RIETI Discussion Paper Series 12-E-055

An Eaton-Kortum Model of Trade and Growth
(Revised)

NAITO Takumi
Waseda University

RIETI

Research Institute of Economy, Trade & Industry, IAA

The Research Institute of Economy, Trade and Industry
http://www.rieti.go.jp/en/



i
RIETI Discussion Paper Series 12-E-055
First draft: September 2012
Second draft: Januay 2013
Third Draft: June 2013
Fourth Draft: January 2014
Fifth Draft: March 2014
Revised: March 2015

An Eaton-Kortum Model of Trade and Growth

NAITO Takumi

Waseda University

Abstract

We combine a multi-country, continuum-good Ricardian model of Eaton and Kortum (2002) with a
multi-country AK model of Acemoglu and Ventura (2002) to examine how trade liberalization
affects countries’ growth rates and extensive margins of trade over time. Focusing on the
three-country case, we obtain three main results. First, a permanent fall in any trade cost raises the
balanced growth rate. Second, trade liberalization increases the liberalizing countries’ long-run
fractions of exported varieties to all destinations. Third, the long-run effects of trade liberalization
are different from its short-run effects, which can reverse the welfare implications of the static
Eaton-Kortum model.

Keywords: Eaton-Kortum model; Trade and growth; Trade liberalization; Extensive margins of
trade; Preferential trade agreement
JEL classification: F13; F43

RIETI Discussion Papers Series aims at widely disseminating research results in the form of professional
papers thereby stimulating lively discussion. The views expressed in the papers are solely those of the
author(s), neither represent those of the organization to which the author(s) belong(s) nor the Research
Institute of Economy, Trade and Industry.

I am grateful to seminar participants at RIETI for their helpful comments and suggestions. I
also appreciate Waseda University #2012B-006) and RIETI for financial support. All remaining
errors are mine.



1 Introduction

We are now witnessing a revival of the Ricardian model of international trade.! This revival is led by Eaton
and Kortum (2002), who extend a two-country, continuum-good Ricardian model of Dornbusch et al. (1977)
to an arbitrary number of countries by assuming that each country’s productivity of each variety in the unit
interval is randomly drawn from a country-specific probability distribution. One of the remarkable features
of the Eaton-Kortum model is that it enables us to analyze the effects of trade liberalization on the extensive
margins of trade (i.e., the numbers or fractions of varieties each country imports from and exports to other
countries) under high levels of asymmetry across countries.? However, their static formulation overlooks the
fact that countries tend to export more and more varieties as they grow faster than the rest of the world (e.g.,
Hummels and Klenow, 2005; Kehoe and Ruhl, 2013). Allowing for different growth paths across countries
may help explain the evolution of the extensive margins that the static framework cannot describe.? The
purpose of this paper is to develop an Eaton-Kortum model of trade and growth to examine how trade
liberalization affects countries’ growth rates and extensive margins of trade over time.

To extend Eaton and Kortum (2002) dynamically, we use a multi-country AK model of Acemoglu and
Ventura (2002). In the Acemoglu-Ventura model, countries trade only (exogenously or endogenously) dif-
ferentiated intermediate goods, which in turn are produced from domestic capital under constant returns
to scale. When a country grows faster than the rest of the world, its increased relative supply of capital
lowers its rental rate of capital and hence its terms of trade. Since this pulls down the country’s rate of
return to capital, its growth rate tends to fall back. Thanks to such stabilization forces, the countries grow-
ing at different rates during the transition converge to a common growth rate on a balanced growth path
(BGP). Naito (2012) introduces international competition a la Dornbusch et al. (1977) in place of product
differentiation in the two-country version of Acemoglu and Ventura (2002), and investigates the effects of
unilateral trade liberalization on countries’ growth rates, extensive margins, and welfare. While obtaining
clear-cut results, the two-country model cannot be applied to problems involving more than two countries.
For example, considering a preferential trade agreement between two countries requires at least one outsider
country.* By combining Eaton and Kortum (2002) with Acemoglu and Ventura (2002), we formulate a
model of endogenous growth and extensive margins which is applicable to multi-country problems.

After providing a general multi-country model, we focus on the three-country case to understand the
mechanics of our model more deeply. We obtain the following main results. First, a permanent fall in
any trade cost raises the balanced growth rate. For example, a fall in country 1’s import trade cost from
country 2 increases its growth potential by allowing it to import varieties from country 2 more cheaply.
Since this raises the relative rental rates and hence the terms of trade of countries 2 and 3 against country
1 through the above-mentioned stabilization mechanism, all countries grow at a higher balanced growth

rate in the long run. This result is consistent with the recent sophisticated empirical research finding the

1See Matsuyama (2008) and Eaton and Kortum (2012) for reviews of recent developments in the Ricardian trade theory.

2 Although Melitz (2003) studies the same topic in a multi-country monopolistic competition model with firm heterogeneity,
his analysis is based on the assumption of symmetric countries having a common productivity distribution. Baldwin and
Robert-Nicoud (2008) embed the Melitz framework into an R&D-based endogenous growth model with expanding product
variety, but their analysis is also subject to the symmetry assumption.

3Eaton and Kortum (2001) extend Eaton and Kortum (2002) to formulate an R&D-based growth. Assuming an exogenous
growth rate of population which is common to all countries, they show that the long-run growth rate of technology in each country
is equal to the population growth rate and is independent of trade costs due to their semi-endogenous growth specification.
However, they do not examine how countries’ growth rates evolve depending on the trade costs during the transition.

4Dinopoulos and Syropoulos (1997) construct a three-country R&D-based endogenous growth model to see the long-run
growth and welfare effects of unilateral, bilateral, and multilateral trade liberalization. Due to the presence of imperfect
competition and nontraded goods, reductions in trade costs do not always raise countries’ long-run growth. However, they do
not address the evolution of trade patterns.



positive relationship between trade liberalization and economic growth (e.g., Wacziarg and Welch, 2008;
Estevadeordal and Taylor, 2013).

Second, trade liberalization increases the liberalizing countries’ long-run fractions of exported varieties
to all destinations. Country 1’s unilateral trade liberalization for imports from country 2 shifts its extensive
margins of imports away from country 3 to country 2. Not only that, it also increases country 1’s extensive
margins of exports to all destinations because of its decreased long-run rental rates relative to countries
2 and 3. The result also applies to preferential trade liberalization between countries 1 and 2, with their
long-run bilateral terms of trade unchanged: it increases their extensive margins of exports to both inside
and outside destinations through their decreased long-run rental rates relative to country 3. Moreover, the
fact that their fractions of domestic varieties and those of imported varieties from country 3 decrease means
that both trade creation and trade diversion at the extensive margins occur as a result of such preferential
trade liberalization. This result provides one theoretical explanation for why faster-growing countries export
increasingly more varieties (e.g., Hummels and Klenow, 2005; Kehoe and Ruhl, 2013).

Third, the long-run effects of trade liberalization are different from its short-run effects, which can reverse
the welfare implications of the static Eaton-Kortum model. In particular, starting from near the symmetric
BGP, both trade liberalization schemes mentioned above raise the growth rates in countries 1 and 2 but
lower the growth rate in country 3 in the initial period. The last result implies that country 3’s rate of
return to capital and hence its welfare fall in the static Eaton-Kortum model. In our dynamic model,
however, even country 3’s overall welfare can rise through accelerated long-run growth. This is indeed
true in our numerical experiments based on the calibrated trade costs and technological parameters. The
present result is remarkable in the context of regional trade agreements. It is well known that a free trade
agreement between two countries raises a third country’s welfare only if the tariff complementarity effect
works, that is, each member country voluntarily lowers its optimal external tariff at the same time as the
establishment of the FTA (e.g., Bagwell and Staiger, 1999; Ornelas, 2005). In contrast, in our model, welfare
of a nonmember country can rise without member countries lowering their external trade costs. Finally, it
should be emphasized that the difference between the long- and short-run impacts of trade liberalization
emerges only in the case of more than two countries. This highlights the importance of departing from the
two-country model of Naito (2012).

The rest of this paper is organized as follows. Section 2 first sets up the multi-country model, and then
concentrate on the three-country case. Section 3 examines analytically the long-run effects of unilateral
and bilateral trade liberalization, and compare them with the short-run effects. Section 4 conducts some

numerical experiments to gain additional insights. Section 5 concludes.

