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Abstract

Trade elasticities are typically treated as fixed parameters, but they can be equilibrium outcomes shaped

by strategic interaction and entry in vertically related industries with market power. We develop a model

of vertical specialization in which downstream firms and upstream suppliers compete à la Cournot with free

entry. Tariffs induce exit in each production sector through input–output linkages, making trade elasticities

endogenous to market structure even under constant-elasticity demand: more concentrated sectors exhibit

larger long-run trade elasticities, a mechanism that disappears under perfect competition. Using Chinese

transaction-level import data, we show that sectors with higher concentration display larger trade elasticities.

Ignoring endogenous market structure therefore systematically understates the welfare costs of trade policy;

in a quantitative illustration, the understatement can be economically large―on the order of one-third at

empirically relevant levels of concentration.
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1 Introduction

Global value chains (GVCs) account for a large share of world trade, and recent tariff episodes have dispropor-

tionately targeted intermediate inputs.1 At the same time, production along GVCs is highly concentrated: a

small number of downstream firms dominate assembly, while a small number of upstream suppliers control key

inputs.2 These features raise a fundamental question: how are trade elasticities―and welfare effects of tariffs―

determined when production spans vertically linked sectors with market power? Because welfare calculations

scale with trade elasticities, treating them as fixed can lead to systematic mismeasurement of the welfare costs of

tariffs. Most quantitative trade models typically treat trade elasticities as primitive and invariant in competitive

environments among atomistic producers. This abstraction can be misleading when market structure responds

endogenously to trade policy. As entry adjusts to trade costs and producers interact strategically, the intensity

of competition evolves, reshaping the trade elasticity. We develop a model of vertical oligopoly with free entry

in which trade elasticities are equilibrium objects governed by market concentration.

A growing literature studies trade policy in the presence of input–output linkages and GVCs, emphasizing

pass-through, cost compounding across production stages, and the propagation of shocks along supply chains.3 A

separate strand examines trade under imperfect competition, highlighting how strategic interaction and market

power affect prices, quantities, and welfare.4 However, these literatures have largely evolved in parallel. Models

of GVCs typically abstract from within-stage oligopolistic interaction, while work on imperfect competition

focuses on horizontally differentiated producers and often holds market structure fixed. This paper bridges these

approaches by showing that trade elasticities are shaped by endogenous market structure in vertically linked

sectors. When trade costs change, entry and exit propagate across production stages. This alters the elasticity

of residual demand faced by firms―even under constant-elasticity demand―and amplifies trade responses. As

a result, trade elasticities are equilibrium outcomes rather than primitives, with important implications for the

measurement of welfare effects in trade policy.

To motivate our focus on vertical oligopoly―a setting in which a small number of downstream firms and

upstream suppliers compete in linked stages of production―we document an empirical fact that both upstream

and downstream segments of GVCs are often highly concentrated in reality. Using Chinese transaction-level

import records, Figure 1 plots the distribution of the Herfindahl–Hirschman Index (HHI) for products classified

as upstream and downstream. Both distributions are strongly right-skewed, with a substantial mass of highly

concentrated markets at each stage of production. These patterns indicate that strategic interaction among

downstream firms and upstream suppliers is empirically relevant along GVCs, providing a natural rationale for

departing from perfectly competitive or monopolistically competitive benchmarks and modeling both stages as

oligopolistic. Table A.1 lists the ten most concentrated industries in China, illustrating the types of sectors that

populate the right tail of the HHI distribution in Figure 1 (see Appendix A.5). These stylized facts motivate

a framework in which a small number of downstream firms and upstream suppliers interact strategically along

the GVCs and in which market structure is endogenous to trade policy.

1For instance, Fajgelbaum et al. (2020) report that the 2018–2019 U.S.–China tariffs were concentrated on intermediate inputs
and capital goods. Similarly, Amiti, Redding, and Weinstein (2019) show that many of these tariffs applied to intermediate inputs,
which generated substantial cost pass-through and welfare losses in the United States through firms’ supply chains.

2Autor et al. (2020) document rising within-industry concentration and the emergence of “superstar” firms in the United States.
Head and Spencer (2017) review evidence and arguments suggesting that oligopoly remains empirically relevant in international
trade. Bernard et al. (2018) and Eaton et al. (2016) provide related evidence on sourcing relationships in international trade,
documenting the skewed distribution of exporters and supplier networks across countries.

3Antràs and Chor (2013), Caliendo and Parro (2015), and Antràs and de Gortari (2020) develop empirical and quantitative
frameworks that incorporate input–output linkages and vertical specialization in trade. Grossman, Helpman, and Redding (2024)
study how unanticipated input tariffs disrupt firm-to-firm sourcing relationships and trigger supply-chain reorganization.

4See Atkeson and Burstein (2008), Edmond, Midrigan, and Xu (2015), and Amiti, Itskhoki, and Konings (2019).
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Figure 1: Product-level market concentration and upstreamness

Source: Authors’ own calculations based on transaction-level data from Chinese Customs and the Input–Output (IO) industry-level

upstreamness index constructed by Chor, Manova, and Yu (2021).

Notes: The HHI is calculated at the Harmonized System (HS) 6-digit product level, while the upstreamness index is defined at the

IO 3-digit industry level. Using a concordance table, we map HS 6-digit products to IO 3-digit industries. Products are classified

as upstream or downstream based on whether their upstreamness is above or below the median value (2.34) of the index.

We develop a tractable model of GVCs in which Home firms in the downstream sector source intermediate

inputs from Foreign suppliers in the upstream sector, with producers in both stages competing à la Cournot.

Entry is free, so that tariffs affect not only prices and quantities but also the number of active producers via zero-

profit conditions, altering market structure at two stages of production. Tariffs increase concentration through

exit, which in turn raises the trade elasticity. As a result, trade elasticities are equilibrium outcomes rather than

primitive parameters. Demand for the final good is constant-elasticity (CES in the reduced-form sense), which

isolates how strategic interaction and production linkages shape the response of trade to policy.5 Unlike existing

models in which trade elasticities are governed by demand parameters or selection, our framework shows that

they are shaped by endogenous market structure. We then extend the baseline to general demand and Home

suppliers, both restoring terms-of-trade motives while preserving the core mechanism.

Our key theoretical result is that the long-run trade elasticity of imports with respect to tariffs increases

with downstream market concentration. When tariffs rise, downstream firms contract and exit; in concentrated

markets, strategic interaction amplifies these responses and―through vertical input–output linkages―induces

a disproportionate reduction in upstream exports. As a result, the same tariff generates much larger trade

responses in concentrated industries than in fragmented ones. We show that this mechanism is robust to

more general demand systems, although demand curvature introduces additional channels affecting prices and

intensive margins. When Home suppliers are present in the upstream sector and entry there is restricted,

conventional terms-of-trade motives for protection re-emerge, yet the central relationship between concentration

and trade elasticities continues to be driven by strategic interaction and downstream entry. These theoretical

predictions guide our empirical analysis and shape the welfare calculations that follow.

5A recent literature emphasizes how non-CES demand and demand curvature alter markups, pass-through, and welfare under
imperfect competition (Weyl and Fabinger 2013; Mrázová and Neary 2017; Amiti, Itskhoki, and Konings 2019). In contrast, our
key mechanism operates through endogenous entry, which reshapes residual demand elasticities even under CES demand.
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These forces have sharp implications for trade elasticities and welfare. In the short run, with fixed market

structure, import responses to tariffs depend only on demand curvature and standard pass-through. In the long

run, endogenous entry and exit make trade elasticities state dependent: more concentrated industries exhibit

larger elasticities, even under constant-elasticity demand. The key intuition is that vertical linkages amplify

tariff effects: with complementary inputs across stages, tariff-induced exit propagates upstream, reinforcing

output contraction. Because welfare losses hinge on import responses, this concentration channel magnifies the

impact of protection relative to competitive benchmarks. When both stages are perfectly competitive, these

amplification mechanisms disappear and elasticities collapse to their standard values. Evaluating trade policy

in vertically linked industries therefore requires accounting for how tariffs reshape market structure rather than

treating trade elasticities as fixed.

To assess these predictions empirically, we use Chinese transaction-level customs data to estimate how import

responses to tariff changes vary with market concentration in downstream industries. We construct measures

of concentration using firm-level import shares and examine whether products sourced in more concentrated

markets display larger trade elasticities in both quantities and values. Consistent with the model’s implications,

we find that tariff increases generate substantially larger import responses in highly concentrated industries

than in fragmented ones, even after controlling for standard determinants of trade elasticities. This systematic

relationship between concentration and tariff responsiveness is consistent with the entry–exit amplification

mechanism. These patterns mirror the cross-industry heterogeneity emphasized in recent empirical work on

trade policy and market power (Amiti, Itskhoki, and Konings 2019; Amiti, Redding, and Weinstein 2019).

Related Literature A large literature studies production networks and vertical specialization, emphasizing

how trade shocks propagate across stages of production through input–output linkages (Antràs and Chor 2013;

Caliendo and Parro 2015). Recent work examines how supply chains adjust to trade costs and tariff disruptions

(Antràs and de Gortari 2020; Johnson and Moxnes 2023; Grossman, Helpman, and Redding 2024). These papers

highlight that trade frictions on intermediate inputs can generate amplified aggregate effects because sourcing

decisions are embedded in production networks. However, this literature typically abstracts from within-stage

strategic behavior and treats market structure as exogenous. We depart from this benchmark by allowing for

oligopolistic competition and free entry in vertically linked sectors, showing that market structure responds

endogenously to trade policy and in turn shapes the transmission of tariffs.

A parallel literature studies trade policy under imperfect competition, highlighting how strategic behavior

shapes prices, quantities, and tariff incidence. Modern frameworks incorporate oligopolistic competition and

variable markups into open-economy settings, showing that tariffs and other trade costs affect pass-through

and welfare in ways that differ sharply from competitive benchmarks (Atkeson and Burstein 2008; Edmond,

Midrigan, and Xu 2015). Related work on vertically related markets examines how strategic interactions and

market power across production stages alter the transmission of trade policy through input–output linkages

(Ishikawa and Spencer 1999; McCorriston and Sheldon 2011). Our analysis builds on this tradition and adds a

new dimension by embedding vertical oligopoly, in which upstream and downstream market structure co-evolve

and jointly determine how trade policy propagates along GVCs.

A separate strand of the trade literature uses trade elasticities as key sufficient statistics for welfare and

policy evaluation. Arkolakis, Costinot, and Rodŕıguez-Clare (2012) show that, in a broad class of quantitative

trade models, welfare changes from trade shocks can be summarized by a small set of objects, including the trade

elasticity. Subsequent work incorporating input–output linkages shows that this approach extends to GVCs,

with multistage production affecting welfare through a composite but still primitive elasticity determined by
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substitution elasticities and cost shares (see Antràs and Chor 2022 for a synthesis). More recent work shows that

trade elasticities can differ between the short and long run due to adjustment frictions (Boehm, Levchenko, and

Pandalai-Nayar 2023). We depart from this benchmark by making trade elasticities policy-dependent through

endogenous concentration and markups arising from vertical market power and free entry. This mechanism is

particularly relevant in industries with concentrated upstream or downstream sectors, where cost shocks reshape

market structure and alter both elasticities and welfare responses. As a result, sufficient-statistics calculations

that treat elasticities as fixed are likely to understate the long-run welfare costs of tariffs in such sectors.6

Empirically, trade elasticities are typically estimated from variation in trade costs or tariffs using import-

demand systems or gravity-equation approaches. Recent work documents heterogeneous pass-through along

supply chains and provides tariff-based estimates of trade elasticities at the product level (Amiti, Itskhoki,

and Konings 2019; Amiti, Redding, and Weinstein 2019; Fontagné, Guimbard, and Orefice 2022). In parallel,

firm-level evidence shows that participation in international markets is highly concentrated (Eaton et al. 2016;

Bernard et al. 2018). Building on these insights, we test a key implication of the model: holding standard deter-

minants fixed, industries with greater downstream concentration exhibit systematically higher trade elasticities.

Quantitatively, we show that treating trade elasticities as fixed can substantially understate the welfare costs

of tariffs, with the understatement reaching about one-third at empirically relevant levels of concentration.

A small but growing empirical literature also points to a tight connection between market structure and the

incidence of trade costs. For example, Adão (2024) shows that importer concentration shapes tariff incidence

across countries. Related work using firm-to-firm trade data shows how bargaining and network structure lead

to pass-through elasticities that vary with market shares on both sides of the market (Alviarez et al. 2025).

Canonical tariff-episode evidence, however, typically reports price and welfare effects without mapping them to

industry concentration measures (Amiti, Redding, and Weinstein 2019). This leaves open a central question

that our framework is designed to answer.

Despite these advances, the two strands of research have largely evolved in parallel. Models of GVCs and

trade elasticities―often embedded in quantitative frameworks and sufficient-statistics approaches―typically

abstract from strategic interaction and endogenous entry across stages, while oligopoly trade models rarely

examine how vertical linkages shape the sensitivity of imports to trade costs and the welfare consequences

of protection. This paper bridges these literatures by developing a vertical oligopoly model with free entry in

which trade elasticities emerge from endogenous market structure. We show that market concentration amplifies

tariff pass-through and import responses through entry and strategic interaction across stages, and we provide

supporting evidence using Chinese product-level data. We also discipline the model using observed industry

structure to quantify its welfare implications. Our results imply that trade elasticities are policy-dependent

equilibrium objects, so treating them as fixed can systematically mismeasure the welfare costs of protection.

Roadmap The remainder of the paper is organized as follows. Section 2 develops the model and characterizes

short-run and long-run trade elasticities under vertical oligopoly, along with extensions to general demand and

environments with Home suppliers. Section 3 presents the empirical analysis using Chinese firm-level data.

Section 4 analyzes the welfare implications and quantifies how state-dependent trade elasticities shape policy

evaluation. Section 5 concludes. The appendix contains proofs of the theoretical results, additional empirical

findings, and details of the numerical exercises.

6Related work shows that the sufficient-statistics logic may be fragile when trade elasticities adjust endogenously, highlighting
the role of market structure in shaping trade elasticities and welfare (Head, Mayer, and Thoenig 2014; Melitz and Redding 2015;
Bas, Mayer, and Thoenig 2017; Arkolakis et al. 2019). This literature, however, typically relies on monopolistic competition and
abstracts from strategic interaction and market power in input–output linkages.
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2 Model of Vertical Oligopoly and Trade Elasticities

This section sets out a partial-equilibrium model of trade with vertical production and oligopolistic competition.

The environment combines successive Cournot competition at multiple stages of production with international

sourcing of intermediate inputs between two countries, say, Home and Foreign. While imperfect competition is

widely used in the international trade literature, vertical oligopoly is less standard. Our framework builds on

trade–IO contributions linking trade policy, market structure, and pass-through under imperfect competition.

2.1 Setup

Demand Consider first the structure of consumer preferences and demand in the two countries. Home has

a mass L of identical consumers who share the same quasi-linear utility function, U ≡ U(Q) + y, where Q is

an aggregate final good produced under conditions of oligopoly while y is a freely tradable numeraire produced

under conditions of perfect competition. As is standard, y equalizes wage rates to 1 between the countries.

Further, to focus on the effect of import tariffs on Home welfare, Foreign is assumed to consume only y.7 Utility

maximization of Home consumers generates an inverse demand function for the final good Q, specified as

P ≡ P (Q) = AQ−1/σ, σ > 1.

Using constant-elasticity 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)

Under constant-elasticity demand, the price elasticity is constant and equal to σ, while curvature is restricted

relative to general demand.8 Despite this restriction, the demand system is widely used in the trade literature

and provides a natural benchmark for analyzing pass-through, trade elasticities, and welfare.

Motivation for Demand Specification We adopt constant-elasticity demand in the baseline framework for

three reasons. First, it delivers tractable markup formulas in Cournot competition, as firms face residual demand

with constant elasticity, making markups simple functions of market concentration and independent of output.

Second, with market structure fixed, proportional changes in marginal costs translate into proportional changes

in quantities, so short-run trade elasticities are independent of concentration. This provides a clear benchmark

for isolating how market structure affects trade elasticities. Third, constant-elasticity demand naturally connects

to the sufficient-statistic approaches to welfare, pioneered by Arkolakis, Costinot, and Rodŕıguez-Clare (2012),

in which the trade elasticity is treated as primitive.

A growing literature shows that trade elasticities may be endogenous to economic structure rather than

fixed parameters. Melitz and Redding (2015) demonstrate that elasticities vary due to selection into exporting,

even under CES preferences when productivity is non-Pareto distributed. Arkolakis et al. (2019) highlight that

elasticities can be endogenous under non-CES demand systems, where changes in quantities affect markups and

pass-through through demand curvature. In models of imperfect competition with horizontal differentiation

(Atkeson and Burstein 2008; Edmond, Midrigan, and Xu 2015), elasticities depend on strategic interaction and

markup adjustments, typically holding market structure fixed.

7We relax this assumption in the Online Appendix, where Foreign also consumes the final good.
8Equation (1) implies that as σ → 1 (σ → ∞), ρ approaches its lower (upper) bound, restricting curvature to −2 < ρ < −1.

Section 2.4 studies general demand in which elasticity and curvature vary independently, following Mrázová and Neary (2017).
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By contrast, the mechanism in this paper operates through vertical linkages and endogenous entry. When

trade costs change, entry and exit responses propagate through input–output linkages, generating cross-stage

co-movement in market structure. As a result, trade elasticities become endogenous to market concentration

not because of selection into exporting or demand curvature, but because entry decisions are interconnected

across stages of production. Importantly, this mechanism operates even under constant-elasticity demand.

Production Home and Foreign specialize in the final and intermediate goods in the downstream and upstream

sectors, respectively. This specialization pattern is taken as exogenous and unaffected by changes in trade costs.

The environment can be viewed as an Armington-style setting with vertically linked sectors: Foreign suppliers

provide country-specific intermediate varieties that Home firms use to produce final goods. Each country hosts

a small number of identical producers that interact strategically. Specifically, Foreign has N ≥ 1 suppliers that

produce and export the intermediate good, while Home has M ≥ 1 firms that import the input and produce the

final good. We therefore study an international vertical oligopoly in which a small number of producers trade

intermediates across vertically linked sectors.

Home firms and Foreign suppliers first decide whether to incur entry costs KH and KF , respectively. Upon

entry, they compete in quantities in the downstream and upstream sectors, following the trade policy literature

on vertically related markets (Ishikawa and Spencer 1999; McCorriston and Sheldon 2011). For tractability, we

assume a one-to-one technology in which Home firm i uses one unit of the intermediate good to produce one

unit of the final good qi with no additional transformation cost, as in most successive oligopoly models. This

assumption simplifies the mapping between output and input demand. However, the main mechanism of the

model does not rely on it: with more general technologies, entry and exit still affect residual demand conditions,

and thus the response of prices and quantities to trade costs.

Home firms import the Foreign input at price r subject to an ad-valorem tariff τ set by the Home government,

so Home firm i has marginal cost rτ and profits πHi = (P − rτ)qi, where aggregate output is Q =
∑

i qi.

Foreign supplier i produces the intermediate good xi at marginal cost c and incurs iceberg trade costs t when

exporting to Home; assuming no trade policy by the Foreign government, its marginal cost is ct and profits are

πFi = (r − ct)xi, where aggregate supply is X =
∑

i xi.

Imports of intermediate inputs are subject to both policy-driven tariffs and iceberg trade costs, incurred

by Home firms and Foreign suppliers, respectively. Under constant-elasticity demand, these two wedges affect

marginal costs symmetrically and therefore play identical roles in the baseline analysis. Nonetheless, we retain

both τ and t because this knife-edge equivalence breaks under general demand, making these trade costs affect

the input price and trade elasticities through distinct channels. In this environment, international trade consists

of imported inputs exchanged for the numeraire good, so that movements in the tariff-exclusive input price r

directly reflect changes in the Home economy’s international purchasing power. The terms of trade for Home

therefore correspond to the inverse of this price: 1/r.9

This paper explores how trade policy affects market-based interactions between vertically related sectors.

