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Abstract

I extend the |[Melitz (2003)-Chaney| (2008) framework with roundabout production by
introducing an integrated capital market in which capital moves frictionlessly across
locations while labor remains immobile. In the model, a unilateral tariff increase shifts
domestic expenditure toward domestic firms, raising domestic factor returns, which
generate a positive income effect and induce capital inflows. The resulting capital in-
flow expands domestic production along both the intensive and, through endogenous
firm entry, extensive margins. The extensive-margin response creates additional do-
mestic varieties, dampening the tariff-induced increase in the price index. Together, the
positive income effect and the dampened price response create scope for welfare gains
even in the absence of tariff revenues. I quantify these mechanisms in a multi-region
model using U.S. state-level and Chinese trade data and apply it to the 2018 U.S.
policy of raising tariffs on Chinese imports. Model-predicted firm entry is positively
correlated with subsequent establishment growth across U.S. states. The counterfac-
tual predicts household welfare gains in most states, with larger predicted welfare gains
associated with greater increases in Republican vote shares between the 2012 and 2016

presidential elections.
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1 Introduction

In an open economy, economic activity is connected across locations not only through trade
in goods and services, but also through the movement of factors of production. Capital,
in particular, is considerably more mobile across locations than labor. The role of mobile
capital has long been studied in international trade theory. Mundell (1957) begins with
the result that “commodity movements are at least to some extent a substitute for factor
movements.” An important implication of this result is that, for a relatively capital-abundant
country, imposing a higher tariff leads to capital outflows, as the resulting shift toward
labor-intensive production reduces trade in capital-intensive goods, for which direct capital
movements abroad substitute.

This paper instead abstracts from differences in factor intensity across goods while al-
lowing for entry by heterogeneous firms, and shows that, when all goods require the same
relative intensity of labor and capital, an increase in tariffs leads to capital inflows. More-
over, with endogenous firm entry, capital flows affect domestic production not only through
the intensive margin but also through the extensive margin, thereby magnifying the role of
capital mobility in determining the welfare consequences of trade policy.

To understand the intuition for capital movements, consider the comparison with [Mundell
(1957), who studies factor mobility in a Heckscher—Ohlin framework. Suppose Home is the
capital-abundant country and unilaterally raises its tariff. Domestic production shifts toward
the labor-intensive good, raising the return to labor while lowering the return to capital. In
Foreign, the opposite occurs. The resulting lower return to capital in Home and higher return
to capital in Foreign induce capital to flow from Home to Foreign. In this paper, however,
a tariff increase shifts Home expenditure toward Home firms, raising the returns to both
factors in Home relative to Foreign. The resulting higher return to capital in Home induces
capital to flow from Foreign to Home. The increase in Home factor returns is closely related
to the terms-of-trade mechanism underlying the classic optimal-tariff argument (Johnson),

1953; Bagwell and Staiger, 1999). By reducing its demand for Foreign goods relative to



their supply and its supply of Home goods to the world market relative to their demand,
Home induces an increase in the relative price of its goods. In the absence of factor-intensity
differences, this terms-of-trade improvement translates into higher returns to both labor and
capital in Home relative to Foreign.

Turning to the intuition for endogenous firm entry, this paper follows the [Melitz (2003)—
Chaney| (2008) framework, in which firms must incur fixed costs to enter and operate in a
market. These fixed costs absorb productive resources without directly generating output.
The free-entry condition therefore determines how the economy’s available factors are al-
located between covering the fixed costs associated with firm entry and producing goods.
With fixed factor endowments, as in the original [Melitz (2003) framework, trade policy may
reallocate production across firms, but it does not change the total resources available for
firm entry and production and, consequently, does not affect the total mass of firms. With
capital mobility, however, this restriction no longer applies. A tariff increase induces capital
to flow into Home, expanding the productive resources available in the domestic economy
while reducing those available in Foreign. Consequently, more resources can be devoted to
covering the fixed costs of entry, allowing the mass of domestic firms to increase. Equiva-
lently, from the perspective of a potential entrant, entry depends on the value of the market
relative to the cost of creating a firm. The value of the market scales with the nominal
wage, whereas the fixed cost of entry depends on both wages and rental rates. The relevant
tradeoff therefore depends on the wage relative to the rental rate. A capital inflow makes
capital more abundant relative to labor, raising the wage-rental ratio and thereby increasing
the value of the market relative to the cost of entry.

This entry-margin response plays a central role in the model’s welfare implications. In
its absence, capital inflows raise the wage relative to the rental rate as capital becomes more
abundant, but this positive income effect is insufficient to offset the increase in consumer
prices induced by the tariff. The reason is that the tariff raises the price index directly,

whereas the positive income effect arises only indirectly through the equilibrium response of



factor returns.ﬂ With endogenous entry, by contrast, the emergence of new domestic varieties
dampens the tariff-induced increase in the price indexﬂ Combined with the positive income
effect from capital inflows, this dampened price response can allow the welfare of households
receiving both labor and capital income to increase following a unilateral tariff increase, even
in the absence of tariff revenues.

To examine the distributional effects, consider separately workers, who receive only labor
income, and capital owners, who receive only rental income. Since capital is perfectly mobile,
the rental rate is equalized across locations and serves as the numeraire. Despite the absence
of factor-intensity differences, the model can generate distributional effects reminiscent of the
Stolper—Samuelson theorem: Home workers and Foreign capital owners tend to gain, while
Home capital owners and Foreign workers tend to lose. Here, this pattern arises because
capital inflows make labor relatively scarce and thereby raise its return relative to capital.
In the Heckscher—Ohlin framework, by contrast, a tariff raises the relative return to labor by
directly protecting the labor-intensive good.

Finally, regarding the specific model setup, this paper builds on the Melitz (2003)-Chaney
(2008) framework with roundabout production developed by |Caliendo et al. (2023), and
introduces an integrated capital market in which capital flows frictionlessly across locations
while labor remains geographically immobile. Tariff revenue is assumed to be dissipated.
Although capital is mobile across locations for production purposes, its ownership is fixed
and exogenous. Household welfare is therefore based on factor ownership rather than the
location of production: rental income generated by foreign-owned capital employed in Home
accrues to Foreign households and is not included in Home household income.

Section [2| illustrates the key mechanism in a symmetric two-country setting through two

limiting cases: one with no capital as a production input and one with no intermediate

ITo show that capital mobility alone is insufficient to offset the welfare loss from a tariff increase, I
introduce capital mobility into the Armington framework (Appendix , which lacks an entry margin, and
show that a unilateral tariff increase leads to an unambiguous welfare loss despite inducing a capital inflow.

2When capital intensity is sufficiently high, the entry response can be strong enough to reverse the
tariff-induced increase in the price index.



inputs. With roundabout production alone, the entry response is proportional to the change
in the real wage and thus amplifies the standard welfare effect of trade policy. In contrast,
when capital and labor are the only factors of production, the entry response is proportional
to the change in the nominal wage relative to the rental rate. Because this ratio increases
with the tariff, firm entry dampens the standard price-increasing effect of a tariff increase.
The general-case entry response is a convex combination of the two limiting cases, with the
welfare outcome similarly interpolating between them.

Section [3| calibrates the multi-region version of the model and employs exact hat algebra
to analyze President Trump’s 2018 unilateral tariffs on Chinese imports. The calibration uses
a region-by-region trade matrix constructed from the Freight Analysis Framework (FAF) and
USA Trade Online data. The counterfactual results, reported in Section [3.3] show that the
model-predicted changes in the number of firms are positively correlated with subsequent
changes in the number of establishments reported in the County Business Patterns across
U.S. states. In terms of welfare, households in most U.S. states experience gains when they
are assumed to receive both labor and capital income. Section further shows that the
cross-state distribution of predicted welfare changes is positively correlated with changes in

Republican vote shares between the 2012 and 2016 U.S. presidential elections.

Positioning in the literature First, this paper relates to the literature on capital flows
in open economies. The role of factor mobility in trade models with sectors that differ in
their factor intensities has been extensively studied, including Mundell| (1957)), Wong (1986)),
Kemp (1966), Jones| (1967), Purvis| (1972)), Svensson| (1984)), Markusen and Svensson| (1985)).

Regarding the role of factor mobility in differentiated-goods trade models, Krugman
(1991) shows how labor mobility interacts with increasing returns and trade costs to generate
the spatial concentration of production, while [Martin and Rogers| (1995) and |Boulhol (2009)
study analogous location forces when capital is mobile. A key distinction between this paper

and these footloose-capital models lies in the relationship between firm and capital location.



In those models, changes in market access alter firms’ location incentives, and because each
firm requires one unit of capital as a fixed input, firm location maps one-to-one into capital
location. Firm relocation therefore directly induces capital relocation. In this paper, by
contrast, capital relocation induces firm entry.

Relaxing this one-to-one mapping between firm and capital location, and instead link-
ing capital location to firms’ choice of how to serve a market—exporting versus producing
locally through FDI—leads naturally to the tariff-jumping FDI literature (Brainard, 1993;
Horstmann and Markusen, [1992; Mottal (1992)). In this literature, higher trade barriers
can induce foreign firms to switch from exporting to producing within the protected market,
thereby bringing capital with them. The direction of causality is again reversed in this paper.
Despite this difference in the direction of causality at the micro level, the footloose-capital
models and the tariff-jumping FDI literature share with this paper a common macro-level
pattern: higher trade barriers can induce capital inflows and an expansion of production in
the protected market.

Relatedly, a substantial literature studies firm-delocation effects in the absence of factor
mobility. [Venables| (1985)) and Bagwell and Staiger| (2012)) study firm-delocation effects with
endogenous entry under Cournot competition, while Melitz and Ottaviano (2008)) obtain a
related effect under monopolistic competition with linear demand and endogenous markups.
This paper shares with these models the mechanism whereby an increase in unilateral trade
barriers shifts firm entry toward Home, generating a firm-delocation effect that can raise
Home welfare.

Finally, this paper is related to the literature examining the welfare consequences of
major changes in trade policy, including the China shock and the 2018 tariff increases. In
standard trade models, trade liberalization generally generates welfare gains, whereas tariff
increases generate welfare losses. In the context of the China shock, quantitative models
have introduced additional margins to account for the adverse effects of increased import

competition documented by |Autor et al. (2013). |Caliendo et al.| (2019) emphasize labor-



market adjustment frictions, while |Galle et al.| (2023) show that worker heterogeneity can
generate welfare losses for particular groups despite aggregate gains from trade. For the 2018
tariffs, Fajgelbaum et al.[(2020) and |Caliendo and Parro (2021)) quantitatively evaluate their
welfare consequences and find aggregate welfare losses. In contrast, this paper highlights
the role of capital mobility and shows that trade liberalization can generate welfare losses
for workers through capital outflows and the resulting firm exit, whereas tariff increases can

generate welfare gains through capital inflows and firm entry.

2 Two-Country Model

To illustrate the key mechanisms and their underlying intuition, I begin with a two-country,

one-sector model.

2.1 Model Setup

Consider a world with two countries, H and F', and a single sector. Firms share a common

Cobb—Douglas production technology but differ in productivity z. A firm with productivity
z produces
1-¢

() () (=) ]

where L, K, and E denote labor, capital, and intermediate inputs, respectively. When

¢ = 1, the model reduces to the Caliendo et al. (2023); when ¢ = 0, it reduces to the Melitz
(2003)-Chaney| (2008)) with just mobile capital.

