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Abstract

Can the optimal tariff be zero for a growing large country? To pursue the possibility, we extend
the Rivera-Batiz—Romer lab-equipment model of endogenous growth to include heterogeneous firms,
asymmetric countries, and import tariffs. We find that each country’s domestic revenue share is a
sufficient statistic for its long-run growth rate, but it is not for its long-run welfare. A unilateral tariff
reduction by either country always increases the balanced growth rate. A zero tariff is locally optimal
for a country under a mild condition, which is automatically satisfied at a symmetric balanced growth
path with the zero tariff.
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1 Introduction

It has been taken for granted among trade economists that the optimal tariff for a large country is positive.®
Suppose that a large country increases a tariff on its imported good. On the one hand, this incurs distortions
in consumption and production, which harm the country’s welfare. On the other hand, the tariff-induced
decrease in the country’s import demand for the good drives down its world price (otherwise, the country
would be a small country), and the resulting improvement in the country’s terms of trade benefits its welfare.
Since the former effect is negligible around a free trade equilibrium, increasing the tariff from zero necessarily
increases the country’s welfare. The optimal tariff, if exists, must balance out the negative distortionary
effect and the positive terms of trade effect. The positivity of the optimal tariff for a large country is widely
confirmed in general equilibrium trade models, from the two-good standard trade model (e.g., Kaldor, 1940)?
to the Melitz (2003) model (e.g., Felbermayr et al., 2013; Demidova, 2017).

A theoretical and practical argument against the implementation of the optimal tariff theory is that it
results in the prisoner’s dilemma. A tariff of country 1 harms country 2 through the latter’s terms of trade
deterioration, and vice versa. Due to the negative externalities, each country’s welfare at a Nash equilibrium
of a “tariff war” is typically lower than that at a free trade equilibrium, that is, the Nash equilibrium is
Pareto inferior to the free trade equilibrium.* To avoid the prisoner’s dilemma, the countries have to commit
to reciprocity in tariff reductions, one of the founding principles of the GATT/WTO (e.g., Bagwell and
Staiger, 1999). However, each country still has an incentive to gain by deviating unilaterally from the free
trade regime, as the recent U.S.-China trade disputes suggest. Can there be a model in which the optimal
tariff is zero for a large country? If so, then the model will provide stronger support for free trade without
relying on reciprocity. The purpose of this paper is to create such a model.

We consider the role of economic growth in pursuing the possibility of a zero optimal tariff for a large
country. While Rodriguez and Rodrik (2000) question the robustness of some major empirical studies
reporting the positive relationship between trade liberalization and economic growth, more recent well-
designed empirical papers such as Wacziarg and Welch (2008) and Estevadeordal and Taylor (2013) do find
that the positive liberalization-growth relationship is robust, thereby overcoming Rodriguez and Rodrik’s
(2000) criticism. If it is true, then an increase in a tariff of a large country generates an additional welfare
loss through slower growth, which might pull the country’s optimal tariff down to zero. To characterize a
large country’s optimal tariff with the other country’s tariff given, we have to allow for asymmetric countries.
To this end, we extend the lab-equipment version of Rivera-Batiz and Romer (1991), the first and simplest
two-country model of endogenous technological change, to include heterogeneous firms a la Baldwin and
Robert-Nicoud (2008) (BRN hereafter), asymmetric countries a la Naito (2018), and import tariffs.?

The core of our model is a tradable differentiated intermediate good sector, where each potential entrant

uses the knowledge good (produced one-to-one from the final good in an R&D sector) as the fixed input,

LA large country is defined as a country whose behavior affects the world prices of its traded goods.

2Horwell and Pearce (1970), Bond (1990), and Ogawa (2007) characterize the optimal tariff structure in multi-good settings.
A general consensus is that there exists at least one good whose trade is taxed at the optimum.

3Felbermayr et al. (2013) assume CES preferences, whereas Demidova (2017) allows for variable markups.

4Johnson (1953) and Kennan and Riezman (1988) point out that, when a country is substantially larger than the other
country, the former could have a higher welfare at the Nash equilibrium than at the free trade equilibrium.

5Rivera-Batiz and Romer (1991) consider two alternative specifications of R&D, namely the knowledge-driven specification
(i.e., labor and public knowledge are used in R&D) and the lab-equipment specification (i.e., a composite final good is used in
R&D). Recently, Naito (2017) extends BRN with the knowledge-driven specification to introduce asymmetric countries, whereas
Naito (2018) formulates an asymmetric BRN model with the lab-equipment specification. Our model replaces iceberg trade
costs in Naito (2018) with revenue-generating import tariffs, which make the analysis much more difficult due to the presence
of tariff revenues.



and the final good as the variable input, following Rivera-Batiz and Romer (1991). An entrant pays two
types of fixed costs: an entry cost to draw the unit final good requirement a (i.e., the inverse of productivity)
from a Pareto distribution, and an overhead cost for each market if it is covered by the gross firm value at
the realized a. As in most Melitz-type models, the equilibrium productivity distribution is determined by
the zero cutoff profit and free entry conditions. The zero cutoff profit condition states that country j’s fixed
overhead cost in market k is equal to the gross firm value at the cutoff unit final good requirement a;, below
which a firm makes a positive net firm value. The free entry condition requires that country j’s fixed entry
cost is equal to the sum of the expected net firm values over all markets. Country j’s free entry condition
binds the movement of its domestic and export cutoffs, whereas country j’s zero cutoff profit condition for
its export market k(# j) is affected by country k’s import tariff. Due to the technical difficulty of evaluating
the future profits in general, we follow the literature by focusing on a balanced growth path (BGP), where
all variables grow at constant (including zero) rates.

Before studying the full general equilibrium effects of a tariff change, we derive long-run growth and
welfare formulas in line with Arkolakis et al. (2012). We find that country j’s long-run growth rate of
domestic varieties depends only and negatively on its revenue share of domestic varieties just like the ACR
(Arkolakis—Costinot-Rodriguez-Clare) welfare formula.® However, country j’s long-run welfare depends not
only on its domestic revenue share, but also directly on its import tariff through its tariff revenue. Unlike
Arkolakis et al. (2012) and the related studies considering iceberg trade costs as the only variable trade
barriers, a country’s domestic share, or sometimes called “autarkiness”, is not a sufficient statistic for its
welfare in our model with import tariffs. It is this property that leaves open the possibility that the optimal
tariff for a large country is positive in asymmetric Melitz models such as Felbermayr et al. (2013) and
Demidova (2017).

Based on the derived long-run growth and welfare formulas, we obtain the following main results. First,
an increase in the import tariff of either country decreases the balanced growth rate. An increase in country
1’s import tariff, with prices given, directly discourages country 2’s exports, which keeps more of country
2’s unproductive firms staying at their domestic market. This in turn encourages country 1’s exports by
productive firms and domestic selection of unproductive firms. In fact, for country 1’s trade surplus to
be cleared, its relative wage and hence its relative price of the final good go up, which indirectly affects
countries’ exports and domestic selection in the opposite directions of the aforementioned direct effects. It
turns out that the direct effects are stronger than the indirect effects for the partner country 2, whereas
the indirect effects dominate for the protecting country 1. Due to less exports and less domestic selection
in both countries, both of them become more autarkic, and hence grow more slowly, on the new BGP than
the old BGP. In the literature on endogenous growth and heterogeneous firms (e.g., BRN, 2008; Dinopoulos
and Unel, 2011; Perla et al., 2015; Fukuda, 2016; Sampson, 2016; Ourens, 2016; Naito, 2017, 2018), only
Naito (2017, 2018) allow for asymmetric countries, of which only Naito (2018) shows that unilateral trade
liberalization in terms of an iceberg trade cost always raises long-run growth. We confirm the clean result
of Naito (2018) even if complicated general equilibrium effects through tariff revenues are considered.

