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Abstract

We study the aggregate implications of endogenous production network forma-

tion in a quantitative multi-location general equilibrium trade model. Firms search

for suppliers and buyers across locations subject to matching frictions, generating

gravity structure of production networks. The equilibrium is ine�cient due to search

and matching externalities. We develop su�cient statistics formulas for global and

each region’s welfare and characterize the precise deviation from the �xed network

environment. We also provide macro restrictions under which these su�cient statis-

tics hold for any microfoundation of production network formation. We calibrate our

multi-sector model to Chilean �rm-to-�rm trade data and show that our model can

rationalize the observed domestic network reorganization during Chile’s recent trade

liberalization. Allowing for endogenous networks increases Chile’s aggregate wel-

fare changes from moderate international import cost shocks by approximately 30

percent, while welfare gains relative to regional autarky remain largely unchanged.
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1 Introduction

How do trade shocks, such as regional productivity shocks, supply chain disruptions, or

changes in trade policies, a�ect aggregate economic activity and welfare? What is the role

of production networks? To answer these questions, there has been a signi�cant recent

development in quantitative general equilibrium trade models. Production networks play

a key role in these models by transmitting and amplifying trade shocks across regions and

sectors. Researchers have applied these framework to quantify the aggregate impacts of

trade agreements (Caliendo and Parro, 2015) or regional and international productivity

shocks (Caliendo, Parro, Rossi-Hansberg and Sarte, 2018; Huo, Levchenko and Pandalai-

Nayar, 2019; Carvalho, Nirei, Saito and Tahbaz-Salehi, 2021).

These production networks, however, are not �xed. They are created by �rms’ en-

dogenous decisions to establish linkages with suppliers and buyers. Furthermore, �rms

may face various frictions in establishing these linkages. In particular, beyond physi-

cal shipment costs, �rms need to overcome information and search frictions to identify

trading partners and to establish relationships (Rauch, 1999; Chaney, 2014; Allen, 2014;

Bernard, Moxnes and Saito, 2019; Startz, 2021). While a growing body of work provides

empirical evidence that these factors indeed a�ect �rm-level production linkages, a gap

remains in understanding how these �rm-level decisions collectively shape the aggregate

architecture of production networks, economic activities, and welfare across regions, both

theoretically and empirically.

We examine these questions by developing a quantitative multi-location general equi-

librium trade model featuring �rms’ endogenous production network formation. Firms

search for both suppliers and buyers across locations and establish connections under

matching frictions. Theoretically, we derive a series of su�cient statistics formulas for

regions’ and global welfare. We show that these expressions deviate from �xed network

environment due to equilibrium ine�ciency and reallocation e�ects of endogenous pro-

duction network formation. Empirically, we calibrate our model to �rm-to-�rm trade data

from Chile and show that these deviations are quantitatively relevant when assessing the

aggregate e�ects of trade cost shocks.

Our model embeds �rms’ production network formation decisions in an otherwise

standard multi-location general equilibrium trade model with input-output linkages, as re-
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viewed by Costinot and Rodríguez-Clare (2014) and Antràs and Chor (2021). Firms search

for both suppliers and buyers across space facing iceberg trade costs and upward-sloping

search costs. The relationships materialize depending on the suppliers’ and buyers’ bilat-

eral search e�orts and the Cobb-Douglas matching technology. Firms produce using labor

and intermediate inputs from connected suppliers with constant elasticity of substitution

(CES) production technology, and sell their products to connected buyers by charging

monopolistic markups. We show that our model delivers bilateral gravity equations for

aggregate trade �ows both at the extensive margin (number of supplier and buyer link-

ages) and the intensive margin (transaction volume per relationship). These production

networks, in turn, shape aggregate economic activity across locations in the general equi-

librium.

A key feature of our framework is the search and matching externalities arising from

�rms’ production network formation decisions. They play a critical role in the aggre-

gate e�ects of trade shocks as we discuss further below. To clarify the nature of these

externalities, we solve for a planning problem and derive a simple optimal policy formula

for sales and search taxes. We show that the search taxes are generally non-zero unless

the elasticities of matching technology take particular values. Intuitively, under these

knife-edge conditions, the social marginal bene�t of search, governed by the elasticities

of matching technology, coincides with the �rms’ equilibrium spending for search. This

result extends the classical insight of Hosios (1990) to the setting with multiple layers of

production networks spanning across multiple locations.

Equipped with this observation, we develop a series of su�cient statistics for the ag-

gregate welfare e�ects of trade shocks. First, up to a �rst order, global welfare changes are

proportional to the observed trade �ows times the trade cost changes, scaled by a speci�c

coe�cient. The observation that nominal trade �ows are key summary statistics relates

to the ex-ante welfare su�cient statistics analyzed by Atkeson and Burstein (2010) and

Baqaee and Farhi (2019) with �xed production networks, who in turn build on the insight

of Hulten (1978) in the closed economy. However, the coe�cient may not be equal to

one, precisely because of the equilibrium ine�ciency discussed above. In the �xed net-

work environment, this coe�cient is greater than one due to double marginalization from

markups. When we allow for endogenous production networks, this coe�cient is addi-

tionally a�ected by the search and matching externality. Whether this coe�cient becomes
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larger or smaller depends on the magnitude of the social marginal bene�t of search rela-

tive to the private spending for search and how they interact with the ine�ciency from

the double marginalization.

Second, for any magnitudes of the shock, welfare changes of a region is proportional

to the changes in intra-regional sourcing shares, scaled by a speci�c coe�cient. This re-

sult extends the familiar ex-post welfare su�cient statistics of welfare gains from trade

with �xed production networks (Arkolakis, Costinot and Rodríguez-Clare 2012; Blaum,

Lelarge and Peters 2018). This coe�cient deviates from the �xed production network en-

vironment for two reasons. First, endogenous network formation increases the aggregate

trade elasticity – the responsiveness of aggregate trade �ows to variable trade costs – by

enabling adjustments in supplier and buyer linkages. Second, shocks can directly change

the search costs, amplifying the trade cost shocks.

We also demonstrate that our welfare su�cient 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 su�cient statistics. We show that these

restrictions hold for alternative microfoundations under appropriate parametric assump-

tions, such as relationship-speci�c �xed costs (as in Lim (2018); Huneeus (2018); Bernard,

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

Tintelnot (2022b)) or discrete choices of suppliers (as in Ober�eld (2018), Acemoglu and

Azar (2020), Antràs and De Gortari (2020) and Eaton, Kortum and Kramarz (2022)). These

results provide a coherent account of how endogenous production network formation

a�ect the aggregate economy. We also show that our framework can be extended to a

multi-sector environment following the speci�cation of Caliendo and Parro (2015).

How much does endogenous production network formation a�ect aggregate e�ects of

trade cost shocks in practice? We answer this question by calibrating our model to Chile

using its detailed domestic and international �rm-to-�rm trade data. We estimate the key

structural parameters through an indirect inference approach, targeting the impacts of

Chile’s recent bilateral trade agreements with U.S. and China on Chilean �rms’ production

network reorganization. We show that our model can accurately predicts the increase in

domestic supplier and buyer linkages by the exposed �rms, as we �nd in the data.

We �rst assess the impacts of moderate international trade cost shocks for Chilean
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economy. When we increase the iceberg trade costs from U.S. and China to Chile by

10%, the aggregate welfare in Chile decreases by 0.40 percentage points. When we shut

down endogenous networks, this number decreases to 0.28 percentage points. Therefore,

allowing for endogenous network formation increases the aggregate welfare changes by

30%. This gap narrows for a larger increase in the iceberg trade costs and widens for

a larger decrease in those costs. This pattern is consistent with the interpretation that

endogenous network formation facilitates the reallocation of trade �ows toward locations

with large positive shocks and away from those with large negative shocks.

Finally, we assess the welfare gains from trade, i.e., welfare gains of for each munic-

ipality in Chile relative to autarky from other Chilean municipalities and international

countries. We �nd that the estimated welfare gains relative to autarky is virtually un-

changed when we allow for endogenous network formation. This result arises because

the e�ects of higher trade elasticity with endogenous networks, which decreases the wel-

fare gains from trade, and the e�ects of trade on search costs, which increases the welfare

gains from trade, roughly cancel out under our calibration.

Related Literature First, we contribute to the literature of production networks by de-

veloping a tractable quantitative multi-region general equilibrium trade model featuring

endogenous production network formation and by characterizing its aggregate implica-

tions. Existing work has established that shocks propagate through �xed production net-

works. Existing work has also established that �rms endogenously form production net-

works depending on the economic environment (see Johnson (2018), Bernard and Moxnes

(2018), Antràs and Chor (2021), and Baqaee and Rubbo (2023) for recent reviews).

While this literature has proposed various models of �rm-level production network

formation, its aggregate e�ects remain underexplored. In particular, it has provided lim-

ited insight about whether and how the ex-ante and ex-post welfare su�cient statistics

familiar in trade models with �xed production networks extend to endogenous network

environment. Notable exceptions include Antràs and De Gortari (2020) and Eaton et al.

(2022), who develop a multi-region production network formation model based on dis-

crete supplier choice under perfect competition, and derive a version of ex-post welfare

su�cient statistics. While we take an alternative microfoundation of production network

formation to capture bilateral search and matching frictions, we show that both of our ex-
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ante and ex-post welfare su�cient statistics extend to alternative microfoundations under

common macro restrictions, providing a coherent account of how endogenous production

network formation a�ect the aggregate economy.

Our focus on su�cient statistics relates to Baqaee, Burstein, Duprez and Farhi (2023),

who provide a nonparametric accounting framework to evaluate the �rm-level and aggre-

gate e�ects 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

in�uences the aggregate e�ects of trade shocks, both theoretically and empirically.

Our focus on equilibrium ine�ciency of production network formation relates to sev-

eral existing papers. Grossman, Helpman and Lhuillier (2023) and Grossman, Helpman

and Sabal (2024) examine the equilibrium ine�ciency of a stylized small open economy

model. The former analyzes the ine�ciency of supplier choice arising from the deviation

from CES input demand under imperfect competition, and the latter highlights the inef-

�ciency resulting from the double marginalization and bargaining. In a closed economy

setting, Boehm and Ober�eld (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 �rms form linkages and bargain over surplus,

and show that equilibrium production networks are ine�cient due to hold-up problem.

In contrast, our work focuses on equilibrium ine�ciency from search and matching ex-

ternalities. We do so in the muti-location general equilibrium environment with �exible

geographic frictions, which allows us to map to data for quanti�cation.

Finally, we contribute to the literature of search and matching frictions in trade by

characterizing how these frictions shape the equilibrium ine�ciency and aggregate wel-

fare under general equilibrium. 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.
1

Our model extends the �rm-level supplier and buyer

search decisions of Demir, Fieler, Xu and Yang (2021) to multi-location general equilibrium

environment, and use this model to characterize equilibrium ine�ciency and welfare suf-

�cient statistics.

1
Examples include Chaney (2014); Bernard et al. (2019); Allen (2014); Startz (2021); Lenoir, Martin and

Mejean (2020); Brancaccio, Kalouptsidi and Papageorgiou (2020); Eaton, Jinkins, Tybout and Xu (2016);

Miyauchi (2021); Huang, Manova, Perello and Pisch (2024); Demir, Javorcik and Panigrahi (2024).
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2 Model

The economy is segmented by a �nite number of locations (such as regions or countries)

denoted by u, i, d ∈ N . In each location, there is an Li measure of households. Each

household supplies one unit of labor inelastically and earns a competitive wage wi. There

is a �xed mass of intermediate goods producers in each location, which we call “�rms” in

short. We denote each �rm in location i by ω ∈ Ωi and the measure of �rms in location i

by Ni. We denote the distribution function of total factor productivity (TFP) by �rms in

location i by Gi(·), which can �exibly depend on the location.

Firms produce di�erentiated intermediate goods combining labor and intermediate

goods. Intermediate goods can be traded across �rms and locations connected by produc-

tion linkages subject to iceberg trade costs. These connections, in turn, are determined

by �rms’ search and matching decisions. Local competitive retailers source intermediate

goods from local �rms and create retail goods within each location. The retail goods are

used for �nal consumption and for �rms’ search activity. We take the global nominal GDP

as the numeraire, unless explicitly stated otherwise.

We denote Sui(ω) ⊆ Ωu to indicate the set of suppliers producing in u that a �rm ω in

location i can purchase from. Therefore, {Sui(·)}u,i summarize the structure of produc-

tion networks in this economy. We �rst describe how production occurs given networks

{Sui(·)}u,i. 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 �rm ω ∈ Ωi is given by

qi (ω) = zi (ω)

(
li (ω)

β

)β (
q̃i (ω)

1− β

)1−β

, (1)

where zi (ω) is the TFP of �rm ω, li (ω) is labor inputs, and q̃i (ω) is the composite of

intermediate inputs, β 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
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varieties sourced from their connected suppliers, given by

q̃i (ω) =

(∑
u∈N

∫
υ∈Sui(ω)

qui (υ, ω)
σ−1
σ dυ

) σ
σ−1

, (2)

where qui(υ, ω) is the quantity of input for the variety from connected supplier υ ∈
Sui(ω), and σ is the elasticity of substitution. From cost minimization, the marginal cost

of production of �rm ω is given by

ci (ω) =
1

zi (ω)
wβi

(∑
u∈N

∫
υ∈Sui(ω)

pui (υ, ω)1−σ dυ

) 1−β
1−σ

, (3)

where pui (υ, ω) is the intermediate goods price that supplier υ in location u charges to

�rm ω in location i. On top of these production cost, when a �rm sells their intermediate

goods to location d, they incur an iceberg trade cost of τid ≥ 1.

We assume that all �rms are matched with a continuum of suppliers and therefore sup-

pliers are under monopolistic competition to supply to each buyer. Thus, given the isoe-

lastic intermediate goods demand, suppliers charge a constant markup to their marginal

cost net of the iceberg trade cost;

pid (υ, ω) = σ̃ci (υ) τid, (4)

where σ̃ = σ/ (σ − 1) is the markup ratio.

Retailers. Perfectly competitive retailers in each location i combine intermediate inputs

from all �rms in location i and produce a standardized nontradable retail goods. Their

production function is given by

Qi = gi

({
qRi (ω)

}
ω∈Ωi

)
, (5)

where gi (·) is a function that satis�es homogeneous of degree one, and qRi (ω) is the quan-

tity of intermediate inputs from �rm ω. The retail goods are used for �nal consumption

and for �rms’ search activity to form production linkages, as we describe further below.

We also assume that retailers have the entire bargaining power when purchasing in-
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termediate inputs from each �rm, and therefore purchase goods at the marginal cost ci (υ).

From cost minimization, retail goods prices are given by

Pi = g̃i
(
{ci (ω)}ω∈Ωi

)
, (6)

where g̃i (·) is a solution to the cost minimization problem by retailers.

Final Consumers. Measure Li households supply labor inelastically at wage wi. They

also own an equal share of local �rms and earn their pro�ts. Therefore their budget con-

straint is given by

PiQ
F
i = wi +

Πi

Li
, (7)

where QF
i is the amount of �nal consumption of retail goods per capita, and Πi is aggre-

gate pro�t by �rms producing in location i.

2.2 Production Network Formation

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

termined through a search and matching process.

2.2.1 Firms’ Search Decision

Each �rmω from a given location i decides the buyer search e�ort in di�erent destinations,

{nBid}d∈N , and the supplier search e�ort across supplier origins, {nSui}u∈N .
2

Following

Arkolakis (2010); Demir et al. (2021); Boehm and Ober�eld (2023), we assume that these

search e�orts are associated with iso-elastic upward-sloping search costs. The total search

cost is given by

fi
(
{nBid}d, {nSui}u

)
= ei

{∑
d∈N

fBid

(
nBid
)γB

γB
+
∑
u∈N

fSui

(
nSui
)γS

γS

}
, (8)

2
Whenever the equilibrium variables involve two locations with an upstream and downstream rela-

tionship (e.g., nBid, nSui), we adopt the convention of denoting the subscripts in the order of upstream and

then downstream locations.
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where ei 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 γB > 1 and γS > 1 are parameters capturing

the decreasing returns in search e�ort. {fBid} and {fSui} are location-pair-speci�c search

cost shifters, capturing the possibility that the cost of searching for suppliers and buyers

may depend on geographic frictions.
3

Supplier search e�orts, {nSui}u, turn into successful supplier relationships at location-

pair speci�c match rate, {mS
ui}u. Similarly, buyer search e�orts, {nBid}d, turn into suc-

cessful buyer relationships at rate {mB
id}d. Each �rm is atomistic and hence takes these

matching rates as given. In the equilibrium, these matching rates are endogenously de-

termined by the aggregate search e�orts and a matching technology as we describe in the

next section.

Firms in the same location i 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 e�orts by

{nBid (ω), nSui (ω)} and {nBid (z), nSui (z)} interchangeably.

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

of �rm e�ciency z and the set of successful supplier matches, nSui ×mS
ui, such that

ci
(
z, {nSui}u

)
=

1

zi
wβi

(∑
u∈N

nSuim
S
uiCui

1−σ

) 1−β
1−σ

, (9)

where Cui ≡
∫
z

(σ̃cu (z) τui)
1−σ dGB

ui (z) is the CES aggregator of the prices of suppliers

producing in location u to supply to location i, and GB
ui (z) is probability density func-

tion of productivities weighted by the equilibrium buyer search e�orts, i.e. dGB
ui (z) =

nBui (z) dGu(z)/
∫
z′
nBui (z

′) dGu(z
′). Given this cost, a �rm in location i with productiv-

ity z has expected revenue from each matched buyer from location d, rid(z, {nSui}u) =(
σ̃τidci

(
z, {nSui}u

))1−σ
Dd, where Dd is the average demand per buyer in location d net

of the buyer-speci�c price index.

The total revenue from a destination d is the revenue per match times the expected

3
In Appendix B.1, we consider an alternative speci�cation where either supplier or buyer search is

undirected to a speci�c location. The only di�erence in the aggregate welfare implications arises from the

di�erences in trade elasticities, as we discuss in Section 4.3.
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number of buyers, nBid × mB
id. The �rm pro�t is then determined by the optimal search

decisions given by

π̃i (z) ≡ max
{nBid}d,{n

S
ui}u

1

σ

∑
d∈N

mB
idn

B
idrid(z, {nSui}u)− fi

(
{nBid}d, {nSui}u

)
, (10)

subject to (8) and (9). We impose a parameter restriction that δ≡(σ − 1)/
(

1− 1
γB
− 1−β

γS

)
>

0, which guarantees that �rms make positive sales and pro�t. The following lemma char-

acterizes the solution to this problem.

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

nBid (z) = aBidz
δ

γB , nSui (z) = aSuiz
δ

γS , (11)

where aBid ≡
(

ΓBi
Xid
eifBid

) 1

γB and aSui ≡
(

ΓSi
Xui
eifSui

) 1

γS with composite parameters ΓSi ,Γ
B
i > 0

de�ned in Appendix A.1, andXid is aggregate nominal sales of intermediate goods from i to
d.
b) Furthermore, its unit cost, ci (z), can be expressed as

ci (z) = Ciz
− δ

γS
1−β
σ−1
−1
, C1−σ

i ≡ w
β(1−σ)
i

(∑
u∈N

aSuim
S
uiC

1−σ
ui

)1−β

, (12)

The proof of this lemma and all other propositions are in Appendix A. Extending the

characterization in the single location environment in Demir et al. (2021), optimal search

decisions {nBid (z), nSui (z)} are multiplicatively separable between the �rm-speci�c com-

ponent that is iso-elastic in productivity z and the location-pair-speci�c components {aBid,

aSui}. Notice also that ci (z) decays at a faster rate than z−1
. This is because more produc-

tive �rms search for suppliers more intensively (Equation 11), which leads to dispropor-

tionately lower production cost.