Accordingly, we assume that the input price is determined at the market-clearing level of the intermediate-good

market, equating total input demand of Home firms with total supply of Foreign suppliers. Taking the input

price and the tariff rate as given, Home firms choose output as Cournot competitors in the final-good market.

This price-taking behavior implies that individual Home firms have no oligopsony power over Foreign suppliers.

9If Foreign also consumed the final good, the conventional definition of the terms of trade would be P/r, so that tariffs affect the
terms of trade through both export and import prices. As with constant-elasticity demand and the one-to-one technology, however,
this extension does not alter the core mechanism of the model, so we adopt the simpler baseline specification. A detailed analysis
is provided in the Online Appendix.
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Timing The model has three stages of decisions. In Stage 0, the Home government sets tariffs on the Foreign

input. In Stage 1, a large number of entrants decide whether to enter the downstream sector in Home and the

upstream sector in Foreign. A Home firm that enters must incur the fixed cost KH , while a Foreign supplier

incurs KF upon entry. Entry continues until profits are driven to zero. In Stage 2, Home firms and Foreign

suppliers choose quantities in the downstream and upstream sectors, respectively. We solve the model by

backward induction.

Home firms and Foreign suppliers make their entry decisions simultaneously in Stage 1 and their quantity

decisions simultaneously in Stage 2. Because transport costs are iceberg, supplying one unit to Home requires

producing t units abroad, implying Q = X/t in equilibrium. The equilibrium concept is subgame perfect Nash

equilibrium in pure strategies.

2.2 Exogenous Market Structure

This section takes the numbers of producers chosen in Stage 1 as fixed and solves the Stage-2 quantity game.

The purpose is to establish a benchmark in which tariffs affect prices and quantities but not market structure,

and to show that under constant-elasticity demand short-run trade elasticities are independent of concentration.

Successive Cournot Structure As discussed in Section 2.1, Home firms in the downstream sector and

Foreign suppliers in the upstream sector choose quantities in Stage 2 within a successive-Cournot structure.

Home firms take both the input price r and the tariff rate τ as given, whereas Foreign suppliers internalize the

derived demand for inputs when choosing their quantities. Because the input price is determined at the market-

clearing level, individual Home firms do not exert oligopsony power over Foreign suppliers, an assumption

maintained throughout the analysis. Under this structure, the timing of production decisions does not affect

equilibrium outcomes. We therefore solve the short-run equilibrium sequentially, first in the downstream sector

and then in the upstream sector.

Downstream Sector Each Home firm competes for quantity in the downstream sector, taking as given other

Home firms’ quantity, the input price determined in the intermediate-good market, and the tariff rate set by the

Home government. Thus, Home firm i chooses its quantity qi to maximize its profits πHi =
(
P
(
qi +

∑M
j ̸=i qj

)
−

rτ
)
qi in this 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 is Q = Mq. The Cournot condition implies MP (Q) +QP ′(Q) = Mrτ.

We connect downstream behavior to the intermediate-input market. To express this condition in elasticity

form under constant-elasticity demand, divide both sides by P (Q). Then, the second term in the left-hand side

above is an inverse of demand elasticity −σ. Further, solving ρ for σ in (1), we get σ = −1/(1 + ρ). Thus,

M + 1 + ρ =
Mrτ

P (Q)
. (2)

The downstream price therefore satisfies

P =
rτ

1− 1
σM

,
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where 1/(σM) is the markup rate (Lerner index) in the downstream sector, equal to the inverse of the residual

demand elasticity. Equation (2) links the downstream equilibrium to the intermediate-input market: for a given

tariff, a lower input price increases downstream output and thereby raises derived demand for inputs upstream.

As a result, a lower input price (r) increases aggregate output (Q), which, through input–output linkages, raises

upstream production (X).

Because the input price is determined in market equilibrium, (2) defines the demand for intermediate inputs

by Home firms, as perceived by Foreign suppliers. Using Q = X/t in (2) and rearranging, the inverse demand

function for intermediate inputs can be written as

r = g(X,M, τ, t),

which depends on aggregate upstream output (X), the number of Home firms (M), tariffs (τ), and transport

costs (t). The function g(.) satisfies gX < 0, gM > 0, gτ < 0, and gt > 0: input demand is downward-sloping

in X, increases with the number of Home firms, and declines with higher tariffs, while higher transport costs

raise upstream marginal costs and shift supply. The opposite signs of gτ and gt reflect that tariffs shift input

demand, whereas transport costs shift input supply. A higher tariff reduces downstream demand for inputs

and lowers the equilibrium input price, while higher transport costs increase marginal costs and reduce supply,

raising the equilibrium input price.

The following lemma records the relationship between the final-good demand P = P (.) and the input demand

r = g(.) (see Appendix A.1 for proof).

Lemma 1. Under constant-elasticity demand for the final good, the derived demand for the intermediate input

inherits the same elasticity and curvature, equal to σ and ρ, respectively.

Lemma 1 implies that a proportional change in downstream output induces a one-for-one change in input

demand, so the elasticity of derived input demand is constant and equal to σ. This knife-edge property implies

that firms face a residual demand with the same elasticity as final demand.10

Upstream Sector We turn to Foreign suppliers’ behaviors. Each Foreign supplier competes for quantity in

the upstream sector, taking other Foreign suppliers’ quantity as given and perceiving Home firms’ input demand.

Thus, Foreign supplier i chooses its quantity xi to maximize its profits πFi =
(
g
(
xi +

∑N
j ̸=i xj ,M, τ, t

)
− ct

)
xi.

Solving standard profit-maximization problem of Foreign suppliers yields a unique symmetric Nash equilibrium

x1 = x2 = ... = xN ≡ x(> 0) which must satisfy the following:

x = −g(X,M, τ, t)− ct

gX(X,M, τ, t)
,

where the aggregate quantity is given by X = Nx, which implies Ng(X,M, τ, t) +XgX(X,M, τ, t) = Nct.

Just as in the downstream sector, the Cournot condition can be simplified under constant-elasticity demand.

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

N + 1 + ρ =
Nct

g(X,M, τ, t)
. (3)

10Lemma 1 also depends on one-to-one technology. For example, under Cobb-Douglas technology q = xαℓ1−α, marginal cost is
proportional to (rτ)α, which reduces the elasticity of derived input demand to ασ rather than σ. While Lemma 1 no longer holds,
the central mechanism of the model remains intact, as changes in tariffs continue to propagate across stages through input demand.
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Solving for r = g(.), the upstream price satisfies

r =
ct

1− 1
σN

,

where 1/(σN) is the markup rate (Lerner index) in the upstream sector.

With more general demand or production technologies, downstream and upstream first-order conditions in

(2) and (3) jointly determine aggregate output at each stage. Under CES demand and a one-to-one technology,

however, the upstream condition alone suffices. Because derived input demand inherits the elasticity of final-

good demand (Lemma 1), the downstream Cournot condition is summarized by the derived demand function.

Equation (3) therefore determines upstream output X, which in turn pins down downstream output via market

clearing Q = X/t. We characterize Stage-2 comparative statics directly from (3), as in the following lemma.

Lemma 2. Fix the numbers of producers in each sector (M,N). Under constant-elasticity demand:

(i) An increase in tariffs reduces aggregate output in both sectors, while an increase in the number of producers

in either sector raises aggregate output.

(ii) An increase in tariffs reduces firm-level output in both sectors, whereas entry has asymmetric effects on

output across stages.

(iii) Under constant-elasticity demand, tariffs do not affect the tariff-exclusive input price.

(iv) Trade elasticities are independent of market concentration.

Below, we provide economic intuitions behind the short-run equilibrium results summarized in Lemma 2.

Aggregate Output Lemma 2(i) reports that aggregate output falls with tariffs, since higher trade costs

raise marginal costs in downstream production and depress derived demand for imported inputs. By contrast,

aggregate output rises with the number of producers at either stage increases by intensifying competition and

expanding total production at both stages.

Firm-Level Output Lemma 2(ii) highlights that higher tariffs reduce firm-level output (“intensive margin”)

in both sectors. In contrast, changes in the number of producers have asymmetric effects on this margin across

stages. Intuition is straightforward. Entry in one sector steals business from incumbents in that same sector,

but expands demand in the vertically related sector. For example, new entry in the downstream sector reduces

each Home firm’s individual output ( ∂q
∂M < 0) through tougher competition, while raising the output of Foreign

input suppliers ( ∂x
∂M > 0) through higher derived demand.

Terms of Trade Lemma 2(iii) means that tariffs do not affect Home’s terms of trade, 1/r. In the short run

with fixed numbers of producers, a tariff raises downstream marginal costs and contracts aggregate output, but

it does not change the tariff-exclusive price of imported inputs ( ∂r∂τ = 0). The reason is that, under constant-

elasticity demand, upstream markups are invariant to quantities because the demand elasticity faced by Foreign

suppliers is constant.11 As a result, though production falls, the residual demand curves confronting suppliers

shift proportionally without changing their slopes, leaving Cournot markups unchanged. Because the upstream

11Since the Lerner index in the upstream sector is 1/(σN), markups decrease with the number of upstream suppliers but are
independent of output.
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price net of the tariff is unaffected, tariffs generate no short-run terms-of-trade effect in the benchmark case.

This neutrality hinges on the knife-edge property of constant-elasticity demand summarized in Lemma 1 and

disappears once demand curvature is allowed to vary. We will come back to this point in Section 2.4.

Short-Run Trade Elasticity Lemma 2(iv) shows that the trade elasticity with respect to tariffs is constant

in the short run under constant-elasticity demand. Formally, this trade elasticity is defined as

θSR ≡ −∂ lnQ

∂ ln τ
= σ. (4)

In the short run, an increase in tariffs operates as proportional increases in marginal costs at the downstream

stage. Because CES preferences imply constant markups, firms’ pricing rules are invariant to changes in output

or rivals’ behavior, so strategic interactions do not amplify tariff shocks. Holding entry fixed, downstream

output and derived input demand therefore contract proportionally, and aggregation across firms washes out

any role for market concentration. As a result, the short-run trade elasticity of aggregate imports depends only

on demand parameters and not on the number of producers at either stage.

2.3 Endogenous Market Structure

We turn to the long run, in which producers may enter or exit both stages of production. In this environment,

trade costs affect not only quantities conditional on market structure, but also the number of active producers.

These entry responses generate an extensive-margin channel that interacts with vertical input–output linkages:

downstream entry propagates upstream, inducing cross-stage co-movement in market structure. The mechanism

is distinct from models in which elasticities vary due to selection into exporting or from models with variable

markups, where elasticities respond to demand curvature. Instead, trade elasticities are shaped by endogenous

entry and exit across vertically linked sectors. This requires both oligopolistic interaction and vertical linkages,

and disappears under perfect competition or in horizontal settings without production complementarity.

This section establishes two results. First, free entry amplifies the effects of trade costs through the extensive

margin, generating new long-run terms-of-trade forces (Proposition 1). Second, this amplification effect depends

systematically on market concentration, yielding the paper’s central prediction that downstream and upstream

concentration govern long-run trade elasticities (Proposition 2).

Adjustment with Free Entry In Stage 1, potential entrants anticipate the Stage-2 equilibrium described in

Section 2.2 and decide whether to enter each sector. Entry occurs until expected profits equal fixed entry costs,

so the free-entry conditions are (P − rτ)q = KH and (r − ct)x = KF in the downstream and upstream sectors,

respectively. These conditions jointly determine the endogenous numbers of producers (M,N) as functions of

trade costs. Because aggregate quantities and prices depend on entry, changes in tariffs propagate through both

firm-level decisions and entry or exit at each stage.

Under constant-elasticity demand, the free-entry conditions admit a convenient representation. Using the

Cournot conditions in (2)–(3), operating profits are proportional to aggregate output. Imposing free entry yields

M =

√
AQ1−1/σ

σKH
, (5)

N =

√
rX

σKF
. (6)
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Because aggregate output and the number of producers scale proportionally under constant-elasticity demand,

tariff changes induce proportional changes in both extensive and intensive margins. We now summarize the key

long-run comparative-statics results under free entry in the following proposition.

Proposition 1. Suppose that demand is constant-elasticity and producers freely enter both stages of production.

Relative to the short-run benchmark in Section 2.2, an increase in tariffs or transport costs now affects aggregate

quantities through both firm-level adjustments and endogenous entry.

(i) Aggregate quantities and the numbers of active firms fall in both sectors; average firm-level output also

declines.

(ii) Under constant-elasticity demand, tariffs worsen Home’s terms of trade.

Proposition 1 shows how free entry considerations alter the equilibrium outcomes relative to those of fixed

market structure shown in Lemma 2. Below, we provide economic intuitions behind the long-run equilibrium

results summarized in Proposition 1.

Aggregate Output Proposition 1(i) shows that, with free entry, variable trade costs reduce aggregate output

both directly (by raising marginal costs) and indirectly (by inducing exit). These responses in the number of

active firms (“extensive margin”) are absent in the short-run benchmark of Section 2.2. To isolate the new

extensive-margin channel created by free entry, it is useful to decompose the total effect of variable trade costs

into a direct component and indirect, entry-induced components. Consider the effect of tariffs on aggregate

output in the downstream sector. This effect is decomposed as direct and two entry-induced indirect effects:

dQ

dτ
=

∂Q

∂τ︸︷︷︸
Direct effect

+
∂Q

∂M

dM

dτ
+

∂Q

∂N

dN

dτ
.︸ ︷︷ ︸

Indirect effects from co-movement

(7)

The first term exists even when the number of producers is fixed as in the short run. By contrast, the second

and third terms exist only when the number of producers is endogenous in the long run. Lemma 2(ii) shows that

the aggregate quantity is increasing in the numbers of producers ( ∂Q
∂M > 0, ∂Q

∂N > 0). Moreover, higher tariffs

increase the production costs of Home firms and decrease the input demand perceived by Foreign suppliers,

forcing incumbent producers to exit the respective sectors (dMdτ < 0, dN
dτ < 0). As a result, higher tariffs reduce

not only the aggregate quantity through exit of Home firms ( ∂Q
∂M

dM
dτ < 0) but also the the aggregate quantity

through exit of Foreign suppliers (∂X∂N
dN
dτ < 0), since Q = X/t in equilibrium.

As is clear from the above explanation, the amplification of tariffs is unique to vertical oligopoly models in

which traded goods are complements: an increase in tariffs decreases the aggregate quantity in both countries,

since this forces incumbent Home firms to exit (by increasing their production costs) in the downstream sector

and forces incumbent Foreign suppliers to exit (by losing their business) in the upstream sector. In this sense,

tariffs lead to co-movement of producers in the vertically related sectors. This differs from horizontal oligopoly

models where traded goods are substitutes: an increase in tariffs leads to de-location among trading countries,

i.e., Home has more entry of firms (by softening Foreign competition) but Foreign has less entry (by limiting the

access to the Home market). The shift in entry, in turn, generates opposite welfare effects between countries.

Firm-Level Output In contrast, an increase in variable trade costs can either increase or decrease firm-level

output. Consider the effect on Home firms’ intensive margin. From q = Q/M where both Q and M decrease
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with τ , higher tariffs can reduce aggregate quantity by more or less than the proportional decline in the number

of active firms. The ambiguity is also understood by decomposing this effect as direct and indirect components

similarly to (7). Firm-level output responds through competing forces. Exit of upstream suppliers raises the

input price and contracts each Home firm’s scale, while exit of downstream competitors softens competition and

expands incumbents’ output. Because these forces offset each other, the effect of tariffs on firm-level output

is ambiguous in general. Under constant-elasticity demand, this ambiguity disappears because markups are

invariant to quantities at both stages. As a result, the weakening of competition caused by downstream exit

cannot dominate the mechanical contraction in demand, and Home firms’ intensive margin necessarily falls with

tariffs. Thus, an increase in tariffs always decreases Home firms’ intensive margin under the specific demand.

Terms of Trade Proposition 1(ii) reflects a new long-run mechanism absent in Section 2.2. Similarly to (7),

we can decompose the effect of tariffs on the input price as the direct effect and the indirect effects from co-

movement. Holding the market structure fixed, an increase in tariffs decreases the input demand of Home firms

by increasing their production costs and lowers the market-clearing input price, which acts towards improving

the terms-of-trade for Home. However, this channel is not operative under constant-elasticity demand, as in

Lemma 2(iii). With free entry, an increase in tariffs affects the input price through an additional channel: the

decline in Home firms’ input demand following a tariff increase forces incumbent Foreign suppliers to exit and

decrease the aggregate quantity in the upstream sector. The increased input price acts towards worsening the

terms-of-trade for Home. Taken together, under constant-elasticity demand, tariffs worsen the terms-of-trade

in the long run ( drdτ > 0). Because tariffs have no effect in the short run, the model highlights how input–output

linkages make terms-of-trade improvements from tariffs harder to obtain in the long run because tariff-induced

contractions in scale trigger exit in vertically related sectors.12

In sum, in this vertical specialization model, tariffs need not improve the terms of trade. With free entry,

higher tariffs induce exit at both stages, which raises the tariff-exclusive input price and therefore worsens the

terms of trade. This result stands in sharp contrast to horizontal-oligopoly models, in which tariffs typically

improve the terms of trade by shifting profits from Foreign firms to Home firms.

Long-Run Trade Elasticity So far, we have demonstrated that free entry leads to co-movement of producers

across vertically related sectors, amplifying the effects of trade costs. Now we formalize how that mechanism

depends on market concentration and derives the model’s central trade-elasticity results.

Proposition 1 shows that the indirect effects occur only when there are a small number of firms and suppliers

in the vertically related sectors. In other words, when these sectors are close to being perfectly competitive

with hundreds of firms and suppliers, each producer plays a minor role in the respective sectors, where the co-

movement has only a marginal effect. Thus, when both sectors become highly competitive, individual producers

are negligible and the entry–exit channel vanishes. The next lemma reports this limiting case.

Lemma 3. The indirect effects from co-movement of producers disappear when the vertically related sectors are

perfectly competitive. In case of the impact of tariffs on the aggregate quantity in Home, we have

lim
M,N→∞

dQ

dτ
=

∂Q

∂τ
.

12Under general demand, the short-run effect of tariffs on the input price r (holding entry fixed) is ambiguous, reflecting the
interaction between a direct demand-shifting effect and an indirect effect operating through output adjustments. In the long run,
co-movement in entry across stages introduces an additional channel through upstream markups, so the response of the input price
remains ambiguous under non-CES demand. Section 2.4 discusses the mechanism.
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It is worth stressing that Lemma 3 holds only when both vertically related sectors are perfectly competitive.

If only one sector becomes competitive, (7) shows that some indirect effects remain because exit at the other

stage continues to propagate through input–output linkages.

We now derive the long-run trade elasticities in the present paper. The next proposition delivers the paper’s

central positive result: in vertically related oligopolies with free entry, trade elasticities depend systematically

on market concentration (see Appendix A.2 for proof).

Proposition 2. Let θLR denote the trade elasticity of final-good imports. Under constant-elasticity demand and

free entry in both sectors, the long-run elasticity of intermediate-input imports with respect to tariffs satisfies:

(i) The magnitude of θLR is increasing in downstream and upstream concentration.

(ii) The effect of tariffs is larger in the long run than in the short run: θLR > θSR = σ whenever M,N < ∞.

(iii) In the competitive limit M,N → ∞, the extensive-margin channel vanishes and θLR → σ.

Under constant-elasticity demand with free entry, this elasticity admits a simple expression:

θLR ≡ −d lnQ

d ln τ
= σ

(
2(M + 1 + ρ)(2N + 1 + ρ)

(2M + ρ)(2N + ρ)− (2 + ρ)

)
︸ ︷︷ ︸

µ(M,N)

, (8)

where µ(M,N) is an amplification factor decreasing in M and N . Since 1/M and 1/N correspond to Herfindahl

indices under symmetric Cournot competition, equation (8) implies that greater market concentration increases

the trade elasticity through entry and exit that propagate across vertically linked sectors, generating cross-stage

co-movement in market structure. The long-run elasticity exceeds its short-run counterpart in (4), µ(M,N) > 1,

for finite M,N , and converges to unity in the competitive limit, so that limM,N→∞ µ(M,N) = 1.