Second, a zero tariff is locally optimal for country j if its export revenue share relative to country
k(# j)’s is smaller than an upper bound, which is larger than unity, at a BGP with the zero tariff. An
increase in country j’s import tariff creates a welfare trade-off between gains from tariff revenue and losses

from autarkiness. The losses from autarkiness is relatively larger, the smaller the common subjective discount

6Naito (2018) shows that this is a consequence of the lab-equipment specification; we cannot obtain an ACR-like long-run
growth formula at an asymmetric BGP of Naito (2017) with the knowledge-driven specification.



rate is, and/or the smaller country j’s export revenue share relative to country k’s is. If the above sufficient
condition holds, then country j cannot gain by deviating unilaterally from its zero tariff. Moreover, the
sufficient condition is automatically satisfied if the countries are similar, and/or the subjective discount rate
approaches zero. Therefore, zero optimal tariffs for large countries occur quite naturally in our dynamic
Melitz model. We also supplement the above local analytical result with numerical experiments in a wider
domain of ad valorem tariff rates from 0 to 100%. We find that a country’s optimal tariff is more likely to be
zero, the more technologically advanced it is relative to the other country (in terms of the upper bound of
a), simply because such country tends to have a relatively smaller export revenue share. This implies that,
once economic growth is taken into account, a more technologically advanced and hence richer country (e.g.,
the United States) has a greater incentive to adopt free trade unilaterally.

The rest of this paper is organized as follows. Section 2 formulates the model. Section 3 characterizes
a BGP, and derives long-run growth and welfare formulas. Section 4 studies the long-run effect of a tariff

change. Section 5 examines if the optimal tariff can be zero for a growing large country. Section 6 concludes.

2 The model

We set up a Rivera-Batiz—Romer lab-equipment model with heterogeneous firms, asymmetric countries, and
import tariffs.” In country j(= 1,2), there are a nontradable final good sector, a tradable intermediate good
sector, and a nontradable R&D (i.e., knowledge good) sector. The final good is produced from a variety of
differentiated intermediate goods and labor under constant returns to scale and perfect competition. Each
intermediate good is produced using the knowledge good as the fixed input, and the final good as the
variable input. The knowledge good is produced from the final good under constant returns to scale and

perfect competition. We follow BRN’s formulation of heterogeneous firms as closely as possible.

2.1 Households

The representative household in country j maximizes its overall utility U; = fooo In Cj; exp(—pt)dt, sub-
ject to its budget constraint th = Wi + wjLy + Tjr — Ejy; th = dWj/dt, B = p}’tC’jt, with
{rje, wie, Tje, p} 1220 and Wi given, where t(€ [0, 00)) is time (omitted whenever no confusion arises), Cj is
consumption, p is the subjective discount rate, Wj is the asset, r; is the interest rate, w; is the wage rate, L;
is the supply of labor, T} is the lump-sum transfer from country j’s government, F; is the consumption ex-
penditure, and p}/ is the price of the final good. Parameters without country subscripts (e.g., p) are assumed

to be the same across countries. It is straightforward to derive the Euler equation Ejt J/Ejt =1t — p.

2.2 Final good firms

The representative final good firm in country j maximizes its profit ﬂ'JY = p}fY] —f@j pj(1)z;()di—w; L}/, sub-
ject to its production function Y; = Aij% (LY), X = (fej z;(i)eV/odi)o/ (0= with Py Api(@)}ico,
and w; given, where Y; is the supply of the final good, ©; is the set of available varieties of intermediate
goods, p; (i) is the demand price of variety ¢, z;(¢) is the demand for variety i, L}/ is the demand for labor,
A, is an arbitrary constant, X is the index of the intermediate goods, a;(€ (0,1)) is the Cobb-Douglas cost

share of the intermediate goods, and o(> 1) is the elasticity of substitution across varieties.

"We omit non-tariff trade costs because adding them does not affect qualitative results.



The profit maximization problem is divided into three parts. First, minimizing f@ pj(i)x;(i)di, subject
J

to X; f@ i)e=D/odi)o/ (@) with {p;(i)}ico, and X; given, we obtain f@ p;(i)z;(i)di = PjX;; Pj =
fe )’ "dz)l/ (1=9) where P; is the price index of the intermediate goods. Second minimizing P; X; +

w, L , subJect toY; = A; XO‘J LY 1= with P;,w,;, and Y; given, the minimized total cost is rewritten
i 3> Wy

as P;X; + w]L =¢; Y(Pj,w )Y],cj (Pj,wj) = P]qu;_aj, where A; is set to A; = a; (1= ay)” (1=2y) 0

simplify the unit cost function c; (P ;). Third, maximizing 71'] =p; Y ! (Pj7 ])Y], with p; ,Pj, and

w; given, the first-order condition is given by pY ; =¢ (P ), which is equlvalent to the free entry condition

jYJ*feij @ (i)di +w; L}

2.3 Intermediate good firms

The intermediate good firms are heterogeneous in the unit final good requirement a: the lower a is, the
more productive a firm is. Each potential entrant in country j first pays PK K5, where PK is the price of
the knowledge good, and «j is country j’s one-time fixed entry cost in terms of the knowledge good. After
that, @ is randomly drawn from a cumulative distribution function G,(a);a € [0, ajo], and the corresponding
probability density function g;(a), where ajo is the upper bound of @ in country j: the lower ajo is, the
more likely a firm is to be productive. If a is no more than its cutoff value aj; (to be determined later),
then a firm from country j incurs PjK Kjk to enter market k(= 1,2), where ki is country j’s one-time fixed
overhead cost in market &k in terms of the knowledge good; otherwise, the firm exits from market k without
paying the fixed overhead cost. Free entry requires that the the fixed entry cost be equal to the sum of the
expected net firm values over all markets.

An intermediate good firm indexed by @ in country j maximizes its profit in market k, mjr(a) =
pfk(a)yjk(a) — pYay;i(a), subject to the market-clearing condition y;x(a) = x;x(a), the conditional de-
mand function z;x(a) = pjr(a) " P{X, = (Tjkpfk(a))"’P,ng, with p)', Py, and X}, given, where pfk(a)
is the supply price of the firm’s variety, y;x(a) is the supply of the firm’s variety, z;i(a) is country k’s
demand for the firm’s variety, pjx(a) is country k’s demand price of the firm’s variety, and 7;5(> 1) is
one plus country k’s ad valorem tariff rate on imports from country j (with 7;; = 1), the only pol-

icy variable in this paper.®

The profit-maximizing supply price is derived as (pfk(a) - p}/a)/p{k(a) =
l/o < pfk (a) = p}/a/ (1 —1/0). The corresponding revenue, gross profit, and gross firm value are given by
einla) = p;‘k< ina) = 7 Y 0/ (1= 1/ P X mina) = ejula)/o = 737 [pY 0/ (L — L))" Pg Xa /o,
and vjk(a ft Tiks (@) exp(— fts (rju + 6)du)ds, respectively, where J is the exogenous rate of a bad shock
forcing a ﬁrm to exit (e.g., Melitz, 2003).

Country j’s cutoff unit final good requirement in market k is determined by:

Ot (ajre) = P kjr, k= 1,2. (1)

Eq. (1) is called the zero cutoff profit condition, meaning that the gross value of the cutoff firm just covers
the fixed overhead cost. It is assumed that firms have to pay a larger fixed overhead cost for exports than
domestic sales: rj; > kjj, k # j. Using Eq. (1) and ejis(a)/ejrs(ajnt) = (a/ajue)' ™7 = mjks(a)/mjks (ajkt),
vjke(a) is rewritten as vjr(a) = (a/ajue)t™ "PKn]k > P]-It(njk < a < ajpe. This verifies that a firm with a
in country j profitably enters market k if and only if a < a;;. We assume that a;;, < a;j;Vj, k= 1,2,k # 7,
that is, only a fraction G,(a;x)/G,(a;;) of country j’s domestic surviving firms with a < a;;(< a;;) can also

survive in their export market k.

