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This paper extends the canonical model of firm heterogeneity and trade by incorporating
a mobile capital market and a global capital market condition that endogenously links
wages and firm entry—an element absent in standard frameworks. The impact of this
mechanism depends critically on the intensity of the mobile factor in production. When
capital intensity is low, unilateral trade liberalization reduces both wages and prices,
but the price-reducing effect is dampened due to firm delocation. As capital intensity
increases, prices fall by less due to delocation effects from capital flight. At very high
capital intensities, delocation effects dominate and unilateral liberalization leads to higher
prices, producing outcomes reminiscent of the Metzler paradox. Calibrating the model to
US statistics (0.33 capital share, 0.11 export share of GDP) workers experience welfare losses
under unilateral tariff reductions, as wage declines outweigh price decreases. Overall,
we find that countries may optimally raise unilateral trade barriers to prevent capital
flight. These findings offer new insights into trade policy and the structural dynamics of
deindustrialization.
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1. Introduction

Over the past few decades, many developed countries have experienced a widespread
trend of manufacturing factories shutting down and relocating to developing countries—a
phenomenon commonly referred to as deindustrialization. In the case of the United States,
a growing body of research—most notably by Autor, Dorn, and Hanson (2013a)—has docu-
mented the adverse effects of the so-called “China shock” on domestic manufacturing,
including declines in patenting, higher unemployment rates, lower wages, and sluggish
job growth (Autor et al. 2020; Autor, Dorn, and Hanson 2013b; Acemoglu et al. 2016). Impor-
tantly, this trend is not limited to advanced economies; many developing countries have
also experienced premature deindustrialization, as highlighted by Rodrik (2016). This paper
develops a model that intuitively captures these dynamics and explores their potential

welfare implications.

Factories in the real world and capital in economic models form an intuitive morphism,
particularly when capital is interpreted as the accumulated embodiment of non-labor
inputs. In this light, the phenomenon of factory relocation can be mapped to capital
mobility in trade models. Perhaps due to path dependence, researchers often begin their
analysis within the Heckscher-Ohlin (H-O) framework. However, a key limitation of the
H-O model is that it attributes trade patterns to differences in countries’ relative factor
endowments and the factor intensities of the goods they produce. Empirical evidence
suggests that this mechanism is not always central—particularly in the modern global
economy, where national accounts across countries tend to reveal broadly similar factor
shares, with labor typically accounting for approximately two-thirds and capital for one-
third of value added. For this reason, I develop a model that begins with a framework in
which trade is driven by a preference for variety.

In this paper, I extend the Melitz (2003) model by incorporating an integrated capital
market and assigning ownership of capital to investors. This framework emphasizes the
role of capital mobility in trade, as the movement of factories becomes a central focus.
Separating consumers into investors who earn rental income and workers who learn
salary income allows an exploration of the the potential unequal distribution of welfare
under trade liberalization.

Under the symmetric-country case, I establish two key results: (1) bilateral trade
liberalization does not induce capital relocation or alter wages, and it improves welfare
for agents in both countries; (2) unilateral trade liberalization triggers capital outflows,
resulting in a lower domestic wage, a contraction in the domestic firm mass, and reduced
domestic production activity—outcomes that can negatively impact domestic welfare.

The extent of this welfare impact depends critically on the intensity of the mobile



input (capital) in production. My numerical analysis in Section 4.3.2 shows that when
capital intensity is below 0.3, the gains from lower prices dominate the losses from wage
reductions, yielding net welfare improvements for both workers and investors. When
capital intensity rises above 0.3 but remains moderate—for instance, at 0.33, as commonly
reported in national accounts —investors still benefit from falling prices, but workers
suffer welfare losses, as wage declines outweigh the gains from cheaper goods.

As capital intensity continues to increase, worker welfare deteriorates further, since
the decline in the price index is no longer sufficient to compensate for wage suppression.
Eventually, when capital intensity becomes extremely high—above 0.98—the contraction
in domestic production is so severe that it reverses the price effect entirely: the aggregate
price index rises, and both workers and investors incur welfare losses.

Positioning in the literature. This work contributes to the literature on capital flows in
open economies. One strand of research examines capital mobility in pure endowment
economies without production, such as Costinot, Lorenzoni, and Werning (2014) and
Lloyd and Marin (2024). A second strand focuses on international finance, where Hu
(2024) adopts the standard home-bias framework.

A third line of research introduces capital mobility into trade models. Beginning with
Mundell (1957), a series of studies incorporate capital mobility into the Heckscher-Ohlin
(H-0O) framework, including Wong (1986), Kemp (1966), Jones (1967), Purvis (1972), Svens-
son (1984), Markusen and Svensson (1985), Foley and Manova (2014), and Edwards and
van Wijnbergen (1986). Extensions to new trade theory include Martin and Rogers (1995)
and Boulhol (2009), who embed capital mobility within the Krugman (1991) model, which
features an outside sector (e.g., agriculture) that directly pins down the wage. Similarly,
Kleinman et al. (2023) introduce capital mobility into the Armington (1969) framework.

Following this third line of research, I incorporate capital mobility into the Melitz
(2003) framework. To highlight the novelty of the mechanism, the Appendix extends
the Armington (1969) model to include capital mobility and demonstrates that the key
mechanism emphasized in this paper does not arise due to the fixed-entry assumption
embedded in the Armington (1969) framework. The same result holds for other fixed-entry
frameworks, such as Eaton and Kortum (2002) and Chaney (2008).

With capital mobility, this model contributes to the classic question in international
trade: are factor movements and commodity trade complements or substitutes? Mundell
(1957) showed that under the standard H-O framework, the movement of goods and factors
are substitutes. Subsequent work, including Wong (1986), Kemp (1966), Jones (1967), Purvis
(1972), Svensson (1984), Markusen and Svensson (1985), and Foley and Manova (2014),
has demonstrated that, in the absence of endowment composition differences across



countries, commodity trade and factor movement tend to be substitutes. Krugman (1991)
also showed that when labor is the only factor, labor movement substitutes for trade in
goods. However, since labor is also the consumer, it must be treated as a special type of
input. In this paper, I show that within the new trade theory framework, capital mobility
can serve as a complement to commodity trade.

