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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 one-sector Melitz (2003) model (e.g., Felbermayr et al., 2013; Demidova, 2017).3

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.* A solution recommended by trade economists is for countries
to commit to reciprocity in tariff reductions, one of the founding principles of the GATT/WTO (e.g., Bagwell
and Staiger, 1999). However, the reciprocity argument is weak in that each country 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 contribute
to supporting global free trade more strongly. The purpose of this paper is to explore such a possibility.

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
in a two-country endogenous growth model.

We extend the lab-equipment version of Rivera-Batiz and Romer (1991a) (RBR hereafter), the first and
simplest two-country model of endogenous technological change, to include asymmetric countries and import
tariffs. RBR 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). For the knowledge-driven specification, Devereux and Lapham (1994) and Feenstra
(1996) point out that a balanced growth path (BGP) of an asymmetric RBR model is either stable or
unstable, depending on whether there are international knowledge spillovers or not.> However, despite

being regarded as the starting point of endogenous technological change models (e.g., Acemoglu, 2009), it is

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.

5A BGP is a path on which all variables grow at constant (including zero) rates.



unknown whether an asymmetric BGP is stable under the lab-equipment specification without international
knowledge spillovers. We first have to check if our asymmetric lab-equipment model is well-behaved so that
it is applied to the optimal tariff problem.

Our RBR lab-equipment model consists of two asymmetric countries, each of which has a nontradable
final good sector, a tradable intermediate good sector, and a nontradable R&D (i.e., knowledge good) sector.
The core of the model is the intermediate good sector, where each potential entrant uses the knowledge
good (produced one-to-one from the final good in the R&D sector) as the fixed input, and the final good
as the variable input, to produce a differentiated variety under monopolistic competition and homogeneous
technologies. The most difficult part of the asymmetric lab-equipment model is to determine the relative price
of the final goods of the two countries: it affects the two countries’ price indices of the intermediate goods,
which in turn affects the relative final good price. We have to take such general equilibrium interactions into
account. We later replace homogeneous intermediate good firms with heterogeneous ones following Melitz
(2003), but even with the increased complexity, our main results regarding the long-run growth and welfare
effects of a tariff change are qualitatively robust.

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
the number of varieties depends only and negatively on its revenue share of domestic varieties just like the
ACR (Arkolakis—Costinot—Rodriguez-Clare) welfare formula. This implies a stabilization mechanism of the
model. For example, when country j’s relative number of varieties increases, the country imports relatively
less varieties. This makes that country more closed, thereby leading to its slower growth. 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.

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 directly causes it to import less. For country 1’s trade surplus to be cleared in equilibrium,
its relative price of the final good increases so that it exports less. This increases country 2’s domestic
revenue share, which slows down its growth. Also, both the increase in country 1’s import tariff and the
resulting increase in its domestic expenditure share increase its domestic revenue share, thereby lowering
its growth. Therefore, after the adjustment of the relative number of varieties, the new balanced growth
rate is lower than the old one. This is true even if reallocations across heterogeneous firms are added to the
model. In the literature on trade and endogenous growth with homogeneous firms (e.g., Rivera-Batiz and
Romer, 1991b; Baldwin and Forslid, 1999) and heterogeneous firms (e.g., Baldwin and Robert-Nicoud, 2008;
Dinopoulos and Unel, 2011; Sampson, 2016; Ourens, 2016; Naito, 2017, 2019; Impullitti and Licandro, 2018;
Akcigit et al., 2018; Fukuda, forthcoming; Perla et al., 2019), only a few papers allow for asymmetric trade
liberalization (e.g., Baldwin and Forslid, 1999; Naito, 2017, 2019; Akcigit et al., 2018), and only Akcigit et
al. (2018) study the long-run effects of a unilateral tariff change numerically. This paper analytically shows
that even a unilateral tariff reduction always raises long-run growth.

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 one at a BGP with the zero tariff. An increase in country

7’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 more patient countries are, and/or the more autarkic
country j is before the tariff increase. 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 common subjective discount rate approaches zero. Therefore, zero optimal
tariffs for large countries occur quite naturally in our 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%. Numerical
results allowing for different labor supplies indicate that: (i) in the homogeneous firm model, a zero tariff
is optimal for both larger and smaller countries; and (ii) in the heterogeneous firm model, a zero tariff is
optimal for a larger or equally large country, and also for a smaller country as long as its trading partner sets
a zero optimal tariff. This implies that global free trade can be supported as a Nash equilibrium, whether
the two countries are symmetric or asymmetric, and whether the intermediate good firms are homogeneous
or heterogeneous.

A few recent papers find the possibility of a zero optimal tariff for a large country. Caliendo et al.
(2017) extend the static Melitz—Pareto model to include two nontradable final good sectors, only one of
which uses a variety of tradable intermediate goods. They show that a country’s optimal tariff can be zero
because a tariff reduction increases the number of entrants into the country’s intermediate good industry,
which was suboptimally low before the tariff reduction in their two-sector setup. In contrast, even without
such intersectoral distortions, a large country’s optimal tariff can be zero in our dynamic model. Akcigit
et al. (2018) find the case of a zero optimal tariff based on the dynamic gains from trade liberalization in
their two-country Schumpeterian growth model with heterogeneous firms. While allowing for transitional
dynamics, their model is so complicated that most results are obtained numerically. By using a simpler RBR
lab-equipment model and focusing on a BGP, we analytically show that the optimal tariff is quite likely to
be zero for a growing large country.

The rest of this paper is organized as follows. Section 2 formulates a homogeneous firm lab-equipment
model. Section 3 characterizes a BGP, and derives long-run growth and welfare formulas. Section 4 studies
the long-run growth and welfare effects of a tariff change. Section 5 develops a heterogeneous firm lab-
equipment model to do robustness checks. Section 6 numerically examines the global optimality of a zero

tariff. Section 7 concludes.

2 A homogeneous firm lab-equipment model

To explore the possibility that the optimal tariff for a large country is zero in the simplest possible dynamic
setting, we first build a RBR lab-equipment model with homogeneous 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.

2.1 Households

The utility maximization problem of the representative household in country j is given by:

6We omit non-tariff trade costs because adding them does not affect qualitative results.



max : U; = / In Cj; exp(—pt)dt,j = 1,2,
0
s.t.: th = Tthjt + ’U.)thj + Tjt - Ejt; th = det/dt, Ejt = p};Cjt,

. . Y oo
given : {T.jta Wyt , Tjtapjt}t:Oa WjO,

where t(€ [0, 00)) is time (omitted whenever no confusion arises), U; is the overall utility, C; is consump-
tion, p is the subjective discount rate, W; is the asset, r; is the interest rate, w; is the wage rate, L; is the
exogenous supply of labor, T is the lump-sum transfer from country j’s government, Ej is the consumption
expenditure, and p}/ is the price of the final good. The second line represents the budget constraint. Param-
eters without country subscripts (e.g., p) are assumed to be the same across countries. It is straightforward

to derive the Euler equation for Ej;:
Ejt/Ejt =Tjt — pP-

2.2 Final good firms

The representative final good firm in country j solves the following problem:

max : w}/ = pZYj - /@‘ pj(i)a;(i)di — ij}/’

J

st 1Y) = (X;/a)V[L] /(1= o))" ™% a5 € (0,1),

DX = (/ zj (i) V/ogiye/ oD 5 > 1,

J

given : p), {p;(i)}ico,, w;,

where ﬂ'JY is the profit of the representative final good firm, Y} is the supply of the final good, ©; is the
set of available varieties of intermediate goods, p;(¢) is the demand price of variety 4, z;(¢) is the demand
for variety 1, L}/ is the demand for labor, X; is the index of the intermediate goods, «; is the Cobb-Douglas
cost share of the intermediate goods, and o is the elasticity of substitution across varieties. The second and
third lines represent the production function for the final good and the intermediate good index function,

respectively. Profit maximization is characterized by:

i 1—ay 1o - _ , N
py = ¢} (Pjwy);c) (Py,wy) = PiPw; " P = (/ pi (i)' 7di) 1) & pY Y = / p;(@)z;(i)di + w; Ly,
i 9;
where c}/ and P; are the minimized cost to produce one unit of ¥; and the price index of the intermediate
goods (i.e., the minimized cost to produce one unit of X;), respectively. Because of constant returns to scale,

profit maximization implies a zero profit.