8 Applying Shephard’s lemma to fej pj(i)xj(i)di = P;X; with j =k gives (i) = (0P /0pr (1)) Xr = pr (i)~ PZ X}



As explained in the first paragraph, country j’s free entry condition is given by:

S [ () - PRrsdgs(ada = P & S Hinlan) = @)
Hiji(ar) = Gj(an)hir(agn), hjk(age) = (@ (an)/azr)' 7 — 1,

a]k
@ik (ajr) = (/O a'~ 7 pir(alae)da) /=) i (alaje) = g;(a)/Gjlagn),

where H,i(ajx) is country j’s expected net firm value in market k relative to the fixed overhead cost
PjKIijk, hjk(a;,) is the conditional version of Hjx(a;r), G;k(ajx) is the aggregate unit final good require-
ment of surviving firms, and pjx(alajr) is the probability density function conditional on survival, with
Jo7* win(alaje)da = 1. In the same way as Melitz (2003, Appendix B), it can be verified that an increase
in ajj, increases H,i(ajx) mainly by increasing the probability of survival G;(a;x). Then from Eq. (2), for
k # j, aj; and aji always move in the opposite directions. In other words, more domestic selection (i.e., a
decrease in a;;) implies more exports (i.e., an increase in a;x), and vice versa.

Finally, let nf be the number of entrants in country j. Then n;; = njG; (@) is the number of entrants

in country j surviving in market k, or the number of varieties sold from country j to country k.

2.4 R&D firms

The representative R&D firm in country j maximizes its profit 7T]K = P]-K Qf — p}/Dj, subject to the
production function Q]K = D;, with PjK and pJY given, where Qf is the supply of the knowledge good, and
Dj is the demand for the final good from the R&D sector. The first-order condition is given by PjK = p}/,
which is equivalent to the free entry condition P]-K QJK =p; D

2.5 Government

Country j’s government budget constraint is given by T; = >, (7x; — 1)1, fa’” pkj )xr; (a) i (alak;)da
As usual, the government in country j collects its revenue only from its import tariff, and then transfers the

revenue to country j’s representative household.

2.6 Markets

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

Ajk
W; = anjk/o vjk(a)ujk(alajk)da, j = 1,2,
Lj=L),j=1,2,
QK Rj(fj; +0ng;)i®; = Qo pkinGjlae) + K5 )/G (aj;),7=1,2,
Ajk
Y;=C;+D; +F;; F; = anjk/o ayik(a)pik(alag)da, j = 1,2,
where %; is an entrant’s: “expected units of knowledge required to get a ‘winner.” ” (BRN, 2008, p. 25),

or its expected total fixed costs in terms of the knowledge good conditional on domestic survival, and F} is

the demand for the final good from the intermediate good sector.



Country j’s Walras’ law and its market-clearing conditions imply that:°

Aajk
YowEik = 3w EBrj; Ejr = njk/ ejr(a)pjk(alajy)da
0
Eji = Ej, k # J,

where Ejj, is country j’s revenue of selling the intermediate goods to country k, or country k’s expenditure
for buying the intermediate goods from country j net of tariff. The first line shows country j’s national budget
constraint, saying that its total revenue of selling the intermediate goods to all destinations is equal to its
total expenditure for buying the intermediate goods from all sources net of tariff. Subtracting country j’s
domestic revenue and expenditure from the first line, we obtain the second line, country j’s zero balance of
trade. Letting A\jx = Eji/> ", Eji; Yo pAjk = 1, be the revenue share of varieties country j sells to country k,
country j’s zero balance of trade is rewritten as )‘JkZl = Akj ZlEkla k # j.

In the next section, we characterize a BGP, where all variables grow at constant (including zero) rates.

3 Balanced growth path

3.1 Characterization

Let labor in country 2 be the numeraire: ws = 1. Suppose that the world economy is on a BGP for t > 0. We

first derive country j’s growth rate of domestic varieties v = (r;;/n;;)* as (see Appendix A for derivation):

v = lag /(= ap)](1/a) {1/ [+ (r; = VNG wi Ly / (0 *Fy) = p = 6,k # j,

where pf( =nyj PjK is: “an ‘intensive form’” (BRN, 2008, p. 25) of PjK normalizing the negative effect of

variety growth on PjK = pJY = Pjaj wjlfaj , and a superscript asterisk represents a BGP. The above expression

indicates that country j’s growth rate depends on pf( * /w;‘f,E;f,
pi-channel and the R-channel” (BRN, 2008, p. 27), respectively. The third one is included in the term

and A7.. The first two correspond to: “the

1/[1+ (7kj — 1)A%;], which is equal to 3, Ej/(P;X;), the ratio of country j’s total intermediate good revenue
to its total intermediate good expenditure gross of tariff (see Appendix A for derivation). Since {aj,} are
constant from Eq. (2), & and A}, = Gj(aj, fo ejk(a)piralay)da/d Gy ;l)foa;’ eji(a)pji(alaj;)da are
constant.'9 Therefore, constancy of 7; implies that pK * /w is constant.

To see when p /w is constant, we rewrite country j’s intermediate good price index as:

Py = {3 s mgpk G (any) /(1 — 1/0)] =2}/ 0=0) = n /0= Vg /(1 — 1/0); (3)
mj = {Zk(”kk/”jj)(Gk(akj)/Gk(akk))[(Tkjpky/p}/)ﬁkj(akj)]l /=),

where p}/mj is: “a weighted average of firms’ marginal selling costs in a particular market” (BRN, 2008,
p. 24). Substituting Eq. (3) into pJY = Pajwl_aj, and solving it for pJY with n;;,m;, and w; given, we

obtain p}/ = [n]1]/(1 0)_ (1 —1/0)]/(= O‘J) wj, and hence ij = n]-jp}/ = n;;[l/(g_l)]aj/(l_aj)[mj/(l —

9Time differentiating country j’s asset market-clearing condition, and using its no-arbitrage condition Vjg(a) = (r; +
0)vji(a) — mj,(a), household budget constraint, free entry conditions for all sectors, and government budget constraint, we
obtain country j’s Walras’ law: the sum of the values of excess demands for all markets is zero.

19The expression for A%, is immediately obtained by noting that n ), = n;;G;(a;)/Gj(a;;)-



/)] /(=) For pf/wj to be constant in spite of variety growth, we must have 1 — [1/(c — 1)]ey; /(1 —

a;) =0, or:

aj=1-1/c=(c—1)/0.

Then pf( is simplified to ij = [m;/(1—1/0)]° 'w;, and thus the growth equation is finally rewritten as:

7 = A1 =1/0)/[L+ (mg = DAjl}w; Ly /() " R5) = p = 6
={(1=1/0)/[L+ (r; = DALy /{5 /(1 = 1/o)]7 'S} — p— 6.k # J. (4)

Egs. (3) and (4) imply that, leaving aside the cutoffs {a}, } for the moment, country j’s growth rate ~;
is decreasing in its import trade cost 7x;, k # j, decreasing in the relative price of the final good of country
k to country j pky / p}/, and increasing in the relative number of domestic varieties of country k to country j
nkk/nj;. The last one means that, whenever the relative number of domestic varieties of country 1 to country
2 X = n11/n22 increases, country 2 grows faster whereas country 1 grows more slowly, thereby slowing down

the increase in x. On a BGP, x* is determined by the balanced growth condition:

W=7 =" e {11+ (ra = DAL /(@7 'RY) = {1/[1+ (2 = DAL} Lo/ (57 'R3), (5)

where we call a common growth rate on a BGP v* the “balanced growth rate”.

