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1. Introduction

Can trade liberalization jointly raise long-run growth and welfare? To answer this ques-
tion, we develop a tractable dynamic trade model with firm heterogeneity and fair wages. In
sharp contrast to standard Melitz (2003) models with endogenous growth, such as Baldwin
and Robert-Nicoud (2008) and Ourens (2016), we do not assume knowledge spillover. In-
stead, defining GDP that is consistent with official statistics, we study the impact of trade
liberalization (i.e., decreases in trade costs) on economic growth and welfare. In the baseline
case where labor market frictions are in isolation, we analytically show that trade liberal-
ization may lead to lower growth and welfare loss due to several conflicting forces. We then
simulate our model to demonstrate that there is a critical interaction between economic
growth, welfare, openness, and the level of labor market frictions. For example, in a less
open economy with the lower level of labor market frictions, trade liberalization delivers a
welfare [oss. This is also the case in a more open economy with the higher level of labor
market frictions. Table [1] summarizes our findings.

Degree of Openness
Level of Labor Market Friction Less Open More Open
Lower Welfare | Welfare
Higher Welfare 1 Welfare |

Table 1: The Impact of Trade Liberalization on Welfare

The earlier papers that study the connections between economic growth and international
trade assumed homogeneous ﬁrms.[] Thus, they cannot analyze reallocations of resources
within industries that raise average industry productivity — an essential channel to under-
stand the welfare effects of trade liberalization (Melitz, 2003). This limitation, however, was
solved by the watershed contribution of Baldwin and Robert-Nicoud (2008); they integrate
firm heterogeneity into those earlier frameworks featuring knowledge spillover. Therefore,
they make it possible to study how trade-induced changes (i.e., reallocation effects) absent
in earlier papers affect economic growth and welfare.

Subsequent research of Baldwin and Robert-Nicoud (2008) — henceforth BRN — revisit
and extend their framework in a wide range of directions. Gustafsson and Segerstrom (2010)
eliminate scale effects in BRN and show that the effects of trade liberalization on growth
and welfare depend on how strong intertemporal knowledge spillovers are. Unel (2010) adds
an assumption that the foreign contribution to local technology increases with the volume
of trade to BRN, and finds that though trade liberalization increases average productivity,
its effects on growth and welfare are ambiguous. Ourens (2016) revisits BRN and corrects
their algebra mistakes, and figures out a new welfare channel missed in BRN. Fukuda (2019)
also revisits BRN by introducing taxes on asset income, scientific research, and population

1See, for example, Grossman and Helpman (1991), Rivera-Batiz and Romer (1991a; 1991b), Acemoglu
and Ventura (2002), and Ventura (2005).
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While studies cited above have made key contributions to a better understanding of
growth and welfare effects of trade liberalization with heterogeneous firms, there are yet
three remaining shortcomings. First, they do not ezplicitly examine whether trade-induced
higher growth is compatible with higher welfare; that is, they do not answer our research
question posed above. Whether trade liberalization can jointly raise long-run growth and
welfare is still unclear. Second, their models — including the original BRN — do not explain
growth; they simply assume growth. Without assuming knowledge spillover, they cannot
study growth and welfare effects of trade liberalization. We view their modeling of growth
as an ad hoc, unsatisfactory story. Third, what they call growth is not growth; it is just
changes in the number of firms (or varieties) and thus inconsistent with official statistics.
As GDP is not defined in their model, they implicitly assume a one-to-one correspondence
between changes in GDP and the number of ﬁrmsﬁ We do not think that this implicit
assumption makes sense. As such, our goal is to rigorously define GDP in a dynamic trade
model with heterogeneous firms by explicitly modeling financial markets based on Ghironi
and Melitz (2005) and answer our research question by looking at a response of GDP and
welfare to trade liberalization — but without relying on an ad hoc growth mechanism.

