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Motivation

Recent years have witnessed faster growth of intermediate inputs in world

trade volume:

Vertical specialization

Global value chains (GVCs)

In analyzing fragmentation of production processes:

Most work ⇒ Bilateral negotiations in buyer-seller contractual relationships

(e.g., Pol Antràs’ work)

This paper ⇒ Market-based transactions among buyers and sellers (i.e.,

non-contractual relationships)
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Motivation

Two features of market-based transactions:

(i) Strategic interactions among large firms (Head and Spencer, 2017)

Only a few large firms participate in international trade

Markets are becoming more concentrated toward these firms over time

(ii) Increasing interdependencies across countries (Antràs et al., 2025)

Trade policy shocks can lead to similar effects on countries involved in GVCs

Trade shocks have a complementary force on the extensive margin

Most papers in the GVC literature consider perfectly competitive firms

(e.g., Antràs and de Gortari, 2020; Johnson and Moxnes, 2023)
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Motivation

Ten most concentrated industries in China, 1998

CIC Industry description HHI Upstreamness

4039 Applied TV equipment and other audio-video equipment 0.681 2.584

4127 Nucleon and nuclear radiation measuring apparatus manuf. 0.609 3.060

3313 Nickel cobalt smelting 0.573 4.877

4159 Other stationary and office machine manufacturing 0.527 3.060

3759 Navigation mark and other floating equipment manuf. 0.517 2.617

4124 Meter apparatus for forming, forestry and fishing manuf. 0.516 3.666

2433 Electronic musical instrument 0.479 2.781

3723 Trolley manufacturing 0.457 2.953

2413 Teaching specimen and mode 0.441 2.781

4152 Slide projector and overhead projector manuf. 0.396 3.060

0.519 3.144

Source: Authors’ calculations

Note: HHI and upstreamness are taken from China’s annual survey of industrial firms and Chor et al. (2021),

respectively. The median HHI is 0.03 in this year.
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Motivation

Research question:

What is the effect of trade costs on trade flows and welfare when vertically

related sectors are oligopolistic?

Main findings:

1 The trade elasticity is greater, the more oligopolistic the vertically related

sectors

2 The welfare effect of trade liberalization is also greater, the more oligopolistic

the vertically related sectors

⇒ The amplified effect arises from co-movement of firms in each sector (absent

in perfect competition)
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Model

Home consumers:

U = U(Q) + y

Inverse demand:

P(Q) = AQ−1/σ, σ > 1

Elasticity and curvature of demand:

ε ≡ − P(Q)

QP ′(Q)
= σ

ρ ≡ QP ′′(Q)

P ′(Q)
= −

(
σ + 1

σ

)
where −2 < ρ < −1 (c.f., Mrázová and Neary, 2017)
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Model

Home

Foreign 

Input price à D = S

The production side is characterized by vertical oligopoly. Each Home and Foreign firm first decide whether

or not to incur the entry costs KH , KF , respectively. After entry, M Home firms and N Foreign firms compete

in quantities in the respective sectors. Home firms require one unit of the intermediate good to produce one

unit of the final good. The intermediate good is imported subject to ad valorem tariffs τ imposed on the input

price r and transform it into the final good without any additional cost. Hence Home firms’ per unit cost is rτ .

On the other hand, Foreign firms incur constant marginal cost c as well as iceberg transport cost t to ship the

intermediate good to Home firms. Hence Foreign firms’ per unit cost is ct.

As explained in the Introduction, we are interested in market-based interactions between vertically related

sectors. We thus assume that the input price r is determined at the market-clearing level of the intermediate

good, which equates the total demand of Home firms to the total amount of intermediate input supplied by

Foreign firms. Taking the input price and the tariff rate as given, Home firms produce the final good as Cournot

competitors. This price-taking behavior of Home firms implies that each Home firm has no oligopsony power

over the upstream sector, which is a standard modeling choice in the literature on successive vertical oligopoly

(e.g., Ishikawa and Spencer, 1999; Ghosh and Morita, 2007).

The timing of the game is as follows. First, a large number of identical entrants exist in both countries, each

of whom must decide whether to enter each sector. Should a Home firm decide to enter the downstream sector,

it must incur the entry cost KH . Similarly, a Foreign firm must incur the entry cost KF if it decides to enter

the upstream sector. Upon entry, Cournot competition occurs among M Home firms in the downstream sector

and N Foreign firms in the upstream sector. As usual, we solve the model backwards.

