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Abstract

To study the long-run growth and welfare effects of both symmetric and asymmetric trade liberaliza-
tion, we extend Baldwin and Robert-Nicoud (2008) to allow for asymmetric countries. We obtain four
main results. First, the dynamic effect strictly dominates the static effect on expenditure if and only if
the knowledge sector is active. Second, under a generalized Coe-Helpman specification, unilateral trade
liberalization can raise the balanced growth rate. Third, in the symmetric country case, we derive ex-
tended autarkiness ratio formulas for long-run growth and welfare. Fourth, growth-enhancing unilateral
trade liberalization is not sufficient for higher long-run welfare for at most one country.
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1 Introduction

The idea of the Melitz (2003) model is that trade liberalization causes selection of heterogeneous firms. Bald-
win and Robert-Nicoud (2008) (henceforth BRN) first study the implication of the liberalization-induced
firm selection for long-run growth with two symmetric countries. They find that trade liberalization may
either raise or lower long-run growth, depending on whether its positive effect through the increased inter-
national knowledge spillovers (which they call ”the px-channel”) is larger or smaller than its negative effect
through the increased expected fixed costs due to tougher selection (which they call ”the ®-channel”). Under
their Grossman-Helpman and Coe-Helpman specifications for R&D technologies, the pg-channel is weaker
than the k-channel, so that trade liberalization slows down long-run growth; the opposite occurs under their
efficiency-linked knowledge spillovers, reverse engineering, and lab-equipment specifications.

Ourens (2016) points out that BRN’s welfare calculations contain some errors. After correcting them and
decomposing the total long-run welfare effect of trade liberalization into ”the static effect on expenditure”,
”the static effect on the price index”, and ”the dynamic effect”, he finds that the static effect on expenditure
is negative if and only if the dynamic effect is positive (his implication (d) and Result 1), and that the former
can outweigh the latter (his implication (e) and Result 2). Even if the static effect on the price index is
always positive (his implication (a)), the total long-run welfare effect of trade liberalization depends on the
sign of the sum of the static effect on expenditure and the dynamic effect.

To study the long-run growth and welfare effects of both symmetric and asymmetric trade liberalization,
we extend the BRN model to allow for asymmetric countries. Considering asymmetric countries is practically
important because: ”(t)rade costs also vary widely across countries. On average, developing countries have
significantly larger trade costs, by a factor of two or more in some important categories.” (Anderson and van
Wincoop, 2004, p. 747) We need to endogenize two new variables that were absent under symmetry: the
relative wage and the relative number of domestic varieties. The former is determined from either country’s
zero balance of trade condition, whereas the latter is determined from the balanced growth condition.

The first result is a correction of Ourens’ implication (e) and Result 2: the dynamic effect strictly
dominates the static effect on expenditure if and only if the knowledge sector is active. As mentioned
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by BRN (based on wrong derivations though) and Sampson (2016), the equilibrium balanced growth rate
is lower than the optimal one due to positive externalities from knowledge spillovers. Since a rise in the
equilibrium balanced growth rate reallocates resources toward the optimal allocation, the long-run welfare
rises even if the expenditure decreases. A corollary of this result is that, in the symmetric country case,
bilateral trade liberalization raises the long-run welfare if it raises the balanced growth rate. This sharpens
Ourens’ welfare implications.

We obtain more results (see the paragraphs after the proofs of propositions for intuitions and implica-
tions). Second, under a generalized Coe-Helpman specification of the asymmetric BRN model, where the
degree of international knowledge spillovers for country j is nondecreasing in country k’s fraction of exporters
in its domestic surviving firms with elasticity ¢, unilateral trade liberalization raises the balanced growth
rate if ¢ is sufficiently large. Third, in the symmetric country case, we derive the extended autarkiness
ratio formulas of Arkolakis, Costinot, and Rodriguez-Clare (2012) (henceforth ACR) for long-run growth
and welfare. Fourth, in the general case, even if unilateral trade liberalization raises the balanced growth
rate, it is not sufficient for higher long-run welfare for at most one country.

This paper contributes to the growing literature on the welfare effects of trade liberalization in heteroge-
neous firm trade models with nonendogenous (e.g., Atkeson and Burstein, 2010; Buera and Oberfield, 2016),
semiendogenous (e.g., Gustafsson and Segerstrom, 2010), or endogenous growth (e.g., Dinopoulos and Unel,
2011; Alvarez et al., 2014; Perla et al., 2015; Sampson, 2016), mostly assuming symmetric countries. In
a model with two competing modes of innovation, process innovation (raising productivity) and product
innovation (increasing variety), Atkeson and Burstein (2010) demonstrate that the positive welfare effects
of trade liberalization through reallocations are largely offset by decreased product innovation in a steady
state. Similar welfare implications arise even in an endogenous growth model of Perla et al. (2015) with
both costly technology adoption and endogenous variety. Based on a continuum-good Ricardian framework,
Alvarez et al. (2014) and Buera and Oberfield (2016) study the effects of trade liberalization on technology
diffusion and welfare with symmetric countries or small versus large countries. Since they assume away
dynamic optimization and thus use the static utility as a welfare measure, they might underestimate the
long-run welfare effects of trade liberalization. Gustafsson and Segerstrom (2010) present a semiendoge-
nous growth version of the BRN model. Focusing on the Grossman-Helpman specification for international
knowledge spillovers, they find that trade liberalization raises the path of per capita real consumption if the
elasticity of R&D productivity with respect to knowledge is sufficiently small. This is because the positive
static effect from selection outweighs the negative dynamic effect from slower variety growth. Due to the
semiendogenous growth setting, trade liberalization can affect growth only in the short run, but not in the
long run. Dinopoulos and Unel (2011) and Sampson (2016) are most related to this paper: using different
Melitz-based endogenous growth models, they derive a similar tradeoff between the dynamic effect and the
static effect on expenditure to Ourens (2016). Sampson (2016, Proposition 3) even shows that the direct
effect of growth on welfare is always stronger than its indirect effect decreasing the initial consumption, and
that trade liberalization always raises welfare through faster growth as well as static reallocations. This
paper is different from Sampson (2016) in that trade liberalization can either raise or lower growth and
welfare in the symmetric country case of our model. More importantly, we allow for two asymmetric large
countries in a Melitz-based endogenous growth model, and analytically examine the long-run growth and
welfare effects of unilateral trade liberalization.

Section 2 derives a general long-run welfare formula. Section 3 examines the effects of trade liberalization.
Section 4 concludes. Details of model setup and derivations are given in Appendix.

2 General long-run welfare formula of the asymmetric BRN model

Appendix shows that the long-run welfare of country j(= 1,2) in the asymmetric BRN model is given by:
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where p is the subjective discount rate, U; is the long-run welfare, E7 is the expenditure, P} is the price
index, 77 is the growth rate of the number of domestic varieties, o(> 1) is the elasticity of substitution
between any two varieties, pf* is: 7an ’intensive form’ 7 (BRN, 2008, p. 25) of the price of the knowledge
good PjK, Fj is: "the expected units of knowledge required to get a "winner.” ” (BRN, 2008, p. 25), wj is the
wage rate (with wj = 1), L, is the supply of labor, § is the death rate of manufacturing firms (e.g., Melitz,
2003; Ourens, 2016), and a superscript asterisk represents a balanced growth path (BGP). The exact form
of P* is omitted because it is irrelevant to our welfare analysis. Egs. (1), (2), and (3) are the same as Eqgs.
(22), (19), and (20) of Ourens (2016), respectively, except that w} is now endogenously determined and can
be different from unity. L N

Totally differentiating Eq. (1) gives pdU; = E; — P/ +(1/p)[1/(0—1)]dv;, where E} = dIn E} = dE} /E;.
Ourens (2016) calls the long-run welfare effects of bilateral trade liberalization coming from the first, second,
and third terms of this expression ”the static effect on expenditure”, ”the static effect on the price index”,
and ”the dynamic effect”, respectively.! He also points out that, from Eqs. (2), (3), and wj =1, the static
effect on expenditure always moves in the opposite direction of the dynamic effect (his implication (d) and
Result 1), and that the former can be greater than the latter (his implication (e) and Result 2). The following
proposition shows that the last statement is impossible:

Proposition 1 In the asymmetric BRN model including the symmetric country case of Ourens (2016),
the dynamic effect always weakly dominates the static effect on expenditure. Moreover, the former strictly
dominates the latter if and only if the knowledge sector is active.