The intuition is straightforward. When many producers operate in each sector, the indirect effect of co-

movement is negligible (Lemma 3), and the trade elasticity reduces to the standard value σ, as in competitive

or monopolistically competitive models. When only a few producers are active, each firm influences market

outcomes, and exit propagates across vertically linked sectors through input–output linkages. This cross-stage

co-movement amplifies the impact of tariffs on aggregate quantities, so that the long-run elasticity exceeds

σ whenever M,N < ∞. Vertical linkages are essential because entry decisions at one stage affect demand

conditions at another, generating spillovers that do not arise in standard horizontal models.

Proposition 2 reflects a mechanism within a vertical oligopoly framework with Cournot competition and free

entry. When market structure is endogenous, trade elasticities are equilibrium objects shaped by concentration

through entry and exit. Changes in market structure reshape residual demand elasticities, altering firms’ pricing

behavior and the responsiveness of quantities to cost shocks. As the number of competitors adjusts to tariffs,

so does strategic interaction.

The mechanism is derived within a partial-equilibrium vertical Cournot framework with free entry. However,

it does not rely on general-equilibrium feedbacks through wages or aggregate demand, although embedding the

model in general equilibrium would introduce income effects. Similar forces may arise in other environments with

market power and endogenous entry, including Bertrand competition, oligopsony, or bargaining over contracts.

Their effects on trade elasticities, however, depend on the details of pricing, pass-through, and entry conditions

across stages of production. Establishing such extensions therefore requires separate analysis and is beyond the

scope of this paper.
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To isolate the role of downstream concentration, note from Lemma 3 that amplification arises from cross-

sector co-movement. Consider therefore the limit in which the upstream sector becomes competitive (N → ∞)

while the downstream sector remains oligopolistic. In this limit, (8) implies that the long-run trade elasticity is

lim
N→∞

θLR = σ

(
1− 1

σM

1− 1
2σM (σ + 1)

)
> σ for all M < ∞.

Since the right-hand side is decreasing in M , greater downstream concentration raises the trade elasticity θLR.

Equation (8) implies that the same logic applies in the opposite limit (M → ∞). Only when both stages become

perfectly competitive (M,N → ∞) does the standard Armington result obtain, θLR = σ. These limiting cases

clarify that vertical market power in either sector magnifies the aggregate response of trade flows to tariffs.13

In Sections 2.4–2.5, we extend the baseline framework to allow for general demand and Home suppliers,

respectively. These extensions reopen a terms-of-trade channel and restore a rent-shifting motive for tariffs,

while preserving the central elasticity–concentration relationship established here. Before closing this section,

however, we briefly mention two additional points in the baseline model.

Transport Costs While the analysis has focused on tariffs τ borne by Home firms, the model also includes

iceberg transport costs t incurred by Foreign suppliers. Both act as multiplicative wedges between upstream

marginal cost and delivered input cost, so the same entry–exit amplification mechanism applies. In particular,

Proposition 2 applies to any trade cost affecting entry at either stage, whether policy-induced or technological.

Formally, let ϑSR and ϑLR denote the short-run and long-run trade elasticities with respect to transport costs:

ϑSR ≡ −∂ lnX

∂ ln t
= σ − 1,

ϑLR ≡ −d lnX

d ln t
= (σ − 1)η(M,N),

where η(M,N) ≥ 1 (defined in Appendix A.2) captures the same entry-driven amplification as µ(M,N) in (8).

The difference in elasticities reflects incidence: transport costs scale shipped exports X, whereas tariffs apply

to delivered imports Q = X/t, which explains the appearance of σ − 1 under constant-elasticity demand.

Quantity versus Value So far, trade elasticities have been defined in quantity terms, whereas much of the

empirical literature uses values. To relate the two, let V ≡ rQ denote the FOB value of Home’s input imports.

Using the Home Cournot condition (2), this is written as V = P (Q)Q
τ

(
1− 1

σM

)
, so the value-based elasticity is

θ̃LR ≡ −d lnV

d ln τ
= (σ − 1)µ(M,N) + 1 +

d ln
(
1− 1

σM

)
d ln τ

.

Value-based elasticities therefore inherit the same dependence on concentration as quantity-based elasticities.

Since tariffs reduce M and raise markups 1/(σM), the last term is negative, so price adjustments partially offset

quantity contractions. Although concentration continues to amplify trade responses, this amplification is weaker

when elasticities are measured in values rather than quantities. This indicates that quantity-based elasticities

provide the most direct measure of the model’s mechanism, while value-based elasticities are expected to be

smaller in absolute value, especially in more concentrated industries.

13Under general technologies, trade elasticities are scaled by the input share, but the amplification mechanism remains intact.
For example, with q = xαℓ1−α, the short-run trade elasticity becomes ασ. In the long run, the elasticity takes the form ασ times
an amplification factor that depends on market concentration, although its exact expression differs from µ(M,N) in (8).
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2.4 General Demand

The analysis so far assumes constant-elasticity demand. The amplification of trade elasticities, however, does

not hinge on this assumption, but arises from changes in residual demand elasticities induced by entry and exit.

Following Mrázová and Neary (2017), we relax the CES framework in order to separate knife-edge properties

from more general features of the model. All elements of the baseline environment remain unchanged except for

final-good demand, which allows trade elasticities to vary with market concentration and equilibrium quantities.

We focus on how this generalization affects the core mechanism, relegating technical details to Appendix A.3.

Revisiting Lemma 1 When demand elasticity and curvature vary with output, tariff-induced changes in

aggregate output alter the shape of the derived input demand faced by Foreign suppliers. Lemma 1 relies

on the knife-edge property of constant-elasticity demand, under which both elasticity and curvature are fixed.

As a result, proportional demand shifts leave upstream markups unchanged, so the tariff-exclusive input price

is invariant in the short run. Under general demand, this invariance breaks down: changes in output affect

elasticity and curvature, altering markups and causing the input price to adjust even when entry is fixed.

Revisiting Lemma 2 Under constant-elasticity demand, tariffs have no effect on the tariff-exclusive input

price in the short run. This knife-edge result disappears under general demand, because tariff-induced changes

in quantities affect upstream markups and thus the input price. In general, the response of the input price is

ambiguous, reflecting the interaction between a direct effect of tariffs and an indirect effect operating through

output adjustments. While tariffs continue to reduce firm-level output and aggregate imports, the short-run

invariance of the input price no longer holds. Likewise, the short-run trade elasticity is no longer pinned down

by the demand parameter alone, as changes in quantities feed back into markups through variable elasticity.

Revisiting Proposition 1 Higher tariffs reduce the number of Home firms and Foreign suppliers, inducing

co-movement in entry across stages, as under constant-elasticity demand. Under general demand, however, firm-

level output reflects opposing forces. Upstream exit raises input prices and contracts scale, while downstream exit

softens competition and expands markups, so the net effect is ambiguous. Tariffs also affect the tariff-exclusive

input price through changes in upstream market structure; its long-run response is therefore ambiguous under

non-CES demand. As a result, tariffs are more likely to generate terms-of-trade effects under free entry than

under fixed market structure, although the direction remains ambiguous.

Revisiting Proposition 2 Long-run trade elasticities depend on both demand curvature and the strength of

the amplification mechanism induced by endogenous entry. However, the central comparative-static prediction

remains: downstream concentration governs long-run trade elasticities through its effect on entry and exit.

Higher concentration strengthens strategic interactions, so that tariff-induced changes in output generate larger

adjustments in entry, which propagate across vertically linked sectors and amplify the overall trade response.

Takeaway The CES specification delivers tractable expressions with constant markups and no short-run price

responses, but these features are not essential for the core mechanism. Allowing for general demand introduces

variable markups and input price responses, giving rise to a terms-of-trade channel even when all upstream

suppliers are located in Foreign, although its magnitude and direction depend on demand curvature. The core

mechanism―endogenous trade elasticities driven by market structure―remains intact: vertical linkages ensure

that downstream concentration shapes long-run elasticities.

16



2.5 Home Suppliers

The baseline model assumes that all intermediate inputs are produced by Foreign suppliers, consistent with the

vertical-specialization structure commonly studied in the literature. We now consider an extension in which

some upstream suppliers are located in Home while the upstream market structure remains fixed. This setting

captures incomplete specialization―an empirically more realistic environment―as well as the plausible situation

in which foreign suppliers adjust more slowly than domestic importers. Details are provided in Appendix A.4.

When some inputs are sourced domestically, part of the tariff-induced contraction in intermediate demand

is absorbed by Home suppliers, attenuating import responses. Because tariffs apply only to imported inputs,

this attenuation is stronger in industries with greater domestic sourcing, so industries that rely more heavily on

Foreign inputs exhibit larger trade elasticities, conditional on market structure. Allowing for Home suppliers also

restores a rent-shifting motive for tariffs―familiar from the trade policy literature on vertically related markets

(Ishikawa and Spencer 1999; McCorriston and Sheldon 2011). In particular, higher tariffs raise the tariff-inclusive

input price faced by Home firms, rτ , shifting rents from Foreign to Home suppliers, while the tariff-exclusive price

r adjusts according to upstream equilibrium conditions. Importantly, this channel operates through upstream

price adjustments and profit redistribution, whereas our mechanism operates through downstream entry and

strategic interaction, which determine market concentration and thereby endogenize the trade elasticity.

The central prediction of the model remains unchanged. Downstream entry continues to respond to trade

costs, so market concentration governs the long-run trade elasticity through strategic interaction and entry.

Home suppliers therefore affect the magnitude―but not the underlying mechanism―of tariff responses.

3 Empirical Tests of Market Concentration and Trade Elasticities

In Section 2, we show that in vertically related oligopolies with free entry, the trade elasticity is increasing in

market concentration. In this section, we test whether variation in market concentration systematically alters

the responsiveness of imports to tariffs, as implied by the entry-driven amplification mechanism in the model.

Specifically, we combine detailed Chinese Customs data with product-level import tariff rates. Our findings

indicate that products with higher market concentration exhibit larger import responses to tariffs.14

Our empirical strategy exploits cross-product variation in downstream market structure, measured by con-

centration indices constructed from customs data. Proposition 2 and the limiting cases discussed in Section

2.3 motivate this focus: even when the upstream exporting sector is competitive, downstream market power

alone amplifies tariff responses through the free-entry channel. Section 2.5 further considers a setting in which

upstream structure is fixed while downstream entry responds to trade costs, a configuration that is empiri-

cally plausible at the horizons we study because foreign suppliers adjust more slowly than domestic importers.

Consequently, variation in downstream concentration alone is sufficient to explore cross-product differences in

trade elasticities. Empirically, downstream concentration captures the strength of strategic interaction and the

free-entry margin emphasized in the model, implying larger tariff pass-through and import responses in more

concentrated sectors.

14A related literature shows that trade elasticities vary with an industry’s position along GVCs. Antràs and de Gortari (2020)
show in a competitive multistage framework that trade costs compound along GVCs, implying larger elasticities in more downstream
sectors. Johnson and Moxnes (2023) also find that elasticities vary because GVCs reorganize endogenously as trade costs change.
Our framework highlights a distinct mechanism: with vertical market power and endogenous entry in GVCs, trade elasticities are
equilibrium objects that depend on market structure. Motivated by these contrasting mechanisms, the empirical analysis below
examines how trade elasticities vary with both downstreamness and sectoral concentration. This distinction also matters for welfare:
unlike competitive multistage models that treat elasticities as primitive sufficient statistics, our framework implies that they are
policy-dependent once entry and market structure adjust, altering the mapping from trade costs to welfare (see Section 4.2).

17



3.1 Data

Our import data are derived from the census of export and import transactions of Chinese firms from 2000

to 2007, collected by China’s General Administration of Customs. The database records a firm’s trade value,

import source, export destination, and trade mode (processing trade or ordinary trade) at the 8-digit Harmonized

System (HS) product level. The Chinese Customs data have been widely examined in the previous studies on

the trade activities and performance of Chinese firms (Ahn, Khandelwal, and Wei 2011; Brandt et al. 2017).

The data report FOB values for both exports and imports in thousands of U.S. dollars. Because FOB values

exclude tariffs, they correspond to the tariff-exclusive values emphasized in Section 2. They also include the

quantities traded, measured in one of 12 different units (e.g., kilograms, square meters), enabling us to examine

the effect of tariffs on import quantities.

Sample Construction For this empirical study, we construct the dataset in four steps.

First, in the Customs data, some firms are pure trading companies that do not engage in manufacturing

activities. Following standard practice in the literature (Ahn, Khandelwal, and Wei 2011), we identify such

intermediaries and wholesalers using keywords in firm names and exclude them from the sample. Imports

handled by trading companies account for a significant, though declining, share of total imports over the sample

period. We therefore focus on manufacturing firms that use imported intermediate goods in production.

Second, we exclude imports entering China under processing trade arrangements, which are exempt from

import duties and account for approximately half of total imports. Instead, we focus on intermediate goods

under ordinary trade. Because our interest lies in the effect of tariffs on input trade within vertical specialization,

processing trade is not suitable for our analysis.

Third, consistent with our theoretical framework, we use the Broad Economic Categories (BEC) classification

to identify imports as raw materials, intermediate goods, capital goods, or consumption goods. We exclude final

goods―namely capital and consumption goods―using a concordance between BEC classifications and 6-digit

HS codes. We rely on publicly available concordance tables from UN Comtrade to ensure consistency in product

codes over time.

Fourth, we measure market concentration using either the HHI or the four-firm concentration ratio (CR4),

defined as the combined market share of the four largest importers at the 6-digit HS product level. Under

symmetric Cournot competition, higher concentration corresponds to fewer active firms, which strengthens

strategic interaction and magnifies entry and exit responses to trade costs. Through this channel, HHI or CR4

captures the amplification mechanism emphasized in the model, linking market structure to trade elasticities.

Finally, we aggregate import quantities, import values, and the number of importers at the product level.

Import values, reported in thousands of U.S. dollars, are converted into thousands of Chinese RMB using annual

exchange rates from China’s National Bureau of Statistics and then deflated using input deflators constructed

by Brandt et al. (2017).

Concentration Measures In the model, the key state variable governing trade elasticities is the number of

downstream producers, M , which captures market concentration in the final-good sector. Empirically, however,

we observe concentration among importing firms using customs data. We therefore construct concentration

measures based on importer-level market shares and interpret them as capturing importer-side concentration,

which reflects the intensity of competition and the scope for entry and exit. While importer concentration does

not directly capture all downstream producers—since some firms may source inputs domestically—it captures

the concentration of firms actively engaged in importing, the relevant margin for import demand.
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Table 1: Summary statistics

Variable Observations Mean Std. Dev. Min Max

log(Import quantity) 28,127 11.54 4.18 0 25.53
log(Import value) 28,127 7.24 2.98 -6.99 17.55
Number of importers 28,127 147.59 392.47 1 9,298
Import tariff rate (%) 28,127 10.05 7.89 0 121.60
Input tariff rate (%) 28,127 7.06 2.90 1.92 26.85
HHI 28,127 0.30 0.27 0 1
High-HHI dummy 28,127 0.46 0.50 0 1
CR4 28,127 0.74 0.25 0.03 1
High-CR4 dummy 28,127 0.496 0.500 0 1

Source: Authors’ compilation based on Chinese Customs data, WITS, and Brandt et al. (2017).

Because our empirical outcome is the responsiveness of imports to tariffs, importer participation provides

the relevant empirical counterpart to the extensive margin in the model. Since customs data do not observe

firms sourcing inputs domestically, importer-based concentration may differ from producer-based concentration.

The empirical specification tests whether tariff responses are larger in more concentrated importing markets,

consistent with Proposition 2, without requiring a direct mapping between them.

Tariff Measures Import tariff rates are obtained from the Trade Analysis Information System (TRAINS)

database, available through the World Integrated Trade Solution (WITS). The dataset covers more than 5,000

HS 6-digit products and reports ad valorem tariff rates. We use effectively applied tariffs imposed by China from

2000 to 2007 and map them to Chinese Customs data to construct product-level import tariffs. Import tariffs

refer to applied tariffs on imported goods (i.e., output tariffs). Over this period, average tariffs on intermediate

goods declined from 14.2% to 7.0%. The sample is restricted to manufacturing firms, which we interpret as

downstream producers relying on imported inputs.

To incorporate input–output linkages, we construct input tariffs following Brandt et al. (2017) as weighted

averages of product-level import tariffs, using input shares from the 2002 Chinese IO table. Because the IO

table is available at a more aggregated level, input tariffs are measured at the 4-digit CIC level and mapped

to HS products using concordances between IO industries, CIC sectors, and HS classifications. In the baseline

specification, we use input tariffs, as they capture exposure to upstream trade costs and align closely with the

model’s vertical-linkage mechanism. Import tariffs, in contrast, primarily reflect the direct price of imported

goods and are better suited to capturing adjustments in importer participation.

The use of these tariff measures reflects a trade-off between theoretical alignment and measurement. Input

tariffs capture the propagation of cost shocks through production networks, while import tariffs isolate product-

level price changes and participation responses. Taken together, these measures allow us to examine how tariff

responses vary with market structure across both aggregate import outcomes and importer participation.

Summary Statistics Table 1 reports summary statistics for the key variables used in the empirical analysis.

There is substantial cross-product variation in import quantity, the number of importers, tariffs, and market

concentration. The average import tariff is 10.05%, while the average input tariff is 7.06%, consistent with

Brandt et al. (2017). The High-HHI dummy equals one if the HHI exceeds its median value (0.20). Constructed

at the product level from importer-level customs data―as in Figure 1―this measure captures downstream

import concentration within narrowly defined product markets.
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3.2 Specification

Baseline Regression Our empirical specification exploits cross-product variation in input tariffs to estimate

how tariff effects vary with market concentration:

Ypt = α+ β1 log(1 + τpt−1) + β2MCpt−1 + β3

[
log(1 + τpt−1)×MCpt−1

]
+ FEp + FEt + εpt.

where Ypt denotes the logarithm of import quantity of product p in year t. Here, we focus on import quantities,

as they most directly reflect the model’s mechanism. Import values combine quantity responses with endogenous

price adjustments, which attenuate the elasticity, as shown at the end of Section 2.3.

The term log(1+τpt−1) denotes the one-year lagged tariff.15 In the baseline, we use input tariffs constructed

from input–output linkages, which capture downstream firms’ exposure to upstream trade costs in the model’s

vertical mechanism. MCpt−1 denotes market concentration, measured using the HHI, a high-HHI dummy, the

CR4, or a high-CR4 dummy. Concentration is also lagged to mitigate endogeneity concerns. The interaction

term log(1 + τpt−1)×MCpt−1 captures how tariff effects vary with concentration.

Identification Identification exploits within-product variation in tariffs over time, interacted with predeter-

mined market concentration. Product fixed effects absorb time-invariant product characteristics, while year

effects capture common macroeconomic shocks. The interaction coefficient is thus identified from differen-

tial tariff changes across products with different initial levels of concentration, capturing heterogeneous tariff

responses across markets with varying importer concentration. While the model characterizes long-run equilib-

rium responses with endogenous entry, the empirical specification captures short- to medium-run adjustments,

so the estimates should be interpreted as reduced-form evidence consistent with the mechanism rather than a

direct test of the long-run equilibrium.

The model features tariffs on imported intermediates, whereas the baseline specification uses input tariffs

constructed from input–output linkages. These capture downstream firms’ exposure to upstream cost shocks―

the central margin in the model―but are not identical to product-level tariffs. By aggregating tariffs across the

input bundle, they reflect how cost shocks propagate through production networks. In contrast, product-level

import tariffs primarily capture direct trade costs on final goods and are less closely linked to the vertical

mechanism. Consistent with this distinction, Table A.2 shows that import tariffs yield weaker and less precise

interaction effects with concentration. We therefore interpret the baseline results as reduced-form evidence of

heterogeneous tariff sensitivity, rather than a direct structural test of the full cross-stage entry mechanism.