Since m;

(pY /p¥)* is constant from Eq. (3). Using ij = njjp}/ = [m;/(1 —1/0)]° 1w, this is given by:

is constant from Eq. (4), and x* is constant from Eq. (5), the relative price of the final goods

(b /p3 )" = (wi/x*) (/)7 (6)

Eq. (6) implies that w} is constant, and p&* = [m} /(1 —1/0)]°~'w} implies that pf* is constant. From
Egs. (3) and (6), m},m5, and (p} /pY )* are solved as functions of wj, x*, {aj}, and {7jx}.
To determine the cutoffs, we use Eqgs. (1) and (2). Specifically, dividing Eq. (1) by itself with j = k gives

vjko(aly)/veko(aky,) = Pt/ (Pl KrE), j # k, which is rewritten as (see Appendix A for derivations):

0o /@y = vy T (k1a ig) VO, (7)

ay /aj; = U*Tg_lg/(g_l)(H21/H11)_1/(0_1)5’U* = (p} /py )™/, (8)

We call (7) and (8) the relative competitiveness conditions in markets 2 and 1, respectively: an increase in
a;’fk /aj, means that country j(# k) becomes relatively more competitive in market k& because relatively more
firms from the former enter the latter. This is true if country k liberalizes its imports (i.e., 7;, decreases)
and/or country j’s final good becomes relatively cheaper (i.e., (p}f /pY)* decreases). Remembering that
(pY /pY)* is solved as a function of w}, x*, {aj,}s and {7} from Egs. (3) and (6), Eqgs. (2), (7), and (8) are
solved as:

a’;k :a;k(wrax*a'@laTIQ);jak:172' (9)



Finally, country 1’s (or 2’s) zero balance of trade is rewritten as (see Appendix A for derivation):

{Ae/[L+ (121 = DAL wi Ly = {51 /[1 + (112 — 1)A5; ]} Lo; (10)
Nk = (Hjr(ajy,) + Gjajy))kin/ > (Hulay) + Gilag,))k .

This determines the relative wage wi in line with Krugman (1980). To sum up, the balanced growth con-
dition (5), the cutoff functions (9), and the balanced trade condition (10), determine a BGP: (x*, {aj; }, wT).
Before studying the long-run effects of a tariff change, we derive long-run growth and welfare formulas,

which will greatly simplify the following analysis.

3.2 Long-run growth and welfare formulas

Suppose that a is distributed as Pareto, which is popular in applications of the Melitz model:

Gj(a) = (ajaj0)’ = aj_o‘gae;H >0 —1,

where ajg is a scale parameter representing the upper bound of a in country j, and 6 is a shape parameter

which is common across countries. Then we obtain:

@jk(aje)' =7 = [8/(B = D]a;;7;6=0/(c —1) > 1,
hjk(aje) = 1/(8 — 1), Hjk(aje) = Gj(azr)/ (B — 1),
Hji(ajk) + Gilaje) = Gila)B/(8 — 1) = BHjk(ajk),
(Hjy, + gir)age/(Hjk + Gii) = gjwajn/ Gk = Hjgaje/Hjr = 0], k; gji = g;(ajn), Gie = Gj(ajk)-

Using Eq. (2), A}, and &} are simplified to, respectively:

)‘;k = ij(a;k)’@jk/ZlHjl(a;z)’@jl = ij(a;‘k)’@jk/’@; = )‘;k = %\;k% )‘;k =dln )‘;k = d)‘;k/)‘;kv (11)

By = Bk /Gj(a},) = &, = —0a};, (12)

where a hat over a variable represents the logarithmic change, or rate of change, in the variable. Eqs. (11)
and (12) imply that each of Ajj, and F; depends only on one cutoff: an increase in ajy increases country j’s
probability of survival in market k, which increases the corresponding revenue share; an increase in a; makes
it easier for country j’s potential entrant to survive, thereby decreasing its: “expected units of knowledge
required to get a ‘winner.” ” (BRN, 2008, p. 25). Using Eq. (11), the logarithmically differentiated form of

Eq. (2) is given by:

0= 3 Nl (13)

Turning to Eq. (4), country j’s growth rate is decreasing in (pJK */w} )&}, the product of “the px-channel
and the R-channel” (BRN, 2008, p. 27). Substituting Eq. (12) into this, and noting that ij* = njjop}/o =



n5oG; (a;’fj )p}/*, where nf, is predetermined, and p}/* = p}g is evaluated at the initial period of a BGP, it is

rewritten as (pf* /w})&} = (n5G;(al;)p) * /w})BKS/Gj(a3;) = BrSnSop) * /w;. This means that country j’s
growth rate is decreasing in QUJY*/w;f7 country j’s price of the final good in terms of labor (i.e., the inverse of

country j’s real wage in terms of the final good). This is because the knowledge good is produced one-to-one
1—ajy
j J
j’s real wage in terms of the final good is expressed as (see Appendix B for derivation):

from the final good. From p}/ = P]qj w and the zero cutoff profit condition (1) for domestic sales, country

wy /oyt = (0] */P))TTH = (L (1 — DNl BRS G0 /{lag; /(1 = 1)) ejs ), (14)

where Pf = Pjo is evaluated at the initial period of a BGP. Using Eq. (14) and (ij*/w;‘)E;‘ =
5ﬁ§n§0p}/*/w;‘, Eq. (4) is simplified to:

7; = (L= 1/0)Ly /[l /(L= 1/0))" rjs} = p— 6. (15)

In Eq. (15), compared with Eq. (4), m; and K are replaced by a}; and k;;, respectively, and the term
1+ (7w — 1))\;7k is eliminated. Eq. (15) implies that 75 depends only on a;. Specifically, differentiating Eq.
(15), and using Egs. (5), (11), and (15), give:

dy; = (0 = 1)(p+8+7)a5; = —[(p+5+77)/8IN;- (16)

Eq. (16) is the ACR formula for long-run growth: country j grows more slowly if and only if domestic

selection becomes weaker (i.e., a;; increases), or equivalently, it becomes less open (i.e., A% increases).

Country j’s long-run welfare (expressed in flow terms) is given by (see Appendix B for derivation):!

pUj =In B — lnp}/* +(1/p)y" =InL;+InA; — (0 —1)Inaj; +Inn; + (1/p)7"; (17)
Aj = BrsnSo {1/ (1 —1/0)]" k5,
nj =(L=1/0)p/(p+0+7") + 1+ 0(m; — DAj, > Lk #j.

In the far right-hand side of Eq. (17), the sum of the second and third terms corresponds to country j’s
real wage divided by 1+ (74; — 1)A}, as seen from Eq. (14). In the definition of 77, the first, second, and
third terms indicate country j’s interest income, wage income, and tariff revenue, respectively.

Totally differentiating Eq. (17), and using Egs. (11), (13), and (16), we obtain:

pdU; = (o/m)X5umhi s — (0 = DL+ (0/n)) (7 — DB = Njp)]as; + Ty
= (/1) N5k Tig — (/B[ + (o/m) (i — 1B — Nig) + QNG (18)
T =—[(1=1/0)p/(p+6+ )2/ +1/p
[1/(pu)[(1 = 1/0)p(6 + 1)/ (p+ 8 +7") + 1+ a(7kj — D)A] > 0,
Q=T5(p+d+7")k#J.

In Eq. (18), the ACR formula for long-run welfare, there are two terms in the far right-hand side. The first

11 Supposing that the representative household receives a constant utility flow In E]* —1In p;-/* + (1/p)y* = pU; discounted by
a factor exp(—pt) over an infinite horizon, its present discounted value is [~ pU; exp(—pt)dt = pU;(1/p) = Uj.
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term represents the direct effect of a change in country j’s import tariff 7; on its long-run welfare through
a change in its tariff revenue. The second term summarizes the effects of a change in country j’s domestic
revenue share A}, (or equivalently, its domestic cutoff a;fj), which commonly appears in the Armington,

Krugman, Eaton—Kortum, and Melitz—Pareto models without import tariffs as shown by Arkolakis et al.
*
Ji
one hand, this decreases its long-run welfare by decreasing its real wage, and also its tariff revenue indirectly

(2012). Specifically, suppose that domestic selection becomes weaker in country j (i.e., af. increases). On the
through a decrease in its revenue share of exported varieties. On the other hand, it decreases the balanced
growth rate. This directly decreases the welfare by decreasing future consumption, but it indirectly increases
the welfare by increasing the interest income from the asset. Since the direct growth effect is always stronger
than the counteracting indirect growth effect as long as Qf =F;n;;(7*+06) > 0, the decrease in the balanced
growth rate necessarily decreases the welfare. Overall, weaker domestic selection (i.e., an increase in a;fj)7 or
equivalently, more autarkiness (i.e., an increase in )\;j), is bad for country j’s long-run welfare.