This work is also related to research that tries to explain why governments levy trade
barriers. The most classic explanation is that governments seek to maintain favorable
terms of trade, which means they want the price of their exported goods to be higher than
the price of the goods they import, allowing them to purchase more imports with their
export earnings. However, a higher export price does not necessarily equate to higher
income. This explanation is only valid when the country can act as a monopolist exploiting
an imperfectly elastic foreign supply of its imports or demand for its exports as Humphrey
(1987) pointed out.

Furthermore, Caliendo et al. (2021) extend the Melitz model to incorporate roundabout
production, showing that firm markups raise production costs and justify the use of
optimal tariffs to correct the resulting distortions. Melitz and Ottaviano (2008) develop
a model with quadratic utility—yielding linear demand—and find that unilateral trade
liberalization induces firm relocation and welfare losses. This paper offers an alternative
explanation: under a CES nested utility structure, governments may still have incentives
to impose trade barriers—not to correct markups or linear-demand distortions, but to
prevent the outflow of critical production factors, such as capital, in order to sustain

domestic production activity.

Finally, this work relates to research examining the welfare losses from the China
shock. Caliendo, Dvorkin, and Parro (2019) show that wage rigidities can lead to short-
run welfare losses, while Harrison, McLaren, and McMillan (2011) highlight significant
inequalities in the distribution of welfare gains across heterogeneous agents. In contrast,
this paper shows that workers can lose welfare even in the absence of labor market
frictions, such as job-switching costs or rigid wages. Moreover, by distinguishing between
investors and consumers, it highlights how trade liberalization can generate divergent

welfare outcomes for different types of domestic agents.

2. Model Setup

In this model, I have two countries: country J and country L. The total capital endowment
in the world is K and they are controlled by two representative capital owners: one lives
in country J, one lives in L, i.e, Ky = Kj + K;, and Kj = YK, K7, = (1 - v)Kp. The term y
determines the distribution of capital ownership that is exogenous in this static setup.



The total population in the two countries is denoted by L; and L; . The mass of workers
in each country is uyLy and py Ly, respectively, while the mass of investors is (1 - py)Ly
and (1 -z )Ly. The parameters {uy, ur, Ly, L1 } are all exogeneous as well. I consider a
scenario in which investors can allocate capital freely between the two countries without
frictions.

2.1. Consumer Side

Both workers and investors at I € {J, L} are solving the similar problem
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where Y is the income, which is the salary income for workers, and rental income for
investors. Solving the consumer problem yields the demand for goods w from worker
population be
psp(w)™?
qr (w) = Spl_o WrngLy,
I
and the demand from investors be:
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The total demand from consumers in country I is therefore given by
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2.2. Firm Side

Each firm is uniquely identified with the goods w they produce. Each firm also needs to
draw a technology value from a continuous distribution function, and thus, they are also
uniquely identified with their technology level z. Currently. I assume that there is only
one sector where all firms production function follows the Cobb-Douglas form of

V(@) = 2D



The technology distribution function that a firm in country I draws from is

I
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The demand function for variety w from consumers in country I, denoted by gr(w),
can be equivalently expressed as the demand for the product produced by firm 2z located
in country S, denoted by gg;(2). Since firm productivity is drawn from a continuous
distribution, the probability that two firms serving country I have the same productivity
level is zero. As a result, including the source country S in the subscript does not impose
any additional assumptions.

Firms minimize their unit production cost given the demand. For a firm at country S,
the amount of capital and labor that they require to satisfy the demand from country I are
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Finally, as a monopolistic competitive firm, it will set the price at the optimal level of

2.3. Aggregate Values

The trade value from J to L for goods w whose production technology is 2 is
_z1
V]L(Z) = O'BL(l + T]L)WJE’TI Eg

where
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Iinterpret By, as a scaled measure of "purchase size," as it increases with both price and
income. Higher income implies greater demand for each variety, and higher aggregate
prices reflect reduced competition across varieties, which also raises the demand faced
by individual firms. Thus, a larger "purchase size" is associated with a more favorable

environment for firm survival.



2.3.1. Technology Threshold for Export
For firms to export from J to L, they need to satisfy
7'[]L(Z) > F]LWJarl_E'

where Fjp is the fixed cost shifter for a firm from J to enter market L. Variable profits are

derived as:

my1(2) = Vi(2) - WiLy(2) - rKy(2) = Vii(2)

Thus the productivity threshold is derived as:
JL - (L i 6y
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Furthermore, I will use 7ty (2) = 7yr,(2) - F ]LWJE’rl‘E’ to represent the profits for firms after
deducting the fixed cost for entering market L.

2.3.2. Aggregated Trade Value

Finally, the total trade value between J to L will be

Vir, = /ZVJL(Z)dZ = Ny Pr(7y, > 0)E[Vyr(2)|7yL, > 0]

which gives:
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where e; = 2f and 7y, = [, 7y, (2) dz = [, (nJL(z) - FJLWJE'T'I_E’) dz represent the total
profit for all firms selling to country L after deducting total fixed costs. Equation 1 is fairly
standard: a typical trade value equation derived under the Melitz (2003) framework with a
Pareto productivity distribution would look almost identical, except that the term W]Erl—é
would simply be Wj.

3. Equilibrium Conditions

This model features seven equilibrium conditions used to solve for six endogenous vari-
ables: {Wy, W, Ny, N1, By, Br.}. The rental rate, r, does not appear in the list of endogenous
variables because it is set as the numeraire. These conditions include two free entry con-
ditions, two labor market clearing conditions, two trade balance conditions (one for each



country), and one capital market clearing condition. Since there are only six variables, one
condition can be removed—either a trade balance condition or a labor market clearing
condition.