Mapping to Theory We relate the regression coefficients to the trade elasticities derived in Section 2.3. The

coefficient of interest is β3, which captures how tariff effects vary with market concentration. Proposition 2

predicts that trade elasticities increase with downstream concentration, implying stronger import responses in

more concentrated markets. While we do not observe entry and exit at both stages, the systematic relationship

between concentration and tariff responsiveness is consistent with the entry–exit amplification mechanism of

the model. In our specification, the trade elasticity for a product with concentration MCpt−1 is β1+β3MCpt−1,

so that β3 < 0 indicates greater sensitivity of imports to tariffs in more concentrated sectors.

In the data, most of the variation comes from tariff reductions. Accordingly, β3 < 0 implies that import

growth following tariff reductions is larger in more concentrated markets, providing reduced-form evidence

consistent with Proposition 2.

15Tariffs are lagged to mitigate simultaneity and allow for entry and sourcing responses, consistent with long-run adjustment.
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3.3 Results

Key Results Table 2 reports the estimation results on input tariffs, imports, and market concentration. The

dependent variable is the logarithm of import quantity. A one-percentage-point reduction in input tariffs―from

10% to 9%―is associated with a 2.57% increase in import quantity (column (1)).

While the coefficients on input tariffs are negative but not always statistically significant, the interaction

terms between input tariffs and market concentration are negative and statistically significant in many spec-

ifications, indicating that tariff effects vary systematically with importing-market concentration. Specifically,

column (3) shows that tariff responses are larger for high-HHI products: combining the baseline and interaction

coefficients, a one-percentage-point reduction in input tariffs increases import quantity by approximately 6.2%.

The heterogeneous effects are even more pronounced when using CR4 as the concentration measure. Because

CR4 is also a monotone measure of concentration, this pattern is consistent with the theoretical prediction

that concentration scales trade elasticities. While the empirical specification does not directly identify the en-

try mechanism emphasized in the model, the results provide reduced-form evidence that tariff responses are

larger in more concentrated importing markets, consistent with the mechanism in Proposition 2: tariffs affect

concentration through entry and exit, which in turn shapes trade elasticities.

This pattern is difficult to reconcile with standard trade models in which trade elasticities are primitives.

In such frameworks, tariff responses depend only on demand parameters and should not vary systematically

with concentration. The strong relationship between tariff responses and market concentration documented

here therefore points to a mechanism in which market structure governs the responsiveness of imports.

Robustness Checks Appendix A.5 reports robustness checks. Table A.2 uses import tariffs as an alternative

measure of tariffs, and Table A.3 shows that the main results for import quantities are robust to including

capital goods as intermediate inputs. As an additional check, Table A.4 reports results using import values.

The main findings continue to hold across these specifications: tariff reductions increase imports, and the effects

are stronger in more concentrated industries. When using import values instead, the estimated elasticities are

smaller in absolute value. This pattern is consistent with the model, as tariff changes affect both quantities and

prices through entry and markup adjustments, so value responses―being the product of price and quantity―

are dampened by offsetting price movements. Because markup adjustments are stronger in more concentrated

industries, the amplification of trade elasticities is correspondingly weaker for values than for quantities.

3.4 Extensive Margin and Importer Participation

Evidence on the Mechanism We next examine the extensive margin to provide evidence on the mechanism

underlying the theoretical results. In the model, tariffs affect trade elasticities through endogenous entry and

exit. Because downstream entry is not directly observable in the data, the number of importing firms serves as

a proxy for participation at the product level. Higher tariffs raise marginal costs and reduce profits, leading to

exit, which amplifies the response of imports to trade costs.

To assess this mechanism, we estimate specifications as in Section 3.2, replacing the dependent variable with

the logarithm of the number of importers. We consider both input tariffs and import tariffs, which capture

different aspects of trade costs. Input tariffs capture exposure to trade costs through input–output linkages and

align closely with the model’s mechanism, while import tariffs correspond to the direct cost of imported goods

and more cleanly capture participation decisions at the product level. We report results for input tariffs first,

followed by import tariffs.
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Table 2: Input tariffs, import responses, and market concentration

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

L. log(1 + τ) -6.476*** -3.968* -4.246** -0.151 -4.830**
(1.949) (2.206) (2.029) (2.512) (1.949)

L.HHI -0.249
(0.215)

L. log(1 + τ)× L.HHI -4.025*
(2.427)

L.high-HHI 0.0354
(0.0744)

L. log(1 + τ)× L.high-HHI -2.512***
(0.941)

L.CR4 0.177
(0.138)

L. log(1 + τ)× L.CR4 -6.778***
(2.111)

L.high-CR4 0.0135
(0.0655)

L. log(1 + τ)× L.high-CR4 -1.791**
(0.893)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534 19,534
Adjusted R2 0.882 0.883 0.882 0.882 0.882

Notes: The sample consists of 3,053 HS 6-digit products over the period 2000–2007. The dependent variables are the logarithms of

import quantity of raw materials and intermediate goods into China at the product level. Tariffs refer to input tariffs constructed

from input–output linkages. Standard errors are clustered at the product level. ***, **, and * denote significance at the 1%, 5%,

and 10% levels, respectively.

Table 3: Tariffs and the extensive margin of importing firms

Input tariffs Import tariffs

(1) (2) (3) (4)

L. log(1 + τ) 1.024 0.965 -0.587*** -0.772***
(0.681) (0.709) (0.202) (0.233)

L.HHI -0.440*** -0.450***
(0.0619) (0.0454)

L. log(1 + τ)× L.HHI 0.643 0.616*
(0.736) (0.337)

Product FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534
Adjusted R2 0.953 0.954 0.953 0.954

Notes: The dependent variable is the logarithm of the number of importing firms at the product-year level. All regressions include

product and year fixed effects. Input tariffs are constructed from input–output linkages, while import tariffs are product-level

applied tariffs. Standard errors are clustered at the product level. ***, **, and * denote statistical significance at the 1%, 5%, and

10% levels, respectively.
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Key Results Table 3 reports key results across tariff measures. In columns (1)–(2), using input tariffs, the

coefficient on log(1 + τpt−1) is positive but not statistically significant, indicating limited evidence that input

tariffs affect importer participation. In columns (3)–(4), using import tariffs, the coefficient is negative and

statistically significant, implying that lower import tariffs increase importer participation.

This contrast reflects different economic channels. Input tariffs capture broader cost exposure through

input–output linkages and align with the model’s mechanism linking trade costs to production networks, but

may induce firms to reorganize sourcing―such as diversifying suppliers or entering import markets―rather than

pure entry or exit. By contrast, import tariffs act as direct trade barriers, reducing participation through exit,

consistent with the model. The full set of specifications is reported in Appendix A.5 (Tables A.5 and A.6).

These findings provide suggestive evidence on the extensive margin while highlighting the distinction between

firm entry in the model and importer participation in the data. Because importer counts reflect both sourcing

decisions and firm dynamics, they do not map directly into model-based entry. Instead, the empirical analysis

tests a central prediction of the model: that market concentration scales import responses to trade costs. The

main results in Table 2 therefore focus on import quantities, which more closely align with the theory.

4 Welfare Implications of Endogenous Trade Elasticities

This section studies the welfare implications of tariffs in our vertical oligopoly model. A large literature evaluates

trade policy using sufficient-statistics approaches that treat the trade elasticity as a primitive governing the

response of trade flows to trade costs. In contrast, in our model the trade elasticity is an equilibrium outcome

shaped by market structure and entry. Because tariffs affect entry and concentration, they also change the

trade elasticity itself, rendering the elasticity governing welfare policy-dependent rather than invariant.

Tariffs distort quantities directly and, by altering entry and concentration, amplify welfare losses. Because

these losses scale with the responsiveness of imports to trade costs, trade elasticities are central to the welfare cost

of tariffs. Higher concentration strengthens strategic interaction and entry responses, raising trade elasticities

and magnifying welfare losses. We show that vertical market power breaks the conventional sufficient-statistics

mapping between trade elasticities and welfare, and illustrate this mechanism quantitatively. Throughout,

welfare is evaluated at the Stage-0 subgame-perfect equilibrium of the subsequent entry and production decisions.

4.1 Welfare in the Baseline Model

This subsection derives the welfare effects of import tariffs in the baseline model with constant-elasticity demand

and Foreign suppliers only, as in Sections 2.1–2.3. The objective is to present a convenient welfare decomposition

and to show how the concentration-driven mechanism from Section 2 maps into welfare losses. In particular,

market concentration affects welfare by scaling the quantity response to tariffs through entry and exit.

Welfare Decomposition In the model, Home welfare consists of four components: consumer surplus, profits

of Home firms in the downstream sector, tariff revenue, and labor income with a mass L of identical consumers.

Using the equilibrium relationship Q = X/t, Home welfare can be written as

W ≡ W (τ) =

[∫ Q

0

P (y)dy − P (Q)Q

]
︸ ︷︷ ︸

Consumer surplus

+
[(
P (Q)− rτ

)
Q−MKH

]
︸ ︷︷ ︸

Profits

+
r(τ − 1)X

t︸ ︷︷ ︸
Tariff revenues

+ L︸︷︷︸
Labor income

.
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where profits are positive in a fixed number of firms and zero under free entry. The tariff revenue is rebated

lump-sum to consumers, while labor income is fixed by the numeraire sector. Since all suppliers are located in

Foreign in the baseline model, upstream profits are not part of Home welfare. Because equilibrium quantities

and prices are determined in Stages 1–2, tariffs affect welfare through three channels: (i) aggregate quantities

Q,X; (ii) market structure M,N ; and (iii) input prices r, which govern the terms of trade. The key distinction

emphasized in this paper is whether market structure is fixed or endogenous. When entry is endogenous, tariff-

induced exit creates additional welfare losses absent in competitive or fixed-market-structure environments.

Differentiating W with respect to tariffs and rearranging,

dW

dτ
=

[
(P − rτ)q −KH

]dM
dτ

+ r(τ − 1)
dQ

dτ
+M(P − rτ)

dq

dτ
−Q

dr

dτ
.

The first term vanishes both when market structure is fixed and under free entry, since in either case marginal

firms earn zero profits in equilibrium. The remaining terms highlight three margins. First, changes in aggregate

quantity (dQdτ ). Second, changes in firm-level quantity ( dqdτ ). Third, movements in the input price ( drdτ ), thereby

affecting the terms-of-trade for Home. Importantly, these three channels operate differently in the short-run

and long-run equilibria. Regarding the response of aggregate imports, dQ
dτ , (7) shows that only the direct effect

is present in the short-run equilibrium, whereas the indirect effects from co-movement of producers additionally

arise in the long-run equilibrium. We therefore take into account these different channels when evaluating the

welfare consequences of tariffs.

Short-Run Equilibrium When entry is fixed in the short run, tariffs affect welfare only through direct

quantity adjustments. Tariffs raise marginal costs for Home firms and Foreign suppliers, lowering Q and q.

However, under constant-elasticity demand and fixed market structure, the input price remains unchanged

because equilibrium markups are constant. The welfare effect is given by

∂W

∂τ
= r(τ − 1)

∂Q

∂τ
+M(P − rτ)

∂q

∂τ
< 0,

where the sign follows from Lemma 2. Thus, tariffs reduce welfare by contracting production and consumption:

since markups and entry are unchanged, welfare losses arise solely from the induced decline in quantities.

Long-Run Equilibrium When entry is endogenous in the long run, additional channels appear:

dW

dτ
= r(τ − 1)

(∂Q
∂τ

+
∂Q

∂M

dM

dτ
+

∂Q

∂N

dN

dτ

)
+M(P − rτ)

(∂q

∂τ
+

∂q

∂M

dM

dτ
+

∂q

∂N

dN

dτ

)
−Q

dr

dτ
< 0.

Compared with the short-run equilibrium, three new forces emerge: (i) exit of Home firms (dMdτ < 0) reduces

competition and contracts output production; (ii) exit of Foreign suppliers (dNdτ < 0) contracts input production;

and (iii) induced increase in input prices ( drdτ > 0) worsens the terms of trade. All of these effects reinforce one

another because intermediate inputs and final goods are complements.

Subtracting the fixed-structure welfare change from the endogenous one yields

dW

dτ
− ∂W

∂τ
= (P − r)

( ∂Q

∂M

dM

dτ
+

∂Q

∂N

dN

dτ

)
−Q

dr

dτ
< 0.

The first term captures an anti-competitive effect: tariff-induced exit raises markups and depresses aggregate

production. The second reflects a terms-of-trade channel operating through entry―when Foreign suppliers exit,
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the market-clearing input price rises, worsening Home’s terms of trade even though tariffs would otherwise

lower demand for imports. Both terms are proportional to the same co-movement forces that raise the long-run

trade elasticity in Proposition 2. Market structure therefore enters welfare only through its effect on quantity

responses and entry, not through any independent price-setting channel.

Competitive Benchmark When both sectors become perfectly competitive, the co-movement mechanism

vanishes. Entry and exit no longer affect market outcomes without creating the extensive-margin adjustment.

In this limiting case, the additional welfare losses from endogenous market structure disappear, so that

lim
M,N→∞

dW

dτ
− ∂W

∂τ
= 0.

This observation is important for interpretation: vertical linkages alone do not generate amplified welfare effects.

What matters is that these linkages operate in environments where producers have strategic interaction. Thus,

market concentration matters for welfare not because it alters consumer preferences or technology, but because

it governs how tariff shocks propagate through entry and strategic interaction across production stages.

Welfare Implications Combining Lemma 2 and Proposition 1 yields the following welfare implications for

a vertical oligopoly with endogenous entry and strategic interaction.

• Tariffs are more distortionary in the long run than in the short run. With market structure fixed, welfare

losses arise only from contractions in quantities. With free entry, tariffs additionally induce exit in both

downstream and upstream sectors, which amplifies quantity responses and magnifies welfare losses.

• Competitive limits collapse the amplification mechanism. As the number of producers in both stages is

large, entry responses vanish and the model converges to the benchmark in which tariff effects on welfare

are governed solely by quantity adjustment.

• Concentration raises the welfare losses of tariffs through co-movement of producers. In vertically related

sectors with free entry, downstream concentration scales the welfare cost of tariffs. Market structure affects

welfare not through independent price-setting channels, but by governing how tariff shocks propagate

through entry and exit across production stages.

In sum, endogenous entry amplifies welfare losses from tariffs by strengthening quantity responses through

co-movement of producers across vertically linked sectors—forces that are absent from competitive models.

Building on this finding, the next subsection compares these welfare results to the sufficient-statistic welfare

formulas in the literature and clarifies how vertical market power and endogenous entry reshape the mapping

from trade elasticities to welfare in our vertical oligopoly model.

4.2 Sufficient Statistics with Endogenous Trade Elasticities

Departure from ACR Arkolakis, Costinot, and Rodŕıguez-Clare (2012, hereafter ACR) derive welfare effects

of trade shocks using a small set of sufficient statistics, most notably the trade elasticity. In a broad class of

trade models with perfect competition or monopolistic competition under CES preferences, a marginal change in

trade costs affects welfare through its effect on real income, with the magnitude governed by the trade elasticity.

This insight underlies much of empirical and quantitative analyses that use estimated elasticities to evaluate

trade policy counterfactuals.
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Our analysis differs in an important respect. As will be shown below, welfare changes in our model are also

summarized by the trade elasticity. While our analysis is conducted in a partial-equilibrium environment, the

key departure from ACR does not stem from the absence of general-equilibrium feedbacks, but from strategic

interaction and endogenous entry in vertically related sectors. These features make the trade elasticity no longer

a policy-invariant sufficient statistic, but instead an equilibrium object that depends systematically on market

concentration. As a result, the relevant object for welfare analysis is the equilibrium trade elasticity evaluated

at the endogenous market structure.

Welfare Mapping We turn to the welfare implications of the trade elasticities derived in Sections 2.2–2.3,

relating to the welfare decomposition in Section 4.1. Because preferences are quasi-linear with a freely tradable

outside good, tariffs do not affect aggregate income and influence welfare only through equilibrium quantities,

prices, and market structure at both stages. Under constant-elasticity demand, welfare can be written as

W =
A

σ − 1
Q

σ−1
σ +

PQ

σM
−MKH + r(τ − 1)Q+ L.

In the short run, market structure is fixed and entry costs are sunk, so welfare responses are characterized by

partial derivatives with respect to tariffs. Since the tariff-exclusive input price does not respond to tariffs and

the short-run trade elasticity is defined as θSR ≡ −∂ lnQ
∂ ln τ in (4), the welfare derivative can be written as

∂W

∂τ
= rQ−

[
P

σ
+ (τ − 1)r

]
θSRQ

τ
.

The first term, rQ, captures the marginal increase in tariff revenue from a higher tariff, holding quantities fixed.

The second term reflects the welfare loss from the contraction in imports induced by tariffs. The expression

in brackets,
[
P
σ + (τ − 1)r

]
, represents the marginal surplus associated with imported inputs, including both

consumer surplus and tariff revenue, while θSRQ
τ measures the responsiveness of import demand to tariffs.

These components therefore summarize the welfare loss arising from reduced trade volume.

By contrast, in the long run, entry and exit adjust, so welfare responses are characterized by total derivatives.

Along the equilibrium path, entry responses modify market structure and induce changes in upstream markups,

which in turn affect the input price. Using the extensive-margin adjustments in Proposition 1 and the long-run

trade elasticity, θLR ≡ −d lnQ
d ln τ in (8), the welfare derivative is expressed as16

dW

dτ
= rQ−

[
P

σ
+ (τ − 1)r

(
1− 1

σN

)]
θLRQ

τ
.

Comparing the short-run and long-run expressions highlights two distinct channels. First, the trade elasticity

increases in the long run, θLR > θSR, as entry and exit amplify the response of quantities to tariffs. Second,

endogenous entry in the upstream sector alters markups, introducing the term
(
1− 1

σN

)
, which captures how

changes in market structure affect the input price. Taken together, these channels imply that, conditional on

a given set of equilibrium quantities and prices, tariff-induced welfare losses are larger in the long run than in

the short run.

16In ACR, the trade elasticity is interpreted as a local comparative-static response of trade flows to trade costs, holding general-
equilibrium objects such as factor prices and expenditure shares fixed. This notion of “partial” differs from our short-run/long-run
distinction, which refers to whether market structure is held fixed or allowed to adjust through entry and exit. Accordingly, short-
run elasticities in our model are defined as partial derivatives with fixed market structure, whereas long-run elasticities and welfare
changes correspond to total equilibrium responses once entry adjusts. Because vertical input–output linkages make entry decisions
depend on concentration, the trade elasticity itself varies systematically with market structure even in partial equilibrium.
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These expressions show that welfare changes are closely tied to the trade elasticity through the quantity-

adjustment channel in both the short and long run. Unlike ACR, however, the trade elasticity is not a sufficient

statistic once tariffs are present, because tariffs introduce revenue and markup adjustments that break the link

between welfare and aggregate output.17 Accordingly, this relationship should be interpreted as a feature of

the model rather than a general sufficient-statistics result. In particular, the trade elasticity is an equilibrium

object shaped by market structure through endogenous entry and strategic interaction, so welfare cannot be

summarized by a primitive elasticity independent of industry characteristics. Instead, the mapping from tariffs

to welfare operates through concentration: more concentrated industries exhibit larger trade elasticities and

correspondingly larger welfare losses. The model therefore delivers a tractable mapping from welfare responses

to industry characteristics such as the HHI.

Economically, the welfare mechanism operates through output contraction along vertically related stages.

The trade elasticity matters because it governs how strongly tariffs reduce aggregate production. Amplification

arises from cross-stage co-movement: tariff-induced exit in one stage propagates to the other, reinforcing the

contraction in output and magnifying welfare losses. This channel disappears in the competitive limit, where

endogenous concentration vanishes and the trade elasticity converges to the demand elasticity σ. In that case,

welfare responses coincide between the short and long run, as shown in Section 4.1.