Labor is immobile across countries, with endowments Ly and Lg, while capital is per-
fectly mobile. The world capital stock is Ky, of which households in H and F' own fixed
shares v and 1 — v, respectively. Capital can be employed in either country without friction,

equalizing the rental rate r across locations. I choose r as the numeraire.



2.2 Households’ Demand

Households in both countries have identical CES preferences over the set of available varieties

NS
Uy = QF = (/ E(w)F dw) .
wEQn

Household income is I, = W, L, + rK,, where Ky = 7Ky and Kr = (1 — v)K,. Utility

QTL?

maximization yields demand

G (w) = pa(w) 7P,

1

1—-0o

, where the corresponding price index is P, = < Locq, Pr(w)'=7 dw)

2.3 Producers’ Demand

Firms use the same CES aggregate as an intermediate input. Given intermediate-input

expenditure M, = P, FE,, cost minimization yields demand for variety w,
(W) = pn(w)_"Pg_le

where P, is the CES price index defined above.

2.4 Supply

Firms draw productivity z prior to production from a Pareto distribution,

Pr(ZZz):<%>a, z>z, a>o—1,
z

which is identical across countries in the symmetric case. After observing z, firms decide
whether to operate, export, or exit.

Trade from country s to country n is subject to an iceberg trade cost 1+ 7,,. Trade costs
generate no tariff revenue. Since varieties are uniquely associated with productivity draws,

I henceforth index prices and quantities by source s, destination n, and productivity z. Let

Cs = I/Vg(qurl_‘i’)l_é



denote the unit cost of a firm with unit productivity in country s. Given total demand
qsn(2) = ¢5,(2) + ¢5,(2), cost minimization implies

(1-9(1-9)e

Kon(z) = . > sn(2) (1 + Ton),
Fanle) = U228 004 ), Ln(e) = 2 (2)(1 i)

Under monopolistic competition, firms charge a constant markup over marginal cost, so that

o C
sn - _81 sn ).
Psn(2) = ——5 —(1 4 Ton)

2.5 Aggregate Values

The value of trade for a variety produced by a firm with productivity z located in country

s and sold in country n is thus

Viul2) = an(2) 4un(2) = 0B, (1 + Tsn)%)l_" , (1)

W,L,+rK, (1\°/ 1 \'°
n= R (0) () 2

n

where

B, is interpreted as a measure of the market size. It increases with aggregate income
and with the price index. Higher income raises demand for each variety, while a higher price
index reflects weaker competition across varieties, which also increases the demand faced by
individual firms. As a result, a larger measure of market size corresponds to a more favorable

market environment for firm survival.

2.5.1 Technology Threshold for Selling in a Market

A firm located in country s serves market n only if variable profits cover the fixed cost of

selling there:

71-sn(z) Z FSTLCS7



where Fy, denotes the fixed-cost shifter for serving market n. Using this expression, variable

profits are

Lén(z)'

g

Ton(2) = Vin(2) — WiLgn(2) — PsEg,(2) — 7Kg (2) =

The productivity cutoff for a firm from country s to serve market n is therefore

Fon \ 771 5%
i = s (1 sn)- 3
= (5) T ®)
Post—fixed-cost profits from serving market n are

Ton(2) = mn(2) — Fyncs.

2.5.2 Aggregate Trade Value

Let €2, denote the set of firms in country s that serve market n. Aggregate trade value from

s tonis
Vin = Ns Pr(Ttg, > 0)E[Vi,(2) | Tsn > 0],
where Ny denotes the mass of firms in country s. Using the Pareto productivity distribution

yields

oaz® I N
V;n = — NSBT(LT_IFSH el 1 sn —aj 4
i A (14 7 (@)

where € =
Aggregate post—fixed-cost profits from serving market n are

c—1

Ven- ()

o

Tsn = / [Trsn(w) - ancs] dw =
wEan

Equation follows the standard Melitz—Chaney formulation, with the wage replaced
by the composite unit cost ¢, reflecting the use of labor, capital, and intermediate inputs in

production.

2.6 Equilibrium Conditions

An equilibrium is a collection of wages {W,,}, price indices {P,}, and firm masses {N,,}, for

n € {H, F'}, such that households optimize, firms maximize profits, and labor, capital, and



goods markets clear, taking the common rental rate r as the numéraire.

The six endogenous variables
{WH7WF7NH7NF7PH7PF}

are jointly determined by two free-entry conditions, two labor-market-clearing conditions,
the global capital-market-clearing condition, and one trade-balance condition, with the other

implied by Walras’ law.

Free entry. For each country s € {H, F'}, free entry requires aggregate post—fixed-cost
profits to equal total entry costs:

- o—1 B
D, fm=—r D Vn=NFle,
ne{H,F} ne{H,F}

where FX denotes the fixed-cost shifter for entry and 7, denotes aggregate post—fixed-cost

profits from serving market n, as defined in Equation

Labor market clearing. Labor in country s is used for variable production, fixed
market-access costs, and entry. Let L, denote labor used by firms from s to serve market

n, including variable and fixed selling costs:

Labor-market clearing requires

L,= Z f/sn + ngFSECS‘

Wi

Using the free-entry condition, this simplifies to

W.Ly=¢Y Vi,  s€{HF}

Capital market clearing. With frictionless capital mobility, capital is allocated glob-

ally across variable production, fixed market-access costs, and entry. Let K, denote capital

10



used by firms from s to serve market n, including variable and fixed selling costs:

i 1=90-0V., (J_HL“").

or «

Global capital-market clearing requires

Ko=Y" Ko+ ZNs(l - 5)(1T— O)Fcs

Using the free-entry condition, this simplifies to
rKo=(1-8(1-¢)) Vi

Capital employed in country s generally differs from the capital owned by its households,

Ky =~Ky and Kr = (1 — ) K, since capital is freely mobile across countries.

Intermediate inputs. Intermediate inputs account for a share ¢(1 — &) of firms’ total

expenditure. Hence,
M, = PE,=¢(1 =&)Y Vi,  s€{HF}.
Combining this with the labor- and Capital—m;rket—clearing conditions yields
WyLlyg +WpLp + 1Ko = Z Ven,

so that aggregate world income equals aggregate world expenditure.

Goods market clearing and trade balance. Trade-balance conditions require that

total expenditure equals total income within each country. For country H,
WyLly +yrKo+ PuEy = Vag + Vin,

and for country F,

WFLF + (1 — ’}/)TKO + PFEF = VFF + VHF

11



Number of firms. Combining free entry with labor-market clearing yields the equilib-

rium mass of firms:
L, 0—1
* EFE oa

Thus, N, is determined by W, and P,. The free-entry conditions can therefore be substituted

WiE (Por=o) (6)

out, reducing the equilibrium system to the four endogenous variables {Wy, W, Py, Pr}.

Summary. The equilibrium is characterized by the following four equations:

Li =3 Z Vitn, (7)
Lp= WiF Z Vi, 8)
K, = L9 9) > 0 Vi), (9
WLy (1 + ¢1£j) +rKo = Vun + Vrn. (10)

2.7 Wage—Entry Linkage

Before turning to the general analysis, it is useful to build intuition for the mechanism
governing firm entry by considering two limiting cases of the model: ¢ =1 and ¢ = 0.
2.7.1 Production with Labor and Intermediate Inputs Only: ¢ =1

When ¢ = 1, capital is not used in production, and all production inputs are cleared domes-
tically. This limiting case closely follows the setup in |Caliendo et al.| (2023). The equilibrium

measure of firms simplifies to

L, o—1 (W, 1-¢
Ns:{FSE oa (P$> ' (11)

In the original Melitz-Chaney model, where £ = 1, the equilibrium measure of firms is
pinned down by the labor endowment and structural parameters. In contrast, with round-
about production, the measure of firms also depends on endogenous wages and the price

index. In particular, the expression above shows that the equilibrium measure of firms in-
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W

5>, which also determines welfare. Thus, the endogenous entry

creases with the real wage,
response arising from roundabout production amplifies the welfare effects present in the
standard Melitz-Chaney model, as an increase in real wages induces additional firm entry

and expands the set of available varieties.

2.7.2 Production with Labor and Mobile Capital Only: ¢ =0

In this case, there are no intermediate inputs, while capital can move freely across countries
and the rental rate r is chosen as the numeraire. Under these assumptions, the equilibrium

measure of firms is given by

Ly o1
EFE oa

rEwie (12)

The measure of firms now responds to changes in the nominal wage, in contrast to the case
with roundabout production, where it responds to changes in the real wage. More generally,
Equation shows that firm entry is increasing in the relative price of labor, W /r: as
labor becomes more expensive relative to capital, the equilibrium measure of firms increases.

This result follows directly from the tradeoff between the cost of entry and the market
value of a firm after entry. The latter is proportional to the nominal wage, whereas the entry
cost depends on both labor and capital costs. Consequently, an increase in the wage relative
to the rental rate raises the value of entry relative to its cost, inducing additional firm entry.

The same result can also be interpreted through the allocation of mobile capital. Since
capital is freely mobile across countries, a higher wage relative to the common rental rate is
associated with a larger amount of capital being allocated for use in that country. Given a
fixed labor endowment, this additional capital expands the country’s productive capacity. In
a model with a fixed set of producers, such as |Armington| (1969)), the increase in productive
capacity can be absorbed only along the intensive margin, through greater output by existing
producers. With endogenous firm entry and exit, however, adjustment can also occur along
the extensive margin: the additional capital supports the entry of new firms, increasing

the equilibrium measure of firms in that country. The extensive-margin response therefore

13



provides an additional channel through which an increase in the nominal wage is translated
into greater domestic production.

In contrast to the ¢ = 1 case, endogenous firm entry need not amplify the original welfare
effect. Because entry is linked to the nominal wage, it can instead introduce an opposing
force on welfare. Shocks that place downward pressure on domestic wages, such as increased
import competition, reduce firm entry and thus lead to a decline in domestic varieties. The
resulting loss of variety further places upward pressure on the price index, partially offsetting
the direct gains from lower trade costs. Thus, capital mobility introduces a more complex

entry response that can alter the welfare effects of trade liberalization.

2.7.3 General Case: 0 < ¢ <1

Having considered the two limiting cases, we now return to the general case. The equilibrium

measure of firms can be rearranged as

B 6(1-€) (1-6)(1-€)
N, = Ly o1 (W, Wy . (13)
EFE oa \ P T

The equilibrium measure of firms is therefore determined by the competing effects of

changes in the real wage and the nominal wage.

2.8 Comparative Statics

Suppose the two countries are symmetric, so that
Viur = Vrau, Vi = Vrr, Wy = Wk, By = Br, Ny = Nr.

I log-linearize the equilibrium conditions around this symmetric baseline to characterize the
response to changes in iceberg trade costs. Under symmetry, define the common bilateral

trade share as

\ = Viur _ Ven
The full system of equations is provided in Appendix [J} I now characterize the comparative

statics for the two limiting production structures.
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2.8.1 Production with Labor and Intermediate Inputs Only: ¢ =1

In this case, firm entry responds according to

A~ A ~

Ny = (1 =)W, = Fy). (14)

I consider bilateral and unilateral changes in trade costs in turn.