Proof. On a BGP: 7f =45 =7, Eq. (3) is rewritten as w}L;/(pf*%}) + p = o(p+ 6 + %), or pi*&; =

wiLj/[o(p+0+7*)—pl, where pf*R} > 0 < o(p+6+7*)—p > 0= p+6-+~* > 0. Using these expressions,
Eq. (2) is rewritten as B} = w*L J(p +5+~")/[o(p+ 6+ ~*) — p]. Using this, pdU; is rewritten as:
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where (> o — 1 > 0) is the shape parameter of the Pareto distribution for the unit labor requirement of
firms: Gj(a) = (a/ajo)?, afy is the cutoff unit labor requirement of source country j in destination country

k(j,k = 1,2), Aj;(€ [0,1]) is the revenue share of varieties country j sells to country k, and @] — ﬁj* =

—(1+p)aj; = —[(1+ 6)/9]3:% is proved in Appendix. In the definition of I'*, the sum of the first and second
terms shows the static effect on expenditure, which is negative, whereas the third positive term represents
the dynamic effect. Considering the market-clearing condition for the knowledge good Qf =FR;n;(y+9),
where Qf( is the supply of the knowledge good, and n;j is the number of varieties country j sells to country
k,wehave [*" >0 i+1*>0< Qf > 0, with strict inequality if and only if Qf >0. m

Suppose, in contrast to our claim, that the dynamic effect were strictly dominated by the static effect
on expenditure, so that I'* < 0 < ¢ +~v* < 0. The latter would mean that the number of domestic varieties
(including the replacement of exiting firms) would decrease over time. This would be possible only if QJK <0,
which would contradict with the nonnegativity of Qf , a natural constraint in economics.

Eq. (4) provides a general long-run welfare formula, which is applicable to both symmetric and asymmet-
ric country cases: country j’s long-run welfare is nondecreasing in the balanced growth rate and increasing
in its real wage, which is decreasing in its autarkiness ratio (i.e., domestic revenue and expenditure share)
as shown by ACR. Since Ourens (2016) reveals that bilateral trade liberalization partly raises the long-run
welfare through the static effect on the price index, and raises the balanced growth rate under three of the five
specifications for R&D technologies by BRN, the total long-run welfare effect of bilateral trade liberalization
in the symmetric BRN model is summarized as follows:

I'BRN (2008, p. 32) wrongly derive U; = (E5/(p+~7)](1/P}) (assuming that § = 0), where E¥/(p + ;) and 1/P} capture
”the dynamic welfare aspects” and ”the static aspects”, respectively. Their Result 2 states that: ”(t)he static welfare effect
of greater openness is always positive”. By extending the meaning of the word ”static” to include the expenditure, Ourens
(2016, Result 1) states that: ”(t)he static welfare effect of greater openness is not necessarily positive.” The difference in their
statements is simply due to the difference in the definition of the term ”static”.



Corollary 1 In the symmetric BRN model, bilateral trade liberalization raises the long-run welfare under
efficiency-linked knowledge spillovers, reverse engineering, and lab-equipment specifications by BRN. The
total long-run welfare effect is ambiguous under their Grossman-Helpman and Coe-Helpman specifications.

3 Long-run growth and welfare effects of trade liberalization

3.1 Long-run growth effect of unilateral trade liberalization

Appendix provides a complete long-run analysis of the asymmetric BRN model under a generalized Coe-
Helpman specification for R&D technologies:

af (nyz,nix) = 1/(njj + bymie); 5 = 05 (Grlany)/Gr(ank)® = (anj /arr)™;¢; € [0,1],6 > 0,
where aJK is the unit labor requirement of the representative R&D firm in country j, and ng is the
degree of international knowledge spillovers for country j, which is nondecreasing in Gi(ax;)/Gr(akk): ”the
fraction of foreign varieties that are imported” (BRN, 2008, p. 29), with elasticity . This encompasses
BRN’s Grossman-Helpman (¢ = 0) and Coe-Helpman specifications (¢ = 1) as special cases.

In addition to doubling the number of endogenous variables, the asymmetric BRN model has two more
variables: the relative wage of country 1 to country 2 wi, and the relative number of domestic varieties of
country 1 to country 2 x = ni11/n2s. They additionally affect countries’ growth rates through both ”the
®j-channel” and "the ajll(—chzmnel”.2 wj is determined from country 1’s zero balance of trade condition,
whereas x* is determined from the balanced growth condition. The following proposition states the long-run
growth effect of unilateral trade liberalization:

Proposition 2 Under a generalized Coe-Helpman specification of the asymmetric BRN model, unilateral
trade liberalization raises the balanced growth rate if € is sufficiently large.

Proof. Appendix shows that, after endogenizing all cutoffs and w7, dy{ and dv; are given by:

dy; = (1/0)[L2/(af R3){1/[(c — VB }-DiR* + 0(c — 1)(I{721 + Ji F12)), (5)
dy; = (1/0)[La/(af"R3)|{1/[(c — VB D3R + 0(0 — 1) (13712 + J3721)]; (6)
B* = 200 — (1 = Ay — A3y) +eB(a] +a3)(o —1) >0,

af = (1 /x)/ L+ 05 /x7) €10, 1), 05 = P3x*/(L+ P3x7) € [0, 1,
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J; = NglBo — Ay +eBaj(o — 1)] — eaj[Bo + N}y, + efaj (o — 1)), k # j,

where 7;,(> 1) is the iceberg trade cost factor of delivering one unit of a variety from country j to

country k, and 5; > 0Vj is assumed to ensure local stability around a BGP. Substituting Egs. (5) and (6)
into dvy; = dv3 to solve for X*, and substituting the result back into Eq. (6), we obtain:

X" = [0(0 — 1)/ D*[(If — J3)7o1 — (I5 — J§)712); D* = D} + D > 0, (7)
dy* = (1/0)[La/(al " 73)|[0/(B* D*)[(D3 I} + DiJ3 )71 + (D I3 + D3Jy )71 (8)

Eq. (8) shows that 0v*/0In7y; < 0 < 5;[; + 53&]; < 0, which is true if ¢ is sufficiently large. ®

2Using pi = n11P1K = wi1al(1,1/x) and p = nawPX = af(1,x), pf/wj in Eq. (3) is rewritten as pf< /w1 = af(1,1/x)
and pX /we = aX (1, x). This is why we use the term "the af—channel” instead of ”the py-channel” (BRN, 2008, p. 27).



In Egs. (5) and (6), I; and J; summarize the direct effects of changes in 74; and 7jy, respectively, on
7;. Suppose that country 1 unilaterally liberalizes its imports, that is, 79 falls. This encourages country
2’s exports (i.e., increases a3;) and induces more domestic selection (i.e., decreases as,). Since this tends to
create country 1’s trade deficit, w} should fall for its balance of trade to go back to zero. This causes more
exports (i.e., increases aj,) and more domestic selection (i.e., decreases af;) for the liberalizing country 1.
The decrease in a3, is bad for country 2’s growth through the ¥j;-channel (i.e., the first term of J3), but
is good for country 1’s growth through the aJK -channel by increasing the degree of international knowledge
spillovers for country 1 (i.e., the second term of I7). Similarly, the decrease in af; partly lowers country 1’s
growth (i.e., the first term of I7), but partly raises country 2’s growth (i.e., the second term of J5). If € is so
large that the positive growth effects of a fall in 751 through the the af -channels are dominant, the balanced
growth rate rises.

3.2 Bilateral trade liberalization in the symmetric country case

In the symmetric country case, we obtain sharper results:

Proposition 3 Under a generalized Coe-Helpman specification of the symmetric BRN model, bilateral trade
liberalization raises the balanced growth rate if and only if € > X5, /as. The long-run welfare necessarily rises
in this case.

Proof. Appendix shows that, in the symmetric country case where 712 = 721, Eq. (8) reduces to:

d'y*/?ﬂl?lz:?zl = {[ (p +0+ 7 ]/U}[()‘Ql Ea;)/)‘zl]}:§2/?21|?12:?21;/):32/?2”?12:‘?21 = GASI > 0. (9)

Eq. (9) shows that dy*/Ta1|s,=m, <0< e > A5 /aj. Substituting Eq. (9) into Eq. (4) gives:
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Eq. (10) implies that pdU;/Ta1|s,=5, <0<=¢e> A5 /a5 =

Eq. (9) is the ACR formula for the balanced growth rate: a decrease in a country’s autarkiness ratio
due to bilateral trade liberalization is associated with a rise in the balanced growth rate if and only if
e > A5, /a3. BRN demonstrate that bilateral trade liberalization lowers the balanced growth rate under
both their Grossman-Helpman (¢ = 0) and Coe-Helpman specifications (¢ = 1). However, bilateral trade
liberalization can raise the balanced growth rate under a generalized Coe-Helpman specification.