2.3 Intermediate good firms

In country j, both the fixed entry cost P]-K x5 and the unit final good requirement of one are the same for
all intermediate good firms, where P]-K is the price of the knowledge good, and xf is country j’s one-time
fixed entry cost in terms of the knowledge good. This allows us to omit the variety index i from now on.
The profit maximization problem of a firm producing its differentiated variety in country j and selling it to

market k is given by:

max : Tk :p;ky_]k‘ _pzfy]ka.jak = 1725
s.t. Yk = Tk,
@k = pyy, P Xk = (Tjkpfk)igpngk;Tjk > 1,75 =1,

given : pY, Py, X,

where 7, is the firm’s profit, p{k is the supply price of the firm’s variety, y;z is the supply of the
firm’s variety, x;; is country k’s demand for the firm’s variety, p;z is country k’s demand price of the firm’s
variety, and 7,5 (> 1) is one plus country k’s uniform and permanent ad valorem tariff rate on imports from
country j (with 7j; = 1), the only policy variable in this paper.” The second and third lines represent the
market-clearing condition and the conditional demand function for the firm’s variety, respectively. The profit-

maximizing supply price and the corresponding revenue, profit, and firm value are given by, respectively:

(p;'ck _p;/)/p;k =1/o <:>p£k =p;-/ (1-1/0),

ej = Plpyin = 7357 [y /(1= 1/o)]' "7 P Xy,

Tjk = €jk/0 = Tk 3//(1 —1/0)]' "7 Pg Xy /o,

vjktz/ ﬂjksexp(f/ (rju + 0)du)ds,
¢ ¢

where § is the exogenous rate of a bad shock forcing a firm to exit (e.g., Melitz, 2003).

Free entry requires that the fixed entry cost be equal to the sum of the firm values over all markets:

o K e
Y okUik = P* kS

Finally, let nj be the number of entrants in country j. Since all homogeneous firms sell their own unique

products to all markets, n§ is also the number of varieties sold from country j to country k.

2.4 R&D firms

The representative R&D firm in country j solves the following problem:

7 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}



. K _ pKnK Y.
max : m; = P2 Q; —pj Dj,
s.t.: QF = Dj,
given : PjK , p;/,
where 7ij is the profit of the representative R&D firm, Q]K is the supply of the knowledge good, and D;
is the demand for the final good from the R&D sector. The second line represents the production function

for the knowledge good. The first-order condition for profit maximization, which is equivalent to the zero

profit condition, is given by:

K Y KANK Y
P =pj < P Q5 =p; Dj.

2.5 Government

Country j’s government budget constraint is given by:

Ty = 3 (ks — Dngpl ;.

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:

Wi =3 njvik,j = 1,2,

Ly=LY,j=1.2,

QF = KS(nS +0n5), 5 = 1,2,

Y, =C;+D;+ F;; F; = aniyjk,j =1,2,

where 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:®

2Bk = 2k Brj; Eje = nfen,
Ejk = Ekjak #]a
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

8Time differentiating country j’s asset market-clearing condition, and using its no-arbitrage condition Vi = (rj+0)vjk — 7k,
household budget constraint, zero profit and 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.



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 balance of trade.

We introduce revenue and expenditure shares, which play vital roles in modern trade models:

Ajie = nSplyin/ S msplyi = Ej /0By e = 1,

Chj = MG ThsPL g /i TPl = i By /3275 Eugs G = 1,

where )i is the revenue share of varieties country j sells to country k, and (x; is the expenditure share of
varieties country j buys from country k. Due to import tariffs, country j’s domestic revenue and expenditure
shares are not necessarily equal. Using countries’ import expenditure shares, country j’s balance of trade is

rewritten as:

(Cin/Tix) P Xi = (Cj /Ths ) Py Xy, b # J.

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

3 Balanced growth path

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

Following RBR, we impose the following restriction on «; for the existence of a BGP:

a; =(c—1)/o.

To understand the meaning of this restriction, suppose that nj grows at the rate v* on a BGP, where
an asterisk means that the economy is on a BGP. Then technologies imply that Y; grows at the rate
ajlo/(oc — 1)]yv*. However, to meet the demands for the final good from the intermediate good and R&D
sectors, Y; must grow at the same rate as v*. Consequently, we require that a;[o/(c — 1)]y* = %, or
a; =(c—1)/0.

One of the most difficult parts of the lab-equipment model with asymmetric countries is that the relative
price of the final good of country 1 to country 2 p}/ / pg is determined in general equilibrium. To do this, we

start from rewriting country j’s intermediate good price index as:

Py = {3 nilmigpy /(1= 1/0)] =730 = (n§)Y = pYm; /(1 - 1/0); (1)
m; = Y (ng/n) (i), /p) ) o) 7).

In Eq. (1), P; is decreasing in nj, whereas it is proportional to p}/mj, a weighted average of marginal
costs of selling to market j for domestic (i.e., country j’s) and foreign (i.e., country k(# j)’s) intermediate
good firms. Eq. (1) implies that 7; is increasing in country j’s import tariff times foreign’s relative price
of the final good Tjkp{ / p}/, but decreasing in the relative number of foreign varieties ng / nj. This is simply
because country j’s representative final good firm benefits more from relatively cheaper, and/or relatively
greater number of, foreign varieties.

Whereas pky/p}/ affects m; in Eq. (1), m; in turn affects pky/p}/ as follows. Substituting Eq. (1)



into p}/ = C}I(Pj,wj) = Pﬁj w;_aj, solving it for p}/ with n$,m;, and w; given, and considering that
aj = (0 —1)/0, we obtain p}" = (n$)~'[m;/(1 —1/0)]° 'w;. This implies that p} /py is given by:

Y /. Y \* * *\ [——* [—%\O— * *
(p1 /p2)" = (wi/X") (g /m3) "~ X = (nf/ng)", (2)
where y is the relative number of entrants in country 1 to country 2. Eq. (2) shows that (p/pd)* is
increasing in wj, decreasing in x*, and increasing in m; /s, as expected from Eq. (1) and p}/ = c}f(Pj, wy).
Egs. (1) and (2) determine 7,75, and (p} /py )* as functions of w?, x*, and tariffs.
—x

Once m;

revenue shares as (see Appendix A for derivations):

is expressed in terms of wj, x*, and tariffs, it is related to country j’s domestic expenditure and

G =m] Y, (3)

Ajj = [ (T = DA Gg = riCig /L A+ (g = 1G]k 7 5 (4)

Egs. (3) and (4) imply that ¢j; and A}, are also functions of wy, x*, and tariffs. In particular, noting

that 0ln\;;/0In¢;; = 1/[1 + (15 — 1)¢j;] > 0, M5, (j;5, and Aj; move in the same direction, with 74; given.
9

Country j’s balance of trade is rewritten as:

(Cl2/m12) La = (G351 /T21)wi L. (5)

Considering that (;;j =1-¢j.k # j, is a function of wj, x*, and tariffs, Eq. (5) determines wj as a

function of x* and tariffs. This is in line with Krugman (1980).

*

Finally, x* is determined by the balanced growth condition (see Appendix A for derivations):

Mm=7=7" ©)
7 = (05/n5)" = (1= 1/o)L;/{X;[1/(1 = 1/0))7'k5} = p— 6. @)

Although we already assume that the economy is on a BGP to derive Eq. (7), it suggests stability force
at work. Suppose that country 1’s relative number of varieties x increases. This directly increases m;, but
it also indirectly increases 7m; through an increase in country 2’s relative price of the final good pd /p} from
(the inverse of) Eq. (2). The resulting increase in 717 makes country 1 more closed in terms of both its
domestic expenditure and revenue shares, which is bad for its long-run growth. Therefore, an increase in y
decreases ;.19 Similarly, an increase in  increases 2. This ensures that y* satisfying Eq. (6) is unique and
stable if it exists: whenever y < x*, we have 71 > 9, which increases x to x*.

To sum up, the balanced trade condition (5) the balanced growth condition (6), together with Eqgs. (1)
to (4) and (7), determine a BGP: (w7, x*).

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

9 Applying Shephard’s lemma to P;X; + ijy = c;((Pj,wj)X/j gives X; = (ach (Pj,w;)/0P;)Y; = aj (c;//P])Y] and L}/ =
(8c§(Pj,wj)/8w]-)Yj = (1—o¢]-)(c;-//wj)Yj. Combining them with L; = L}/ and a; = (c—1)/0, we obtain P; X; = (0 —1)w; L.

10Calculations show that this is valid even if general equilibrium effects through w; are considered.

11Supposing that the representative household receives a constant utility flow In Ef —In 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.



pUj =In B} — lnp}/* +(1/p)y" =InL; +InK; —In A, +Inn; + (1/p)7"; (8)
Py = P, K = o /[1/(1— /o),
n =1 =1/o)p/(p+0+7") +1+0(my — 1)Aj > Lk #j.