Bilateral tariff increase. Suppose Tyr = Trg = 7 > 0. The equilibrium responses are

~

Wg 0
- — AT
Pu | = | ==%09
® AT
Fr %00

The welfare change for domestic agents is thus

1
1-:5(01-§)
When ¢ = 1, the result collapses to the original Melitz-Chaney result, such that the

Wy — Py = —Py = —\7 (15)

export share is a sufficient statistic for evaluating the welfare loss from an increase in tariffs.

When £ < 1, however, welfare depends on the sign of 1 — -2 (1 —¢)

Proposition 1 If the propagation of price changes through intermediate-input costs is con-
vergent, 3 = ~%5(1—¢) < 1, then a bilateral increase in trade costs raises the domestic price

index.

Proof. The equilibrium price-index response can be written as

. R . o
Py = A + BPu, 550_1(1—5)-

The first term is the direct effect of higher trade costs, while the second captures the feedback
through intermediate-input costs. When 8 < 1, this feedback is convergent, and Py moves
in the same direction as 7. =

We consider only the case in which the propagation effect is convergent. As emphasized

by |Caliendo et al. (2023)), the markup ~%; distorts the allocation of intermediate inputs

o—
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away from the efficient allocation. Suppose this distortion is eliminated by a first-best
producer subsidy, as in |Caliendo et al| (2023). The markup term -%5 then drops out of
the intermediate-input channel in Pm and the welfare effect reduces to % Since £ < 1,
the welfare response to a change in trade costs is larger in magnitude than in the standard

Melitz—Chaney model, reflecting the amplification effect discussed in Section [2.7.1]

Unilateral tariff increase. Suppose 7y = 0 and 7y = 7 > 0. The equilibrium

responses are

WF - A T
> _ o—1 By~
PH o oé—1 A)\T
~ _o—1C~
PF o&—1 a’

where
A=(c&—1)2e(1 = A) = 1)+ 2\(o —1)
B=¢€(1l=MN(c—1)+ (0 —1)A
C=0E—1)((€=14+XN=X) +a+ )+ Aa— (0 —1)e — (0 — 1)A)

, and the welfare change for domestic agents is thus

c—18B_

Wy — Py = —Py =

Proposition 2 If the intermediate-input feedback is convergent, roundabout production does
not change the qualitative welfare effects of bilateral and unilateral tariff increases relative
to the Melitz—Chaney benchmark.
Proof. The convergence condition is equivalent to

o —1>0.

Under this condition, A > 0 and B > 0. Equation then implies that a bilateral tariff

increase reduces welfare, while Equation [16|implies the same for a unilateral tariff increase.

16



Thus, as in the Melitz—Chaney benchmark, both bilateral and unilateral tariff increases

reduce welfare. m
Additionally, similar to the bilateral case, with a first-best correction, roundabout pro-
duction magnifies the welfare effect of unilateral trade liberalization relative to the standard

Melitz| (2003) model. See Appendix |F| for details.

2.8.2 Production with Labor and Mobile Capital Only: ¢ =0

In this case, firm entry responds to changes in the nominal wage according to

A

N, = (1—&W.. (17)

In the absence of intermediate inputs, the price index P; enters the remaining equilibrium
conditions only through By, a monotonic transformation of P;. It is therefore convenient to

characterize the equilibrium system in terms of B; rather than P; directly.

Bilateral tariff increase. Suppose Tyr = Trg = 7 > 0. The equilibrium responses are

~

W 0
W 0
Ba |l =1
By (o0 —1)A7

To recover the corresponding change in the price index, note that

pn: 11(Bn_San>a

O’ _—
where s,, denotes the labor income share,

WLy,
w,L, +rK,’

Sp =

which equals ¢ in the symmetric benchmark. Since Wy = We =0, it follows that

17



With capital mobility alone, bilateral tariff increase delivers the same welfare outcome as in
the standard Melitz-Chaney model, with the export share remaining a sufficient statistic for

evaluating the welfare gains from trade liberalization.

Unilateral tariff increase. Suppose 7gr = 0 and 7py = 7 > 0. The equilibrium

responses are

Wy a7

W _ax(;—x) 2
By | | (o- 1)2C
B (o —1)=ND

where

A=(1=&)+2XE+4M(1 = N)(e€ — 1) > 0,
C=AE—(1—2)\)(1—€f)) +¢€,

D =X¢—(1-2))(1—€)).

Proposition 3 A unilateral increase in the Home tariff raises the nominal wage in Home

and lowers the nominal wage in Foreign by the same magnitude:

WH: —WF > 0.

Proof. See Appendix [G]

Proposition [3|shows that a unilateral tariff increase places upward pressure on the domes-
tic wage. Because the wage response is proportional to the change in domestic production,
which in turn is proportional to capital employed domestically, the tariff induces a capital
inflow. In addition, as discussed in Section the capital inflow makes the fixed cost
of entry relatively cheaper compared with the market value of entry, thereby promoting
domestic firm entry and increasing the number of domestic varieties. The increase in domes-

tic varieties, in turn, dampens the tariff-induced increase in the domestic price index. To

18



see this mechanism mathematically, substitute the equilibrium solutions into the log-change

expression for the price index.

. 1o A
Py = —— (Br—€Wn) = SF. (18)
where
F= {e(l—)\) (1+2>\—§)+>\]5+/\(2)\—1). (19)

Proposition 4 The sign of the Home price-index response to a unilateral increase in trade
costs is determined by a strictly increasing function of £&. There exists a unique & € (0, 1)
such that

(

<0, &<¢&,
Py =0, ng*a

>0, &>¢&".

\

Proof. From Equation [19]

oF 1
— =€e(l=XN)(1+2\—— A>0
s - (1420- 1) eas0
so F' is strictly increasing in €. Since F'(0) < 0 < F'(1), there exists a unique £* € (0, 1) such
that F'(¢*) = 0. By Equation Py has the same sign as F', which establishes the result.

Corollary 1 Endogenous firm entry dampens the Home price-index response to a unilateral

increase in trade costs and, if sufficiently strong, can reverse its sign.

Proof. Home firm entry satisfies

. . a |
Rearranging the Home price-index response gives
. 1 A ANy
Py=le(1=X)[(1+2)\—— N - —— 20
R R S R ey (20)
conventional pri;er—increasing effect entr;gﬂfect
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The conventional effect raises the price index, while endogenous entry operates in the oppo-
site direction. Hence, entry dampens the price-index increase and, by Proposition [ reverses

its sign when £ < £*. =

Corollary 2 A welfare gain from a unilateral increase in trade costs requires a weaker con-
dition on & than a decline in the Home price index. There exists a unique £ > &* such

that
< EWp, €<€,

P =Wy, ¢€=¢>,

> fWH, £ > 5**

Hence, for £ € (£*,£**), household welfare rises even though the Home price index rises.

Proof. At ¢ = &*, Proposition |4] implies Py = 0. Since Wy > 0,
EWy — Py =Wy > 0.

Thus household welfare is still increasing at the price-index cutoff. Since the welfare response
crosses zero uniquely at £**, it follows that £ > £*. m

Appendix [K] considers two extreme cases that illustrate different features of the mech-
anism. First, as o approaches one, the responses of equilibrium variables to changes in
trade costs converge to zero, so that the capital-mobility channel vanishes. The small-open-
economy limit leads to a different result. As Home becomes negligible relative to the rest
of the world, Home trade policy no longer affects Foreign equilibrium variables, and global
capital market clearing ceases to restrict the response of Home. The effects of changes in
trade costs need not vanish in this case; instead, they are determined by the remaining Home

equilibrium conditions and depend on the initial pattern of trade flows.
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3 Multi-Region Calibration

With the intuition from the two-country framework in hand, this section extends the analysis
to an n-region setting and applies exact hat algebra to characterize the equilibrium responses

to changes in trade costs. The full equilibrium system is shown in Appendix [[]

3.1 2018 Tariff Policy

I analyze the welfare consequences of President Trump’s 2018 tariff policy toward China
using the exact-hat algebra implied by the multi-region model. The policy is modeled as
an increase in tariffs imposed by the 51 U.S. regions (the 50 states and Washington, D.C.)
on imports from China, from an average tariff rate of 1.66% to 25%. Chinese retaliation
is modeled as a symmetric increase in China’s tariffs on imports from the United States to

25%.

3.1.1 Calibration
The parameters required to solve the exact-hat equilibrium are
@ = {0-7 a7 57 ¢7 f}/s E RE)Z? TSI 6 R52X52}'

Table [I] summarizes the parameter values and their sources. I take the elasticity of
substitution and Pareto shape parameter from Melitz and Redding| (2015), and calibrate &
and ¢ using U.S. economy-wide totals for employee compensation, intermediate inputs, and

industry output from the 2017 BEA Use Table (U.S. Bureau of Economic Analysis, 2017)).
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Parameter Value Description Source

o 4 Elasticity of substitution Melitz and Redding (2015])
a 4.25  Pareto shape parameter Melitz and Redding (2015])

0.31  Labor share U.S. Bureau of Economic Analysis| (2017))
) 0.64  Intermediate-input share con- |[U.S. Bureau of Economic Analysis (2017))

ditional on non-labor inputs

Table 1: Parameter values used in the calibration.

I construct a (52 x 52 — 1) trade-value matrix V' using trade data for 51 U.S. regions and
China for the year 2017. State-to-state trade flows within the United States are obtained
from the Freight Analysis Framework (FAF)F]State-level exports to and imports from China
are constructed using data from USA Trade Onlineﬁ China’s domestic sales are not directly
observed. To complete the trade matrix, I impute China’s domestic sales using the relative
size of the Chinese and U.S. economies’}

GDP,
Vean.can + Z Verant = <Z ZVS,I> GD—;’U}ZV (21)

I#CHN Seus 1
where GDPogyy and GDPyg denote China’s GDP and aggregate U.S. GDP, respectively,

obtained from the World Bank.

To assess the validity of the constructed trade matrix, I compare matrix-implied GDP
(row sums) with BEA-reported regional GDP in 2017 and matrix-implied personal consump-
tion expenditures (PCE) (column sums) with BEA-reported regional PCE in 2017. Figure[A]]

presents the comparison excluding China, while Figure includes China. The strong cor-

3U.S. Department of Transportation, Bureau of Transportation Statistics (BTS), and Federal
Highway Administration (FHWA), Freight Analysis Framework (FAF), Version 5, 2017-2050. DOL:
10.21949/1529116.

4U.S. Census Bureau, USA Trade Online, https://usatrade.census.gov/.

®Domestic trade flows are commonly constructed as GDP minus exports in the structural gravity liter-
ature (e.g., Head and Mayer| (2014)). Because my dataset contains only bilateral trade between the United
States and China and excludes their trade with other partners, this accounting identity cannot be applied
directly. I therefore approximate China’s total sales using relative GDP sizes and recover domestic sales as
the residual.
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relation between the values implied by the constructed trade matrix and the corresponding
reported statistics suggests that the trade matrix provides a reasonable representation of
regional economic activity and consumption patterns, supporting its use in the exact hat
algebra counterfactual analysis.