Our results so far are summarized in the following proposition:

Proposition 1 An increase in a country’s domestic revenue share implies a decrease in the balanced growth

rate, but it does not imply a decrease in its long-run welfare.

As Eqgs. (16) and (18) show, an increase in country j’s domestic revenue share A7 necessarily decreases
the balanced growth rate, and also partly decreases its long-run welfare. However, if the increase in A7,
is caused by an increase in country j’s import tariff 7;, which sounds quite natural, its long-run welfare
partly increases through the increased tariff revenue. It is the last effect that usually causes a large country’s
optimal tariff to be positive. In the following sections, we solve for general equilibrium effects of a tariff

change to see how much the optimal tariff is for a growing large country.

4 Long-run growth effect of a tariff change

From now on, we omit asterisks just for notational simplicity. The long-run growth effects of tariff changes
are derived in six steps: (i) from Egs. (3) and (6), we solve for p?/?%’ = pm(ﬁl, X: Gk}, To1, T12); (ii)
substituting the result from step (i) into the logarithmically differentiated forms of Egs. (7) and (8), and
combining them with Eq. (13), we solve for a;; = @, (W1, X, T21, T12); (iil) substituting the result from step
(ii) into Eq. (11), and substituting it into the logarithmically differentiated form of Eq. (10), we solve
for wy = w1 (X, T21,T12); (iv) substituting the result from step (iii) back into @;; = @;; (w1, X, T21, Ti2), and
substituting it into Eq. (16), we solve for dry; = dv; (X, 721, T12); (v) substituting the result from step (iv) into
the differentiated form of Eq. (5), we solve for ¥ = X (721, 712); and (vi) substituting the result in step (v)
back into dye = dy2(X, Te1, T12), we solve for dy = dva(Te1, T12). After long but clear calculations following

these steps, we finally obtain (see Appendix C for derivation):

dy = —0c(p+6+7)NjkAkj/(Njk + Nei) (T + Tin)s b # 5. (19)

Eq. (19) immediately implies that:

Ov/0InTy; = 0v/0InTj = —o(p+ 0 + V) NjeAkj/(Njk + Aij) < OV), k, k # .

Proposition 2 An increase in the import tariff of either country by the same rate decreases the balanced

growth rate by the same amount.
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Suppose that country 1 increases its import tariff 7o;. With pY /p) given, this makes country 2 relatively
less competitive in market 1 (i.e., decreases az; from Eq. (8)). Since country 2’s expected profit from
exports decreases, free entry requires that its expected profit from domestic sales increases, causing more
unproductive firms to stay in their domestic market (i.e., ass increases from Eq. (2)). Because of easier
competition with country 2’s domestic firms, more firms from country 1 start exporting (i.e., a12 increases
from Eq. (7)). This drives more of country 1’s unproductive firms out of their domestic market (i.e., decreases
ayp from Eq. (2)). Country 1’s increased import protection causes less exports and less domestic selection
in country 2, whereas it causes more exports and more domestic selection in country 1, with p} /pd given.

In fact, the increase in 79; affects p} /pY . With country 1 exporting more and importing less, it tends to
run a trade surplus. For the surplus to be cleared, w; and hence p} / pY increase so that country 1 becomes
relatively more costly in producing the intermediate goods (see Egs. (6) and (10)).'? This makes country 2
relatively more competitive in market 1, implying more exports and more domestic selection (see Egs. (2)
and (8)). Similarly, country 1 becomes relatively less competitive in market 2, causing less exports and less
domestic selection (see Egs. (2) and (7)). These indirect effects work in the opposite directions of the direct
effects in the previous paragraph. It turns out that the direct effects outweigh the indirect effects for country
2, whereas the opposite is true for country 1. Since domestic selection becomes weaker in both countries,
both countries grow more slowly, with x given. Finally, even if x adjusts to equalize countries’ growth rates,
the new balanced growth rate is lower than the old one.

Proposition 2 has both qualitative and quantitative implications. Qualitatively, even a unilateral tariff
reduction always raises long-run growth. In the literature on endogenous growth and heterogeneous firms
(e.g., BRN, 2008; Dinopoulos and Unel, 2011; Perla et al., 2015; Fukuda, 2016; Sampson, 2016; Ourens,
2016; Naito, 2017, 2018), only Perla et al. (2015), Sampson (2016), and Naito (2018) show that reductions
in iceberg trade costs always raises long-run growth, of which only Naito (2018) deals with a unilateral trade
cost reduction in an asymmetric-country setting. By considering revenue-generating import tariffs as more
realistic policy variables for the first time in the literature, our result provides further support for the positive
long-run growth effect of trade liberalization. Quantitatively, a 1% tariff reduction in either a larger or a
smaller country has the same long-run growth effect. As trade theories tell us that a smaller country has
a smaller terms of trade impact than a larger country, we might guess that a smaller country affects the
balanced growth rate by less than a larger country. Our result demonstrates that this conjecture is not true.

Armed with Proposition 2, we characterize the optimal tariff of a large country in the next section.

5 Can the optimal tariff be zero for a growing large country?

Substituting Egs. (16) and (19) into Eq. (18), the amount of change in country j’s long-run welfare is

expressed only in terms of the rates of changes in tariffs as:

pdU; = o Xji{(Tij /1;)Tkj — [+ (0/1;)(Tk; — 1B — Ajie) + Q][ A / (Mg + X)) (Thg + Tjw) }o b # 5. (20)

Eq. (20) immediately implies that:

12Tn (10), it seems that an increase in w; directly increases country 1’s trade surplus. However, the resulting increase in
p}/ / p%/ indirectly decreases its surplus by decreasing its exports but increasing its imports. Since the sum of the indirect effects
is stronger than the direct effect, country 1’s trade surplus is decreasing in wi. See Eq. (C.5) in Appendix C for details.
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poU; /0T = —aXjk[l + (o/nj) (ks — 1B — Nji) + Q] Ak; /(Aji + Akj) <0,
poU; /0Ty = oXjp Wy V; = 7i/m; — [1+ (0/m;) (75 — DB — Nj) + Q] Aws/(Nji + Aj) b # j. - (21)

An increase in either 7; or 7;, decreases the balanced growth rate from Eq. (19). This implies from
Eq. (16) that country j becomes less open, which is bad for its long-run welfare. Since the increase in the
other country’s tariff 7;;, does not provide the tariff revenue to country j, it necessarily decreases country
j’s long-run welfare. However, the increase in country j’s own tariff 75; creates a trade-off between gains
from tariff revenue and losses from autarkiness, as represented by the first and second terms, respectively,
in the definition of ¥; in Eq. (21). If country j’s optimal tariff is positive, then it must satisfy ¥; = 0.
Alternatively, if ¥; < 0 at 74; = 1, then the status quo of zero tariff is locally optimal (and globally optimal
if p82U;/0(InTyj)? < 0V7y; > 1). The condition is rewritten as:

Ujlr,=1 = 1/m — (L + Qi) Ak /(N + Akg) <0 Nji/ Mg <1 —=1/o+ (p+5+7)/p,k # j. (22)

Proposition 3 A zero tariff is locally optimal for country j if \jx/Mj <1—1/c+ (p+5+7)/p, k # 7, at

a BGP with 1,; = 1. In particular, it is true if the two countries are symmetric at the BGP.