Country j’s long-run welfare is increasing in its consumption in the initial period of a BGP C = E7 / p}/*
and the rate of decrease in pjyt on a BGP. The latter is equal to v* because p}é = (n§,) " m;/(1-1/0)]7 tw}.
The former is expressed as E /p}™* = L;(K;/X;;)n;. The part K;/)%; basically comes from country j’s real
wage in terms of the final good. The last part 7] indicates the composition of country j’s total income:
interest income, wage income, and tariff revenue.

Egs. (7) and (8) imply country j’s long-run growth and welfare formulas:

~

dyi = —(p+ 08+ )N Ay = dIn X = dA5 /NG 9)

33’

pdU; = (/1) Xsumhi s — [L+ (0/n)) (75 — D(1 = X )ING; + Tjdy*
= (o/m)NhiTes — [L+ (o/m]) (mkg — 1(1 = X3p) + QA% (10)
I =—[1-1/0)p/(p+ 6 +~")]/n; +1/p
[1/(on(1 = 1/0)p(6 + )/ (p+ 6 +7*)* + 1+ o(mk; — 1)A3] > 0,
QG =T5(p+6+7%),k#j.

Eq. (9) is the ACR (Arkolakis—Costinot—Rodriguez-Clare) formula (e.g., Arkolakis et al., 2012) for long-
run growth: country j grows faster if and only if it becomes more open (i.e., A% decreases). Arkolakis
et al., (2012) show that, in a large class of new trade models with only iceberg trade costs, a country’s
welfare is a decreasing function of only one endogenous variable, that is, the country’s domestic expenditure
share. In the present model, a country’s long-run growth is a decreasing function of its domestic revenue
(not expenditure) share as the only one endogenous variable. The difference comes from the presence of
revenue-generating import tariffs.

In Eq. (10), the ACR formula for long-run welfare, there are two terms in the far right-hand side. The
first 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 A7,
models without import tariffs as shown by Arkolakis et al. (2012). Specifically, suppose that country j

which is equal to its domestic expenditure share in a large class of new trade

becomes more closed (i.e., A% increases). On the one hand, this decreases its long-run welfare by decreasing
its real wage, and also its tariff revenue indirectly 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 = K§n§ (v* 4 d) > 0, the decrease in the balanced growth rate necessarily decreases the welfare. Overall,
more autarkiness (i.e., an increase in )\;’fj) is bad for country j’s long-run welfare.

Our results so far are summarized in the following proposition:
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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 Egs. (9) and (10) 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 next section, 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 effects of a tariff change

4.1 Long-run growth effect

Throughout this section, we omit asterisks just for notational simplicity. The long-run growth effects of tariff
changes are derived in five steps: (i) from Egs. (1) and (2), we solve for p?/p\%/ = p?/?%’(@l,)?, To1,T12)
and %j = %j(zﬁl, X, T21,T12); (ii) substituting ﬁj = %j (W1, X, T21,T12) from step (i) into the logarithmically
differentiated form of Eq. (3), and substituting it into the logarithmically differentiated form of Eq. (5), we
solve for wy = w1 (X, T21,T12); (iii) substituting the result from step (ii) back into ﬁj = ﬁj (W1, X, T21,T12),
and substituting it into the logarithmically differentiated forms of Egs. (3) and (4), and then Eq. (9), we
solve for dvy; = dry; (X, T21,Ti2); (iv) substituting the result from step (iii) into the differentiated form of Eq.
(6), we solve for X = X(T21, T12); and (v) substituting the result from step (iv) back into dys = dy2 (X, T21, T12),

we solve for dy = dy2(T21, T12). Following these steps, we finally obtain (see Appendix A for derivation):

dy=—0(p+6+7)[AjkAkj/Njk + M) (Theg + Tjk), k # J. (11)

Eq. (11) immediately implies that:

Ov/0InTy; = 0y/0InTj = —a(p+ 6 + )N Aj /(N + Aij) < OV5, K, k # j.

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

growth rate by the same amount.

Suppose that country 1 increases its import tariff 751, with x given. This directly increases m; and hence
(11. However, the increase in (11 means that country 1 imports less, which causes country 1 to run a trade
surplus. For country 1’s balance of trade to be restored, w; and hence p} /p} increase so that country 1
exports less and import more. This makes country 2 more closed (i.e., increases Mz, (22, and Aa3), causing
it to grow more slowly (i.e., decreasing 72). For country 1, the direct effect dominates so that m; and (11
increase. Both the increase in 751 and the resulting increase in (17 make country 1 more closed in terms of
its domestic revenue share (i.e., increase A11), thereby slowing down its growth (i.e., decreasing v1). Finally,
since both v and 5 decrease with x given, even after x is adjusted, 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 RBR knowledge-driven model with homogeneous firms,

symmetric countries, and international knowledge spillovers, Rivera-Batiz and Romer (1991b) and Baldwin
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and Forslid (1999) show that the relationship between a common tariff and the balanced growth rate is
not monotonic.'> However, introducing asymmetric countries in RBR is so difficult that there has been
little attempt to study how a unilateral trade liberalization affects long-run growth.'> We detect a robust
negative relationship between a country’s tariff and the balanced growth rate in the RBR lab-equipment
model. 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 subsection.

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

Substituting Egs. (9) and (11) into Eq. (10), 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\ ji{ (T /1) T — [+ (0/m)(Tis — DL = Njre) + Q][ Nwg /(N + M) (Foeg + T b b # 5. (12)

Eq. (12) immediately implies that:

poU; /0T, = —oXjk[1 + (0/nj) (ks — 1)(1 — Aji) + Q5] A5/ (N + Akz) <O,
poU; /0Ty = oXj W3V = 7i /m; — [1+ (0/1;) (75 — (L — Nji) + Q] Ak / (Njke + Awg) b # 5. (13)

An increase in either 73; or 7;j;, decreases the balanced growth rate from Eq. (11). This implies from Eq.
(9) that country j becomes more closed in terms of its domestic revenue share, 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 7
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. (13). If country j’s optimal tariff is positive,
then it must satisfy ¥; = 0. Alternatively, if ¥; < 0 at 7,; = 1, then the status quo of zero tariff is locally
optimal (and globally optimal if pd2U;/d(In7y;)? < 0Vry; > 1). The condition is rewritten as:

Ujlr=1 = 1/m — (L + Q) A/ (Njk + Akg) <0 Nji/ Mg <1 —=1/o+ (p+5+7)/p,k # J. (14)

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

a BGP with 11,; = 1. In particular, it is true if the two countries are symmetric at the BGP.

The sufficient condition for the zero optimal tariff (14) states that the export revenue share of country j

relative to country k is smaller than the upper bound 1 —1/0+ (p+ J +)/p, which is larger than one. This

I2Rjvera-Batiz and Romer (1991b) find a U-shaped relationship between a common ad valorem tariff and the balanced growth
rate. Baldwin and Forslid (1999) even point out that the tariff-growth relationship can be either U- or inverted U-shaped,
depending on whether the tariff is ad valorem or specific.

I3Starting from a symmetric BGP, Baldwin and Forslid (1999) numerically find a U-shaped relationship between a country’s
iceberg trade cost and the balanced growth rate. However, whether it is true starting from an asymmetric BGP is left unknown.
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means that the condition is automatically satisfied if A /Ax; = 1, that is, the countries are symmetric. By
continuity, Eq. (14) 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 \ji/\; becomes larger and
larger. In the limit, as p approaches zero from above, Eq. (14) is satisfied for all positive export revenue
shares. Therefore, zero optimal tariffs for large countries are quite common in our model.

What would happen if there were no growth effect? Considering that dy* = 0 in the first line of Eq.
(10), we would have Q} = 0 in the second line of Eq. (10). Then the necessary and sufficient condition for
Wl =1 <0 would be \jr./Ax; < (1 —1/0)p/(p+ 0+ 7)(< 1),k # j. This could not be satisfied if the two
countries were symmetric; then we would rather have W;|,, —; > 0, implying that country j’s optimal tariff
must be positive. This highlights the necessity of considering economic growth for our innovative result.

In the next section, we extend our lab-equipment model to include heterogeneous firms a la Melitz (2003)

to see how robust our results are.