2.2 Short-Run Analysis

Home firms engage in Cournot competition in the downstream sector where profits of Home firm i(= 1, 2, ...,M)

are πHi ≡
(
P
(
qi +

∑M
j !=i qj

)
− rτ

)
qi. Home firm i chooses qi to maximize its profits, taking other Home firms’

quantities qj (for j #= i) as given. Solving the first-order conditions of Home firms’ profit-maximization problem,

there exists a symmetric Nash equilibrium q1 = q2 = ... = qM ≡ q(> 0) such that

q = −P (Q)− rτ

P ′(Q)
,

where aggregate output in the downstream sector Q is obtained by aggregating q over all M Home firms, i.e.,

Q = Mq. From q above, this is implicitly given by

MP (Q) +QP ′(Q) = Mrτ. (3)

Next we consider the demand for intermediate input. (3) shows that, for a given input price, the smaller are

import tariffs that Home firms pay, the greater is aggregate output that Home firms produce in the downstream

sector. This affects the input demand of Home firms, which in turn affects aggregate output that Foreign firms

produce in the upstream sector. To analyze this kind of interactions between downstream and upstream sectors,

let X denote aggregate output produced by Foreign firms at any input price. As production of one unit of the

final good requires one unit of the intermediate input, it must equal aggregate output produced by Home firms

so that X = Q. Substituting Q with X in (3) and rearranging, the input price is given by

r =
P (X) + XP ′(X)

M

τ
≡ g(X,M, τ). (4)

6

(Intermediate-good market)

N firms

(Final-good market)

M firms

• In Stage 2, Foreign firm i perceives the input demand r = g(.) and chooses its quantity xi to maximize

the profits πFi =
(
g
(
xi +

∑N
j !=i xj ,M, τ, t

)
− ct

)
xi in the upstream sector

• Profit maximization of Foreign firms yields a symmetric equilibrium x1 = ... = xN ≡ x(> 0) such that

x = −g(X,M, τ, t)− ct

gX(X,M, τ, t)

where the aggregate quantity X = Nx is implicitly given by

Ng(X,M, τ, t) +XgX(X,M, τ, t) = Nct

• Dividing both sides by g(.) and using (1) and (4), the above condition is expressed as

N + 1 + ρ =
Nct

g(X,M, τ, t)
(5)

• (5) characterizes X in Stage-2 subgame equilibrium, which in turn characterizes X from Q = X/t

• Lemma 2: In Stage-2 subgame equilibrium where the number of firms in each sector is fixed

(i) A reduction in import tariffs and transport costs increases the aggregate and firm-level quantities

in the vertically related sectors, e.g.,

∂Q

∂τ
< 0,

∂X

∂τ
< 0,

∂q

∂τ
< 0,

∂x

∂τ
< 0

(ii) An increase in the number of firms in one sector increases the aggregate quantity and decreases the

firm-level quantity in that sector; but it increases the firm-level quantity in another sector, e.g.,

∂Q

∂M
> 0,

∂X

∂M
> 0,

∂q

∂M
< 0,

∂x

∂M
> 0

(iii) Import tariffs have no effect on the terms-of-trade for Home

∂r

∂τ
= 0

• Proof: Lemma 2(i)-(ii) follow from differentiating (5) and subsequently using (3), e.g.,

∂X

∂τ
=

1

1 + ρ

X

τ
< 0

while Lemma 2(iii) follows from noting that

∂r

∂τ
= gX

∂X

∂τ
+ gτ =

P (.)(M + 1 + ρ)

Mτ2

(
QP ′(.)

P (.)

1

1 + ρ
− 1

)
= 0

where the last equality comes from (1) (which is very specific to constant-elasticity demand)1

1Under more general demand, import tariffs improve the terms of trade for Home (Ara et al., 2024)
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Equilibrium

• In Stage 2, Home firm i chooses its quantity qi to maximize the profits πHi =
(
P
(
qi +

∑M
j !=i qj

)
− rτ

)
qi

in the downstream sector

• Profit maximization of Home firms yields a symmetric equilibrium q1 = ... = qM ≡ q(> 0) such that

q = −P (Q)− rτ

P ′(Q)

where the aggregate quantity Q = Mq is implicitly given by

MP (Q) +QP ′(Q) = Mrτ

• Dividing both sides by P (.) and using (1), the above condition is expressed as

M + 1 + ρ =
Mrτ

P (Q)
(2)