2 The model

Consider a world with N(> 2) countries. In each country j(= 1, ..., N), there is only one nontradable final
good, which can either be consumed or invested for capital accumulation. The final good is produced from a
continuum of tradable intermediate goods indexed by i(€ [0, 1]) under constant returns to scale and perfect
competition. Each variety ¢ in turn can be produced using nontradable capital under constant returns to

scale and perfect competition. Capital is the only primary factor.



2.1 Households

The representative household in country j maximizes its utility U; = fooo In Cj; exp(—pjt)dt, subject to the

budget constraint:

P (Cit + Ko + 6, Kji) = 5 K, (1)

with {p%,rjt}fio and Ko given, where C; is consumption; p; is the subjective discount rate; p}/ is the
price of the final good; K is the stock of capital; d; is the depreciation rate of capital; r; is the rental rate
of capital; and a dot over a variable represents differentiation with respect to time ¢ (e.g., K it = dKj /dt).
We omit the time subscripts whenever there is no confusion. Under the logarithmic instantaneous utility
function, it is optimal for the representative household to keep the consumption/capital ratio constant at
p; for all periods, which immediately implies that capital always grows at the same (but not necessarily

constant) rate as consumption given by the Euler equation:®

Kjt/Kjt:Cjt/Cjt:rjt/pﬁ—éj—pﬁte [0,00) (2)

We call this common growth rate ”the growth rate in country j”.

2.2 Final good firms

The representative final good firm in country j maximizes its profit II}’ = p¥'Y; — fol p; i)z, (i)di, subject to
the production function Y; = B]-(fo1 (i) =D/23di)73/ (0D g5 > 1, with pY and {p;(i)}]_, given, where
Y; is the supply of the final good; p;(¢) is the demand price of variety ¢; x;(¢) is the demand for variety ¢; B;
is the productivity in the final good sector; and o; is the elasticity of substitution between any two varieties.

The minimized cost is written as:

/0 p;(0)a; (i)di = ;Y75 45 ({p; (i) }izo) EB{l(/0 py ()10 di) /), 3)

where ¢;(-) is the unit cost function, working as the price index of intermediate goods. With Eq. (3),

the first-order condition for profit maximization, also implying zero profit, is given by:
Y
p; =g (4)

2.3 Intermediate good firms

Our formulation of the intermediate good sector is based on Eaton and Kortum (2002). The representative
intermediate good firm producing variety ¢ in country j maximizes its profit II” (i;) = p(i;)z(i;) — r; K (i5),
subject to the production function z(i;) = K*(i;)/a;(i;), with p(i;) and r; given, where p(i;) is the supply
price of variety 4; z(i;) is the supply of variety i; K®(i;) is the demand for capital in producing variety i;
and a; (i) is the unit capital requirement of variety ¢; and a subscript after ¢ indicates the country producing
variety 4. If variety i is actually produced in country j, then its supply price should be equal to its unit cost,

which results in zero profit:

5We reach the former statement by integrating the budget constraint (1) from s = ¢ to infinity, and using the Euler equation
and the transversality condition.



z(ij) > 0= p(ij) = rja;(i;),i; € I; C [0,1], (5)

where I; is the set of varieties produced in country j.
We consider iceberg trade costs: one has to ship 7,;(> 1) units of each variety in country j to deliver one

unit of that variety to country n. It is assumed that 7;; = 1V, 7,; > 1Vj # n, Tnj < TarTr; Vi, k0. If j # n,

then we call 7,,; country n’s import trade cost from country j, or country j’s export trade cost to country

n. The unit cost of producing variety ¢ in country j and delivering it to country n is expressed as:
pnj(i) = Tnjrjaj(i),i S [O, 1],j, n=1,..,N.

Since the representative final good firm in country n buys variety ¢ from the cheapest source, its demand

price is given by:
N N1 N
Pn(i) = min{{pn; (i) };=1 }-

Let A; denote an independent and identically distributed random variable for a;(¢). Following Eaton and

Kortum (2002), we impose a Fréchet distribution on country j’s productivity of capital in each variety 1/A;:
Fj(2) = Pr(1/A; < 2) = exp(—bjz7%);b; > 0,0 > 1.

The parameter b; captures country j’s overall state of intermediate good technology: the higher b; is,
the higher 1/A; tends to be. On the other hand, the parameter 6 indicates (the inverse of) variability of
the productivity distribution. The fact that 6 is common to all countries will give us a useful representation
of the intermediate good price index function (3). With Fj(z), the distributions of P,; = 7,;7;4; and
P, = min{{Pnj}j-V:l}, the iid. random variables for p,;(i) and p,(i), respectively, are expressed in the

following simple forms:

an(p) = Pr(Pnj < p) =1- exp(—pebj(Tanj)_e),

Gn(p) =Pr(P, <p)=1—exp(—p’®,);®, = Z?{:lbj(rnjrj)_e.

Moreover, these price distributions provide us with three well-known properties:
Lemma 1 (Eaton and Kortum (2002)) .

1. The probability that country n buys a variety from country j is:

T (T h Hiet) = b (Tj13) ™% @ = 0 (1g5) 0 /[y b (ki) 75 (6)
S (1) = 1¥n.

2. The conditional distribution of Pn;, given that country n buys a variety from country j, is the same as
Gy (p) for all j.

3. The intermediate good price index function (3) for country n is rewritten as:



Qu({Tajri }oy) = en®, M0 = e [300 b (1) 1775 (7)
=B T4 (1—0,)/0)Y ) 14+ (1 —0,)/0 >0

where T'(1+ (1 — 0,,)/0) is the Gamma function.

Lemma 1 has some implications. First, m,; also shows the fraction of varieties country n buys from
country j. This is because the probability m,; applies to a large number of varieties in the unit interval. If
j # n, then m,; is called country n’s extensive margin of imports from country j, or country j’s extensive
margin of exports to country n. Second, m,; is homogeneous of degree zero, whereas (), is homogeneous of
degree one, in the source countries’ rental rates multiplied by country n’s trade costs. The assumption of

common 6 is responsible for the convenient result.

2.4 Markets

If variety 7 is actually produced in country j and delivered to country n, then its demand price is expressed

as:

Puliz) = Tngp(i) = Tojrja;(is),ij € Inj C I, (8)

where I,; is the set of varieties country n buys from country j. In each country, the market-clearing

conditions for the final good, capital, and the intermediate goods are given by:

Y; =C; + K; + 6K, (9)

Kj:/ K®(i;)dij, (10)
1;

(i) = Som_yTnjan (i), 15 € I (11)

Finally, summing up Egs. (1), (3), (4), and (5) for all countries, and considering Eq. (8), we obtain

Walras’ law: the sum of the values of excess demands for the three types of markets is identically zero.

2.5 Dynamic system

Before deriving the dynamic system, it is worth mentioning two key relationships. First, from Eqgs. (4) and

(7), the rate of return to capital gross of depreciation in the Euler equation (2) for country n is rewritten as:

Tn/pz: = Tn/Qn({Tnjrj}j‘vzl) = 1/Qn({7'nj7“j/7“n}§v=1)a (12)

where linear homogeneity of @, ({7;7;}7Z,) is used. This means that the growth rate in country n is
decreasing in 7,,;7;/r5,. This intuitively makes sense: a fall in 7,,; or a rise in 7, /r;, with the latter indicating
an improvement in country n’s terms of trade p(i,)/p(i;) = (rn/7;)an(in)/a;(i;), raises its growth rate.
Second, the cost share of varieties country n buys from country j is equal to the fraction of varieties country

n buys from country j (6):



/I ‘pn(ij)xn(ij)dij/(QnYn) = an({Tnkrk}iV:l) = an({Tnkrk/Tn}szl)- (13)

The first equality holds because, from property 2 of Lemma 1, the conditional expectation of the expen-
diture for a variety, given that country n buys it from country j, is the same as @Q,,Y;, for all varieties.® The
second equality follows from the fact that m,;({Tnkrs 1Y) is homogeneous of degree zero. Eq. (13) implies
that all adjustments in the cost shares occur at the extensive margins. Note that country n’s cost shares
depend on the same ratios 7,57 /7y as its rate of return to capital.