5 A heterogeneous firm lab-equipment model

5.1 Setup

We just add two things to the monopolistically competitive intermediate good sector of the homogeneous
firm lab-equipment model. First, the unit final good requirement is not one for all firms, but denoted by a

random variable a following a Pareto distribution:

Gj(a) = (a/ajo)’ = a;OGaB;Q >0 —1,

where ajg is a scale parameter representing the upper bound of a in country j, and 6 is a shape parameter
5>
differentiated variety in country j incurs the fixed overhead cost PjK Kk to sell its product to market £ if

that is common across countries. Second, in addition to the fixed entry cost PjK kS, a firm producing its

and only if it is profitable, where x;;, is country j’s one-time fixed overhead cost in market £k in terms of the
knowledge good.
The profit-maximizing supply price, revenue, profit, and gross value of a firm indexed by a selling from

country j to country k are given by, respectively:

(pl.(a) = p) a)/pl.(a) = 1/0 < pl(a) = p) a/(1 - 1/0),
ejn(a) = pl(@)ye(a) = 7,7 [pY o/ (1 — 1/0)]' =7 PY X,

m(0) = ply(@)yin(a) — pY ayin(a) = esn(a)fo = 77 Y af (1 = 1/0)]' " PT X /o,

[e.e] S
vike(a) = / Tiks(a) eXp(—/ (rju + 0)du)ds.
t t
The fixed overhead costs pin down country j’s cutoff unit final good requirement in market k as:

Ujkt(ajkt) = let(’ijkaja k= ]-7 2. (15)

Egs. (1) to (7) imply that w} and x* depend on o, but not on p or 8. Then, from Eq. (7), p+6-+~v = (1—1/0)L;/{};;[1/(1—
1/0)}”‘5{5} 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.
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Eq. (15) 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: kji > kjj, k # j. Using Eq. (15) and ejs(a)/ejis(ajnt) = (a/ajrt)* ™7 = mjks(a)/mjks (ajkt),
vjke(a) is rewritten as vjre(a) = (a/ajkt)l_"Pffnjk > Pj{fnjk < a < ajpe. This verifies that a firm with a
in country j profitably enters market k if and only if a < aji. An increase in a;, means more entry into,
whereas a decrease in a;; means more exit from, market k. We assume that a;; < a;;Vj,k = 1,2,k # j,
that is, only a fraction G, (a;x)/G,;(a;;) of country j’s domestic surviving firms with a < a;,(< aj;) can also
survive in their export market k.

Now that a is uncertain at the time of entry, free entry requires that the fixed entry cost be equal to the

sum of the “expected” net firm values over all markets:

ajk
Zk/o (vjk(a) — PJKﬂjk)gj(a)da = P]'K'ﬁﬁ g Zkﬁijjk(ajk) = Hﬁ; (16)

Hj(ajr) = Gilaje)hjr(an) = Gila)/(B—-1),=60/(c —1) > 1,
hik(aj) = @ (aze)/ap)' =7 =1 =1/(8 = 1),

@k (ajr) = (/O " a' = pir(alage)da) /=) = [8/(8 — 1)) ay,,

pik(alagr) = g;(a)/Gj(az) = 0ajla’ ",
where Hj;(ajx) is country j’s expected net firm value in market k relative to the fixed overhead cost
PjKIijk, hjk(ajk) is the conditional version of Hjx(a;r), Gjk(ajx) is the aggregate unit final good require-
ment of surviving firms, and p;x(ala;r) is the probability density function conditional on survival, with
Jo 7" mir(alajr)da = 1. Since an increase in ajj, increases Hjj(ajx) by increasing the probability of survival
Gj(ajx), Eq. (16) implies that a;; and ajx, k # j, 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;i), and vice versa.

Unlike the homogeneous firm model, not all entrants survive in all markets: nj, = n$Gj(azx) is the
number of entrants in country j surviving in market k, or the number of varieties sold from country j to
country k.

The rest of the heterogeneous firm model is the same as the homogeneous firm model, except two points.
First, wherever a is, we have to take expectations over it. For example, country j’s revenue of selling the
intermediate goods to country k is now given by Eji = njk foaj’“ ejk(a)pjk (alajr)da. Second, we have to take
account of the fixed overhead costs. Specifically, country j’s market-clearing condition for the knowledge
good is replaced by QJK =F;(n§ +0ng);%; = >k Gjlajr) + 65,5 = 1,2, where K; is an entrant’s expected
total fixed costs in terms of the knowledge good.

In the next subsection, we characterize a BGP in the heterogeneous firm model.

5.2 Balanced growth path

*

Suppose that, just like the homogeneous firm model, wi, x* = (n{/n3)*, and 7y = 73 = ~v*;9; = (n§/n5)*
are constant on a BGP for ¢ > 0. To determine the cutoffs, we use Egs. (15) and (16). Specifically, dividing
Eq. (15) by itself with j = k gives vjko(a}y)/viko(ag;) = Pj[gnjk/(PkIgnkk),j # k, which is rewritten as (see

Appendix B for derivations):
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aly/aby = v 7 T (ko ) TV D), (17)

asy /0t = 015 T (kgr fran) YO0 = (pY Jpy )l 0, (18)

We call Egs. (17) and (18) the relative competitiveness conditions in markets 2 and 1, respectively: an
increase in aj /ak, 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.,
;i decreases) and/or country j’s final good becomes relatively cheaper (i.e., (pf/p{)* decreases). Egs. (16),
(17), and (18) determine the four cutoffs, with (p} /pd )* given.

The rest of the system characterizing a BGP is as follows (see Appendix B for derivations):

Py = {3 g [y pk s (ang) /(1 = 1/0)]' =30 = (n§) V0= ¥ /(1= 1/0); (19)
m; = {3, (nf./n)Gr(any) [(Trspi [P} Vaw; (arg)] =7/ 0=,

(pY /p3)* = (wi/x*) (i /m5) (20)
0= {Ao/[1+ (r21 = DAL }wi Ly — {A51/[1 4 (112 — 1)A3 ]} Lo (21)

ik = (Hjk(ajy) + Gilag)) ki />0 (Hu(ah,) + Gjay))ku = Hik(aly,) ki /K5, (22)

N == (23)

v =0 —=1/0)L;/{laj;/(1 = 1/0)]" Ky} —p — 6. (24)

Egs. (19) to (24) look similar to Egs. (1) to (7), except two points. First, it is more convenient to use

counties’ export revenue shares, rather than their import expenditure shares, to express country j’s balance

*

of trade (21) because AJx 1s an increasing function of a7 only.*® Second, 7; is a decreasing function of a};

only, instead of A7;.

A BGP is determined in the following way. First, Eqs. (19) and (20) determine m7;,m3, and (p} /pd )*
as functions of wi, x*,{aj;}, and tariffs. Second, Eqs. (16), (17), and (18) determine {aj,} as functions
of wi, x*, and tariffs. Third, Eq. (21) determines wj as a function of x* and tariffs. Finally, Eq. (23)
determines y*.

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 =L +InK; — (0 —1)Inaj; +Inn; +(1/p)7" (25)
Kj = Br§nso/{[1/(1 = 1/0)]7 k),
where 77 is defined in the same way as the homogeneous firm model. Country j’s consumption in the

*o—1
Jj

initial period of a BGP is now expressed as Ej*/pzf* = Lj(Kj/a;?fl)n;‘, where the part K;/a indicates
its real wage.
Differentiating Eqs. (24) and (25), and using Egs. (22), (23), and 0 = >, Aj @}, from Eq. (16), we

obtain country j’s long-run growth and welfare formulas:

5Eq. (31) implies that Eq. (21) is equivalent to Eq. (5).
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dy; =—(0—1)(p+ 8+ = —[(p+ 5 +7")/BIX;,. (26)

pdU; = (/1) NjkThiThj — (0 = D)1+ (o/nj)(7r; — DB = Ajp)]az; + Tidy”
= (0/m)) N TiiTog — (1/B)1 + (o/m) (75 — DB = A3y) + QNG b # 4, (27)

where I'} and €27 are defined in the same way as the homogeneous firm model. Although the long-run
growth and welfare formulas in the heterogeneous firm model (26) and (27) are quantitatively different from
those in the homogeneous firm model (9) and (10) due to the presence of 3(= 0/(c — 1) > 1), they are

qualitatively the same. This implies that Proposition 1 continues to hold.

5.3 Long-run effects of a tariff change

Throughout this subsection, we omit asterisks just for notational simplicity. Using Eqgs. (16) to (24), the

long-run growth effects of tariff changes are derived as (see Appendix B for derivation):

dy=—0(p+6+7)[NjkAkj/Njk + M) (Thes + Tjk), k # J. (28)

Suppose that country 1 increases its import tariff 7o;. With p{ / p%/ given, this makes country 2 relatively
less competitive in market 1 (i.e., decreases ag; from Eq. (18)). 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., aso increases from Eq. (16)). Because of easier
competition with country 2’s domestic firms, more firms from country 1 start exporting (i.e., aj2 increases
from Eq. (17)). This drives more of country 1’s unproductive firms out of their domestic market (i.e.,
decreases a1 from Eq. (16)). 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.