• Since the production of one unit of the final good requires one unit of the intermediate good subject to

transport costs, input-output linkages across countries imply Q = X/t

• Substituting Q with X/t in (2) and solving for r, we obtain the input demand of Home firms, whereby

the aggregate quantity X demanded at any input price r is given by

r =
P (X/t)(M + 1 + ρ)

Mτ
≡ g(X,M, τ, t)

where

gX(.) =
P ′(.)(M + 1 + ρ)

Mτ t
< 0, gM (.) = −P (.)(1 + ρ)

M2τ t
> 0

gτ (.) = −P (.)(M + 1 + ρ)

Mτ2t
< 0, gt(.) = −XP (.)(M + 1 + ρ)

Mτ t2
< 0

(3)

• Lemma 1: The elasticity and curvature of demand are the same between final and intermediate goods

(which is very specific to constant-elasticity demand)

• Proof: From (3), the elasticity and curvature of input demand are respectively given by

− g(X,M, τ, t)

XgX(X,M, τ, t)
= − P (Q)

QP ′(Q)
= ε

XgXX(X,M, τ, t)

gX(X,M, τ, t)
=

QP ′′(Q)

P ′(Q)
= ρ

(4)

where the second equality follows from noting that

gXX(.) =
P ′′(.)(M + 1 + ρ)

Mτ
> 0

2

Input Numeraire

à Home’s ToT =

Setup

• Home has a mass L of identical consumers who share the same quasi-linear utility function

U = U(Q) + y

where Q is a aggregate good produced under oligopoly and y is a freely tradable numeraire good produced

under perfect competition; for simplicity, Foreign consumes only the numeraire

• Utility maximization of Home consumers yields an inverse demand P = P (Q), which is specified as

P (Q) = AQ−1/σ, σ > 1

• With this specific demand, the elasticity and curvature of demand are respectively given by

ε ≡ − P (Q)

QP ′(Q)
= σ

ρ ≡ QP ′′(Q)

P ′(Q)
= −

(
σ + 1

σ

) (1)

where −2 < ρ < −1 (from 1 < σ < ∞)

• Home (resp. Foreign) has M (resp. N) firms specializing in a final (resp. intermediate) good production

• Home firm i requires one unit of intermediate good to produce one unit of final good qi and transforms

it into the final good without any additional cost

• Home government imposes ad-valorem tariffs τ on the input imported at price of r ⇒ Home firm i’s unit

cost is rτ and its profit is πHi = (P − rτ)qi where the aggregate quantity of Home firms is Q =
∑

i qi

• Foreign firm i incurs constant marginal costs c to produce intermediate good xi and pays transport costs

t to export to Home firms

• Foreign government does not impose any trade policy ⇒ Foreign firm i’s unit cost is ct and its profit is

πFi = (r − ct)xi where the aggregate quantity of Foreign firms is X =
∑

i xi

• Home imports the input from Foreign at price of rτ , and exports the numeraire to Foreign at price of 1

where trade balance is achieved by the numeraire ⇒ Home’s terms of trade (net of tariffs) is 1/r

• Three stages of decisions

Stage 0: Home government imposes import tariffs on Foreign input

Stage 1: Identical entrants decide on their entry in the respective sectors by incurring entry costs

Stage 2: Home and Foreign firms decide on their quantity in the respective sectors

• Firms in the downstream and upstream sectors simultaneously make their entry decisions in Stage 1 and

their quantity decisions in Stage 2

1

1.2 Stage-2 Subgame Equilibrium

As was discussed in Section 1.1, Home firms in the downstream sector and Foreign firms in the upstream sector

simultaneously decide on their quantity in a Cournot fashion. Since the sequence of production is irrelevant to

equilibrium characterizations, we first consider behaviors of Home firms and characterize the equilibrium in the

downstream sector. We then turn to analyzing the same in the upstream sector.

Home firms compete for quantity in the downstream sector, taking as given other Home firms’ quantity, the

input price determined in the Foreign intermediate-good market, and the tariff rate set by the Home government.

Thus Home firm i chooses its quantity qi to maximize the profit, πHi =
(
P
(
qi+

∑M
j !=i qj

)
−rτ

)
qi, in that sector.

Solving standard profit-maximization problem of Home firms, we find a unique symmetric Nash equilibrium

q1 = q2 = ... = qM ≡ q(> 0) which must satisfy the following:

q = −P (Q)− rτ

P ′(Q)
,

where the aggregate quantity in the downstream sector is obtained by summing q over M Home firms, Q = Mq.