Eq. (10) is the ACR formula for the long-run welfare. Compared with the static Melitz model, where
only the first term in the square brackets is present, the symmetric BRN model adds the second term, which
either reinforces or counteracts the first term depending on whether e > A3, /a3 or not.

3.3 Unilateral trade liberalization in the general case
In the general asymmetric country case, we have another interesting result for the long-run welfare:

Proposition 4 Under a generalized Coe-Helpman specification of the asymmetric BRN model, even if uni-
lateral trade liberalization raises the balanced growth rate, it is not sufficient for higher long-run welfare for
at most one country.

Proof. Suppose that EZI]* + EJ* Ji <04 0v*/0InT; < 0, implying that a fall in 74; raises v*. Its effects

on countries’ real wages can be seen from w; — P = —(1 + 3)aj;, where (see Appendix for derivations):

af) = {No/ll0 = DB IHlo(af +a3) + 1 - af — a3]x”
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a3 = {\51/[(c = DB H~[o(a} +ab) + 1 — af — a3]X"
+ (0 = D{[Bo + Al +eBas (o — 1|71z + [Bo — Ay +efaz(o — 1)1 }}. (12)



Egs. (11) and (12) show that a fall in 73; directly decreases both af; and a},. However, it indirectly
increases either aj; or as,, depending on the sign of 91n x*/9Inx; from Eq. (7), which is generally ambigu-
ous. Due to the last effect, the real wage of at most one country can fall, and so can its long-run welfare
from Eq. (4). m

Consider the case where ﬁ;]{ + 5{JQ* <0 0y /0lnTe <0and I — J5 > 0« dlnx*/dInTe; > 0.
Then a fall in 751 decreases x*. Since this lowers w] from the home market effect in wages, exporters from
country 2 become relatively less competitive, causing more inefficient firms to remain in their domestic
market. If this effect is so strong, country 2’s real wage or even its long-run welfare might fall even if it
partly gains from faster long-run growth.

4 Concluding remarks

We first provide an analytically well-behaved model dealing with heterogeneous firms, R&D-based endoge-
nous growth, and asymmetric countries at the same time. The model can be applied to a variety of policy
issues requiring asymmetric countries such as the optimal tariff problem. The model could also be extended
for more than two countries to study the long-run growth and welfare effects of regional trade agreements.
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Abstract

We extend Baldwin and Robert-Nicoud (2008) to allow for asymmetric countries. After formulating
the model and characterizing a balanced growth path, we examine the long-run growth effects of unilateral
trade liberalization under the Grossman-Helpman and generalized Coe-Helpman specifications. Finally,
we study the long-run welfare effects of unilateral trade liberalization in the general case and bilateral
trade liberalization in the symmetric country case. In the symmetric country case, we derive extended
ACR formulas for the balanced growth rate and long-run welfare. In the general case, growth-enhancing
unilateral trade liberalization is not sufficient for higher long-run welfare for at most one country.

1 The model

Our model is the same as Baldwin and Robert-Nicoud (2008) (henceforth BRN), except that there are two
possibly asymmetric countries: j = 1, 2.

1.1 Households

The representative household in country j maximizes its overall utility U; = fooo In D, exp(—pt)dt, Dj; =
(f@,t dj(i)(0=V/7d3)7/(e=1) "subject to its budget constraint:
J

th = Tthjt + ’U.)thj — Ejt; th = det/dt, Ejt = / Djt (Z)djt (Z)dl, (1)

it
with {r;¢, wjt, {pji (i) }ico,, }20 and Wjo given, where (€ [0,00)) is time, D; is the consumption index,
p is the subjective discount rate, ©; is the set of available varieties of manufacturing goods, d;(i) is the
demand for variety i, o(> 1) is the elasticity of substitution between any two varieties, W; is the asset, r;
is the interest rate, w; is the wage rate, L; is the supply of labor, and E; is the expenditure. The time
subscript is omitted whenever no confusion arises. Minimizing f@j p;(2)d;(i)di subject to the consumption

index with {p;(i)}ico, and D; given implies the conditional demand function for variety i:

d;(i) = p; (1) " PfD;j; Pj = (/ p; (i)t di)t/ =), (2)
where P; is the price index defined as the minimized expenditure to obtain a unit of the consumption
index: [g p;(i)d;(i)di = P;D; = Ej. Substituting D; = E;/P; into the overall utility function, the latter is
J
rewritten as U; = fooo (In Ej¢ — In Pj;) exp(—pt)dt. Maximizing this subject to Eq. (1) with {Pji, rji, wjt } 52,
and Wjo given implies the Euler equation:

Eji/Eji =it — p. (3)
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1.2 Manufacturing firms

A manufacturing firm with the unit labor requirement a in source country j maximizes its gross profit in
destination country k: mjx(a) = pfk (a)yjr(a) —w,;lx(a), subject to its variable cost function in terms of labor
lir(a) = ay;x(a), the market-clearing condition for its variety y;x(a) = 7jxd;x(a), and the demand function
for its variety djx(a) = pjk(a)_“P;c’_lEk = (Tjkpfk(a))_"P,g_lEk from Eq. (2), with wj, P, and E}, given,
where pfk (a) is the FOB supply price of the firm’s variety, y;x(a) is the supply of the firm’s variety, [;x(a) is
the firm’s demand for labor as its variable cost, d;jx(a) is country k’s demand for the firm’s variety, p;x(a) is
country k’s demand price of the firm’s variety, and 75 (> 1) is the iceberg trade cost factor of delivering one
unit of a variety from country j to country k, with 7;; = 1. For k # j, a fall in 7, is interpreted as country
k’s import liberalization. Profit maximization gives:

(pfk(a) — wja)/pfk(a) =1/o @p{ (a) = wja/(1 —1/0). (4)

The resulting revenue, gross profit, and firm value are given by, respectively:

ejr(a) = pl(a)yju(a) = (rpw;a)' =7 [(1 = 1/0) P]7 " Ey, (5)
mir(a) = (pf;(a) — wia)yjr(a) = ejr(a) /o = (Tjpwja) 71 — 1/0)Py)" ' By /o, (6)

ela) = | " jka(a) exp(— / (a4 8)du)ds, )

where ¢ is the death rate of manufacturing firms (e.g., Melitz, 2003; Ourens, 2016). Differentiating Eq.
(7) with respect to t gives the no-arbitrage condition:

Vjke(a) = (rjt + 6)vjke(a) — mike(a). (8)

In the BRN model, both the fixed entry and overhead costs are paid only once at the time of entry. In
period ¢, a manufacturing firm with a in country j survives (i.e., makes a nonnegative firm value net of the
fixed overhead cost) in country k if and only if @ < aji:, where the cutoff unit labor requirement a;x: is
determined by the zero cutoff profit condition:

Uikt (ajre) = Pff/ijk,j, k=1,2, 9)

where PjK is the price of the knowledge good (i.e., blueprint), and k;i is the amount of the knowledge
good required for selling each variety from country j to country k. In line with the literature, the variable
and fixed trade costs are assumed to be so high that not all domestic firms export:

Akt < ajjtvjak =1,2, k 7é J-

Using ejks(a)/ejrs(ane) = (a/ajue)* ™ = mjks(a)/mins(ajie) from Egs. (5) and (6), and the zero cutoff
profit condition (9), Eq. (7) for a < aj is rewritten as vjg(a) = (a/ajkt)l_“Pff/@jk(Z Pjit(lijk).

After paying the fixed entry cost, an entrant in country j draws a from a country-specific distribution
Gj(a) and the corresponding density g;(a). The firm also pays the fixed overhead cost to sell its variety to
country k if and only if a < a;i. The free entry condition requires that the total expected firm value should
be equal to the total expected fixed entry and overhead costs. The expected firm value and overhead cost of
a manufacturing firm in country j selling its variety to country k are given by, respectively:



[ on@asada = Gytag) [ vatahnselalan)da = P (o) + Gilase)),
0 0

Ajk Ajk
/O Pf kjgj(a)da = Gj(ajk)/o P tjip(alaje)da = P rjiGj(ajn);
ik (alage) = g;(a)/Gj(asn), Hix(an) = Gilage)hie(asn), hix(ar) = (@(ajn)/aw)' 7 — 1,

ajk
ajk(ajr) = (/O a' = i (alaji)da)'/ =),

where ;i (ala;i) is the density of a conditional on survival, with foajk ujk(a|a]k)da =1, Ejk(ajk) is inter-
preted as the aggregate unit labor requirement of surviving firms, and P kinHjk(ajk) fo vik(a)gj(a)da—

fo ix PJK kjkg;j(a)da represents the expected firm value of a manufacturlng firm in country j selling 1ts variety
to country k, net of its expected overhead cost. Using these expressions, the free entry condition is compactly
written as:

ajk ajk
>, / vy (@)g;(a)da = 3, / PR reg(a)da + PXRS & S Hu(a) = 2, (10)

where xf is the amount of the knowledge good required for entry. It can be easily verified that:

(d/dajr)am(an)' =" = —aj; " ginhn/Gir; Gir = Gilagn), gjk = g5(asn),
ik = —gikhie/ Gk + (hjr + 1) (0 — 1) /aj,

H]I‘k = ij(hjk + 1)(0’ — 1)/ajk > 0,

H;kajk/ij = [(hjk + 1)/hjk](0' — ].) >0—1>0.