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} /p} increase so that country 1 becomes
relatively more costly in producing the intermediate goods (see Egs. (20) and (21)).'® This makes country 2
relatively more competitive in market 1, implying more exports and more domestic selection (see Egs. (16)
and (18)). Similarly, country 1 becomes relatively less competitive in market 2, causing less exports and
less domestic selection (see Egs. (16) and (17)). 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 y adjusts to equalize countries’
growth rates, the new balanced growth rate is lower than the old one.'”

Since Eq. (28) is exactly the same as Eq. (11), Proposition 2 continues to hold. This means that the
negative long-run growth effect of a tariff increase in the lab-equipment model is the same, whether the

intermediate good firms are homogeneous or heterogeneous. In the literature on endogenous growth and

16T (21), 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. (67) in Appendix B for details.

TEqs. (68) and (69) in Appendix B show that v; is decreasing, whereas ~2 is increasing, in x. This implies that the
heterogeneous firm model has the same stabilization mechanism as the homogeneous firm model.
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heterogeneous firms (e.g., Baldwin and Robert-Nicoud, 2008; Dinopoulos and Unel, 2011; Sampson, 2016;
Ourens, 2016; Naito, 2017, 2019; Impullitti and Licandro, 2018; Akcigit et al., 2018; Fukuda, forthcoming;
Perla et al., 2019), all papers but Naito (2017, 2019) and Akcigit et al. (2018) are restricted to symmetric
countries, and all papers but Akcigit et al. (2018) deal only with iceberg trade costs. Unlike Akcigit et al.’s
(2018) numerical study, this paper analytically shows that even a unilateral tariff reduction always raises
long-run growth.

Turning to the long-run welfare effects, from Egs. (26), (27), and (28), we obtain:

pdU; = o Xji{(Tij /1;)Tkj — [+ (0/1;)(Tk; — 1B — Ajie) + Q][ / (Mg + X)) (Thg + Tyw) }o ke # 5. (29)

Calculating pOU;/0InTy; from Eq. (29), and evaluating it at 7,; = 1, we obtain exactly the same
sufficient condition for the zero optimal tariff as Eq. (14). Therefore, Proposition 3 continues to hold as is.
This section has revealed that our main results including the local optimality of a zero tariff in the
homogeneous firm lab-equipment model are robust to introduction of heterogeneous firms. However, we are
not sure if the zero tariff is globally optimal in a relevant domain of tariffs. To see this, we make numerical

experiments in the next section.

6 Global optimality of a zero tariff

The purpose of the following numerical exercises is to check the global optimality of a zero tariff for a large
country in the homogeneous and heterogeneous firm lab-equipment models. To this end, we keep the analysis
as simple as possible, starting from 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 and § = 0.025 from Balistreri et al.
(2011). We arbitrarily set L; = 1 and n§y, = 1,000 (implying that n§, = 1,000 at the benchmark BGP).

In the homogeneous firm model, £j is calibrated to reproduce v = 0.01684, the average annual growth
rate of GDP per capita in the world during 1994-2018 from the World Development Indicators. Under the
calibrated value £§ = 10.233, the model produces p{/pg =1,w; =1,x=1, A =0.5, and v = 0.01684.

In the heterogeneous firm model, we borrow 6 = 4 from Balistreri et al. (2011).'® We arbitrarily set a;o =
2. This is consistent with a calibration target @;;(a;;) = 1, meaning that country j’s aggregate unit final good
requirement of domestic surviving firms is equal to one, the unit final good requirement in the homogeneous
firm model. We calibrate x5, k;;, and kj; against v = 0.01684,a;;(a;;) = 1, and Gj(a;x)/Gj(aj;) = 0.21
as a fraction of exporters from Bernard et al. (2003). The resulting values kG = 2.554,k;; = 1.279, and
kjr = 4.123 produce a;; = 1.587 (and hence @;;(a;;) = 1), ajr = 1.075 (and hence G,(a;x)/G,;(a;;) = 0.21),
pY /Py =1,w; = 1,x =1, \jr, = 0.404, and v = 0.01684.

In each of the two models, we draw country 1’s iso-welfare curves (expressed in flow terms) on the
(121, 712) plane. To see how relative country size and time preference affect the shapes of country 1’s iso-
welfare curves, we increase or decrease Ly by 0.1, and/or increase or decrease p by 0.01, from their benchmark
values. Therefore, we have nine cases for each model.

Fig. 1 depicts country 1’s iso-welfare curves in the homogeneous firm model. 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 rate takes from 0 to 100%. The number attached to each iso-welfare curve indicates the value

18 Assuming that 6 = 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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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 715 given, reducing 751 to
To1 = 1 maximizes pU;. Therefore, a zero tariff is optimal for country 1 for this relevant domain of tariffs.
This is in stark contrast to the existing large-country optimal tariff models, where a country’s iso-welfare
curves are inverted U-shaped against its tariff.

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';.2° In contrast, as we move down to the bottom center panel, where p = 0.01,
iso-welfare curves become steeper. This is true for all three columns.

Again starting from the middle center panel, suppose that L, increases to L1 = 1.1. As country 1 becomes
larger than country 2, the former becomes less open than the latter on a BGP with free trade: Ajg =
0.476, A21 = 0.524. Country 1’s iso-welfare curves become steeper because the increase in Ao1/(A12 + A21)
intensifies the negative second term in ¥; of Eq. (13), the losses from autarkiness. Conversely, when L;
decreases to Ly = 0.9, the smaller country 1 becomes more open than country 2 on a BGP with free trade:
A12 = 0.526, Ao; = 0.474, and thus the resulting decrease in Aa1/(A12 + A21) makes country 1’s iso-welfare
curves flatter. This is true for all three rows.

From Fig. 1, we observe that country 1’s downward-sloping iso-welfare curves become steeper, the larger
L, is and/or the smaller p is. However, even in the top left panel as the most pessimistic case, all iso-welfare
curves are downward-sloping, implying that a zero tariff is optimal for country 1. Therefore, regardless of
the other country’s tariff, a zero tariff is globally optimal for a large country in the homogeneous firm model.

In Fig. 2, we repeat the same exercises as Fig. 1 in the heterogeneous firm model. Just like Fig. 1,
country 1’s iso-welfare curves become steeper as L increases and/or p decreases. An important difference
is that, when country 1 is smaller than country 2, the former’s iso-welfare curves become U-shaped for
a sufficiently large 715. This is because an increase in 712 makes country 2 less open (i.e., decreases Aa1),
which weakens country 1’s losses from autarkiness. This implies that, with 75 sufficiently large, country
1’s government can increase its long-run welfare by either decreasing or increasing 7o1. In the middle left
panel, for example, starting from (721, 712) = (1.5,1.5), where 5.6 < pU; < 5.7, country 1 gains by setting
either 77 = 1 or 791 = 2.2! For a smaller country, we cannot ensure that a zero tariff is always optimal.
However, the three panels in the left column also indicate that 757 = 1 is country 1’s best response, given
that the larger country 2 chooses 712 = 1 as its dominant strategy (as implied by the three panels in the
right column).

Our numerical results are summarized as follows. First, in the homogeneous firm model, a zero tariff
is optimal for both larger and smaller countries. Second, in the heterogeneous firm model, a zero tariff is
optimal for a larger or equally large country, and also for a smaller country as long as its larger trading partner
sets an optimal tariff of zero. Therefore, global free trade can be supported as a Nash equilibrium, whether
the two countries are symmetric or asymmetric, and whether the intermediate good firms are homogeneous

or heterogeneous.

19The fact that all displayed iso-welfare curves are downward-sloping on the vertical axis means that Eq. (14) is satisfied in
this domain.

20 Another observation is that, for the same (721, T12), the value of pU; decreases despite that p increases. This implies that
U1 decreases by more than the increase in p.

21Country 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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7 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. However, the problem is that each welfare-maximizing government is tempted to increase
its tariff unilaterally to improve its terms of trade. By extending the simplest and widely accepted RBR
lab-equipment model of endogenous technological change to include asymmetric countries, import tariffs,
and either homogeneous or heterogeneous firms, 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.