Comparison with Competitive Models The key difference from competitive models with input–output

linkages (Caliendo and Parro 2015) or sequential multistage production chains (Antràs and de Gortari 2020;

Johnson and Moxnes 2023) lies in the role of market structure. In those models, trade shocks propagate across

production stages through cost linkages, but the welfare mapping can still be expressed―much like in ACR―

using trade shares together with an appropriate composite (network-adjusted) trade elasticity. This composite

elasticity reflects the mechanical amplification of cost changes along production chains and is determined by

primitives―substitution elasticities and input cost shares―rather than by equilibrium market structure.

Our framework departs from this benchmark not because production is multistage, but because market

structure is endogenous and market power is present at multiple stages. Under Cournot competition with free

entry, tariffs induce exit in both downstream and upstream sectors, raising concentration and altering markups

and pass-through. As a result, the trade elasticity is no longer a primitive composite parameter: it becomes an

equilibrium object that depends systematically on concentration. This endogeneity breaks the invariance that

underlies standard sufficient-statistics calculations.

From a policy perspective, our analysis implies that trade elasticities estimated in one environment need not

remain invariant under policy changes. In a vertically linked Cournot economy with endogenous entry, trade

costs and policy affect downstream concentration, which feeds back into firms’ strategic interaction and entry,

altering the elasticity. Consequently, welfare calculations based on elasticities estimated in competitive sectors

need not apply to concentrated sectors, and vice versa. This channel is absent in competitive models, where

firms are atomistic and strategic interaction vanishes, so trade elasticities remain invariant to market structure.

The implication is not that sufficient-statistic methods lose their usefulness in oligopolistic environments.

Rather, they remain valuable organizing tools once one recognizes that the statistic itself―the trade elasticity

―can become policy-dependent when vertical market power and entry respond to tariffs. Credible quantitative

welfare analysis in multistage production must therefore account for how policy reshapes market structure and,

through it, the elasticity that governs welfare.

17With iceberg trade costs but no tariffs, welfare can be summarized by a trade elasticity as in ACR; however, the proportionality
with aggregate output is specific to this model.
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(a) Trade elasticity (b) Welfare

Figure 2: Quantitative relevance of the amplification mechanism

Notes: The figure plots the trade elasticity in Panel (a) and the welfare ratio in Panel (b), as functions of tariff rates τ ∈ [1, 1.5],
under both fixed and endogenous elasticities. For each τ , the long-run equilibrium is solved with free entry in both downstream
and upstream sectors, yielding endogenous values of M,N , and aggregate imports Q. Welfare is computed using the expression in
Section 4.1 and normalized by its free-trade value. Parameters are A = 5, σ = 4, t = 1.7, c = 1, KH = KF = 0.3, and L = 1000.

4.3 Quantitative Relevance

We provide numerical illustrations of the welfare mechanism in the model. The objective is not to conduct a

full structural calibration or a general-equilibrium counterfactual analysis, but rather to quantify how variation

in downstream market structure―holding all primitives fixed―affects long-run trade elasticities and the welfare

consequences of protection. Accordingly, the exercise is intended to demonstrate the quantitative relevance of

the mechanism rather than to deliver precise policy predictions.

Implementation We solve the long-run equilibrium of the baseline model with constant-elasticity demand

and free entry in both downstream and upstream sectors. For each tariff level, the equilibrium values of aggregate

imports, the number of Home firms, and the number of Foreign suppliers are jointly determined by the Cournot

first-order conditions and free-entry conditions described in Section 2.

To isolate the mechanism, we fix model primitives at plausible values―specifically, σ = 4, A = 5, c = 1,

t = 1.7, and KH = KF = 0.3―and vary the tariff over a range τ ∈ [1, 1.5]. Parameters are chosen to match

observed concentration levels and tariff variation, so the exercise is disciplined by the data rather than purely

illustrative. The scale of the economy is pinned down by choosing L to match a target expenditure share of the

sector. The equilibrium number of producers is small, ranging from 5 to 12 across tariff levels in both sectors.

Under symmetric Cournot competition, this corresponds to a Herfindahl index ranging from 0.08 to 0.2, broadly

consistent with the empirical distribution documented in Section 3. Details are provided in Appendix A.6.

Figure 2 reports the numerical results. Panel (a) plots the short-run and long-run trade elasticities, θSR, θLR,

against tariff rates τ ∈ [1, 1.5]. Panel (b) plots the corresponding welfare ratios W (τ)/W (1), computed using

the welfare expression in Section 4.1, over the same range of tariffs.

Trade Elasticity Panel (a) plots the short-run elasticity θSR and the long-run trade elasticity θLR. Over the

tariff range, θSR remains fixed at 4, while θLR exceeds 4 even at free trade (τ = 1), because the amplification

factor µ(M,N) > 1 whenever M and N are finite.
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Relative to the short-run benchmark with fixed market structure, the long-run elasticity is larger and in-

creases with tariffs. In this numerical exercise, θLR rises from 4.35 at τ = 1 to 4.91 at τ = 1.5―an increase

of about 13 percent―as higher tariffs induce a more concentrated equilibrium. This pattern is consistent with

Proposition 2: tariffs reduce the number of producers across vertically linked sectors, raising concentration and

amplifying price and quantity responses, thereby increasing the sensitivity of aggregate imports to tariffs.

Welfare Panel (b) plots long-run welfare relative to free trade, W (τ)/W (1), against the same tariff range.

Both curves are normalized at τ = 1, so their divergence at higher tariffs reflects the additional welfare loss

from endogenous changes in market structure. Relative to the short-run benchmark with fixed market structure,

welfare declines more sharply in the long run because entry and exit amplify the contraction in trade volumes.

As tariffs rise from τ = 1 to τ = 1.5, firm exit increases concentration (HHI rises) and lowers welfare by about

1.5–2 percent relative to free trade. Even moderate increases are economically meaningful: raising the tariff

from 10 to 20 percent reduces welfare by roughly 0.4 percentage points.

These effects are primarily driven by extensive-margin responses. Tariff-induced exit in both downstream

and upstream sectors raises concentration and markups, while worsening the terms of trade. Together, these

forces amplify the contraction in trade volumes, so welfare losses exceed those implied by fixed market structure.

Interpretation Using a fixed trade elasticity substantially understates the welfare cost of tariffs, with the

understatement reaching about one-third in our quantitative illustration at empirically relevant levels of con-

centration. To relate these magnitudes to the empirical evidence in Section 3, we map the model’s symmetric

Cournot structure into standard concentration measures. In equilibrium, each Home firm supplies an equal

share, implying a HHI of 1/M . As noted in Section 3.1, the median downstream HHI in the data is approxi-

mately 0.20, corresponding to about five active Home firms in the model.

At this empirically relevant level of concentration, the long-run elasticity is θLR = 4.86, substantially exceed-

ing the baseline elasticity θSR = σ = 4. This difference translates into economically meaningful welfare effects.

For example, raising tariffs by 10 percent from free trade (τ = 1 → 1.1) reduces welfare by 0.27 percent in the

long run with endogenous entry, compared to 0.17 percent in the short run under fixed market structure. The

gap reflects amplification through endogenous entry and exit, which raises the trade elasticity and magnifies

welfare losses. This pattern is not specific to this illustration: across a wide range of parameter values, higher

concentration consistently increases trade elasticities and amplifies welfare losses from tariffs.

Takeaway Figure 2 shows that ignoring endogenous market structure leads to a substantial understatement

of the welfare costs of protection. In the calibrated economy, moving from a relatively competitive to a more

concentrated environment raises the long-run trade elasticity by nearly 10 percent and reduces welfare by about

1–2 percent relative to free trade. These magnitudes reflect not only the direct quantity distortion from tariffs

but also the endogenous contraction in entry that increases concentration and amplifies long-run responses.

These results reinforce the welfare mapping in Section 4.2. When trade elasticities are treated as fixed, welfare

losses reflect only the direct quantity response to tariffs. By contrast, allowing elasticities to adjust endogenously

through entry and concentration raises the effective elasticity governing welfare changes and thereby magnifies

the long-run costs of protection. From a policy perspective, sufficient-statistics calculations based on fixed

elasticities can therefore systematically understate welfare losses in industries where tariffs reshape competition

and market concentration. Figure 2 highlights the central implication of the paper: trade elasticities―and hence

welfare responses―are policy-dependent rather than structural constants.
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4.4 Welfare Effects of Home Suppliers

Section 2.5 introduces an extension in which some upstream suppliers are located in Home while the upstream

market structure remains fixed. As discussed in Section 3, this captures the empirically plausible situation in

which Foreign suppliers adjust more slowly than domestic importers. We now discuss the welfare implications of

this extension. While the central mechanism remains unchanged, this extension introduces additional, standard

channels―rent-shifting and terms-of-trade effects―that affect welfare alongside the baseline framework. It also

clarifies the relationship to sufficient-statistics approaches such as ACR by highlighting how these channels

operate when trade elasticities are endogenous.

Allowing for Home suppliers modifies the welfare effects of tariffs through standard trade-policy channels.

Because some intermediate inputs are produced domestically, part of the tariff-induced contraction in input

demand is absorbed by Home suppliers rather than Foreign suppliers, attenuating the reduction in imports.

Tariffs shift rents toward Home suppliers through changes in the upstream price, redistributing surplus from

Foreign to Home suppliers. This rent-shifting channel is well known in the trade-policy literature on vertically

related markets (Ishikawa and Spencer 1999; McCorriston and Sheldon 2011). In addition, tariffs also generate

a terms-of-trade effect by altering the relative price of imported inputs when some suppliers are domestic.

However, the existing literature largely abstracts from endogenous entry in vertically related markets, and thus

from the link between market concentration, trade elasticities, and welfare.

In our extension, these channels have similar effects on welfare via import substitution and rent redistribu-

tion. However, the concentration-driven elasticity mechanism emphasized in the baseline model remains intact.

Downstream entry continues to respond to tariffs, with market concentration governing strategic interaction,

so that more concentrated industries exhibit larger trade elasticities and correspondingly larger welfare losses.

Allowing for Home suppliers therefore modifies the magnitude―but not the underlying structure―of the welfare

effects of tariffs. While Home suppliers dampen the responsiveness of imports and introduce a terms-of-trade

channel, the relationship between market concentration, endogenous trade elasticities, and welfare outcomes

remains unchanged, as in Section 4.2.

5 Conclusion

This paper shows how tariffs affect trade and welfare in vertically related industries when firms compete strate-

gically and entry is endogenous. The central finding is that trade elasticities are not fixed parameters but

equilibrium outcomes shaped by market structure: through entry and exit, tariffs reshape strategic interactions

along the value chain, amplifying price and quantity responses. As a result, industries with greater market

power exhibit larger long-run import responses to cost shocks. Identical tariffs therefore generate sharply differ-

ent trade and welfare responses across industries with the same import shares but different market structures,

rendering trade elasticities endogenous to market concentration.

This mechanism contrasts with standard sufficient-statistic environments, in which trade elasticities are

primitive and uniform across sectors. In our framework, elasticities are state dependent and vary systematically

with concentration. Applying conventional welfare formulas with fixed elasticities can therefore mis-rank sectors

in policy evaluation. The extension with Home upstream suppliers further shows that restoring a conventional

terms-of-trade motive changes the level of welfare responses but does not overturn the key role of concentration:

even when tariffs shift rents toward domestic suppliers, downstream market structure continues to scale the

contraction in imported inputs and the resulting welfare effects.
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The empirical analysis using Chinese customs data and the quantitative illustration informed by the data

highlight the policy relevance of these mechanisms. Governments typically evaluate protection using industry-

average trade elasticities, yet our results show that identical tariffs can generate markedly different welfare effects

depending on market concentration along global value chains. Tariffs on inputs sourced in more concentrated

markets lead to disproportionately large contractions in imports and correspondingly higher welfare losses.

The numerical exercise further shows that moving from competitive to moderately concentrated environments

amplifies both trade and welfare responses to protection. Consistent with the model, the empirical evidence

indicates that more concentrated markets exhibit stronger import responses to trade costs, supporting the view

that market structure governs trade elasticities. These findings imply that ignoring endogenous market structure

can lead to a systematic understatement of the welfare costs of protection in sectors where importing activity

is concentrated among a small number of firms.

Our analysis relies on a stylized vertical structure with one-to-one technology and Cournot competition at

both stages. While these assumptions facilitate tractability, the core amplification mechanism is more general.

Allowing downstream production to combine labor with imported inputs, or adopting alternative pricing envi-

ronments such as Bertrand competition, would affect price levels and tariff incidence but would not alter the

entry–exit channel that drives co-movement across vertically linked sectors. At the same time, the framework

remains deliberately simplified. It is developed in partial equilibrium to isolate how strategic interaction and

cross-stage entry shape elasticities and welfare, abstracting from general-equilibrium feedbacks through wages,

expenditure, and trade balances. Extending the analysis to full general equilibrium, richer multistage production

networks, or endogenous formation of GVCs would be natural directions for future research.
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A Appendix

This appendix collects proofs and supplementary materials. Appendices A.1–A.4 provide derivations and proofs for

the theoretical results in Section 2. Appendix A.5 reports supplementary empirical evidence and robustness checks.

Appendix A.6 details the quantitative implementation underlying Figure 2, including parameterization.

A.1 Proofs for Section 2.2

A.1.1 Proof of Input Demand

Using Q = X/t for (2) and rearranging, the inverse demand function for input is given by

r =
P (X/t)(M + 1 + ρ)

Mτ
≡ g(X,M, τ, t). (A.1)

Treating the number of Home firms as a continuous variable, (A.1) implies that the input demand satisfies

gX(.) =
P ′(.)(M + 1 + ρ)

Mτt
< 0, gM (.) = −P (.)(1 + ρ)

M2τ
> 0,

gτ (.) = −P (.)(M + 1 + ρ)

Mτ2
< 0, gt(.) = −XP ′(.)(M + 1 + ρ)

Mτt2
> 0,

(A.2)

where the signs in (A.2) come from the demand curvature ranging −2 < ρ < −1 from (1).

A.1.2 Proof of Lemma 1

From (A.1) and (A.2), 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,

(A.3)

where the first equalities in (A.3) follow from noting (A.1), (A.2) and gXX(.) = P ′′(.)(M+1+ρ)

Mτt2
.

A.1.3 Proof of Lemma 2

Part (i) Consider first aggregate output in the downstream sector. Holding (M,N) fixed, differentiating the upstream

equilibrium condition in (3), together with market clearing Q = X/t, yields

∂Q

∂τ
=

1

1 + ρ

Q

τ
< 0,

∂Q

∂t
=

1

1 + ρ

Q

t
< 0, (A.4)

where the signs follow from ρ ∈ (−2,−1) under constant-elasticity demand (so 1 + ρ < 0). Similarly, holding τ and t

fixed, differentiating with respect to M or N yields

∂Q

∂M
=

Q

M(M + 1 + ρ)
> 0,

∂Q

∂N
=

Q

N(N + 1 + ρ)
> 0, (A.5)

where the signs follow because M + 1 + ρ > 0 and N + 1 + ρ > 0 for M,N ≥ 1. Similar derivations apply to aggregate

output in the upstream sector by noting that X = tQ. This proves part (i) of Lemma 2.

Part (ii) Consider first the intensive margin in the downstream sector. As for the effects of trade costs, from q ≡ Q/M

and (A.4), it follows that ∂q/∂τ < 0 and ∂q/∂t < 0. As for the effects of the numbers of producers, from q = Q/M ,

∂q

∂M
=

1

M

∂Q

∂M
− Q

M2
< 0,

∂q

∂N
=

1

M

∂Q

∂N
> 0, (A.6)
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where the sign of ∂q/∂M follows from noting that Cournot competition implies ∂Q/∂M < Q/M , while the sign of

∂Q/∂N follows from (A.5). Similar derivations apply to the intensive margin in the upstream sector by noting that

X = x/N . This proves part (ii) of Lemma 2.

Part (iii) Using (A.1) and the chain rule,

∂r

∂τ
= gX(X,M, τ, t)

∂X

∂τ
+ gτ (X,M, τ, t). (A.7)

Since X = tQ, it follows immediately from (A.4) that

∂X

∂τ
= t

∂Q

∂τ
=

1

1 + ρ

X

τ
. (A.8)

Under constant-elasticity demand, (A.1) implies that g(X,M, τ, t) is isoelastic in X and depends on τ only through the

effective marginal cost cτ . As a result, proportional changes in τ and X affect r symmetrically, which implies

gτ = −X

τ

1

1 + ρ
gX .

Consequently, the two terms cancel in (A.7), and we therefore obtain the knife-edge relation:

∂r

∂τ
= 0.

The Home terms of trade, defined as the inverse of the tariff-exclusive input price, ToT ≡ 1/r, are inoperative in the

short run under constant-elasticity demand. This establishes part (iii) of Lemma 2 in the main text.

Part (iv) Define the short-run tariff trade elasticity as

θSR ≡ −∂ lnQ

∂ ln τ
.

Substituting (A.4) into the definition above yields

θSR = − τ

Q

∂Q

∂τ
= − τ

Q
· 1

1 + ρ

Q

τ
= − 1

1 + ρ
= σ, (A.9)

where σ is the constant elasticity parameter. Because (A.9) does not depend on (M,N), the short-run trade elasticity is

independent of market concentration. This proves part (iv) of Lemma 2.

A.2 Proofs for Section 2.3

A.2.1 Proof of Proposition 1

Throughout this appendix, we consider the effect of the import tariff τ in the Stage-1 equilibrium. Recall that Q = X/t

and that a “hat” denotes a proportional change (e.g., Q̂ ≡ dQ/Q).

Part (i) The Stage-1 equilibrium is characterized by the upstream Cournot condition (3), and the free-entry conditions

in the downstream and upstream sectors (5) and (6). Log-differentiating (3) and using Q = X/t,

(1 + ρ)Q̂ =
( 1 + ρ

M + 1 + ρ

)
M̂ +

( 1 + ρ

N + 1 + ρ

)
N̂ + τ̂ . (A.10)

Log-differentiating downstream free entry (5) implies

(2 + ρ)Q̂ = 2M̂. (A.11)
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For the upstream free-entry condition (6), note that the upstream Cournot condition (3) pins down the tariff-exclusive

input price, which can be expressed as

r =
Nct

N + 1 + ρ
=⇒ r − ct =

−(1 + ρ)

N + 1 + ρ
ct.

Using this relationship, upstream free entry (6), (r − ct)X/N = KF , can be written as X/(N + 1 + ρ) = constant.

Therefore, log-differentiating (6) yields the transparent condition

X̂ =
2N + 1 + ρ

N + 1 + ρ
N̂ ⇐⇒ Q̂ =

2N + 1 + ρ

N + 1 + ρ
N̂, (A.12)

where we used X = tQ and t is held fixed in the tariff exercise.

Equations (A.10)–(A.12) form a system of three equations in three unknowns (Q̂, M̂ , N̂). Solving yields

Q̂ =
µ(M,N)

1 + ρ
τ̂ ,

where

µ(M,N) ≡ 2(M + 1 + ρ)(2N + 1 + ρ)

(2M + ρ)(2N + ρ)− (2 + ρ)
. (A.13)

Since 1 + ρ < 0 and µ(M,N) > 0, we obtain dQ/dτ < 0 and dX/dτ < 0. Moreover, from (A.11) and (A.12),

M̂ =
2 + ρ

2
Q̂, N̂ =

N + 1 + ρ

2N + 1 + ρ
Q̂

which implies M̂ < 0 when Q̂ < 0 and N̂ < 0 when Q̂ < 0, respectively. This establishes the extensive-margin results

dM/dτ < 0 and dN/dτ < 0. Finally, using q = Q/M and x = X/N = tQ/N , we have q̂ = Q̂ − M̂ and x̂ = Q̂ − N̂ .

Substituting the expressions above gives

q̂ = −ρ

2
Q̂, x̂ =

N

2N + 1 + ρ
Q̂,

which implies dq/dτ < 0 and dx/dτ < 0, respectively. This completes the proof of Proposition 1(i).