Firm total revenue (excluding sales to retailers) is

r∗i (z) = σ̃1−σD∗iC
1−σ
i zδ, D∗i =

∑
d∈N

aBidm
B
idDdτ

1−σ
id . (13)
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In addition, �rms’ pro�t subtracting the expenditure for search activity is a constant frac-

tion of revenue, given by

π̃i (z) =
1

σ

(
1−

(
1

γB
+

1− β
γS

))
r∗i (z) , (14)

where
1
γB

and
1−β
γS

corresponds to the fraction of �rms’ variable pro�t that goes to buyer

and supplier search e�orts, respectively.

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

search activity, �rms use both labor and retail goods. These search costs capture the broad

notion of costs associated with �nding 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 e�ort is given by

ei = (wi)
µ (Pi)

1−µ , (15)

where µ 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, mS
ud

and mB
ud, 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, Mud, is determined by the Cobb-Douglas

matching technology, given by:

Mud = κud

(
M

B

ud

)λB (
M

S

ud

)λS
, (16)

where λB , λS ≥ 0 denote the elasticities of total matches created for the pair of regions

with respect to the aggregate supplier and buyer search intensity, respectively;
4 κud is the

parameter governing the e�ciency of matching technology that can �exibly depend on

4
Notice that λB represents the elasticity with respect to buyer search (by the suppliers), and λS repre-

sents the elasticity with respect to supplier search (by the buyers).
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the location pairs; and M
B

ud = Nu

∫
z
nBud(z)dGu(z) and M

S

ud = Nd

∫
z
nSud(z)dGd(z) are

aggregate buyer and supplier search intensity. The heterogeneity of matching technology

e�ciency, κud, represents various frictions in the formation of supplier and buyer relation-

ships, such as information imperfection about potential trading partners (Rauch, 1999) or

contractual frictions to establish relationships (Cachon and Lariviere, 2001). Given Mud,

the matching rates mB
ud and mS

ud are determined as:

mB
ud =

Mud

M
B

ud

, mS
ud =

Mud

M
S

ud

. (17)

The following lemma provides an analytical expression of the aggregate production

networks and trade �ows.

Lemma 2. The measure of supplier-to-buyer relationships from supplier location u to buyer
location d (extensive margin), Mud, and the average transaction volume per relationship
(intensive margin), rud, are given by the following gravity equations:

Mud = %EχEudζ
E
u ξ

E
d , rud = %IχIudζ

I
uξ

I
d , (18)

with bilateral resistance shifters

χEud =
[
κud
(
fBud
)−λ̃B (

fSud
)−λ̃S (

τ 1−σ
ud

)λ̃B+λ̃S
] 1

1−λ̃S−λ̃B
, χIud = (τud)

1−σ ,

where we de�ne λ̃S ≡ λS/γS , λ̃B ≡ λB/γB ; {%E , %I} are constants invariant across loca-
tions, and the origin and destination shifters {ζEu , ξEd , ζIu , ξId} are given in Appendix A.2.

This lemma shows that aggregate trade �ows follow a gravity structure, where the

extensive and intensive margins have distinct geographic structure. The intensive margin

is only a�ected by the iceberg trade cost, (τud)
1−σ

, as the search and matching frictions do

not a�ect trade �ows once a link is formed. The extensive margin is, in addition, a�ected

by the matching technology e�ciency, κud, and the bilateral search cost shifters, fBud and

fSud.

For later analysis, we de�ne trade elasticity as the partial derivative ofXud with respect

12



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

ε ≡ σ − 1

1− λ̃S − λ̃B
. (19)

2.3 General Equilibrium

In general equilibrium, markets clear for the intermediate goods, retail goods (used by

�nal consumers and by �rms for their search e�orts), and labor (used by �rms for pro-

duction and for search e�orts), where we de�ne the precise conditions in Appendix A.3.

Together, the general equilibrium is de�ned by the set of prices {pid (υ, ω) , Pi, wi, ei}
and quantities {qid (ω, ψ) , qRi (ω) , Qi, n

B
id (ω) , nSui (ω) , li (ω)} with which (i) households

maximize consumption given the budget constraint (7) with income from �rm pro�t given

by Πi =
∫
ω∈Ωi(ω)

π̃i (ω) dω; (ii) �rms make optimal pricing and production decisions for

intermediate 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.

Despite the complex general equilibrium interactions with multiple locations, our

model remains tractable for theoretical and quantitative analysis, as we summarize in

the following proposition.

Proposition 1. The equilibrium satis�es the following properties:
a) Equilibrium wages {wi} and cost shifters {Ci} solve the following set of equations

w
1+λ̃Bµ ε

σ−1

i C
ε(1+λ̃B 1−µ

σ−1)
i =

1

Li

∑
d

KU
i K

D
d χ

I
idχ

E
idw

(
1−βσ
1−β −λ̃

Sµ
)

ε
σ−1

d C
ε
(

1
1−β−λ̃

S 1−µ
σ−1

)
d , (20)

w
1−
(

1−βσ
1−β −λ̃

Sµ
)

ε
σ−1

i C
−ε
(

1
1−β−λ̃

S 1−µ
σ−1

)
i =

1

Li

∑
u

KU
u K

D
i χ

I
uiχ

E
uiw
−λ̃Bµ ε

σ−1
u C

−ε(1+λ̃B 1−µ
σ−1)

u , (21)

where {KU
i , K

D
i } are exogenous constants de�ned in Appendix A.4.

b) If β(σ−1)
1−β ≥ (1− µ)

(
λ̃B + λ̃S

)
and

(
1−βσ
1−β − λ̃

Sµ
)

ε
σ−1
≤ 1, the equilibrium exists and

is unique up-to-scale.

Part (a) of this proposition shows that the key region-level economic variables, {wi, Ci},
can be solved using only two sets of �xed-point equations. This proposition drastically

13



simpli�es the equilibrium conditions to two sets of equations, which follow the common

mathematical structure in trade and spatial equilibrium models (see e.g. Allen, Arkolakis

and Li (2020)). Therefore, we can apply existing techniques to establish positive properties

of the equilibrium system, such as equilibrium uniqueness. Furthermore, as an immedi-

ate 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 {σ, β, µ, λ̃B , λ̃S} and the

observed aggregate trade �ows, {Xid} (see Appendix A.5). We use this approach for our

quantitative analysis in Section 5, extended to the multi-sector environment.

An important special case of our model, when we take the limit γS, γB →∞ (which

implies λ̃S = λ̃B = 0) corresponds to a scenario where production networks are �xed.

In our analysis below, we refer to this special case as “�xed production networks” and

contrast it to our baseline with endogenous production networks.

3 Planning Problem and Equilibrium Ine�ciency

An important feature of our model is the search and matching externalities resulting from

�rms’ network formation decisions. To shed light on these externalities and their role in

determining the aggregate welfare, we solve for a planning problem.

We consider a global planner that controls all locations. We assume that the planner

has a set of policy tools that di�er across origin-destination pairs but are the same across

�rms within that pair.
5

First, the planner can introduce linear (ad-valorem) subsidies for

intermediate goods sales speci�c to origin i and destination d, sIid. Under these subsidies,

the intermediate goods prices change from Equation (4) to

pid (υ, ω) =
(
1− sIid

)
σ̃ci (υ) τid. (22)

Second, the planner can introduce linear taxes for supplier and buyer search, tSid and tBid,

for each pair of supplier and buyer locations. Therefore, total search costs by �rms in

5
Speci�cally, we rule out �rm-level search taxes within a location pair. With those taxes, the planner can

address additional externalities arising from the �rm heterogeneity in the matching market, where lower

productivity �rms create congestion externality to more productive �rms (Acemoglu, 2001; Bilal, 2023). We

do not focus on this ine�ciency as it does not interact with aggregate trade cost shocks in Section 4.
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location i is modi�ed from Equation (8) as

fi
(
{nBid}d, {nSui}u

)
= ei

{∑
d∈N

(
1 + tBid

)
fBid

(
nBid
)γB

γB
+
∑
u∈N

(
1 + tSui

)
fSui

(
nSui
)γS

γS

}
. (23)

Finally, we introduce lump-sum transfers for households in location i, T Fi , so that house-

holds’ budget constraint is modi�ed from Equation (7) to PiQ
F
i = wi + Πi

Li
+ T Fi .

The planner chooses the optimal policy to maximize the global welfare

max
{{sIid,tBid,tSid},TFi }

W ≡
∑
i

ψiLiQ
F
i (24)

subject to equilibrium constraints and the government budget constraint (see Appendix

A.6 for the formal de�nition), where ψi ≥ 0 corresponds to the welfare weights attached

to the households in each location. The following proposition provides a simple formula

for the optimal policy.

Proposition 2. [Optimal Taxes and Subsidies] For any welfare weights {ψi} the optimal set
of taxes and subsidies

{
sIid, t

B
id, t

S
id

}
must satisfy

sIid =
1

σ
, tBid =

1

λB
− 1, tSid =

1

λS
(1− β)

Ed
Rd

− 1, (25)

for all i, d, where Rd ≡
∑

`Xd` and Ed ≡
∑

`X`d.

The proposition illustrates how each set of taxes/subsidies corrects for each source

of market failure. First, intermediate goods subsidy sIid is set at a constant rate across

location pairs to exactly o�set the markups. Therefore, these subsidies address double

marginalization that commonly arise in a model with input-output linkages with imper-

fect competition (e.g., Baqaee and Farhi, 2020).

Second, supplier and buyer search taxes, tBid and tSid, target the search and matching

externality. The optimal taxes for buyer search, tBid, balance two potential ine�ciencies;

the non-appropriability e�ects, which arise because suppliers capture only a fraction of

social surplus as revenue, and the business stealing e�ects, which arise because an addi-

tional connection leads to the loss of pro�t of other suppliers. When λB = 1, the business

stealing e�ect only arises through input substitution by buyers given connections, as there
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is no congestion externality in the matching rates (Equation 16). Therefore, in this case,

the two e�ects exactly cancel each other, similarly to the entry models with CES demand

(Dixit and Stiglitz, 1977; Mankiw and Whinston, 1986). With λB < 1, instead, the busi-

ness stealing e�ect is additionally a�ected by congestion externality in matching market,

i.e., an increase in aggregate buyer search decreases their matching rates with a buyer.

Therefore, optimal buyer search taxes are positive in order to reduce matching and o�set

this congestion externality.

The optimal taxes for supplier search, tSid, depend on the matching function elas-

ticity with respect to supplier search, λS , just like the buyer search taxes. However,

they are additionally scaled by (1− β)Ed/Rd. This di�erence stems from the fact that,

while �rms’ buyer search incentives increase proportionally with revenue, �rms’ supplier
search incentive proportionally increases in input expenditure. In other words, the non-

appropriability e�ects are di�erent for the case of supplier search because some of the

surplus for supplier search is captured by primary inputs (labor). Again a lower λS im-

plies a congestion e�ect in matching market, and when the congestion e�ects is large

enough the planner o�sets this externality by imposing a tax on search.

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

e�ciency in the tradition of labor search and matching literature.

Corollary 1. [Constrained E�ciency] Suppose the subsidy for intermediate goods sales is
set at the optimal level, sIid = 1/σ. Then, there exists welfare weights {ψi} that maximize
the global welfare with tBid = tSid = 0 for all i, d if and only if

λB = 1, λS = 1− β. (26)

Furthermore, the supporting welfare weights ψi are proportional to equilibrium retail prices
Pi, and the trade balance holds in the equilibrium (Ei = Ri for all i).

This condition resonates Hosios (1990), who establishes a necessary condition of the

e�ciency of two-sided search and matching models between �rms and workers. He shows

that, when this knife-edge condition is satis�ed, the equilibrium is (constrained) e�cient

since the hold-up problem that arises due to Nash bargaining – because �rms cannot

exploit the entire surplus from the match – exactly cancel out the congestion externali-

ties that result from posting vacancies. The intuition behind Corollary 1 is similar, with
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the non-appropriability e�ects take the place of the hold-up problem, and the conges-

tion externality arises not only from those in the matching rates but also from the input

substitution from other connected suppliers.
6

4 Welfare E�ects 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 {d ln τij}, while it is straight-

forward to extend our analysis to other shocks on technology, such as those on search

costs or �rm productivity. Unless explicitly stated, we focus on the laissez-fair equilib-

rium without taxes and transfers.

4.1 Ex-Ante Su�cient Statistics on Global Welfare

We �rst analyze the �rst-order e�ect of shocks on global welfare. Let us de�ne the global

welfare according to Equation (24). To isolate our focus from the redistribution e�ects,

we set welfare weights ψi equal to each region’s retail goods price, Pi. The following

proposition provides a sharp characterization of the shock’s �rst-order e�ect.

Proposition 3. [Ex-ante su�cient statistics] The �rst-order e�ect of a shock in iceberg trade
costs {d ln τij} on global welfare with weights ψi = Pi is given by:

d lnW = − ς

β
1−β −

1−µ
σ−1

(
λ̃B + λ̃S

)∑
u,d

Xudd ln τud, (27)

where ς ≡ (
∑

iwiLi +
∑

i Πi) /
∑

u,iXui is the ratio of nominal world GDP to nominal
world intermediate goods expenditure by �rms, given by:

ς =
β

1− β
+

1

σ
− 1− µ

σ

(
1

γB
+

1− β
γS

)
. (28)

6
Interestingly, in our environment, constrained e�ciency requires the increasing returns to scale (IRS)

matching function instead of the constant returns to scale (CRS) in the Hosios’ environment. This di�erence

re�ects the presence of business stealing e�ects in the product market. See Miyauchi (2021) and Eaton et al.

(2022) for empirical evidence that matching function in �rm-to-�rm trade exhibits IRS.
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This proposition shows that, up to a �rst order, global welfare changes are proportional

to nominal trade �ows, scaled by a speci�c coe�cient. Notice that the expression depends

only on the baseline trade �ows and a set of structural parameters. In particular, it does

not require solving for a counterfactual equilibrium, thereby providing a powerful ex-ante
su�cient statistic. The observation that nominal trade �ows are key su�cient statistics for

the global welfare changes relate to the analysis of Atkeson and Burstein (2010); Baqaee

and Farhi (2019) with �xed production networks, who in turn build on the insight of

Hulten (1978) in the closed economy. However, the coe�cient may not be equal to one,

precisely because of the presence of the equilibrium ine�ciency discussed in Section 3.

To understand the intuition of this expression, �rst consider the case with �xed pro-

duction networks (γS, γB → ∞ and λ̃S = λ̃B = 0). In this case, the only equilibrium

ine�ciency is the double marginalization of intermediate inputs. Therefore, Proposition

3 comes down to

d lnWFixed = −ς
Fixed

β
1−β

∑
u,d

Xudd ln τud, ςFixed =
β

1− β
+

1

σ
. (29)

In the denominator of the coe�cient, β/(1−β) is the input-output multiplier, which cap-

tures the propagation of production cost shocks toward downstream �rms. The numerator

ςFixed
is the GDP-to-input-expenditure ratio. The coe�cient ςFixed/ β

1−β is greater than one,

which re�ects the fact that the equilibrium intermediate goods expenditure is ine�ciently

small due to double marginalization. Therefore, the e�ects of trade cost shocks are greater

than what the equilibrium trade �ows {Xud}, or Domar weights, would predict.

Comparing Equations (27) and (29) reveals the role of the search and matching exter-

nality. This externality in�uences the coe�cient through both its denominator and the

numerator. In the denominator, the additional term
1−µ
σ−1

(
λ̃B + λ̃S

)
re�ects the multiplier

e�ects through search costs. Negative iceberg trade cost shocks decrease search costs with

elasticity 1−µ, which increases buyer and supplier search e�ort with elasticities 1/γB and

1/γS . These responses, in turn, increase the number of equilibrium links with elasticity

λB and λS through matching technology. Finally, the increase in production linkages re-

duces the production costs through the love-of-variety e�ect with elasticity 1/(σ− 1). In

the numerator, the additional term
1−µ
σ

(
1
γB

+ 1−β
γS

)
corresponds to the aggregate spend-

ing for retail goods for �rms’ supplier and buyer search activity as a share of aggregate
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�rm revenue (see Equation 14).
7

To see the connection with the equilibrium e�ciency, consider the scenario where

the optimal sales subsidy sIid = 1/σ are in place to eliminate the ine�ciency from double

marginalization. Then, Proposition 3 becomes (see Appendix A.6)

d lnWSalesSubsidy = −
β

1−β −
1−µ
σ−1

(
1
γB

+ 1−β
γS

)
β

1−β −
1−µ
σ−1

(
λ̃B + λ̃S

) ∑
u,d

Xudd ln τud. (30)

If we further assume a �xed network environment, the coe�cient in Equation (30) be-

comes one, thereby recovering Hulten (1978)’s characterization. With endogenous net-

works, the ine�ciency due to the search and matching externalities may lead to a devi-

ation from Hulten. The role of ine�ciency is clear by observing that, if the conditions

in Corollary 1 are satis�ed such that equilibrium is constrained e�cient (λB = 1 and

λS = 1− β), the coe�cient in Equation (30) becomes one.

However, interestingly, there are various cases where we recover Hulten’s character-

ization even if the conditions in Corollary 1 are not satis�ed. One such case arises when

µ = 1, i.e., intermediate goods are not used for search activity. In this case, even though

labor is misallocated between production and search activity (and hence equilibrium is

constrained ine�cient), equilibrium trade �ows are not distorted (because there is no dis-

tortion in intermediate goods market other than double marginalization). Hence, there is

no deviation from Hulten. Another case arises when λ̃B+λ̃S = 1
γB

+ 1−β
γS

. 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 �ows are not distorted.

In the absence of optimal sales subsidy sIid, there is already a deviation from Hulten

(1978) under �xed network environment, and hence the gap between �xed and endoge-

nous networks may occur even if the conditions in Corollary 1 are satis�ed. Indeed, if

those conditions are satis�ed, the welfare e�ects are larger with endogenous than �xed

network environment. This is because equilibrium trade �ows are ine�ciently lower with

7
Mapping to the framework of Baqaee and Farhi (2019), ς/

(
β

1−β −
1−µ
σ−1

(
λ̃B + λ̃S

))
× Xij corre-

sponds to the “cost-based Domar weights,” and the entire Equation (27) constitutes the “technology e�ects.”

In our framework, “allocative e�ciency” term is absent due to the Cobb-Douglas production and search and

matching technology.
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endogenous than with �xed networks due to the interaction between double marginal-

ization and search externality. Due to double marginalization, equilibrium intermediate

goods spending in the �xed network environment is already ine�ciently low relative to

its social marginal bene�t. Therefore, sparing intermediate goods for search activity is

more costly, given the same social marginal bene�t for search activity.

4.2 Ex-Post Su�cient Statistics on Each Location’s Welfare

We now turn to the welfare for each region. There is no convenient ex-ante su�cient

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
su�cient statistics for each location’s welfare, which hold for any magnitude of the shock.

Proposition 4. [Ex-post su�cient statistics] For any magnitude of trade cost shocks that
satis�es d ln τii = 0 for location i, changes in location i’s real GDP is given by:

d lnQF
i = −1

ε

1

β
1−β −

1−µ
σ−1

(
λ̃S + λ̃B

)d ln Λii, (31)

where ε is the trade elasticity de�ned by (19), and Λii = Xii/
∑

uXui is the aggregate share
of intermediate inputs by �rms in location i sourced from location i.

Therefore, for any magnitude of the shocks (notice that the coe�cient in front of

d ln Λii is constant), welfare changes are solely summarized by the changes in intra-region

expenditure share. This result resonates the familiar ex-post welfare su�cient statistics

for welfare gains from trade with �xed production networks (Arkolakis et al. 2012; Blaum

et al. 2018). To observe this connection, we notice that under the �xed network speci�ca-

tion, this expression comes down to

d lnQF,Fixed

i =
1

σ − 1

1
β

1−β
d ln ΛFixed

ii , (32)

where σ − 1 corresponds to the trade elasticity with �xed network environment, and

(1− β)/β is the input-output multiplier.
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Comparing Equations (31) and (32) reveals two key di�erences between the endoge-

nous and �xed network environment. First, an additional ampli�cation term,
1−µ
σ−1

(
λ̃S + λ̃B

)
,

appears in the endogenous network case. This term coincides with the one that appears in

the denominator of Proposition 3, and it re�ects the ampli�cation of trade shocks through

search costs. Second, trade elasticity is higher with endogenous networks than �xed net-

works, i.e., ε > σ − 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.