Let us choose capital in the last country N as the numeraire: ry = 1. And, let x; = K; /Ky denote the

relative supply of capital in country j to country N. Then our model is dramatically reduced to just two

types of equations:”
fij = K5 {Tjnra /¥ n=1) — v {Tvnrn =), d = 1o N = 1 (14)
Vi({Tjnrn /T 1020) = C5/C = 1/Q({rjmrn /T Y1) — 65 — pj,
Kj = Yoy Ty ({Tk /T Yo i /(1 /1), 5 = 1,y N = 1, (15)

where «; is the growth rate in country j. Eq. (14) states that x; evolves according to the difference
between the growth rates in countries j and N. On the other hand, Eq. (15) can be interpreted as the
capital market-clearing condition in country j relative to country N.® This corresponds to the labor market-
clearing condition (21) of Eaton and Kortum (2002). Our model is different from Eaton and Kortum (2002)
in that factor supplies and hence factor prices are endogenously changing over time. For all ¢ € [0, 00), with
{7jn} =1 exogenous and with {/@jt};\gl predetermined, Eq. (15) determines {rjt}é-v:]l, and then Eq. (14)
determines {;%jt}jy:?.

Before proceeding, we calculate changes in @y, 7,;, and 7; contained in our dynamic system. First, from
Eq. (7), we obtain:

N
dQn/Qn = 321 Tnj (dTnj /Tnj + dr;j [T5). (16)
Interestingly, the partial elasticity of @), with respect to 7,;r; is just mp;. Second, substituting ®, =
(Qn/cn)~? from Eq. (7) into Eq. (6), and using Eq. (16), dm,,j/mn; is calculated as:
A, [Tnj = *sz;ﬁjﬂnk(d’rnj/’rnj +drj/rj — ATk /Tak — dri/Tr). (17)

The usual substitution effects work here: the higher 7,;r; is and/or the lower 7,7y is for k # j, the less

likely country n is to buy varieties from country j. Third, totally differentiating v; = r;/ p}/ —0; — p; from

6Deriving country n’s demand for variety i from Eq. (3), and multiplying it by its demand price, the expenditure for
variety 4 is expressed as pn(i)zn (i) = BZ”_qu”ann(i)l"’". On the other hand, the conditional expectation of Pij_(”",
given that country m buys a variety from country j, is calculated as fooo pt=9n (dGy (p)/dp)dp = (BnQrn)'~?7. Combining
these results, the conditional expectation of the expenditure for variety i;, given that country m buys it from country j, is
BZ7L71QZ7LYn(BnQn)1707L = QnYnVZ] S In]v]

"We obtain Eq. (14) from Egs. (2), (12), and the definition of x;. Eq. (15) is obtained by rewriting Eq. (10) using Egs.
(1), (4), (8), (9), (11), and (13).

8Eq. (15) is equivalent to 7, K; = ZnNzlﬂ'an'nKn. This equation implies two further results. First, it is rewritten as
Zn;ﬁjﬂj"ijj = Zn;&jﬂ'njran The latter equation shows country j’s balanced trade condition (i.e., value of imports =
value of exports). Second, summing up the former equation for j = 1,..., N — 1, we obtain the same equation for j = N. This

means that country N’s capital market-clearing condition is indeed redundant.



Eq. (2), and using Eqgs. (4) and (16), we obtain:

dyj = =T33 2;Min(dTjn [ Tjn + dro /re — dr; [1;); T = 5 + 65 + pj- (18)

This is totally consistent with the discussion right after Eq. (12), with n and j interchanged.

2.6 Three-country model

In the rest of this paper, we focus on the case where N = 3. This is the minimum number of countries
that allows us to consider regional trade agreements. For example, a preferential trade agreement between
countries 1 and 2 can be expressed by reducing 712 and 721 but keeping 73 and 723 (as well as 731 and 732)
unchanged. For N = 3, Egs. (14) and (15) are restated as follows:

k1 = k1(y1(1, Tiare/r1, Ti3/r1) — V3(T3171, 3272, 1)), (19)
ko = ko (y2(To171 /12, 1, T3 /12) — v3(T3171, T3272, 1)), (20)
k1 = m1(1, mara /11, T13/71) K1 + To1 (12171 /T2, 1, To3 /r2) ke /(11 /72)

+ m31(T3171, T3272, 1) /71, (21)
ko = m12(1, Tiam2 /71, T13/T1)K1/(r2/71) + Ta2(To171 /72, 1, To3 /172) K2

+ m32(T3171, T3272, 1) /2. (22)

We define a balanced growth path (BGP) as a path along which all variables grow at constant rates.
From Egs. (19) and (20), for both £ /K1 and f2/k2 to be constant, 7 and 73 should be constant. Then Egs.
(21) and (22) imply that x1 and k2 should be constant. With %1 = /2 = 0, a BGP is implicitly determined
by:

0 =v1(1, 1275 /77, 113/77) — Y3(73177, 73275, 1), (23)

0 =y2(72177 /75,1, 723/13) — v3(73177, T3273, 1), (24)
k1 = m (L, Tiars /11, 113 /1)K + w1 (T2171 /13, 1, Ta3/13) K3 /(11 /13)

+ w31 (73177, 73275, 1) /77, (25)
Ky = mi2(L, Tiar3 /11, T13/r1) K1/ (13 /r1) + Mo (72171 /13, 1, T23 /73 ) K3

+ m32(T3177, 3215, 1) /75, (26)

where an asterisk over a variable represents a BGP. Egs. (23) and (24) determine r} and 3, and then
Egs. (25) and (26) determine s} and k3. Let us call the common growth rate satisfying Eqs. (23) and
(24) "the balanced growth rate”. Note that the long-run rental rates are not determined by the capital
market-clearing conditions, but by the balanced growth conditions. This will make the long-run effects of
trade liberalization different from the short-run effects corresponding to the static Eaton-Kortum model.

The existence, uniqueness, and stability of a BGP is discussed in Appendix C. Simply stated, there exists
a unique BGP that is locally stable unless the three countries are extremely different. Here we just assume

that a unique and stable BGP exists.



3 Long-run effects of trade liberalization

3.1 Balanced growth rate

In this section, we examine the long-run impacts of trade liberalization analytically. Substituting Eq. (18)
into the totally differentiated forms of Eqs. (23) and (24), we have:

ajydry/ri + ajadrs [r5 =T (m]odmi2 /T2 + migdTis/T13) — U5(73,d731/731 + T32d732/732),

a5 dry /1] + a5adry /15 = T5(m31dT21 /a1 + Wo3dTe3 /Te3) — U5(731d731/T31 + T39dT32/T32);

ayy = (7, + mi5) + T35, > 0,
ajp = —Imy + [5ms0,
as = —I5msy + Iimay,
a5y =T5(m3y + m33) + 3m3, > 0,
a® = aja3y — ajpay;
= D5 [miamss + mig(may + m3)] + D53 [m5 73y + 751 (30 + 73]

+ A0 (5,71 + mhy(n]s + mi5)] > 0.

The coefficients in the left-hand sides of these equations represent how v, — 3 and s — ~3 respond to
the rental rates, respectively. For example, aj; is always positive because a rise in r; raises y; but lowers
v3. On the other hand, since a rise in o lowers both v; and ~3, the sign of a}, is ambiguous, depending on
the openness of countries 1 and 3 against country 2. Consider what happens when 75 falls. Since this raises
country 1’s growth potential, r; tends to fall for 1 — 3 to go back to zero. Moreover, the fall in r; affects

~2 — 73, which in turn causes ro to change. Solving the above equations for dr}/ry and drj /r3, we obtain:

dri/ri = (1/a")[a3, 1 (nladmi2/T12 + Ti3dT13/T13)

— afol'5 (731 d7a1 /To1 + ogdT2s3/T23)

— (a3y — afp)T5(m31d731 /731 + M3odT32/732)], (27)
dry/ry = (1/a")[—a5, '] (712dmi2/T12 + 7isdT13/T13)

+ a1 I3 (w31 dmo1 /o1 + M3gdTas3/T23)

— (aj; — a5,)T3(m3,d731 /731 + W3odT32/T32)]. (28)

As expected, a fall in either 712 or 73 lowers r}, whereas its effect on r3 is ambiguous. Similarly,
a fall in either 71 or o3 lowers r3, whereas its effect on ] is ambiguous. Finally, since a3y — ajy, =
5 (m3y +753) + 57ty > 0 and af; — a3y = T5(7fy + 753) + Timsy > 0, a fall in either 731 or 732 raises both
r1 and r3.