Part (ii) Using the upstream zero-profit condition, one may rewrite the upstream price as

r = ct+
KF

x
,

where x ≡ X/N = tQ/N is the per-firm upstream shipment. Differentiating this equality gives

dr

dτ
= −KF

x2

dx

dτ
.

We showed that dx/dτ < 0, implying that dr/dτ > 0 (and hence tariffs worsen the terms of trade ToT ≡ 1/r), as stated

in Proposition 1(ii).

A.2.2 Proof of Decomposition

The decomposition of the intensive margins are similar to that of aggregate quantities. For example, the downstream

intensive margin is decomposed as follows:

dq

dτ
=

∂q

∂τ︸︷︷︸
Direct effect

+
∂q

∂M

dM

dτ
+

∂q

∂N

dN

dτ
.︸ ︷︷ ︸

Indirect effects from co-movement

Next, consider the input price (inverse of the terms of trade). Because r = g(X,M, τ, t), tariffs in principle affect
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the input price through both M and N . However, the dependence is eliminated under constant-elasticity demand.

Specifically, the effect of tariffs on the input price can be decomposed as

dr

dτ
=

∂r

∂τ︸︷︷︸
Direct effect

+ gX(X,M, τ, t)
∂X

∂N

dN

dτ
.︸ ︷︷ ︸

Indirect effect from co-movement

(A.14)

It is important to stress that the simplifications rely on constant-elasticity demand, which implies the isoelastic form of

g(·) in Appendix A.1.

To show (A.14), noting r = g(X,M, τ, t) and totally differentiating (A.1) with respect to τ ,

dr

dτ
= gX(.)

dX

dτ
+ gM (.)

dM

dτ
+ gτ (.),

where the effect of tariffs on aggregate output is decomposed as

dX

dτ
=

∂X

∂τ
+

∂X

∂M

dM

dτ
+

∂X

∂N

dN

dτ
.

Using this decomposition for the equality above and rearranging,

dr

dτ
= gX(.)

∂X

∂τ
+ gτ (.)︸ ︷︷ ︸

∂r
∂τ

+

(
gX(.)

∂X

∂M
+ gM (.)

)
︸ ︷︷ ︸

∂r
∂M

dM

dτ
+ gX(.)

∂X

∂N

dN

dτ
.

Note that the first two terms are ∂r
∂τ

in Lemma 2(iii), which is zero under constant-elasticity demand. The others

correspond to the entry-induced upstream exit emphasized in Proposition 1(ii). To prove (A.14), it remains to show that

the value in the brackets in the third term ∂r
∂M

is zero. Using (A.2) and (A.6), we get

∂r

∂M
= gX(.)

∂X

∂M
+ gM (.)

=
P ′(.)(M + 1 + ρ)

M2τt
· tq

M + 1 + ρ
− P (.)(1 + ρ)

M2τ

P (.)

M2τ

(
QP ′(Q)

P (.)
− (1 + ρ)

)
= 0.

Thus, the third term is also zero under constant-elasticity demand, which gives us (A.14). From this, we obtain the

result presented in Appendix A.2.1 (dr/dτ > 0), because (A.14) reduces to dr
dτ

= gX(X,M, τ, t) ∂X
∂N

dN
dτ

> 0, where the

signs follow from gX < 0, Lemma 2 and Proposition 1.

A.2.3 Proof of Lemma 3

Inspection of (A.13) immediately yields

lim
M,N→∞

µ(M,N) = 1.

Since Q̂ = µ(M,N)(1/(1 + ρ))τ̂ , this implies that in the competitive limit the long-run response of aggregate output

coincides with the short-run one.

Equation (7) shows that the difference between dQ/dτ and ∂Q/∂τ arises only from the entry–exit terms. When

M,N → ∞, each producer is negligible and no effect on aggregate output Q. Indeed, (A.5) implies that

lim
M,N→∞

∂Q

∂M
= lim

M,N→∞

∂Q

∂N
= 0.

Hence the indirect co-movement channel disappears in the competitive limit, establishing Lemma 3.
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A.2.4 Proof of Proposition 2

Part (i) Appendix A.2.1 shows that the long-run equilibrium (allowing entry/exit in both sectors) implies

Q̂ =
µ(M,N)

1 + ρ
τ̂ ,

where µ(M,N) > 0 is given in (A.13). Since 1+ ρ < 0 under constant-elasticity demand, this implies dQ/dτ < 0. Recall

that the the long-run trade elasticity is given by

θLR = −d lnQ

d ln τ
= − Q̂

τ̂
.

Combining these two equations yields

θLR = −µ(M,N)

1 + ρ
= σ µ(M,N),

where σ ≡ −1/(1 + ρ) > 1. This proves the first part of Proposition 2.

Part (ii) In the short run, M and N are fixed. Lemma 2 (or Appendix A.1) implies that under CE demand the

short-run trade elasticity is

θSR = σ.

Comparing θLR and θSR, endogenous entry amplifies the trade elasticity by the factor µ(M,N):

θLR = µ(M,N) θSR.

Part (iii) Appendix A.2.3 shows that limM,N→∞ µ(M,N) = 1. Therefore,

lim
M,N→∞

θLR = lim
M,N→∞

σ µ(M,N) = σ = θSR,

so the long-run and short-run elasticities coincide in the competitive benchmark.

A.2.5 Proof of Transport-Cost Elasticity

Similarly to Appendix A.2.1, we can derive a system of three equations in three unknowns (Q̂, M̂ , N̂). Taking the log

and totally differentiating (3), (5) and (6) with respect to t where Q = X/t, we get

(1 + ρ)X̂ =

(
1 + ρ

M + 1 + ρ

)
M̂ +

(
1 + ρ

N + 1 + ρ

)
N̂ + (2 + ρ)t̂,

(2 + ρ)X̂ = 2M̂ + (2 + ρ)N̂ + (2 + ρ)t̂,

(2 + ρ)X̂ =

(
1 + ρ

M + 1 + ρ

)
M̂ + 2N̂ + (1 + ρ)t̂.

Solving this system of three equations with three unknowns,

X̂ =

(
2 + ρ

1 + ρ

)
η(M,N)t̂,

where

η(M,N) ≡ (2M + 1 + ρ)(2N + 1 + ρ)− (1 + ρ)2

(2M + ρ)(2N + ρ)− (2 + ρ)
.

From demand elasticity and curvature in (1), 2+ρ
1+ρ

= −(σ − 1). Using this, it follows immediately that

ϑLR ≡ −d lnX

d ln t
= (σ − 1)η(M,N).
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When both sectors are perfectly competitive, η(M,N) = 1 and hence ϑLR = σ − 1. This completes the proof.

A.2.6 Proof of Value-Based Elasticity

Define the FOB value of Home’s intermediate-input imports as V ≡ rQ, where r is the tariff-exclusive input price. Using

the downstream pricing condition, this can be written as V =
(
1− 1

σM

) P (Q)Q
τ

. Totally differentiating,

d lnV

d ln τ
=

d lnP (Q)

d lnQ

d lnQ

d ln τ
+

d lnQ

d ln τ
− 1 +

d ln
(
1− 1

σM

)
d ln τ

.

Under constant-elasticity demand, d lnP (Q)
d lnQ

= − 1
σ
. Using this, the long-run value-based trade elasticity is

θ̃LR ≡ − d lnV

d ln τ
=

(
1− 1

σ

)(
−d lnQ

d ln τ

)
+ 1 +

d ln
(
1− 1

σM

)
d ln τ

.

From Proposition 2, the long-run quantity-based trade elasticity is defined as θLR ≡ − d lnQ
d ln τ

= σ µ(M,N), where

µ(M,N) ≥ 1 summarizes Cournot strategic interaction and free entry. Substituting this expression yields

θ̃LR = (σ − 1)µ(M,N) + 1 +
d ln

(
1− 1

σM

)
d ln τ

.

The last term captures endogenous markup adjustments through changes in M . Since tariffs induce downstream exit

(reducing M) and thereby raise markups, this term is negative. As a result, value-based elasticities are smaller than their

quantity-based counterparts, although both are amplified by market concentration through µ(M,N). In the competitive

limit, M,N → ∞, the markup term vanishes and µ(M,N) → 1, so θ̃LR = σ.

A.3 Proofs for Section 2.4

This appendix provides the formal derivations for Section 2.4. We first characterize the short-run equilibrium with

fixed numbers of producers and show that the neutrality of the tariff-exclusive input price in Lemma 2(iii) is a knife-

edge property of constant-elasticity demand. We then derive how free entry modifies intensive-margin responses under

variable demand curvature, thereby relaxing this knife-edge result. Finally, we show that the long-run trade-elasticity

result in Proposition 2―namely, that downstream concentration amplifies tariff responses―continues to hold under

general demand. Whenever relevant, we verify that the general-demand expressions collapse to their constant-elasticity

counterparts, ensuring consistency with the baseline CES model.

Throughout this appendix, we re-introduce the elasticity and curvature, defined as:

ε(Q) ≡ − P (Q)

QP ′(Q)
, ρ(Q) ≡ QP ′′(Q)

P ′(Q)
,

and assume ε(Q) > 0, ε′(Q) ≤ 0, and ρ(Q) > −2.

Our treatment of general demand builds on Mrázová and Neary (2017), who show how demand curvature governs

markups and pass-through under imperfect competition (monopoly and monopolistic competition). We impose analogous

curvature restrictions to guarantee interior solutions and monotone comparative statics. While their analysis focuses on

horizontally competing firms, we adapt this logic to vertically linked industries with endogenous entry, emphasizing how

curvature-driven pricing interacts with cross-stage adjustment in GVCs.

A.3.1 Short-Run Equilibrium

Holding (M,N) fixed, the downstream Cournot condition is

P (Q) +
Q

M
P ′(Q) = τr. (A.15)
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This condition implies an induced inverse demand for inputs,

r(Q,M, τ) ≡ 1

τ

[
P (Q) +

Q

M
P ′(Q)

]
. (A.16)

Differentiating with respect to Q gives

rQ(Q,M, τ) =
P ′(Q)

τ

(
1 +

1

M
+

ρ(Q)

M

)
≤ 0, (A.17)

where the inequality follows from P ′(Q) < 0 and ρ(Q) > −2, which imply 1 + 1
M

+ ρ(Q)
M

> 0 for M ≥ 1.

Define generalized marginal revenue by

MR(Q,M) ≡ P (Q) +
Q

M
P ′(Q).

From this expression, its slope is given by

MRQ(Q,M) = P ′(Q)

(
1 +

1

M

)
+

Q

M
P ′′(Q) = P ′(Q)

(
1 +

1

M
+

ρ(Q)

M

)
≤ 0. (A.18)

Using X = tQ, the upstream Cournot condition can be written as

r +
Q

N

∂r

∂Q
= ct. (A.19)

Substituting (A.16) into (A.19) yields a scalar equilibrium condition in Q, which determines the short-run equilibrium.

A.3.1.1 Proof of Lemma 1

Define the derived inverse demand for upstream shipments X as

g(X,M, τ, t) ≡ r(Q,M, τ)
∣∣∣
Q=X/t

=
1

τ

[
P

(
X

t

)
+

X

tM
P ′

(
X

t

)]
.

Differentiating with respect to X and using Q = X/t,

gX = rQ · ∂Q
∂X

=
rQ
t
,

so that XgX = QrQ. Substituting for rQ from (A.17),

XgX(X,M, τ, t) =
QP ′(Q)

τ

(
1 +

1

M
+

ρ(Q)

M

)
.

Then, the elasticity of the derived inverse demand (in absolute value) is

εg(X) ≡ − g(X)

XgX(X)
=

P (Q) + Q
M
P ′(Q)

−QP ′(Q)
(
1 + 1

M
+ ρ(Q)

M

) =
1− 1

Mε(Q)

1
ε(Q)

(
1 + 1

M
+ ρ(Q)

M

) , (A.20)

where ε(Q) ≡ − P (Q)
QP ′(Q)

.

Under constant-elasticity demand, ε(Q) = σ and ρ(Q) = −1 − 1
σ
, so (A.20) is constant at σ and derived input

demand is isoelastic, reproducing Lemma 1 in the main text. Under general demand, εg(X) varies with Q through

(ε(Q), ρ(Q)), so the derived input demand is no longer isoelastic, breaking the knife-edge property in Lemma 1. This

lemma establishes how the elasticity and curvature of derived input demand depend on Q. Lemma 2 then uses these

properties to characterize how tariffs affect prices and quantities in the short run when M,N are fixed.
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A.3.1.2 Proof of Lemma 2

Define

F (Q,M,N, τ, t) ≡ r(Q,M, τ) +
Q

N
rQ(Q,M, τ)− ct = 0, (A.21)

which is obtained by substituting (A.16) into the upstream Cournot condition (A.19). The short-run equilibrium quantity

Q is determined implicitly by (A.21). Throughout, assume the local stability condition

FQ(Q,M,N, τ, t) < 0,

where

FQ = rQ

(
1 +

1

N

)
+

Q

N
rQQ.

Part (i) Consider first aggregate output in the downstream sector. For tariffs, implicitly differentiating (A.21),

∂Q

∂τ
= − Fτ

FQ
.

Using (A.16), we have

rτ = − r

τ
, rQτ = −rQ

τ
,

so that

Fτ = rτ +
Q

N
rQτ = − 1

τ

(
r +

Q

N
rQ

)
.

By (A.21), the term in parentheses equals ct, and therefore Fτ = −ct/τ < 0. From FQ < 0 by the maintained stability

condition, it follows immediately that ∂Q
∂τ

= − Fτ
FQ

< 0.

For transport costs, we similarly have

∂Q

∂t
= − Ft

FQ
, Ft = −c < 0.

which means that ∂Q
∂t

< 0. For the number of downstream firms,

∂Q

∂M
= −FM

FQ
.

Now

rM = − Q

τM2
P ′(Q) > 0,

and, from (A.17),

rQM = −P ′(Q)

τ

1 + ρ(Q)

M2
.

Hence

FM = rM +
Q

N
rQM = −QP ′(Q)

τM2

[
1 +

1 + ρ(Q)

N

]
.

Since P ′(Q) < 0, ρ(Q) > −2, and N ≥ 1, the bracketed term is positive, so FM > 0. Therefore, ∂Q
∂M

> 0.

For the number of upstream suppliers,

∂Q

∂N
= −FN

FQ
, FN = − Q

N2
rQ.

Because rQ < 0, we have FN > 0, hence ∂Q
∂N

> 0.

Since X = tQ, the same signs apply to aggregate upstream shipments:

∂X

∂τ
< 0,

∂X

∂t
< 0,

∂X

∂M
> 0,

∂X

∂N
> 0.
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Part (ii) Consider next firm-level output in the downstream sector. Since q = Q/M ,

∂q

∂τ
=

1

M

∂Q

∂τ
< 0,

∂q

∂t
=

1

M

∂Q

∂t
< 0.

Thus, higher tariffs and transport costs reduce downstream firm-level output.

For changes in market structure,

∂q

∂M
=

1

M

∂Q

∂M
− Q

M2
,

∂q

∂N
=

1

M

∂Q

∂N
.

The sign of ∂q/∂N is positive, while the sign of ∂q/∂M depends on whether the expansion in aggregate output dominates

the business-stealing effect from additional entry.

For the upstream sector, x = X/N = tQ/N , so

∂x

∂τ
=

t

N

∂Q

∂τ
< 0,

∂x

∂t
=

Q

N
+

t

N

∂Q

∂t
.

The first term is positive while the second is negative, so the sign of ∂x/∂t is ambiguous in general. Similarly,

∂x

∂M
=

t

N

∂Q

∂M
> 0,

∂x

∂N
=

t

N

∂Q

∂N
− tQ

N2
,

so the sign of ∂x/∂N is ambiguous in general.

Part (iii) The effect of tariffs on the tariff-exclusive input price is

∂r

∂τ
= rτ + rQ

∂Q

∂τ
.

The first term satisfies rτ = −r/τ < 0, while the second satisfies rQ
∂Q
∂τ

> 0 because rQ < 0 and ∂Q/∂τ < 0. Hence the

overall sign of ∂r/∂τ is, in general, ambiguous under non-CES demand. In contrast, under constant-elasticity demand,

the direct effect rτ and the indirect effect rQ ∂Q/∂τ offset exactly, so that

∂r

∂τ
= 0,

reproducing the short-run neutrality result in Lemma 2(iii) in the main text.

Part (iv) The short-run trade elasticity is

θSR ≡ −∂ lnQ

∂ ln τ
= − τ

Q

∂Q

∂τ
=

τ

Q

Fτ

FQ
.

Using Fτ = −ct/τ , this becomes

θSR = − ct

QFQ
> 0,

under the stability condition FQ < 0. In general, FQ depends on M and N through rQ and rQQ, so the short-run

elasticity varies with market structure.

Under constant-elasticity demand, ε(Q) = σ and ρ(Q) = −1− 1
σ
, implying that the elasticity collapses to θSR = σ,

which reproduces Lemma 2(iv) in the main text.

A.3.2 Long-Run Equilibrium

We build on the short-run objects derived in Appendix A.3.1 ― in particular the Cournot conditions (A.15)–(A.19), the

induced inverse input demand (A.16), its slope (A.17), and the generalized marginal-revenue slope (A.18). These objects

are therefore not re-derived here.
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In addition, free-entry conditions in each sector are

(
P (Q)− τr

) Q
M

= KH , (r − ct)
X

N
= KF . (A.22)

Together with Q = X/t, equations (A.15), (A.19), and (A.22) jointly determine (Q,M,N, r) given (τ, t). We study

how the equilibrium responds to a change in τ holding t fixed. Totally differentiating the system yields a system of four

equations in (dQ, dM, dN, dr).

Consider first the downstream Cournot condition. Totally differentiating (A.15) gives

MRQ(Q,M) dQ− Q

M2
P ′(Q) dM = r dτ + τ dr. (A.23)

Demand curvature enters through MRQ(Q,M), which depends on P ′′(Q) and reduces to a constant multiple of P ′(Q)

under constant-elasticity demand.

Totally differentiating (A.19) and using X = tQ gives

dr +

[
rQ
N

+
Q

N
rQQ

]
dQ− Q

N2
rQ dN = 0. (A.24)

Next, consider downstream free entry. Differentiating the first condition in (A.22) yields[
P (Q)− τr

M
+

Q

M
P ′(Q)

]
dQ− Q

M
(r dτ + τ dr)− P (Q)− τr

M2
QdM = 0. (A.25)

As for upstream free entry, using X = tQ and holding t fixed,

t

[
r − ct

N
dQ+

Q

N
dr − r − ct

N2
QdN

]
= 0. (A.26)

A.3.2.1 Proof of Proposition 1

Equations (A.23)–(A.26) form a linear system in (dQ, dM, dN, dr) for a given dτ (holding t fixed). We use it to sign the

long-run responses.

Aggregate Quantities Using (A.23) and (A.24), and combining them with the iceberg relation X = tQ yields a

two-equation system in (dQ, dr) for fixed (M,N). Using the full system (9)–(12), the contraction in delivered marginal

costs induced by a rise in τ reduces equilibrium output. Under the maintained stability condition, this implies dQ/dτ < 0.

Since X = tQ, this also implies dX/dτ < 0.

Downstream Extensive Margin Given dQ/dτ < 0, downstream operating profits fall at any fixed M . The

downstream zero-profit condition (A.25) therefore implies exit in the downstream sector, so dM/dτ < 0.

Upstream Extensive Margin Since dX/dτ < 0, the upstream zero-profit condition (A.26) implies exit in the

upstream sector: dN/dτ < 0.

These comparative statics imply that trade costs induce co-movement in entry across stages: higher τ triggers exit

downstream, contracts shipments upstream through X = tQ, and thereby induces exit upstream.

Intensive Margins Firm-level outputs are q ≡ Q/M and x ≡ X/N = tQ/N , so

dq

dτ
=

1

M

dQ

dτ
− Q

M2

dM

dτ
,

dx

dτ
=

t

N

dQ

dτ
− tQ

N2

dN

dτ
.