The free entry condition (10), together with the increasingness of Hjz(ajx), implies that country j’ s
export cutoff aj; is always negatively related to its domestic cutoff a;;: when domestic selection becomes
tougher (i.e., a;; decreases), the expected net firm value from domestic sales decreases. For the free entry
condition to be restored, the expected net firm value from exports should increase, which means that more
firms enter their export market (i.e., a;j increases).

1.3 R&D firms

The representative R&D firm in country j maximizes its profit 71' PK QK — w;j LK , subject to its cost
function in terms of labor Lf = af f( , with P ,wj, and a given, where QK is the supply of the

knowledge good, Lf( is the firm’s demand for labor, and aj is the firm’s unit labor requirement given by
af( = aJK(njj, Nkk; {am}); njk = n5Gj(a ), where nf is the number of entrants in country j, and njj, is the
number of entrants in country j successfully selling varieties to country k. The af function is assumed to
be decreasing and homogeneous of degree minus one in (n;;, ni), representing domestic and international
knowledge spillovers, respectively. Also, the cutoffs in the manufacturing sector {a;,,} could affect af( by
changing the degrees of knowledge spillovers. Profit maximization under constant returns to scale and perfect

competition implies the zero profit condition:

PJK *wja]K(n”,nkk) @P]KQJK :w]-LJK. (11)

1.4 Markets

The market-clearing conditions for the asset, labor, knowledge good, and manufacturing goods are given by:



ajk

ajk
W; = Zw?/o vj(a)gj(a)da = anjk/o vik(a)pjk(alajr)da, j = 1,2, (12)

Ajk ajk
L= Zw?/ Lir(a)g;(a)da + LI = Zk”jk/ Lix(a)pj(alaje)da + LE,j=1,2,  (13)
0 0
QfF =% (ng; + 0ny;); 7 ({an}) = (CpriwGlaw) + £5)/Gj(as5),5 = 1,2, (14)
yik(a) = Tjrdir(a), j, k =1,2. (15)

In Eq. (14), ; represents an entrant’s: ”expected units of knowledge required to get a 'winner.” ” (BRN,
2008, p. 25) The demand for the knowledge good is %, times n;; + dn;;, the number of new successful
entrants including the replacement of exiting firms due to bad shocks. We check Walras’ law to endorse
these market-clearing conditions. We start from rewriting Eq. (12) using Eq. (10) as:

ajk
W = njjzk(Gj(ajk)/Gj(ajj))/o vjk(a) ik (alaj)da
= (n43/Gj(az;)) P (CpkinGylaze) + £5) = py Ryipy = ny; P (16)
where pf( is ”7an ’intensive form’ of Px” (BRN, 2008, p. 25): n,; compensates for a decrease in P]-K

through knowledge spillovers. Eq. (16) means that country j’s asset is simply equal to pfﬁj. We next
differentiate the first equality of Eq. (16) with respect to time and use Egs. (8) and (16) to obtain:

Wi = 14;304(Gj(a;n)/Gj(aj;)) /Oajk vik (@) (alajk)da
0 (G5 Gotai) [ (e (alase)da
= (536 ) P (S Gtage) 4 65) + (1 4 W5 = Sy [ miamialag)da.— (17)
Combining Egs. (1), (11), and (17), and using Eq. (16) and E; = >, n; foa"j Tkjpij(a)dkj (a)prj(alagj)da,

we obtain Walras’ law for country j:

ajk
0 = w; (> ,njk /O Lik(a)psk(alajr)da + LY — Lj) + P [R; (7 + 0nj;) — QF]
ajk

akj
Y / P, (0) s i (@) (alans )da — i / i@y @mr(alag)da.  (18)

Eq. (18) implies two things. First, summing it up for all j gives Walras’ law for the world:

ajk
0= 3wy (S / (@) (alagi)da + LK — L) + X, PK[R; (s + 0ny;) — QK]

+ Zjanjk/

aj
0

" pl(@) (e (@) — vy (@) g (alage)da.

This is totally consistent with the three market clearing conditions (13) to (15). Second, substituting
Egs. (13) to (15) into Eq. (18), we obtain:



ajk Akj
anjk/o ejk(a)pjk(alajy)da = ankj/o exj(a)prj(alag;)da = E; (19)

Akj

ajk
njk/ ejx(a)pjk(alajr)da = nkj/ erj(a)prj(alag;)da, k # j. (20)
0 0

Eq. (19) says that country j’s total revenue from selling to all destinations is equal to its total expenditure
for buying from all sources. Eq. (20) means that country j’s balance of trade is zero: country j’s value of
exports (i.e., the left-hand side) is equal to its value of imports (i.e., the right-hand side). Now let:

aji

Ajk
Ajk = njk/ ejk(a)ujk(alajk)da/Zznjl/ eji(a)pji(alagi)da; Y Ak = 1, (21)
0 0

be the revenue share of varieties country j sells to country k. Then Eqgs. (19) and (20) imply that A;j is
also equal to the expenditure share of varieties country j buys from country k, and that the zero balance of
trade condition (20) is simply rewritten as:
AinEj = A Eg. (22)
Finally, using Eq. (4) and the definition of @y;(ag;), country j’s price index in Eq. (2) is simplified to:

Py = { X Irijwnting (ars) /(L= 1/o)] 7} 07 = njd =D /(1= 1/o); (23)
;= [ ik /) (G (ans )/ Gran)) (Tijwin; (axg)) ] 07,
where m; is interpreted as: ”a weighted average of firms’ marginal selling costs in a particular market”

(BRN, 2008, p. 24), which is market j in the present case. Compared with BRN, allowing for asymmetric
countries adds two variables to ;: ngk/n;; and wy, which are to be determined in general equilibrium.

2 Balanced growth path

2.1 Characterization

Let labor in country 2 be the numeraire: wy; = 1. Since af(njj,nkk) is homogeneous of degree mi-
nus one in (n;j;,nkk), we have aJK((l/njj)njj,(1/njj)nkk) = (1/njj)*1ajK(njj,nkk), or af((njj,nkk) =
(1/ng5)ak (1 /ng)ngs, (1/ngs)nee) = (1/ng5)al (1, n4r/n;5). Combining this with Eq. (11), the intensive-

form prices of the knowledge good for the two countries are given by:

Pl =nnPE = wial (1,1/x),p5 = noaPs = a (1, x); X = n11/noo, (24)

where y represents the number of domestic varieties in country 1 relative to country 2, and w; is now the
relative wage of country 1 to country 2. Eq. (24) highlights the fundamental difficulty of the present model:
whereas pf is fixed at af (1,1) in BRN and Ourens (2016), it now depends on two endogenous variables wy
and y.