The sufficient condition for the zero optimal tariff (22) states that the export revenue share of country j
relative to country k is smaller than the upper bound 1—1/0+ (p+ 9 ++)/p, which is larger than unity. This
means that the condition is automatically satisfied if A /Ax; = 1, that is, the countries are symmetric. By
continuity, Eq. (22) is true as long as the countries are similar. Moreover, the upper bound is monotonically
decreasing in p.!'* As p becomes smaller and smaller, the permissible range of Ajk/Ak; becomes larger and
larger. In the limit, as p approaches zero from above, Eq. (22) is satisfied for all positive export revenue
shares. Therefore, zero optimal tariffs for large countries are quite common in our model.

Proposition 3 just shows that a zero tariff is locally optimal for a large country, but it is still unclear
if it is optimal for a wider and more relevant domain of tariffs. To consider this, we make some numerical
experiments. We start from calculating a symmetric BGP with free trade as a benchmark. Key parameters
are borrowed from other work: p = 0.02 from Acemoglu (2009); and o = 4,6 = 4,6 = 0.025 from Balistreri et
al. (2011).'* The other parameters and initial conditions are set arbitrarily: Lj=1,kjj =2,kjr =4,K; =2,
and n§y = 1,000 (implying that n§, = 1,000 at the benchmark BGP). Finally, country j’s Pareto scale
parameter ajo, controlling its overall productivity in the intermediate good sector, is set to ajo = 2 to
produce a reasonable value of the balanced growth rate. The resulting values of key endogenous variables
are calculated as follows: p}//pg =1,a;; = 1.313,a;, = 1.042,x = 1, w1 = 1, \j; = 0.442, and v = 0.02487,
or 2.487%. The balanced growth rate of two to three percent is realistic enough.

Next, to see how tariffs affect a country’s long-run welfare, and how the relationship changes with
technological asymmetry and time preference, in Fig. 1 we draw country 1’s iso-welfare curves (expressed
in flow terms) on the (721,712) plane for nine pairs of (a1g,p). We first look at the middle center panel

corresponding to the benchmark case. 7; ranges from 1 to 2, meaning that country j’s ad valorem tariff

BEgs. (5), (9) (derived from Egs. (2), (7), and (8), together with Egs. (3) and (6)), and (10) imply that X, {a;x}, and w1
depend on o and 6, but not on p and §. Then from Eq. (15), p+ 6+~ = (1 —1/0)L;/{[a;;/(1 —1/5)]° "1k;;} is independent
of p and §: an increase in p and/or § decreases v by the same amount so that both sides of this equation are unchanged.

14 Assuming that § = 0.025 from Bernard et al. (2007), and ¢ = 3.8 from Bernard et al. (2003), Balistreri et al. (2011)
estimate that 6 ranges from 3.9 to 5.2. Felbermayr et al. (2013) also assume that o = 3.8 and 6 = 4.
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rate takes from 0 to 100%. The number attached to each iso-welfare curve indicates the value of country 1’s
long-run welfare (expressed in flow terms) pU;. All displayed iso-welfare curves are downward-sloping, and
pU; increases as we move down and to the left. This implies that, with 75 given, reducing 751 to 701 = 1
maximizes pU;. Therefore, a zero tariff is optimal for country 1 for this relevant domain of tariffs.

As we move up to the top center panel, where p increases to p = 0.03, iso-welfare curves become flatter,
suggesting that the negative relationship between 71 and pU; becomes relatively weaker due to the decreased
net growth effect on welfare I'7.*® In contrast, as we move down to the bottom center panel, where p = 0.01,
iso-welfare curves become steeper. Anyway, for all three panels in the center column, all iso-welfare curves
are downward-sloping, and hence a zero tariff is optimal for country 1.

Again starting from the middle center panel, suppose that a;¢ decreases by 10% to a1g = 1.8. As country
1 becomes more technologically advanced than country 2, the former becomes richer and less open than the
latter on a BGP with free trade: wy = 1.697, A12 = 0.330, A\o; = 0.561. Downward-sloping iso-welfare curves
become steeper because the increase in Aa1/(Ai2 + A21) intensifies the negative second term in ¥; of Eq.
(21), the losses from autarkiness. This is true for all other rows. Therefore, a zero tariff is still optimal for
a more technologically advanced country.

As we move from the middle center panel to the middle right panel, where country 1 becomes less
technologically advanced than country 2 (i.e., aj0 = 2.2 > 2 = agg), we have wy; = 0.620, A1z = 0.550, A\g; =
0.341, and iso-welfare curves become flatter in contrast to the previous paragraph. Moreover, the upper
three iso-welfare curves turn from downward-sloping to upward-sloping to the right of them. This is because
an increase in 712 makes country 2 less open (i.e., decreases A91), which weakens country 1’s losses from
autarkiness. This implies that, with 72 sufficiently large, country 1’s government can increase its long-run
welfare by either decreasing or increasing 7o1. For example, with 7o = 1.2 fixed, starting from 757 = 1.5
(where 5.8 < pU; < 6), country 1 gains by setting 701 = 1 (where pU; & 6), and it gains more by setting
721 = 2 (where 6 < pU; < 6.2).1¢ For a less technologically advanced country, we cannot ensure that a zero
tariff is always optimal. The three panels in the right column suggest that the tendency becomes stronger
as p increases. However, they also indicate that, as long as the more technologically advanced country 2 sets
a zero optimal tariff, it is still optimal for the less technologically advanced country 1 to choose a zero tariff.

Fig. 1 shows that, for a relevant domain of tariffs within 100%, a zero tariff is optimal for a large country
if it is no less technologically advanced (and hence no poorer) than the other country; otherwise, a zero
tariff might not be optimal for a sufficiently large tariff of the other country. Also, the more technologically
advanced a country is relative to the other country, and/or the more patient countries are, the more likely

its optimal tariff is to be zero. To sum up, the optimal tariff can be zero for a growing large country.

6 Concluding remarks

Our theory has important policy implications. If national leaders take economic growth seriously, as they
almost always say they do, it makes little sense for their own countries to deviate from free trade. In the face
of the recent U.S.-China trade disputes, a typical argument against them by trade economists is that they
could end up with a prisoner’s dilemma, and committing to the reciprocity principle of the GATT/WTO
would be a solution. By incorporating the simplest and widely accepted endogenous technological change

mechanism of the Rivera-Batiz—Romer lab-equipment type into an asymmetric Melitz model with import

15 Another observation is that, for the same (721, 7T12), the value of pU; decreases despite that p increases. This implies that
U1 decreases by more than the increase in p.
16Country 1 could gain more if it could set its tariff beyond 721 = 2. The problem, then, is whether an optimal tariff exists.
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tariffs, this paper provides a stronger argument that it is in each country’s own interest to keep free trade

even if it is large in an economic sense.
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Appendix A. Derivations of key equations in section 3.1

Derivation of v} = [o; /(1 — a;)][(1/0){1/[1 + (mi; — DX Iwi L /(S RS) —p— 0,k # j

Using Eq. (2), the asset market-clearing condition W; = >, nj fo * vk (a) i (alajr)da is rewritten as:

= 3y (G5 () G (a)) [ vyl (alai)da
= (nj;/Giaj;)) P (X 1k Gylan) + 5) = pi Ry pl = ny; P (A1)

Time differentiating Eq. (A.1), and using Eq. (A.1), the no-arbitrage condition 0jx(a) = (r; + §)v;k(a) —
7jk(a) (derived by time differentiating vjr¢ (a) = [, mjks(a) exp(— [}’ (rju+6)du)ds), mjx(a) = ejx(a)/o, and
Eir =nji [;7" ejr(a) ik (alaje)da, we obtam.