Free entry conditions require firms to operate with zero profits:

Z T = N]F}EW}E’TLE
I

Here, F}E denotes the shifter of fixed costs for firms operating in country J, and 77 is the
profit of all firms operating in J after deducting fixed costs of entering market I. Given
that
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the two free entry conditions can be simplified as:
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Labor market clearing conditions require all workers to participate in production of
either the goods or the fixed cost:

.. Wy s
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where Lj; added the labor input for producing fixed cost of entering market I such that
Ly = O'V_VJ&](O— -1+ %). Thus the final expression of labor market clearing condition is:
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With the frictionless capital assumption, there is a single capital market, and its
clearing condition requires that all capital is allocated either to production or to cover
fixed costs. For country J, this includes capital used for producing consumption goods
(K1), capital used to pay the fixed costs of selling in market I, and capital required for the



fixed cost of operating in market J. Defining Kj; as the sum of Kj; and the capital used for
selling in market I, and using analogous notation for country L, the total capital market
clearing condition is given by:

- N W & W S
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Finally, the capital market clearing condition is:
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Combine equation (1) (2) (3) (4) together, we have:
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which says that the total expenditure in this world will be equal to the total income.

Trade balance conditions require the total expenditures equal to the total income
within each country thus I have:

(11) wyWjyLy +yrKg = Vjy + Vs

(12) wWrLy + (1-v)rKo = Vi1, + Vpg,

The solution of the equilibrium conditions will yield the vector { Wy, Wy, By, By, Ny, N1.}
where the rental price r is the numéraire.

In the Appendix D, I prove that when the two countries are symmetric, solving the
system of Equations 3, 4, 5, 6, 9, and 11, I can get a unique equilibrium solution with all
variables being the same, i.e

(13) Vi = Vi

(14) Vir=Vir



(15) Wy =Wy,
(16) By =By,

17) Ny=Ng

This equilibrium serves as the baseline from which counterfactual scenarios are evaluated.

4. Comparative Statics

In this section, I log-differentiate the equilibrium conditions around the symmetric equi-
librium derived in the previous section. My primary goal is to analyze how an exogenous
change in trade costs influences equilibrium outcomes.

Firstly, I combine the labor market clearing conditions (Equations 5 and 6) with the
free entry conditions (Equations 3 and 4) to reduce the set of endogenous variables to
four: {Wy, Wi, By, B }. This reduction is feasible because the mass of firms becomes a
direct function of wages and parameters, including population and the fixed cost shifter.

W]l_aré‘ilL] o—-1
(18) Ny =——
&F; ox

)
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(19) Np,

This linkage between the mass of firms and wages is new. In the standard Melitz (2003)
framework, where & = 1, the mass of firms depends only on Ly and model parameters. In
contrast, when £ < 1, as in this setting, firm entry becomes endogenously linked to wages.

Log-differentiating Equations 18 and 19 yields:

(20) Ny=(1-&)W;
(21) NL = (1 - E,)WL

Log-differentiating the trade value equations (Equation 1) yields:

(22) V= (1- &)Wy + -2

By — octyy.
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Similarly, log-differentiating the labor market clearing conditions gives:

(23) SN VW = > Vi vy,
i i

(24) S VWL = > Vv
i i

Substituting Equation 22 into the log-linearized labor market clearing conditions above,

I have:

(25) EI: VW = (1-&e) ZI: Vi Wy + VJJ%BJ + VJL%BL - aVyr gL,
and

(26) ; VWi = (1- Ee) ; VW + VU%BL N VLLﬁBL — oVt

Log-linearize capital clearing condition as Equation 9 gives:
(27) S ViV + > ViV =0
I I
Use Equation 23 and Equation 24, I can transform Equation 27 as:

(28) z VJIW] + Z VLIWL =0
I I

The capital clearing condition thus restricted that the wages of the two countries must
go to the opposite directions.

Note that summing the two labor market clearing conditions (Equations 5 and 6) and
the two trade balance conditions (Equations 11 and 12) reproduces the capital market
clearing condition (Equation 9). Due to this linear dependency, one equation must be
omitted when solving for equilibrium or performing the log-differentiation. In the analysis
that follows, I omit the trade balance condition for country L.

Log-differentiating the trade balance condition for country J yields:

WyLyWy = ViyVig + Vi V.

10



Substituting Equation 22 into this expression gives:

A A (Vg + V1) 4 .
(29) (EZVJI + V]](ae - 1))W] + (Ee - l)VLJWL + (ffo‘mBJ = —O(VL]TL].
I

The results of the log-linearization can be expressed in the following general matrix
form. In this representation, Ny and N;, have been substituted with W7 and W}, using
Equations 20 and 21. The original matrix formulation, which includes N; and N, is

provided in Appendix A.

&e Y1V 0 o6 VI =SSV (Wr
0 &eXr Vi VL =V || W
21 Vi 21V 0 0 B;
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I further simplify the expression by defining A =

v+ as the share of GDP derived from
exports. Using the equilibrium solutions for the symmetric case from Section 3, I obtain:

a(1-2) =
te 0 o e |(Wr
0 Le LA (1) || W
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4.1. Bilateral Trade Liberalization

To start the analysis, I analyze the effects of a symmetric reduction in trade costs between
two countries, J and L. Suppose both countries reduce their trade barriers by the same

11



amount:
FE]L = FEL] =1<0.

Solving the system of equations, I obtain:

W, 0
Wy 0

By (o -1)At .
B, (oc-1)At

This result implies that bilateral trade liberalization from a symmetric equilibrium
does not affect the relative wages in either country compared to the rental price. Conse-
quently, the nominal income of all agents in both countries remains unchanged. However,
trade liberalization alters the terms B; and B, by modifying the price index, and the
change in the price index is identical for both countries. This outcome is consistent with
the findings in Appendix F, where I examined the same scenario in the standard Melitz
(2003) without capital mobility.