We derive some differential equations. Rewriting Eq. (17) using Egs. (6), (16), and (19) gives:

W, /Wj = + 1+ 0 — ZjJosy; = 1vji/nij, Zi = E; /W,

where ; is the growth rate of the number of domestic varieties in country j, one of the main variables
of interest. Using Eq. (3), the growth rate of a transformed variable Z; is calculated as:

Z;/Z; = Ej/Ej = Wi /W; = Z;)o — p— 8 — ;. (25)
Using Egs. (6), (11), (14), (16), and (19), Eq. (13) is rewritten as:



v =w;L;/(pFFR;) — (1= 1/0)Z; — 6. (26)

From now on, we focus on a balanced growth path (BGP), a path along which all variables grow at
constant (including zero) rates. From Eq. (25), both 7; and Z; must be constant at a BGP, which implies
that Z;/Z; = 0. And from Eq. (26), w;/(pf%;) must be constant at a BGP. Using a superscript asterisk to

represent a BGP, Z7 and 7] are solved from Egs. (25), (26), and Zi]Z; =0 as:

z —p+wL/( K, (27)
= (1/o)w;L;/(p}*F;) — (1 = 1/o)p — (28)

with w7, pJ , and E; given at this point.
Using Eq. (28), the growth rate of x* is simply given by:

XX =1 =7s = (o) Ly/ (a1 (1, 1/x)R;) — (1=1/0)p—0~[(1/0) Lo/ (a5 (1, x")R3) — (1~ 1/0)p—0], (29)

where Eq. (24) is used to eliminate wj. Since constancy of x*/x* requires constancy of x* from Eq. (29),
we have x*/x* = 0, implying that both countries grow at the same rate at a BGP:

W=7 =" Li/(ar (1,1/x" {ap )R ({aie}) = L2/ (a3 (1, X" {ag, })R5 ({a3,}))- (30)
With the cutoffs {a},,} given, the balanced growth condition (30) determines x*. we call v* the balanced

growth rate.
Multiplying Eq. (27) by W} = pf* ; from Eq. (16), E7 is obtained as:

Er = pl*®ip+wiL;/(pf RS = pi R p + wi Ly (31)

By definition, %} is constant as long as the cutoffs are constant. And from Eq. (24), p&* is constant as

long as wj is constant. So suppose that wj is constant at a BGP, which will be verified later. Since L7 is
constant from Eq. (31), Eq. (3) implies that:

i = pvj. (32)

We next see how the cutoffs are determined. Suppose that the world economy is on a BGP for all s > ¢.
Dividing the zero cutoff profit condition (9) by itself for j = k gives:

Vjkt (@it ) . P t Kjk
Ukt (Aot P;ffﬂkk

Gk (33)

Eq. (7) is rewritten as:

(oo} S S
i@ = [ mpala)expl [ (hinala) (@) exp(= [ (0, + D)du)ds
t t t
= (@500 Aua (@) = [ exp(— [ (g4 8 = Fypae) (@),
t t
Noting that ngjs grows at the rate of 4* for all k and j on a BGP, Eq. (23) implies that:

Pjs = Pjte—[v*/(o—l)](s—t). (34)

s—t) *

From Eqgs. (6) and (34), we have 7j3s(a) = mjx(a)e™ =9 which implies that 7;xs(a)/mjks(a) = —7*.
Using this and Eq. (32), Ajkt(a) is calculated as Ajii(a) = 1/(p+ 6 +~*). Eq. (7) is thus simplified to:

vikt(a) = mike(a)/(p + 6 +77). (35)



Using Egs. (6) and (35), the left-hand side of Eq. (33) is rewritten as:

wela) _ (mpfas )7L~ 1/0)Pral” (5 o)/ (p + 8 +77) _ (w)
ve(a)  (wgage) 7 [(L = 1/0) Pralr (Bt /o) (p + 6+ 7°)
In the right-hand side of Eq. (33), Pf/PJ is rewritten using Eq. (24) as

* ok
Wiy,

ﬁ (1/nJJ) (1 nkk/njj w Wi ngg 5 (1 nkk/njj

Pl wk(l/nkk)ak (L,ngj /) wi ngj af (Lngg/nwe)”

From these results, Eq. (33) is simplified to:

aYa /a3y = 07 T (R Ran) T Y, (36)
a3, /af; = vy (ka1 /rn) MY, (37)

v, X5 {ahn}) = @i AN {ag, )YV AN {agnd) = (/X af (1,1/x75 {ag, ) /a5 (1,x75 {aih })-
Egs. (36) and (37) show how the relative competitiveness of foreign versus domestic firms are affected by
the relative wage, relative number of domestic varieties, and iceberg trade costs (to focus on 75 as the only
policy variable, we take ki as given throughout). In Eq. (36), for example, the lower wj is and/or the lower

T12 is, the larger aj,/a3, is, meaning that exporters from country 1 becomes relatively more competitive in

market 2 (the discussion of x* is left to the following sections, where af( will be specified). From Egs. (10),

(36), and (37), we solve for the four cutoffs as functions of wj, x*, and iceberg trade costs:

aj, = ajp(wi, X", 721, 712), j, kb = 1,2. (38)

In line with the typical monopolistic competition models with asymmetric countries since Krugman
(1980), the relative wage wj is determined from the zero balance of trade condition. The revenue share (21)
is rewritten as:

 n(Gi(a,)/Gylal ))f;?kejk<a>ujk<a|a;k>dai () i eji(a)pjn(alat,)da
Yt (Gi(a)/Gi(asy) fo ' ejla)mplalat)da  37,Gy(a%, ) fy ejl(a):ujl(ala’jl)da

Since [ eji(a)usn(alaly)da = (hji(al,) + Vejr(al,) = (hn(al,) + Do(p+ 6 +v7)PFrji from Egs.
(5), (6), (9), and (35), A} is further simplified to:

. Hjklal) + Gj(af,))kgn .
= Sl + Gyl k() .

Using Egs. (24), (30), (31), and (39), the zero balance of trade condition (22) is rewritten as:

x
A =

({aiDwiar (1,1/x"5 {af, DR {air}) = i ({az P ag’ (1, x5 {ag }Rs ({as,})- (40)

The balanced growth condition (30), the cutoff functions (38), and the zero balance of trade condition
(40), characterize a BGP: (x*, {aj,},w}). Suppose that {a},} is constant. Then x* is constant from Eq.
(30), and hence wy is constant from Eq. (40). Since x* and wj are constant, Eq. (38) ensures that {a},}
is indeed constant. From now on, we assume that there exists a unique BGP. All other variables can be
determined by substituting (x*, {a} }, w}) back into the appropriate equations.

2.2 Preliminary results

We derive some preliminary results, which will simplify the following analysis. First, logarithmically dif-
ferentiating the free entry condition (10), and using Eq. (39) and Hj,ajx/Hjk = [(hjx +1)/hjkl(o — 1) =
[(Hjk + Gjr)/Hjk](o — 1), we obtain:

0=, Ajk@jy; a5 = dInajy, = dajy/aj,. (41)



From now on, we follow BRN and Ourens (2016) in assuming that a is Pareto distributed with a country-
specific scale parameter a;o and a common shape parameter 0:

Gj(a) = (ajajo)’ = aj_oaa‘g;a € 10,a40],0 >0 —1>0.

This implies that g;(a) = 6a;y'a’ ", Gj(a) = ajy aly, pik(alazr) = 0a; a1 au(aze) =7 = [3/(8 —

D]al%:8=0/(c —1) > 1, hjr(ae) = 1/(8 = 1), Hjr(aje) = ajy'a% /(3 — 1).

Second, logarithmically differentiating Eq. (39), and using Eqs. (39), (41), and (H]*,i + g;fk)a;‘k/(H;‘k +
G;k) =40, X;‘k is given by:

Eq. (42) simply says that country j’s revenue share in market k increases if and only if more firms in
country j enter market k.

Third, logarithmically differentiating &} = (3, rjnGj(ajy,)+r5)/Gj(a};) = Doprm(Hjr(aj,)+Gj(al))]/Gi(aj;)
from Eqgs. (10) and (14), and using Eqs. (39), (41), (Hj;, + g5 )aj,/(Hj, + Gj) = 0, and g7a%, /Gh =0,

R

; 1s expressed as:

k; = —baj;. (43)

An increase in country j’s domestic cutoff partly decreases country j’s expected units of the knowledge

good required to get a winner by decreasing: ”the expected number of ’tries’ it takes to get a winner” (BRN,

2008, p. 25). This is actually the total effect because Zkﬁjij(a;k) + K5, the numerator of ¥}, is constant
from the free entry condition.

Fourth, using Eqs. (6), (24), and (35), the zero cutoff profit condition (9) for domestic sales is rewritten as

(wiai) = 7l(1=1/0)P;]° Y (E; [o)/(p+0+7%) = (pF* /njji)ks5. And the growth equation (28) is rewritten

using Eqs. (16) and (27) as p+ 0 +~* = (1/0)E]*/(ij*E3‘) Putting them together gives:

{wjag; /(1= 1/o)PIIY "] = ks /mjje.

Logarithmically differentiating this, noting that n;;; is predetermined, and using Eq. (43), we obtain:

@ — P = —(1+ B)as,. (44)
Eq. (44) means that country j’s real wage in terms of the consumption index rises if and only if its
domestic firms are more selected.
Finally, combining Eqs. (42) and (44) immediately gives the ACR formula of Arkolakis, Costinot, and
Rodriguez-Clare (2012) stating the negative relationship between country j’s autarkiness ratio (i.e., domestic

revenue and expenditure share) and its real wage:

@t — Pr = —[(1+8)/0]X%,. (45)

Although Eq. (45) provides sufficient information about the welfare effects of policy changes in a static
setting, it is not enough in the present endogenous growth model. In the next section, we examine the
long-run growth effects of trade liberalization under the benchmark Grossman-Helpman specification. In the
following two sections, we omit asterisks just for notational simplicity.