W Wiy 415 +0) = (1/0) 3 Ejki v = s /-

Rewriting P X; = 3 nkj [y Tkjpij (a)zr;(a)pr;(alar;)da using yi;(a) = xi;(a), ek (a) = pfk( a)yjr(a), Ejx =
nik [ eje(a) sk (alan)da, Ej, = Ey;, and Aji, = Eji />, Eji, we obtain:

B = {1/[1+ (mhj = DA} P X5, k # 5. (A.2)

Applying Shephard’s lemma to c; Y (Pj,w;)Y;, and using p}/ = c}/(Pj, w;), the expenditures for the inter-

mediate goods and labor are given by, respectively:

PiX; = a;p Y, (A.3)
ij;f =(1- aj)p;/Yj. (A4)

Using Eqs. (A.2) and (A.3), the expression for W is rewritten as:

Wj =W;(y; +rj+0) —{(a/o)/[1 + (Tj — 1))‘J’k]}p;/yj’k 7 J.

Multiplying Y; = C; + Dj + F; by pY, and using Egs. (A.2), (A.3), mx(a) = ejr(a) — p) ayjn(a) =
ejx(a)/o, PjK f( = p; D],Q = RK;j(nj; + ong;), Fj = > injk fo ayjr(a)pik(ala;r)da, p] = nijjK, and
Ejr =nji [7" ejr(a) ik (alaje)da, p}/Y] is expressed as:

JYi = {1/{1 = (0= 1o)az/[L + (mg = DAwI}HE; + piR; (v + 0)]. k # J. (A.5)

Substituting Eq. (A.5) into the last expression for Wj, and using Eq. (A.1), we obtain:

W, /Wy =r; 4+ {{1 = a;/[1+ (k5 — D]} /{1 = (1 = 1/0)a;/[L+ (i — DAl } (3 + )
— (/o) /[ + (Thj — DAl /{1 — (1 = 1/o)a; /[1 + (e — D)Aji]}} 255
Zj = Ej/Wj, k # j,

where a transformed variable Z; = E;/W; is interpreted as country j’s average propensity to consume
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out of asset. Substituting the above expression and the Euler equation E'j /E; = r; — p into Zj /Z; =
E;/E; — W, /W, gives:

Zi/Z; = {{(c;/o) /[1 + (75 = DXl }/{L = (1= 1/0)ay /[1+ (i — DNk} Z5 — p
{1 —a;/[1+ (e — DN}/ A1 = (1 = 1/0)a; /[1 + (ke — DAl } (5 + 6), b # 5. (A.6)

Multiplying L; = LJY by wj, and using Eqgs. (A.1), (A.4), and (A.5), we obtain:

v ={{1— A =1/0)oy/[1+ (T — D)}/ (1 — o) }w; L/ (pfRy) — Z; — 6,k # j. (A7)

On a BGP, both Z;/Z; and v, are constant. Noting that n;x = n;;G;(a;x)/Gi(aj;), Ak is rewritten as
Ak = Gj(ajr) Oajk ejr(a)pjr(alajr)da/dy,Gi(aj) Oa” eji(a)pji(alaj)da, which depends only on country j’s
cutoffs {a;}. Since {a;;} are constant from Eq. (2), Ajx is constant on a BGP. Then Eq. (A.6) implies that
Z; is constant on a BGP. From Egs. (A.6), (A.7), and Z;/Z; = 0, Z; and ~; are solved as:

Z; = p+{{1l = aj/[L+ (1 = DARIY/ (1 = o) }wj L/ (0] F), (A.8)
% = [0/ (1= o)l (/o) {1/ [+ (maj = DN bw; L/ (0 F)) — p— 6.k # 5. (A.9)
Derivations of Eqgs. (7) and (8)

The right-hand side of v, (a;fk)/vkko (a};) = P]%/@jk/(Plfg/@kk),j # k, is simply rewritten as (p}//pky)*fﬁjk/mk.

In the left-hand side, vjxo(a) is given by:

vjko(a) = ko (a)Ajro(a); Ajko(a) = /OOO eXP(*/O (rjs + 6 — Tjks(a)/miks(a))ds)dt.

Calculating A,ro(a) requires calculating r;, and 7jks(a)/mjks(a) on a BGP. For r;s, multiplying Eq.

(A.8) by Wr = ij*E;f from Eq. (A.1), and using a; =1 — 1/0, we obtain:

B = o {p+ {1+ (0 = 1)(mg — DA/[1+ (7 — DX b L/ (02 )}

=pi Fip+ {1+ (0 = D)7y — DA/ [L+ (1 = DAJ}wi Ly, k # . (A.10)
Since %5, Alj, wj, and pf(* are constant, EY is constant from Eq. (A.10). This and the Euler equation

imply that 7 = p.
For 7 (a) /mjks (@), noting that P;X; = (0 —1)w; L, from Eqs. (A.3), (A4), L; = LY, and o = 1—1/0,
mjk(a) = Tﬁf[p}/a/(l —1/0)]* 77 Pg X}, /o is rewritten as:

mike(a) = 737 [a/(1 — 1/0)]17”(Pkt/p};)071(1 —1/0)wj L. (A.11)
Dividing Eq. (3) for j = k by p); gives Py /p};, = A (p /oY )*m; /(1 — 1/0). Substituting this into

* *

s ke (@) /mike (@) = ="
Substituting the results into the definition of Ajxo(a), we obtain Ajxo(a) =1/(p+ 6 ++*), and hence:

Eq. (A.11), and noting that nxk: grows at the rate v*, m;x: (a) grows at the rate —y
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vjko(a) = miro(a)/(p + 6 + 7). (A.12)

Dividing Eq. (A.12) by itself with j = k, and using Eq. (A.11), we obtain vjko(a}y)/vkko(ag,) =
miko(afy,) /mrro(afy) = 7,7 (P /Y )* @5y, /ajy )~ Therefore, vjro(afy)/viko(aky,) = Pjs i/ (Plokrk), 7 # k,
is rewritten as:

() /or ) a5 fai ) =7 = (B) /pE ) K/ Kk § F ke

Solving this for aj, /a3, and a}; /aj;, we obtain Egs. (7) and (8), respectively.

Derivation of Eq. (10)

Substituting Eq. (A.2) and PjX; = (0 — L)w;L; into A\jky B = Mi>_,Er,k # j, we obtain Eq.
(10). For A%, using Egs. (1), (A.12), mk(a) = ejr(a)/o, and eju(a)/ejr(aj,) = (a/a;k)l"’, we obtain
Joo* ejk(a)pir(alay)da = (hjk(ajy,) +1)o(p+6 + ’)/*)Pj[glijk. Substituting this into

)‘;k =G, (a’;k) foa;k ejr(a)ijr (a|a;k)da/ZlGj (a;z) oa;l ejl(a)ujl(a|a;l)da gives

Nk = (Hjr(afy) + Gi(aj) ki /22 (Hj(ah) + Gji(aj)) ki

Appendix B. Derivations of key equations in section 3.2

Derivation of Eq. (14)

;—aj and a;j = 1 —1/0, we obtain w} /p)* = (p}*/PF)?~", where P; = Pj is evaluated at

the initial period of a BGP.

Using (A.11), (A.12), and pf* = n$,G;(a};) Py, the zero cutoff profit condition (1) for domestic sales is

From p}/ = Pfj w

rewritten as:

[aj;/ (1 =1/ =7 (P} /p} )7 (1 = Lfo)wi L/ (p + 6 +77) = [/ (50 Gi (a3;)) i

Using Eq. (5), Eq. (4) is rewritten as:
ot d+y" = {(1=1/0)/[L+ (my = DAGJ}wi Ly /(0] F;)

& (L= 1/o)wiLi/(p+0+7") = [L+ (1 — DXjulpj 5 k # . (B.1)

Substituting Eq. (12) into Eq. (B.1), substituting it into the above zero cutoff profit condition, and
solving it for (QUJY*/P]-*)"_1 = w;-‘/p]Y*7 we obtain Eq. (14).

Derivation of Eq. (17)

Substituting pjyt = ij*/njjt = p}/* exp(—v*t) into U; = fooo(ln Ej — lnpjyt) exp(—pt)dt, and applying inte-

gration by parts, we obtain:

pUj =In E; — lnp;/* + (1/p)v™.