Our model is open for extensions. First, it will be natural to have more than two countries. Since it will
decrease each country’s market power, the optimality of free trade will be more likely. The multi-country
model will also enable us to study the long-run growth and welfare effects of regional trade agreements.
Second, it will be interesting to consider multiple production stages. In the present model, there is only one
intermediate production stage for international trade. Introducing more than one intermediate production

stage will allow us to compare the likelihood of zero optimal tariffs in different stages of global value chains.
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Appendix A. Derivations of key equations in a homogeneous firm

lab-equipment model

Derivations of Egs. (3) and (4)
Substituting ey; = 7,7 py/(1— 1/o)|' =7 P7 X into Cj = Twjngexj/ Y minfes, k # j, the latter is rewritten
as (yj = (nz/nj)(rkjpky/p}/)l_a/[l—i—(nz/nj)(rkjpky/p}/)l_"],k; # j. Combining this with (;; +(x; = 1,k # 7,
and noting that m}*" =1+ (ni/n?)(Tkjka/pJY)l_", k # j, we obtain Eq. (3).
For Eq. (4), we first rewrite P;X; = >, 7k Ey; using Ej, = Eyj,k # j and A\jp = Ej/> ,Ej as
PiXj = [1+ (s — DAl Ejis k # 4, or
2B = {1/ + (me; = DAwIP X, k # J (30)

Using Eq. (30), Ejx = Exj, k # j, and \jr, = Eji />, Ej1, we obtain:

Crj = ThjAjk/ [+ (Thg — DAje] € Nk = s /[T — (Thj — 1)Chsls ko # 5. (31)

Combining Eq. (31) with (j; + (xj = 1, Aj; + A\jx = 1, k # j, we obtain Eq. (4).

Derivations of Egs. (6) and (7)

Using the free entry condition ), vjr = PjK k5, the asset market-clearing condition W; = ani”ﬂ“ is

rewritten as:

Wi =mn$) vk = n?PjK 5= pfnj;pf = anjK. (32)

Time differentiating Eq. (32), and using Eq. (32), mjx = ejx/0, Ejr = njejx, and the no-arbitrage
condition ¥, = (r; + 6)vjr — mk (derived by time differentiating v,z = ftoo Tjks €Xp(— fts(rju + d)du)ds),

we obtain:

W, =W;(yj +r; +0)— (1/0) X Ejivj = ng/nj.

Applying Shephard’s lemma to P;X; + ijJY = C}/(Pj, w;)Y;, and using p}/ = cJY (Pj,wj), the expendi-

tures for the intermediate goods and labor are given by, respectively:
PiX; = a;p; Y, (33)
wiLy = (1 - a;)p; Yj. (34)
Using Eqs. (30) and (33), the expression for W; is rewritten as:

Wi = W;(y; + 15 +0) = {(aj/0)/[L + (1 = DNjel}p) Yo k # 5

Multiplying Y; = C; + D; + F; by p}/, and using Eqgs. (30), (33), mjr = e — p}/yjk =e;,/0, PJ-KQJK =
p}/Dj, Qf = k5 (0§ + ong), Fy = Y un5yjk, Ejx = nfejx, and pf( = anjK, p}fYJ is expressed as:

Py Yy = {1/{1 = (1= 1/o)a;/[1+ (1 = DAwI}E; + pjf 6507 +0)]. k # 5. (35)
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Substituting Eq. (35) into the last expression for Wj, and using Eq. (32), we obtain:

Wi /Wy =1+ {1 = a/[L+ (mg — DA}/ AL = (L= 1/o)ay/[L+ (1 = DA} (5 +6)
—{Hla;/o)/1+ (7 = DA]}/{L = (A = 1/0)oy /[1 + (T — D)Aje]}} 255
Zj = Ej/ijk #]a
where a transformed variable Z; = E;/W; is interpreted as country j’s average propensity to consume

out of asset. Substituting the above expression and the Euler equation E;/E; = rj — p into Z;/Z; =
E;/E; — W, /W, gives:

Zi)Z; = {{(ej/0)/[L + (ti; — D]}/ {1 = (1 = 1/0)a [[1 + (7 — DAw]}}Z5 — p
—{{1— /1 + (my — DN}/ {1 = (1 = 1/0)a /[L+ (7 — DA} v +6), k #5. (36)

Multiplying L; = L}/ by wj, and using Eqs. (32), (34), and (35), we obtain:

v = {1 = (= 1/0)ay/[L+ (1 = DAw]}/ (L= ay)}w; Ly /(] K5) = Zj = 6,k # . (37)

On a BGP, both Z;/Z; and ~; are constant. Since \;i,(€ [0,1]) is constant on a BGP, Eq. (36) implies
that Z; is constant on a BGP. From Eqgs. (36), (37), and Z;/Z; = 0, Z; and ~; are solved as:

Zy = p+ {1 — i /[1+ (15 — DARIY/ (1= aj)}wi L/ (K5, (38)
v; = lag /(1= ap)|(1/a){1/[L+ (i — DAGYwi L/ (p]*w5) — p— 6,k # . (39)
Using P]-K = p}/ and p}/ = (nj)_l[mj/(l —1/0)]° tw;, pf = anjK is rewritten as pf = [m;/(1 -

1/0)]° 'w;. From Eqs. (3), (4), a; = (0 —1)/0, and pf* = [m;/(1 — 1/0)]° w;, Eq. (39) is rewritten as
Eq. (7).

On a BGP, 7] is constant. Then, from Eq. (7), A7;(€ [0,1]) is constant. Since A}; is a function of wj, x*,
and tariffs, whereas wj is a function of x* and tariffs, constancy of A};(€ [0, 1]) requires constancy of x*.

This implies that x*/x* =77 — ¥4 =0, or Eq. (6).

Derivation of Eq. (8)

Substituting pﬁ = pf*/nft = p}/* exp(—~*t) into U; = fooo (InE;; — 1nijt) exp(—pt)dt, and applying inte-

gration by parts, we obtain:

pUj =W E; —Inp] ™ + (1/p)y".

For E¥, multiplying Eq. (38) by W} = pf*/@j from Eq. (32), and noting that {1 — «;/[1 + (7&; —
DAY (A —aj) =1+ (0 — 1)(k; — DA /[1 + (k5 — 1A}, from a; = (0 — 1)/0, we obtain:
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B} = piw5{p+ {1+ (0 = Dy = DA /[L+ (g — DA wi Ly / (05 *w5)}

= K5+ {1+ (0 = Dy = DA/ L+ (i = DAJJwi Ly b # . (40)

Rewriting Eq. (39) using Eq. (6) and a; = (0 — 1)/0 gives:

ot d+y" = {(1=1/0)/[1+ (my = DAGIywiLy/ (07 K5)
& iR = (1 - 1/o)wiLi/{(p+ 8+ 7)1+ (115 — 1) jk]},k#j. (41)

Substituting Eq. (41) into Eq. (40), EY is rewritten as:

Ef ={wjL;/[1 + (m; = DAjilbngsng = (1= 1/0)p/(p+ 0 +77) + 1+ 0 (7 — DAjy, k # J.

J
p}/* = p}/O and P} = Pjy are evaluated at the initial period of a BGP. Using Egs. (1) and (3), this is further

rewritten as:

To express w} /p} *, we use p} = Pjajwl-iaj and a; = (o —1)/0 to obtain w} /pY* = (p} */P;)° ", where

wy /oy " = (0} "/ P7)7 T =g /{G11/ (1= /o))" (42)

Substituting Eq. (42) into the last expression for E7 divided by p}/*, and using Eq. (4), we obtain:

E; [p}* = Li{(w} /p} *)/[L+ (mej — DX5lbns = Li(KG /3550055 K5 = 0 /[1/(1 = 1/0)]7 4 k # 4.
Substituting this into pU; = In £} — 1np}/* + (1/p)7*, we obtain Eq. (8).

Derivation of Eq. (11)

Step (i):
Logarithmically differentiating 77; in Eq. (1) gives:

mj = G {[1/(1 = o)ldIn(ng/ng) +Tij + Dy — Py 1k # j. (43)

Eq. (43) implies that:

§|>

my —

—(Ca1 + (12)[171 - —X/(o = 1)] + (21721 — C12T12-

Substituting this into the logarithmically differentiated form of Eq. (2), p¥ — ps is solved as:

Py — Dy = (L/A)[@1 — (1= o1 — G2)X + (0 — D)(C1Tor — Ci2Ti2) i A =14 (0 — 1)(Co1 + Gi2) > 1. (44)

Eq. (44) implies that:
Py =Py =X/ =1) = (/AN @1 —[o/(o = DIX + (0 = D)(CaTar — Gi2T12)}-
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Substituting this back into Eq. (43), we obtain:

1 = (G /A){—{@1 — [0/(0 — DIX} + [A = (0 — Déa]7ar + (0 — 1)C1a7r2} (45)
Mo = (Cr2/ A){@1 — [o/(0 — DX+ [A = (0 — D)12]Ti2 + (0 — 1)1 }- (46)

Step (ii):
Logarithmically differentiating Eq. (5) gives:
212 —Ti2 = 221 — To1 + Wy
From Eq. (3) and j; + Gy = 1,k # j, we obtain Gy = —[(1 = Giy)/Gy]Cj5 = —[(1 = Cry) /Crs) (0 — 1ym;.
Then the above expression is rewritten as:
—(0 = D[(1 = G12)/G2]mz — Fiz = =(0 = D)[(1 = Ca1)/Caa |01 — For + .-

Substituting Eqgs. (45) and (46) into the above expression, we obtain:

0= —Biw + COX + Fo1To1 — FiaT12 & w1 = (1/B)(CX + Fa1721 — FiaT12); (47)
B=1+ [(O’ — 1)/A](2 — C21 — <12) > 1,
C=(0/A)2—Ca—Ci2) >0,
Fje =14 [(c = 1)/A{(1 = Gu)[A = (0 = 1)Ge) — (1 = Gj) (o = DG}, k # J.
Step (iii):
Eq. (47) implies that:
wy — [o/(c = 1)]x = (1/B){—[o/(c = ]X + Fa1721 — Fi2T12}.