Moreover, we go beyond rather than just fixing three imperfections of above studies
by introducing labor market frictions (or unemployment). As unemployment means an
inefficient use of resources, a reduced living standard, and psychological distress, we all would
agree that unemployment is an important consideration for growth and welfare. Fig. [[lmakes
our point: it shows an interaction between economic growth, openness, and unemployment
among 37 OECD countries in 2017. As we can see, a look at only the link between growth
and openness is misleading. In addition to these two elements, countries substantially differ
according to their rate of unemployment. Thus, to fully understand the growth and welfare
effects of trade liberalization, we take labor market outcomes into account. Since all studies
cited above assume frictionless labor markets in which all workers are fully employed, they
cannot analyze the trade-induced changes in labor market outcomes and their consequences
on growth and welfare. For these reasons, based on Akerlof and Yellen (1990) and Egger
and Kreickemeier (2009), we introduce fair wages as the source of labor market frictionsﬁ
Combined with the degree of openness, our model gives a richer picture to examine whether
trade liberalization can jointly raise long-run growth and welfare.

Four patterns in Table |1 are due to several conflicting forces. Specifically, we first de-

2The other follow-up studies focus on country asymmetries. Unel (2013) constructs a two-country asym-
metric Melitz model in which technology adoption costs differ across countries, and demonstrates that trade
liberalization may not improve the welfare in the country with higher technology adoption costs. Wu (2015)
integrates multinational enterprises (MNEs) into a two-country asymmetric Melitz model without scale ef-
fects and finds a U-shaped relationship between growth (welfare) and trade costs. Naito (2017) studies the
asymmetric version of BRN with respect to wages and the number of varieties, and discusses the growth
and welfare effects of unilateral trade liberalization. Finally, Ourens (2020) develops a North-South version
of BRN.

3Another drawback is that they cannot study level effects.

4See Felbermayr et al. (2011) for a Melitz model with search and matching frictions.
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Figure 1: Growth rate, openness, and unemployment rate among 37 OECD countries in 2017. Openness
(scaled logarithmically) is the sum of exports and imports of goods and services relative to GDP. Source:
Growth and openness are from Penn World Table 9.1 and unemployment from IMF World Economic Outlook
Database April, 2020.

compose the impact of trade liberalization on growth into the following three: an increase
in output per firm due to a rise in average productivity, a decrease in the mass of producing
firms due to a rise in average productivity, and an increase in the mass of new entrants in
anticipation of a larger profit. While the first and third lead to an increase in GDP, the
second leads to a decrease in GDP. Thus, the net effect is ambiguous. Next, for welfare, in
addition to these three channels, we have the fourth: an intertemporal optimal consumption
choice of households. In response to trade liberalization, households save more and consume
less in anticipation of a rise in expected dividend induced by an increase in new entrants.
This new channel being added, unlike Melitz (2003), trade liberalization can deliver a welfare
loss in our model.

There are two closely related studies. First, Schubert and Turnovsky (2018) integrate
search and matching models into an endogenous growth model featuring capital externalities.
Calibrating their model, they find that the growth-unemployment nexus is strong in the short
run, but negligible in the long run.E| As they assume a closed economy, by assumption, they
cannot analyze the impact of trade liberalization. Second, Stepanok (2018) develops a North-
South model with search unemployment and examines the effects of a stronger intellectual
property right (IPR) and trade liberalization on unemployment in the North. Though it
includes three elements (growth, unemployment, and openness), it assumes homogeneous

A classic study of Aghion and Howitt (1994) also embeds search and matching labor market frictions
into a Schumpeterian growth model. They find an inverted U-shaped relationship between economic growth
and unemployment due to two counteracting forces.
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firms as in earlier studies, and thus cannot examine how trade liberalization influences
growth and welfare due to reallocation effects — the central theme of our paper.

Our paper is organized as follows. Section 2 presents our model. Section 3 analytically
examines the impact of trade liberalization on GDP and welfare with labor market frictions
being isolated. Section 4 numerically does so with varying the level of labor market frictions.
Concluding remarks appear in Section 5.

2. The Model

In this section, extending Ghironi and Melitz (2005) and Egger and Kreickemeier (2009),
we develop our dynamic trade model with firm heterogeneity and fair wages. The world
consists of n + 1 symmetric countries. Labor is the sole factor of production in inelastic
supply L for each country, and is immobile across countries. Throughout the paper we
simplify the notation by suppressing country (due to symmetry) and time indices when this
causes no confusion.