Notice that the reason behind the deviation from the �xed network environment is

di�erent from that in Section 4.1. First, by focusing on welfare for each region (instead of

global welfare with price weights), di�erences in trade elasticities play a role. This e�ect

is perhaps not surprising given the key role of trade elasticity in Arkolakis et al. (2012).

Second, equilibrium ine�ciency does not play an explicit role here. This is because in our

model with Cobb-Douglas production and search and matching technology, technological

trade shocks do not induce any reallocation of relative resources between search activ-

ity and production. These misallocation matter in Section 4.1, because it may distort the

baseline equilibrium trade �ows. However, conditional on taking the changes in expen-

diture share as the ex-post su�cient statistics, whether the initial equilibrium is distorted

or not is irrelevant.

A limitation of Proposition 4 is that it requires the knowledge of the changes in intra-

regional trade shares d ln Λii in response to shocks. In general, the same trade cost shocks

{d ln τij} may have di�erent e�ects for endogenous and �xed network environment, and

hence this proposition does not give an immediate answer to the question of whether

welfare e�ects are larger or smaller with endogenous networks. However, there is one

important exception: counterfactual to the regions’ autarky. This counterfactual sets

d ln Λii = − ln Λii regardless of the model speci�cations. Therefore, we can simply com-

pare the coe�cients of Proposition 4 under endogenous and �xed networks to understand

the di�erences in the welfare gains relative to autarky.
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4.3 Isomorphisms with Other Network Formation Models

So far, we derived our theoretical results under a particular microfoundation for produc-

tion 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.

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 microfounda-

tion of the network formation {Sui (·)} (instead of search and matching in Section 2.2).

Assume also that this economy satis�es the same three macro restrictions considered by

Arkolakis et al. (2012) (i.e., trade balance, constant pro�t and labor share to intermediate

goods sales, and constant aggregate trade elasticity).
8

We introduce two additional macro

restrictions pertaining endogenous production network formation.

First, in response to trade cost shocks {d ln τui}, the changes in aggregate bilateral

linkages follow

d lnMud = (δL,U + δQ,U + δL,D + δQ,D) d lnXud

− δL,Ud lnwu − δQ,Ud lnPu − δL,Dd lnwd − δQ,Dd lnPd, (33)

where δL,U , δQ,U , δL,D, δQ,D 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 δL,U = µλ̃B , δQ,U = (1− µ) λ̃B , δL,D = µλ̃S , and δQ,D = (1− µ) λ̃S . Alter-

natively, Mui can be determined by other mechanisms such as relationship-speci�c �xed

cost or discrete supplier choices as we further discuss below.

Second, the changes in retail goods prices are given by

d lnPi = βd lnwi + (1− β)
∑
u

Λui (d lnPu + d ln τui − νd lnMui) . (34)

8
If there are no intermediate goods, the second condition comes down to the constant pro�t to GDP

ratio, as proposed by Arkolakis et al. (2012). Our condition is a natural generalization in the context with

intermediate inputs.
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Equation (34) is a version of Shephard’s lemma, relating the retail price index of location

i to the average input costs weighted by the expenditure share. ν is a constant parameter

capturing the elasticity of input bundle price with respect to supplier linkages. In our

baseline model, ν = 1/ (σ − 1) captures the love-of-variety in intermediate inputs. Al-

ternatively, ν can be also a�ected by the selection of suppliers to serve the buyer (under

relationship-speci�c �xed cost) or buyers’ selection of suppliers (under discrete choice of

suppliers), as we further discuss below.

Under these conditions, Proposition 3 generalizes to

d lnW =
ς

β
1−β − ν (δQ,U + δQ,D)

∑
u,d

Xudd ln τud, (35)

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

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

d lnQF
i = −1

ε

1
β

1−β − ν (δQ,U + δQ,D)
d ln Λii. (36)

The intuition behind Equations (35) and (36) is similar to those of Propositions 3 and 4.

ν (δQ,U + δQ,D) in the denominators captures the multiplier e�ects through retail goods

costs used for production network formation. The deviation of Equation (35) from Hulten

(1978) arises because of the potential equilibrium ine�ciency in the size of intermediate

goods sector, ς .

It is easy to verify that our model in Section 2 satis�es our macro restrictions. In

Appendix B, we also argue that they hold in an alternative speci�cation where either

supplier or buyer search is undirected toward as speci�c location. In those cases, the only

di�erence from our main speci�cation is the di�erences in the trade elasticity, which is

smaller as it only depends on the search and matching elasticities of the 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 �rst one is with models

based on relationship-speci�c �xed costs incurred by suppliers. In these models, suppli-

ers and buyers form a relationship as long as suppliers are willing to pay a relationship-

speci�c �xed cost. We extend this approach to a multi-location general equilibrium envi-

ronment and show that this model satis�es the proposed macro restrictions if the produc-
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tivity distribution follows a power law.
9

In particular, trade elasticity is given by ε = γCθ,

where θ is the shape parameter of �rms’ productivity distribution, and γC > 1 is a com-

posite parameter that translates the productivity distribution to the marginal cost distri-

bution. The elasticity of input bundle price with respect to supplier linkages is given by

ν = 1/(σ − 1) − 1/ (γCθ), which is a�ected by the love-of-variety in inputs, 1/(σ − 1),

and the supplier selection,−1/ (γCθ). That is, the average marginal cost of suppliers falls

as the measure of connected suppliers increase, ceteris paribus.

The second alternative microfoundation is with models based on discrete supplier

choice. This approach is taken by Ober�eld (2018) and Acemoglu and Azar (2020) without

geographic dimensions, and Antràs and De Gortari (2020) and Eaton et al. (2022) with ge-

ographic dimensions. In these models, �rms produce homogeneous intermediate goods

and the buyer chooses the least cost supplier. In the appendix, we show that a version

of these models satisfy 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., ε = θ, similarly to Ricardian trade models (Eaton and

Kortum, 2002). Furthermore, link formation is not associated with any resource costs, i.e.,

δL,U = δQ,U = δL,D = δQ,D = 0, and thus, ν plays no role in the expression of Equations

(35) and (36).

4.4 Extension to Multiple Sectors

So far, we focused on the environment where the only source of �rm heterogeneity is the

TFP. However, in reality, �rms may produce di�erent types of intermediate goods using

di�erent production technology and may face di�erent degree of search and matching

frictions. We extend our model to incorporate multiple sectors k,m ∈ K connected

through input-output linkages following the speci�cation of Caliendo and Parro (2015),

as detailed in Appendix D.. In this extended environment, production technology takes a

Cobb-Douglas form with labor and intermediate inputs with expenditure shares, {βm,L,
{βkm}k}, and intermediate inputs aggregate with elasticity of substitution, σk. Final con-

9
See Lim (2018); Huneeus (2018); Bernard et al. (2022); Dhyne et al. (2022b) for examples of papers

taking this microfoundation without geographic dimension. Bernard, Moxnes and Ulltveit-Moe (2018) con-

sider a two-sided environment with multiple locations and derive gravity equations under the power law

productivity distribution. We extend their framework to production networks with roundabout inputs.
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sumption is Cobb-Douglas with sectoral share, αk. Iceberg costs depends on location-

and-sector pairs, τij,km. Matching occurs for each location-and-sector pairs with search

cost elasticities, {γBk , γSk }, matching elasticities, λkm, and the labor share in search costs,

µk.

We show in Appendix D that this version of the model predicts gravity equations of

trade �ows for each sector pair. Consequently, we can take exact-hat algebra approach

to undertake counterfactual simulations using baseline trade �ows and a subset of struc-

tural parameters, similarly as in Caliendo and Parro (2015). We also extend the planning

problem in Section 3 and the ex-post su�cient statistics in Section 4.2. In particular, the

ex-post su�cient statistics can be directly used to assess the welfare gains relative to re-

gion’s autarky extending the approach by Costinot and Rodríguez-Clare (2014), which we

apply for our quantitative analysis in Section 6.3. Due to the potential misallocation across

sectors, there is no convenient ex-ante su�cient statistics as in Section 4.1, and obtaining

the welfare e�ects from an arbitrary shock generally requires solving the full equilibrium

system.

5 Data and Reduced-Form Evidence

5.1 Data Sources

In this section, we describe our data sources from Chile that we use to quantify our the-

oretical predictions. Our key data source is a �rm-to-�rm transaction-level data set that

covers the universe of domestic and international trade by Chilean �rms. For domestic

�rm-to-�rm transaction data, we draw on the electronic receipts reported to the �scal

authority for the purpose of value-added tax (VAT) collections. Since 2018, all corporate

entities in Chile are mandated to submit electronic receipts of all the transactions that oc-

cur across �rms to the Chilean Internal Revenue Service, SII (for its acronym in Spanish).
10

Each receipt includes information on the supplier’s and buyer’s unique tax-ID, transac-

tion 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 analysis of

10
Informal �rms in Chile, which do not appear in our data sets, represents only XX% of Chile’s GDP and

YY% of aggregate sales.
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bilateral 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.
11

For international �rm-to-�rm 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 �rm involved in the transaction, which allows us

to construct the �rm-to-�rm international transaction information.

We merge these two data sets using the unique tax-ID. 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 employment and samples that report neg-

ative values of value-added, sales, or material inputs.
12

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-FormEvidence for EndogenousProductionNetworks

Before proceeding with model quanti�cation, we provide reduced-form evidence that pro-

duction networks endogenously reorganize in response to time-varying trade shocks. We

also use this evidence to calibrate our key structural parameters in the next section.

Speci�cally, we study the impacts of Chile’s bilateral trade agreements with the United

11
For the data in 2003 to 2007, only �rms 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.

12
We merge these data sets using unique tax identi�cations of workers and �rms that are common across

sources. To secure the privacy of workers and �rms, the Central Bank of Chile mandates that the devel-

opment, extraction, and publication of the results should not allow the identi�cation, directly or indirectly,

of natural or legal persons. O�cials of the Central Bank of Chile processed the disaggregated data and

merged them across sources. The authors implemented all the analysis and did neither involve nor compro-

mise the Central Bank of Chile nor the Chilean tax authority. This study was developed within the scope

of the research agenda conducted by the Central Bank of Chile in the economic and �nancial a�airs of its

competence. The Central Bank of Chile 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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States (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 tari�s from 6.9 percentage points to nearly zero percentage points,

depending on the products traded (see Appendix F.2 for details). Previous studies have

analyzed how these episodes a�ected Chile’s aggregate product-level international im-

ports (Fontagné, Guimbard and Ore�ce, 2022). Here, we instead focus on how these trade

shocks have a�ected the architecture of international and domestic production networks

by Chilean �rms.

A key challenge in identifying the impacts of these trade policy changes is to isolate

them from general macroeconomic trends. A simple comparison of Chile’s overall pro-

duction network architecture before and after these trade agreements does not allow us

to identify the impacts of trade policy shocks. Therefore, we adopt the di�erences-in-

di�erences design using �rm-level exposure to the import tari� changes as an additional

cross-sectional variation (Goldberg, Khandelwal, Pavcnik and Topalova, 2010). Speci�-

cally, we estimate the following �rm-level regression speci�cation:

∆ log yω = αImportTari�Shockω + ζh(ω) + β′Xω + εω, (37)

where ω is the �rm, ∆ is an operator that take di�erences of variables between 2003

(pre-agreements) and 2007 (post-agreements), yω is the outcome variable of �rm ω (e.g.,

number of import and domestic production linkages), ImportTari�Shockω is the proxy for

�rm-level import tari� shocks as we further discuss below, ζh(ω) is the 6-digit sector �xed

e�ect for �rm ω’s sector h(ω), Xω is a vector of �rm-level control variables, including the

shares of imports in �rms’ total material inputs and a proxy for the �rm-level export tari�

shocks (import tari�s charged by the counterparty countries).
13

We use two di�erent proxies for �rm-level import tari� shocks depending on the out-

come variables. First, when we study the impacts on the international import linkages,

we use the following proxy:

13
We control for pre-period import share in �rms’ total material purchases to deal with the concern

that �rms with a higher import penetration may have di�erential trends in outcome variables (Borusyak,

Hull and Jaravel, 2018). We focus on import tari� changes, instead of export tari� changes, because of the

signi�cantly fewer number of �rms that engage in exports than imports in Chile. Our results are robust to

control for �rm-level export tari� shocks, analogously constructed as Equations (38) and (39).
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ImportTari�Shockω ≡
∑
n

∑
g

Importωng,t0

ImportSumω,t0

×∆ log(1 + Tng), (38)

where n is the origin country, g is the HS-6 product, Importωng,t0
is the value of imports by

�rmω from countryn in the baseline year t0 = 2003, ImportSumω,t0
≡
∑

n

∑
g Importωng,t0

is �rm ω’s total import values in the baseline year, Tng is the rate of applied import tari�

for product g from country n. Intuitively, this proxy captures the weighted average of

import tari� changes in the basket of imported goods by �rm ω, where the weights are

constructed based on the import shares in the pre-agreement period.

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

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

ImportTari�Shockω ≡
∑
n

∑
k

Importωnk,t0

ImportSumω,t0
+ DomPurchaseω,t0

×∆ log(1+Tnk), (39)

where the di�erence from Equation (38) arises from the inclusion of total domestic mate-

rial purchases by �rm ω in the baseline period, DomPurchaseω,t0 , in the denominator of

the weight. Intuitively, this proxy captures the weighted average of import tari� changes

in the basket of all purchased materials by �rm ω. We take this de�nition for the domestic

network outcome variables because, even if �rms face large import tari� reduction within

their import portfolio (hence Equation (38) takes a large negative value), it may not a�ect

�rms’ behavior regarding domestic production networks if overall imports are relatively

small share of their intermediate inputs.

Table 1 presents the estimation results of Equation (37). Column (1) and (2) present

the impacts on international production linkages of import tari� shocks de�ned by Equa-

tion (38). Column (1) shows that a one percentage point increase in international import

tari�s is associated with 3.2 percent reduction in the value of international imports. These

high estimated elasticities are consistent with the results by Fontagné et al. (2022), who

estimate a related regression using import data aggregated at the product-country-level.

Column (2) shows that more than half of this response is driven by the extensive margin,

i.e., the reduction of the number of foreign suppliers by Chilean �rms. Therefore, the re-

organization of international supplier linkages substantially contribute to the total import

responses, consistent with our theoretical model.
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Columns (3) and (4) present the impacts of import tari� shocks on domestic production

linkages de�ned by Equation (39). We �nd the coe�cient of −1.48 for the number of

domestic suppliers and−1.23 for the number of domestic buyers. Therefore, the reduction

in import tari�s not only increased the international supply linkages but also increased

the domestic supplier and buyer linkages within Chile. In Columns (5) and (6), we �nd the

coe�cient of −4.12 for the total domestic expenditure and −5.61 for the total domestic

sales to other �rms. Therefore, the reorganization of production linkages (Columns 3 and

4) has a substantial contribution to �rms’ total domestic expenditure and revenue.

The positive e�ects on the number of domestic suppliers is notable, as it implies that

the import tari� reduction has complemented the formation of domestic supplier linkages,

instead of inducing import substitution. In a recent literature, researchers have studied

how the transient international supply and demand shocks a�ects domestic sales (Dhyne,

Kikkawa, Mogstad and Tintelnot 2021; Dhyne, Kikkawa, Komatsu, Mogstad and Tintelnot

2022a) and formation of production linkages(Demir et al. 2021; Huneeus 2018), following

the design of Autor, Dorn and Hanson (2013). Interestingly, this line of research have not

found signi�cant impacts on the number of domestic supplier linkages from international

demand shocks (Demir et al., 2021) and from supply shocks (Huneeus, 2018). These dif-

ferences potentially stem from the permanent feature of the import tari� reduction. We

show below that our model can successfully replicate these domestic production network

responses through endogenous search decisions, and that these these responses crucially

determine the aggregate welfare e�ects of trade shocks.

6 Quantitative Analysis

6.1 Calibration

We now explore the quantitative implication of endogenous production network forma-

tion for the e�ects of trade cost shocks on aggregate welfare. To do so, we calibrate our

multi-sector model in Section 4.4 to Chilean economy. We de�ne 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 �ows, we broadly divide

sectors into “tradable” and “nontradable” sectors, where “tradable” sector includes agri-
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Table 1: Impact of Import Tari� Shocks on International and Domestic Production Links

Total Number Number Number Total Total

Imports Int. Suppliers Dom. Suppliers Dom. Buyers Dom. Expenditure Dom. Sales

(1) (2) (3) (4) (5) (6)

Import Tari� Shock -3.20 -1.86 -1.48 -1.23 -4.12 -5.61

(1.11) (0.61) (0.72) (1.10) (1.90) (1.87)

Number Observations 33260

Sector FE (6 digit) Yes

Prior Import Share Yes

Period 2003-2007

Notes: This table reports the estimates of regression equation (37). Import shocks are

de�ned by Equation (38) for Columns (1)-(2) and by Equation (39) for Columns (3)-(6).

All outcomes variables are log changes between 2003 (pre-agreements) and 2007 (post-

agreements). The samples include all Chilean �rms that exist in both 2003 and 2007. In

Column (6), total domestic sales refers to the total sales to other domestic �rm entities

and does not include sales to �nal consumers. Standard errors are computed following

Borusyak et al. (2018).

culture and �shing, mining and quarrying, and manufacturing, and “nontradable” sector

includes all other sectors, including services.

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

cations and sectors {Xud,hk} and a subset of structural parameters {αk, βk,L, βhk, γBk ,

γSk , εk, λBkl, λ
S
kl, µk, σk} (see Appendix D.4 for the system of equations for multi-sector

counterfactuals). We construct baseline trade �ows {Xud,hk} using various data sources

described in Section 5. For trade between municipalities within Chile, we aggregate our

domestic �rm-to-�rm trade data in 2019. For trade between Chilean municipalities and

international countries, we aggregate our customs data in 2019. For trade across interna-

tional countries that do not involve Chile, we obtain the values using the Inter-Country

Input-Output (ICIO) table.
14

The trade �ows constructed in this way may not satisfy our

model’s equilibrium conditions. To enable well-de�ned counterfactuals, we adjust the

trade �ows so that they are consistent with the equilibrium conditions by interpreting

that the observed trade �ows involve measurement errors (see Appendix G.1 for details).

We now turn to the calibration of structural parameters, summarized in Table 2. We

14
Due to statistical discrepancies, the aggregate imports, exports, and domestic sales of Chile in our

�rm-to-�rm trade data may not exactly match with the entries in ICIO. To resolve this discrepancy, we

adjust the scale of our �rm-to-�rm transaction data so that those aggregate values exactly coincide with

those in ICIO.
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Table 2: Calibrated Parameters

Parameters Tradable Nontradable Description

αk 0.25 0.75 Final consumption share

{βk,L} 0.14 0.33 Labor share in production

{βlk} Intermediate input share

l: Tradable Sector 0.45 0.10

l: Non-Tradable Sector 0.41 0.57

γSk 2.6 2.7 Search cost curvature w.r.t. suppliers

γBk 4.5 2.8 Search cost curvature w.r.t. buyers

εk 5.2 4.9 Trade elasticity

µ 0.01 0.01 Labor share in advertisement service sector

λSkl = λBkl, ∀l 0.65 0.65 Matching function elasticity

σk 4.1 3.6 Elasticity of substitution

calibrate the �nal expenditure shares, {αk}, labor shares, {βk,L}, and sectoral intermedi-

ate input shares, {βhk}, by aggregating our domestic �rm-to-�rm trade data and �rm-level

labor compensation at the sectoral level across all �rms and municipalities, analogously

to Caliendo and Parro (2015).