For bilateral iceberg trade costs (tariffs), denoted by 7g;, I assume there are no tariffs on
trade between U.S. states. For U.S. exports to China, I use the weighted average Chinese
tariff on U.S. goods in 2017 (0.0685), obtained from the World Integrated Trade Solution
(WITS), and apply this tariff uniformly across all U.S. states. Similarly, for Chinese exports
to the United States, I use the average U.S. tariff on Chinese goods in 2017 (0.0265), also
applied uniformly across all U.S. states. Then, I abstract the 2018 tariff policy as the United
States raising its tariff on Chinese goods to 0.25 (1/+\7'CHN7US = 1.22), and I abstract Chinese
retaliation as China raising its tariff on U.S. goods to 0.25 (1/+\7'US7CHN = 1.18).

Finally, for the region-specific capital shares vg, the equilibrium conditions imply

e = > s Vsr — (£+o(1 _f))ZIVSI'
(1= =0)> g> ; Vsr

Thus, vs can be computed directly from the trade matrix using the row sums, column sums,

(22)

and the sum of all entries. Alternatively, one can compute vg using regional GDP, regional
personal consumption expenditure shares, and aggregate GDP across all regions, since row
sums proxy for regional GDP, column sums proxy for personal consumption expenditures,
and the sum of all entries proxies for total GDP. The resulting values of vg are very similar
across the two approaches. Using this calculation, North Dakota and Rhode Island would
have slightly negative implied capital endowment shares, with values of —0.0021 and —0.0004,
respectively. A negative capital endowment share in the model indicates that residents of the
state are net borrowers of capital: rather than owning capital and receiving capital income,

they make net payments to capital owners in other regions.
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3.2 Counterfactual Effects on the Number of Firms

An important channel in the model is that trade policy affects firm entry. Because firm en-
try and the creation of new business establishments may take time to materialize, I examine
whether the model-predicted changes in the number of firms are associated with subsequent
changes in the number of establishments relative to the pre-tariff level. Specifically, I regress
the percentage change in the number of establishments across 51 U.S. regions in each sub-
sequent year relative to 2017, obtained from the County Business Patterns (CBP), on the
model-predicted percentage change in the number of firms under China’s retaliationﬂ The

observed change in establishments is defined as
Ny, = =22 % 100%.

Because the counterfactual analysis holds population fixed, I control for the corresponding

population change,

2 L o L2017
L, = 24— 22007 o 100%,
Y L2017

as well as the pre-period change in the number of establishments between 2013 and 2017,

Noo17 — Nog13

Nigar = N
2013

x 100%,

to account for pre-existing cross-regional trends in establishment growth.

The results are reported in Table 2 The model-predicted percentage change in the
number of firms is positively associated with subsequent establishment growth, with the
association strengthening over time. In particular, a 1 percentage point increase in predicted
firm entry is associated with a 1.316 percentage point increase in establishments by 2021 and

a 1.732 percentage point increase by 2022, relative to 2017.

6T use cumulative changes relative to 2017 rather than annual changes because the model predicts the
change between the initial and counterfactual equilibria, rather than a year-to-year change.
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Table 2: Model-Predicted Firm Entry and Establishment Growth

o 6 @ 6
N2018 N2019 N2020 N2021 N2022

A~

Ninodel 0.121  0.279*  0.682  1.316*  1.732*
(0.167)  (0.168)  (0.550)  (0.646)  (0.916)

Population growth  0.328 0.289 0.529***  0.854™*  (0.996***
(0.311)  (0.227)  (0.200)  (0.182)  (0.193)
Pre-trend 0.196**  0.370*  0.567**  0.637"* 0.621"**
(0.054)  (0.056)  (0.105)  (0.139)  (0.206)
Constant -0.828**  -1.605"** -3.498***  -4.224**  -4.090*
(0.363)  (0.425)  (1.309)  (1.578)  (2.380)

Observations 51 51 51 51 51

R-squared 0.699 0.824 0.793 0.823 0.841

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,

#*p < 0.01.

To assess the roles of mobile capital and traded intermediate inputs separately, I consider
the two limiting cases of the model, = 1 and ¢ = 0. When ¢ = 1, production uses only
labor and intermediate inputs. I therefore set the labor share to & = 0.56, equal to one
minus the intermediate input share reported by |U.S. Bureau of Economic Analysis| (2017)).
Table reports the corresponding results. In this case, the model-predicted changes in the
number of firms are not significantly associated with observed establishment growth.

When ¢ = 0, production uses only labor and mobile capital. I set the labor share
to & = 0.6, consistent with U.S. data. Table reports the corresponding results. In
contrast to the ¢ = 1 case, the model-predicted changes in the number of firms are positively
and significantly associated with observed establishment growth, although the estimated

coefficients are relatively large. This directly reflects the small predicted entry responses in
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this case, consistent with the fact that, without intermediate inputs, the trade policy shock
induces only modest changes in endogenous variables.

As Section [2.7.3|shows, the firm-entry response reflects the balance between the real-wage
channel associated with roundabout production and the nominal-wage channel associated
with capital mobility. The capital-mobility channel tends to dominate the sign of the entry
response because the nominal wage and the price index move in opposite directions, making
the change in the real wage naturally smaller in magnitude than the change in the nomi-
nal wage. At the same time, roundabout production amplifies the responses of equilibrium
variables to trade-policy changes. This mitigates the extremely large coefficient obtained
in the ¢ = 0 case. Combining roundabout production with capital mobility therefore pre-
serves the direction of the entry response generated by capital mobility while moderating its

magnitude, bringing the model’s predictions more closely in line with the data.

3.3 Counterfactual Welfare Effects

Figure (1] shows the cross-regional welfare consequences of the 2018 U.S. tariffs on China,
with and without China’s retaliation, for pure wage earners, hereafter referred to as workers.
Under both scenarios, workers in all U.S. regions experience welfare gains. Figure [2| reports
the corresponding welfare effects for pure capital-income earners. Since the rental rate r
is chosen as the numeraire, their welfare change is the negative of the change in the price
index. The resulting distributional pattern resembles that implied by the Stolper—-Samuelson
theorem when the United States is viewed as the capital-abundant Home country and China
as the labor-abundant Foreign country: U.S. workers and Chinese capital owners gain, while
U.S. capital owners and Chinese workers lose.

Figure |3| shows the cross-regional welfare effects for representative households, which
earn both labor and capital income. Household welfare therefore depends on the share
of rental income in total household income. Households that rely more heavily on rental

income benefit less from wage increases. Notably, households in North Dakota and Rhode
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Island experience the largest welfare gains because their implied capital endowment shares

are negative. Overall, households in most U.S. states experience welfare gains.

Worker Welfare Effects of the 2018 Tariff Policy

I \Without Retaliation
I With Retaliation
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Figure 1: Workers’ welfare changes with vs without retaliation.

Capital Holders' Welfare Effects of the 2018 Tariff Policy
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Figure 2: Pure rental income earners’ welfare changes with vs without retaliation.
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Household Welfare Effects of the 2018 Tariff Policy

B Without Retaliation
With Retaliation
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Figure 3: HH welfare changes with vs without retaliation.

3.3.1 Connection to Voting Outcomes

Directly assessing whether the model-predicted counterfactual welfare effects are reflected
in observed welfare outcomes is challenging, as available measures that could approximate
regional welfare are typically observed at an annual frequency and may be affected by various
policies and economic shocks. However, tariff policy was a prominent part of Donald Trump’s
policy agenda during the 2016 presidential campaign. If one is willing to assume that voting
decisions partly reflect voters’ perceived welfare consequences of the proposed tariff policy,
the model-predicted welfare changes can be compared with the change in Republican vote
share between the 2012 and 2016 presidential elections.

The results are reported in Table 8] Model-predicted household welfare changes are
positively associated with the change in Republican vote share between the 2012 and 2016
presidential elections. In the general-case specification, a one-percentage-point larger pre-
dicted household welfare gain is associated with a 0.876-percentage-point larger increase in
the Republican vote share. When China’s retaliation is incorporated, the corresponding

association increases to 1.028 percentage points. Both estimates are statistically significant
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at the 1 percent level. The corresponding coefficients for worker welfare are also positive,
at 0.639 under the unilateral tariff increase and 0.879 when China’s retaliation is included,

but are not statistically significant. When there is no mobile capital and production instead

Table 3: Republican Vote Share Change (2016-2012) vs. Model-Predicted State Welfare

(1) (2) 3) 4) () (6) (7) (8)

%A HH welfare 0.876***

(0.228)
%A HH welfare (retaliation) 1.028"*

(0.259)
%A Worker welfare 0.639
(1.102)
%A Worker welfare (retaliation) 0.879
(1.020)
¢ = 1: %A Worker welfare -0.156*
(0.085)
¢ = 1: %A Worker welfare (retaliation) -0.461
(0.281)
¢ = 0: %A HH welfare (retaliation) 3.118™
(1.051)
¢ = 0: %A Worker welfare (retaliation) 3.168
(3.443)

Constant -1.351*  -1.234*  -2.732  -2.978 -0.588 -0.659 0.273 -3.308

(0.706)  (0.683) (3.437) (2.500) (0.678) (0.676) (0.760) (2.624)
Observations 51 51 51 51 51 51 51 51
R-squared 0.054 0.059 0.006 0.012 0.022 0.020 0.054 0.013

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,
***p < 0.01.

features only labor and intermediate inputs, i.e., ¢ = 1, the relationship between model-
predicted worker welfare changes and the change in Republican vote share between 2012 and
2016 becomes negative. In contrast, when production uses only labor and mobile capital,
i.e., = 0, the positive relationship reappears for household welfare, with a relatively large
estimated coefficient. As discussed in the previous section, the large coefficient reflects the
relatively small magnitude of the model-predicted welfare changes in the absence of inter-
mediate inputs. Overall, conditional on the assumption that voting decisions partly reflect
voters’ perceived welfare consequences of the proposed tariff policy, the results suggest that
regions predicted to experience larger welfare gains tended to exhibit larger increases in Re-

publican vote shares between 2012 and 2016 when capital is mobile, whereas this relationship
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is reversed in the absence of capital mobility.

Additionally, I regress the change in Republican vote share between the 2016 and 2020
presidential elections on the same model-predicted welfare changes. This exercise tests
whether the positive association documented for 2012-2016 reflects a persistent relation-
ship between model-predicted welfare gains and changes in Republican support. The results
are reported in Table[A3] In contrast to the 2012-2016 results, none of the model-predicted
welfare changes are significantly associated with the subsequent change in Republican vote
share. This contrast is consistent with the interpretation that the earlier relationship is spe-
cific to the electoral shift surrounding the proposed tariff policy. As an additional empirical
pattern, Table shows that the model-predicted welfare changes are also significantly cor-
related with the 2016 Republican vote share in levels, except in the specification with only

roundabout production but no capital mobility.

4 Conclusion

This paper shows that allowing a productive factor—capital—to move across borders, with-
out relying on the factor-intensity differences central to the Heckscher—Ohlin framework, can
alter the direction and consequences of trade-policy-induced capital movements. Combined
with endogenous firm entry, this mechanism can also overturn the standard welfare result in
the Melitz—Chaney framework that an increase in trade costs reduces welfare.

This paper focuses on tariffs, particularly unilateral tariffs. However, the mechanism
is more general: any policy that induces capital inflows can generate similar effects. The
central channel is that policies attracting capital inflows make capital relatively cheaper,
thereby lowering entry costs relative to the market value of operating firms and encouraging
additional firm entry. Capital inflows generate a positive income effect through higher wages,
while greater firm entry expands product variety and lowers the domestic price index.