2.1. Final-goods Firms

Final-goods firms maximize their profits

PY = [ po@ande—n [ prlax@ide, ()
weN we
subject to the Blanchard and Giavazzi (2003) technology:

Y = (Mclr/ qD(w)gdldernMcl'/ qX(W)UUl)U_ : (2)
we wes

where w indexes varieties, Y is output, P its price, M the mass of available intermediate
goods, ¢; intermediate goods (i = D, X)), p; their price, 2 the set of varieties, and o > 1
the elasticity of substitution between varieties. From and , we find the household’s

demand for each variety w:
pi(w)\ 7Y
(W)= —= —. 3
w0 = ("50) 5 )

Thus, the price index is

1
1—0o

P= (M1 /w . pp(W)dw +nM ! /w . px(w)l"dw) : (4)

Following Egger and Kreickemeier (2009) and Felbermayr et al. (2011), we choose a final
good as our numéraire, so that P = 1 in what follows.



2.2. Intermediate-goods Firms and Fair Wages

Let € denote effort supplied, w the actual wage, and w’" the fair wage. Effort is denoted
in units such that € = 1 is normal effort. According to the fair wage-effort hypothesis, we
have € = min (w Jwt, 1); thus, unemployment occurs when w!” exceeds the market-clearing
wage.

Applying this idea, the production functions of intermediate-goods firms are

ap(e) = @elp(p), Tax(v) = pelx(p), (5)

where ¢ > 0 is firm productivity, [;(¢) labor, and 7 > 1 iceberg variable costs of trade,
whereby 7 units of each variety must be exported for one unit to arrive in the foreign
country. Subject to and the household’s demand , intermediate-goods firms maximize
their profits:

mp(@) + I(p)nmx(p) = pp(v)ap(p) — w(w)ip(e) — fp
+ 1(p)n [px(0)ax(¥) — w(p)lx(p) — fx],

where fp is a fixed production cost, fx is a fixed exporting cost, and () is an indicator
function that equals 1 if a firm exports and 0 otherwise. The resulting optimal pricing rules

o) = (527 ) L2, pator = v (27 ) L2 (6)

oc—1) e oc—1) e

Therefore, we have the following useful relations: px(¢) = 7pp(¥), ¢x(v) = 7 7qp(p),
and rx(¢) = 777rp(p) where r;(p) is firm revenue. With (), firm profits in each market
equal variable profits minus the relevant fixed cost:

molp) =20 f ) = D g )

As profit-maximizing firms have no incentive to pay less than w!’, we assume they pay

w?, implying € = 1 below. As in Egger and Kreickemeier (2009), we define w!" as a weighted
average of a firm-internal factor and a market forces factor; that is, firm productivity ¢ and
the average wage of employed workers w times the employment rate 1 — u:

w” () = "[(1 = wyw]'~, (8)

where 6 € [0, 1] is a fairness (or rent-sharing) parameter. If § = 0, all firms pay identical
wages, and if § = 1, the fair wage equals the marginal product of labor. In this sense,
higher # means the higher level of labor market frictions. As we saw in Table [l a pair (0,
7) determines the impact of trade liberalization on welfare. 6 thus is a critical parameter in
our analysis.

Summing up, the ratios of any two firm’s wage, revenue, and employment are:



w(pr) (ﬂ)e ri(pr) (ﬂy Li(er) (ﬁ)” ©
w(p2) w2) " Tilp2) p2) " lip2) ©2 7

where { = (0 — 1)(1 — 6) > 0. Therefore, if ¢ > 5, (9) says a more productive firm pays
higher wages and is bigger. For employment, however, this observation is untrue if £ < 6.

2.8. Productivity Cutoffs

There is a large pool of prospective entrants. Prior to entry, firms are identical. To enter,
they must pay a sunk entry cost of f.. Once f, is paid, a firm draws its productivity ¢ > 0
from a common distribution g(¢) that has a continuous cumulative distribution G(¢). Upon
entry with low ¢, a firm decides to exit and not to produce. If a firm produces, it then faces
a constant probability ¢ € (0,1) of a bad shock in every period.

For analytical inquiry, we assume a Pareto productivity distribution: G(p) = 1—¢* and
thus g() = ke~ 1) where we normalize the lower bound of the support of the productivity
distribution to one. k > 1 is the shape parameter; lower k means greater dispersion in .
Following the literature, we require k > o — 1 for the distribution of firm revenue to have a
finite mean. From profit functions (7)), we find a zero-profit cutoff (ZPC) productivity ¢},
and an exporting cutoff productivity ¢%:

m(¢p) =0 rp(ep) = ofp, T(ex) =0 rx(vx)=ofx.