We calibrate the search cost elasticities, {γBk , γSk }, using the model-predicted log-linear

relationship between the number of suppliers and buyers and aggregate sales at the �rm-

level, given by

log
∑
d∈Ñ

∑
l∈K

nXid,kl (z) =
1

γXk
log ri,k (z) + φXi,k, X ∈ {S,B} (40)

for any subset of locations Ñ ⊂ N , where {φBi,k, φSi,k} is a composite variable that de-

pend on location and sector but not by �rm productivity z.
15

Using this relationship, we

estimate {1/γBk , 1/γSk } from the regression of the log number of domestic suppliers and

buyers within Chile (by taking Ñ as all municipalities within Chile) on the log of the

aggregate intermediate goods sales, conditional on the location and sector �xed e�ects

(capturing {φBi,k, φSi,k}). We �nd the values of {γBk , γSk } ranging from 2.6 to 4.5, which

satisfy our equilibrium assumptions γBk > 1 and γSk > 1.

We calibrate the trade elasticities {εk} from the existing literature. For tradable sector,

15
This relationship is obtained by reformulating Lemma 3 and Equation (D.15), which corresponds to

Lemma 1 and Equation (13) for the single sector case.
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we set to 5.2 following Fontagné et al. (2022), who estimate this parameter using Chile’s

aggregate import responses to import tari� changes. For nontradable sector, we set to 4.9

from Gervais and Jensen (2019), who estimate this parameter using service trade �ows

within the United States. Notice that we can also obtain the elasticity of substitution

σk = εk
(
1− λBkl/γBk − λSkl/γSk

)
(Equation 19) once we additionally choose the values for

{λBkl, λSkl, µk} as we do below.

We estimate the matching function elasticities, {λBkl, λSkl}, and the labor share in search

costs, {µk}, through the indirect inference approach. Speci�cally, we calibrate these pa-

rameters so that the model replicates the impacts of import tari�s on the reorganization of

international and domestic production linkages as documented in Table 1. The procedure

is summarized below (see Appendix G.2 for details). First, for each sector k and origin

country u, we construct the average import tari� changes T̃uk as the value-weighted av-

erage across HS-6 products. Next, for each candidate value of {λBkl, λSkl, µk}, we undertake

the counterfactual simulations of the changes in the iceberg trade costs τ̂ud,kl = 1+T̃uk for

all municipalities d and sector l within Chile. Notice that, even though τ̂ud,kl are common

for all d, l, they have di�erent e�ects across municipalities 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 counterfactual changes as the location and sector

within Chile as a sample.
16

Finally, we look for the values of {λBkl, λSkl, µk} that minimize

the squared distance between the regression coe�cients on international and domestic

production linkages in the data (Columns 1-4) and in the model prediction.

Due to the limited variations in tari� changes outside tradable sectors, we assume

that these parameters are common across all sectors k, l ∈ K . We also assume that the

matching function elasticities are symmetric λB = λS as these two parameters tend to

jointly a�ect the equilibrium system and it is di�cult to identify each of them separately.

Alternatively setting λB = 0 or λS = 0 while keeping the sum λS +λB unchanged yields

virtually identical implications for the aggregate welfare changes.

Following this procedure, we obtain the estimates of λS = λB = 0.7 and µ = 0.01.

Table 3 shows that the model-predicted regression coe�cients under these parameter val-

16
Weighting the regressions using the model counterfactuals using the number of �rms in each munic-

ipality and sector, aligning the �rm-level regression in Table 1, has virtually no e�ects on the regression

coe�cients. We cannot run regression Table 1 at the municipality and location level using our data, because

it does not report the location of transactions for 2003-2007.
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Table 3: Impact of Import Tari� Shocks: Model vs Data

Targeted Untargeted

Total Number Number Number Total Total

Imports Int. Suppliers Dom. Suppliers Dom. Buyers Dom. Purchases Dom. Sales

(1) (2) (3) (4) (5) (6)

Data -3.20 -1.86 -1.48 -1.23 -4.12 -5.61

(1.11) (0.61) (0.72) (1.10) (1.90) (1.87)

Model -4.08 -1.47 -1.92 -1.91 -1.00 -4.16

Notes: “Data” replicates the �rm-level impacts of import tari� changes from Equation

(37), replicating Table 1. “Model” reports the corresponding regression using model-

predicted counterfactual changes using our calibrated parameters targeting the �rst four

columns, as discussed in Section 6.1 and Appendix G.2.

ues along with the targeted reduced-form regression coe�cients. Even though we esti-

mate only two parameters, the model-predicted regression coe�cients closely trace all

four regression coe�cients with actual data, and they lie within the con�dence intervals,

including the untargeted regression coe�cients on total domestic expenditure and sales

(Columns 5 and 6).

We �nd the estimates of the matching function elasticity at λS = λB = 0.7. Therefore,

equilibrium production networks elastically respond to �rms’ search decisions. Interest-

ingly, λS = λB > 0.5 implies that the matching technology exhibits increasing returns

to scale. This �nding is consistent with existing work that estimates the matching tech-

nology in �rm-to-�rm trade (Miyauchi, 2021; Eaton et al., 2022), although these papers

consider di�erent models and hence the estimates are not directly comparable.

We �nd the estimate of the labor share in search costs at µ = 0.01. Therefore, a major-

ity of search costs stems from intermediate inputs. This low value of µ is consistent with

the negative regression coe�cients of import tari� shocks on the domestic supplier link-

ages, indicating that international import tari� reduction has complemented the forma-

tion of domestic supplier linkages. Our model can replicate this complementarity through

the changes in search costs. A decrease in international input costs not only reduces the

marginal production costs but also the search costs (Equation 15). This e�ect encourages

�rms to search not only international suppliers but also domestic suppliers. In Appendix

G.2, we show that the regression coe�cient for Column (3) indeed turns positive if we set

higher values of µ.
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6.2 Impacts of Trade Cost Shocks

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

to all Chilean municipalities by 10 percent. This change in the iceberg trade costs are

comparable but somewhat larger than the tari� changes induced by the trade agreements

analyzed in Section 5.2. We then discuss how the e�ects vary by the magnitudes of the

shock.

Table 4 reports the results. To highlight the role of the endogenous networks, we

undertake this simulation both under four scenarios: (a) using our baseline parameters

(Table 2), (b) shut down endogenous networks (γSk , γ
B
k → ∞) while keeping the elastic-

ity of substitution σkat our baseline scenario, (c) shut down endogenous networks while

keeping the trade elasticity εk at our baseline scenario, and (d) allow for endogenous net-

works but alternatively set the labor shares in search costs to one (µk = 1). Column (1)

reports the changes in aggregate welfare across all Chilean municipalities (weighted av-

erage of GDP changes across Chilean municipalities with pre-shock GDP weights), along

with the ratio to the values in our baseline speci�cation; Column (2) reports the average

percent changes in imports from US and China; Column (3) reports the changes in the

number of supplier linkages from US and China; Column (4) reports the changes in the

number of supplier linkages within Chile.

Using our baseline speci�cation, we �nd a 0.40 percent decline in Chile’s aggregate

welfare from the import cost changes (Column 1, Row a), indicating a modest but non-

negligible aggregate welfare e�ect. These e�ects are associated with a decrease in ag-

gregate imports and supplier links from US and China (Column 2 and 3). We also �nd a

decrease in the number of supplier links within Chile (Column 4), which stems from the

increase in search costs. The signs of Columns (2)-(4) are consistent with our reduced-

form �ndings in Table 1, while Table 1 focuses on �rm-level di�erences-in-di�erences

e�ects instead of aggregate e�ects.

We �nd that these aggregate welfare e�ects become smaller when we shut down en-

dogenous production network formation. When we do so while �xing the elasticity of

substitution σk, we �nd that the welfare e�ects decreases to 0.28 percent, which is approx-

imately 70 percent of our baseline speci�cation. Interestingly, this reduction is similar by

alternatively �xing the trade elasticity εk when we shut down endogenous networks (Row
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Table 4: Aggregate E�ects from Import Cost Increase from China and the US (%)

1) Ŵelfare % of Baseline 2) X̂ui,u∈{US,CN} 3) M̂ui,u∈in{US,CN} 4) M̂ui,u∈CL

a) Baseline -0.40 100 -21.2 -8.2 -0.08

b) Exog. Networks, �x σk -0.28 70 -12.9 0 0

c) Exog. Networks, �x εk -0.27 67 -20.8 0 0

d) Endo. Networks, µk = 1 -0.24 60 -21.0 -8.1 0.07

Notes: The results of counterfactual simulations to increase the iceberg trade costs from

US and China to all Chilean municipalities by 10 percent under four scenarios: (a) using

our baseline parameters (Table 2), (b) shut down endogenous networks (γSk , γ
B
k → ∞),

while keeping the elasticity of substitution σkat our baseline scenario, (c) shut down en-

dogenous networks, while keeping the trade elasticity εk at our baseline scenario, and (d)

allow for endogenous networks but alternatively set the labor shares in search costs to one

(µk = 1). Column (1) reports the changes in aggregate welfare across all Chilean munici-

palities (weighted average of GDP changes across Chilean municipalities with pre-shock

GDP weights), along with the ratio to our baseline speci�cation; Column (2) reports the

average percent changes in imports from US and China by Chilean municipalities; Column

(3) reports the changes in the number of supplier linkages from US and China; Column

(4) reports the changes in the number of supplier linkages within Chile.

c), despite that this speci�cation predicts a larger aggregate import responses (Column 2,

Rows b vs c).

These �ndings are consistent with our theoretical observation in Proposition 2. Whether

allowing for endogenous networks increases the aggregate welfare e�ects depends on the

search externality and how they interact with the ine�ciency from the double marginal-

ization. In particular, it increases if the equilibrium trade �ows with endogenous networks

(subject to both search externality and double marginalization) are ine�ciently lower than

the case with �xed networks (only subject to double marginalization). Our results suggest

that this is indeed the case under our calibrated parameters.

In Row (d), we allow for endogenous networks but instead set µ = 1. We �nd that

the welfare e�ect under this speci�cation is smaller than our baseline speci�cation (60

percent), and this reduction is of similar magnitude with fully shutting down endogenous

networks (Rows b-c). This �nding is also consistent with Proposition 2, where endoge-

nous networks do not a�ect the �rst-order aggregate welfare changes with µ = 1. As

discussed before, in this case, even though labor is misallocated between production and

search activity, equilibrium trade �ows are not a�ected by this misallocation, hence en-
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dogenous networks do not in�uence the aggregate welfare changes to a �rst order. Notice

also that, in contrast to our baseline speci�cation, the number of supplier linkages within

Chile increases in response to the import cost increase (Row d, Column 4). In other words,

with µ = 1, the model predicts the substitution of production linkages toward domestic

suppliers, instead of complementarity as observed in our reduced-form analysis (Table

1) and in our baseline speci�cation (Row a). Therefore, the failure to rationalizing these

observed patterns of network reorganization is consequential for assessing aggregate wel-

fare e�ects.

In Figure 1, we present how these patterns change depending on the magnitude and

the sign of the shock. Speci�cally, for the changes in iceberg import cost shocks from

China and US by the values indicated in the horizontal axis (from 0.8 to 1.2), we report

the aggregate welfare change under endogenous and �xed production networks (�xing

σk). A value less than one in the horizontal axis indicates a reduction in the iceberg

trade costs, and a value more than one indicates an increase in the iceberg trade cost.

In both regions, we �nd that the value in our baseline model is larger in absolute terms

than the �xed network environment, suggesting that models with endogenous network

predicts larger changes in aggregate welfare. At the same time, the �gure also reveals

some nonlinearity in the deviation between endogenous and �xed network environment.

Speci�cally, the gap between endogenous and �xed network environment widens for a

large decrease in the iceberg trade costs and narrows for a large increase in those costs.

This pattern is consistent with the interpretation that endogenous network formation

facilitates the reallocation of trade �ows toward large positive shocks and away from

large negative shocks.

6.3 Welfare Gains from Trade Relative to Autarky

We next study how endogeneous production networks a�ect the implications of the re-

gion’s welfare gains from trade relative to autarky (we simply refer to welfare gains from

trade hereinafter). Despite it is the central question in international trade literature, the

literature does not o�er how this number changes in the presence of endogenous produc-

tion network formation. In Section 4, we provided analytical answer to this question. We

now provide an quantitative answer to this question using our calibrated model. We do so
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Figure 1: Aggregate Welfare E�ects from Import Cost Change: Nonlinearity

Notes: The �gure shows the aggregate welfare e�ects of the changes in the iceberg trade

costs from US and China to all Chilean municipalities by the factor in the horizontal

axis. Baseline corresponds to the speci�cation using our baseline parameters (Table 2),

and no extensive indicates the speci�cation where we shut down endogenous networks

(γSk , γ
B
k →∞), while keeping the elasticity of substitution σkat our baseline scenario.

by using our ex-post su�cient statistics in the multi-sector environment and by directly

solving for the counterfactual equilibrium under autarky for each Chilean municipality,

following a similar approach by Costinot and Rodríguez-Clare (2014) (see Appendix C).

Figure 2 present the results. In Panel (a), we present the average welfare gains from

trade relative to the scenario where each municipality of Chile cannot trade with other

municipalities and other international countries. Our baseline model predicts the aver-

age welfare gains from trade at 165 percent (Row a). This number is large compared to a

typical estimate of welfare gains from trade at the country level (Costinot and Rodríguez-

Clare, 2014), re�ecting the signi�cantly larger trade �ows within a country than across

countries. When we shut down endogenous networks, this number changes to 167 per-

centage points, which is virtually the same as in our baseline speci�cation. XXX

In Panel (b), we plot the welfare gains from trade for each municipality in Chile, taking

the predicted value with endogenous networks (vertical axis) and with �xed networks us-
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Figure 2: Welfare Gains Relative to Regional Autarky

1) Ŵelfare % of Baseline

a) Baseline 165 100

b) Exogenous Networks, �x σk 167 101

c) Exogenous Networks, �x εk 167 101

d) Endogenous Networks, µk = 1 95 57

(a) Average Value for Municipalities in Chile

(b) Endogeneous vs Fixed Production Networks

Notes: Panel (a) reports the average welfare gains from trade relative to autarky across

Chilean municipalities, i.e., welfare gains from trade relative to the scenario where each

municipality of Chile cannot trade with other municipalities and other international

countries. Panel (b) compares the welfare gains from trade for each municipality with

endogenous networks (vertical axis) and with �xed networks using the same σk
(horizontal axis). The size of the circle represent the GDP of the municipality.

ing the same σk (horizontal axis). We �nd that most municipalities lie along the 45 degree

line. This �nding indicates that that welfare gains from trade are largely unchanged by

allowing for endogenous networks, not only on average, but also across municipalities.

This result is consistent with the prediction of Proposition 4, which show that how

endogenous network formation a�ects the welfare gains from trade relative to autarky

is shaped by two opposing e�ects. First, allowing for endogenous network formation
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increases the aggregate trade elasticity by enabling adjustments in supplier and buyer

linkages. Second, shocks can directly in�uence the search costs, amplifying the trade cost

shocks. Under our calibration, these two e�ects have similar magnitudes and roughly

o�set with each other.

7 Conclusion

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

quantitative multi-location general equilibrium trade model. We develop su�cient statis-

tics formulas for global and each region’s welfare and characterize the precise deviation

from the �xed network environment. The deviation occurs due to ine�ciency for the

ex-ante welfare su�cient statistics, and due to the di�erences in trade elasticities and the

multiplier e�ects from search costs. We also provide macro restrictions under which these

su�cient statistics hold for any microfoundation of production network formation, pro-

viding a coherent account of how and why endogenous production network formation

matters for the aggregate welfare.

We then quantify these e�ects by calibrating our model to Chilean economy. For a

moderate trade cost shock, we �nd that allowing for endogenous network formation tend

to increase the aggregate welfare e�ects, because under our calibration, equilibrium trade

�ows are ine�ciently lower due to search and matching externality. However, the esti-

mates of welfare gains from trade relative to autarky remains almost unchanged, because

the e�ects from trade elasticities and multiplier e�ects from search costs tend to cancel

out. These results highlight the nuanced role of endogenous network formation in the

welfare assessment for trade shocks.
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A Proofs and Mathematical Details

For notational convenience, we de�ne Mi (δ) ≡
∫
zδdGi(z).

A.1 Proof of Lemma 1

We �rst note that Problem (10) is a strictly convex optimization problem when γB > 1

and γS > 1. Therefore, there is a unique solution to the problem, and the �rst order

conditions (FOCs) are necessary and su�cient for the solution.

Conjecture that solution entails nBid (z) = aBidz
δ

γB , nSui (z) = aSuiz
δ

γS , and δ ≡ (σ − 1)

/
(

1− 1
γB
− 1−β

γS

)
as in the proposition. By plugging these solutions to (9), we obtain

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

to r∗i (z) =
∑

d rid (z)mB
idn

B
id (z), where rid(z) ≡ (σ̃τidci (z))1−σDd is the revenue per

buyer link, we obtain the expression for revenue r∗i (z) as in Equation (13).

The FOC with respect to nBid is given by

eif
B
id

(
nBid
)γB−1

=
σ̃1−σ

σ
mB
idDd (τid)

1−σ w
β(1−σ)
i

(∑
u∈N n

S
uim

S
ui (Cui)

1−σ)1−β

z1−σ︸ ︷︷ ︸
=ci(z)

1−σ

(A.1)

The FOC with respect to nSui is given by

eif
S
ui

(
nSui
)γS−1

=
σ̃1−σ

σ
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nBidm
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S
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S
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ui (Cui)
1−σ

(A.2)
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Note that all terms related to z cancel out under the conjectures of {nBid (z), nSui (z)} in the

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

eif
B
id

(
aBid
)γB

= aBid
σ̃1−σ

σ
mB
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idn
B
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By integrating wrt z using density function Gi(·) and multiplying by Ni,

eif
B
id

(
aBid
)γB

NiMi (δ) =
1

σ
Xid ⇐⇒ aBid =

(
ΓBi

Xid

eifBid

) 1

γB

, (A.3)

where we de�ne ΓBi = 1−β
σMi(δ)Ni

, and Xid = Ni

∫
rid (z)mB

idn
B
id (z) dGi(z) is the total

intermediate goods revenue sold by �rms in i to �rms in d. This expression corresponds

to the one in Lemma 1.

Equation (A.2) is rewritten as
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where Λui = Xui/
∑

u′ Xu′i. By integrating wrt z using density function Gi(·) and mul-

tiplying by Ni,

eif
S
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whereRi =
∑

dXid is intermediate goods sales by �rms in i (excluding sales to retailers),

Ei =
∑

uXui is intermediate goods expenditure by �rms in i, and ΓSi ≡
1−β

σMi(δ)Ni

Ri
Ei

. Note

that, under trade balance, Ri = Ei. This expression corresponds to the one in Lemma 1.

Finally, �rms’ pro�t subtracting the expenditure for search activity is given by

π̃i (z) =
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which coincide with Equation (14).

A.2 Proof of Lemma 2

We �rst obtain the intensive margin of trade �ows, i.e., the average transaction volume

per relationship (intensive margin). Noting that the average sales per buyer by �rms in u

with productivity z selling in d is given by rud (z) = (σ̃τudcu (z))1−σDd,

rud =

∫
rud (z)nBud (z) dz∫

nBud (z) dz
= (σ̃τud)

1−σDd

∫
cu (z)1−σ nBud (z) dz∫

nBud (z) dz
.

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

rud = %I (τud)
1−σ

 Mu (δ)
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Dd, (A.5)

with %I = σ̃1−σ
, which corresponds to rud in Equation (18) with ζIu = Mu(δ)
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(
δ
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)C1−σ
u and

ξId = Dd.

3



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

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

Mud = κud
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S
udMd
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))λS (
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Plugging Xud = rudMud into this equation yields
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which corresponds to Mud in Equation (18) with ρE =
(
%I
) λ̃S+λ̃B

1−λ̃S−λ̃B , and
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γB

))λB (
ΓBu
)λ̃B

,

(A.8)

ξEd = D
λ̃S+λ̃B

1−λ̃S−λ̃B
u e

− λ̃S

1−λ̃S−λ̃B
d

(
NdMd

(
δ

γS

))λS (
ΓSd
)λ̃S

(A.9)

A.3 Market Clearing Conditions

Intermediate goods for each �rm ω are used as inputs for production by other �rms and

local retailers:

qRi (ω) +
∑
d∈N

∫
ψ: ω∈Sid(ψ)

qid (ω, ψ) τid = qi (ω) . (A.10)
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Search activity uses local labor and retail goods:

∫
ω∈Ωi(ω)

(∑
d

nBid (z) +
∑
u

nSui (ω)

)
dω =

(
LAi
µ

)µ(
QA
i

1− µ

)1−µ

, (A.11)

where LAi andQA
i corresponds to the aggregate amount of labor and retail goods used for

search activity.