However, the model’s assumptions do not fully align with the usual intuition for either
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type of capital: perfect mobility is difficult to reconcile with physical capital, while the static
environment without uncertainty is difficult to reconcile with more liquid financial capital.
In this paper, I treat capital as an abstract form of “real money” that can be accumulated
and embodied in physical productive assets, such as factories or equipment. Its fundamental
value is fixed, although its market price may deviate from this fundamental value over short
periods. Relaxing this abstraction by incorporating more realistic features of physical or
financial capital could help us better understand the role of capital mobility in shaping the
effects of trade policy.

Finally, the mobile factor need not be capital. More generally, the mechanism applies
whenever a productive factor is mobile across countries and its reallocation affects the re-
sources available for domestic production and firm entry. The framework could therefore also
be extended to labor mobility. In that case, however, migrating workers would bring not only
productive capacity but also consumption demand to the destination country, introducing

an additional channel absent from the case of mobile capital.
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Figures

Constructed GDP vs. BEA GDP (Corr = 0.914)

Constructed PCE vs. BEA PCE (Corr = 0.930)
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Tables

Table Al: ¢ =1 Model-Predicted Firm Entry and Establishment Growth

(1) (2) (3) (4) ()
2018 2019 2020 2021 2022

Ny 0.003  -0.023  -0.005  -0.044  -0.082
(0.024)  (0.028)  (0.079)  (0.099) (0.136)
Population growth  0.312  0.271  0.542°*  0.862*** 1.000***

(0.320)  (0.245)  (0.191)  (0.203)  (0.226)

Pre-trend 0.196***  0.373***  0.544***  0.606™*  (0.588**
(0.058)  (0.066)  (0.111)  (0.163)  (0.240)
Constant -0.539***  -0.951** -1.839*** -1.057*  0.057
(0.169)  (0.161)  (0.283)  (0.416) (0.563)
Observations 51 51 51 51 51
R-squared 0.697 0.821 0.786 0.810 0.827

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,
**p < 0.01.

Table A2: ¢ = 0 Model-Predicted Firm Entry and Establishment Growth

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

N2018 N2019 NQOZO N2021 N2022

A~

Ny—o 0564  1.099  2.790  5.342*  7.760**
(0.616) (0.854) (1.795) (2.433) (3.537)
Population growth ~ 0.352  0.317  0.571"** 0.926* 1.077*

(0.326) (0.238) (0.202) (0.172)  (0.156)

Pre-trend 0.188** 0.350** 0.522*** 0.545** (.492***
(0.059)  (0.058) (0.106) (0.126)  (0.150)
Constant -1.129*  -2.087** -4.783** -6.648** -8.044**
(0.602)  (0.936) (1.901) (2.615) (3.904)
Observations 51 51 51 51 51
R-squared 0.701 0.825 0.796 0.826 0.849

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,
**p < 0.01.
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Table A3: Republican Vote Share change (2020-2016) vs. Model-Predicted State Welfare
Consequences

(1) (2) (3) (4) (5) (6) (7) (8)
%A HH welfare -0.214
(0.340)

%A HH welfare
with retaliation -0.249

(0.381)
%A Worker welfare -0.492

(0.566)

%A Worker welfare
with retaliation -0.502

(0.498)
¢ =1 %A Worker welfare 0.031

(0.045)
¢ =1 %A Worker welfare
with retaliation 0.081

(0.142)
¢ =0 %A HH welfare
with retaliation -1.008

(0.855)
¢ =0 %A Worker welfare
with retaliation -1.124

(1.558)
Constant 1.005%*  0.974"* 2449  2.171* 0.819** 0.833** 0537  1.779
(0.389)  (0.354) (1.839) (1.286) (0.315) (0.315) (0.430) (1.250)

Observations 51 51 51 51 51 51 51 51
R-squared 0.015 0.016 0.016 0.018 0.004 0.003 0.027 0.008

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,
**p < 0.01.
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Table A4: Republican Vote Share vs. Model-Predicted State Welfare Consequences

(1) (2) (3) (4) (5) (6) (7) (8)
%A HH welfare 2.993"

(1.747)

%A HH welfare
with retaliation 3.477*

(1.876)

%A Worker welfare 8.245*

(4.278)
%A Worker welfare

with retaliation

7.495"

(3.389)

¢ =1 %A Worker welfare -0.695

(0.768)
¢ =1 %A Worker welfare

with retaliation -1.893

(2.362)
¢ =0 %A HH welfare,

with retaliation 13.963**

(6.977)
¢ =0 %A Worker welfare,
with retaliation 18.443**

(8.225)
Constant 45.886™*  46.311*  21.153  28.290"** 48.532"** 48228 52387 32745

(2.533)  (2.254) (14.776) (9.777)  (1.690)  (1.854)  (2.154)  (7.512)
Observations 51 51 51

51 51 51 51 51
R-squared 0.102 0.108 0.155 0.138 0.070 0.054 0.176 0.073
Adj. R-squared 0.083 0.090 0.138 0.121 0.052 0.034 0.159 0.054

Notes: Robust standard errors in parentheses, computed using the HC3 estimator. *p < 0.10, **p < 0.05,
**p < 0.01.

A Proof for symmetric equilibrium solution when ¢ = 0
Under the totally symmetric assumption, I have

73
FP=Ff=F"
Fyp=Fu =I
Fyo=Fry=F
Ly=L,=1L
TJL = TLg =T

770 =71 =0
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Combining the labor market clearing conditions and the free entry conditions gives the

expression for the number of firms as a function of wages:

o—1Wg L
Ng = 5 . 23
s oca EFE (23)
Substituting Equation [23| into the expression for aggregated trade values, Equation 7?7,
gives:
o—1)z L et 14 _
Vsr = ( )2 W™t Bzdlesjlfo(l +7s1)” (24)

a+1—cEFE S
Recall that I need to solve for {W,, W, B;, B} using two labor market clearing condi-
tions (one for each country), one global capital market clearing condition, and one country’s

trade balance condition, which are:

ZVJI = WJL;
- 3
> Vir= WgL,

rKo=01-8O_Vir+>_ Vi),

WiL +vyrKoy= Vs + V.

The proportional relationship between V;; and Vj, is:

e =
Vi Bj_ FJJ <BJ)"1C

B o \ B,
Vir By F; (L +7y) Br
where
£ 1+%;
p— —_— ]_ a-
C <F1) (1+7)
Similarly,
Vir (BL>J“1
— = = C.
Vig By
Denote
()"
5= (BL |
Then I have
Viyy = pBCVyy, (25)
C
Vi = 3Vis. (26)

At the same time,

—&e % 1+% —« —s€ o—1
Vir W} ¢ B'F,, (14 1y1) _ (%)1 ¢ (BL)" !

Vi Wy BT R T (1) AW

B
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So I have

Vor _ (m) Tl
Vig Wi, Iia
Combining the two labor market clearing conditions gives:

Wy Vig+Vie V(14 CB)

Wy Vie+Vig  Vps(1+ %) '
Substituting Equation 27| into Equation [28] gives:

W, 1 (WJ>1‘§E 1+CB

wW. B 1+

Wi

=[Q

This further implies

<WJ)5€ _1+Cp
wr) — B+C
Now combining Equation [25| and Equation [26] gives:

VJJ . /BCVJL _ BQVJL _ (%)lfe

Vie %VLJ Vi Wi,
Substituting Equation [30] back gives:

Vig _ Wy 5+ CP

and

Vi W, BeC
Vg WiB+CpB2

Recall that combining the labor market clearing conditions gives:

Wy Viu+Vie

Wy Vi + Vi
Representing V;; using V;, and V), using Vy; gives:
W, 82408

Wy B+C
Wy _ wi teos ViL t wi prog Vid
Wi, Vi +Vis

This further implies

B*+CB B+C
| — 4GP Vip + B+CB? Vig

Vie + Vi
For this equation to hold, it must be that
pZ2+Cp p+C
1+Cp  B+Cp? ’

which implies § = 1, i.e. By = By. From Equation [30] this also implies W, = W/,.

Using By = By, = B and W; = W, = W, I can solve for
Lg

V= oka—9
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and

Bal—( L¢ )&ole—a FE
2K0<]. — 5) (O' - 1>§a F()H—ﬁ + Ff‘*‘ﬁ(]_ + T)_a.
Therefore, the solution of the model under symmetric equilibrium is as follows:
Lg
2Ko(1—€)
Lg
W 2Ko(1-8)
147 ) e
= ( Lg )56 atl—o FE “
B 2Ro(1=8) ) (o027 pIir%s  ploess (|7
By ) et
( L >£ atl—0o FE i
2I<()(1_£) (O’—l)ga F01+1%0+F11+1%(1+T)_a

B Immobile Capital

This appendix considers a variant of the model in Section [2] in which capital is immobile
across countries. I show that, under immobile capital, the equilibrium mass of firms is pinned
down by exogenous parameters rather than adjusting to endogenous equilibrium variables.
As in Section [2] the total world capital endowment is K. Households in country J own
a share ~ of this endowment, while households in country L own the remaining share 1 — ~.

The parameters Ky, v, and 1 — v are all exogenously given.

B.1 Consumer Side

Consumers (households) in destination country I € {J; L} solve the same utility-maximization
problem subject to their budget constraint as in Section [2| except that the rental rate of
capital is now country specific. In particular, instead of a common rental rate r, consumers
in country I face r;.

Given this modification, the demand for variety w by consumers in country [ is

~pi(w)?

qI(w) = F (T[K[ + W[L[) .
I

B.2 Firm Side

On the firm side, the only modification relative to Section [2|is that the rental rate of capital
is country specific. Firms located in country S € {J, L} therefore face the rental rate rg.
As illustrated in Section 2| with constant source—destination iceberg trade costs, there

is a one-to-one mapping between the quantity consumed in destination I, g;(w), and the
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quantity shipped by a firm with productivity z from source S to destination I, gs;(2).
Given demand for goods shipped to destination I, a firm located in country S requires
the following inputs:

Kor(z) = (1 - ¢) 802
z s

&) (%Y (1+ 7s1),

Lsi(z) = 5%[(2) <%)£_1 (14 7s1).

z rs
Finally, under monopolistic competition, firms set prices as a constant markup over

marginal cost:
o Wéry®
s's
c—1 =z

psi(z) = (1 + 7s1).

B.3 Aggregated Trade Values

The trade value generated by a firm with productivity z located in country S and selling to

W5r1*5 -0
VS[(Z) =oB; SZS (1—|—TS[) .

Aggregating over all firms in country S that export to market I, total trade values are

destination [ is

given by

«

oaz 1+72

a 1—e
_ o— §,.1-¢ -
Vir = —-=— NsBf ' Fy (WSTS ) (1+ 7s1)~. (36)
Relative to Equation 77?7, the only difference is that the rental rate of capital is now

country specific.