Consequently, their relationship is ¢% = Tﬁ( fx/ fD)%wE and we assume fy > fp. The
ex post productivity distributions p; in the domestic and export markets are, Vo > ¢,

= 2= (2) o= =5 (5)

where 1 — G(p7,) is the probability of successful entry. As a result, the probability of
exporting x is

ks

X

2854 5)

fp
2.4. Aggregation and Firm Dynamics

Let Mp, denote the mass of producing firms, and Mx; = xMp the mass of exporting
firms. Thus, the total mass of firms M, is given by M; = Mp,(1 + ny). Following Egger
and Kreickemeier (2009) and Felbermayr et al. (2011), we define overall weighted average
productivity @, so that ¢(@;) = Y;/M;. The household’s demand then implies pp (@) = 1
as P = 1. From the price index (4)), we find



1 o o g
< / ¢ up(p)dp +nyr'™? / sofux(so)ds@>
)

* *
Dt PX,t

[ (]

where we assume k£ > £. Note that ¢, itself is a weighted average of weighted-average
productivities in the domestic and export markets:

Pps = / Puplp)de | =|—5) ¥be $xi= / Pux()de | =(—) ¢k
Xt

Dt

:§z
I
7N
—_
1|~
3
o2
N——
m

(10)

Using optimal pricing rule @, we derive the wage:

w@) = (74 ) o (12)

Moreover, note that w! (p;) = w(@;) due to the fair wage-effort mechanism. Defining
average wage w; = w;(@;) and using (§), we get

ut:1—<"_1>lfa. (13)

g

Thus, we can immediately see u; = 0 if § = 0 and u; = 1 if & = 1. In this sense, 6
represents the level of labor market frictions.
Average profit 7, can be calculated as follows:

1 > -
=17 ( / Tp()Mp pp(@)de + n / Wx,t(sﬁ)Mx,tux(w)de?)
Dt ©

Dyt Pt (14)
§fp ) [ (fx)]
(k: —¢ 7o
Now, notice that 7p(@;) = ¢p(@;). From (9) and (10)), we find
. ko 1+n
ap(B) = /o X(fx/fo)
k—¢& 1+nx
Thus, we get the link between Y; and Mp,:
Y: = qp(pe) My = qMp, (15)

where ¢ = qp(P¢)(1+nx). Next, inserting into the expression for aggregate employment
7



o0

(1 —u)L = / " (@) Mpin () 4+ n / L (0) M apix () (16)

* *
Dt Px .t

after some algebra, we obtain the relationship between ¢, and Mp ;:

)

_ N
1+ nfoef? (f—X) Mpy,
)

(17)

o () () ()

T Ik—c+0) \o—1 k¢ 1+ ny

and, using , we find a link between ¢}, , and Mp,:

@*D,t:ZMD,t,
re oo (o Oy (N e ()
Ikt \o—1 k¢ 1+ nx X fo '

(18)

where we assume the constant population L to keep the dynamic analysis simple.

Finally, we assume that entrants at time ¢ only start producing at time ¢t + 1. Thus, as
in Ghironi and Melitz (2005), there is a one-period time-to-build lag in our model. Under
this assumption, the number of firms producing during period ¢ is

Mpy=(1—0)(Mpy—1+[1—G(h1)Mpi1) = (1 —0)(Mpy1+ 5, 1 Mpe1), (19)

where Mp ;1 is the mass of entrantsﬁ Therefore, at time t + 1, Mpy1 = (1 — ) (Mps +
QD*D_,]CME,t) firms will produce. Entry occurs until the average firm value v; equals the sunk
entry cost; that is, the free entry condition (FEC)

Uy = f67 (20)
holds so long as Mg, > 0.