Multiplying the firm-level quantity by M and rearranging, the aggregate quantity is implicitly given by

MP (Q) +QP ′(Q) = Mrτ.

While the expression of aggregate quantity holds under general demand, we can simplify this expression under

constant-elasticity demand in (1). Dividing both sides by P (Q), the second term in the right-hand side becomes

an inverse of demand elasticity. Furthermore, solving ρ for σ in (2), we have σ = −1/(1 + ρ). Taken together,

under the specific demand, the aggregate quantity must implicitly satisfy the following:

M + 1 + ρ =
Mrτ

P (Q)
. (3)

Simple inspection of (3) shows that, for a given tariff rate, the smaller the input price that Home firms pay,

the greater the aggregate quantity that Home firms choose (Q) in the downstream sector. Since production of

one unit of final good requires one unit of intermediate good subject to transport costs, aggregation of goods

leads to Q = X/t. From this, the smaller the input price, the larger the aggregate quantity that Foreign firms

choose (X) in the upstream sector, because the Foreign input is more demanded by Home firms. In that sense,

(3) defines the relationship between the input price and the aggregate quantity of intermediate input. In fact,

plugging Q = X/t in (3) and rearranging, we get the inverse demand function for input required by Home firms:

r =
P (X/t)(M + 1 + ρ)

Mτ
≡ g(X,M, τ, t). (4)

Recall that the input price is determined at the market-clearing level, whereby all buyers and sellers must face

the common price. Thus, (4) can be also interpreted as the inverse demand function perceived by Foreign firms.

Treating the number of firms as a continuous variable, (4) implies that the input demand satisfies the following:

gX(.) =
P ′(.)(M + 1 + ρ)

Mτ t
< 0, gM (.) = −P (.)(1 + ρ)

M2τ t
> 0,

gτ (.) = −P (.)(M + 1 + ρ)

Mτ2t
< 0, gt(.) = −XP (.)(M + 1 + ρ)

Mτ t2
< 0,

(5)

3

7 / 22



Model

Equilibrium conditions:

First-order condition

MP(Q) + QP ′(Q) = Mrτ =⇒ Q

Ng(X ,M, τ, t) + XgX (X ,M, τ, t) = Nct =⇒ X

Free-entry condition

(P − rτ)Q

M
= KH =⇒ M

(r − ct)X

N
= KF =⇒ N

Trade margins:

Extensive margin ⇒ M,N

Intensive margin ⇒ q = Q
M
, x = X

N
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Model

Home

Foreign

M

N

τ ↓

↑

↑

Vertical specialization ⇒ Co-movement

Tariff reductions induce some firms to enter

the Home market, as each country produces

goods with complements
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Model

Home Foreign

M N
τ ↓

↓ ↑

Horizontal specialization ⇒ Delocation

(e.g., Bagwell and Staiger, 2012)

Tariff reductions induce some firms to

exit the Home market, as each country

produces goods with substitutes
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Model

Proposition (Trade elasticities)

1 The effect of import tariffs on aggregate imports

dQ

dτ
=

∂Q

∂τ︸︷︷︸
<0

+
∂Q

∂M

dM

dτ︸ ︷︷ ︸
<0

+
∂Q

∂N

dN

dτ︸ ︷︷ ︸
<0

< 0

⇒ Second and third terms capture co-movement of firms

2 The trade elasticity with respect to import tariffs

θ ≡ −
d lnQ

d ln τ
= σµ(M,N, σ)

(i) µ(∞,∞, σ) = 1 ⇒ θ = σ in perfectly competitive sectors

(ii) µ(M,N, σ) > 1 ⇒ θ > σ in oligopolistic sectors

3 The trade elasticity with respect to transport costs

ϑ ≡ −
d lnX

d ln t
= (σ − 1)η(M,N, σ)

⇒ η(.) has the same property as µ(.)
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Model

Proposition (Welfare gains)

1 The effect of import tariffs on Home’s ToT

dr

dτ
=

∂r

∂τ︸︷︷︸
≤0

+ gX (X ,M, τ, t)
∂X

∂N

dN

dτ︸ ︷︷ ︸
>0

> 0

⇒ Imposition of tariffs worsens Home’s ToT

2 The effect of import tariffs on Home welfare

dW

dτ
=

∂W

∂τ︸ ︷︷ ︸
<0

+(P(Q)− r)

(
∂X

∂M

dM

dτ
+

∂X

∂N

dN

dτ

)
︸ ︷︷ ︸

<0

−Q
dr

dτ︸ ︷︷ ︸
>0

< 0

⇒ Second and third terms capture co-movement of firms
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Suggestive evidence

