2007. Standard errors are computed following Borusyak et al. (2022).

As in Adao, Kolesar and Morales (2019), BHJ shows that inference with shift-share shocks
is complicated by the fact that observations with similar exposure shares probably have
correlated unobservables. That is, two firms with similar exposure to changes in a prod-
uct’s tariffs are more likely to have correlated unobservable shocks. To address this issue,
BH] propose a shares-weighted second stage IV regression at the shock-level, i.e. at the

country-product level:

Yep = O + 5xcp + Ecp

where ¥, and z., are the same variables as the regression at the firm level, but appro-
priately weighted so that they are measured at the country-product level. In this regres-
sion, tariff changes serve as instruments for the shift-share shock x,. This approach yields
correct, exposure-robust standard errors and numerically equivalent point estimates of
the SSIV coeflicient in a firm-level regression.

To assess the appropriate level of clustering of the shock-level regressions from above
we perform the following test. Shocks must be mutually uncorrelated, or at least across

clusters. In the same spirit as in BHJ, we compute intra-class correlation coefficients of
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the shocks within different country-product groups. We obtain the intra-class correlations

(ICC) from a random effects model hierarchically decomposing residual variation in the
shifts:

ATC}) = Qregion—1digit(cp) + bregion—Qdig(cp) + Cregion—3digit(cp) + Ecp

where a,cgion—1digit(cp) are country region-1 digit product code random effects, by.cgion—2digit(cp)
are country region-2 digit product code random effects, and ¢, cgion—3digit(cp) are country
region-3 digit product code random effects. Table (E.6) presents the estimated ICCs sug-
gesting that clustering is present only at the finest level of aggregation - region by 3-digit
product groups. Furthermore, we cluster our standard errors of the shock-level regres-
sions at this level as there is not much correlation across shocks at higher aggregation

levels.

Table E.6: Shift-Share Import Shock: Clustering

(1)
Log Tariff Change

Country region by 1 dig product group 0.285
(0.248)

Country region by 2 dig product group 0.0645
(0.0384)

Country region by 3 dig product group 0.123
(0.0509)

Number of country-products 33260

Notes: This table presents summary statistics of the tariff changes. Estimates come from a maximum likelihood procedure with an
exchangeable covariance structure for each country region-product group. Standard errors in parentheses.

F Appendix for Calibration

F.1 Adjustment of Trade Flows

As mentioned in Section 6.1, we calibrate aggregate trade flows { X, x} using various
data sources. However, the observed trade flows constructed in this way do not neces-

sarily satisfy our model’s equilibrium conditions. To enable well-defined counterfactuals,
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we adjust the trade flows consistent with the equilibrium conditions under the calibrated
structural parameters {ax, Bk.L, Ohk ’y,f, v,f, €ks )\El, )\,fl, Lk, O} below by interpreting
that the observed trade flows involve measurement errors.

Denote that the observed aggregate expenditure in location d and sector | by Ey; =
Z%h Xud’hl, where Xud,hl is observed trade flows from (u, h) to (d, ). We assume that the
actual trade flow from (u, h) to (d, 1) is given by

Xudn = NuapiBruFaiear, (F.1)

— Xufi,hl
T 2w X
diture. We recover {¢,;} that satisfy all the market clearing conditions. Specifically, we

where [\ud,hl , and {eq;} is the measurement errors of the aggregate expen-

iterative over {¢;;} starting from initial guess until convergence:Obtain { X4} from
Equation (F.1)
1. Compute {R,; , w;L;, II;} from Equations (C.28), (C.29), (C.30), and (C.31),

2. Recompute { E; ;. } using { R; , w;L;, I1;} and Equation (C.32)

3. Update {; 1} by

S|

Lk
€k = =
ik

S

where E; , = > 1 AviniBniEi k, and we normalize one element of {¢; ;. } to one.

Notice that this procedure requires the knowledge of the structural parameters {ay, Sy 1.,
Bhik 7,?, v,f, €k» )\Z, /\fl, Lk, 0k }. Therefore, when we estimate parameters {)\,]fl, /\fl, s
for indirect inference (Appendix F.2), we repeat this procedure for each candidate value

of {)‘57 )‘gb :uk}

F.2 Estimation of {\, u}

In this appendix, we describe the detailed estimation procedure for the matching func-
tion elasticities, {\J, A7}, and the labor share in search costs, {1}, through the indi-
rect inference approach in Section 6.1. Recall that, due to the limited variations in tariff
changes outside “goods” sectors, we assume that these parameters are common across all

sectors k,l € K. We also assume that the matching function elasticities are symmetric
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AB = A9 = ) as these two parameters tend to jointly affect the equilibrium system and
it is difficult to identify each of them separately. We show in the the appendix that al-
ternatively setting \® = 0 or A = 0 while keeping the sum \° + \Z unchanged yields
virtually identical implications for the aggregate welfare changes. The procedure of esti-

mating {\, u} is as follows.