PROPOSITION 1. Under bilateral trade liberalization, the real wages of workers in country
I € {J, L} and the real rental income of investors increase the same amount by:

A . -1 . . .
Wr—-Pr=-Pr= —l(BI —SWI) =-AT>0.
()— —_
where s represents the labor income ratio:

_ LWy
usLyWy +yrKy

While workers’ nominal wages remain unchanged, they benefit from lower price
levels following trade liberalization, resulting in an increase in real wages. Similarly,
since the rental price r serves as the numeraire, investors’ nominal income also remains
constant. They too benefit from the reduction in the price index, which improves their

real purchasing power.

4.2. Unilateral trade liberalization

When only my country (country J) reduces trade barriers for the foreign country (country
L), the trade cost for goods traveling from country L to country J decreases, while the
trade cost from country J to country L remains unchanged. Thatis, Tj;, =0 and 775 =7 <0
(a unilateral trade cost reduction). Solving the system of equations yields:

12
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Where
A=(1-8)+2AE+4N1-N)(e&-1)>0

C=AE—(1-20)(1- €&)) + €&
D=A(E— (1-27\)(1- €&))

PROPOSITION 2. Under unilateral trade liberalization, when the export share of GDP, A, is less
than %, nominal wages in country J decrease, while those in country L increase by the same
magnitude.

PROOF. Since A < 1 (as it represents the export share of GDP), the sign of the change
in nominal wages in country J is determined by the sign of the term A. As shown in
Appendix B, the term A is positive when A < %—a condition that is empirically reasonable.
Therefore, wages in country J decrease, while those in country L rise by an equal amount.

U

At the same time, since r is set as the numeraire, the nominal income of investors
remains unchanged. Consequently, the welfare of domestic investors depends on the
change in the domestic price index. With wage changes, the change of domestic price
index will be:

1 .
30 Pr=——(By—sW,
(30) 1= ——(Br-sW)

For domestic country J, the price index change is thus:

x(1-2A)

1 ,(o-1DAC oA (1-]A)
- (c-1)

(31) Pr= (— 1

T
o-1 )

A
A
ye=2(C-s

Here, I want to discuss the difference between p;W;Ly + yrKg and Vjy + Vjz.. Typically,
both can be interpreted as GDP: u;W;L; + yrKy represents GDP from the income (or
expenditure) perspective, while Vj; + Vj, represents GDP from the production perspective
(which is directly the definition of GDP).

In a traditional trade model, these two measures are equal. However, in this setting,

investors earn income from foreign as well as domestic production. By definition, this

13



means the two GDP measures will not be the same when the two countries are not sym-
metric. In the symmetric case, where they are equal, s coincides with &, the labor income
share of GDP.

Thus the change of domestic price index becomes:

(32) PI:%(C a"zg 17\))) zF%

When F > 0, a unilateral tariff reduction leads to a decrease in the domestic price index,
resulting in welfare gains for investors. In contrast, when F < 0, the domestic price index

rises following the tariff reduction—as in the Metzler paradox—and investors experience
welfare losses.

The intuition behind the term F is as follows. It consists of two components: C, which
oc(l ?\)

captures the change in "purchase size," and & , which reflects the change in wages. As
discussed earlier, "purchase size" is positively related to both consumers’ nominal income
and the domestic price index. Proposition 2 shows that wages always decline under
unilateral trade liberalization. Given that the rental price is the numéraire, consumers’
nominal income necessarily falls. Therefore, any observed increase in "purchase size"
must be entirely attributed to a rise in the domestic price index. Moreover, because
nominal income decreases, the increase in the price index must first offset the income

decline before it can contribute to an increase in "purchase size."

The condition for F < 0 is equivalent to:

(33) A(1-27)(1-€eE) - ) + a"z(l_ 17\)) et

The sufficient condition for F<0isC<0,as F=C - g XA (1 }\) and &% > 0. Thenl
have:
(34) C<0 < A(1-2A)(1-€&)-&)> €

Using the Intermediate Value Theorem, we can establish that there exists a unique thresh-
old £* € (0,1) such that the inequality becomes an equality. Therefore, C < 0 holds if and
only if & < £*. Since C < 0 is a sufficient condition for F < 0, it follows that there also exist
values of & such that F < 0 holds.

In general, the smaller the values of € and &, the more likely it is that F < 0, implying
a greater likelihood that the domestic price index will increase with unilateral trade
liberalization.

For workers, welfare is determined by the real wage, and the change in their welfare

14



is given by:

o-1

o-1

. “ . B
(35) Wy - Py =Wy - =~

For workers to lose welfare from a unilateral trade liberalization, the following condi-
tion needed to be satisfied:

&

(36) (1+ ==

YJoue(L=A) +A((1-27N)(1-€&) - &) > €&

Since «(1-A) > 0, Condition 36 is less restrictive than Condition 33. It follows that the
set of values satisfying Condition 36 includes all values satisfying Condition 33, as well as
additional cases where Condition 33 does not hold. Therefore, there exists a threshold &
such that for all § < &, investors benefit from trade liberalization while workers experience
welfare losses. This implies that domestic workers are more susceptible to welfare losses
from trade compared to investors.

Finally, I want to analytically explore the relationship between the change of export

Vi
Vir+ViL

share of GDP, A, and t7;. Log-differentiating A = under unilateral trade liberaliza-

tion (i.e., Tj7, = 0) gives:

(37) A= (=N (Vo= V) = (1-2) === (B - B))
Substituting Vj; from Equation 22, I obtain:

-;(a —(1-2M\)(1- €&) +€k).

(38) A=

The condition for A to increase with a unilateral tariff increase (or decrease with a unilateral

trade liberalization increase) is thus:
(39) (1-2N)(1-€&) - &> €é.