Substituting Eqgs. (27) and (28) back into Eq. (18) for country 3, the change in the balanced growth rate

is generally expressed as:



dyi = dvy; =dv3
= —(IT305/a")
x {[m33msy 4+ 731 (w3 + 75| (7iadT12/T12 + T 3dT13/T13)
+ [m31 719 + T (15 + mio)|(721dT21 /To1 + WogdTa3/T23)

+ o733 + mig (M3 + 733))(M31dT31 /731 + WpdT32 /T32) }
Proposition 1 For all j,n =1,2,3,n # j, a permanent fall in 7;, raises the balanced growth rate.

This is a very powerful result: regardless of the signs and sizes of aj, and a3, trade liberalization
anywhere does raise the balanced growth rate. This is because trade liberalization in one country not only
raises its own growth potential, but also raises the terms of trade of the other countries against the liberalizing
country. For example, a fall in 715 lowers r], which raises the terms of trade of country 3 against country 1.
Also, since (dri/ry —drs/r3)/(dmi2/T12) = (1/a*)(aby + ab;)T575, > 0 from Egs. (27) and (28), it raises the
terms of trade of country 2 against country 1. These terms of trade improvements for the non-liberalizing
countries contribute to the higher balanced growth rate. This proposition implies that the positive long-run
growth effect of unilateral trade liberalization in Naito (2012) still holds in a three-country case, although
we will see in section 3.3 that it might not be true for some country in the short run. On the other hand,
our robust result is different from the three-country R&D-based endogenous growth model of Dinopoulos
and Syropoulos (1997), where unilateral trade liberalization can either raise or lower the long-run growth
rate of the liberalizing country depending on whether the growth intensity (summarizing the productivity
in production and R&D and expenditure share) of its export sector is larger or smaller than its nontraded

sector.

3.2 Fractions of domestic and traded varieties
3.2.1 Unilateral trade liberalization

Since it is difficult to draw general conclusions about changes in the long-run fractions of domestic and traded
varieties by simply substituting Eqs. (27) and (28) into Eq. (17), we first consider a fall in one trade cost
Ti2 at a time. In view of Eq. (17), we need information about changes in r{, 75,71 /rs, 71275, and 11275 /77.
We already know from section 3.1 that a fall in 715 lowers r] and ri/r3, but its effect on r} is ambiguous

depending on the sign of a3,. For changes in m975 and 7975 /rF, we obtain:
21 2 2/T1>
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(dri2/T12 +dr3/r3)/(dT12/T12)

— (Ua" 5T %y + ) (s + ) + T3S gy + i (nd + 3]
+ T3l mgy (mis + 712) }

>0,

(dT12/T12 4 drs /r5 — dri/r])/(dT12/T12)

= (1/a"{I105m1s(may + m33) + Tols[masmsy + moy (3 + 731 )]

+ I3l m3mis}

> 0.

Hence, a fall in 715 lowers 71275 and 71275 /7] as well as r} and r} /r5. Combining this with Eq. (17), we

reach the following proposition:
Proposition 2 A permanent fall in 712 increases miy, 751, and w5,, whereas it decreases Tis.

Although one might be disappointed that we find the directions of changes in only four out of nine fractions
of varieties, this proposition actually has rich implications. First, in country 1, some varieties imported from
country 3 are replaced by those imported from country 2. This is because the fall in 775 makes the latter
varieties cheaper than the former for the liberalizing country. Second, and more interestingly, country 1’s
fractions of exported varieties to all destinations increase. For either country 2 or 3, the falls in r§ and r} /73
caused by the fall in 75 make it cheaper to import varieties from country 1 than the other sources. In this

sense, import promotion also works as export promotion at the extensive margins.

3.2.2 Bilateral trade liberalization
We next see the case where 112 and 751 are reduced at the same time. Taking the difference between Eqs.
(27) and (28), with dri3 = dme3 = d731 = dr32 = 0, We have:

a™(dry/ri —dry/r3) = (a3s + a3)T171dTi2/T12 — (afy + aja)5m31d7a1 /Ton,

where a3, +a3; > 0 and aj; +ajy > 0. We consider a particular type of bilateral trade liberalization such
that r}/r3 and hence the long-run bilateral terms of trade between countries 1 and 2 should be unchanged.

Setting the left-hand side of the above equation equal to zero, we obtain:

(dra1/701)/(dT12/T12) | ars frr=drg vy = [(a39 + a31)Ti7T5]/[(a]1 + ai2)T575,]. (29)

Under the liberalization rule (29), the rate of change in 7 (and also r3) is calculated as:

(dr{/TT)/(d7'12/7'12)|dr;‘/r{:dr;/r; = I'imiy/(aly +ajy) > 0.

This means that i and 73 always fall at the same rate. Observing Eq. (17), we can easily find that

o, Tay, 51, and 7w, increase, whereas i3, a5, and w55 decrease. For 7§, and 73y, Eq. (17) gives:
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dmiy /711 = —0(—7iadT12/T12 + mi3dry /77),

dmas [Ty = —O(=T21d7o1/To1 + Wy3dry [73).

The terms in the parentheses are calculated as:

—mig + mis(dri /r7)/(dTiz/Ti2)lars fri=drg ey = —T5(751 + T32) 712/ (a1; + afy) <0,

=31 + Woa(drs /r3) [ (dra1/Ta1)|ars fr=drs jry = —T5(73o + m31)73, / (a5, + a3y) < 0.
Therefore, 77, and 73, decrease. The following proposition summarizes the results:

Proposition 3 Permanent falls in T2 and 721, with r§/r5 unchanged, increase miy, w4y, 75, and miy,

whereas they decrease T, Tis, T3y, Tas, and T3s.

This proposition is stronger than the previous one in that the directions of changes in all of the nine
fractions of varieties are unambiguously determined under bilateral trade liberalization with the long-run
bilateral terms of trade unchanged. In fact, Proposition 3 can be seen as just a composite of Proposition
2 applied to T2 and 791: a preferential trade agreement between countries 1 and 2 shifts their import
demands away from the outsider to each insider, and also increases their fractions of exported varieties to
both inside and outside destinations. Moreover, the fractions of domestic varieties decrease in all of the
three countries. This indicates that the preferential trade agreement brings about trade creation (i.e., 7y
and 73, are replaced by 77, and 75, respectively) as well as trade diversion (i.e., 7} and 755 are replaced
by 71, and 75, respectively). Finally, the fact that country 3’s fractions of exported varieties decrease does
not mean that the non-member country loses from the preferential trade agreement. It actually enjoys the

higher balanced growth rate along with the improved terms of trade against both countries 1 and 2.

3.3 Comparison with short-run effects

To compare the long-run effects of unilateral trade liberalization with its short-run effects, we investigate
analytically the impacts of a change in 715 on main endogenous variables in the initial period in Appendix
A. A fall in 715 makes country 1 substitute country 2’s varieties for its own, thereby raising r. Although it is
unclear if ry falls or not, r1/re, T12r2, and 71272 /r1 necessarily fall. Since country 2’s terms of trade against
the other two countries improve, its growth rate «s necessarily rises. The directions of changes in v; and 3
are generally ambiguous due to the ambiguous change in 7. Finally, although 715 rises whereas mos and mso
fall, the directions of changes in the other six fractions of varieties remain ambiguous.

To find clearer results analytically, we focus on a special case where the old BGP is symmetric across
countries. Fortunately, the short- and long-run effects of unilateral and bilateral trade liberalization on the
growth rates and fractions of varieties are all identified in Appendix B and summarized in Table 1.

In the short run, unilateral trade liberalization lowers 1. Although this tends to lower 7; but raise =3,
these effects are outweighed by the fall in 7y279/r1 and the rise in rq, thereby raising «; but lowering s,
respectively. Due to the fall in 71272 /r1, country 1 buys more of country 2’s varieties but less of the others.
On the other hand, the price changes induce both countries 2 and 3 to buy less of country 2’s varieties but

more of the others. Since countries 1 and 2 start to grow faster than country 3, both x; and ko increase,

12



which in turn lowers both r; and ry. In the long run, ry goes back to its old BGP value. The balanced
growth rate necessarily rises. The directions of changes in the fractions of varieties in the long run are the
same as in the short run, except ma3 and m33: they decrease from their old BGP values because country 3’s
cost advantage over country 2 disappears in the long run.