2.5. Financial Markets and Dynamic Optimization

The representative household maximizes its intertemporal utility from consumption Cj:

[e.o]

> B, (21)

s=t

SEq. differs from that of Ghironi and Melitz (2005) as we endogenize ¢7, ;.
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where 3 € (0,1) is the discount factor. The household has only one type of asset: shares in
a mutual fund of domestic firms xtﬂ The mutual fund pays a total profit in each period. It
equals the average total profit of all firms producing in that period. The household enters
at period ¢ with mutual fund share holdings z; and, during period ¢, it buys z;,, shares in a
mutual fund of Mp,+ Mg, firms; that is, firms already operating at ¢t and the new entrantsﬁ
Thus, the household receives dividend income on mutual fund share holdings 7, Mp ;x;, the
value of selling its initial share position v;Mp ;z;, and labor income w;(1 —u;) L. This means
that the period budget constraint is given by

MD’txt(ﬁt -+ 'Ut) + U_)t(l - 'l,bt)L = Ct + Ut(MD,t —+ ME,t)xtJrl. (22)

Maximizing household’s intertemporal utility subject to , we obtain the first-
order condition for mutual fund share holdings:

Uy = B(Tes1 + V1) ’ : (23)

The transversality condition to be met is lim; o [* N0y Mg ;24+1] = 0 where ), represents
a marginal benefit from share holdings. Aggregating the budget constraint across
households and imposing the equilibrium conditions under financial autarky x;.1 = 2, = 1,
we get the aggregate accounting equation:

Mp 7y — Mg v + 0 (1 —w) L = Cy, (24)

where the term Mpg v, represents the cost or value of investing in new firms. Now, by
definition, we have

mMpy =Y, —w(1 —w)L — Mpfp —nMxfx. (25)

Combining with and using FEC , we finally get the expression that equates
the demand and supply of final goods:

fx
IE

GDP thus defined, unlike BRN and its subsequent research, we can analyze the response
of "true” GDP to trade liberalization (i.e., level effects). Taking stock, the main equilibrium
conditions constitute our dynamic system of ten equations , , , , , ,
(119), (20), (23), and in ten endogenous variables: w;, us, T, Y , @1, by Mpy, Mey,
vy, and Ch.

Y, =C, + (1 +nx ) foMp,+ Mg, fe. (26)

It is possible to include the other asset (domestic risk-free bonds) as in Ghironi and Melitz (2005).
We omit bonds to, again, just develop intuitions and simplify our analysis. Including bonds yields nothing
interesting in our model.

8Note that households do not know which firm will be hit by 6 at the end of period ¢.



3. Trade Liberalization

Having derived equilibrium conditions, we analytically examine the impact of trade lib-
eralization, or decreases in trade costs 7, on economic growth and welfare with labor market
frictions # being isolated for a time. As the derivation of the steady-state equilibrium and
its stability analysis are somewhat involved, they are relegated to the Appendix A.

In what follows, we assume fx = fp = f to keep things simple and clear. Under this
assumption, the steady-state value of Y is (see Eq. )

Y(7,0) = q(r.0) Z(r,0)" ((1%5) T(7,60) — 1])'1“, q(r,0) = (:‘iff) (1 + nr*) 7

(.

=Mp (7_79)
0—1

 kof o\ [/ k \E o
Z(T,@):L(k_€+9) (0_1) (—k—g) (1—|—n7' >,and

I(7.0) = 51 [7(0) + 1] = 0(6) (14 077%) + 5. where w(0) =

> 0.

(27)

Differentiating Y (7, #) with respect to 7, we can decompose the impact of trade liberal-
ization on GDP into three terms:

oY (r,0)/0r _ 0q(1,0)/0r 0Z(r,0)/0r OT(7.0)/07 - 0 (28)
Y(r,0)  q(r,0) o Z(n0) k[(r,0)—1] =
) ) )

The first term captures a trade-induced rise in average productivity ¢ that leads to
an increase in GDP due to increases in output per firm ¢; the second captures a trade-
induced rise in average productivity that leads to a decrease in GDP due to a reduction
in the mass of producing firms Mp; and the third captures a trade-induced rise in average
profit 7 that leads to an increase in GDP due to an increase in the mass of entrants Mg
in anticipation of a larger profit. These three forces being in conflict with each other, trade
liberalization has positive, negative, or no effect on GDP. Eq. thus firmly validates
our claim that just assuming a one-to-one correspondence between growth and the number
of firms without defining GDP — the approach of previous studies — is utterly misleading;
they miss important channels we highlight here.