With dQ/dτ < 0 and dM/dτ, dN/dτ < 0, intensive-margin responses are generically ambiguous.
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Terms of Trade Let ToT ≡ 1/r. Then
d lnToT

d ln τ
= − d ln r

d ln τ
.

From (A.24), the change in the upstream price satisfies

dr = −
[
rQ
N

+
Q

N
rQQ

]
dQ+

Q

N2
rQdN.

Since dQ/dτ < 0 and dN/dτ < 0, the first term tends to increase r while the second tends to reduce it. The overall

effect of tariffs on the upstream price is therefore, in general, ambiguous under non-CES demand. Under constant-

elasticity demand, these forces combine to yield a sharp result: the tariff-exclusive input price is invariant in the short

run and increases in the long run, so tariffs unambiguously worsen the terms of trade. The general-demand extension

therefore breaks the knife-edge sign result for the terms of trade, while preserving the mechanism linking tariffs, entry,

and concentration across stages.

A.3.2.2 Proof of Proposition 2

Define the long-run trade elasticity

θLR ≡ −d lnQ

d ln τ
.

Solving the linear system defined by (A.23)–(A.26) for dQ/dτ yields a long-run elasticity that depends on demand

curvature. In particular, curvature enters through the slope of generalized marginal revenue in (A.23), via the term

QP ′′(Q)/M , while the Cournot wedge 1/M governs the response of entry in (A.25). As a result, downstream concentra-

tion affects θLR by shaping both the direct response of output and the strength of entry adjustments.

Market concentration enters through the Cournot wedge Q/M and the curvature term QP ′′(Q)/M . Consequently,

downstream concentration governs the strength of the entry amplification channel, as in the baseline model. Under

constant-elasticity demand, ε(Q) is constant and ρ(Q) = −1− 1
ε
, so the curvature term collapses and the expression for

θLR reduces to Proposition 2 in the main text.

Taken together, these results show that the general-demand framework nests the CES benchmark as a special case,

while allowing for richer comparative statics through demand curvature.

A.4 Proofs for Section 2.5

This appendix derives the trade elasticity used in Section 2.5 for the extension with Home upstream suppliers. In this

setting, a fraction of upstream suppliers is located in Home, while the remaining suppliers are located in Foreign, and

the upstream market structure is fixed, so the number of upstream suppliers does not adjust. By Lemma 1, the derived

demand for intermediate inputs inherits constant elasticity, so we work throughout with elasticity parameter σ.

For simplicity, we normalize the transport cost to unity (i.e., t = 1). This is made without loss of generality,

as this cost enters multiplicatively with marginal cost and does not affect the qualitative comparative statics or the

decomposition of trade elasticity. All other parameters are the same as in the baseline model. We derive how tariffs

affect imports by combining the responses of aggregate input demand, the upstream price, and downstream entry.

Markup Pricing in the Downstream Sector We begin with the downstream CES markup condition under

Cournot competition. Using ρ = −(1 + 1/σ) in the first-order condition in the downstream sector (2),

P

(
1− 1

Mσ

)
= rτ ⇒ P =

rτ

1− 1
Mσ

.

Further, using the inverse demand P = AQ−1/σ and the one-to-one technology Q = X, we obtain input demand:

X =

(
A

rτ

)σ (
1− 1

Mσ

)σ

.
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To derive the response of aggregate input demand, we proceed in three steps. First, we log-differentiate the demand

equation. Second, we characterize how the upstream price responds to tariffs. Third, we determine how entry affects the

number of Home firms. Combining these relationships yields the equilibrium response of aggregate input demand.

Aggregate Input Demand and Inverse Demand Log-differentiating the input demand gives

d lnX

d ln τ
= −σ

(
1 +

d ln r

d ln τ

)
+

σ

Mσ − 1

d lnM

d ln τ
. (A.27)

Equation (A.27) separates a direct cost effect from an indirect effect operating through market structure. Tariffs raise

the effective input cost rτ , which reduces demand directly. They also affect the number of Home firms, which changes

competition and therefore affects demand indirectly.

It is convenient to write the tariff-exclusive input price as

r =
A

τ
X−1/σ

(
1− 1

Mσ

)
≡ g(X,M, τ).

Its derivatives immediately reveal that

gX(.) = − 1

σ

g(.)

X
< 0, gτ (.) = −g(.)

τ
< 0, gXτ (.) = −gX(.)

τ
> 0.

Thus, higher aggregate demand lowers the tariff-exclusive input price, while a higher tariff lowers r for given X and M

because it shifts downstream demand for inputs inward.

Upstream Cournot Competition Let NH and NF denote the numbers of Home and Foreign suppliers, respec-

tively, with total N = NH +NF . They produce a homogeneous input and compete in quantities à la Cournot. We take

these numbers as fixed. Let β = NH/N denote the share of suppliers located in Home.

Let xH and xF denote the output of a representative Home and Foreign supplier, respectively. Symmetry within each

group implies that all Home (Foreign) suppliers produce xH (xF ). Total supply from each group is therefore XH = NHxH

and XF = NFxF , so that aggregate input supply is given by X = XH +XF .

Because we assume t = 1, Home and Foreign suppliers have the same technological marginal cost c. The difference

arises from the price convention. We write the upstream problem in terms of the tariff-exclusive input price r, while

Home firms pay the tariff-inclusive price rτ . Under this convention, a Home supplier with technological marginal cost

c faces an effective marginal cost c/τ when expressed in units of the tariff-exclusive price r, whereas a Foreign supplier

faces marginal cost c. Their first-order conditions are therefore

g(X,M, τ) + gX(X,M, τ)xH =
c

τ
, g(X,M, τ) + gX(X,M, τ)xF = c.

Aggregating across Home and Foreign suppliers and using X = nHxH + nFxF , β = NH/N and gX(.) = − 1
σ

g(.)
X

,

g(X,M, τ)

(
1− 1

Nσ

)
=

(
β

τ
+ (1− β)

)
c.

This is the standard Cournot markup condition at the industry level: the input price exceeds effective marginal cost

because upstream suppliers have market power, with the upstream markup decreasing in N . When β = 0, the condition

reduces to that in the main text, and the extension nests the baseline model as a special case.

Upstream Pricing Using g(.) = r and solving for the tariff-exclusive input price gives

r =

(
β
τ
+ (1− β)

)
c

1− 1
Nσ

.
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Differentiating with respect to ln τ and evaluating at τ = 1 gives

d ln r

d ln τ

∣∣∣∣
τ=1

= −β. (A.28)

Equation (A.28) shows that tariffs reduce the upstream price only if some upstream suppliers locate in Home. When

β = 0, all suppliers locate in Foreign and therefore tariffs do not affect r.

Downstream Free Entry We now determine the number of Home firms. Similarly to the baseline model, this

number is jointly pinned down by the Cournot first-order condition and the free-entry condition:

AQ−1/σ

(
1− 1

Mσ

)
= rτ,(

AQ−1/σ − rτ
) Q

M
= K,

where K denotes the fixed cost of entry. These are two equations in the two unknowns (Q,M). Using the first equation

to substitute for rτ in the second, we obtain

M =

√
AQ1− 1

σ

σK
,

which is analogous to (5) in the baseline model. Since Q = X, log-differentiating gives

d lnM

d ln τ
=

1

2

(
1− 1

σ

)
d lnX

d ln τ
. (A.29)

Equation (A.29) shows that entry responds positively, but less than proportionally, to changes in aggregate output.

Substituting (A.28) and (A.29) into (A.27) yields

d lnX

d ln τ

∣∣∣∣
τ=1

= − σ(1− β)

1− σ−1
2(σM−1)

. (A.30)

Equation (A.30) shows that tariffs reduce aggregate input demand both directly through higher effective costs and

indirectly through firm exit. The denominator captures this endogenous market-structure amplification: when tariffs

reduce output, some Home firms exit, competition weakens, and output falls further. Note that this is not yet the trade

elasticity, since only XF is imported.

Aggregate Imports Imports depend both on total demand and on how demand is allocated across suppliers. Using

XF = NFxF for the Foreign suppliers’ first-order condition, g(.) + gX(.)xF = c,

XF = −NF (g(X,M, τ)− c)

gX(X,M, τ)
.

Using gX(.) = − 1
σ

g(.)
X

and r = g(.), this becomes

XF = NFσX
(
1− c

r

)
.

Thus, imports depend on total demand X and on the markup r − c, which governs the share of demand captured by

Foreign suppliers. Since NF is assumed to be fixed, log-differentiating and evaluating at τ = 1 gives

d lnXF

d ln τ

∣∣∣∣
τ=1

=
d lnX

d ln τ

∣∣∣∣
τ=1

+
c

r − c

d ln r

d ln τ

∣∣∣∣
τ=1

.

The first term is the aggregate-demand channel: tariffs reduce total demand and reduce imports. The second term is the

terms-of-trade channel: tariffs affect the upstream price, reallocating input demand across Home and Foreign suppliers.
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Trade Elasticity We now combine the aggregate-demand response and the upstream price response in order to

characterize how imports react to tariffs in the presence of Home suppliers. Define the trade elasticity of intermediate

inputs imported from Foreign suppliers as

θHS ≡ −d lnXF

d ln τ
.

Substituting (A.28) and (A.30) into the import-response equation yields the trade elasticity evaluated at τ = 1:

θHS =
σ(1− β)

1− σ−1
2(σM−1)︸ ︷︷ ︸

Market-structure component

+
βc

r − c︸ ︷︷ ︸
Terms-of-trade component

. (A.31)

Equation (A.31) shows that trade elasticity is not a primitive parameter but an equilibrium outcome that depends on

market structure.

The first term captures the market-structure component. Tariffs reduce aggregate input demand and induce down-

stream exit, which weakens competition and further reduces output. As a result, the elasticity of imports is amplified by

endogenous entry and depends on downstream concentration. In particular, for a given σ, the magnitude of this term

increases as the number of Home firms M decreases (i.e., as concentration rises).

The second term captures the terms-of-trade component. When a positive fraction of upstream suppliers is located

in Home (β > 0), tariffs reduce the upstream price, shifting part of the burden onto Foreign suppliers. This price

adjustment affects import demand directly and generates an additional source of elasticity. When β = 0, the terms-of-

trade component vanishes and trade elasticity is determined entirely by the market-structure channel, corresponding to

the case of vertical specialization.

Together, these two components imply that trade elasticities vary systematically with market structure. More concen-

trated industries exhibit larger trade elasticities because endogenous entry and strategic interaction amplify the response

of imports to tariffs. This prediction maps directly to the empirical specification. Since downstream concentration is

measured by the Herfindahl index HHI = 1/M , the model implies that the effect of tariffs on imports is stronger in

more concentrated industries.

A.5 Additional Empirical Evidence in Section 3

This appendix provides additional empirical evidence supporting the analysis in Section 3.

Table A.1 lists the ten most concentrated manufacturing industries based on the HHI, along with their corresponding

upstreamness. The average HHI across the 80 input–output (IO) industries is 0.009. Among the most concentrated

sectors are Communications Equipment, Tobacco, and Beverages. Industries with an HHI above the median (0.01)

account for 31.6% of total sales, 38.0% of exports, and 17.9% of manufacturing employment, indicating their economic

importance. The upstreamness index ranges from 1.963 (Lifting and Transport Equipment) to 4.788 (Ironmaking), with

a median of 3.06. There is no systematic relationship between upstreamness and market concentration, indicating that

highly concentrated industries are present at both upstream and downstream stages of production.

These industry-level concentration measures are not directly comparable to the product-level import concentration

in Figure 1. The latter reflects concentration among importers within narrowly defined product markets, whereas

the measures here capture concentration among producers at a more aggregated industry level. Table A.1 therefore

complements Figure 1 by confirming the presence of high concentration in industry-level data.

Table A.2 reports robustness checks of Table 2 using product-level import tariffs in place of input tariffs. Import

tariffs correspond directly to the tariff on the imported good in the model and therefore provide a natural alternative

measure of trade costs.

The estimates show that tariffs have a negative effect on imports, broadly consistent with the baseline results, although

the coefficients are not always precisely estimated. However, the interaction between tariffs and market concentration is

not precisely estimated across specifications. This contrasts with the results based on input tariffs, where the interaction
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Table A.1: Top 10 concentrated industries in China, 2007

IO China IO industry HHI Upstreamness

82 Communications equipment manufacturing 0.057 2.061
24 Tobacco manufacturing 0.041 2.498
16 Beverage processing 0.032 2.629
84 Computer manufacturing 0.031 2.957
66 Lifting and transport equipment manufacturing 0.027 1.963
87 Other electronic equipment manufacturing 0.027 2.573
45 Daily-use chemical product manufacturing 0.026 2.859
58 Steelmaking 0.024 4.618
73 Rail transportation equipment manufacturing 0.023 2.520
57 Ironmaking 0.022 4.788

All manufacturing industries: mean 0.009 3.251
median 0.010 3.060

Source: Authors’ own calculations based on the micro-data from the Annual Survey of Industrial Firms (ASIF), National Bureau

of Statistics of China, and the Input-Output (IO) industry-level upstreamness index constructed by Chor, Manova, and Yu (2021).

Notes: The ASIF data cover industrial firms with annual sales above 5 million RMB and all state-owned enterprises, including both

importers and non-importers, across 424 4-digit industries in China’s Industrial Classification (CIC). Using a concordance table,

we map CIC four-digit industries to IO 3-digit industries. Higher values indicate greater market concentration and upstreamness.

term is negative and statistically significant. This difference is consistent with the model’s mechanism: input tariffs

capture exposure to trade costs through input–output linkages, which are central to the interaction between downstream

and upstream market structure. By contrast, import tariffs primarily reflect the direct price of imported goods and

therefore provide weaker evidence on the role of vertical linkages in shaping trade elasticities.

Table A.3 reports robustness checks of Table 2 by expanding the definition of intermediate inputs to include capital

goods. This alternative classification captures a broader set of inputs used in production and provides a useful test of

the sensitivity of the results to input definitions.

The estimates show that tariffs continue to have a negative effect on imports, broadly consistent with the baseline

results, although the coefficients are not always precisely estimated. Moreover, the interaction between tariffs and

market concentration remains negative in most specifications and statistically significant in several cases, in line with

the main findings. These results are consistent with the view that the relationship between trade elasticities and market

concentration is not sensitive to the precise definition of intermediate inputs. Including capital goods does not alter the

main conclusions, supporting the robustness of the mechanism linking tariffs, entry, and market structure.

Table A.4 reports results of Table 2 using import values. Compared with the baseline quantity-based estimates, the

effects of tariffs are smaller in absolute value and generally less precisely estimated. The interaction between tariffs and

market concentration remains negative in most specifications and statistically significant in some cases, although less

robust than in the quantity-based results.

This pattern is consistent with the model. Because import values reflect both quantities and prices, tariff-induced

changes in markups dampen the overall response, leading to smaller estimated elasticities. Moreover, as markup ad-

justments are stronger in more concentrated industries, the amplification of trade elasticities is correspondingly weaker

when using import values. Overall, these results provide supporting evidence for the mechanism while highlighting the

importance of focusing on quantities.

Tables A.5 and A.6 present the full set of specifications corresponding to Table 3 using alternative measures of market

concentration. The main qualitative pattern in Table 3 is preserved. Table A.5 indicates that the effects of input tariffs

are weaker and sometimes positive, consistent with reorganization of sourcing patterns, whereas Table A.6 shows that

tariff increases reduce the number of importing firms, consistent with entry responses. Interaction effects with market

concentration are generally small and not robust across specifications.
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Table A.2: Import tariffs and import responses (robustness)

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

L. log(1 + τ) -1.323*** -1.148** -1.123** -0.379 -1.216**
(0.495) (0.567) (0.492) (0.737) (0.479)

L.HHI -0.539***
(0.153)

L. log(1 + τ)× L.HHI -0.215
(1.027)

L.high-HHI -0.118**
(0.0526)

L. log(1 + τ)× L.high-HHI -0.248
(0.423)

L.CR4 -0.170**
(0.0829)

L. log(1 + τ)× L.CR4 -1.082
(0.836)

L.high-CR4 -0.105**
(0.0422)

L. log(1 + τ)× L.high-CR4 -0.0924
(0.365)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534 19,534
Adjusted R2 0.882 0.883 0.882 0.882 0.882

Notes: The sample consists of 3,053 HS 6-digit products over the period 2000–2007. The dependent variable is the logarithm of

import quantity of raw materials and intermediate goods at the product level. Tariffs refer to product-level import tariffs. Standard

errors are clustered at the product level. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table A.3: Including capital goods in intermediate inputs (robustness)

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

L. log(1 + τ) -5.577*** -4.040** -3.778** -0.686 -4.222**
(1.773) (1.997) (1.832) (2.324) (1.785)

L.HHI -0.389**
(0.196)

L. log(1 + τ)× L.HHI -2.253
(2.228)

L.high-HHI -0.000560
(0.0694)

L. log(1 + τ)× L.high-HHI -2.186**
(0.887)

L.CR4 0.0939
(0.126)

L. log(1 + τ)× L.CR4 -5.273***
(1.947)

L.high-CR4 -0.00387
(0.0609)

L. log(1 + τ)× L.high-CR4 -1.539*
(0.842)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 23,993 23,993 23,993 23,993 23,993
Adjusted R2 0.918 0.919 0.919 0.919 0.919

Notes: The sample consists of 3,734 HS 6-digit products over the period 2000–2007. The dependent variable is the logarithm of

import quantity of raw materials, intermediate goods, and capital goods at the product level. Input tariffs are constructed using

input–output linkages. Standard errors are clustered at the product level. ***, **, and * denote significance at the 1%, 5%, and

10% levels, respectively.
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Table A.4: Import tariffs and import responses (value)

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

L. log(1 + τ) -1.696 -0.306 -0.335 2.616 -0.670
(1.640) (1.868) (1.723) (2.158) (1.663)

L.HHI -0.292
(0.184)

L. log(1 + τ)× L.HHI -2.042
(2.091)

L.high-HHI -0.0212
(0.0639)

L. log(1 + τ)× L.high-HHI -1.487*
(0.812)

L.CR4 0.0779
(0.119)

L. log(1 + τ)× L.CR4 -4.584**
(1.814)

L.high-CR4 -0.0157
(0.0556)

L. log(1 + τ)× L.high-CR4 -1.050
(0.769)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534 19,534
Adjusted R2 0.883 0.883 0.883 0.883 0.883

Notes: The sample consists of 3,734 HS 6-digit products over the period 2000–2007. The dependent variable is the logarithm of

import value of raw materials, intermediate goods, and capital goods at the product level. Input tariffs are constructed using

input–output linkages. Standard errors are clustered at the product level. ***, **, and * denote significance at the 1%, 5%, and

10% levels, respectively.

Table A.5: Tariffs and the extensive margin: input tariffs

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

L. log(1 + τ) 1.024 0.965 1.152* 2.428*** 1.348**
(0.681) (0.709) (0.678) (0.842) (0.661)

L.HHI -0.440***
(0.0619)

L. log(1 + τ)× L.HHI 0.643
(0.736)

L.high-HHI -0.130***
(0.0248)

L. log(1 + τ)× L.high-HHI -0.000825
(0.327)

L.CR4 -0.147***
(0.0465)

L. log(1 + τ)× L.CR4 -1.340*
(0.741)

L.high-CR4 -0.0814***
(0.0217)

L. log(1 + τ)× L.high-CR4 -0.122
(0.316)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534 19,534
Adjusted R2 0.953 0.954 0.954 0.953 0.953

Notes: The dependent variable is the logarithm of the number of importing firms at the product-year level. All regressions include
product and year fixed effects. Input tariffs are constructed from input–output linkages. Standard errors are clustered at the
product level. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
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Table A.6: Tariffs and the extensive margin: import tariffs

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

L. log(1 + τ) -0.587*** -0.772*** -0.576*** -0.212 -0.543***
(0.202) (0.233) (0.207) (0.276) (0.185)

L.HHI -0.450***
(0.0454)

L. log(1 + τ)× L.HHI 0.616*
(0.337)

L.high-HHI -0.132***
(0.0198)

L. log(1 + τ)× L.high-HHI 0.0438
(0.173)

L.CR4 -0.193***
(0.0313)

L. log(1 + τ)× L.CR4 -0.417
(0.325)

L.high-CR4 -0.0860***
(0.0152)

L. log(1 + τ)× L.high-CR4 -0.0137
(0.141)

Product FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 19,534 19,534 19,534 19,534 19,534
Adjusted R2 0.953 0.954 0.954 0.954 0.953

Notes: The dependent variable is the logarithm of the number of importing firms at the product-year level. All regressions include
product and year fixed effects. Import tariffs are product-level tariffs. Standard errors are clustered at the product level. ***, **,
and * denote significance at the 1%, 5%, and 10% levels, respectively.