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

LiQ
F
i +QA

i = Qi. (A.12)

Labor is used for intermediate goods production and for search activity:∫
ω∈Ωi(ω)

li (ω) dω + LAi = Li. (A.13)

A.4 Proof of Proposition 1

Preliminaries We �rst obtain several useful expressions. First, we derive C1−σ
ui ≡∫

(σ̃cu (z) τui)
1−σ dGB

ui (z). Note that

dGB
ui (z) =

nBui (z) dGu(z)∫
nBui (z

′) dGu(z′)
=

z
δ

γB dGu(z)∫
z′

δ

γB dGu(z′)
=
z

δ

γB dGu(z)

Mu

(
δ
γB

) .

Therefore we have

C1−σ
ui =

∫ (
σ̃Cuz

− δ

γS
1−β
σ−1
−1
τui

)1−σ
dGB

ui (z) = (σ̃Cuτui)
1−σ Mu (δ)

Mu

(
δ
γB

) , (A.14)

where we used the fact that δ =
(
− δ
γS

1−β
σ−1
− 1
)

(1− σ) + δ
γB

.
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Next, we derive Di. Notice the aggregate intermediate input expenditure Ed satis�es

Ed =
∑
u

Nu

∫
(τud)

1−σDd (σ̃cu (z))1−σ nBud (z)mB
uddGu (z)

= Dd

∑
u

Nu (τud)
1−σ (σ̃)1−σ

∫
(Cu)

1−σ aBudm
B
udz

δ

γB
+ δ

γS
(1−β)+(σ−1)

dGu (z)

= Dd

∑
u

(τud)
1−σ (σ̃)1−σ (Cu)

1−σNua
B
udm

B
udMu (δ)

= Dd

∑
u

(τud)
1−σ (σ̃)1−σ (Cu)

1−σNda
S
udm

S
ud

Md

(
δ
γS

)
Mu

(
δ
γB

)Mu (δ) (from 17 and M
S

ud, M
B

ud)

= DdNdMd

(
δ

γS

)∑
u

C1−σ
ud aSudm

S
ud (from Equation A.14)

= DdNdMd

(
δ

γS

)[
w−βd Cd

] 1−σ
1−β

(from Equation 12)

Denote nominal labor compensation to intermediate input expenditure ratio:

ςL ≡ wdLd
Ed

=

σ−1
σ
β + 1

σ
µ
(

1
γB

+ 1−β
γS

)
σ−1
σ

(1− β)
. (A.15)

Then,

Dd =
1

ςL
Ld

NdMd

(
δ
γS

) (wd)
1−βσ
1−β (Cd)

σ−1
1−β . (A.16)

Finally, from Equation 18, total margin trade �ows are given by

Xud = %χudζuξd (A.17)
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where ρ = %I%E , χud = χIudχ
E
ud, and

ζu = C−εu e
− λ̃B

1−λ̃S−λ̃B
u K̃U

u , K̃U
u ≡

 Mu (δ)

Mu

(
δ
γB

)
 1

1−λ̃S−λ̃B (
NuMu

(
δ

γB

))λB (
ΓBu
)λ̃B

ξd = D
1

1−λ̃S−λ̃B
d e

− λ̃S

1−λ̃S−λ̃B
d KD

d , KD
d ≡

(
NdMd

(
δ

γS

))λS (
ΓSd
)λ̃S

Part (a) From labor market clearing,

wiLi = ςL
∑
d

Xid, (A.18)

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

de�ned in Equation (A.15). Plugging Equation (A.17) into this equation, and after some

algebra, we obtain Equation (20) with KU
i ≡ %ςLK̃U

i .

Next, by combining the labor market clearing (A.18) and the trade balancing condition

(implied by market clearing), we obtain:

wiLi = ςL
∑
u

Xui. (A.19)

Plugging Equation (A.17) into this equation, we obtain Equation (21).

Part (b) We apply Allen et al. (2020). De�ne the matrices

Γ ≡

[
1 + λ̃Bµ ε

σ−1
(σ − 1) ε

σ−1
+ λ̃B ε

σ−1
(1− µ)

1− δG − ε
1−β + λ̃S ε

σ−1
(1− µ)

]
=

[
1 + c1 c2

1− δG −c3

]

B ≡

[
δG

ε
1−β − λ̃

S ε
σ−1

(1− µ)

−λ̃B ε
1−βµ − (σ − 1) ε

1−β − λ̃
B ε
σ−1

(1− µ)

]
=

[
δG c3

−c1 −c2

]
where we de�ne

δG =

(
1− βσ
1− β

− λ̃Sµ
)

ε

σ − 1

c1 = λ̃B
ε

σ − 1
µ, c2 = ε+ λ̃B

ε

σ − 1
(1− µ) , c3 =

ε

1− β
− λ̃S ε

σ − 1
(1− µ)

7



where c1 > 0 and c2 > 0 under our model parameter assumptions. A su�cient condition

for the equilibrium uniqueness is that the spectral radius of A = |BΓ−1| is equal to 1,

where

BΓ−1 =
1

−c3 (1 + c1)− c2 (1− δG)

[
δG c3

−c1 −c2

][
−c3 −c2

− (1− δG) 1 + c1

]

=
1

−c3 (1 + c1)− c2 (1− δG)

[
−c3 −δGc2 + c3 (1 + c1)

c1c3 + (1− δG) c2 −c2

]

We now show that, when δG ≤ 1 and
β(σ−1)

1−β ≥ (1− µ)
(
λ̃B + λ̃S

)
as assumed in the

proposition, the largest eigenvalue of |BΓ−1| is indeed less than one. From the second

condition, we have c3 > c2 > 0. Furthermore,−δGc2 + c3 (1 + c1) ≥ c1c3 +(1− δG) c2 >

0. Therefore,

|BΓ−1| = 1

c3 (1 + c1) + c2 (1− δG)

[
c3 −δGc2 + c3 (1 + c1)

c1c3 + (1− δG) c2 c2

]

Note that the sum of the rows for the �rst column and second column are both one.

Therefore, from Collatz–Wielandt Formula (see Allen et al. (2020)), the largest eigen-

value of |BΓ−1| is one under this condition. Therefore, when δG < 1 and
β(σ−1)

1−β >

(1− µ)
(
λ̃B + λ̃S

)
, the equilibrium exists and it is unique up to scale.

A.5 Exact-hat Algebra

Consider the changes in fundamentals {τ̂ud, κ̂ud, f̂Bud, f̂Sud}, where x̂ = x′/x denote the

proportional change in variable x and x′ denotes the value of x after the change in funda-

mentals. The changes in equilibrium wages {ŵi} and cost shifters {Ĉi} are given by the

solution to the following set of equations:

ŵ
1+λ̃Bµ ε

σ−1

i Ĉ
ε(1+λ̃B 1−µ

σ−1)
i =

∑
d

Ψidχ̂idŵ
( 1−βσ

1−β −λ̃
Sµ) ε

σ−1

d Ĉ
ε( 1

1−β−λ̃
S 1−µ
σ−1)

d , (A.20)
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ŵ
1−( 1−βσ

1−β −λ̃
Sµ) ε

σ−1

i Ĉ
−ε( 1

1−β−λ̃
S 1−µ
σ−1)

i =
∑
u

Λidχ̂uiŵ
−λ̃Bµ ε

σ−1
u Ĉ

−ε(1+λ̃B 1−µ
σ−1)

u , (A.21)

where Ψid = Xid/
∑

nXin and Λui = Xui/
∑

nXni are import and export shares in the

baseline equilibrium, and

χ̂ud = τ̂ εud

[
κ̂ud

(
f̂Bud

)−λ̃B (
f̂Sud

)−λ̃S] 1

1−λ̃S−λ̃B

. (A.22)

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

Formal De�nition of Planning Problem Given the set of subsidies/taxes described

in Section 3, the government budget constraint is given by

∑
i

T Fi Li+
∑
i,d

sIid
1− sIid

Xid+
∑
i,d

tBid
1 + tBid

1

σ

1

γB
Xid+

∑
i,d

tSid
1 + tSid

1

σ

1− β
γS

Xid = 0, (A.23)

where
1
σ

1
γB
Xid and

1
σ

1−β
γS
Xid correspond to the aggregate expenditure for buyer and sup-

plier search, respectively. Then, de�ning the equilibrium prices and quantities by X ≡{
Xid, pid (υ, ω) , Pi, ei, wi, Ci, qid (ω, ψ) , qRi (ω) , QF

i , Q
A
i , n

B
id (ω) , nSui (ω) , li (ω) , LAi

}
, the

planning problem is de�ned by

max
{{sIid,tBid,tSid},TFi },X

∑
i

ψiLiQ
F
i (A.24)

s.t.PiQ
F
i = wi +

Πi

Li
+ T Fi

Xid =

∫
ω∈Ωi,ψ∈Ωd

qid (ω, ψ) dGi(ω)dGd(ψ)

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

Proof of Proposition 2 We proceed in two steps. First, we solve for a relaxed planning

problem (A.24) where the planner directly speci�es the aggregate allocation. Next, we

show that the planner can implement this allocation using the subsidies/taxes available

to the planner.
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Consider the following relaxed planning problem:

max
{QFi ,QAi ,LAi ,LPi ,ASui,ABui,qRi ,qid,Mui}

∑
i

ψiLiQ
F
i (A.25)

s.t. QA
i + LiQ

F
i = gi

(
qRi
)

[Pi]

LAi + LPi = Li [wi]∑
u

ASui +
∑
d

ABid =

(
LAi
µ

)µ(
QA
i

1− µ

)1−µ

[ei]

qRi +
∑
d

qidτid = Zi

(
LPi
β

)β
(∑

uM
1
σ
uiq

σ−1
σ

ui

) σ
σ−1

1− β


1−β

[Ci]

Mui = κui

(
γB

fBui
ABui

)λB

γB
(
γS

fSui
ASui

)λS

γS

[ηui]

where ABui and ASui correspond to the aggregate buyer and supplier search e�ort between

suppliers in u and buyers in i, and LPi is the aggregate labor used for production. The

brackets in each constraint represent the Lagrange multipliers. In the �nal constraint, we

combined the matching technology (16) and the production of search e�ort (8). In the

second to last constraint, we de�ne qui as aggregate intermediate good quantify (not per

link).

Notice that we dropped the �rm identi�ersωwithin each location, because the planner

has no policy tool to discriminate �rms within a location. We later verify that these allo-

cations are achieved given tax instruments

{{
sIid, t

B
id, t

S
id

}
, Ti
}

. The FOCs of this problem

with respect to QF
i , QA

i , qRi , LAi , LPi , ABui, A
S
ui, Mui, qui are given by:

Pi = ψi (A.26)

Pi = eiAi (1− µ)
1

QA
i

(A.27)

Ci = Pig
′
i

(
qRi
)

(A.28)

wi = eiAiµ
1

LAi
(A.29)

10



wi = βCiqi
1

LPi
(A.30)

eu = ηui
λB

γB
Mui

1

ABui
(A.31)

ei = ηui
λS

γS
Mui

1

ASui
(A.32)

ηui =
1

σ − 1
(1− β)CiqiΛui

1

Mui

(A.33)

τuiCu = (1− β)CiqiΛui
1

qui
(A.34)

where Ai ≡
∑

uA
S
ui +

∑
dA

B
id, qi ≡ qRi +

∑
d qidτid, and Λui ≡ M

1
σ
ui q

σ−1
σ

ui∑
`M

1
σ
`i q

σ−1
σ

`i

. From (A.31),

(A.32), (A.33),

λB

γB
1

σ − 1
(1− β)CiqiΛui = euA

B
ui (A.35)

λS

γS
1

σ − 1
(1− β)CiqiΛui = eiA

S
ui (A.36)

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

pose that the Lagrange multipliers {Pi, wi, ei, Ci} correspond to equilibrium prices. Then,

from the intermediate goods market clearing condition,

(
1− sIui

) σ

σ − 1
τuiCuqui = (1− β)CiqiΛui (A.37)

By comparing this condition with (A.34), the optimal sIui satis�es 1 − sIui = 1 − sI =
σ−1
σ
⇐⇒ sI = 1/σ.

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

for buyer and supplier search is given by

(
1 + tBui

)
euA

B
ui =

1

σ

1

γB
Xui

1

1− sI
(A.38)

(
1 + tSui

)
eiA

S
ui =

1

σ

1− β
γS

Xui
Ri

Ei

1

1− sI
(A.39)

where we accommodate the possibility that Ri 6= Ei due to the potential trade imbalance
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from taxes and transfers. By comparing these equations with (A.35) and (A.36), and by

noting that Xui = (1− β)CiqiΛui, we obtain the expressions in Proposition 2.

Finally, we con�rm that these allocations are indeed consistent with the equilibrium

conditions. The constraints in (A.25) coincide with resource constraints, production of

search e�ort, and matching technology; (A.30) and (A.34) coincide with intermediate

goods producers’ optimal production decisions; (A.28) coincides with retailers’ optimal

production decisions; (A.27), (A.29), (A.38) and (A.39) coincide with intermediate produc-

ers’ optimal search decisions. Finally, assume that lump-sum transfers are set such that

T Fi = PiQ
F
i −

ΠF
i

Li
− wi

By inserting these equilibrium allocations to Equation (A.23), we can verify that these

allocations satisfy the government budget constraints from market clearing conditions.

Proof of Corollary 1 We �rst prove that Condition (26) is a necessary condition for the

constrained e�ciency (i.e., “if” statement). Suppose Condition (26) holds. Suppose that

the taxes/subsidies are set according to Corollary 1, i.e., sIid = 1/σ and tBid = tSid = 0 for

all i, d. Suppose also that all supplier subsidies are �nanced by the local lump-sum taxes,

i.e.,

T Fi = −
∑
d

sIid
1− sIid

Xid = − 1

σ − 1

∑
d

Xid

Clearly these taxes and transfers satisfy the government budget constraint (A.23) and

satisfy all equilibrium conditions. Together with Proposition 2, these taxes/subsidies are

indeed optimal. Furthermore, from Equation (A.26), ψi is proportional to equilibrium

retail prices Pi. Finally, since the taxes are �nanced within each location, trade balance

holds from market clearing conditions, i.e., Ei = Ri for all i. This completes the proof of

the “if” statement.

Next, we prove that Condition (26) is a su�cient condition for the constrained e�-

ciency (i.e., “only if” statement). From Proposition 2, λB 6= 1 cannot be optimal under the

taxes/subsidies in according to Corollary 1. Furthermore, λS 6= (1− β) Ed
Rd

cannot be op-

timal under these taxes/subsidies. At the same time, the only case where λS = (1− β) Ed
Rd

holds for all d is when trade balance holds, i.e., Ed = Rd, in which case λS = 1 − β.
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Hence, λS 6= 1−β cannot be optimal under the taxes/subsidies in according to Corollary

1. This completes the proof of the “only if” statement.Proof of Proposition 3

Assume that the welfare weights coincide with the retail goods prices,ψi = Pi. Denote

the nominal GDP by Y F
i . Then, by noting that global nominal GDP as the numeraire

(

∑
i Y

F
i = 1), and that d lnCi = d lnPi from cost minimization of retailers (Equation 6),

d lnW =
∑
i

Y F
i

(
d lnY F

i − d lnCi
)

= −
∑
i

Y F
i d lnCi. (A.40)

We �rst characterize d lnCi through forward (cost) linkages. By applying Shephard’s

Lemma to �rm’s cost minimization problem (12),

d lnCi = (1− β)
∑
u

Λui

(
d lnCu + d ln τui −

1

σ − 1
d lnMui

)
.

Furthermore, from Lemmas 1 and 2,

d lnMui =
(
λ̃S + λ̃B

)
(d ln Λui + d lnwi)

− λ̃S (µd lnwu + (1− µ) d lnCu)− λ̃B (µd lnwi + (1− µ) d lnCi) ,

where we used the fact that d lnXui = d ln Λui + d lnEi = d ln Λui + d lnwi and d ln ei =

µd lnwi + (1− µ) d lnCi. Reformulating,(
1− (1− β)

1− µ
σ − 1

λ̃B
)
d lnCi = (1− β)

∑
u

Λui

((
1 +

1− µ
σ − 1

λ̃S
)
d lnCu + d ln τui + d lnZui

)
,

where

d lnZui =
1

σ − 1

(
λ̃Sµd lnwu −

(
λ̃S + λ̃B (1− µ)

)
d lnwi

)
In matrix notation,

d ln C = Φ−1(1− β) [Λ · (τ + Z)] 1, (A.41)

where d ln C is a 1×|N | vector of {d lnCi}, Λ, τ , Z are matrices of {Λui}, {d ln τui}, and
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{d lnZui}, 1 is a 1× |N | vector of ones, and

Φ =


1− (1− β)

1− µ
σ − 1

λ̃B︸ ︷︷ ︸
≡cB

− (1− β)

1 +
1− µ
σ − 1

λ̃S︸ ︷︷ ︸
≡cS

Λ

 .
Together,

d lnW = −
∑
i

YF′Φ−1(1− β) [Λ · (τ + Z)] . (A.42)

We next characterize nominal GDP Y F
i through backward (demand) linkages. Let us

de�ne R̃i as location i’s �nal consumption expenditure (Y F
i ) plus the intermediate goods

sales to other �rms. Our model implies that R̃i = 1
ϕ
Y F
i , where

ϕ =
wiLi + Πi

wiLi + Πi +Ri

=

β
1−β + µ

σ

(
1
γB

+ 1−β
γS

)
+ 1

σ

(
1− 1

γB
− 1−β

γS

)
β

1− β
+
µ

σ

(
1

γB
+

1− β
γS

)
︸ ︷︷ ︸

=wiLi/Ri

+
1

σ

(
1− 1

γB
− 1− β

γS

)
︸ ︷︷ ︸

=Πi/Ri

+1

.

(A.43)

By noting the trade balance R̃i =
∑

d ΛidR̃d,

R̃i =
1

ϕ
Y F
i + (1− β)

(
1 + cS

)∑
d

ΛidR̃d + cBR̃i +
(
− (1− β)

(
1 + cS

)
− cB

)
R̃i︸ ︷︷ ︸

=0

⇐⇒
(
1− cB

)
R̃i = (1− β)

(
1 + cS

)∑
d

ΛidR̃d +

(
1− (1− β)

(
1 + cS

)
− cB

)
ϕ

Y F
i

In matrix notation,

R̃ =

(
1− (1− β)

(
1 + cS

)
− cB

)
ϕ

[
Φ−1

]′
YF =

(
β − (1− β)1−µ

σ−1

(
λ̃B + λ̃S

))
ϕ

[
Φ−1

]′
YF.
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Plugging this expression into (A.42),

d lnW = − ϕ(
β − (1− β)1−µ

σ−1

(
λ̃B + λ̃S

))∑
i

R̃′(1− β) [Λ · (τ + Z)] .

From the de�nition of ϕ in Equation (A.43), R̃iΛui = 1
1−ϕXui. Furthermore, R̃i is propor-

tional to Y F
i and wiLi. Therefore, under the normalization that

∑
i Y

F
i = 1, R̃′Z = 0.