We go over the consequence of trade liberalization by focusing on the degree of openness.
To this end, let us make more explicit:

10



— — 20e9(0) S F(r.0),
(*)

A

Ve

N | J D R G|
N (Lrnr) (@0 (7757 = 1) + (1 =0) (L+0r )|

To understand what this relation means, focus on the term with (x):

_ ey -1
k(T% —1) —9(1+n7ﬁ> §O<:>k<7'% —1) (1—1—717%) ;9.
Now, define 7 that equates the left-hand side with the right-hand side. Then we have
F(7,0) 20« 7 2 7. Thus, when 7 < 7, the sum of the first and third term dominates the
second term in (28)), resulting in 9Y (7, 6)/97 < 0. Put differently, in a more open economy,

trade liberalization leads to an increase in GDP. When 7 < 7 (less open) and ¢ < F,
however, it leads to a decrease in GDP. Our analytical finding can be summarized as follows:

Proposition 1. Due to three conflicting forces, trade liberalization spurs on economic growth

in a sufficiently open economy, while it may slow down economic growth in a less open
economy.

Next, we analyze how welfare U/ = InC' responds to trade liberalization. As shown in
Appendix A (see Eq. (A.3))), consumption is given by

el

5
:M;),(T,G)
A(r,0) = q<7 0) — f(1+ m*%) A(T,0) — £[0(7,0) — 1] = v(0)(1 + n710) + f.(1 — B),

Differentiating U(, §) with respect to 7, we can decompose the impact of trade liberal-
ization on welfare into four terms:

) = (A7)~ L0 0) = 1) 2 0)” ((5°) o) - ) ;

> 0.

oUu(r,0) oC(r,0)/0r OA(T,0)/0T _0f(I(r,0) —1)/0r
or  C(r,0) AT, 0) = f(U(7,0) = 1) A(7,0) — fevF(T, 0)—1)
=) =)
(29)
B 0Z(r,0)/0T N or'(r,0)/0r >




Compared with , the additional channel is represented by the second term. As it is
household that decides the optimal level of C(7,0), it captures the effect of its intertemporal
optimal consumption choice that has never been examined before in the literature. This new
channel is thus of critical importance to understand the welfare effects of trade liberalization.
Specifically, it captures a trade-induced rise in expected dividend 7 that leads to a decrease
in consumption as a household saves more and consumes less today. Therefore, just like
Y (7,0) but with one new channel, trade liberalization has an ambiguous impact on welfare
U(T,0). Our analytical finding can be summarized as follows:

Proposition 2. Due to four conflicting forces, trade liberalization improves, deteriorates,
or has no impact on welfare.

Next, as above, we make more explicit:
OU(T, 0
—(gT ) Z0< v(d)p(d) = H(r,b),

H(r.0) [(v(0)k — (0)f)T () — [6(v(0) — ¢(0)fe) — P(6) fe(k — DIN(7,6) + fe(k + 0)(1 — B)]
’ (1 =B N7 0) [(1+ k)T (7) + (1 — )N (7, 0)] ’

—k

where T(7) = 77- 5 — 1 and N(1,0) =1+ nri=0. Therefore, if the numerator of H(r,6) is
negative, we have OU(1,0)/0T < 0: trade liberalization improves welfare. In contrast, if the
numerator is positive and v(0)y(6) < H(r, ), we have oU(7,0)/0T > 0: trade liberalization
deteriorates welfare. Thus, there exists a threshold at which its effect on welfare is reversed;
the relationship between 7 and U(7, ) is either U-shaped or inverted U-shaped. Unlike
Y (7,0), however, we cannot analytically identify which is true. For that purpose, and to
capture how labor market frictions affect our analysis so far, we will resort to numerical
simulation in the next section.

4. Trade Liberalization and Labor Market Frictions

Up to this point, we have not analyzed how labor market frictions interact with trade
liberalization. As we show in and , the level of @ clearly changes the response of
Y (7,0) and U(T, 8) to trade liberalization, since three (or four) decomposed terms all depend
on #. In particular, note from that average profit 7 is decreasing in #: when @ is lower,
a household anticipates higher dividend and consumes less, and vice versa. As such, via
changes in a household’s intertemporal optimal consumption choice according to the level
of 0, the impact of trade liberalization on welfare will alter much when 6 is at work.