3 Grossman-Helpman specification
In line with BRN, we start from the simplest Grossman-Helpman specification for aJK as a benchmark:

af (njj,mer) = 1/ (ng; + ¥iner),

where ¢; (€ [0,1]) represents the degree of international knowledge spillovers, which is exogenous. Loga-
rithmically differentiating af<(1,1/x) = 1/(1 4+ ¢1/x) and aX (1, x) = 1/(1 + ¢2x) gives:



ar (1,1/x) = aaxsan = (1/x) /(1 +¢1/x) € 0,1, (46)
a5 (1, x) = —a2X; a2 = Pax /(1 +¢2x) € [0,1]. (47)

Logarithmically differentiating A(x) = (1/x)a’(1,1/x)/aZ (1, x), and using Eqs. (46) and (47), A is
obtained as:

A=—(1-a1— a1 — a1 —az = (1 — b)) /[(1+91/x)(1 + ¥2x)] > 0. (48)

An increase in Yy, the number of domestic varieties in country 1 relative to country 2, partly increases
A(x) by making R&D more difficult in country 1 but easier in country 2. However, under the assumption
that international knowledge spillovers are not stronger than domestic ones (i.e., 1; < 1), these effects are
not large enough to outweigh the inverse term 1/x, so that A(x) is nonincreasing in x in total.

We solve for the rates and amounts of changes in endogenous variables caused by changes in iceberg trade
costs in four steps: (i) we solve for the logarithmically differentiated form of the cutoff function @; in terms
of U, 721, and Ty2; (ii) we use the zero balance of trade condition (40), together with the result in step (i)
and the definition of v, to solve for @ in terms of X, 721, and 712; (iii) using the results in steps (i) and (ii),
we express dvy; in terms of ¥, 721, and Ti2; (iv) we substitute the result in step (iii) into the balanced growth
condition (30), or dy; = dv2, to solve for X in terms of To; and Ti2. And substituting X back into dvysz, we
solve for the amount of change in the balanced growth rate in terms of 751 and 7».

In step (i), logarithmically differentiating Eqgs. (36) and (37) gives:

a1y — Qg2 = =V — T2, (49)

a\21 - all =7U- ?21- (50)

Substituting @12 and a9 from Eqs. (49) and (50), respectively, into Eq. (41), we have two equations for
@11 and @92, which are solved as:

a11 = (M2/|A) (U + Aa2Tiz — A21721), (51)
Ao = (Ao1/|A) (=0 4+ 11721 — M2T12)i |A| = At1dze — A2Aor =1 — A — Aoy (52)

Although it will turn out that the sign of || does not affect our main results, it is positive if A <
1/2¥j,k,k # j, which is likely if a; is sufficiently smaller than aj; due to high trade costs. Eq. (51) is
interpreted as follows, assuming for now that |A| > 0. A fall in v (due to a fall in wy or a rise in x) or a fall
in 712 encourages country 1’s exports (i.e., increases a12) from the relative competitiveness condition (49),
which forces its least productive domestic firms to exit (i.e., decreases a11) from the free entry condition
(41). A fall in 791 encourages country 2’s exports from Eq. (50), which forces its least productive domestic
firms to exit from Eq. (41). Due to tougher competition in market 2, country 1’s least productive exporters
exits from their export market (i.e., aj2 decreases) from Eq. (49). Again from the free entry condition (41),
more inefficient firms survive in their domestic market (i.e., a1 increases). The last result means that a
country’s import liberalization directly causes less exports and less domestic selection. However, the total
effect of a country’s import liberalization on its exports and domestic selection cannot be determined until
the general equilibrium effects through w; and x are considered.

In step (ii), substituting Eqs. (41), (42), (43), (46), and (47) into the logarithmically differentiated form
of Eq. (40) gives:

—(0/A12)a11 + W1 + (a1 + a2)X = —(0/A21)a22.

The terms —(6/A12)a11 and —(6/A21)a22 correspond to the rates of changes in A12%; and Ao1Ra, respec-
tively. The term w; represents the income effect (i.e., wi in Eq. (40)). The term (a1 + )X comes from
a¥ /ak. Using Egs. (48), (51), (52), and © = (0@, + A)/(c — 1), the above expression is solved for @ as:



0= —Bw + CX + 0[(M1 + A21)T21 — (A22 + A12)Ti2]
< w1 = (1/B){CX + 0[(A11 + A21)T21 — (Ma2 + A12)T12] 1 (53)
B =2f0— [\ =200~ (1 - X2 — A21) > 0,C =28(1 — a1 — az) + |[A|(a1 + a2).

To interpret Eq. (53), suppose for now that |A\|] > 0 (our main results will not depend on it). The
fact that B > 0 means that a rise in w; creates country 1’s trade deficit because it decreases Ajok; but
increases As1 Ko, which outweighs the income effect. An increase in x creates country 1’s trade surplus both
by increasing Aj2%1 but decreasing Aa1%s, and by increasing a{( / af . For country 1’s trade surplus to be
cleared, wy should go up. The result that a country’s relative wage is increasing in its relative size is known
as the home market effect in wages since Krugman (1980). A fall in 791 creates country 1’s trade deficit by
encouraging country 2’s exports but discouraging its own exports. Then w; should fall for its zero balance
of trade to be restored. Similarly, a fall in 75 raises ws.

In step (iii), substituting Eq. (53) back into ¥ = [ow; — (1 — a1 — ag)X]/(0 — 1), ¥ is obtained as:

v=[1/(c = D](1/B){|A[o(1 + a2) + 1 — a1 — aa]X + 00[(A11 + A21)T21 — (A22 + A12)Ti2]} (54)

In Eq. (54), the coefficient on X turns from negative to positive because of the aforementioned home
market effect in wages. Substituting Eq. (54) back into Egs. (51) and (52), @11 and sz are expressed as:

a1 = { 2/[(c — 1)B]}{[o(a1 + a2) + 1 — a1 — a2]X + (0 — 1)[(B0 + A21)Ta1 + (B0 — Ae2)Ti2]}, (55)
Qoo = {)\21/[(0’ — 1)3]}{—[0'((11 + 0&2) +1—a — 052]5(\4' (0’ — 1)[(ﬁ0‘ + )\12)?12 + (ﬁa — )\11)?21]}. (56)

It is worthwhile to compare Eqgs. (55) and (56) with Eqgs. (51) and (52), respectively. First, since ||
is eliminated, its sign does not matter after endogenizing w;. Second, in Eq. (55), the coefficient on 71
turns from negative to positive. This means that, with y given, country 1’s import liberalization results in
more exports and more domestic selection. This is because the direct export-reducing effect of a fall in 791
is outweighed by its indirect export-enhancing effect through a fall in w;.

Totally differentiating Eq. (28), and using Eqgs. (24) and (30), the amount of change in country j’s
growth rate is expressed as dvy; = (1/0)[La/(af F2)](—alf — 7;), where —al* and —&; correspond to ”"the
pr-channel” and ”the ®-channel”, respectively, according to BRN. In the present model, however, we have
to distinguish aJK from ij due to the endogeneity of w;. Now let us call the two channels ”the af( -channel”

and "the %;-channel”, respectively. Substituting Eqs. (55) and (56) into —af* — R1 = —aqX + 0@, and
—ak — Ky = agX + 0daz from Eqgs. (43), (46), (47), the totally differentiated forms of the growth equations
are obtained as:

dy = (1/0)[L2/ (a3 F2)[{1/[(0 = 1)BIH{=D1X + 0(c — DAi2[(Bo + Aa1)Tor + (B0 — Aa2)Tr2]},  (57)
dyo = (1/0)[L2/ (a5 F2)[{1/[(0 = 1) BIH{DaX + 0(0 — DA2a[(Bo + Ai2)Ti2 + (B0 — A1) 7]} (58)

Dj = (O’ — ].)BOéj — 9[0’(0[1 —+ 042) + 1-— a1 — Oég])\jk,k’ 7& j
In the definition of Dj, the first term shows the direct effect of an increase in x on 7; through the af -
channel, whereas the second term represents its indirect effect through the %;-channel. If the direct effect
dominates so that D; > 0, then a change in x works as a stabilizing force: when country 1 has relatively
more domestic varieties, R&D becomes more difficult in that country, which pulls down its growth rate (the

opposite occurs in country 2). An implication of this case becomes apparent by substituting Egs. (57) and
(58) with 791 = 712 = 0 into the totally differentiated form of Eq. (29):

d(dIn x/dt)| g yjai=0 = dy — dy2 = —(1/0)[L2/ (a5 72)[{1/[(0 — 1) B]} DX; D = D1 + Ds.
The model is locally stable around a BGP (i.e., d(dInx/dt)/dIn x|q1ny/a—0 < 0) if D; > 0Vj. For the
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model to be well-behaved, we assume this in the rest of this paper.
In step (iv), we substitute Eqs. (57) and (58) into Eq. (30): dy1 = dyz, to solve for ¥ as:

X = [0(c = 1)/D{[M2(Bo + Aa1) — A21(Bo — A11)]T21 — [A21 (B0 + A12) — Ai2(B0 — A22)]|T12} (59)

Eq. (59) implies that the sign of 01n x/0In 74, is generally ambiguous. For example, a fall in 751 decreases
x if and only if A\a(B0 + A21) > A21(B0 — A11). In this case, v directly falls by more than 2 from Eqs. (57)
and (58), so x should decrease to clear the growth gap.