B.4 Technology Threshold for Selling in a Market

The productivity threshold for a firm located in country S to profitably sell in destination
market [ is analogous to Equation |3 except that the rental rate of capital is now country

specific. Specifically,
1
Fop\ o1 A\
zi{n = <%) <W§r}9 £) (14 7g1).
T

B.5 Equilibrium Conditions

With immobile capital, the global capital-market—clearing condition is replaced by country-
specific capital-market—clearing conditions, each associated with its own rental rate. Nor-

malizing the wage in country J to one, the endogenous variables are

WL7 Ty, TL, NJ7 NL7 BJ7 BL'
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These seven endogenous variables are pinned down by seven equilibrium conditions. For

each country, these include:
1. a free-entry condition,
2. a labor-market—clearing condition, and
3. a capital-market—clearing condition.

In addition, one trade-balance condition closes the model.

The free-entry conditions are
oc—1

(oxe’

oc—1

oo

Labor-market—clearing conditions are

WiLy =&Y Vi,
1

Wply =&Y Vir
I

Capital-market—clearing conditions are

riKy=r7Ko=(1-9)Y Vi,
I

TLKL:TL(l—’)/)KOI (1—€>ZVL1
1

Finally, the trade-balance condition is

VJL = VLJ-

Z VJ[ = NJFEWET;_g,
1

ZVL[ = NLFEWETiif.
I

(39)

(40)

(43)

Notice that combining the country-specific labor-market—clearing condition with the

capital-market—clearing condition implies
Ws_ & Ks
rs 1—-&Ls

(44)

Equation shows that the relative factor price is pinned down by factor endowments,

which are exogenous. As a result, the rental rate rg can be expressed as a function of the

wage Wy, allowing rg to be eliminated as an independent equilibrium object. The set of

endogenous variables can therefore be reduced to

{WL7 NJ7 NL7 BJ7 BL}
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Next, combining the country-specific free-entry condition with the labor-market—clearing

condition yields

o—1Lg (Ws\'™®
Ng = — | — : 45
5 oa EFE (rg) (45)
Substituting Equation into Equation gives
o—1 1 0

Equation implies that the equilibrium mass of firms Ng depends solely on exoge-
nous factor endowments and structural parameters. Consequently, N; and N, can also be

eliminated as equilibrium objects, further reducing the set of endogenous variables to
{WL7 BJ7 BL}

Equivalently, after substituting out r¢ and Ng, the equilibrium system is isomorphic to
one in which labor is the only immobile input, with capital affecting equilibrium outcomes
only through the composite term K;_ng.

As a result, to determine the remaining endogenous variables {Wp, By, By}, it suffices to
impose the two country-specific labor-market—clearing conditions together with the trade-

balance condition:

WiLy=¢Y Vi, (47)
I

WiLy =&Y Vi (48)
I

Vie =V, (49)

Number of firms From Equation , all variables on the right-hand side are exoge-
nous. In particular, Kg and Lg are fixed country-specific factor endowments, while ¢ and F&
are structural parameters. Therefore, under immobile capital, the equilibrium mass of firms
in country S € {J, L} is pinned down entirely by exogenous primitives and does not respond
to endogenous equilibrium outcomes such as wages, rental rates, or market size. This result
highlights that it is the interaction between capital usage in production and capital mobility

that causes firm entry to respond endogenously to factor prices, as shown in Section

B.6 Comparative Statics

Log-differentiate Equation [36| gives:

N a A A . “
VSI: 1B]—|—(1—€)§WS+(1—§)(1—€)T‘S—@TS[
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Since ¥s is equal to a constant, I have

Ts
Wg =rg
So

«

Vsr = — 13, + (1 — €)W — afsr (50)

Given this, I can then log-differentiate equilibrium conditions: For country J’s labor market:

Z VS[WS = Z VSIVSI
I I

Denote \g = Z‘I/S‘jm, under symmetry, A\; = Ay = A So I have:
Wy = AV 4+ (1= NVyy (51)
Sicne W is the numeraire, this furtherly becomes:
AV =(\—1)Vyy (52)
For country L:
Wy, = AV 4+ (1= \Vi (53)
Finally for the trade balance condition
VoL =Viy (54)
Combining them together, the system can be written in matrix form as
0 a(l =) a\ X
-1 o-1 143 —aATyL
€ — a _M BJ = —a 7A—LJ
oc—1 o—1 . X R
1—¢ a . @ By, a(TLs — 7i)
o—1 o—1

Bilateral trade liberalization Suppose trade costs fall symmetrically,
7A'JL:7A'LJ:7A'<O.

Solving the system yields

4147 0
By | =|Ao—-1)7
By Mo —1)7
Using the relationship —P; = —B; /(o0 — 1), both countries experience identical welfare gains
equal to
—AT.
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Hence, the welfare gains from bilateral trade liberalization coincide with those obtained in
Section 2

Unilateral trade liberalization Now consider a unilateral reduction in trade costs

from country L to country J,

7A'LJ:7A'<O, 7A'JL:O.
The solution to the system is
a(l =N)7
Wy A
~ ABT
BJ = (O' — 1) A )
Br (1-\B#
—(o— UT

where A=2¢(1—AN)+2\—1land B=¢(1—\)+ A

From Equation (51)), it is immediate that in this environment trade-cost changes do not
affect domestic GDP. In contrast, as shown in Section [2 Paragraph ??, a unilateral tariff
change does alter domestic GDP when capital is mobile. This difference highlights the role
of capital mobility in transmitting trade-policy shocks to aggregate production.

The domestic price index change will be simply

A 1 A
P, = By (55)
o—1
where substituting the solution gives
A A A
P, =— B 56
(RIS s (56)

C Different Input Factor Intensity for Fixed Costs

Suppose that the factor intensity of fixed costs differs from that of variable production.

Specifically, firms produce final goods using the Cobb—Douglas technology

AL S
z ~ T~ Y
(&) ()
where £ € (0,1) denotes the labor share in variable production.

In contrast, fixed costs are incurred using a different factor intensity. To serve destination

I, firms located in country S must incur a fixed cost that uses labor and capital according

1 /IN?/ kK \'°
E(&) (1—¢) ’
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where ¢ € (0,1) denotes the labor share in fixed costs. As a result, the fixed cost of serving
market [ for firms located in country S is given by
FoWért=.
Similarly, the fixed cost of entry for firms located in country S is given by

FEWErt =,

C.1 Consumer Side, Firm Side, and Trade Values

Allowing fixed costs to have a different factor intensity does not affect variable-cost—related
calculations. As a result, consumer demand, firm pricing, and factor demands associated
with variable production remain unchanged.

In particular, the quantity demanded of a variety with productivity z shipped from

country S to country I is

asi(2) = c—1 =z

The firm’s factor demands for variable production are therefore unchanged and given by

Kale) = (1 -2 (W)

z

Lsi(z) = quI(Z) <%)§1 (1 +7s1).

z

The optimal price charged by a firm from country S selling to country I is
o Wit
c—1 =z
Finally, revenue earned by a firm with productivity draw z selling from S to [ is given
by

psi(z) = (1 + 7s1).

Vsi(z) = 0By (W§r1_§(1 + 7'51)> 277t

All expressions above are identical to those in Section [2]

C.2 Technology Threshold and Aggregate Trade Value

The first deviation from Section [2| concerns the productivity threshold for firms located in
country S to serve market I. With a different factor intensity for fixed costs, the zero-profit

cutoff condition is now given by

ﬁs[ (Zgl}n) = FS[W;?TI_(ZS.
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This condition implies the following productivity threshold:
1
. F o—1 o
zs1 = (ﬁ) Ws e “(1+7s1).
By
Aggregate trade flows from country S to market I are therefore given by

as @ e
TasZe +7E 28 oI mast 1-g-2309_ag(1-¢)

VS]: NSFSI = UB” ! (1—}-7’51) aSWS

ag+1—o0
C.3 CRS Properties for Factor Prices and Market-Clearing Con-
ditions

We first verify that the cost function remains homogeneous of degree one in factor prices
when fixed costs have a different factor intensity. The total cost incurred by a firm from

country S selling to market I can be written as

(2)(1 +7’51).

Cla Wsur) = FegW3r'=# + EEWEr o 1 iyt <511

It follows immediately that
C(q, \WWg, Ar) = XC(q, Wg, 1),

so the cost function remains homogeneous of degree one in factor prices (Ws, r). Equilibrium
allocations therefore depend only on relative factor prices.

Turning to market-clearing conditions, labor is used in variable production as well as
in the payment of fixed costs for market access and entry. Under the symmetric-country
assumption, total labor used by firms from country S to serve destination I can be written

as
_ o=, datl-0)
UWS U@WS

Aggregating across destinations and adding entry fixed costs yields total labor demand

Vsr.

in country S:
(c—1)&+¢
Lg = Vsr
=[S
Hence, labor-market—clearing conditions can be ertten compactly as

0—1§+¢ J—1§+¢
L;= oW, ZVJI, L; = oW, ZVLI

Similarly, capital is used in varlable production and in the payment of fixed costs. The

global capital-market—clearing condition is therefore given by

KOZ(U—l)(l— ZZV

Note that when ¢ = £, the market-clearing conditions collapse to those in Section
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C.4 Firm Entry Decisions

Combining the free-entry condition
o

~1
> Ve = NsFEWir' =
«
I

o

with the labor-market—clearing condition
oWsLs = ((0 = 1)+ ¢) Y Ve
I

yields the equilibrium mass of firms:
N (O’ - l)LS (Ws)1_¢
s = — .
aFg((c—1§+¢) \ 7
Asin the baseline model, firm entry depends on relative factor prices. A higher rental-wage

ratio raises the cost of entry thus reducing the equilibrium mass of firms. Allowing fixed
costs to have a different factor intensity alters the elasticity of entry with respect to factor

prices but does not change the underlying mechanism.

D Constant Fixed Costs

This appendix considers the case in which the fixed cost of serving market I from country
S, denoted fsr, and the fixed cost of operating (entry), denoted fZ, are both constants
(i.e., they do not scale with factor prices). Since the rental rate of capital is chosen as the
numeraire, these fixed costs are denominated in units of capital and therefore do not vary
with equilibrium wages. Equivalently, this specification corresponds to setting the wage
intensity parameter ¢ introduced in Appendix [C] equal to zero. This modification does not
affect the household problem or firms’ pricing rules, but it alters the export cutoff and the

free-entry condition.

Revenue at the firm level. For a firm in S with productivity z selling to market I,

revenue is unchanged:

l-0o
Vsi(z) = 0By <W§r1_f(1 + 7‘51)> 2771

Market-access cutoff. Let mg;(2) denote operating profits (before paying the market-
specific fixed cost). With CES demand and monopolistic competition,

ror(2) = %Vg;(z).
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The cutoff productivity 25! is pinned down by the zero-profit condition

SI
WSI(Zmin) = fsr,
which implies
1

o—1
Zi{n = (ﬂ) W§T175(1 + Ts1).
By

Aggregate trade value. The aggregate value of sales from S to [ is

oo

oQg _ l1—0o o—1—ag
Vor = N V. S(Ndy = ——2 N asB(W€1£1 ) SI .
ST S/ZSI s1(2)f7(2) d= o510 525" Br{Wgr (1 + 7s1) (z55)
Substituting the cutoff yields
oagz®s 14 2s s - —asg
VSIZNSQS—+1_Uf511 B; 1(<W§r1 €(1—1—7'51))

Profits net of market-access fixed costs. Profits net of the market-specific fixed

cost are
. Vsr(z
Tsr(2) = ms1(2) — fsr = J( ) fsi-
Aggregating across active firms,
o S oc—1
77'5] = NS/ ﬁsj(z)f (Z) dz = VSIa
2SI Qg

min

where the last equality uses the Pareto assumption and the cutoff defined by 7s;(257 ) = fgr.

min

Free-entry condition. Let total expected operating profits net of market-specific fixed

costs be > Ts;. With constant entry cost f&, the free-entry condition is

-1
Z%Sl = stg, equivalently Z 7 Vsr = Nng'
- 7 og

Labor market clearing. Labor is used only in variable production. Variable labor

demand for a firm with productivity z serving [ is proportional to revenue:

WsLSI(Z) = 5 VS](Z).