Substituting this back into Egs. (45) and (46), they are rewritten as:

1= (Cn/A)(A/B){lo/(0 = DX + (0 = )71 + 0712}, (48)
2 = (C2/A)(1/B){—=[o/(0 = D)]X + (0 — )Tz + 0Ta1 }. (49)

m
m
Logarithmically differentiating Eq. (4), and using Eq. (3): ij =(o— 1)%j and (j; +Cuy; = 1,k # j, give:

Nij = {1/[m05 = (T = 1)Cis ] kg Ty + (o — 1))

Substituting Eqgs. (48) and (49) into the above expression, noting Eq. (31), and substituting the results
into Eq. (9), we obtain:

dyi = —(p+ 0 +7)[(0/A)/BlMalX + (0 — 1)71a + 07a1], (50)
dya = —(p+ 0 +7)[(0/A)/BlAar[-X + (0 — 1)Ta1 + 0712). (51)
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Step (iv):
Substituting Eqgs. (50) and (51) into the differentiated form of Eq. (6), X is solved as:

5(\ = [1/()\12 + )\21)]{[)\210’ - )\12(0’ - 1)]7/:12 - [)\120’ - )\21(0’ - 1)]7/:21} (52)

Step (v):
Substituting Eq. (52) back into Eq. (51), we obtain Eq. (11).

Appendix B. Derivations of key equations in a heterogeneous firm

lab-equipment model

Derivations of Egs. (17) and (18)

The right-hand side of v, (a;k)/vkko (ajs) = PJ»IO(/@jk/(P,fgmkk),j # k, is simply rewritten as (p}//pky)*lijk/likk.
In the left-hand side, vjxo(a) is given by:

v30(a) = Tjx0 (@) Agro (@); Agro(a) = / " exp(— / (Fjs + 6 — ej1s () /510 () dS)dL.

This implies that we have to calculate ;5 and 7,is(a)/mjks(a) on a BGP to calculate Ajxo(a).
Using the free entry condition (16), the asset market-clearing condition W; = >, nji [o7* vjr(a)pjn(alajx)da
is rewritten as:
ajk

W; = anij(ajk)/O k(@) sk (alajr)da = nS PR (Y kG (an) + KS) = prE;. (53)

In the same way as the homogeneous firm model, Z7 and 7} are derived as:

Z; = p+{{1 —aj/[L+ (1 = DARIY/ (1 = o) }wi L/ (0] F), (54)
7% = log/ (1= ap)](1/o){1/[L+ (g = DAjIbw; L/ (0 °RS) = p— 6.k # . (55)

Multiplying Eq. (54) by W} = pf*ﬁ}f from Eq. (53), and using a; = 1 — 1/0, we obtain:

B = pl Ry {p 4+ {1+ (0= D(mg = DA/ + (g — DX Ly (175 )}
= IR+ {1+ (0 = Dmg — DX/ + (g — DXl Ly, b £ . (56)

Since A}, (€ [0,1]) is constant, and &} is constant because the cutoffs are constant from Eq. (16), E} is
constant from Eq. (56), as long as w} and hence pX* = [m} /(1 — 1/0)]° 'w] are constant. This and the
Euler equation imply that r} = p.

For 7jks(a)/mjks(a), noting that P;X; = (0 — 1)w;L;, mx(a) = Tﬁf[p}/a/(l —1/o)|' P Xy /o is

rewritten as:

jke(a) = 7,7 [a/ (1 = 1/0)]' =7 (Pue /p5)" (1 = 1/0)wi L. (57)
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Dividing Eq. (19) for j = k by p}; gives Py /p}, = (ng,)"/ =) (p} /pY)*m} /(1 — 1/0). Substituting this

into Eq. (57), and noting that nf, grows at the rate v*, mjx (a) grows at the rate —v*: jr(a)/mjxe(a) = —7*.
Substituting the results into the definition of Ajxo(a), we obtain Ajxo(a) =1/(p+ d +~*), and hence:

vjko(a) = miro(a)/(p + 0 +77). (58)

Dividing Eq. (58) by itself with j = k, and using Eq. (57), we obtain vjxo(aj;,)/vkko(agy,) = mjko(a}y)/mkko(agy,) =

Tﬁf[(p}//p{)*a;k/a,*gk]l_“. Therefore, Ujko(a;k)/vkko(azk) = Pfo(lijk/(PkISIikk),j # k, is rewritten as:

T (0] /ok ) @G/ @ik =7 = (0] [0k ) i/ wok, 5 # K.

Solving this for af,/a3, and a3, /aj;, we obtain Egs. (17) and (18), respectively.

7.1 Derivations of Egs. (19) to (24)

P77 = f@j p; (i)'~ di is now rewritten as P} =7 = " ng; [o* [T;pk a/ (1 — 1/0)]' =7 pj(alak;)da. Noting
that @k (ar;) =7 = [ a* =7 ux;(alar;)da, straightforward calculation implies Eq. (19).

Derivation of Eq. (20) is the same as Eq. (2), except the definition of ;.

Using A\ji = Eji/> 1 Eji; Ejk = nji [3°" eju(a)ujr(alajr)da, country j’s balance of trade Ejx = Eyj, k #
J, is rewritten as A\jx>_,Ej = Agj>_ Er, k # j. Also, it can be easily verified that Eq. (30) continues to
apply to the heterogeneous firm model. Using this and P; X; = (¢ — 1)w;L;, country j’s balance of trade is
further rewritten as Eq. (21).

Using Egs. (15), (58), mju(a) = eju(a)/o, hyr(an) = @gagn)/ajr) = =1, @lan)' =7 = [77 @' 7ujn(alagy)da,
and njx = n5Gj(ar), By, is rewritten as B = n§oGj(ak,)(hjk(aj,) + )o(p+0 + Y*)PJ§ k. Substituting
this into \jx = Eji/> 2, Eji, we obtain X5 = (Hjx(ajy,) + Gj(aj,))kn/ > (Hiu(ah) + Gj(aj;))k . Moreover,
using Eq. (16) and Hjx(ajx) + Gj(ajx) = Gj(ajx)B/(8 — 1) = BH,r(ajx), we obtain Eq. (22).

Using (57), (58), and pf* = ngong, the zero cutoff profit condition (15) for k = j is rewritten as:

a3,/ (1= /o) =7 (P} /9y ™)~ (1 = /o)y L/ (p+ 6 +47) = (0 /mo) s

where p}/* = ijo and P/ = Pjy are evaluated at the initial period of a BGP as before.

Rewriting Eq. (55) using Eq. (23) and a; = (0 — 1)/0 gives:

o0+ ={(1=1/0)/[L+ (1; = DAJ}w; Ly / (0 F5)
& (L=1/0)w;Li/(p+06+7") = [L+ (15 — DAjlp) "R, k # . (59)

Using Eq. (16) and Hjk(ajx) + Gj(ajk) = BHjk(ajk), ®j turns out to be constant:

' = B, (60)

J

Substituting Eq. (60) into Eq. (59), substituting it into the above domestic zero cutoff profit condition,

and solving it for (p}-/”‘/P]f")"’1 = w;/p}/*, we obtain:

wy /oy = () PF)7h = L+ (g — DXl Brsne/{laj; /(1= 1/0)]7 a5} (61)
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Using a; = (¢ —1)/0, Eq. (55) is rewritten as v = {(1 —1/0)/[1 + (7 — 1)A;k]}Lj/[(p§(*/w;)Ej] -
p— 0,k # j, where (pf* /w})E} is rewritten using Eq. (60) and pf = n$P/ = nSp) as (pf*/wi)r; =
ﬁfﬁ?n?op}/*/w} Combining them with Eq. (61), we obtain Eq. (24).

Derivation of Eq. (25)

Substituting pf*%} from Eq. (59) into Eq. (56), E} is rewritten as:

Ef ={wjiL;/[1 + (mj = DAjilbngsng = (1= 1/0)p/(p+ 0 +77) + 1+ 0 (7 — DAj, k # J.