Substituting Eq. (59) back into Eq. (58), we finally obtain:

1 L 0 . ~
dy = ;aKQE E{[Dg)\lg(ﬂcﬂr)\m)+D1)\21(50*)\11)]T21 +[D1A21(Bo + Ai2) + D2 A12(Bo — Ag2)] 712} (60)
9 2

Eq. (60) shows that dv/0lnTk; > 0,k # 7, that is, a fall in any import trade cost lowers the balanced
growth rate. A fall in either 7o; or 72 directly lowers both 7; and 7, through the K;-channel, whereas it
has no direct effect on v; or 5 through the aJK—Channel. Even if x is adjusted to eliminate the growth
gap, the new balanced growth rate must be lower than the old one. Therefore, the main logic of growth-
reducing bilateral trade liberalization under the Grossman-Helpman specification of the symmetric country
BRN model remains valid even for unilateral trade liberalization in the asymmetric country case, except

that the af -channel works to equalize countries’ growth rates.

4 Generalized Coe-Helpman specification

In addition to the benchmark Grossman-Helpman specification, BRN considers four other specifications
for R&D technologies: Coe-Helpman, efficiency-linked knowledge spillovers, reverse engineering, and lab-
equipment. The third one is a modification of the first one, whereas the fourth one turns out to be similar
to the second one. The second one uses m; and my, as the degrees of knowledge spillovers, but as mentioned
at the end of section 1, they are very complicated under asymmetric countries. In this section, we deal with
the Coe-Helpman specification as the simplest of the four, with a simple generalization:

af (njj,mn) = 1/(nj; + Yiman); ¥ = 5 (Grlars)/Grlawn)® = (ars/ark)™;v; € [0,1],6 > 0.

Now Jj, the degree of international knowledge spillovers for country 7, is nondecreasing in Gy (ax;)/Gr(akk):
"the fraction of foreign varieties that are imported” (BRN, 2008, p. 29). The elasticity of zzj with respect to
Gr(aw;j)/Gr(akk) is given by (> 0). BRN only considers the case where ¢ = 1, but we allow ¢ to be different
from unity. The specification reduces to the Grossman-Helpman one as a special case where € = 0.

With endogeneity of 1; in mind, the analysis goes similarly. Logarithmically differentiating af(1,1/x) =
1/(14¢1/x) and ak (1, %) = 1/(1 + ¢2x), and using Eq. (41), we obtain:

A(1,1/x) = a1[X + (60/ha1)anz]; ar = (1/x)/(1 + 1 /x) € [0,1], (61)
a5 (1,X) = —0a[X — (e0/A12)an1); o = thax/(1+ day) € [0, 1], (62)

where a1 and «y are the same as those defined in Egs. (46) and (47), respectively, with ¢; replaced by
Jj. What is new in this section is the presence of the term (e6/Ax;)agk in the square brackets: in Eq. (61),
for example, a decrease in aso is always followed by an increase in a9 from the free entry condition. Both
of them increase country 2’s fraction of exporters, thereby enhancing international knowledge spillovers for
country 1. If country 1’s import liberalization encourages country 2’s exports as expected, it could directly
raise country 1’s growth through such af( -channel.

Using Eqs. (61) and (62), A is calculated as:
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A= 7(1 — Q] — 042)5(\4‘ 59[(041/)\21)622 — (Otg/)\lg)all]. (63)

In step (i), from Eqs. (41), (49), and (50), we obtain the same two equations to solve for a;; and @as.
However, v now depends on aj; and agy through A. Using Eq. (63) and v = (cwy + A)/(0 — 1), and
rearranging terms, we have:

Xnan + X12522 = )\12(‘? + T12),
No1@11 + Aggting = *)\21(‘7 — T21);
Nij = Njj + eBan, N = A (1 — eBaj [ Ay) k # 5,V = [0y — (1 — a1 — az)X]/(0 — 1),

where each new coefficient Xjk consists of the original A;; and a feedback effect through A, whereas Vis
the same as ¥ in the previous section without the feedback effects. The above equations are solved as:

a1 = (M2/ADIV + Moz + eBar)7ia — (Ao — £80n) 71, (64)
Qoo = ()\21/|X|)[—17 + (A1 + efaz)Tor — (M2 — efaz)Ti2); |)\| Midoz — Azdoy = A + eB(a1 + az). (65)
In step (ii), using Eqgs. (41), (42), (43), (61), and (62), the logarithmically differentiated form of Eq. (40)
is rewritten as:
7(1 + 6042)(9/)\12)611 + Wy + (Ozl + 042)5(\ = 7(1 —+ 6041)(9/)\21)622.

The first term in each side represents the rate of change in Aj;%; minus the rate of change in akK caused
by a change in aj;. Substituting Eqgs. (64), (65), and V = [ow; — (1 — aq — a2)X]/(0 — 1) into the above
expression, w; is solved as:

0= =B + CX + 0(Fn a1 — Fiafiz) & @1 = (1/B)[CR + 0(Far 71 — Fia7i2)]; (66)
B=p[2+e(or +az)lo — [A = B+eB(ar + as)(o — 1) >0,
C =082+l +a2)](1 — a1 — az) + |[A|(o1 + az),
Fi = 1+ eag) Mk +eBaj) + (1 +eay)(Nji — eBaw), k # J.
Although Eq. (66) looks more complicated than Eq. (53), the former can be interpreted in the same way
as the latter.

In step (iii), substituting BEq. (66) back into V = [o@; — (1 — ay — a2)R]/(c — 1), and substituting the
result back into Eqs. (64), (65), we obtain:

V=[1/(c - D)J1/B){|N[o(a1 + az) + 1 — a1 — 2R + 00(Fan a1 — Fia71a)}, (67)
an = {M2/[(0 = DBIH{[o(ar + a2) + 1 — a1 — ag]¥
+ (0 = D{[Bo + Ao1 + efar(o — 1)]Ta1 + [Bo — Az + eBan(o — 1)]T12}}, (68)
2o = {1 /[(0 = D)BJH{~[o(a1 + a2) + 1 — a1 — a2]X
+ (0 = D{[Bo + M2+ efas(oc — 1)|T12 + [Bo — M1 + efasz(o — 1)]T21 }}. (69)

Egs. (67), (68), and (69) are qualitatively similar to Eqgs. (54), (55), and (56), respectively. In particular,
with y given, a fall in any import trade cost still induces more exports and more domestic selection in both
countries even under the Coe-Helpman specification.

Country j’s growth rate is still given by dy; = (1/0)[L2/(aX%2)](—a
using Eqs. (43), (61), and (62) as:

ak — 7;), where —al —F; is rewritten
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—E{( - %1 = —ay[X + (60/A21)a22] + 0a11 = —a1X + 0[arr — (ea1/A21)a22],

¥ — Ry = X — (60/A\12)a11] + Oa2s = o} + Oldas — (ca/A12)d11].
As explained in the paragraph right after Egs. (61) and (62), the presence of the term (€6/\g; )Gk in the
first square brackets opens up the possibility that a country’s import liberalization directly raises its growth
through the af‘-channel. Using Egs. (68) and (69), the totally differentiated forms of the growth equations

J
are obtained as:

dy1 = (1/0)[La /(a5 Fo)){1/[(0 = D)BI}[~DiX + 0(c — 1)(Li7ar + Ji712)], (70)
dvs = (1/0)[La/(a§ Fo) {1/[(0 = ) BI}[D2R + 6(0 — 1)(I712 + Ja7o1 )); (71)
D; = (0 — 1)Baj — Olo(ay + ag) + 1 — ay — ag](\jk +ea;), k # j,

I; = Njg[Bo + Aij + eBaj(o — 1)] —ea[Bo — Nj; + efag(oc — 1),k # j,

Ji = NjklBo — Mgk + €Baj(o0 — 1)] — eaj[Bo + Nji + eBaw (o — 1)], k # 3.

l~)j is similar to D; in the previous section, and we assume that l~)j > 0Vj to ensure local stability
around a BGP. I; and J; summarize the direct effects of changes in 7; and 7;, respectively, on ;. In the
definition of I;, the first term shows the direct growth effect through the %;-channel, which was also present
under the Grossman-Helpman specification. The second term represents the direct growth effect through
the aJK -channel, which is new to the generalized Coe-Helpman specification. Since I; is quadratic in ¢ with
a negative leading coefficient, it is negative if ¢ is sufficiently large. In this case, we have 0v;/0Inry; < 0,
meaning that country j’s import liberalization directly raises its growth. Similarly, we have 9v;/0In1j, < 0
if € is sufficiently large that J; < 0.