20



Substituting Eq. (B.1) into Eq. (A.10), E7 is rewritten as:

By ={wiL;/[1 + (ti5 — DA Inism; = (L —=1/0)p/(p+ 6+ ") + 1+ o(r5 — DAy, k # J.

Dividing this by p}/*, and using Eq. (14), we obtain:

B [y = Li{(w; /py ") /[ + (mj = DAjJ}n; = Lj(Aj /35~ s
Aj = Br5nSo {11/ (1= 1/0)]" kst b # .

Substituting this into pU; = In £} — lnp}/* + (1/p)7*, we obtain Eq. (17).

Appendix C. Derivation of Eq. (19)

Step (i): first of all, we logarithmically differentiate 72; in Eq. (3) to obtain:

m; = [1/(1 = 0)] 3 Cesdn{ (i /135) (G (ang )/ G (awn)) [(Trspl /) Vg (an )]~ )5
(o /n35) (G (an;) / Grlawn)) (i /0] Jang (ars)]~7 _ i By S G =1
YT /ngi) (Gila) [Gilan)) (rgp} [pY Va ()=~ SymgEry RN T

where (j; is rewritten using e (a) = Tﬁf [p}/a/(l —1/0)]' 77 P X}, and Ejj, = njy, foaj’“ ejx(a)pjx(alajr)da
as the expenditure share of varieties country j buys from country k. Using Eq. (A.2),
Ejr =njk foajk ejr(a) ik (alajr)da, Ej, = Eyj, and Njx = Eji />, Eji, Cj is related to Aji as:

Chj = Tig Aji/[L+ (Thj = DAg] = Agies B 7

where the inequality follows from 74; — [1+ (7%; — 1) A\jx] = (7 —1)(1 —Ajx) > 0. Due to the import tariff,
country j’s expenditure share of imported varieties is no less than its revenue share of exported varieties.

Using Eq. (13) to calculate dIn{(nxx/nj;)(Gr(ars)/Gr(ark))[(Tripk /) )anj(ax;)]' =}, we obtain:

m; = (1= Crj)az; + Cei{[1/(1 = o)l dIn(npe /nj;) + {8 — (1 = Mej)]/Aes Yawe + Toj + Py — By 1,k # J.

Then the difference between ﬁl and ﬁg is calculated as:

Ty — g = E1011 — E2dan — (Co1 + C12) [P — Py — X/ (0 — 1)] 4 CaaTor — CioTi2;

§=1—Cy — GrlB— (1= XN/ Njk, k # J.

Substituting this into the logarithmically differentiated form of Eq. (6), pY — ps is solved as:

Py =Dy = (1/A)[@1 — (L= (o1 — C12)X] + [(0 = 1)/Al((aTon — GraTiz + E111 — Eatina); (C.1)
A=1+ (0‘ — 1)(C21 +C12) > 1.
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We assume that country j’s import expenditure share is smaller than its domestic expenditure share:

Chj < 1/2¥5,k, k # j = i <1/2. (C.2)
Under Eq. (C.2), we have 1 — (21 — (32 > 0 and 1 — A2 — Ag; > 0.

Step (ii): logarithmically differentiating Eqgs. (7) and (8) gives:

Q12 — Ugo = =0 — [0/(0 — 1)|T12,

Qo1 —G11 = U — [o/(0 —1)]7o1.

Combining them with Eq. (13), we obtain:

(1 — M2)air + Aigao = A2{v+ [0/(0 — 1)|712},
)\21611 —+ (]. — )\21)622 = )\21{76%‘ [O’/(O’ — 1)]?21}

Substituting Eq. (C.1) into ¥ = [0/(c — 1)](p} — p3 ), and substituting it into the above expressions,

they are rewritten as:

Ni1@11 + Ai2tas = )\12{‘7 +lo/(o —1) = (0/A)C2|T12 + (0/A) (1721
A2111 + Aooding = )\21{—‘? +[o/(c —=1) = (0/A)C1]To1 + (0/A) 12712}
V=[o/(o = DIA/A)1 = (1= G1 = Ga)il,

Mg = 1= Nk = Aji(0/ D)5, Ajie = Agie + M (0/ D), k # .

Solving them for @7 and ds2, we obtain:

11 = 2/ AV + {[o/(0 = D)]Aaz — (0/A)C12} 712 — {0/(0 = 1) = (0/A)Ca1 — [0/ (0 — 1) Xa2} T },

(C.3)
22 = Qa1 /A{=V +{[o/(0 — D]A11 — (0/A)Ca1}7o1 — {0/ (0 = 1) — (0/A) a2 — [0/(0 — 1)]A11 }Faz}s
(C.4)

Al = Xidoz — Aizdar = (1/A){(1 = Gar — G2)(1 — Mz — A21) + 0[B(Cor + Gi2) — Aiz — Aaa]} > 0.
Finally, @12 and a2, are obtained by substituting Eqgs. (C.3) and (C.4) back into Eq. (13).

Step (iii): logarithmically differentiating Eq. (10), and using Eqs. (11) and (13), give:

—0{1/[1+ (121 — ) Ai2] (1 — M2)/ Ai2ain — CaaTor + W = —60{1/[1+ (112 — 1) A21] }(1 — A1) /A21]@22 — CioTi2.

Substituting Egs. (C.3) and (C.4) into the above expression, and noting that (i; = i Aji/[1 + (T —
DAkl ©1—Crj = (1= Njw)/[1 + (7w; — D)Aji], k # J§, we obtain:
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0 = —B; + CX + Fn7a1 — FioTia & @1 = (1/B)(CX + Far7o1 — Fia712); (C.5)
B= B(o/A)(2 = (a1 — Ci2) — |X|
= (1/A){(1 — C1 — C12)[280 — (1 = A2 — Aa1)] + o(Ai2 + A21)} > 0,
C = B(o/A)(1 —Co1 — G12)(2 = Co1 — Gi2) > 0,
Fie = 0{(1 = Gj){lo/ (0 = Dk — (0/A) G}
+ (1= Ge{o/(o = 1) = (0/A)Gr = [o/(0 = Dy} = [NGes b # 5.

Step (iv): substituting Eq. (C.5) into V = [o/(0 — 1)](1/A)[@; — (1 — (a1 — C12)X] gives:

V =1[1/(c — D)[(e/A)/BIIXI(L = Ca1 — C12)X + ForTor — FraTia).

Substituting this back into Eqs. (C.3) and (C.4), noting that A1 + Aoy — 1 = |A| and A — o/(Coy + C12) =
1 — {21 — (12, and substituting the results into Eq. (16), we obtain:

dyy = —(p+ 0 +7)[(0/A)/BlAa[(l — Co1 — C12)X + 1712 + L7, (C.6)
dyva = —(p+ 8+ )[(0/A)/BAar[—(1 = Co1 — C12)X + JoTor + LoTial; (C.7)

Jj = (1= Gy — Gr)[Bo — (1 = Aj)] + oA >0,
Ij EJj-f—l—gkj—Cjk >Jj,k7éj.

Step (v): substituting Egs. (C.6) and (C.7) into the differentiated form of Eq. (5), X is solved as:

X =[1/(1 =1 = G2)l[1/ (M2 + A21)][(A21 L2 — M2J1)Ti2 — (M2l1 — Aa1J2)Ta1]. (C.8)

Step (vi): substituting Eq. (C.8) back into Eq. (C.7), and noting that I; + J, = AEVj, k,k #£ j, we
obtain Eq. (19), which does not depend on (C.2).
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top left: a;0 =1.8,p=0.03 top center: a;9 = 2.0,p = 0.03 top right: a9 = 2.2,p = 0.03
mid left: a;9 = 1.8, p =0.02 mid center: ajp = 2.0,p = 0.02 mid right: a;9 = 2.2, p = 0.02
bot left: a1 =1.8,p=0.01 bot center: ajp = 2.0,p =0.01  bot right: a;g = 2.2, p = 0.01

Fig. 1. Country 1’s iso-welfare curves on the (721, 712) plane.
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