Hence we have

d lnW = − ς(
β

1−β −
1−µ
σ−1

(
λ̃B + λ̃S

)) ϕ

1− ϕ
∑
u,d

Xudd ln τud,

where ς = wiLi+Πi
Ei

= ϕ
1−ϕ is the ratio of nominal world GDP to nominal world interme-

diate goods expenditure, as de�ned 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 sIid = sI = 1/σ are in place as considered in Corollary 1. The

only di�erence from laissez-faire equilibrium above is the expression for ς , which becomes

nominal �nal consumption expenditure (instead of GDP) such that

ςSalesSubsidy ≡ wiLi + Πi + T Fi Li
Ei

=
1− β
β

+
1

1− sI
1

σ
µ

(
1

γB
+

1− β
γS

)
+

1

1− sI
1

σ

(
1− 1

γB
− 1− β

γS

)
− 1

1− sI
1

σ

Reformulating the expression yields Equation (30).
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A.7 Proof of Proposition 4

Applying Shephard’s Lemma to �rm’s cost minimization problem (12), and by normalizing

wi = 1,

d lnCi = (1− β)
∑
u

Λui(d lnCu + d ln τui −
1

σ − 1
d lnMui)

= (1− β)(d lnCi −
1

σ − 1
d lnMii +

1

σ − 1
d ln Λii)

=
1

σ − 1

1− β
β

d ln Λii −
1

σ − 1

1− β
β

d lnMii, (A.44)

where the second transformation used the fact that d ln Λii = −d lnCi + 1
σ−1

d lnMii −∑
u Λui(−d lnCu − d ln τui + 1

σ−1
d lnMui).

Notice also that, from cost minimization of retailers (Equation 6), d lnPi = d lnCi.

Furthermore, �rm pro�t is a constant fraction of labor compensation. Hence d lnQF
i =

−d lnCi.

Furthermore, from Lemmas 1 and 2,

d lnMii =
(
λ̃S + λ̃B

)
d lnXii −

(
λ̃S + λ̃B

)
d ln ei

=
(
λ̃S + λ̃B

)
d ln Λii − (1− µ)

(
λ̃S + λ̃B

)
d lnPi,

where the last formulation uses the fact that d lnXii = d ln Λii + d lnEi = d ln Λii under

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

d lnQF
i = −

1−β
β

1
σ−1

(
1−

(
λ̃S + λ̃B

))
1− 1

σ−1
1−β
β

(1− µ)
(
λ̃S + λ̃B

)d ln Λii.

Manipulating this equation, we obtain the expression in Proposition 4.

16



B Isomorphisms with Alternative Network Formation

Models

We �rst 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 {Sui (·)} (instead

of search and matching in Section 2.2); see Appendix E for the formal set-up. We �rst

introduce three macro restrictions extending Arkolakis et al. (2012) to an environment

with endogenous production networks.

Condition 1. Aggregate trade balance holds,

∑
iXui =

∑
dXid for all i.

Condition 2. Aggregate pro�t Πi and labor compensation wiLi are constant fraction of

aggregate intermediate goods sales (excluding those to retailers) Ri for all i. We denote

GDP-to-intermediate-goods-expenditure ratio ς ≡ (wiLi + Πi) /Ri.

Condition 3. Aggregate trade elasticity is CES. That is,
∂ lnXui/Xii
∂ ln τui

= ε for all u, i.

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 Mui =
∫
ω∈Ωi

Sui (ω) dω. Then,

it follows the following equilibrium relationships:

d lnMui = (δL,U + δQ,U + δL,D + δQ,D) d lnXui

− δL,Ud lnwu − δQ,Ud lnPu − δL,Dd lnwd − δQ,Dd lnPd

Condition 5. The retail goods cost has the following relationships

d lnPi = βd lnwi + (1− β)
∑
u

Λui (d lnPu + d ln τui − νd lnMui)

where ν 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 satis�ed.

Proposition 5. Consider global welfare with GDP weights: ψi = wiLi + Πi. Under Condi-
tions 1- 5, the �rst-order e�ect of a shock in iceberg trade costs {d ln τij} on global welfare is
given by:

d lnW =
ς

β
1−β − ν (δQ,U + δQ,D)

∑
u,d

Xudd ln τud, (B.1)

where ς is the ratio of nominal world GDP to nominal world intermediate goods expenditure
by �rms de�ned in Condition 2.

Proposition 6. If Conditions 1- 5 are satis�ed, the welfare changes in location i from exter-
nal shocks of any magnitude is given by:

d lnQF
i = −1

ε

1
β

1−β − ν (δQ,U + δQ,D)
d ln Λii, (B.2)

The proof of this proposition, as well as the one below, follows a similar structure as

the proof of Proposition 3 and Proposition 4, and hence omitted here.

B.1 Search and Matching

We start by discussing that our baseline model satis�es Conditions 1-5. Condition 1 is

trivial from the market clearing condition. Condition 2 holds because our model predicts

constant aggregate pro�t and labor share, as discussed in Section 2.2. Finally, Condi-

tion 3 holds as with ε given by Equation (19). Condition 4 is satis�ed by the isoelas-

tic search decisions (8) and Cobb-Douglas matching technology (16), with δL,U = µλ̃B ,

δQ,U = (1− µ) λ̃B , δL,D = µλ̃S , and δQ,D = (1− µ) λ̃S . Condition 5 holds from cost

minimization (12) with ν = 1/ (σ − 1), which captures the degree of love of variety in

intermediate inputs.

We also argue that the macro restrictions hold in the alternative speci�cations where

either supplier or buyer search is undirected with respect to locations. First, consider the

case where buyer search is undirected. The search costs are modi�ed from Equation (8)
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to

fi
(
nBi , {nSui}u

)
= ei

{
fBi

(
nBi
)γB

γB
+
∑
u∈N

fSui

(
nSui
)γS

γS

}
,

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

technology is modi�ed from Equation (16) to

Mud = κud

(
M

B

u

)λB (
M

S

ud

)λS
,

where M
B

u = Nu

∫
z
nBu (z)dGu(z) and M

S

ud = Nd

∫
z
nSud(z)dGd(z). Given Mud, the

matching rates mS
u and mB

u are determined as:

mB
u =

∑
d

Mud

M
B

u

, mS
ud =

Mud

M
S

ud

.

Following the same algebra as in Lemmas 1 and 2, we can verify that this model sat-

is�es the macro restrictions with ε = σ−1
1−λ̃S , δL,U = − (1− µ) λ̃B , δQ,U = (1− µ) λ̃B ,

δL,D = µλ̃S , δQ,D = (1− µ) λ̃S , and ν = 1/ (σ − 1). Therefore, the only di�erence in our

welfare su�cient statistics (35) and (36) arises through the di�erences in trade elasticity

ε. 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

case, this model satis�es the macro restrictions with ε = σ−1
1−λ̃B , δL,U = µλ̃B , δQ,U =

(1− µ) λ̃B , δL,D = − (1− µ) λ̃S , δQ,D = (1− µ) λ̃S , and ν = 1/ (σ − 1).

B.2 Relationship-Speci�c Fixed Cost

This section develops a production network formation model with relationship-speci�c

�xed 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 zi (ω) follows Pareto

distribution with shape parameter θ 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 �xed cost fud. These �xed cost are paid as a Cobb-Douglas

composite of supplier’s location’s labor and retail goods with labor share µ, similarly to
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the search costs in our baseline speci�cation.

Let us conjecture that �rm’s production cost and intermediate goods revenue takes

the following form:

ci (z) = Ciz
−γC , ri (z) = Riz

γR ,

where γC , γR are constants, and Ci and Ri are location-level cost and revenue shifter.

Furthermore, conjecture that the upper-bound of the marginal cost of �rms in location

u to supply to a �rm in location i with productivity z (by paying a �xed cost) takes the

following form:

cui (z) = Ωuiz
γP ,

where γP is a constant. We now con�rm these conjectures are correct and derive the

expressions for γC , γR, γP .

First, from cost minimization,

ci (z) =
1

z
wβi p̃i (z)1−β , p̃i (z) =

(∑
u

(
σ

σ − 1
cui (z)

)γCθ ∫
p≥ σ

σ−1
cui(z)

p1−σdGc (p)

) 1
1−σ

(B.3)

where Gc (·) is an inverse Pareto distribution with lower bound
σ
σ−1

cui (z) and shape pa-

rameter γCθ.

Next, we consider zero-pro�t condition for a marginal supplier to sell to a buyer. De-

note the revenue by supplier with marginal cost c to buyer with productivity z, conditional

on positive transaction, by

rui(cτui, z) =

(
σ
σ−1

cτui
)1−σ

p̃i(z)1−σ ri (z)

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

ductivity z∗ → 0. Then, from zero-pro�t condition of a marginal supplier,

rui(cui (z) τui, z) =

(
σ
σ−1

cui (z) τui
)1−σ

p̃i(z)1−σ ri (z) = fuiw
µ
uP

1−µ
u (B.4)
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Finally, from the de�nition of intermediate �rm revenue,

ru (z) = rFu (z) +
∑
d

Nd

∫
cu(z)≥cui(z′)

rud(cu (z) τud, z
′)dGd (z′) (B.5)

where rFu (z) is sales to local retailers, and Nd proxies the measure of �rms in location d.

To obtain closed form solution, we assume that retail goods production technology (E.5)

takes the form of CES with elasticity of substitution γR, such that rFu (z) = RF
u z

γR
.

By focusing on the exponents on z, Equations (B.3), (B.4), (B.5) are satis�ed with

γC = 1 + (1− β) γP
γCθ − (σ − 1)

σ − 1

γR = γPγCθ

γR = γC

(
γCθ −

γR
γP

)
Notice now that aggregate expenditure share is given by

Λui =

∫
cu(z)≥cui(z′) rud(cu (z) τud, z

′)dGd (z′)∑
u

∫
cu(z)≥cui(z′) rud(cu (z) τud, z′)dGd (z′)

=
cui (z

′)γCθ∑
u cui (z

′)γCθ

Hence Condition 3 holds with

ε = γCθ.

Furthermore, from Equation B.3,

ν =
1

σ − 1
− 1

γCθ
.

B.3 Optimal Technology Choice

In this section, we discuss a version of Ober�eld (2018) and Eaton et al. (2022). Firms

choose optimal supplier among the randomly-drawn potential suppliers. Suppliers pro-

vide homogenous products for each task. Therefore, production technology (E.2) can be

given by

q̃i (ω) =
∑
u

∑
υ∈Sui(ω)

qui (υ, ω) .
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Hence the marginal cost of production (E.3) is given by

ci (ω) =
1

zi (ω)
wβi

(
min

υ∈Sui(ω)
cu (υ) τui

)1−β

.

We also assume that the set of suppliers Sui(ω) is determined simply by exogenous ran-

dom process, i.e., probability of supplier in u to match with i is given by a Poisson process

with exogenous location-pair-speci�c parameter.
1

As Ober�eld (2018) and Eaton et al. (2022), this model yields a tractable solution if we

assume Pareto distribution of productivity. In particular, aggregate expenditure share is

given by

Λui =
(Puτui)

θ∑
u (Puτui)

θ

Therefore, Condition 3 holds with

ε = θ

Furthermore, given that Sui(ω) is determined simply by exogenous random process with-

out using resource costs, Condition 3 holds with

δL,U = δQ,U = δL,D = δQ,D = 0

C Ex-Post Su�cient Statistics with Multiple Sector

In this appendix we discuss the ex-post welfare su�cient statistics results in our multiple

sector extension. See Appendix D for the full exposition and other theoretical results. We

use this result directly in our quantitative analysis in Section

We extend our model to incorporate multiple sectors k,m ∈ K connected through

input-output linkages following the speci�cation of Caliendo and Parro (2015). In this ex-

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

intermediate inputs with expenditure shares, {βm,L, {βkm}k}, and intermediate inputs

1
Eaton et al. (2022) considers a set up where the matching rate depends on the supplier’s production

cost. In this case, the aggregate trade elasticity is a�ected by how the matching rate varies by the supplier’s

production e�ciency. Furthermore, we abstract in-house production for intermediate goods, which leads

to a violation of the constant labor share restriction.
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aggregate with elasticity of substitution, σk. Final consumption is Cobb-Douglas with

sectoral share, αk. Iceberg costs depends on location-and-sector pairs, τij,km. Matching

occurs for each location-and-sector pairs with search cost elasticities, {γBk , γSk }, matching

elasticities, λkm, and the labor share in search costs, µk. The following proposition pro-

vides the ex-post welfare su�cient statistics, extending the results of Proposition 4 in the

single sector case (see Appendix D for the proof).

Proposition 7. The welfare changes in location i from external shocks is given by d lnWi =

−
∑

h αhd lnCi,h, where

d lnCi,h =
∑
k

φhk
∑
l

βlh

(
1

εlh
d ln Λii,lh +

1

σl − 1

(
λ̃Slhd lnRi,h + λ̃Blhd lnEi,h

))
(C.1)

where Λii,kl = Xii,kl/
∑

uXui,kl, and φkh is an (k, h)-th element of a matrix Φ given by

Φ =
[
cSI−CB

]−1
(C.2)

where I is the |K|×|K| identitymatrix, cS is the |K|×1 vector with k-th element corresponds
to 1−

∑
h βhk

1−µk
σh−1

λ̃Bhk, and CB is the |K| × |K| matrix with (k, h)-th element corresponds

to βhk
(

1 + 1−µh
σh−1

λ̃Shk

)
.

As in Proposition 4, this expression is ex-post using the observed values for d ln Λii,lh,

d lnRi,h, and d lnEi,h. However, this proposition allows us to directly obtain the wel-

fare gains relative to regional autarky, following the similar approach to Costinot and

Rodríguez-Clare (2014). As is the case with a single sector, Λii,lh becomes one under au-

tarky. We can solve for counterfactual Ri,h and Ei,h by the following procedure.

Consider a scenario where region i becomes autarky. Let us normalize region i’s GDP

to one such that wiLi + Πi = 1. First, note that

Ri,k =
∑
h

βkh∑
l βlh

Ei,h
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Furthermore,

Ei,k =

(∑
l

βlk

)[
Pi,kQ

F
i,k + Pi,kQ

A
i,k +

σk − 1

σk
Ri,k

]

=

(∑
l

βlk

)αk (wiLi + Πi)︸ ︷︷ ︸
=1

+

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]
Ri,k


=

(∑
l

βlk

)[
αk +

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]∑
h

βkh∑
l βlh

Ei,h

]

Ẽi,k =

[
αk +

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]∑
h

βkhẼi,h

]

where we de�ne Ẽi,k ≡ Ei,k/ (
∑

l βlk). Then,

Ẽi = Ẽ = [I−D]−1 a

where Ẽ is |K|×1 vector with k’th element correspond to Ẽi,k, D is |K|×|K|matrix with

(k, h)-th element corresponds to βkh

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
, and a is

|K| × 1 vector of αk. Once we obtain Ei,k, we can further back out Ri,k =
∑

h
βkh∑
l βlh

Ei,h.
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D Multiple Sectors

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

and sectors.

The economy is segmented by a �nite number of locations denoted by u, i, d ∈ N . In

each location, there is an Li measure of households. Each household supplies one unit of

labor inelastically and earns a competitive wage wi. There is a �xed mass of intermediate

goods producers in each location, which we call “�rms” in short. Firms also belong to a

sector, denoted by h, k, l ∈ K . We denote each �rm in location i and sector k by ω ∈ Ωi,k

and the measure of �rms in location i and sector k by Ni,k. We denote the distribution of

total factor productivity (TFP) by �rms in location i and sector k byGi,k(·), which can �ex-

ibly depend on the location. Firms produce di�erentiated intermediate goods combining

labor and intermediate goods. Intermediate goods can be traded across �rms in di�erent

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 �rms

and buyer �rms. Speci�cally, we denote Sui,hk(ω) ⊆ Ωu,h to indicate the set of suppliers

producing in u that a �rm ω in location i can purchase from. In what follows, we �rst

describe how production occurs given networks {Sui,hk(·)}u,i,h,k. We then describe how

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

D.1 Production given Networks

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

Production of intermediate goods requires labor and intermediate inputs. Intermediate
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inputs are sourced from �rms that are directly connected by production networks. The

production function of �rm ω ∈ Ωi,k is given by

qi.k (ω) = zi,k (ω)

(
li,k (ω)

βk,L

)βk,L∏
h

(
q̃i,hk (ω)

βhk

)βhk
, (D.1)

where zi,k (ω) is the total factor productivity (TFP) of �rm ω which follows distribution

Gi,k(·), li,k (ω) is labor inputs, and q̃i,k (ω) is the composite of intermediate inputs, βk,L

is the parameter proxying the input share for labor, and βhk 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 βs,L +
∑

k∈K βks = 1. The composite of

intermediate inputs is a constant elasticity of substitution (CES) aggregator of the input

varieties sourced from their connected suppliers. Therefore,

q̃i,hk (ω) =

(∑
u

∫
υ∈Sui,hk(ω)

qui,hk (υ, ω)
σh−1

σh dυ

) σh
σh−1

, (D.2)

where qui,hk(υ, ω) is the quantity of input for each variety, and σh is the elasticity of

substitution.

Given these production functions, the marginal cost of production by �rm ω is given

by

ci,k (ω) =
1

zi,k (ω)
w
βk,L
i

∏
h

(∑
u

∫
υ∈Sui,hk(ω)

pui,hk (υ, ω)1−σh dυ

) βhk
1−σh

, (D.3)

where pui,hk (υ, ω) is the intermediate goods price that supplier υ in location u and sector

h charges to �rm ω in location i and sector k. On top of these production cost, when a

�rm sells their intermediate goods to location d and sector l, they incur an iceberg trade

cost of τid,kl ≥ 1.

We assume that all �rms 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 D.3), suppliers charge a constant markup

2



of their marginal cost net of the iceberg trade cost;

pid,kl (υ, ω) = σ̃kci,k (ω) τid,kl, (D.4)

where σ̃k = σk/ (σk − 1) is the markup ratio.

Notice that �rms producing in the same location with the same productivity zi,k (ω)

charge the same prices and earn the same pro�t. 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 ω, e.g., ci,k(z) instead of ci,k(ω)

for �rm ω whose productivity is z = zi,k (ω).

Retailers. Perfectly competitive retailers in each location i and sector k combine in-

termediate inputs from all �rms in location i and sector k and produce a standardized

nontradable retail goods. Their production function is given by

Qi,k = gi,k

({
qRi,k (ω)

}
ω∈Ωi,k

)
, (D.5)

where gi,k (·) is a function that satis�es homogeneous of degree one, and qRi,k (ω) is the

quantity of intermediate inputs from �rm ω. The retail goods are used for �nal 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 �rm at their marginal cost ci,k (υ). Under cost minimization,

retail prices are given by

Pi,k = g̃i,k

(
{ci,k (ω)}ω∈Ωi,k

)
, (D.6)

where g̃i,k (·) is a solution to the cost minimization problem by retailers.

Final Consumers. Measure Li Households supply labor inelastically at wage wi. They

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

PiQ
F
i = wi +

∑
k Πi,k

Li
, (D.7)
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where Πi,k is aggregate pro�t by �rms producing in location i. QF
i is a Cobb-Douglas

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

QF
i =

∏
k

(
QF
i,k

)αk . (D.8)

D.2 Production Network Formation

We now describe how the production network structure, {Sui,hk (·)}, 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).

D.2.1 Search Decision

To search for suppliers and buyers, �rms use services from local search intermediaries.

In particular, �rms in location i determine how much search services to use for supplier

search in many di�erent locations and sectors, {nSui,hk}u, and for buyer search in many

di�erent locations and sectors, {nBid,kl}d,l. Each unit of supplier search {nSui,hk}u will turn

into a successful supplier relationships at rate {mS
ui,hk}u,h; and each unit of buyer search

{nBid,kl}d,l will turn into a successful buyer relationships at rate {mB
id,kl}d,l; where we de-

scribe how {mS
ui,hk}u,h and {mB

id,kl}d,l are endogenously determined through the match-

ing technology in the next section. While our terminology of “search services” may sound

speci�c, one should interpret these search services to include a broader notion of the cost

to establish supplier and buyer connections; which not only include 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 �rm is given by

fi,k
(
{nBid,kl}d,l, {nSui,mk}u,m

)
= ei,k

∑
d∈N

∑
l

fBid,kl

(
nBid,kl

)γBk
γBk

+
∑
u∈N

∑
h

fSui,hk

(
nSui,hk

)γSk
γSk

 ,

(D.9)
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where ei,k is the unit cost of search service in location i and sector k, and γBk and γSk are pa-

rameters capturing the decreasing returns in search investment. {fBid,kl} and {fSui,hk} are

location-pair-speci�c search cost shifters, capturing the notion that the cost of searching

for suppliers and buyers may depend on spatial frictions.