PROPOSITION 3. Ifa reduction in tariffs by country J (Try = T < 0) leads to an increase in the
price index of country J, then the domestic export share of GDP, A\, must decrease in response to
this tariff reduction.

PROOF. Assume Condition 33 holds, Condition 39 will hold. So Condition 33 is stricter
than Condition 39. 0

PROPOSITION 4. Condition 33 = Condition 39 = Condition 36

15



PROOF. Proof can be found in Appendix C. O

Proposition 4 demonstrates that as & decreases from 1 to 0, the economy sequentially
transitions through the following scenarios. Initially, the reduction in the price index
exceeds the decline in wages, so both domestic workers and investors experience welfare
gains. As ¢ falls further, workers in country J begin to incur welfare losses, as the price
reduction no longer offsets the wage decline. During this phase, the export share of GDP,
A, continues to rise, and the domestic price index remains low—implying that investors
still gain welfare.

As & decreases further, A begins to decline under unilateral liberalization, though
investors continue to benefit from lower aggregate prices. When & becomes sufficiently
small, the domestic price index eventually rises in response to the tariff cut, producing a
result reminiscent of the Metzler paradox.

Let us pause here and evaluate what the price index implies. Most of the time, this
index is assessed from the consumers’ perspective, but here, let’s examine it from the
producers’ perspective. The price index represents an aggregation of the prices of all
goods sold in a country. A lower price index implies that goods in the market are cheaper,
which means a lower production cost is required for firms to survive. Consequently, a

lower price index indicates a more competitive market.

When the value of ¢ is sufficiently large, the familiar classic price effect emerges for a
unilateral trade liberalization: domestic wages and the domestic price index decrease,
while foreign wages and the foreign price index increase. In this case, the domestic market
becomes more competitive, but domestic producers gain an advantage since the removal
of unilateral trade barriers reduces wages, thereby lowering production costs. Conversely,
foreign producers face a disadvantage as foreign wages increase.

Moreover, the increase in the foreign price index implies that the foreign market
becomes easier to enter. With the wage advantage, domestic producers have a greater
chance of surviving in the foreign market as well. This explains why A increases with
unilateral trade liberalization. From this perspective, workers somewhat are "transferring"
part of their welfare (via lower wages) to producers, allowing domestic firms to gain a
competitive edge. As long as the reduction in the price index offsets the wage loss, workers
still benefit overall.

When & becomes smaller such that it now satisfies the loosest Condition 36 but not
Condition 39 or Condition 33, the price index follows the same pattern: the domestic
market becomes more difficult to compete in, while the foreign market becomes easier
to enter. However, since labor becomes a less important factor in production, domestic
producers must cut wages further (or receive greater transfers from workers) to survive
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in this more competitive market.

Even though labor’s role diminishes, domestic producers can still enhance their com-
petitiveness by reducing wage costs, ensuring that A continues to increase with liberaliza-
tion. However, the wage cuts will be substantial enough to offset the benefits of cheaper
goods for workers. This can also be interpreted as a greater portion of workers’ welfare
being sacrificed to maintain the competitiveness of domestic producers, leading to a
welfare loss for workers.

If £ becomes even smaller, such that both Condition 36 and Condition 39 are satis-
fied, the domestic market continues to become more difficult to compete in, while the
foreign market becomes increasingly accessible. However, the wage advantage gained
from lowering domestic wages becomes so small that domestic producers can no longer
maintain their competitiveness against foreign producers, causing A to decrease with
trade liberalization.

To survive, domestic producers must further reduce wages, requiring an even greater
sacrifice of workers’ welfare. However, these sacrifices are insufficient to sustain the
competitiveness of domestic producers.

Finally, if £ becomes extremely small, Condition 33 is satisfied. As a result, the foreign
price index decreases while the domestic price index increases, meaning that the domestic
market becomes easier to survive, while the foreign market becomes more difficult to

compete in.

In this case, more foreign producers enter the domestic market. However, because
labor is too insignificant a factor for domestic firms to retain a competitive advantage,
domestic firms rapidly exit. As a result, an increasing share of goods is now supplied by
foreign firms, which naturally charge higher prices due to iceberg trade costs and the
fixed costs of exporting. Consequently, the domestic price index rises.

4.2.1. Understand the results through the wage elasticity

The key reason why introducing mobile capital generates such distinct results can be seen
more clearly through the log-change of GDP in response to a unilateral tariff change:

a(l-A) . oA

(40) V=V + Vi) = (1-NVy + AV = (1- £e) Wy + By+ —By.

From this expression, it follows that smaller values of € and o result in a higher
positive elasticity of wages with respect to GDP. However, in the canonical trade model,
the elasticity of wages with respect to GDP is typically negative.
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Chaney (2008) demonstrated that within the Melitz (2003) framework, assuming a
Pareto distribution for firms’ productivity and no firm entry or exit, the elasticity takes
the form:

- <0.

If firm entry and exit are allowed within the Chaney (2008) framework, the elasticity
becomes:
1-e<0.

I also conduct a similar welfare analysis under the Chaney (2008) framework allow
firm entry and exit in Appendix F.

Likewise, in an Armington-style model, the elasticity is given by:

1-0<0.

This highlights a fundamental difference between this model and canonical frame-
works, where capital mobility alters the wage-GDP relationship in ways that are not ob-
served in standard models. Furthermore, the elasticity becomes 1 - € because, in this
model, the mass of firms responds to changes in wages, as shown in Equation 20.

Going back to Equation 1, ignoring changes in the mass of firms, the elasticity of wages
with respect to trade values is given by (1 — €) < 0. However, since the mass of firms now
responds to wages, the full elasticity becomes (1-§) + £ - £e = 1 - &g, reflecting both the
effects of wages on the intensive and extensive margins.

When e and § are sufficiently large such that 1 - €& < 0, the intensive margin effect
dominates the extensive margin effect. Few firms exit the market, and the reduction in
production costs for surviving firms boosts domestic output. As noted earlier, one can
interpret the log-differentiated results as workers sacrificing or transferring welfare to
support domestic producers’ competitiveness in a more challenging market environment.
When 1 - €§ < 0, this sacrifice is relatively efficient, as wage reductions translate into a
meaningful increase in domestic production.