In step (iv), X is solved from Egs. (30), (70), (71) as:

R = 6o~ 1/DII(h — J2)ear — (I — Ji)#ials D= Dy + Dy > 0, )
Substituting Eq. (72) back into Eq. (71), we finally obtain:

1 L 0 .~ ~ ~ ~ ~ =~
by = ;aﬁ(QEz ﬁ[(l)ﬂl + D1J2)7o1 + (Dily + D2J1) 7). (73)

Eq. (73) implies that 9v/0In7y; < 0 if and only if 5klj —|—5ij < 0,k # 4, which is true if ¢ is sufficiently
large. In this case, even unilateral trade liberalization by country j raises the balanced growth rate. This
was impossible under the Grossman-Helpman specification, where the aJK -channel does not work to raise
growth directly.

5 Long-run welfare effects of trade liberalization

5.1 Unilateral trade liberalization in the general case

Suppose that the world economy is on a BGP for all t > 0. Noting that Ej; = E7 and Pj; = P]T"e’w/("’l)]t
from Eq. (34), country j’s overall utility is rewritten as:

pUj = E; —n P} + (1/p)y" /(o — 1).

This long-run welfare measure is the same as Eq. (22) of Ourens (2016). He calls the long-run welfare
effects working through the first, second, and third terms of the above expression ”the static effect on
expenditure”, ”the static effect on the price index”, and ”the dynamic effect”, respectively. He also uses Eq.
(31) of this paper directly, with w; =1 by symmetry, as the level of expenditure. Instead of doing the same,
we further express E7 in terms of 4*. To do this, Eq. (28) is rewritten as w} L;/(pX*%}) +p = o(p+ 6 +7%),
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or pf*RS = wiLj/[o(p+ 6 +~*) — p|. For pf*E} to be positive, we assume that o(p+d+~*) — p > 0, which

implies that p 4+ 6 +v* > 0. Using these expressions, Eq. (31) is rewritten as:

E; = p;*®ylp + wiLi/ (0] 7)) = wiLio(p + 6 +~")/[o(p + 8 +7) — pl.

This means that country j’s expenditure E7 is its total wage w} L; times the multiplier o(p+35-+v*)/[o(p+
d+~*) — p](> 1), which is decreasing in v*. Using this, pU; is rewritten as:

*

olp+d+9")
alp+do+7%)—p

The natural log of ”the level of expenditure” of Ourens (2016) consists of the second (constant) and third
terms in Eq. (74), where the third term is actually an additional ”dynamic effect” counteracting the original
“dynamic effect”. The first term Inw} was In1 = 0 in the symmetric country case of BRN and Ourens
(2016), but cannot be ignored in the asymmetric country case. Totally differentiating Eq. (74), and using

the ACR formula for the real wage (45), our general welfare formula is given by:

~
c—1"

1
pUj =Inw; +InL; +1In —lnP;Jr; (74)

— A T (75)

. 1 o 1 1 (6+y)le—=Dp+oalp+d+77)]

pdU; = @ — PF +T*dy* =

= — + = .
pto+y olp+d+y*)—p po—1 (p+d+y)[o(p+d+v*)—plp(c—1)

What is the sign of T'*, the total dynamic effect? we already know that o(p + 6 +~+*) — p > 0 and
p—+ 0 +~* > 0. Moreover, from the market-clearing condition for the knowledge good (14), § +~+* > 0 if
and only if Qf > 0. Therefore, we always have I'* > 0, with equality if and only if Qf = 0. Ourens (2016,
Result 2) leaves the possibility that: ”the static effect on expenditure prevails over the dynamic effect”, or
I'* < 0, but this case is true if and only if QJK < 0, which is economically impossible. Rather, the dynamic
effect is stronger than the static effect on expenditure as long as the R&D sector is active.

We can use Eq. (75) to evaluate the long-run welfare effects of unilateral trade liberalization by country
1: dry1 < 0, in the general case. Suppose that D317 + DtJ; < 0. From Eq. (73), we have 07*/0In 7, < 0,
meaning that the balanced growth rate goes up, contributing to higher welfare for both countries 1 and 2.
For real wages, from Eq. (44), wj/P; goes up if and only if a}; decreases. In view of Egs. (68) and (69),
a fall in 79; directly decreases both af; and al,. However, since Eq. (72) implies that 0lnx*/0lnm =
[0(c — 1)/ D*](I; — J3), whose sign is generally ambiguous, a fall in 7 indirectly increases either aj; or aj,
through the change in x*, depending on whether d1n x*/91n 79 is negative or positive, respectively. If the
last effect is dominant, unilateral trade liberalization by country 1 might lower the long-run welfare of at
most one country in spite of faster long-run growth.

5.2 Bilateral trade liberalization in the symmetric country case

We next consider a special case where the two countries are always symmetric. Letting 5{ = 55,]{ =
Iy, Jf = Ji, and Tip = 7o in Eq. (73), using Lo/(pX*%5) = o(p + 0 +~*) — p from Eq. (28), and noting
that I3 + J3 = B*(\5; — ead), we obtain:

d’}/*/%\21|7’=12:-?21 = {[U(p +0+ ’7*) - p]/a}@()\§1 - Ea;)' (76)

Eq. (76) corresponds to the long-run growth effect of bilateral trade liberalization in BRN and Ourens
(2016). BRN shows that dy*/T21|7,=%, > 0 under both the Grossman-Helpman (i.e., ¢ = 0) and Coe-
Helpman (i.e., ¢ = 1) specifications. In contrast, by allowing e to take any nonnegative value, we make it
possible that dvy*/Ta1]7,=7,, < 0 if and only if € > A}, /a3.

Turning to Eq. (72), we obtain:

X' [Ta1lpip=r = [0(0 — 1)/ (2D3)][(13 — J3) — (I3 — J3)] = 0. (77)
This is consistent with the fact that x* = 1 under symmetry. Using Eq. (77), Eq. (69) is simplified to:
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o/ Torlrra=r = {A51/[(0 = 1B} (0 = 1)[Bo + ATy +eBa3 (0 — 1)+ B0 = Ajy +efaj(o —1)] = Ay > 0. (78)

This means that bilateral trade liberalization decreases aj,. From Eqs. (44) and (78), country 2’s (and,
by symmetry, country 1’s) real wage increases.
Using Egs. (42) and (78), Eq. (76) is rewritten as:

dy* [Tt |7rmin = Lo (p+ 8 +77) = pl/o} (N5 — £03)/A511 M50/ Tot |71 =715 Moo/ Tt |riamrn = 0N3> 0. (T9)

Eq. (79) is considered as the ACR formula for the balanced growth rate: there is a monotonic relationship
between a country’s autarkiness ratio and its long-run growth rate, with the elasticity of the relationship
depending on the value of ¢.

Finally, substituting Eq. (79) into Eq. (75), we obtain the ACR formula for the long-run welfare:

dU; {1+5+F*a<p+6+v*>—pxsl—eas] A5y (50)
T12=T21

?21 =~ 0 g )\;1 ?21

T12=T21

In the square brackets of Eq. (80), the first negative term indicates the long-run welfare effect through
the real wage, which was also present in the static Melitz model. What is new here is the second term, the
long-run welfare effect through the balanced growth rate. It is nonpositive if and only if ¢ > A3, /. Bilateral
trade liberalization raises country j’s (and, by symmetry, country k’s) long-run welfare if ¢ > A}, /a3. Even
if e < A5, /a3, so that bilateral trade liberalization lowers the balanced growth rate, the long-run welfare can
rise if the real wage effect dominates.
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