Aggregating across destinations and active firms yields

WsLs =" Ns/ WLt (2)f5(2) dz = ¢Z - ! 3 Var.
I I

S
“min

o—1

g

Combining labor market clearing with the free-entry condition gives an expression for
the equilibrium mass of entrants:
g — 121‘/51 . WsLS

Ng = = )
T oas [ casfE
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Takeaway. This appendix highlights a general implication of combining heterogeneous-
firm free entry with an integrated capital market. Regardless of whether fixed costs are
specified in units of factors (e.g., Wérl_g) or as constants, the equilibrium mass of entrants

Ng is no longer pinned down solely by endowments and parameters.

E Analysis of the elasticity

In an Armington-style model, regardless of capital mobility, the elasticity is
1—-0<0.

Chaney| (2008) shows that within the Melitz| (2003)) framework, assuming a Pareto dis-

tribution of firm productivity and no firm entry or exit, the elasticity takes the form
—a < 0.

If firm entry and exit are allowed within the Chaney| (2008) framework, the elasticity

becomes

1—e<0.

How the difference arises To clarify the source of these differences, note first that
the price index is a function of domestic and foreign unit factor prices. With the rental
rate r chosen as the numeraire, unit factor prices depend solely on country-specific wages.
Consequently, all equilibrium adjustments are ultimately driven by wage changes.

However, the log-differential of the price index is not linear in the log-differentials of
wages. | therefore separate the effect of wage changes from the effect operating through the
price index. When discussing the influence of wages on trade values, I refer to the direct
effect of wages holding the price index fixed, as opposed to the indirect effects transmitted
through changes in the price index (or, equivalently, By).

To build intuition, I begin at the firm level. Consider a firm whose productivity z is
sufficiently high that its market participation decisions are unaffected by a potential tariff

change. Log-differentiating Equation (1] yields
Vsr(2) =€(1—0)Ws+ (1 = &) (1 —0)f + By + (1 — 0)7sr. (57)
When capital is immobile, the rental rate is country-specific. As shown in Appendix [B],

relative factor prices are pinned down by fixed factor endowments, implying 7 = WS.

Substituting this condition yields
Vsr(2) = (1 — 0)Ws + By + (1 — 0)7g;. (58)

Holding wages fixed, firm-level trade values admit a partial-equilibrium interpretation.
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Demand in market I is downward sloping, while supply is perfectly elastic at the constant-
markup price implied by marginal cost. Firm-level sales are therefore determined by the
intersection of a downward-sloping demand curve and a horizontal supply curve. Trade
values reflect the resulting trade-off between prices and quantities as wages change.

In this case, the elasticity of firm-level sales with respect to wages is 1 — o, exactly as in
the Armington| (1969) model. In the absence of heterogeneous-firm entry and exit, this firm
can be interpreted as a representative firm for the country, so its sales elasticity coincides
with the aggregate elasticity, replicating the Armington result.

If we go one step further and allow for heterogeneous firms, the relevant object becomes

aggregate trade values. Log-differentiating Equation 77 yields
Vor = Ns+ Br+£(1 = o)W+ (1 =) (1 = 0)i + (1 = 0)fsr + (0 —a = 1) Zaf,. (59)

Under the assumption that the fixed cost is a constant instead of responding to the factor

price, as shown in (Chaney| (2008)), this implies

By + 7. (60)

. A 1
Znin = EWs + (1= )7 + {

-0
Factors are immobile so that 7 = W, and manually fixing the entry of firms (as/Chaney

(2008)) did), aggregate trade values reduce to

~ ~ o ~ .
VSI = —OJWS—F 1B[—Oz7'51, (61)

O’ —
which replicates the elasticity result in (Chaney]| (2008]).
If we further allow for free entry and exit, and let the fixed cost respond to factor prices,

then

A 1 . ~
Zih =B+ U‘il(gwsﬂl—g)f) + Ao (62)
Substituting Equation (62) into Equation yields

a BI+§(1— >W5+(1—§) (1—000‘1)72—@%51. (63)

oa
c—1

VSIZN5+1

—0o
Denote 7% = e. Since Ng = 0, the wage elasticity is £(1—e).
Finally, if capital is immobile, then Ng = (1 — &)Ws, and the elasticity becomes

(1-§+&—ge=1-¢e

reflecting the combined intensive- and extensive-margin responses.
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F Amplifying Effect of Roundabout Production under
a Unilateral Tariff

Suppose that the markup distortion on intermediate inputs is fully offset, so that the effective

markup is equal to one. Under this assumption, the intermediate-input term
o

1— (1-¢)
o—1
simplifies to
1-(1-¢)=¢
Equivalently, I have:
ol —1
o—1 ¢
Hence, the welfare effect of unilateral trade liberalization in the home country becomes
Y
Wy — Py =—Ppg = EZ)\T

where given A = (6€ — 1)(2¢(1 = A) — 1)+ 2\(oc — 1) and B=¢€(1 — \)(c§ — 1) + (o — 1)\
A= (0 —1)ER2e(1—N) —1)+ 2\ — 1))

B=¢€¢1l=XN(oc—1)¢+ (0 —1)A
So
e(l-—N)+2
AT.
E(2e(1—=X)—1)+2A
In the standard [Melitz| (2003)) model, the corresponding welfare effect is
A Mol L—=X)+ A
_PMehtz — 6( A7
H 2e(l—A) —1+22"
as shown in Appendix [B.6]

For £ < 1, the roundabout-production economy generates a larger welfare response to uni-

Wy — Py = —Py =

lateral trade liberalization than the standard Melitz (2003) model. The amplification arises
from endogenous firm entry: the equilibrium mass of firms moves in the same direction as
the real wage, thereby reinforcing the initial welfare response. When & = 1, the roundabout-
production channel disappears and the expression collapses to the standard Melitz (2003))

case.

G Proof for Proposition

Proof. We first establish the sign of A. Suppose that the fixed cost of exporting exceeds

the fixed cost of serving the domestic market and that iceberg trade costs are nonnegative.
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Under the symmetric-country setup, domestic sales exceed export sales, so the export share
satisfies A < %
It follows that 1 — A > 1/2. Using this inequality, A = (1 — &) +2A{ +4A(1 — \)(e£ — 1),

can be bounded from below as
A>T =8 +2X+2Me€—1) =1 =& +2ME—1) +2Xe€ = (1 —E)(1 —2X) + 2)e€.

Since A < 1/2, £ € (0,1), and € > 0, both terms in the final expression are positive.

Therefore,
A>0.
Having established that A > 0, the result in Proposition |3 follows directly.

The Home wage response is given by

L aA(1—)A
[/ e — (A )z,

For A € (0,1) and o > 0, the numerator of the coefficient is strictly positive. Since A > 0

whenever A\ < 1/2, a unilateral increase in the Home tariff, 7 > 0, implies
WH > 0.

Moreover, the capital-market-clearing condition requires the wage changes in the two

countries to be equal in magnitude and opposite in sign. Hence,

A

Wg = —WH < 0.

H Mobile Capital Under Armington| (1969) Setup

In this section, I show that without the heterogeneous-firm assumption, a capital inflow can’t
result in a welfare gain. The main intuition is that under a homogeneous-firm setup, capital
inflow can increase domestic production and domestic wages, thus generate positive income
effect, which is in magnitude smaller than the direct tariff change on the price index.

To illustrate this more specifically, I show the full derivation under the Armington| (1969)
setup. With only two countries and thus two goods in the world. Consumers in both
countries derive utility from consuming a composite of the two goods.

For consumers in country J, they solve the following utility maximization problem:
1 o—1

max (QE + QJ?> st. pyqrg+ (1 +7150)pLgiL =Y.

q7J,9JL

Consumers in country J demand goods produced in country J in the quantity

_p’
415 = WYJ
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and goods produced in country L in the quantity
((L+7)pL)”?
qjL = PJI_" Y.
Producers in country J receive demand from both countries J and L, such that
p;° (L4 720)ps)"°
= Y.
QJ P}_O- J P[l/—o’

Producers then solve a cost minimization problem to determine the factor inputs required

Yr.

for production. The optimal demands for labor and capital are therefore

=002 (%)

Under monopolistic competition, firms set prices as a constant markup over marginal

cost. Therefore,

o w§r1_§
Py =
o—1 ZJ
o wiri—¢
pbr = .
c—1 zp

H.1 Equilibrium conditions

Thus there are two labor market clearing conditions as:

wilL

Jg J :;VH
wr L

L5 L :;VM

one capital market clearing condition:

1T[_(()£ = Z Vi + Z Vir
I

and one trade balance condition:
wyLy+yrKog=V;r+Vis

with the trade values be in the form of:

W§r1*§(1 + Ts1)

VS[:O'( s

)I—GBI

wrLi+rKy

where By = s
I
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H.2 Comparative Statics

Log-differentiating the equilibrium conditions gives

A

(1—&+0)> Vi 0 -V Vi W, —(c =)V 1751
0 (1=&+08)> Vi =V, Ve | | Wi | | (0 —1)Vistrs
S, Vi S, Vi 0 0 By | 0
EQ- Vir— (1 —=0)Vyy) E(c—1)Viy —Vig+Vey) 0 By —(o = D)ViyTrs

Under the symmetric-country assumption, denote the export share by A. The system

simplifies to

(1—¢&4a€) 0 —(1-X) =X W, —(o — DA\
0 1—€¢+08) A —@A=XN|[W]| |—-(0—1Ar,

1 1 0 0 By | 0
El—(1—=0)(1=X) £&o—1)A —1 0 By —(o — 1)Ayy

H.3 Bilateral Trade Liberalization

When both countries reduce tariffs by the same amount such that 7;;, = 7,; = 7 < 0, we

obtain

W, 0
Wy 0

B | | ae-vs|
By Mo —1)7

which is the same result as in Section [2l

H.4 Unilateral Trade Liberalization

Suppose only the domestic country reduces its tariff, such that 7,; = 7 < 0 and 7;, = 0.

The solution becomes

Wy Alo=1)T =N

W | _ —2(e—1)(1=))

By (o —1)(1+&0—1)+E&N)

By —2 (g — DE((1 = 2\)(a(1 = A) + A) + A)

where
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A=1—-E+2X 02N =14 20 —2)0).
Given an export share A < %, it follows that A > 0.

The change in the price index is

. 1 R .
pr = —1(31 _SIWI)a

where s; = £ under the symmetric setup. Therefore,

Py = %(1—§+5(a—1+2A)) <0.
Thus, unilateral trade liberalization unambiguously reduces the domestic price index.
Note that
W, =V, =K, <0,
where }:( s denotes the amount of capital used by country J for production. Hence, unilateral
liberalization leads country J to lose capital.