In contrast, when 1- €&, > 0, the extensive margin effect outweighs the intensive margin
effect. Although surviving firms benefit from lower production costs, too few remain in
the market to sustain output. In other words, labor becomes so insignificant that the

sacrifice of workers’ wages no longer contributes effectively to domestic production.

In summary, unlike bilateral trade liberalization—which does not affect the market
share of each country in a perfectly symmetric scenario (i.e., both countries continue
to produce 50% of the goods)—unilateral trade liberalization alters this balance. When
country J (my country) unilaterally reduces trade barriers, the mass of firms in my country
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(Ny = (1-&)W;) decreases, while the mass of firms in the foreign country (N, = (1- £)Wp)
increases.

The increase in production activity in the foreign country L attracts capital flows from J
to L. However, if labor intensity is high (i.e., & is large), the decline in the mass of domestic
firms will be limited, and the resulting wage reduction will be fully offset by a decline
in the price index. Conversely, if labor intensity is low (i.e., & is small), capital outflows
will lead to a substantial contraction in the domestic firm mass, resulting in significantly
lower wages and a reduced likelihood of benefiting from lower prices.

4.3. Numeric Analysis

To visualize the results, I conduct a numerical analysis calibrated using parameter values
drawn from previous studies, as summarized in Table 1. Following Bai, Jin, and Lu (2024),
I adopt their values for Ff, Ff, Ly, and Ly. I then adjust the bilateral trade costs (Fjr,
and Frj), as well as the domestic selling costs (Fj; and Fr1), to match the observed U.S.
export-to-GDP ratio of approximately 11%.

Parameter Value

o 2
Z 1
oy = o, 2
Ky 1
My = UL 0.9
Ly=1Lp 1.1
8% 0.5

K;=Kp y-Ko=0.5
Fy=Fy, 001
Fj,=Fy  0.08

FE = FE 1

TABLE 1. Parameter values for the model.

Given parameters as in Table 1, simulation result shows that export share of GDP A for
both country J and country L will be around 11% in the equilibrium. Substitute the values
of A and the values of parameters o and « in Table 1, I can visualize the range of & that
satisfy Condition 33, Condition 39, and Condition 36.
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To satisfy Condition 33, I have:

(41) 0.11((1—2 x 0.11)(1 - 4£) - £) + a% > 4 = £<0.025

To satisfy Condition 39, I have:

(42) (1-2x0.11)(1-4E) — &> 45 < &< 0.096

To satisfy Condition 36, I have:

&

I

)2(1-0.11) + 0.11[(1 - 2 x 0.11) (1 - 48) — £] > 45, <> & < 0.697

FIGURE 1. Range of & for different situations

Worker Welfare |

Export Share |

Price T / Investor Welfare {

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

This figure shows the threshold values of the labor intensity parameter & under which various outcomes
are triggered. The red bar corresponds to the range where worker welfare declines (Condition 36), the blue
bar where export share declines (Condition 39), and the green bar where the domestic price level rises and
investor welfare falls (Condition 33). These results illustrate the sensitivity of different margins to unilateral
trade liberalization.

4.3.1. Bilateral Trade Liberalization

Figure 2 shows that when both countries simultaneously increase trade costs by equal
amounts, domestic workers suffer welfare losses identical to those of foreign workers,
and domestic investors experience welfare losses identical to those of foreign investors.
Thus, bilateral trade liberalization produces symmetric welfare gains for workers and

investors in both countries.
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FIGURE 2. Real income change under bilateral trade liberalization with symmetric reduc-
tion in trade costs
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4.3.2. Unilateral Trade Liberalization

Using the reference ranges in Figure 1, I examine four values of ¢ to illustrate how welfare
outcomes shift as labor intensity changes. The selected values represent different regimes:

« £=0.75€[0.697,1]
* &=0.67 € [0.096,0.697)

[
+ £=0.09 € [0.025, 0.096)
« &=0.02 € [0,0.025)

Casel: &£ = 0.75.
from a unilateral tariff increase, i.e, both of agents gain from unilateral trade liberaliza-

Figure 3 shows that both workers and investors in both countries lose
tion. At the same time, foreign workers gain more than domestic workers, and domestic

investors benefit more than their foreign counterparts. Since the rental price r is the

numéraire, the welfare gains for investors imply a decline in the domestic price index.
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Correspondingly, Figure 4 shows that the export share of GDP increases with liberalization.

FIGURE 3. Real income change under unilateral tariff reduction, & = 0.75
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FIGURE 4. Export share response under unilateral tariff reduction, & = 0.75
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Case 2: £ =0.67. When § = 0.67—a value consistent with empirical labor intensity based
on national accounts—domestic workers lose from a tariff decrease, as shown in Figure 5.
Although the domestic price index falls with lower tariffs, allowing domestic investors
to benefit, the price reduction is not sufficient to offset the decline in wages, resulting
in a net welfare loss for workers. The export share of GDP declines in response to the
unilateral tariff increase, as expected, since Condition 39 is not satisfied (see Figure 6).
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FIGURE 5. Real income change under unilateral tariff change, & = 0.67
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FIGURE 6. Export share response under unilateral tariff change, & = 0.67
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Case 3: £ =0.09. With & = 0.09, the welfare patterns remain similar to the & = 0.67 case,
as shown in Figure 7. However, the export share of GDP now increases in response to a
unilateral tariff increase, as illustrated in Figure 8.
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FIGURE 7. Real income change under unilateral tariff change, & = 0.09
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FIGURE 8. Export share response under unilateral tariff change, & = 0.09
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Case 4: & = 0.02. At & = 0.02, domestic investors begin to gain from a unilateral tar-
iff increase, suggesting that the domestic price index now decreases with rising tariffs
(Figure 9). Export share also increases with tariff increase, as shown in Figure 10.
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Wage-to-Price Ratio