We now de�ne �rms’ search decisions. Given the random matching with suppliers,

and the cost function (3), the intermediate goods cost is a�ected by supplier search deci-

sions {nSui}u as follows:

ci,k
(
z, {nSui,hk}u,h

)
=

1

z
w
βk,L
i,k

∏
h

(∑
u∈N

nSui,hkm
S
ui,hkC

1−σh
ui,hk

) βhk
1−σh

, (D.10)

where C1−σ
ui,hk ≡

∫
(σ̃hcu,h (z) τui,hk)

1−σh dGB
ui,hk (z) is the CES aggregator of the price

of a supplier producing in location u in sector h to supply to location i and sector k,

and GB
ui,hk (z) is the distribution of productivity weighted by the buyer search intensity.

Depending on this cost, the �rm in location i with productivity z’s expected pro�t per

buyer in location d is given by
1
σk

(
σ̃kτid,klci

(
z, {nSui,hk}u,h

))1−σk Dd,kl, where Dd,kl is the

average demand net of the price index averaged across all buyers. Together, the optimal

search decisions for {nSui,hk}u, {nBid,kl}d,l are given by:

π̃i,k (ω) ≡ max
{nBid,kl}d,l,{n

S
ui,hk}u,h

∑
l,d

mB
id,kln

B
id,kl

1

σk

(
σ̃kτid,klci,k

(
z, {nSui,hk}u,h

))1−σk Dd,kl

(D.11)

− ei,k

∑
d∈N

∑
l

fBid,kl

(
nBid,kl

)γBk
γBk

+
∑
u∈N

∑
h

fSui,hk

(
nSui,hk

)γSk
γSk

 ,

subject to (D.10).

The �rst term inside the max operator represent �rm pro�t, and the last term is the search

cost as discussed above. We impose a parameter restriction that 1− 1
γBk
−
∑
h βhk
γSk

> 0, which

guarantees that �rms make positive sales and pro�t. The following lemma characterizes

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

nBid,kl (z) = aBid,klz
δk
γB
k ; nSui,hk (z) = aSui,hkz

δk
γS
k , (D.12)

where δk ≡ (σk − 1) /
(

1− 1
γBk
− 1

γSk

∑
h βhk

σk−1
σh−1

)
, where

aBid,kl =

(
ΓBi,k

Xid,kl

ei,kfBid,kl

) 1

γB
k

, aSui,hk =

(
ΓSi,k

Ri,k

Ei,k

Xui,hk

ei,kfSui,hk

) 1

γS
k

(D.13)

where ΓSi,k = 1
σkMi,k(δk)Ni,k

and ΓBi,k = 1
σkMi,k(δk)Ni,k

βhk
σk−1
σh−1

, and Xid,kl is total nominal
trade �ows from i, k to d, l.

Furthermore, the unit cost of �rms, ci (z), can be expressed as

ci,k (z) = Ci,kz
− δk
γS
k

∑
h

βhk
σh−1

−1
, (Ci,k)

1−σk ≡ w
βk,L(1−σk)
i

∏
h

(∑
u∈N

aSui,hkm
S
ui,hk (Cui,hk)

1−σh

) βhk
1−σh

(1−σk)

,

(D.14)

Total revenue from sales to other �rms (excluding sales to retailers) is

ri,k (z) = (σ̃k)
1−σk D∗i,k (Ci,k)

1−σk (z)δk , D∗i,k =
∑
d∈N

∑
l

mB
id,kla

B
id,klDd,kl (τid,kl)

1−σk .

(D.15)

Search intermediaries. In each location, perfectly competitive search intermediaries

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

given by

Ai,k =

(
LAi,k
µk

)µk
(

QA
i,k

1− µk

)1−µk

, (D.16)

where LAi,k and QA
i,k corresponds to the amount of labor and retail goods, and µk is the

labor share for search intermediaries. The pro�t maximization condition implies that the
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price of search services is given by

ei,k = (wi)
µk (Pi,k)

1−µk . (D.17)

D.2.2 Matching Technology

The matching rates between suppliers and buyers, mS
ud,hl and mB

ud,hl, 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 l in sector for suppliers in location u and sector h

is given by:

M
S

ud,hl = Nd,l

∫
nSud,hl(z)dGd,l(z) = Nd,la

S
ud,hlMd,l

(
δl
γSl

)
, (D.18)

where we de�ne Md,l (χ) ≡
∫
zχdGd,l(z). Similarly, the aggregate buyer search by sup-

pliers in location u and sector h for buyers in location d and sector l is given by:

M
B

ud,hl = Nu,h

∫
nBud,hl(z)dGu,h(z) = Nu,ha

B
ud,hlMu,h

(
δh
γBh

)
. (D.19)

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

determined by the following Cobb-Douglas matching function:

Mud,hl = κud,hl

(
M

S

ud,hl

)λShl (
M

B

ud,hl

)λBhl
, (D.20)

where λShl, λ
B
hl ≥ 0 denote the elasticities of total matches created for the pair of regions

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

governing the e�ciency of matching technology. Given Mud,hl, the matching rates mS
ud

7



and mB
ud are de�ned by:

mS
ud,hl =

Mud,hl

M
S

ud,hl

, mB
ud,hl =

Mud,hl

M
B

ud,hl

. (D.21)

D.2.3 Aggregate Trade Flows and Trade Elasticity

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

matching technology yields a tractable expression for the aggregate production networks

and trade �ows.

Lemma 4. The measure of supplier-to-buyer relationships from supplier location u to buyer
location d (extensive margin), Mud,hl, and the average transaction volume per relationship
(intensive margin), rud,hl, are given by the following gravity equations:

Mud,hl = ρEhlχ
E
ud,hlζ

E
u,hlξ

E
d,hl, rud,hl = %Ihlχ

I
ud,hlζ

I
u,hξ

I
d,hl, (D.22)

where we de�ne λ̃Shl ≡ λShl/γ
S
l , λ̃

B
hl ≡ λBhl/γ

B
h , and

ρEhl =
(
%Ihl
) λ̃Shl+λ̃

B
hl

1−λ̃S
hl
−λ̃B

hl

(1−σh)

ζEu,hl = C

λ̃Shl+λ̃
B
hl

1−λ̃S
hl
−λ̃B

hl

(1−σh)

u,h e
− λ̃Shl

1−λ̃S
hl
−λ̃B

hl
u,h

ξEd,hl =

(
Rd,l

Ed,l

) λ̃Bhl
1−λ̃S

hl
−λ̃B

hl
D

λ̃Shl+λ̃
B
hl

1−λ̃S
hl
−λ̃B

hl
d,hl e

− λ̃Shl
1−λ̃S

hl
−λ̃B

hl
d,l

χEud,hl = τ

λ̃Shl+λ̃
B
hl

1−λ̃S
hl
−λ̃B

hl

(1−σh)

ud,hl

×

 κud,hl(
fSud,hl

)λ̃Shl (fBud,hl)λ̃B
(
Nd,lMd,l

(
δl
γSl

))λShl (
Nu,hMu,h

(
δh
γBh

))λBhl (
ΓSd,h

)λ̃Shl (ΓBu,l)λ̃Bhl
 1

1−λ̃S
hl
−λ̃B

hl

and
%Ihl = σ̃1−σh

h

8



χIud,hl = (τud,hl)
1−σh

ζIu,h = (Cu,h)
1−σh

ξId,l = Dd,hl

We de�ne trade elasticity, de�ned by the partial derivative of Xud,hl with respect to

iceberg cost τud,hl �xing factor and intermediate goods prices as given:

εhl ≡
σh − 1

1− λ̃Shl − λ̃Bhl
(D.23)

D.3 Market Clearing and Equilibrium

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

goods for each �rm ω are used as inputs for production by other �rms and local retailers:

qRi,k (ω) +
∑
d

∑
l

∫
ψ: ω∈Sid(ψ)

qid,kl (ω, ψ) τid,kl = qi,k (ω) . (D.24)

Retail goods are used by �nal consumers and by search service intermediaries:

LiQ
F
i,k +QA

i,k = Qi,k. (D.25)

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

all supplier and buyer locations:

∫
ω∈Ωi,k(ω)

(∑
d,l

nBid,kl (ω) +
∑
u,h

nSui,hk (ω)

)
dω = Ai,k. (D.26)

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

∑
k

(∫
ω∈Ωi,k(ω)

li,k (ω) dω + LAi,k

)
= Li. (D.27)

The equilibrium is de�ned as follows:
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De�nition 1. The equilibrium is de�ned by the set of prices {pid,kl (υ, ω) , Pi,k, ei,k, wi, Ci,k}
and quantities {qid,kl (ω, ψ) , qRi,k (ω) , QF

i,k, Q
A
i,k, n

B
id,kl (ω) , nSui,hk (ω) , Ai,k, li,k (ω) , LAi,k, π̃i,k (ω)}

that satisfy the following set of conditions:

1. Households maximize consumption given the budget constraint (D.7) with �rm

pro�t given by Πi,k =
∫
ω∈Ωi,k(ω)

π̃i,k (ω) dω

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

(D.4) and search decisions (D.11); retailers make optimal optimal production deci-

sions for retail goods (D.6); search service intermediaries make optimal production

decisions (D.17)

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

D.4 System of Equilibrium Equations

D.4.1 Baseline Equilibrium

• Trade �ows

Xud,hl = %hlχud,hlζu,hlξd,hl

where

ρhl =
(
%Ihl
)−εhl

χud,hl =
(
κ∗ud,hl

) 1

1−λ̃S
hl
−λ̃B

hl (τud,hl)
−εhl

ζu,hl =
Mu,h (δh)

Mu,h

(
δh
γBh

)C−εhu,h e
− λ̃Shl

1−λ̃S
hl
−λ̃B

hl
u,h

ξd,hl =

(
Rd,l

Ed,l

) λ̃Shl
1−λ̃S

hl
−λ̃B

hl
D

1

1−λ̃S
hl
−λ̃B

hl
d,hl e

− λ̃Bhl
1−λ̃S

hl
−λ̃B

hl
d,l

• Intensive and extensive margin

rud,kl = %Ik (τud,kl)
1−σk

 Mu,k (δk)

Mu,k

(
δk
γBk

)C1−σk
u,k

Dd,kl

10



Mud,kl =
Xud,hl

rud,kl

• Revenue and expenditure

Ri,k =
∑
d

∑
l

Xid,kl (D.28)

Ei,k =
∑
u

∑
h

Xui,hk (D.29)

• Cost shifter

(Ci,k)
1−σk =

(
Ni,kMi,k

(
δk
γSk

))−1

w
βk,L(1−σk)
i

∏
h

(∑
u∈N

Mui,hk (Cu,h)
1−σh (τui,hk)

1−σh

) βhk
1−σh

(1−σk)

• Labor compensation

wiLi =
∑
k

βk,L∑
βhk

Ei,k︸ ︷︷ ︸
�rms

+
1

σk
µk

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
Ri,k︸ ︷︷ ︸

search intermediaries

(D.30)

• Pro�t

Πi =
∑
k

1

σk

(
1−

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

))
Ri,k (D.31)

• Search cost

ei,k = (wi)
µk (Ci,k)

1−µk

• Aggregate expenditure for sector k: by noting that there is no pro�t from sales to

retailers,

Ei,k =

(∑
h

βhk

)[
Pi,kQ

F
i,k + Pi,kQ

A
i,k +

σk − 1

σk
Ri,k

]

=

(∑
h

βhk

)[
αk (wiLi + Πi) +

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]
Ri,k

]
(D.32)
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D.4.2 Counterfactual Equilibrium

• Trade �ows

X̂ud,hl = χ̂ud,hlζ̂u,hξ̂d,l, ζ̂u,h = Ĉ−εhlu,h ê
− λ̃Shl

1−λ̃S
hl
−λ̃B

hl
u,h , ξ̂d,l =

(
R̂d,l

Êd,l

) λ̃Shl
1−λ̃S

hl
−λ̃B

hl

D̂

1

1−λ̃S
hl
−λ̃B

hl
d,l ê

− λ̃Bhl
1−λ̃S

hl
−λ̃B

hl
d,l

• Intensive and extensive margin

M̂ui,hk =
X̂ud,hl

r̂ud,kl
, r̂ud,kl = (τ̂ud,kl)

1−σk Ĉ1−σk
u,k D̂d,l

• Revenue

R̂i,k =
∑
d

∑
l

Ψid,klX̂id,kl

• Cost shifter

(
Ĉi,k

)1−σk
= ŵ

βk,L(1−σk)
i

∏
h

(∑
u∈N

M̂ui,hk

(
Ĉu,h

)1−σh
(τ̂ui,hk)

1−σh Λui,hk

) βhk
1−σh

(1−σk)

• Labor compensation

ŵi =
∑
k

SL,Fi,k Êi,k + SL,Ai,k R̂i,k

• Pro�t

Π̂i =
∑
k

SΠ
i,kR̂i,k

• Search cost

êi,k = (ŵi)
µk
(
Ĉi,k

)1−µk

• Expenditure

Êi,k = SE,Li,k ŵi + SE,Πi,k Π̂i + SE,Ri,k R̂i,k

12



• Demand shifter

D̂d,hl = ê
λ̃Bhl
d,l

(
R̂d,l

Êd,l

)−λ̃Shl (∑̂
u

Xud,hl

)1−λ̃Shl−λ̃
B
hl

∑
u,h

Λui,hkχ̂ud,hlĈ
−εhl
u,h ê

− λ̃Shl
1−λ̃S

hl
−λ̃B

hl
u,h

−(1−λ̃Shl−λ̃
B
hl)

where the baseline shares are given by

• Revenue share

Ψid,kl =
Xid,kl∑

d′
∑

l′ Xid′,kl′

• Expenditure share

Λui,hk =
Xui,hk∑
u′ Xu′i,h′k

• Labor compensation shares across sectors, by �rms and by search intermediaries

SL,Fi,k =

βk,L∑
βhk
Ei,k∑

k
βk,L∑
βhk
Ei,k + 1

σk
µk

(
1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
Ri,k

SL,Ai,k =

1
σk
µk

(
1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
Ri,k∑

k
βk,L∑
βhk
Ei,k + 1

σk
µk

(
1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
Ri,k

• Pro�t share across sectors

SΠ
i,k =

1
σk

(
1− µk

(
1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

))
Ri,k∑

k
1
σk

(
1− µk

(
1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

))
Ri,k

• Demand shares

SE,Li,k =
αkwiLi

αk (wiLi + Πi) +

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
Ri,k

13



SE,Πi,k =
αkΠi

αk (wiLi + Πi) +

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
Ri,k

SE,Ri,k =

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
Ri,k

αk (wiLi + Πi) +

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
Ri,k

where

wiLi =
∑
k

βk,L∑
βhk

Ei,k︸ ︷︷ ︸
�rms

+
1

σk
µk

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
Ri,k︸ ︷︷ ︸

search intermediaries

Πi =
∑
k

1

σk

(
1−

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

))
Ri,k

D.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 speci�c to origin i and

destination d, sIid,kl. Under these subsidies, the intermediate goods prices change from

Equation (4) to

pid,kl (υ, ω) =
(
1− sIid,kl

)
σ̃kci,k (υ) τid,kl. (D.33)

Second, the planner can introduce linear taxes for supplier and buyer search, tSid,kl and

tBid,kl, for each pair of supplier and buyer locations. Therefore, total search costs by �rms

in location i is modi�ed as

fi,k
(
{nBid,kl}d,l, {nSui,mk}u,m

)
= ei,k

∑
d∈N

∑
l

(
1 + tBid,kl

)
fBid,kl

(
nBid,kl

)γBk
γBk

+
∑
u∈N

∑
h

(
1 + tSui,hk

)
fSui,hk

(
nSui,hk

)γSk
γSk

 ,

(D.34)

Finally, we introduce lump-sum transfers for households in location i, T Fi , so that house-

holds’ budget constraint is modi�ed from Equation (7) to

∑
k Pi,kQ

F
i,k = wi + Πi

Li
+ T Fi .
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The planner chooses the optimal policy to maximize the global welfare

max
{{sIid,ml,tBid,ml,tSid,ml},TFi }

W ≡
∑
i

ψiLi
∏
k

(
QF
i,k

)αk
(D.35)

subject to equilibrium constraints and the government budget constraint, where ψi ≥ 0

corresponds to the welfare weights attached to each location. The following proposition

provides a simple formula for the optimal policy.

Proposition 8. The optimal set of taxes and subsidies
{
sIid, t

B
id, t

S
id

}
must satisfy

sIid,ml =
1

σm
, tBid,ml =

1

λBml
− 1, tSid,ml =

1

λSml

σm − 1

σm

σl
σl − 1

βml
Ed,l
Rd,l

− 1, (D.36)

for all i, d, where Ri,k =
∑

d,lXid,kl corresponds to aggregate intermediate goods sales (ex-
cluding those to retailers) in location d and Ei,k =

∑
u,hXui,hk corresponds to the aggregate

intermediate goods expenditure in location d. Lump-sum transfers {T Fi } is set depending on
the welfare weights ψi.

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

ner directly speci�es the allocation. The relaxed problem is given by
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max
{QFi,k,Q

A
i,k,L

A
i,k,L

P
i.k,A

S
ui,hk,A

B
ui,hk,q

R
i,k,qid,hk,Mui,hk}

∑
i

ψiLi
∏
k

(
QF
i,k

)αk
(D.37)

s.t.QA
i,k + LiQ

F
i,k = gi,k

(
qRi,k
)

[Pi,k]∑
k

(
LAi,k + LPi,k

)
= Li [wi]

∑
h

∑
u

ASui,hk +
∑
l

∑
d

ABid,kl =

(
LAi,k
µk

)µk
(

QA
i,k

1− µk

)1−µk

[ei,k]

qRi,k +
∑
m

∑
d

qid,kmτid,km = Zi.k

(
LPi,k
βk,L

)βk,L∏
h


(∑

uM
1
σh
ui,hkq

σh−1

σh
ui,hk

) σh
σh−1

βhk


βhk

[Ci,k]

Mui,hk = κui,hk

(
γBh
fBui,hk

ABui,hk

)λBhk
γB
h

(
γSk
fSui,hk

ASui,hk

)λShk
γS
k

[ηui,hk]

The FOCs of this problem with respect toQF
i,k,QA

i,k, qRi,k,LAi,k,LPi,k,ABui,hk,ASui,hk,Mui,hk,

qui,hk is given by:

Pi = ψiLiαk
Wi

QF
i,k

(D.38)

Pi,k = ei,kAi,k (1− µk)
1

QA
i,k

(D.39)

Ci,k = Pi,kg
′
i,k

(
qRi,k
)

(D.40)

wi = ei,kAi,kµk
1

LAi,k
(D.41)

wi = βkCi,kqi,k
1

LPi,k
(D.42)

eu,h = ηui,hk
λBhk
γBh

Mui,hk
1

ABui,hk
(D.43)
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ei,k = ηui,hk
λShk
γSk

Mui,hk
1

ASui,hk
(D.44)

ηui,hk =
1

σh − 1
βhkCi,kqi,kΛui,hk

1

Mui,hk

(D.45)

τui,hkCu,h = βhkCi,kqi,kΛui,hk
1

qui,hk
(D.46)

whereWi =
∏

k

(
QF
i,k

)αk
,Ai,k ≡

∑
h

∑
uA

S
ui,hk+

∑
l

∑
dA

B
id,kl, qi,k ≡ qRi,k+

∑
m

∑
d qid,kmτid,km,

and Λui,hk ≡
M

1
σh
ui,hkq

σh−1
σh

ui,hk∑
`M

1
σh
`i,hkq

σh−1
σh

`i,hk

. From (D.43), (D.44), (D.45),

λBhk
γBh

1

σh − 1
βhkCi,kqi,kΛui,hk = eu,hA

B
ui,hk (D.47)

λShk
γSk

1

σk − 1
βhkCi,kqi,kΛui,hk = ei,kA

S
ui,hk (D.48)

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

pose that the Lagrange multipliers {Pi,k, wi, ei,k, Ci,k} correspond to equilibrium prices.