Though our analysis thus far has been analytical and we can keep going, the resulting
expressions will be too involved to interpret. Therefore, to develop better intuition for our
results, we now simulate our model. Our parameterization is based on Ghironi and Melitz
(2005) and Felbermayr et al. (2011): o = 3.8, k = 3.4, fx = fp = 1.77, f. = 39.57,

12



0 = 0.0097, and = O.99E| Following Bernard et al. (2007), we choose L = 1,000. For n,
we think of OECD and assume n = 36[17 Panel (a) of Fig. [2] shows the responses of Y (7, 6)
to trade liberalization in a baseline case (6 = 0), a case with the lower level of labor market
frictions (6 = 0.20), and a case with the higher level of labor market frictions (6 = 0.70).
Panel (b) does the same for U(7,#). Panel (c) illustrates whether the condition for saddle-
path stability I'(1 — §) — 1 > 0 is met. (See the Appendix A for details.) As we can see,
higher # makes it more difficult to satisfy the stability condition. Thus, when we examine
panels (a) and (b), we must focus on an area where I'(1 — ) > 1 is satisfied.

(a) (b) (¢)
— (= 0.00 9.2 e () = 0000
—_— = 0.20 —_—=0.20

— = (.70 — ) = .70

12000
10000
8000
6000

4000 8r

2000 ¥ o
7.6L

Figure 2: The impact of trade liberalization on GDP (a), welfare (b), and dynamic stability (c).

In panel (a), we find that trade liberalization leads to increasesin GDP for 6 € [0,0.20,0.70].

In light of , this means that the sum of the first term and the third dominates the second
for assumed parameter values. The main point here is that higher 6 considerably weakens
the beneficial impact of trade liberalization; for example, in the baseline case of 6 = 0,
moving from 7 = 2 to 7 = 1 has a huge impact on GDP. But when # = 0.70, it has a much
smaller effect. Therefore, policymakers must recognize that the impact of trade liberaliza-
tion on economic growth is quite limited when the level of labor market frictions is high.
At the same time, it can be a strong policy tool to spur on economic growth when labor
markets are frictionless (0 = 0) .

9We can relax the assumption of fx = fp = f by, for example, choosing fx = 3.01 as in Felbermayr et
al. (2011). That option, however, makes it difficult to interpret the numerical results since and
are derived under that assumption. Moreover, our qualitative results remain unchanged even if we allow fx
to be higher than fp. Thus, we continue to assume fx = fp = f to facilitate our exposition.

10This should not be viewed as a formal calibration that can be compared quantitatively to facts about a
particular economy; the point is to show qualitatively what the responses of Y (7,0) and U(r, 0) look like.
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Next, Panel (b) shows the responses of U(7, #) to trade liberalization for 6 € [0, 0.20, 0.70].
In a frictionless limit (§ = 0), it delivers a welfare gain. When 6 is low (0 = 0.20), we see
a U-shaped relation; trade liberalization in a less open economy deteriorates welfare, while
in a sufficiently open economy, it delivers a welfare gain. The initial reduction in U(7, ) is
due to the second term in ; when 6 is low and a household anticipates higher dividend,
trade liberalization encourages it to save more and consume less. Above a threshold, this
effect being relatively mitigated, trade liberalization induces a household to consume more,
thereby generating a U-shaped pattern. Thus, in this scenario, a less open economy cannot
jointly raise long-run growth and welfare.

Finally, when 6 is high (0 = 0.70), we see an inverted U-shaped relation; trade liberaliza-
tion in a less open economy improves welfare, while in a sufficiently open economy, it delivers
a welfare loss. This is again due to a household’s intertemporal optimal choice: when 6 is
high and a household anticipates lower dividend, the effect of the second term in is little
and trade liberalization encourages it to consume more. Above a threshold, this effect being
relatively magnified, a household consumes less in response to trade liberalization, thereby
generating an inverted U-shaped pattern. As such, when 6 is high, a more open economy
fail to jointly raise long-run growth and welfare.

The findings of this section can be summarized as follows:

Proposition 3. For assumed parameter values, regardless of the level of labor market fric-
tions, trade liberalization leads to increases in GDP. When their level is lower, it delivers a
welfare loss for a less open economy, and a welfare gain for a sufficiently open economy. In
contrast, when their level is higher, it delivers a welfare gain for a less open economy, and
a welfare loss for a sufficiently open economy.