Unlike unilateral trade liberalization, bilateral trade liberalization with the long-run bilateral terms of
trade unchanged raises not only ry but also ry in the short run. This is because, for both countries 1 and
2, the decreased demands for their domestic varieties are more than compensated by the increased demands
for each other’s varieties. Since country 3’s terms of trade against all other countries deteriorate, country
3 starts to grow more slowly, whereas countries 1 and 2 start to grow faster, than the old BGP just like
unilateral trade liberalization. Due to the strong direct effects of the falls in 715 and 791, both trade creation
and diversion occur even in the short run. On the other hand, reflecting the price changes, country 3 imports
less from both countries 1 and 2. The gaps in the short-run growth rates pull both r; and ro down below
their old BGP values, which in turn raises the balanced growth rate. Since country 3’s varieties become
relatively more expensive, country 3 imports more from both countries 1 and 2 in the long run.

There are many variables whose long-run responses are opposite to their short-run responses represent-
ing the static model of Eaton and Kortum (2002): ~s, w23, and mss for unilateral trade liberalization; or
r1,T2,73, 731, 32, and mwss for bilateral trade liberalization. The most remarkable result is stated in the

following proposition:

Proposition 4 Starting from the symmetric BGP, both trade liberalization schemes specified in Propositions

2 and 3 raise y1 and ~y2 but lower 3 in the initial period.

As long as we are around the symmetric BGP, trade liberalization, whether unilateral or bilateral, must
lower the growth rate in a non-liberalizing country (i.e., country 3) in the short run. In the two-country
model of Naito (2012), a fall in 712 improves the terms of trade of country 2 against country 1, which in turn
raises the growth rate in country 2 in the initial period. It is true that a fall in 75 still improves country
2’s terms of trade against all other countries even in our three-country model, thereby pushing up country
2’s growth rate in the short run. However, this fact implies that country 3’s terms of trade against country
2 must deteriorate, which pulls down country 3’s growth rate in the short run. It is the presence of a third
country that is responsible for the new result.

Propositions 1 and 4 have welfare implications that differentiate our model from Eaton and Kortum
(2002). If K; + 6;K; = 0 in Eq. (1), then our model reduces to the static Eaton-Kortum model, where
country j’s welfare is given by InC; = In((r;/ p}’)K i), and the equilibrium rental rates are determined by
Egs. (21) and (22). The fact that the initial growth rate in country 3 falls from its old BGP value in
our model means that r3/p} and hence country 3’s welfare must fall in the static model. In contrast, the
liberalization-induced rise in the balanced growth rate in our model can raise country 3’s overall utility,

reversing the pessimistic view from the static Eaton-Kortum model.

4 Numerical analysis

In this section, we run some numerical experiments on unilateral and bilateral trade liberalization based on
the calibrated trade costs 7, and the overall states of intermediate good technologies b; in a hypothetical

world consisting of three regions, Asia (5 = 1), North America (j = 2), and Europe (j = 3), according to
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the WTO statistics database.” There are two purposes for doing this. One is to see how well our analytical
results obtained around the symmetric BGP hold in a more realistic situation. The other is to compare the
welfare effects in our model with the static Eaton-Kortum model. Parameters other than 7, and b; are set
as follows: p; = 0.02 and J; = 0.05 from Barro and Sala-i-Martin (2004); K39 = 100 for welfare to take
positive values; and B; = 0.1 to obtain reasonable values of the growth rates. For 0, the estimates of Eaton
and Kortum (2002) are 2.84 to 3.60 (Table V), 8.28 (Section 3), and 12.86 (Section 5.3). We choose 6 = 3
from their lowest estimate because § = 8 or higher yields almost 0% trade shares in our model with a small
number of countries. Following this, we set o; = 3 so that the restriction 1+ (1 — ¢;)/6 > 0 in Eq. (7)
should hold. The following calculations are conducted using Mathematica 9.

First, we simply solve nine equations characterizing the BGP, that is, Eqgs. (23), (24), v3(-) = 73, and
Tin(-) = ;. for n # j, for nine parameters, 7;, for n # j and b;. This requires data on 77,735,735, and 77,
for n # j. To express the long-run situation, all of our processed data are averaged annually over the period
2001-2010. Our primary data source is the World Bank’s World Development Indicators. To obtain 77, we
add the common depreciation rate of 0.05 to the real interest rates of Japan, United States, and Italy, and
divide each of the first two by the third.!? As for 43, we just use the annual average GDP growth rate of the
world. To obtain 77, for n # j, we first divide region j’s share of merchandise trade (the sum of exports and
imports) in GDP in half to obtain region j’s import/GDP ratio under the balanced trade, and then multiply
the result by the ratio of region j’s value of imports from region n to region j’s value of imports from the
world.' The resulting values are reported in the first column of Table 2.2 For example, Asia’s relative
rental rate to Europe is 0.964, the balanced growth rate is 2.560%, Asia’s import share from North America
is 7.464%, and so on. For our model to reproduce these data, the nine parameters are calibrated as follows:
T2 = 2.33905, 713 = 2.02213, 791 = 2.4053, 03 = 2.66304, 737 = 1.95887, 732 = 2.56534, b1 = 0.166886, by =
0.180617,b3 = 0.161854.

Next, we explain our simulation method. Unilateral trade liberalization is expressed as an exogenous
and permanent fall in a net trade cost 712 — 1 by half (i.e., 715 = (112 —1)/2+ 1) from ¢ = 0 on. On the
other hand, bilateral trade liberalization combines unilateral trade liberalization with a permanent fall in
791 according to Eq. (29) evaluated at the old BGP. However, this way of calculating the change in 791
contains an error arising from linearization, which could be large for a large-scale change in 715. To obtain
the exact value of 75, corresponding to 715, we instead solve Eqs. (23), (24), and r}'/r3’ = r} /r5 numerically
for r§',r3’, and 74,. Before trade liberalization, we first compute the old BGP values of r],75, k7, and &3
from Egs. (23), (24), (25), and (26). Once they are calculated, the other endogenous variables at the old
BGP are also calculated immediately. Of course, they should replicate data on r7,73,v3, and 7}, for n # j.
Next, for each liberalization regime, we apply the NDSolve command to Egs. (19), (20), (21), and (22) with
the initial conditions ], = k] and kb, = k% to obtain the equilibrium paths of r{,, r%,, k};, and k), from
t =0 to t =1,000,000.'* Finally, we use U; = [, InCj; exp(—p;t)dt = (1/p;)(In Cjo + [3° vje exp(—p;t)dt)

9We assume that they correspond to East Asia & Pacific (all income levels), North America, and European Union, respec-
tively, according to the World Development Indicators. They account for 25.5%, 25.8%, and 25.4% of the world GDP in 2010,
respectively.

10A country’s real interest rate is defined as its lending interest rate adjusted for inflation as measured by the GDP deflator.
Italy is the largest country in the Euro Area which reports the real interest rate for all years during 2001-2010.

I Region j’s values of imports from region n and the world are constructed from the WTO statistics database.

12Since each region in fact imports goods from regions other than the three, our calculation of region j’s total import share
2 _n£iTsy, underestimates its actual import/GDP ratio.

13In fact, in Table 2, all figures except welfare can be calculated without solving for the full paths of Ty Thes Ky, and Kh,.
We can use Egs. (21) and (22) for ¢ = 0 to obtain r{, and 7}, and Egs. (23) and (24) to compute 7}’ and r3’, for each set of
trade costs. However, since Uj is a function of {v;:}72,, exact computation of the former requires calculating the full paths of
ri, and r},.
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with Cjo = p; Kjo, K)o = KT, kg = K5, and K3, = 100 to compute welfare under each regime.