Possible empirical test of our model:

⇒ The trade elasticity is larger in more oligopolistic sectors

Main empirical test of Antràs and de Gortari (2020):

⇒ The trade elasticity is larger in more downstream sectors

As downstream sectors are typically uncompetitive (Antràs and Chor, 2022),

the two findings are similar, with the main difference being:

Our paper ⇒ Oligopolistic competition

Antràs and de Gortari (2020) ⇒ Perfect competition

13 / 22



Suggestive evidence

2
3

4
5

6
7

Si
gm

a

1 2 3 4
Upstreamness

Correlation: 0.21, Significance: 1%

Source: Authors’ calculations

Note: The vertical and horizontal axes are measured by the import demand elasticity and upstreamness

presented by Brora and Weinstein (2006) and Antràs et al. (2012), respectively
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Suggestive evidence

Mapping from theory to empirics:

Home

Foreign A 

(Primary good)

(Final good)

Foreign B

(Intermediate good)

(a) Sequential production

Home

Foreign A 

(Intermediate good)

(Final good)

Foreign B

(Intermediate good)

(b) Simultaneous production
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Suggestive evidence

Mapping from theory to empirics:

To avoid the compounding effect by Antràs and de Gortari (2020), we restrict

our attention to (III) and (IV) in the table

We expect that the trade elasticity is larger for (IV) than for (III)

Competitive Uncompetitive

Upstream Competitive upstream goods Uncompetitive upstream goods

(I) (II)

Downstream Competitive downstream goods Uncompetitive downstream goods

(III) (IV)
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Suggestive evidence

Imports data:

China Customs 2000–2007

Firm-product (HS 6-digit)-source country-level import transactions

Aggregate to HS 6-digit level imports

Ordinary imports only in main estimations

Calculate HHI and the number of importers at the HS 6-digit level

Tariffs data:

UNCTAD TRAINS

HS 6-digit level applied tariffs, China, 2000–2007

Price equivalent transformation log(tariff+1)
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Suggestive evidence

Summary statistics:

Variable n Mean S.D. Min 0.25 Mdn 0.75 Max
log(Imports value) 37,508 6.7 3.19 -6.91 4.64 6.98 9 17.83
Tariffs (%) 37,425 11.84 8.99 0 6 10 15.5 121.6
Upstreamness 37,375 2.32 0.91 1 1.44 2.36 3.11 4.65
Sigma 37,122 6.03 10.72 1.34 2.77 3.64 5.31 108.19
HHI 37,508 0.33 0.28 0 0.11 0.23 0.47 1
Number of importers 37,508 122.47 365.51 1 8 26 84 11695
Intermediate goods dummy 37,508 0.62 0.48 0 0 1 1 1

Note: “Competitiveness” of goods is mainly measured by Sigma (import demand elasticity) and HHI below
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Suggestive evidence

Upstreamness and Sigma:

Dep. Var.: log(Imports) (1) (2) (3) (4)

Samples: Upstream &
high-sigma

Upstream &
low-sigma

Downstream
& high-sigma

Downstream
& low-sigma

log(Tariff+1) 0.0863 -0.329 -2.588*** -2.368***
(0.677) (1.126) (0.831) (0.652)

Product FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 11613 7094 7259 11400
adj. R-sq 0.868 0.851 0.850 0.891

Note: Product FE and year FE are included in all columns. Standard errors are clustered at the product level.

Significance levels: * 0.10 ** 0.05 *** 0.01.
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Suggestive evidence

Upstreamness and HHI:

Dep. Var.: log(Imports) (1) (2) (3) (4)

Samples: Upstream &
high-HHI

Upstream &
low-HHI

Downstream
& high-HHI

Downstream
& low-HHI

log(Tariff+1) 0.567 -0.651 -2.813*** -1.915***
(0.949) (0.461) (0.795) (0.467)

Product FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 8784 9464 9624 8601
adj. R-sq 0.754 0.936 0.784 0.949

Note: Product FE and year FE are included in all columns. Standard errors are clustered at the product level.

Significance levels: * 0.10 ** 0.05 *** 0.01.
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Summary

Key contributions:

Examine the effect of trade costs when the vertically related sectors are

oligopolistic

Provide novel theoretical and empirical findings under vertical oligopoly

Better understanding of the mechanism through which trade costs can affect

vertical specialization in the presence of large firms

Suggestive evidence on the trade elasticity consistent with the model
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