FIGURE 9. Real income change under unilateral tariff change, & = 0.02
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FIGURE 10. Export share response under unilateral tariff change, & = 0.02

A for Different taluIj
0.10935 T T T

0.1093
0.10925 o |

0.1092

T
h
1

-~ 0.10915

0.1091 % ]

0.10905

0.109

0.10895 : ' '
0 0.005 0.01 0.015 0.02

tau

4.4. Summary

Introducing a capital market that allows mobility across countries does not alter the
welfare implications of bilateral trade liberalization. However, it can significantly influence
the welfare outcomes of unilateral trade liberalization, depending on the intensity of
capital as an input in production. Typically, studies calibrate & = 0.67, implying that labor
is relatively more important than capital. With this & value, my numeric analysis shows
that reducing trade barriers yields welfare loss for domestic workers since the negative
wage effect can’t be offset by the domestic price decrease. As & decreases, meaning capital
becomes a more critical input for production, trade liberalization can lead to export share
decrease and domestic price increase.

This result also suggests that goods trade and capital mobility are complementary
when labor remains immobile, as illustrated in the figures in Appendix E. In other words,
a unilateral increase in goods trade induces capital outflows. When capital intensity is
high, such liberalization can lead to welfare losses.
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5. Conclusion

I have shown that allowing one production factor to be mobile across two countries funda-
mentally alters the welfare implications of unilateral trade liberalization, particularly for
workers. In the absence of factor mobility, unilateral trade liberalization always leads to
welfare gains for all agents, as demonstrated by Arkolakis, Costinot, and Rodriguez-Clare
(2012) and Appendix F. The key mechanism introduced by factor mobility is its impact on
firm entry (or the mass of firms).

In the Arkolakis, Costinot, and Rodriguez-Clare (2012) framework, where production
factors are immobile, an increase in trade does not influence the mass of domestic firms
butinstead affects only the price index. Specifically, in the Melitz (2003) setup, the domestic
mass of firms is solely determined by the domestic population. Since the population
remains unchanged, the number of domestic firms remains fixed. As a result, international
trade preserves domestic production while increasing the average productivity of surviving
firms. Import competition in this setting occurs only among domestic firms, and the total
global market share of firms from any given country remains unchanged. For example, if
country J accounts for 50% of the global market share before trade liberalization, making
J to be more open to trade will not expand or shrink its total market share; rather, it will

simply increase the average productivity of its domestic firms.

However, when capital is mobile across borders, the mass of firms becomes a func-
tion of both population and wages, with the rental price serving as the numeraire. This
contrasts with Arkolakis, Costinot, and Rodriguez-Clare (2012)-type models, where the
domestic wage can be set as the numeraire and thus remains unchanged. Under unilat-
eral trade liberalization, increased domestic demand for foreign goods induces capital
outflows, which reduces the mass of domestic firms.

The negative effect of a decline in the mass of firms may be fully offset by a reduction
in production costs. When ¢ is sufficiently large, the intensive margin effect dominates
the extensive margin effect, allowing domestic production to be sustained and result-
ing in welfare gains for both workers and investors. In contrast, when production is
capital-intensive, the extensive margin effect dominates: too few firms survive, domestic
production contracts sharply, and both types of domestic agents ultimately suffer welfare
losses. This result highlights how capital mobility can overturn standard welfare predic-
tions by relaxing the implicit fixed-entry condition embedded in the Arkolakis, Costinot,
and Rodriguez-Clare (2012) framework.
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Appendix A. Matrix Form with N; and Ny,

1 0 &E-1
0 1 0
YiVir 0 (1-&(1-€) X1V
0 XrVi 0
0 0 21 Vir
Vi -V EXiVip-&(1-€)Vy

0 0 0
E-1 0 0
0 eV 2 VIL
(1-&(1-¢€)) X1Vir 25 VL o6 VIL
21V 0 0
—&(1-€)Vyy s(Vy+Vy) 0
0
0
-V,
—aViyiry
0
-aViyiry

Appendix B. Term A >0

First, we evaluate the sign of A. It is reasonable to assume that the fixed cost for exporting
is bigger than fixed cost for selling in the domestic market, and the iceberg cost will
never be negative. Given these assumption, I have A < %, i.e, the proportion of GDP from
exporting is always less than 50%. Then I have 1- A > % SOA>(1-&)+2NE+ 2N (€€ -1) =

(1- &) +2\E + 20eE —2A = (1— &) + 2A(E - 1) + 2Ae&, = (1 - £)(1 - 2)) + 2Ae& > 0.

Appendix C.

I will list these conditions again here:

Order of conditions

First the condition for price index to increase with a unilateral trade liberalization,

thus make investors lose welfare from the unilateral trade liberalization:

(A1)

A(1-20N)(1-€&)-&) > €&
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Then the condition for workers to lose welfare from the unilateral trade liberalization:

&

(A2) (1+G_1

YJoue(L=A) +A((1-27N)(1-€&) - &) > €

Finally the condition for export share of GDP to decrease with a unilateral trade
liberalization:

(A3) (1-2A(1-€&)) - &> €&

Given the common term one can see immediately that Condition Al is stricter than
Condition A2. Additionally, assume A < %, it is also immediate that Condition Al is stricter
than Condition A3.

To decide the strictness between Condition A3 and Condition A2, I firstly assume that
Condition A3 is satisfied, then I will prove that Condition A2 is automatically satisfied
after.