Our quantitative results are summarized in Table 2. The balanced growth rate rises by 0.113 percentage
points to 2.673% under unilateral trade liberalization, and also rises by 0.309 percentage points to 2.869%
under bilateral trade liberalization. Quite surprisingly, the short- and long-run effects of unilateral and
bilateral trade liberalization on the growth rates and fractions of varieties are qualitatively almost the same
as our analytical results obtained around the symmetric BGP and reported in Table 1. The only exception
is that mag is now larger than the old BGP in the long run under unilateral trade liberalization, because the
long-run value of ry is still higher than the old BGP. Finally, for all regions, welfare is higher under unilateral
trade liberalization than the old BGP, and even higher under bilateral trade liberalization. As mentioned
in the last paragraph of section 3.3, the fact that 3 falls in the initial period under unilateral and bilateral
trade liberalization means that region 3’s welfare falls in the static Eaton-Kortum model. On the contrary,
our dynamic model reveals that region 3’s welfare does rise. Our dynamic extension of the Eaton-Kortum
model indeed overturns its welfare implications: considering the long-run growth effect, trade liberalization
by Asia and North America will benefit Europe.

Fig. 1 and Fig. 2 illustrate the paths of main endogenous variables under unilateral and bilateral trade
liberalization experiments we have done, respectively. In all panels except the top right corner of both
figures, the blue curve represents the path of the variable on the vertical axis, which eventually merges with
the yellow horizontal line indicating the new BGP value. The blue curve should be compared with the
red horizontal line showing the old BGP value. In the top right panel, the blue, red, and yellow curves
represent the paths of v1, 2, and 3, respectively, compared with the green horizontal line indicating the old
balanced growth rate. These figures provide some additional information. First, in both experiments, all
variables converge to their new BGP values until around ¢ = 1,500. Second, although 3 falls from its old
BGP value in the initial period, the former overtakes the latter in a very short period of time: ¢t = 2.1763 for
unilateral trade liberalization; and ¢ = 28.9468 for bilateral trade liberalization. This implies that the path
of consumption in country 3 also exceeds that at the old BGP very soon, contributing to its higher welfare.

As a simple robustness check, we raise the subjective discount rates gradually by 0.01. Since this shifts
down ~y; functions equally, only the implied b;’s increase, but the implied trade costs are unchanged, to
recover the data. The simulated values of the rental rates and fractions of varieties in the short- and long-
run as a result of unilateral and bilateral trade liberalization are unchanged as well. Welfare of all regions
continue to rise under unilateral and bilateral trade liberalization up to p; = 0.04. When p; = 0.05, region
3’s welfare falls for the first time under bilateral trade liberalization, whereas it still rises under unilateral
trade liberalization. Therefore, our welfare effects are robust for a sufficiently wide range of the subjective

discount rates.

5 Concluding remarks

Our three-country, continuum-good Ricardian model of trade and growth with endogenous extensive margins
has some policy implications. First, trade liberalization, be it unilateral, bilateral, or multilateral, raises
global growth. This is because it raises the growth potential of the liberalizing countries, which in turn raises
the relative rental rates and hence the terms of trade of the non-liberalizing countries against the liberalizing
ones. This supports the recent empirical research such as Wacziarg and Welch (2008) and Estevadeordal and
Taylor (2013) reporting the positive relationship between trade liberalization and economic growth. Second,

import promotion acts as export promotion at the extensive margins. The falling long-run rental rates of the
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liberalizing countries relative to the non-liberalizing ones arising from their faster growth make it cheaper to
buy varieties from the liberalizing countries. This explains the mechanism underlying the empirical evidence
on economic growth and extensive margins of exports found by Hummels and Klenow (2005) and Kehoe
and Ruhl (2013). Third, the difference between the short- and long-run effects of trade liberalization opens
up the possibility that its welfare effects in the static Eaton-Kortum model can be reversed in a positive
direction. This contributes to the literature on regional trade agreements: unlike Bagwell and Staiger (1999)
and Ornelas (2005), where a free trade agreement between two countries benefits a third country only if each
member country voluntarily lowers its optimal external tariff, welfare of the third country can rise without
adjustments in their external trade costs in our model.

There are some directions for future research. First, replacing iceberg trade costs with import tariffs
will somewhat complicate the effect of trade liberalization on welfare of the liberalizing countries. By the
standard optimal tariff argument, a fall in a country’s import tariff will partly lower its welfare in the
short run through decreased tariff revenue associated with deteriorated terms of trade. However, since the
tariff reduction raises the balanced growth rate just like a fall in the corresponding iceberg trade cost, the
liberalizing country’s welfare partly rises in the long run. As long as countries’ subjective discount rates are
sufficiently low that the long-run welfare gains from faster growth outweigh the possible short-run welfare
losses from decreased tariff revenue, not only the non-liberalizing but also the liberalizing countries will still
gain from tariff reductions. Second, it will be interesting to perform counterfactual experiments based on
structurally estimated parameters. Since our model works for an arbitrary number of countries, we could
do this in a world with much more than three countries as Eaton and Kortum (2002) do. Even then,
the qualitative results obtained in our dynamic three-country model provide a benchmark against which

quantitative results will be evaluated.

Appendix A. Short-run effects of a change in 7

Substituting Eq. (17) into the logarithmically differentiated forms of Egs. (21) and (22) with dk;/k; = 0V,

we obtain:

c11dr1/r1 + ciadra /re = —Om1r1 K1 T2dT2 /T2 — 01171 K1 T13dT13 /T3
+ 97721T2K2(1 - 7T21)d721/7'21 - 977217“2H27T23d723/7'23
+ 031 (1 — m31)d731 /731 — OM31732d 732/ T32,
ca1dry/r1 + cozdra /1y = Omiar1K1 (1 — T12)dT12/T12 — Om12T1K1T13dT13/ i3
— Omoarokoma1d a1 [To1r — Oaarakemosd s/ Tos

— Om3ams1dTs1 /31 + Om32(1 — T32)dT32/T32;
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ci1 = —{0[miriki(1 — 1) + morreke (1 — ma1) + m31(1 — w31)] + (1 — w1 )riki} <0,
c12 = 0(mr K12 + Ta1T2Ke T + T31T32) + T2172k2 > 0,
o1 = O(maarakomer + Tior1 K111 + T32m31) + T2k > 0,
cog = —{0[maaraka(l — ma2) + miar1k1(1 — w12) + m32(1 — w32)] + (1 — Wa2)rake} < 0,

C = c11C22 — C12C21 > 0.

Focusing on a change in 79, its short-run effects on r; and ro are given by:

(dry/r1)/(d712/712)

= (Om1ar1K1/C)

X {0[maaraka(mi1mas — m21713) + ma2(T11733 — W31m13)] + rake (M3 — T21713) ),
(dra/rs)/(dT12/712)

= (Omiarik1/e){—[0(m117m1 K113 + T21T2Ka T3 + T31T33) + migTik1 T + crimis} < 0.

The rates of changes in 71 /ra, T1272, and T1272/7r1 are then calculated as:

(dr1/ry = dra/r2)/(dT12/T12)

= (Omiorik1/c){m11[0(mo2rakomas + mi2T1 K113 + T32733) + W32

+ (1 — m12)[0(7r1171 K113 + To1T2keT23 + T31733) + 731 }

> 0,

(dri2/m2 + dra/r2)/(dTi2/T12)

= (1/e){[0(m11r1K1713 + To17T2k2T23 + T31733) + T1371K1]

X [0(mo2rakamar + T3ama1) + Ma1Taka] — c11[0(Taarakomeg + T32ms3) + Magraka|}
> 0,

(dma/m12 + dra/re — dri /1) /(dT12/T12)

= (1/c){[0(mazrakamas + miar1K17T13 + T32733) + Ta2][0(m2172K2T22 + T31732) + T2172k2)]
+ [0(m11r1 K113 + To1r2ko a3 + T31733) + a1

x {O[maaraka(l — ma2) + m32(1 — m32)] + (1 — maz)raka}t}

> 0.

From these results and Eq. (18), the short-run effects of a change in 712 on the growth rates are obtained

as:
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dy1/(dri2/T12)

= —Ti{ma(dnz/m2 +dra/r2 — dri/r1)/(dmi2/T12) + m13[—(dr1/r1)/(dT12/T12)]},
dy2/(dmi2/T12)

= —TDo{mo1(dri/r1 — dre/r2)/(dT12/T12) + Tasz|—(dra2/r2)/(dT12/T12)]} < 0,
dys/(dri2/T12)

= —Ta[ms1(dr1/r1)/(dm12/T12) + 732(dra/72)/(dT12/712)]-

Finally, in view of Eq. (17), only three out of nine fractions of varieties have definite signs:
(dmia/m12)/(dTi2/T12) <0, (dmaz/m22)/(dT12/T12) > 0, (dT32/732)/(dT12/T12) > 0.