Substituting Eq. (61) into the above expression divided by p}/*, we obtain:

E;/py* = Li{(w}/p) ") /1L + (75 — VARG = Ly (K; /a5~ ng;
Kj = BrinSe/{[1/(1=1/0)" "k}, k # j.

Substituting this into pU; = In £} — 1np}’* + (1/p)7*, we obtain Eq. (25).

7.2 Derivation of Eq. (28)

The long-run growth effects of tariff changes are derived in six steps: (i) from Eqgs. (19) and (20), we solve
for p?/?%’ = p?/p\g (W1, X, {@jk}, To1, T12); (ii) substituting the result from step (i) into the logarithmically
differentiated forms of Egs. (17) and (18), and combining them with the logarithmically differentiated
form of Eq. (16), we solve for @i = @i (W1, X, To1, T12); (iii) substituting the result from step (ii) into the
logarithmically differentiated form of Eq. (22), and substituting it into the logarithmically differentiated
form of Eq. (21), we solve for wy = w1 (X, 721, 7T12); (iv) substituting the result from step (iii) back into
aj; = a;;(W1, X, T21, T12), and substituting it into Eq. (26), we solve for dy; = dv;(X, T21, T12); (v) substituting
the result from step (iv) into the differentiated form of Eq. (23), we solve for X = X(T21,712); and (vi)
substituting the result from step (v) back into dvys = dvya(X, Te1, T12), we solve for dy = dya(Te1, T12)-

Step (i):

Logarithmically differentiating Eq. (16), and using Eq. (22), we obtain:

0 =2 AjkGjk- (62)

Logarithmically differentiating 77; in Eq. (19) gives:

~ B (ng/n$)Grlars)[(Tipy /Y Varj(ars)])' 7
o = W Ok ) G s 7 ey G 2

x dIn{(n /n5)Gr(ar;)[(Tigpi /p} Vars ()] =7}

expenditure share of varieties country j buys from country k is now given by:

G = o mply(@ans (@) (alary)da 7By
kj

= - = ;Zkaj =1.
S fo mipli @)z () (ala)da 22 Ey
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Using ex;(a) = 7,7 [py o/ (1=1/0)]" 7 P7 X, apj(ary)' =7 = [ a7 pxj(alax;)da, and ng; = njGi(ar;),
the above expression is rewritten as:

i = (ng/n$)Gr(ar;)[(Tripy, /Y Van (ars)]' =7
N 0 n8) Gaan) [(rgpy /p) Vs (ag)] o

dln{(ni/n?)Gk(akj)[(rkjpky/p}/)akj (ak;)]* =7} is rewritten using G (ax;) = a;oaazj and ay; (ax;) = [B/(8—
D)V =y, as:
dIn{(nf,/n$)Gr(ar)[(Tripk /p} Vak; (ar;)]' =7} = dIn(ng /n) + Oar; + (1 — 0)(Taj + Dy — D) + Gry)-

Using these expressions and Eq. (62), ﬁj is rewritten as:

mj = —(8—1)(1 = Guj)az; + Gy {[1/(1 = 0)]dIn(nf /n§) + (8 — V)[(1 = Mey) /AkjJann + 7oy + Dk — D) 1k # j.

This implies that:

Ty — Mg = (B —1)(&a22 — &1a11) — (Co1 + C12)[?3\¥ *1/73/ —X/(o0 = 1)] 4+ (21721 — C127T12;
& =1— G+ Gre(l — Njr)/Ajie > 0,k # j.

Substituting this into the logarithmically differentiated form of Eq. (20), p} — py is solved as:

Py =5 = (1/A)[@y — (1= G — G2)X] + [(0 = 1)/A][¢Ca1To1 — CroTiz + (B — 1)(alizz — &1a11)];  (63)

A=14 (0 —1)(C1 + (12) > 1.

We assume that country j’s import expenditure share is smaller than one half due to trade costs:

Coj < 1/2Vj,k,k #§ = Ajp < 1/2, (64)

where A\, < 1/2,k # j, follows from Eq. (31). Eq. (64) ensures that:
1 — (a1 — G2 >0,
1— A2 — o1 > 0.

This helps us to evaluate the signs of some expressions that appear in the process of derivation. However,

it will turn out that our final Eq. (28) holds whether Eq. (64) is true or not.

Step (ii):
Logarithmically differentiating Eqs. (17) and (18) gives:
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Q12 — Ugo = —0 — [0/(0 — 1)|T12,

a1 — a1 =0 — [o/(0 — 1)]7a1.

Substituting them into Eq. (62), we obtain:

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

Substituting Eq. (63) into v = [¢/(c — 1)](p} — Dy ), and substituting it into the above expressions, they

are rewritten as:

A1d11 + Ai2dos = )\12{‘7 +o/(c—1) = (6/A)C2]T12 + (0/A) 21721 },
Ao1d11 + Aoglon = )\21{—‘7 +[o/(c =1) = (c/A)(21]To1 + (0/A) 12712}
V=[o/(o—D)(1/A)[@ — (1 - G — i2)R);
Njj = 1= Ak + A (0/B)(8 = D&, Aje = Ajie = Aje(0/A)(B = 1)é, b # J.

They are solved for @11 and @99 as:

11 = o/ ALV + {0/ (0 = DAaz = (0/A8) G2}z — {0/ (0 = 1) = (0/A)¢ar = [0/(0 = D)Pa2}Tr}, (65)

22 = Qa1 /A{=V + {[o/(0 = D]A11 — (0/A)Ca1}Tor — {0/ (0 — 1) = (0/A)Caz — [0/(0 — 1)]A11 } a2}
(66)

|X| = X11X22 - X12X21
= (1/A){(1 = a1 — C2)[1 — M2 — o1 + (8 — 1) (M2 + A21)] + (o1 + C12)(8 — Az — A21)} > 0.

Finally, @12 and @g; are obtained by substituting Egs. (65) and (66) back into Eq. (62).

Step (iii):

Logarithmically differentiating Eq. (21), and using Eq. (62) and Xjk = fa,;, from Eq. (22), give:
—0{1/[14 (121 — D) A12]}[(1 — A12)/Aiz]ars — CaaTor + @1 = —0{1/[1+ (112 — 1) A21]}[(1 — A21) /A21]Ga2 — (12T12-

Substituting Eqgs. (65) and (66) into the above expression, and using Eq. (31): (xj = 7wj A /[1 + (Thj —
DAjr] © 1 —Cij = (1 — Nje)/[1 + (T5 — 1)Aji), k # j, we obtain:
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0= —Bwy + CX + Fo1To1 — F1oTi2 & w1 = (1/B)(CX + Fo1T21 — F1oT12); (67)
B=p(c/A)(2— (1 — Gi2) — |X|
= (/A1 = C1 = G2)[1 4 (Bo = 1)(2 = A2 — Ao1)] + 0 (A2 + A1)} > 0,
C=p(o/A)1 =1 — G2)(2 = Ca1 — G12) >0,
Fie = 0{(1 = Gj){lo/ (0 = Dk — (0/A) G}
+ (1= G){o/(0 = 1) = (0/ D)k — [0/ (0 = DIAj}} = [MGje, b # 4.

Step (iv):
Substituting Eq. (67) into V = [o/(0 — 1)](1/A)[@1 — (1 — (o1 — C12)X] gives:

V =1[1/(c — D)[(e/A)/B]lIN(1 = Ca1 — C12)X + ForTor — FraTia).

Substituting this back into Eqs. (65) and (66), noting that A1y + Aoz — 1 = |A| and A — o/(Coy + C12) =
1 — (21 — (12, and substituting the results into Eq. (26), we obtain:

dn = —=(p+38+7)[(0/A)/Bh2l(1 = G — G2)X + JiFi2 + LiFar, (68)
dyva = —(p+ 8+ [(0/A)/BlAar [ (1 = Co1 — C12)X + JoTor + LoTial; (69)
Ji = (Bo —1)(1 = Ay ) (L = Cj — Gik) + 0heg > 0,
Li=J;+1— (e — G > Jj, k #5.

Step (v):
Substituting Eqgs. (68) and (69) into the differentiated form of Eq. (23), X is solved as:
X =[1/(1 =G — Ci2)][1/ (M2 + A21)][(A21 L2 — A2 J1)Ti2 — (Ai2f1 — A21J2) 721 ). (70)

Step (vi):
Substituting Eq. (70) back into Eq. (69), and noting that I; + J, = ABYj, k, k # j, we obtain Eq. (28),
which is independent of Eq. (64).
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Fig. 1. Country 1’s iso-welfare curves on the (721, 712) plane: homogeneous firms
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Fig. 2. Country 1’s iso-welfare curves on the (721, 712) plane: heterogeneous firms