Then, from the intermediate goods market clearing condition,

(
1− sIui,hk

) σh
σh − 1

τui,hkCu,hqui,hk = βhkCi,kqi,kΛui,hk (D.49)

By comparing this condition with (D.46), the optimal sIui,hk satis�es 1− sIui,hk = 1− sIh =
σh−1
σh
⇐⇒ sIh = 1/σh.

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

for buyer and supplier search is given by

(
1 + tBui,hk

)
eu,hA

B
ui,hk =

1

σh

1

γBh
Xui,hk

1

1− sIh
(D.50)

(
1 + tSui,hk

)
ei,kA

S
ui,hk =

1

σk

βhk
γSk

Xui,hk
Ri,k

Ei.k

1

1− sIh
(D.51)

By comparing these equations with (D.47) and (D.48), and by noting thatXui,hk = βhkCi,kqi,kΛui,hk,

we obtain the expressions in Proposition 8.
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Finally, we con�rm that these taxes can be implemented in the equilibrium. Notice

that the constraints in (D.37) coincide with resource constraints, production of search

e�ort, and matching technology; (D.42) and (D.46) coincide with intermediate goods pro-

ducers’ optimal production decisions; (D.40) coincides with retailers’ optimal production

decisions; (D.39), (A.29), (D.50) and (D.51) coincide with intermediate producers’ optimal

search decisions. Finally, lump-sum transfers can be set such that

T Fi =
∑
k

Pi,kQ
F
i,k −

∑
k ΠF

i,k

Li
− wi

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

ket clearing conditions.

D.6 Ex-Post Su�cient Statistics on Each Location’s Welfare

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

following proposition:

Proposition 9. The welfare changes in location i from external shocks is given by d lnWi =

−
∑

h αhd lnCi,h, where

d lnCi,h =
∑
k

φhk
∑
l

βlh

(
1

εlh
d ln Λii,lh +

1

σl − 1

(
λ̃Slhd lnRi,h + λ̃Blhd lnEi,h

))
(D.52)

where Λii,kl = Xii,kl/
∑

uXui,kl, and φkh is an (k, h)-th element of a matrix Φ given by

Φ =
[
cSI−CB

]−1
(D.53)

where I is the |K|×|K| identitymatrix, cS is the |K|×1 vector with k-th element corresponds
to 1−

∑
h βhk

1−µk
σh−1

λ̃Bhk, and CB is the |K| × |K| matrix with (k, h)-th element corresponds

to βhk
(

1 + 1−µh
σh−1

λ̃Shk

)
.

Note that Proposition 9 collapses to Proposition 4 in the case of single sector. Note

that, in the case of single sector, d lnRi = d lnEi = d lnwi because of the trade balance
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and constant share of intermediate goods sales to labor, and hence d ln Λii is the only

endogenous variable summarizing the welfare gains from trade.

Proof. We start by applying the Shephard’s Lemma to �rm’s cost minimization prob-

lem (D.14). For expositional simplicity, we only consider shocks to external trade costs

{d ln τui}, while �nal equation (D.54) is unchanged for any other external shocks consid-

ered in Proposition 9.

Applying the Shephard’s Lemma to �rm’s cost minimization problem (D.14),

d lnCi,k =
∑
h

βhk
∑
u

Λui,hk(d lnCu,h + d ln τui,hk −
1

σh − 1
d lnMui,hk)

=
∑
h

βhk(d lnCi,h −
1

σh − 1
d lnMii,hk +

1

σh − 1
d ln Λii,hk) (D.54)

At the same time, from Lemmas 3 and 4, and from the cost minimization of retailers,

d lnMii,hk =
(
λ̃Shk + λ̃Bhk

)
( d lnXii,hk︸ ︷︷ ︸
=d ln Λii,hk+d lnEi,k

) + λ̃Shk (d lnRi,k − d lnEi,k)

−
(

(1− µh) λ̃Shkd lnCi,h + (1− µk) λ̃Bhkd lnCi,k

)
=
(
λ̃Shk + λ̃Bhk

)
d ln Λii,hk + λ̃Shkd lnRi,k + λ̃Bhkd lnEi,k

−
(

(1− µh) λ̃Shkd lnCi,h + (1− µk) λ̃Bhkd lnCi,k

)
where Ri,k and Ei,k denote location i and sector k’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 (D.54),(
1−

∑
h

βhk
1− µk
σh − 1

λ̃Bhk

)
d lnCi,k

=
∑
h

βhk

(
1 +

1− µh
σh − 1

λ̃Shk

)
d lnCi,h +

βhk
εhk

d ln Λii,hk +
βhk

σh − 1

(
λ̃Shkd lnRi,k + λ̃Bhkd lnEi,k

)
Therefore, denoting cS as |K|×1 vector with k-th element corresponds to 1−

∑
h βhk

1−µk
σh−1

λ̃Bhk,

and CB
as |K| × |K| matrix with (k, h)-th element corresponds to βhk

(
1 + 1−µh

σh−1
λ̃Shk

)
.
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Then,

d lnCi,k =
∑
h

φkh
∑
l

βlh

(
1

εlh
d ln Λii,lh +

1

σl − 1

(
λ̃Slhd lnRi,h + λ̃Blhd lnEi,h

))

where φkh is an (k, h)-th element of a matrix Φ given by

Φ =
[
cSI−CB

]−1

where I is the |K| × |K| identity matrix. Finally, welfare gains from trade in location i is

given by

d lnWi = −
∑
k

αkd lnCi,k.

Now we derive the expression for aggregate intermediate goods sales (excluding those

to retailers), Ri,h, and aggregate intermediate goods expenditure, Ei,h, under regional

autarky, similarly as in Costinot and Rodríguez-Clare (2014). Note the normalization of

region i’s GDP to one such that wiLi + Πi = 1. First, note that

Ri,k =
∑
h

βkh∑
l βlh

Ei,h

Furthermore,

Ei,k =

(∑
l

βlk

)[
Pi,kQ

F
i,k + Pi,kQ

A
i,k +

σk − 1

σk
Ri,k

]

=

(∑
l

βlk

)αk (wiLi + Πi)︸ ︷︷ ︸
=1

+

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]
Ri,k


=

(∑
l

βlk

)[
αk +

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]∑
h

βkh∑
l βlh

Ei,h

]
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Ẽi,k =

[
αk +

[
1

σk
(1− µk)

(
1

γBk
+

∑
h βhk

σk−1
σh−1

γSk

)
+
σk − 1

σk

]∑
h

βkhẼi,h

]

where we de�ne Ẽi,k ≡ Ei,k/ (
∑

l βlk). Then,

Ẽi = Ẽ = [I−D]−1 a

where Ẽ is |K| × 1 vector with k’th element correspond to Ẽi,k, D is |K| × |K| matrix

with (k, h)-th element corresponds to βkh

[
1
σk

(1− µk)
(

1
γBk

+
∑
h βhk

σk−1

σh−1

γSk

)
+ σk−1

σk

]
, and

a is |K| × 1 vector of αk.

Once we obtain Ei,k, we can further back out Ri,k =
∑

h
βkh∑
l βlh

Ei,h.

E Details on Isomorphisms with Alternative Network

Formation Models

We �rst establish a general framework that encompass di�erent 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 E.2

instead of 2) and (2) we do not impose a structure of the network formation {Sui (·)} as

speci�ed in Section 2.2.

Firms. A continuum of �rms produces a distinct variety in each location. Production

of intermediate goods requires labor and intermediate inputs. Intermediate inputs are

sourced from �rms that are directly connected by production networks. The production

function of �rm ω ∈ Ωi is given by

qi (ω) = zi (ω)

(
li (ω)

β

)β (
q̃i (ω)

1− β

)1−β

, (E.1)

where zi (ω) is the total factor productivity (TFP) of �rm ω which follows distribution

Gi(·), li (ω) is labor inputs, and q̃i (ω) is the composite of intermediate inputs, β is the
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parameter proxying the input share for labor, given by

q̃i (ω) = Fi

(
{qui (υ, ω)}υ∈Sui(ω),u∈N

)
. (E.2)

Given these production functions, the marginal cost of production by �rm ω is given

by

ci (ω) =
1

zi (ω)
wβi F̃i

(
{pui (υ, ω)}υ∈Sui(ω),u

)
, (E.3)

where pui (υ, ω) is the intermediate goods price that supplier υ in location u charges to

�rm ω in location i. On top of these production cost, when a �rm sells their intermediate

goods to location d, they incur an iceberg trade cost of τid ≥ 1.

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

iceberg trade cost;

pid (υ, ω) = %id (υ, ω) ci (υ) τid, (E.4)

where %id (υ, ω) is the markup ratio.

Retailers. Perfectly competitive retailers in each location i combine intermediate inputs

from all �rms in location i and produce a standardized nontradable retail goods. Their

production function is given by

Qi = gi

({
qRi (ω)

}
ω∈Ωi

)
, (E.5)

where gi (·) is a function that satis�es homogeneous of degree one, and qRi (ω) is the quan-

tity of intermediate inputs from �rm ω. The retail goods are used for �nal 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 �rm at their marginal cost ci (υ). Under cost minimization,

retail prices are given by

Pi = g̃i
(
{ci (ω)}ω∈Ωi

)
, (E.6)

where g̃i (·) is a solution to the cost minimization problem by retailers.
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Final Consumers. Measure Li Households supply labor inelastically at wage wi. They

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

PiQ
F
i = wi +

Πi

Li
, (E.7)

where QF
i is the amount of consumption of retail goods per capita, and Πi is aggregate

pro�t by �rms producing in location i.

ProductionNetwork Formation. Next we describe how the production network struc-

ture, {Sui (·)}, is endogenously determined. Existing papers have taken di�erent ap-

proaches to these networks, such as through the entry decisions into a markets or forming

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 �rms in

upstream locations and downstream locations. We denote that there are aggregate re-

lationships between the pro�les of labor and retail goods by �rms in the upstream and

downstream locations, such that

{Sui (·)} = Gui

({
lUu (ω)

}
ω∈Ωu

,
{
QU
u (ω)

}
ω∈Ωu

,
{
lDd (ω)

}
ω∈Ωd

,
{
QD
d (ω)

}
ω∈Ωd

)
(E.8)

Market clearing. We introduce various market clearing conditions to close the model.

Intermediate goods for each �rm ω are used as inputs for production by other �rms and

local retailers:

qRi (ω) +
∑
d

∫
ψ: ω∈Sid(ψ)

qid (ω, ψ) τid = qi (ω) . (E.9)

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

LiQ
F
i +

∫
ω∈Ωi

QU
i (ω) dω +

∫
ω∈Ωi

QD
i (ω) dω = Qi. (E.10)

Labor is used for intermediate goods production and for search activity:∫
ω∈Ωi(ω)

li (ω) dω +

∫
ω∈Ωi

lUi (ω) dω +

∫
ω∈Ωi

lDi (ω) dω = Li. (E.11)

The general equilibrium is de�ned as follows:
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De�nition 2. The equilibrium is de�ned by the set of prices {pid (υ, ω) , Pi, ei, wi, Ci}
and quantities {qid (ω, ψ) , qRi (ω) , QF

i , Q
A
i , n

B
id (ω) , nSui (ω) , li (ω) , LAi , π̃i (ω)} that sat-

isfy the following set of conditions:

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

from �rm pro�t given by Πi

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 (E.8), with some rules to determine

{
lUu (ω)

}
ω∈Ωu

,{
QU
u (ω)

}
ω∈Ωu

,

{
lDd (ω)

}
ω∈Ωd

,

{
QD
d (ω)

}
ω∈Ωd

.

4. All markets clear (E.9), (E.10), and (E.11)

F Appendix for Data and Reduced-Form Facts

F.1 Empirical Estimates of Gravity Equations

This appendix presents the estimates of gravity equations of domestic �rm-to-�rm trade

�ows across Chilean municipalities. In Table F.1, we document that geographic fric-

tions shape the architecture of production networks. Speci�cally, we construct the to-

tal trade �ows, 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 �rm-to-�rm 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 �xed e�ects. 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 �nd that the overall trade �ows 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 �ows (0.28-1.55; Disdier and Head, 2008). Inter-

estingly, this decay is driven both by the transaction volume per relationship (intensive
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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.

Table F.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)

R2
0.63 0.30 0.83

Origin Municipality FE X X X
Destination Municipality FE X X X
Same Municipality FE X X X
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 �xed e�ects and

the dummies for the same municipalities, across 345 municipalities within Chile, using

our domestic �rm-to-�rm trade data in 2019. The dependent variable corresponds to log

total trade �ow, log average trade �ow (intensive margin), and the log number of links

between municipalities (extensive margin).

F.2 Tari� Changes from Bilateral Trade Agreements

The U.S. and Chile implemented a Preferential Trade Agreement (PTA) in 2004.
2

This PTA

reduced Chile’s (average) preferential import tari� towards US products by 93% (from an

average applied tari� of 6.9 percentage point to 0.5 percentage point (Fontagné et al.,

2022)), with a peak of a 100% tari� cut (i.e. the complete removal of import tari�s) for

many organic and inorganic chemical products as well as for many plastic and rubber

products (Fontagné et al., 2022). It had similar e�ects on export tari�s of Chile to the

2
In 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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U.S.In addition, Chile has implemented a trade liberalization agenda that in particular re-

duced tari�s from and to China. Average import tari�s with China was reduced from 6.9

percentage point in 2001 to 0.1 percentage point in 2016. Figure F.1 shows signi�cant tari�

decline from and to China and the US, while there is only moderate decline to the Rest of

the World (ROW). These tari� cuts were particularly relevant for intermediate 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 F.2 summarizes the tari� changes between 2001 to 2016 from and to the US and

China for three main sectors where the majority of trade liberalization occurred: Agricul-

tural and Fishing, Mining, and Manufacturing. While import tari� reduction is relatively

homogenous across sectors, export tari� reduction is heterogenous across sectors.

Figure F.1: Import and Export Tari�s of Chile during 2001-2016

(a) Average Import Tari�s
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Notes: These �gures present average import and export tari�s 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 tari�s and Panel (B)

presents average export tari�s (imposed by the counterpart countries).
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Table F.2: Import and Export Tari� Change of Chile with Main Trade Partners: Across

Sectors (%)

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

c) Manufacturing -6.45 -6.45 -13.06 -3.85

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

across di�erent sectors and for import and export tari�s, computed using the dataset built by Fontagné et al. (2022)

G Appendix for Calibration

G.1 Adjustment of Trade Flows

As mentioned in Section 6.1, we calibrate aggregate trade �ows {Xud,hk} using various

data sources. However, the observed trade �ows constructed in this way do not neces-

sarily satisfy our model’s equilibrium conditions. To enable well-de�ned counterfactuals,

we adjust the trade �ows consistent with the equilibrium conditions under the calibrated

structural parameters {αk, βk,L, βhk, γ
B
k , γSk , εk, λBkl, λ

S
kl, µk, σk} below by interpreting

that the observed trade �ows involve measurement errors.

Denote that the observed aggregate expenditure in location d and sector l by Ěd,l =∑
u,h X̌ud,hl, where X̌ud,hl is observed trade �ows from (u, h) to (d, l). We assume that the

actual trade �ow from (u, h) to (d, l) is given by

Xud,hl = Λ̌ud,hlβhlĚd,lεd,l, (G.1)

where Λ̌ud,hl ≡ X̌ud,hl∑
u′ X̌u′d,hl

, and {εd,l} is the measurement errors of the aggregate expen-

diture. We recover {εd,l} that satisfy all the market clearing conditions. Speci�cally, we

iterative over {εd,l} starting from initial guess until convergence:Obtain {Xud,hl} from

Equation (G.1)

1. Compute {Ri,k, wiLi, Πi} from Equations (D.28), (D.29), (D.30), and (D.31),

2. Recompute {Ei,k} using {Ri,k, wiLi, Πi} and Equation (D.32)

3. Update {εi,k} by

εi,k =
Ei,k

Ẽi,k
,
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where Ẽi,k =
∑

u,h Λ̌ui,hkβhkĚi,k, and we normalize one element of {εi,k} to one.

Notice that this procedure requires the knowledge of the structural parameters {αk, βk,L,

βhk, γBk , γSk , εk, λBkl, λ
S
kl, µk, σk}. Therefore, when we estimate parameters {λBkl, λSkl, µk}

for indirect inference (Appendix G.2), we repeat this procedure for each candidate value

of {λBkl, λSkl, µk}.

G.2 Estimation of {λ, µ}

In this appendix, we describe the detailed estimation procedure for the matching func-

tion elasticities, {λBkl, λSkl}, and the labor share in search costs, {µk}, through the indi-

rect inference approach in Section 6.1. Recall that, due to the limited variations in tari�

changes outside tradable sectors, we assume that these parameters are common across all

sectors k, l ∈ K . We also assume that the matching function elasticities are symmetric

λB = λS ≡ λ as these two parameters tend to jointly a�ect the equilibrium system and

it is di�cult to identify each of them separately. We show in the the appendix that al-

ternatively setting λB = 0 or λS = 0 while keeping the sum λS + λB unchanged yields

virtually identical implications for the aggregate welfare changes. The procedure of esti-

mating {λ, µ} is as follows.

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

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

2. For each candidate value of {λ, µ}, we undertake the counterfactual simulations of

the changes in the iceberg trade costs τ̂ud,kl = 1 + T̃uk for all municipalities d and

sector l within Chile. That is, we set

τ̂ud,kl =

1 d 6∈ Chile

∆ log(1 + T̃uk) d ∈ Chile
(G.2)

3. We run the following regression using the model-predicted outcome variables, anal-

ogous to Equation (37) using actual data, but at the location and sector within Chile

as a sample:

log ŷd,l = βImportTari�Shockd,l + εd,l. (G.3)
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Similarly for the regression (37) using actual data, we de�ne ImportTari�Shockd,l

as the weighted averages of τ̂ud,kl using baseline import shares. For the outcome

variable of the international import linkages, it is de�ned by

ImportTari�Shockd,l ≡
∑
n

∑
k

Importnd,kl

ImportSumd,l

× log τ̂ud,kl. (G.4)

For the outcome variable of the domestic production linkages, it is de�ned by

ImportTari�Shockd,l ≡
∑
n

∑
k

Importnd,kl

ImportSumd,l + DomPurchased,l

× log τ̂ud,kl.

(G.5)

These de�nitions align with those of the data regressions (Equations 38 and 39),

correspondingly.

4. We search for {λ, µ} that minimizes the minimize the squared distance between

the regression coe�cients on international and domestic production linkages in the

data (Columns 1-4 of Table 1) and in the model prediction. That is,

{λ̂, µ̂} ≡ min
∑
c

(
α̂Model

c − α̂Data

c

)2

Avar (α̂Data

c )
,

where c corresponds to the regression coe�cients of each of Columns 1-4, and

Avar (α̂Data

c ) corresponds to the asymptotic variance of the regression coe�cient

for α̂Data

c .

Weighting the regressions using the model counterfactuals using the number of �rms in

each municipality and sector, aligning the �rm-level regression in Table 1, has virtually

no e�ects on the regression coe�cients (Appendix Table XX). 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 G.1, we show the sensitivity of {λ, µ} on the targeted regression coe�cients.

In Panel (a), given our estimates of µ̂, we vary the value of λ, and show how the regression

coe�cients on the number of domestic buyers in the model regression change. In Panel

(b), given our estimates of λ̂, we vary the value of λ, and show how the regression coef-
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�cients on the number of domestic suppliers in the model regression change. It is clear

that the targeted model coe�cients are responsive to these parameter values.

Figure G.1: Sensitivity of Parameters to Targeted Moments

(a) Sensitivity of λ on the impacts on number of domes-

tic buyers

(b) Sensitivity of µ on the impacts on number of domes-

tic suppliers

Notes: These �gures present average import and export tari�s 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 tari�s and Panel (B)

presents average export tari�s (imposed by the counterpart countries).
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