5. Concluding Remarks

Can trade liberalization jointly raise long-run growth and welfare? To answer this ques-
tion, we have developed a tractable dynamic trade model with firm heterogeneity and fair
wages. In sharp contrast to standard Melitz (2003) models with endogenous growth, we
do not assume ad hoc knowledge spillover. Defining GDP that is consistent with official
statistics, we study the impact of trade liberalization on economic growth and welfare. In
the baseline case where labor market frictions are in isolation, we have analytically shown
that trade liberalization may lead to lower growth due to three forces and deliver a welfare
loss due to four forces.

We then simulate our model to demonstrate that there is a critical interaction between
economic growth, welfare, openness, and the level of labor market frictions. For example,
in a less open economy with the lower level of labor market frictions, trade liberalization
delivers a welfare loss. This is also the case in a more open economy with the higher level of
labor market frictions. Therefore, the answer to our question critically hinges on the degree
of openness and how frictional labor markets are.
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Appendix A. Steady State and Stability Analysis

In this Appendix, we derive key steady state solutions and discuss the dynamic stability
of our model by constructing a phase diagram. First, using Egs. (15), (18), (19), and (26),
we get the following dynamic relation:

A 1—946
Mpr=1-0)(1+——— ) Mp; — ———C}, Al
D1 = )( fe<ZMD,t>k> P r(ZMp )t (A1)

where A = ¢ — fp[l + nx(fx/fp)]. To find loci, let us define the changes in the mass of
producing firms AMp,; = Mp 41 — Mp,. Substituting (A.1)) into AMp, and rearranging,
we have

5
AMp, ; 0& C, S AMp, — f2" (ﬁ) My, (A.2)

Next, inserting ((14)) and (20]) into ( . ), using and , and defining the changes in
consumption AC; = Ct+1 C’t, we find
[(1—6)— (ZMp,)*
1—9¢
where I' = 8f, (7 + f.). For our purpose, it is useful to calculate the threshold value M,
as follows:

AC, E 0 Mp it } ; Mp [1 — (ZMD,t)k} ;

(1 — )
T(1—6)— (ZMpy)* > 0 < Mp, < % =M,.

We then have

ZM

ACt—0<:>MDt+1Z (1—5) [ ( 5)( <§‘;\2Dt)k:| MDﬂg, for MD,t€(07MD);
ZM

AC, 204 Mpyy S (1-6) { e )( (ZD;\)IDt)k} Mp,, for M, < Mp,.

Inserting (|A.1)) into these, they become

I —-9)-
I(1-9) - (ZMDt)
I —-9)-
I(1-9) - (ZMDt)
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AC, 20 C S AMpy + foZ" MY { } , for Mp; € (0, Mp),

ACt z 0< C z AMD,t + erkMgﬁl [ } , for MD < MD,t-



Therefore, at the intersection of the AMp,; = 0 locus and the AC; = 0 locus, we can
derive their steady-state values:

Mp =21 {(1—5){5@—1)}3@’ C=2z"1 {(1_5>§F_1)r[A—fe(r—l)]. (A.3)

where we assume (1 —0)(I' = 1) >0 < ' > 1 for Mp > 0 and A — f(I' = 1) > 0 for
C > 0. Putting above information on steady state dynamics together, we can construct phase
diagrams as shown in Figs. and Fig. considers the case where I'(1—9) > 1. In
this case, Mp, and C}; move along the saddle path toward their steady-state values, hence
establishing saddle-path stability. In contrast, when I'(1 — ) < 1, we can see an unstable
spiral out away from the steady state. Therefore, in this case, the steady state is globally
unstable. Given limy_,; ['(1 — ) = (1 — ) < 1, the steady state tends to be globally
unstable as the level of labor market frictions gets higher. As such, if not a sole parameter,
6 strictly governs the dynamic stability of our model.
We complete this Appendix by providing the steady-state solution for Y:

Y = qMp = qZ {(1 — 5)5(F — 1)} " (A.4)

Those for the rest are obvious and thus omitted.

C, AC,= 0

AC,= 0

Figure A.3: The saddle-path stable case.
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Figure A.4: The globally unstable case.
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