Assume Condition A3 is satisfied gives:
AMA-2N)(1-€&) - &) > A€eé,

Substitute the above term back to Condition A2, I get:

él)oc(l—)\) +A((1-20)(1-€&) - &) > (1 + &

1+
( o-1

5 Yo(1-A) +A€é,

If I can prove that

&

o-1

(A4) (1+ Ya(1-A) +Aeé > €d,

Then I am done. To prove Condition A4 is true, I spread the terms including spreading e

as % and I have:

¢ ox oo
)(oc—oc7\)+7\0_1£> 1

(1+ &

o-1
This is the same as proving:
oé, oAE ox ox

- A+ - +A - >0
o« oc-1 o-1 6—16 cr—l(i

Re-arrange the terms gives:

x§

1-A
a(l1-A)+—

(1-A+Ac-0)>0
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Re-arrange the terms further gives:

a(1-A) + G‘X_El(u “A)+ (A-1)0)
(45) = a(1-A) + G“_E’I(1—A)(1-c)

= a(1-A) - a&(1-A)
—a(1-N)(1-8)>0

So I proved that Condition A3 satisfied meaning Condition A2 automatically get satisfied,
which means I can order these three conditions in there strictness as: Condition A2 is the
loosest, Condition A3 is in the middle, and Condition Al is the strictest.

Appendix D. Proof for symmetric equilibrium solution

In this section I will calculate the solution in the case where y = % and

E E E
FJ =FL =F

I can re-write the equilibrium conditions as follows:

ox ErrE 1-%
Vi = ~% Ny FEWEr
ZI:JI s N

S Vi = — Ny FEwEAE

ZVJI:@
T §
ZVLI:@
T 3

Ko =(1- E)(EI: Vi + 21: Vir)

W]L +vrKp = V]] + VIJ
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Also, for Vj specifically, I have:

ouxz® 147X
V:——NB‘”FI whr 5l o
=g B ( ) (L +Tyr)”
So I can get:
- G F D0 - f
Vi N B

Vi _Nj B Wy
7w GO G e
Ly L PJ
Noteg = f +6,if 5 =0, it means f = g,if 6 >0, f < g, and if 5 < 0, it means f > g. Using
21V VJI fVi+gViy _
iV - VitV
side of trade balance condition for country J thus becomes:

this notation, I have = f + b where & works similarly as §. The left hand

1- 5+1
WiL+vyrKog=&) Vi + _E(ZVJIJF > Vi) = (£+ (1—(5)fJr s )ZVI
T 2 7 T 2(f +9)
The right hand side is:
1
Vi + ?VJL
The trade balance condition now becomes:
f+o+1
(A6) (E+(1-¢) )2 Vir=Vy + —VJL
2(f +3) Z f
which can be arranged as:
§+1 §+1. 1
@) (Era-ol Y v era-nlEh Ly so

2(f +9) 2(f+8) f

Given that Vj; > 0 and Vjz, > 0, it must be true that:

f+6+1) 1= (64 (—6)f+6+1)——=

(Er -85 +9) 2f+5)  f

which means: f = 1and & = 0. From there, one can easily get that By = B, Wy = Wy,
Nj = Np, and thus Vj; = Vyz, Vir = V15

Appendix E. Commodity movement and factor movement is complement

Given & = 0.67, the amount of capital that got invested in domestic production is increasing
with the increasing of the trade cost, i.e, capital will outflow to the foreign country when
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having a unilateral trade liberalization. At the same time, the mass of firms is having the
same trend.

Capital that is used for domestic production for Different taulj
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Appendix F. No capital market (Melitz Chaney setup)

In this section, I will let & = 1 to show the effect of bilateral and unilateral trade liberal-

ization in the original Melitz (2003) model, where both the bilateral and unilateral trade

liberalization is bringing welfare gains. The equilibrium conditions become as follows:

First, free entry conditions or the zero profit conditions will nail down the mass of

firms in each country:

o-1 E
— > Vi =NjF;yW
O'OCZI: JI JEp VW

o-1
—— > Vir = N FEwg,
ox Ji

Then the labor clearing conditions give:

Vv

L - X1V
Wy

L - 21V
WL

Finally, trade balance conditions ensure the total expenditure equals to the total cost:
W]L J = V_U + VL]
WiLr =V, + ViL

Combine the free entry conditions and labor market clearing conditions gives:

o-1 E
Ly = ——NjF
J ox TH

1
Ly = 2 ~NyFE
ox

The solution for the symmetric case is easy to get which is Ny = Ny, By = By, and Wy = Wr.

Note % = ¢, and log differentiate the equilibrium conditions with only the change of

T, and define Wy as the numeraire I have:

@ x 1

€ ~o-1 Vl ~o-1 V2 WL
o4 [od )

e-1 -5 o || B
[od o4 3

0 -5aV1 —oaV2/\BL
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—OCVQ”EL]
= O(”E]L - O(”fL]

—aVotyL,

__ Vi __ Vi _1_
where V7 = Vig+Vin = Vi+Vyy and V2 =1-V,

F.1. Bilateral trade liberalization
When we assume 1j7, = 715 = T < 0, we get:

Wy, =0
B 7 =Vo(o-1)T
BL = Vz((F - ].)i’
With -P;j = —%, both countries enjoy a welfare gain of -V,1, where V; = VJZ;fVU so the
welfare gains of the bilateral trade liberalization is the same as the case with footloose
capital.

F.2. Unilateral trade liberalization
when I have 775 =T <0and tj;, =0

- aVit
WL = _e+(e—1)(1V1—V2)

B - (0-1)(eVaV1+V3)t
e+(e-1)(V2-V3)

B, = _(o-D(aVireVy)
C e+(e-1)(VE-V2)

Where 9
N R . 1 . eVoVi+ Vo)t
Wy—Py=-Py=-——By=- (VoW1 + V)
o-1 e+(e-1)(V1-Vy)

Without the competition for capitals, for country J, decreasing trade barrier is always
good, however, with the competition for capitals, from the previous sections, it brings
welfare loss.

F.3. Numerical Analysis

Using the fixed cost and Parato distribution parameter as Table 1, a bilateral trade liberal-
ization will give the result as Figure ?? and a unilateral trade liberalization will give the
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result as Figure 2?
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