1. For each sector k and origin country u, we construct the average import tariff

changes 7, as the weighted average across HS-6 products within each category.

2. For each candidate value of {)\, i}, we undertake the counterfactual simulations of
the changes in the iceberg trade costs T,q 4 = 1 + 7~Lk for all municipalities d and

sector [ within Chile. That is, we set

) 1 d & Chile
Tud,kl = B (F.2)
Alog(1+4 Tux) d € Chile

3. We run the following regression using the model-predicted outcome variables, anal-
ogous to Equation (38) using actual data, but at the location and sector within Chile

as a sample:
log ga; = SlmportTariffShock,; + €4, (F.3)

Similarly for the regression (38) using actual data, we define ImportTariffShock,,
as the weighted averages of 7,41 using baseline import shares. For the outcome

variable of the international import linkages, it is defined by

Import
ImportTarif’fShockd | = Z Z ImpirtSﬁCIlIlld X 10g Tud k- (F.4)
d,l

For the outcome variable of the domestic production linkages, it is defined by

Import,_ .,
I tTariffShock ,;, = : x1 Au . (E5
HpOTEIariisnochay ET: Zk: ImportSum, ; + DomPurchaseq 08 Fuda- (F-5)

These definitions align with those of the data regressions (Equations 39 and 40),

correspondingly.
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4. We search for {\, u} that minimizes the squared distance between the regression
coefficients on domestic production linkages in the data (Columns 3-4 of Table 1)

and in the model prediction. That is,

~Model 4 Data

Y A1 — (O% & )2
{)\7 :u} = min Z Avar (éé]c)ata) )

where ¢ corresponds to the regression coefficients of each of Columns 1-4, and
Avar (G2*?) corresponds to the asymptotic variance of the regression coefficient

~ Data
for o).

Weighting the regressions using the model counterfactuals using the number of firms in
each municipality and sector, aligning the firm-level regression in Table 1, has virtually no
effects on the regression coefficients. We cannot run regression Table 1 at the municipality
and location level using our data as it does not report the location of transactions for 2003-
2007.

In Figure F.1, we show the sensitivity of {\, 1} on the targeted regression coefficients.
In Panel (a), given our estimates of /i, we vary the value of A, and show how the regression
coefficients on the number of domestic buyers in the model regression change. In Panel
(b), given our estimates of 5\, we vary the value of )\, and show how the regression coef-
ficients on the number of domestic suppliers in the model regression change. It is clear

that the targeted model coefficients are responsive to these parameter values.
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Figure F.1: Sensitivity of Parameters to Targeted Moments
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Notes: These figures present average import and export tariffs of Chile (averaged across sectors) with iChina, the US, and the rest of
the world (ROW), computed using the dataset built by Fontagné et al. (2022). Panel (A) presents average import tariffs and Panel (B)
presents average export tariffs (imposed by the counterpart countries).
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G Additional Results for Counterfactual Simulations

Table G.1: Aggregate Effects From Import Cost Increase (%): Different Values of A

1) Welfare (%) 2)Rel. to Baseline 3) Xui,ueUS,CN 4) ]\;[ui,ueUS,CN 5) ]\?[m‘,.,uECL

a) Baseline -0.35 100 -20.5 -7.6 -0.01
b) Baseline, \¥ = 0.32, fix A% + A\ -0.35 100 -16.2 3.3 -0.04
¢) Baseline, \¥ = 0.32, fix A5 4+ \P -0.33 95 -19.7 -6.9 0.05
d) Fixed Networks, fix ¢, -0.27 77 -20.2 0 0

Notes: The results of counterfactual simulations to increase the iceberg trade costs from
US and China to all Chilean municipalities by the same magnitude of the import tariff
changes under the trade agreements used in Section 5.2, under four scenarios: (a) using
our baseline parameters (Table 2), (b) allow for endogenous networks but alternatively set
A% = 0.3 while keeping \* + A fixed, (c) allow for endogenous networks but alterna-
tively set A® = 0.3 while keeping \* + \? fixed and (d) shut down endogenous networks
(A% = A\B = 0), while keeping the trade elasticity ¢, at our baseline scenario. Column (1)
reports the changes in aggregate welfare across all Chilean municipalities (weighted aver-
age of GDP changes across Chilean municipalities with pre-shock GDP weights); Column
(2) reports the ratio of the values in Column (1) to our baseline specification; Column (3)
reports the average percent changes in imports from US and China by Chilean munici-
palities; Column (4) reports the average changes in the number of supplier linkages from
US and China; Column (5) reports the average changes in the number of supplier linkages
within Chile.
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