A.6 Numerical Implementation in Section 4.3

This appendix provides a numerical implementation of the baseline model to assess the quantitative relevance of the

concentration-dependent amplification mechanism emphasized in Sections 2–4. The key objective is not a full structural

calibration or general-equilibrium counterfactual analysis, but rather a transparent illustration of (i) how strongly the

long-run trade elasticity varies with market structure and (ii) how that variation maps into welfare sensitivity of tariffs.

Throughout, we focus on the baseline environment (constant-elasticity final demand with elasticity σ, vertical spe-

cialization, and free entry in both stages), and we interpret welfare changes as local partial-equilibrium effects consistent

with Section 4.

A.6.1 Parameterization and Normalization

We solve the long-run equilibrium characterized in Section 2, in which Home firms and Foreign suppliers compete à la

Cournot and enter freely subject to fixed costs. For any tariff level τ , the long-run equilibrium values of aggregate imports

in Home Q, aggregate shipments in Foreign X, the number of Home firms M , and the number of Foreign suppliers N are

jointly determined by: the downstream Cournot first-order condition in (2); the upstream Cournot first-order condition

in (3); the downstream free-entry condition in (5); and the upstream free-entry condition in (6). Specifically, using

r = g(.) for the upstream Cournot (3), the input price is

r(N) =
Nct

N + 1 + ρ
.

Similarly, from downstream Cournot (2), the final-good price is

P (M,N) =
Mτr(N)

M + 1 + ρ
.
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Table A.7: Parameter values for numerical illustration

Parameter Description Value Calibration/rationale

σ Demand elasticity 4 Standard value in quantitative trade models
ρ Demand curvature -1.25 Implied by σ
A Demand shifter 5 Matches HHI in Section 3.1
c Upstream marginal cost 1 Normalization
t Iceberg trade cost 1.7 Central estimate of iceberg trade cost
KH Downstream entry cost 0.3 Matches HHI in Section 3.1
KF Upstream entry cost 0.3 Chosen to ensure vertical oligopoly
τ Tariff rate [1, 1.5] Reflects tariff variation in Section 3.1

Moreover, constant-elasticity demand means

Q(M,N) =

(
A

P (M,N)

)σ

.

Combining these equations with two free entry conditions (5) and (6), we derive two equations that pin down two

unknowns M,N . Consider first the downstream free entry. Under constant-elasticity demand and Cournot, P − τr =

P/(σM). Plugging into (P − τr)Q/M = KH in (5) gives:

P (M,N)Q(M,N)

σM2
= KH . (A.32)

This is the first equation in M,N . Consider next upstream free entry. Under constant-elasticity demand and Cournot,

r − ct = r/(σN). Plugging into (r − ct)X/N = KF in (6) and using X = tQ gives:

r(N)tQ(M,N)

σN2
= KF . (A.33)

This is the second equation in M,N . Together (A.32) and (A.33) are two nonlinear equations in M and N . Once these

unknowns are determined, we can use them for (2) to pin down aggregate quantities Q and X = tQ. This, in turn,

generates average quantities q = Q/M and x = X/N , as well as goods prices P (M,N) and r(N).

Throughout the quantitative exercise, we set parameter values to illustrate the mechanism under empirically plausible

conditions. Table A.7 reports the parameter values used in the numerical exercise, together with their theoretical

motivation and links to relevant empirical work. For each tariff value τ ∈ {1, 1.1, 1.2, 1.3, 1.4, 1.5}, we numerically solve

the nonlinear system of (A.32) and (A.33).

A.6.2 Numerical Solutions of the Model

Figure A.1 illustrates long-run equilibrium outcomes for aggregate quantities Q,X, extensive margins M,N , intensive

margins q, x, and prices P, r across tariff levels under the baseline parameterization. Each panel summarizes how long-run

equilibria respond to higher tariffs.

The aggregate quantities Q,X fall sharply as tariffs rise, reflecting not only standard contractions but also endogenous

exit. Consistent with this, the extensive margins M,N decline monotonically, raising concentration. At the same time,

the intensive margins q, x also fall, indicating that tariffs operate along both intensive and extensive margins. While the

input price r rises only modestly, the final-good price P increases more sharply because tariffs both raise marginal costs

and induce exit, which increases downstream markups through double marginalization. As a result, the terms of trade

1/r deteriorate with higher tariffs, reflecting increased supplier market power due to upstream exit.

In sum, Figure A.1 shows the central channel of our vertical oligopoly model examined in Section 2: tariffs induce

exit, which decreases competition, amplifies quantity contractions, and worsens the terms of trade though co-movement

of producers across vertically related sectors in the long run.
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Figure A.1: Long-run equilibrium outcomes across tariff rates

(a) Aggregate quantities (b) Extensive margins

(c) Intensive margins (d) Goods prices

A.6.3 Mapping Concentration to Market Structure and Data

Long-Run Trade Elasticities For each tariff level, once the equilibrium values (M,N) are obtained from (A.32)

and (A.33), we compute the long-run trade elasticity in Proposition 2, given in (8): θLR = σµ(M,N) where the

amplification factor is decreasing in M and N , so that

τ ↑ ⇒ M ↓, N ↓ ⇒ θLR ↑ .

Plotting θLR against τ illustrates how endogenous exit and rising concentration amplify the response of quantities to

tariffs. This generates Panel (a) of Figure 2 in Section 4.3.

Welfare Welfare is computed using the expression in Section 4.1, comparing the short-run and long-run effects of

tariffs on welfare. To make quantitative comparison meaningfully, we construct Cournot outcomes and welfare in the

short run under the following conditions: (i) use the short-run equilibrium in Section 2.2 (Cournot with given M,N);

(ii) fixed entry costs are sunk, so we do not subtract KH in short-run welfare; and (iii) fix (M,N) at their free-trade

long-run values.

Using consumer surplus and aggregate downstream profits under constant-elasticity demand for the welfare expres-

sion, short-run welfare is given by

W (τ) =
A

σ − 1
Q

σ−1
σ +

PQ

σM
+ r(τ − 1)Q + L.
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Figure A.2: Long-run elasticity and welfare against HHI

(a) Trade elasticity (b) Welfare

In the short run, welfare is computed holding (M,N) fixed at their free-trade values that are already obtained numerically

in Figure A.1. We therefore allow only quantities and prices at both stages to respond to τ , thereby ignoring market

structure adjustment. By contrast, in the long run, downstream profits are zero, so that

W (τ) =
A

σ − 1
Q

σ−1
σ + r(τ − 1)Q + L.

In the long run, welfare is computed allowing not only only quantities and prices but also numbers of producers to

respond to τ . All of these endogenous values are already obtained numerically in Figure A.1.

In addition, we need to choose population size L to match the share of income spent on the modeled sector. Let s

be the share of total income spent on good Q:

s =
PQ

L+ PQ
⇒ L =

(
1− s

s

)
PQ.

We find this attractive, because it ties the model to national accounts, makes welfare numbers interpretable, and is

common in quantitative IO–trade work. In this numerical exercise, we calibrate L to s = 0.1 at τ = 1, which can be

interpreted as “this sector is 10% of GDP under free trade.” From the results in Appendix A.6.2, we have PQ ≈ 110.5

and hence L ≈ 1000.

To quantify the welfare cost of protection, we normalize welfare by its free-trade value, W (τ)/W (1), in both the short

run and the long run. Plotting this ratio against τ illustrates how endogenous exit and rising concentration amplify the

welfare losses from tariffs, generating Panel (b) of Figure 2. The vertical distance between the two curves at any tariff

therefore measures the additional welfare loss arising from endogenous changes in market structure, as trade elasticities

increase with concentration.

Relationship to HHI While Figure 2 measures the effects of tariffs in the standard way, the paper emphasizes the

role of market concentration. Downstream concentration is summarized by a Herfindahl index, HHI = 1/M . In the

long run, higher tariff induce exit, generating endogenous reduction in M and, therefore, in concentration:

τ ↑ ⇒ M ↓ ⇒ HHI ↑ .

This mapping betweenM and concentration allows us to present the numerical results directly in terms of HHI. Figure A.2

illustrates this concentration channel: the long-run trade elasticity rises with sectoral concentration, measured by HHI.

Consequently, tariffs become more distortionary in concentrated sectors, amplifying the welfare losses from protection.
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Online Appendix (Not for Publication)

This appendix extends the baseline model to allow Foreign households to consume the homogeneous final good

produced by Home downstream firms. The purpose of this extension is to examine whether the main mechanisms

of the model depend on the simplifying assumption that Foreign consumes only the numeraire. Allowing Foreign

to consume the final good modifies the definition of the terms of trade, since Home now exports the final good

while importing intermediate inputs. However, we show that this extension does not affect the core amplification

mechanism of the model. In particular, the key results of the paper―most notably the trade elasticity results

and their dependence on endogenous market concentration―continue to hold under this extension.

1 Environment

There are two countries, Home and Foreign. There are three goods. The first is a numeraire good, which is

produced competitively in both countries and whose price is normalized to one. The second is a homogeneous

final good, which is produced only by Home firms in the downstream sector. For simplicity, this good is assumed

to be freely traded across countries, and its world price is denoted by P . The third is an intermediate input,

which is produced by Foreign suppliers in the upstream sector. This good is imported by Home firms at the

world price r, subject to an iceberg trade cost t > 1 and an ad valorem tariff τ ≥ 1. All production technologies,

market structure, and entry conditions are identical to those in the baseline model.

Demand As in the baseline model, preferences are quasi-linear with the numeraire good, but this holds in

both countries here. Specifically, Home has a mass L of identical consumers whose utility is given by

U ≡ U(QH) + yH ,

while Foreign has a mass L∗ of identical consumers whose utility is

U∗ ≡ U∗(QF ) + yF ,

where QH and QF denote consumption of the final good in Home and Foreign, respectively, and yH and yF

denote consumption of the numeraire good in the respective countries. Quasi-linearity implies constant marginal

utility of income and ensures that demand depends only on prices.

Relative to the baseline model, the only difference is that Foreign households are now allowed to consume

the final good. Let total world consumption of the final good be denoted by

Q ≡ QH +QF .

As in the baseline model, the world inverse demand for the homogeneous final good is assumed to take the

constant-elasticity form with elasticity σ > 1:

P ≡ P (Q) = AQ−1/σ.

Allowing Foreign to consume the final good is therefore captured by interpreting A as a world demand shifter.

This aggregation relies on the assumption that the final good is freely traded so that a single world price prevails.

The elasticity of demand, σ, and the functional form of the inverse demand remain unchanged.
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Production Downstream production takes place only in Home, while upstream production takes place only

in Foreign. As in the baseline model, let total output in the downstream and upstream sectors be denoted by

Q ≡
∑M

i=1 qi and X ≡
∑N

i=1 xi, respectively. We maintain the same specialization patterns as in the baseline

and assume that they do not change with trade costs.

The final good is assumed to be freely traded across countries, so that there are no trade wedges in the

final-good market. We therefore treat the final-good market as integrated and assume that a single world price

P prevails. Since Foreign does not produce the final good and Home does not produce the intermediate input,

market clearing implies that total supply equals world consumption in each sector.

The intermediate input, by contrast, is costly to trade. It is subject to an iceberg trade cost t > 1 and an

ad valorem tariff τ ≥ 1. As in the baseline model, upstream firms receive the same world price r for each unit

shipped, so the input price remains a single world price despite costly trade. All other aspects of the production

structure, including technologies, conduct, and entry conditions, remain identical to those in the baseline model.

Production of the final good requires the intermediate input. As in the baseline model, one unit of final

output requires one effective unit of the intermediate input. Because of iceberg trade costs, only a fraction 1/t of

shipped input arrives in Home. The technological relation between intermediate use and final output therefore

remains X/t = Q. This linkage implies that intermediate demand moves proportionally with final output, and

ensures that changes in downstream production translate directly into changes in upstream demand.

Remark For simplicity, the analysis assumes that the final good is freely traded across countries, so that

its price is equalized and the terms of trade can be written as P/r. This assumption is made for analytical

convenience and allowing for transport costs in the final-good sector would leave unchanged the role of vertical

linkages and endogenous entry in shaping trade elasticities.

If the final good were subject to iceberg trade costs or policy wedges, the price paid by Foreign consumers

would differ from the price received by Home producers, breaking the common-price condition. The relevant

terms of trade would then be given by the export price relative to the import price of intermediates, rather

than P/r. While this would complicate the welfare decomposition and make the terms-of-trade implications less

transparent, it would not alter the core mechanism: the determination of trade elasticities and their dependence

on endogenous market concentration would remain qualitatively unchanged.

Trade Pattern and Terms of Trade Allowing Foreign to consume the final good changes the pattern of

trade in equilibrium. Since the final good is produced only in Home and is freely traded, Home exports the final

good to Foreign. At the same time, Home imports the intermediate input from Foreign in order to produce the

final good. Thus, in equilibrium, trade in real goods is two-way: Home exports the final good while importing

intermediates. Trade in the numeraire good adjusts residually to satisfy the trade-balance condition. The freely

traded numeraire pins down wages and ensures balanced trade, allowing us to abstract from income effects.

This change in the trade pattern modifies the definition of the terms of trade. In the baseline model, where

Foreign consumes only the numeraire good, the relevant terms of trade is given by the relative price of imports

in units of the numeraire, namely 1/r. In the present extension, however, Home exports the final good at price

P and imports the intermediate input at price r. Accordingly, the relevant terms of trade is defined as P/r,

rather than 1/r in the baseline model. This redefinition of the terms of trade is the main equilibrium difference

introduced by Foreign final-good consumption. All other elements of the equilibrium structure―including the

demand elasticity, the input–output linkage, and the determination of market structure through free entry―

remain unchanged relative to the baseline model.
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2 Equilibrium Properties

We now examine how allowing Foreign to consume the final good affects the equilibrium properties of the model.

Since the extension modifies mainly the demand side while leaving production technologies, market structure,

and entry conditions unchanged, most aspects of the equilibrium characterization remain intact. In particular,

the constant-elasticity inverse demand, the technological linkage between intermediate inputs and final output,

and the free-entry determination of market structure continue to operate exactly as in the baseline model. As

a result, the core mechanisms of the model―especially the endogenous adjustment of cross-stage entry and the

associated amplification effects―remain unchanged. The main difference concerns the terms-of-trade channel.

Accordingly, we focus primarily on the results that differ from the baseline model, paying particular attention

to those in Lemma 2 and Proposition 1.

Lemma A.2. Foreign final-good consumption leaves parts (i), (ii), and (iv) of Lemma 2 unchanged. Only

part (iii) is modified: tariffs improve the terms of trade in the short run.

Proof. The only change concerns the definition of Home’s terms of trade in this extension, which becomes P/r.

The symmetric Cournot pricing condition implies

M + 1 + ρ =
Mrτ

P
⇒ P

r
=

τ

1− 1
σM

.

Since σ > 1 and M ≥ 1, we have 1− 1
σM > 0, so the right-hand side is strictly increasing in τ . Differentiating,

∂(P/r)

∂τ
=

1

1− 1
σM

> 0.

Therefore, the terms of trade P/r are strictly increasing in τ in the short run.

Intuition In the short run, the number of Home firms is fixed. Higher tariffs raise downstream marginal costs

because Home firms must pay more for imported inputs, reducing output. With downward-sloping demand,

lower output increases the final-good price P . By contrast, the tariff-exclusive input price r remains unchanged,

because, as in the baseline model, upstream Cournot competition under constant-elasticity demand pins down

equilibrium markups independently of tariffs. As a result, the export price rises while the import price stays

constant, increasing P/r and thus improving Home’s terms of trade. Higher tariffs therefore act as a supply

restriction on Home’s export sector, raising the export price relative to the import price.

Proposition A.1. Foreign final-good consumption leaves part (i) of Proposition 1 unchanged. Only part (ii)

is modified: tariffs improve the terms of trade in the long run.

Proof. The downstream Cournot pricing condition continues to hold in the long-run equilibrium. Taking total

derivatives and applying the chain rule,

d(P/r)

dτ
=

∂(P/r)

∂τ
+

∂(P/r)

∂M

dM

dτ
> 0,

where the sign follows from noting that ∂(P/r)
∂τ > 0 and ∂(P/r)

∂M < 0 (from the above Cournot pricing condition),

and that part (i) implies dM
dτ < 0 under free entry. Thus, tariffs improve the terms of trade in the long run.
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Intuition In the long run, tariffs affect market structure through free entry. Higher tariffs reduce downstream

profitability and induce exit of Home firms in the downstream sector. The resulting increase in concentration

raises downstream markups and therefore increases the final-good price P . At the same time, reduced down-

stream activity lowers demand for intermediate inputs, which induces exit of Foreign suppliers in the upstream

sector. This exit tends to increase the input price r, but under constant-elasticity demand the rise in downstream

markups dominates. Consequently, the equilibrium ratio P/r increases.

Thus, tariffs improve the terms of trade through two reinforcing channels in the long run. First, the direct

cost effect reduces aggregate output and raises the export price. Second, the endogenous concentration effect

further increases downstream markups. Together, these forces raise the price of exports relative to imports.

Short-Run and Long-Run Comparison As in the baseline model, endogenous entry amplifies the long-run

response of the terms of trade. In particular, we have

d(P/r)

dτ
>

∂(P/r)

∂τ
> 0,

so downstream exit magnifies the impact of tariffs on the terms of trade.

However, this does not imply that the Home government has stronger incentives to impose tariffs in the long

run. Although endogenous entry amplifies the improvement in the terms of trade, it simultaneously magnifies

the contraction of aggregate output and the increase in market power. Consequently, as in the baseline model,

the overall welfare losses from tariffs are larger in the long run despite the stronger terms-of-trade effect (see

the paragraph of welfare effects of tariffs below).

Trade Elasticity Allowing Foreign to consume the final good does not affect the trade-elasticity amplification

mechanism characterized in Proposition 2. In particular, the dependence of the long-run trade elasticity and

welfare effects on endogenous market concentration remains unchanged. Intuitively, the extension modifies only

the demand shifter while preserving the constant-elasticity inverse demand, the input–output linkage between

intermediates and final output, and the free-entry determination of market structure. As a result, tariffs continue

to propagate through the same vertical entry-adjustment mechanism that underlies Proposition 2. Because this

mechanism depends on demand curvature and entry responses rather than on the identity of consumers, the

amplification of trade elasticities by market concentration remains unchanged.

Welfare Effects of Tariffs Allowing Foreign to consume the final good does not affect the core welfare results

in Section 4. The extension modifies only the definition of the terms of trade, which becomes P/r rather than

1/r, while leaving unchanged the constant-elasticity demand structure, the input–output linkage, and the free-

entry determination of market structure. Consequently, the trade-elasticity amplification mechanism remains

identical, and the dependence of welfare losses on market concentration continues to hold. The only difference

is that tariffs now affect the terms of trade through movements in both the final-good price and the input price,

rather than solely through the latter. Because welfare continues to scale proportionally with aggregate output

under quasi-linear preferences, this change does not alter the overall welfare implications.

3 Summary

The extension changes only the definition of the terms of trade. Even when Foreign consumes the final good,

the concentration-driven welfare amplification mechanism is completely unaffected.
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