Appendix B. Comparative dynamics around the symmetric BGP

Suppose that all parameters are symmetric across countries: p; = p,0; =9, B; = B,0; = 0,b; = b¥j, 7,; =
T > 1Vn, j,j # n. Then we can easily see from Eq. (7) that ri = r; = 1 solve Egs. (23) and (24). Since the
balanced growth rates as well as the depreciation and subjective discount rates are equal across countries,

we have I'; = I'""Vj. Moreover, Eq. (6) implies that:

=701 +2r % = 1" <1/3Yn,j,j £n,

nj

o, =1—21% > 1/3Vn.

Finally, Egs. (25) and (26) are solved for k] = k3 = 1. The following comparative dynamics are evaluated
at this symmetric BGP.

Unilateral trade liberalization

We first examine the directions of changes in the long run fractions of varieties which are not covered in

Proposition 2. From Egs. (27) and (28), we have:

a* = al,aby — alyay = (30*7%)? — 02 = 9r*27*?,
(dry/r7)/(driz/m2) = (1/a*) (a3, y) = 30202 fa* = 1/3,
(dry/r3)/(dm2/Ti2) = (1/a")(—ag73) = 0.

Then Eq. (17) implies that (dnss/73s)/(dT12/T12) > 0, (d7hs/753)/(dT12/T12) > 0, (dwsy/75,)/ (dTi2/T12) >
0, and (dmjs/m35)/(dmi2/m2) > 0. For w3y, we have (dn},/77,)/(dm2/T12) = 0n*[(dria/T2 + dry/rs —
dry/ry)/(driz/T12)—(dr}/7T)/(dT12/T12)], where (dT12/Ti2+drs /15 —dry /ry)/(dT12/T12) > 0and (dr]/r})/(dTi2/T12) >
0. However, since (dri2/Tio+dry /ry—dri /r7)/(dT12/T12) = 1—=(dr} /7)) /(dT12/T12) = 2/3 > (dry /rT)/(dTi2/T12),
we obtain (dnf;/7};)/(dT12/T12) > 0.

In the short run, the coefficients ci1,c12, 21,02, and ¢ = cy1¢22 — c12¢21 at the symmetric BGP are

calculated as:
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=0y =—{0[1—-2r")2r" +7*(1 —7") + 7" (1 — %) + 27"} = —27%[0(2 — 37") + 1],
Ciy = = 0[(1 = 2m")m* + 7% (1 — 20%) + *2) + 7% = 7*[0(2 — 37%) + 1],

* k% ko * \2 *2 *2
¢ = C1C3 — ClaChy = (—2¢15)" — ¢i3 = 3c]3.

Then (dr1/r1)/(dm2/m12) and (dre/re)/(dmi2/m12) are respectively given by:

(dri/r1)/(dmi2/T12) = (67" cly/c)(1 = 37") > 0,
(dra/re)/(dT12/T12) = =07 cla/c".

From Appendix A, the signs of dvy1 /(dm12/712) and dvys/(dm12/712) at the symmetric BGP are entirely de-
termined by the signs of (dri2/Ti2+dre/ro—dr1 /1) /(dT12/T12)—(dr1 /1) /(dT12/T12) and (dry /1) /(dT12/T12)+
(dra/r2)/(dT12/T12), respectively. Since they are calculated as (dria/T12 + dra/re — dri/r1)/(dmi2/T12) —
(dri/r1)/(dm2/m2) = Bciam™ /)01 — ) + 1] > 0 and (dr1/r1)/(dm2/m12) + (dra/r2)/(dT12/T12) =
—30m*2¢y /et < 0, we have dvy;/(dmi2/m12) < 0 and dvs/(dm2/m12) > 0. The last inequality means that,
around the symmetric BGP, a fall in 75 indeed lowers 3 in the short run.

For the fractions of varieties, we immediately know from Eq. (17) that

(dmis/m13)/(dm2/T12) > 0, (dma1 /7e1)/(dT12/T12) < 0, and (dws1 /731)/(d12/712) < 0. Moreover, (dT12/712+
drg/re — dri/r1)/(dmi2/T12) — (dri/r1)/(dmi2/T12) > 0 and (dri/r1)/(dmi2/m2) + (dre/r2)/(dTi2/T12) < 0
imply that (dmi1/m11)/(dm2/m12) > 0 and (dmss/ms3)/(dm2/m12) < 0, respectively. Finally, we obtain
(dmaz/ma3)/(dmi2/T12) < 0 from 7*(dry/r1)/(dTi2/m12) + (1 — 27)(dre/r2) /(dT12/T12) = (O7* iy /c*)[3n* (1 —
™) —1] < 0.

Bilateral trade liberalization

For bilateral trade liberalization, we only have to examine its short-run effects around the symmetric BGP.
First of all, Eq. (29) reduces to (d7o1/721)/(dT12/T12)|drs frr=drs jrs = [(BT* 7 +0) 7] /[(3T*7* +0) [ 7*] =
1, meaning that 751 is reduced by the same rate as 72 in order to keep r5/r; constant. Then, noting that
—Omi iRy d T2/ T2 + O s kS (1 — 75 )dTo1 /o1 = [—0(1 — 27" + 07 (1 — *)]dr12/T12 = O7*2dT12/T12
and Om5or k(1 — Tiy)dri2/T12 — OTSers kTS dTo1 /To1 = O7*2dT12/ 712, the rates of changes in r; and ry are

respectively given by:

(d7“1/7“1)/(d7'12/712)|dr;/r;:dr;/r2 = —3072c], /" <0,

(dra/r2)/(dm12/T12) ars fri=drg ey = =307 2cla /" = (dr1 /1) /(dTi2/T12) ars jri=drg ey < 0.

In contrast to its long-run effects, bilateral trade liberalization raises both 1 and ro, with ry/re un-
changed even in the short run. Therefore, v1 (1, T1272/71,T13/71) and ya(72171/r2, 1, Ta3/72) rise whereas
v3(73171, T3272, 1) falls in the short run.

For the fractions of varieties, we immediately know from Eq. (17) that

(dmy1/m1)/(dmi2/T12)| > 0, (722 /722) /(dT12/T12)| > 0, (dms1/7s1)/(dmi2/Ti2)| > 0, (dsz/ws2)/(dTi2/T12)| >
0, and (dmss/m33)/(dmi2/712)| < 0, where the condition that drj /i = drj /73 after each vertical line is omitted
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to save space. Moreover, since (dT12/T12+dre/r2)/(dTi2/T12)| = 14+ (dra/r2)/(dTi2/T12)| = (3ciom™ /c*)[20(1—
27*)4+1] > 0 and (d7a1 /721 +dr1/r1)/(dT12/T12)| = (dTi2/T12+dra/12) /(dT12/712)| > 0, Eq. (17) implies that
(dma/m2)/(dm2/712)| < 0 and (dma1/m21)/(dT12/712)| < 0. Finally, we obtain (dmi3/m3)/(dm2/712)| > 0
and (dmaeg/ma3)/(dm12/712)| > 0 from (1 — 27%)(dr1/r1)/(dm12/712)| + 7 (dT12/T12 + dra/re)/(dT12/T12)| =
(3r*2cty /) [O(1 — 27*) + 1] > 0 and 7" (d121 /701 + dr1/r1)/(dT12/712)| + (1 — 27%)(dra/72) /(dT12/T12)| =
(1 = 27*)(dr1/r1)/(dm2/m2)| + 7*(dT12/T12 + dra/72) /(dT12/T12)| > 0.

Appendix C. The existence, uniqueness, and stability of a BGP

Consider a three-country dynamic system consisting of Egs. (19)-(22). Its BGP is defined by Egs. (23)-(26).