However, the change in domestic welfare is

§WJ—PJ:%(g((a—l)(l—A)H—(a—1+2A))—1).

Since
E((c—1D(1=N+1=(c—142)\) 1< (c—=1)(1=N)+1—-(c—142\)—1=—(14+0)A <0,

we obtain

EW; — Py > 0.
Therefore, unilateral trade liberalization raises domestic welfare, while a unilateral tariff
increase would unambiguously reduce welfare.
Compared with Section [2] this result shows that, without the extensive-margin effect, a
unilateral tariff increase under the symmetric-country setup cannot generate welfare gains,
even though it attracts capital inflows. Thus, the standard result that trade liberalization is

welfare-improving continues to hold even in the presence of capital mobility.

I Wage-Entry Linkage Comes from Average Entry Cost

The wage—entry linkage emerges specifically from the interaction between capital usage and

capital mobility. When firm entry is endogenously determined by the free-entry condition,
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two general implications arise. First, the number of firms is given by
__ total profit

~ fixed cost ’
which in this paper takes the form

> Ts1
FEWEri=s

Second, while the cost function remains homogeneous of degree one in factor prices, it is no

Ng =

longer homogeneous of degree one in quantities due to the presence of fixed costs.

Since factor prices enter the cost function homothetically, and total profit is proportional
to cost, the number of firms is determined by relative factor prices, which in this paper are
summarized by the wage-rental ratio %

When all factors are cleared domestically (as in Melitz (2003))), relative factor prices are
pinned down by domestic endowments and model parameters. As shown in Appendix [B]

with two immobile factors,
r 1-¢L
-5 _5_5’ (64)
Ws § Ks
where &, Kg, and Lg are all exogenous.
However, when one factor is mobile, the two factor prices are no longer perfectly linked,

such that

L: 1_552521‘/51 (65)
Wy & Ko Y Vsr
Z[VSI

Here, &, Ky, and Lg are exogenous parameters, while S, Var is endogenously determined
I
and represents country S’s share of world revenue. From the labor market clearing conditions

(Equations [7| and , this share can be written as
Z[ Vsi o WsLs

= . 66
o Ve S Wals o
In the symmetric two-country case, this expression reduces to
1—-¢L 1%
o _1=¢Ls <1+_L)_ (67)
W, § Ko W,

Equation shows that the rental-wage ratio is decreasing in country J’s wage relative
to country L’s wage. When W; /Wy increases, country J captures a larger share of world
revenue, which lowers its relative rental price. Intuitively, higher wages are associated with a
larger domestic market and higher GDP, which attracts a greater share of mobile capital for
production in country .J, regardless of capital ownership. This increase in effective capital
availability reduces the relative rental rate, making firm entry cheaper and leading to a larger

equilibrium mass of firms in country J.
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J Log-Linearized System of Equations

Labor market clearing conditions. Log-differentiating the labor market clearing

conditions yields

Capital market clearing condition. Log-linearizing the capital market clearing

condition in Equation [9] yields

> ViVin + > VinVien = 0, (69)
Using Equation [68, Equation Can be rewritZen as

> ViaWa + ) Ve Wr =0. (70)

Thus, equilibrium wage changes in the two countries must move in opposite directions. Under

> Vin =Y Vin,

the symmetric baseline,

so that

~ ~

Wy = —We. (71)

Trade balance conditions. Log-differentiating the trade balance condition for country
H yields
(¢(1 —&)+ f) Z VW = VauVan + Ve Ves. (72)

Under the symmetric baseline, define the common bilateral trade share as
Viur Vin

A= S Vi = S Vi (73)
J.1 Log-differentiated bilateral trade values
When ¢ = 1, the log-differentiated bilateral trade value is given by
Vo = (1= €W, + ===, = (1 = els + al, — afiy. (74)
When ¢ = 0, the log-differentiated bilateral trade value is given by
Vin = (1 — €)W, + %Wn + aP, — ate, (75)
where
. = WL,
" W,L, +rK,
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denotes the share of labor income in total income.

More generally, when 0 < ¢ < 1, the log-differentiated bilateral trade value is given by
V;n - (1 - fE)WS + A

. W, — gzﬁefjs +aP, — at,,. (76)
O- —

When ¢ = 1, there is no capital income, so that s,, = 1, and the intermediate-input share is
1 —¢. Equation [76] therefore reduces to Equation [74, When ¢ = 0, there is no intermediate-
input use, and Equation [76| reduces to Equation [75]

K Two extreme cases

K.1 Case 1: 0 approach to 1

When ¢ = 0, i.e., when labor and mobile capital are the only production inputs, the log-

linearized equilibrium conditions can be summarized by the following general matrix system.
Define

Vy= Z Vir =V + Vi, Vi = ZVLI =V + Vi
T T

The equilibrium system can then be written as
o a

§eVy 0 - Vi - Vi . R
Q o Q g W; —aVyriL
0 eVl T UVLJ T O_VLL Wo | | —aVisie,
Vy Vi 0 0 BJ B 0
BL —aVisTry

EVi+ (e —1)Vyy (e—1)Vi, &(VJJ +V5s) 0

(K}1)

Recall that

Hence, as o — 17,

€ — 00, 1_0_:—5

To characterize the limiting equilibrium system, divide the first, second, and fourth rows
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of Equation 1) by €, while leaving the third row unchanged. This gives

1 1
3% 0 _;VJJ _;VJL . _gVJL%JL
1 1 W & .
0 %7 _;VLJ _;VLL W, _ —€VLJ7_LJ
VJ VL 0 0 BJ 0
1 1 1 Br a
%VJ + (5 - ) Vi <§ - —) Vi —;(VJJ + Vi) 0 - VeTL

€ €

(K}2)

Since
1—>0, g_g_1—>0, 1
€ € o o
as 0 — 17, the tariff disturbances on the right-hand side vanish. The limiting system is
therefore
% 0 Vi VL W 0
0 &V Vi —Vir Wy 0
| - ®3)
VJ VL 0 0 BJ 0
Vi Vg —(Vyg+ Vi) 0 By, 0
Using -
Vi=Vir+ Vi, Vi =Vis+ Vi,
the determinant of the limiting matrix M is
det(M) =& (Vyy + Vi + Vi + Vip)
X VisVirtVes +VigVirtVir + Vi ViV + Vi Vi Vi) - (Kl4)

For £ > 0 and strictly positive bilateral sales,
Vs Vir, Vis, Vi > 0,
it follows that
det(M) > 0.
Hence, M is nonsingular. The homogeneous system in Equation (K|3) therefore has the
unique solution
W; =Wy, =B;=DB, =0,
It follows that

lim W, = lim W, = 0. [K]5)

o—1t o—1t

Since the change in capital employed in each country is proportional to the change in

domestic production, which in turn is proportional to the wage response when ¢ = 0, the
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capital-flow response also vanishes:

lim K; = lim K, =0. (K16)

o—1+ o—1+t

To understand the intuition for why this effect vanishes, consider the log-differentiated value
of Foreign sales to Home,

v}Y¥ ::Li}’_‘

Q@
oc—1
Most directly, because the Home price index includes prices affected by the increase in

(aWF - bWH) + aPy — afpy.

trade costs but rises by less than the trade cost itself, the last two terms,
a(f%q-— %FH) <:O,

put downward pressure on Vrpy. The remaining terms capture the response of domestic
and foreign wages. A higher trade cost makes Foreign firms less competitive in the Home
market, putting downward pressure on the Foreign wage. The resulting decline in Foreign
production costs lowers Foreign prices and, through the first term W, mechanically puts
downward pressure on the value of Foreign sales. At the same time, the Home wage increases
as Home firms face less import competition. The decline in the Foreign wage and the increase
in the Home wage therefore provide an offsetting force through the endogenous adjustment

in relative production costs, as captured by

a (aL%}‘—-bLiQ{):> 0.

o—1

The role of o can be seen from the coefficient /(0 — 1). As o approaches one, this
coefficient becomes arbitrarily large, so an increasingly small change in relative wages is
sufficient to generate a given offsetting effect on Foreign sales. In equilibrium, the relative-
wage adjustment therefore shrinks toward zero, while its effect through the term above offsets
the direct downward pressure from the trade-cost increase. Consequently, the response of
Foreign sales, and ultimately the equilibrium wage and capital-flow responses, converges to

Zero.

K.2 Case 2: Small Open Economy

Suppose Home approaches the small-open-economy limit, so that a change in the Home tariff
has a vanishing effect on Foreign equilibrium variables. Recall that the rental rate is chosen

as the numeraire, so that
r=0
throughout. Consider the global capital-market-clearing condition,

rKo = (1—&)(Viy + Vi).
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Since the global capital endowment K is fixed and the rental rate is the numeraire, log

differentiation gives
. . Vi
0=wygVy+(1—- Ve, = —.
WHVH ( WH) F WH Vi + Vi
In the small-open-economy limit,
wg — 0 and VF — 0.

The global capital-market-clearing condition therefore places no restriction on the propor-
tional response of Home production Vy in the limit. Although global capital-market clearing
continues to hold, it no longer provides an equilibrium condition determining Home variables.
Instead, Home takes Foreign equilibrium variables as given, and the Home equilibrium is de-
termined by the remaining domestic equilibrium conditions.

To get Wy and By, I solve the Home’s labor market clearing condition:
VeWr = Vi Ve + Vian Vi
and trade balance condition:

EVaWy = VeuVen + VaaVan

where
VHF = (1 — fE)WH — Oé7A'HF
R R a A
N o N .
VFH: _1BH—OéTFH
Thus I have:
«Q
Vi 1-— JVHH Wu _ —aVyrTar ‘ 7)
EVa + (e —1)Vun 1 “ (Vum + Ver) By —aVruTru
—0

A bilateral increase in trade costs gives
or Vau(Vir — Ver) +VeaVar

Wy B B A
By ViV — &VuVur — e€VurVan + VarVun |
(c — )T T

where
A=e&VyVpn + ViV — ViV — e€Viy + Vi
Under the usual parameter restrictions 0 < £ < 1 and ¢ > 1, the denominator can be

written as
A=1-Viy +E&(e = V)VupVing + e€VeVeg > 0.

For a bilateral increase in trade costs, 7 > 0, the sign of the Home wage response is therefore
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determined by
Sgn(WH) = —sgn [Var (Var — Ver) + VeaVar) -
Thus,
WH <0 <<= Vur(Vau +Veu) > VuaVru,
whereas the inequality is reversed when Wy > 0.
Similarly,
sgn(By) = sgn [EVi(Vey — Vip) + Vir Vi (1 — €€)] .
Hence, in the small-open-economy case, neither response has an unconditional sign. Instead,

the effects of a bilateral change in trade costs depend on the initial pattern of bilateral and

domestic trade flows, as well as on the parameter combination €.

L Exact Hat Equations

Suppose T, is the policy variable. Using exact-hat algebra, where X=X /X, sales from

source region s to destination region n satisfy:

Vin = N BT (WEPL99) T 7 (77)
where
N, = W}=¢pi-9¢ (78)

The market clearing conditions are thus, for each source region S, labor market clearing

conditions are:

For each destination region n, trade balane conditions are:
n k

and the one capital market clearing condition as:

rKo=(1=8(1=0)> > VoW, (81)
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