We first show that there exists a BGP, where r} € (0,00)Vj = 1, 2. (If it is true, then Eqgs. (25) and (26) are
uniquely solved for positive and finite x{ and x3.) In view of Eq. (7), as r; approaches zero with r € (0, 00)
given, Q2(7m2171 /72,1, T23/1r2) and Q3(73171, 73272, 1) approach zero whereas Q1 (1, T1272/71,713/71) remains
positive. This implies that lim,, o(y1 (1, T1272/71, T13/71) — ¥3(T3171, 73272, 1)) = —00 < 0. On the other
hand, since Q1(1,7127r2/r1,713/71) approaches zero whereas Qa(72171 /72,1, T03/r2) and Qs3(73171, 73272, 1)
are positive as r; approaches infinity, we have lim,, _o (71 (1, T1272/71, T13/71) — ¥3(T3171, T3272, 1)) = 00 > 0.
Thus, from the intermediate value theorem, there exists r; = Ry (r2) € (0, 00) such that v1 (1, Ty2r2/r1, 713/11)—
v3(73171, 73272, 1) = 0. Similarly, with 1 € (0,00) given, there exists ro = Ra(r1) € (0,00) such that
Yo (12171 /72, 1, T23/72) — Y3(73171, T321r2,1) = 0. Solving 7 = R1(r2) and r9 = Ra(r1), we obtain r] and r3,
which are positive and finite.

Fig. 3 illustrates the determination of 7 and r5 in a particular case. In the (r1,r2)-plane, both curves
r1 = Ry(r2) and ro = Ro(r1) are positively sloped, and the former is steeper than the latter. These graphs
intersect only once at point A: (r],r3), which gives a unique BGP. To understand when this is the case, we
turn to mathematics. Substituting Eq. (18) with drj,/7;, = 0¥j,n into the totally differentiated forms of
Egs. (23) and (24), we obtain:

0= dyy —dyz = ajydry/ri + alpdry /75, (C.1)
0= dyy —dyz = aydry/ri + axdry /13, (C.2)

where ai;,aj,, a5, and a3, are defined in section 3.1. Since a rise in r; raises v; but lowers ~3, aj; is
always positive. This ensures that R;(-) is single-valued, and that y1 — 3 > 0 if and only if 7, > R1(r2). On
the other hand, a}, is negative if and only if a rise in ry lowers v; by more than the fall in 3. This is likely
to occur when 7}, is larger than 73y, that is, country 1 is more open to country 2 than country 3. By the
same reasoning, aj, is always positive, but a}; can either be positive or negative. Egs. (C.1) and (C.2) are

rewritten as, respectively:

dr;/drﬂthl(Tz) = _(TS/TT)aﬁ/aﬁv

dr;/dTT|T2:R2(T1) = _(T;/TT)G’ZI/ag?

These expressions give us some information about the shapes of curves 11 = Ri(r2) and ro = Ra(r1).

First, curve r; = Ry(r2) is positively sloped if and only if af, is negative. Similarly, curve ro = Ra(r1) is
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positively sloped if and only if a3, is negative. Fig. 3 corresponds to the case where both aj, and a3, are
negative. In this case, a rise in r5 from a point on curve r; = Ry(r2) pulls 71 — 73 down from zero. Then
r1 has to rise so that v; — 3 should go back to zero. Second, curve r; = R;(r2) becomes more vertical, the
smaller is a], in absolute value. Similarly, curve o = Ra(r1) becomes more horizontal, the smaller is a3; in
absolute value. This implies that, the more similar the three countries are, the steeper curve 11 = Ri(r2)
is whereas the flatter curve ro = Ry(r1) is, and the more likely a BGP is to be unique. Third, taking the

difference between the slopes at an intersection, we have:

dry [drile =R (r) = dr3/drilry=Ry(r) = —(r2/71)a"/(a12029),

where a* = af a5, — aj,a5; > 0. This means that curve ry = Rj(re) crosses curve ro = Ra(r1)
from below (i.e., dr3/dri|,, =g, (r,) > dr3/dri|r,=r,(r,)) if and only if the former is positively sloped (i.e.,
dry /dri|y, =R, (r,) > 0). Fig. 3 applies to this case.

To study transitional dynamics, we first see how r; and ry respond to k1 and ks in each period. Loga-

rithmically differentiating Eqs. (21) and (22), and using Eq. (17) with d7y, /7 = 0Vj, n, we obtain:

ClldTl/Tl —+ 012d7"2/7’2 = (]. — ’/T11)7’1I€1dl€1/li1 — ’/T217’2I€2dl€2/lig,

CgldTl/”I’l —+ CQQdTg/Tg = 7W12T1/€1dl€1/l€1 —+ (]. — 7T22)7’2I$2d1$2/112,

where c11, ¢12, c21, and coy are defined in Appendix A. The relative demand for capital in country 1 to
country 3, the right-hand side of Eq. (21), is decreasing in r; but is increasing in ro. Similarly, the relative
demand for capital in country 2 to country 3 is decreasing in 72 but is increasing in r1. Suppose, for example,
that the relative supply of capital in country 1 to country 3 k1 increases. This directly tends to lower rq
but raise r from Eqs. (21) and (22), respectively. Not only that, it indirectly tends to raise r1 through the
increase in its relative demand caused by the rise in 3, and also tends to lower ro through a similar demand
substitution. The total effects of changes in k1 and k2 on r; and 7o are obtained by solving the above two

equations for dry/r1 and dra/ro:

dri/r1 = (rik1/c)errdri /K1 + (reka/c)eradra [ Ka, (C.3)
dro/re = (r1k1/¢)eardri /K1 + (reka/c)essdra [ Ka; (C.4)
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¢ = cr1c22 — c12¢21 > 0,

e11 = (1 —mi1)co2 + c12m2

= —T12[0(Maarakamas + T12T1 K113 + T32M33) + TagTaka] + T3 < 0,
€12 = —ma1¢22 — c12(1 — ma22)

= O[miar1K1(T21713 — T11723) + T32(M21 733 — T31723)],
ea1 = —cnimiz — (1 — mi1)ea

= 9[77217”2H2(7T237T12 - 7T137722) + 7731(7T337T12 - 77137732)],
e22 = c11(1 — m22) + T21021

= —[0(m1T1R1T13 + T2172K2Ta3 + T31Ta3) + T1gr1k1]m21 + c117m23 < 0.

As a result, an increase in x; always lowers r1, but its total effect on ry is ambiguous. Similarly, an
increase in ko always lowers 79, but its total effect on r; is ambiguous.

We turn to the dynamic system. Linearizing Eqgs. (19) and (20) around the BGP, using Eqgs. (23), (24),
(C.1), (C.2), (C.3), and (C.4), and noting that dk;/k; = Ink; — Ink} and k;/k; = d(Ink; — Ink})/dt, the

linearized dynamic system is given by:

<

d(lnky — InkY)/d
d(lnke —Inkd)/d

4~ S

. l Ink; — Inkj

*
In kg — In K5

) = x x )
J21 J22

gt = (rik1/c) (a1 en; + alzeq),
Jiz = (raka/c)(aiely + algedy),
a1 = (riki/c*)(az €1y + ajeq),
a2 = (r3k3/c”)(az €1 + asze37),

where all components of the Jacobian matrix J* are evaluated at the BGP. Since both k1 and ko are
state variables, local stability requires that both eigenvalues associated with J* should have negative real
parts. In our two-dimensional system, the condition is equivalent to trJ* = ji; + jis < 0 and det J* =

J11959 — Jiajsr > 0. The trace and determinant of J* are calculated as:

trJ* = (1/c*)[r{r](ajie]; + ajqes;) + r3r5(as€1s + asaess)],

det J* = (ririrr3/c*?)a’ (€1 €5y — €12€31)-

Since it is easily verified that e11e22 — e12e21 = [(1 — 711)(1 — Ta2) — m12m21]c > 0, we conclude that a

balanced growth path is locally stable if and only if:

* k[ k% * % * k[ k% * %
TRy (aT1e]1 + ajaesy) + raks(az ely + asgess) < 0.

To interpret this condition, consider the case where aly, a3, €]y, and e3; are close to zero in absolute

values. Suppose, for example, that countries 1 and 2 are so small relative to country 3 in the initial period:
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k1o < k] and koo < k5. Then, reflecting the scarcity of capital, 719 and r9¢ should be higher than ] and
r5, respectively (because e;; < 0 and e2 < 0 in Egs. (C.3) and (C.4)). With the terms of trade of the
first two countries being high, they start to grow faster than the last country (because aj; > 0 and a3, > 0
in Egs. (C.1) and (C.2)). Since this increases k1; and kg toward i and k3, respectively, r1; and ro; fall
toward i and r3, respectively. Because of the diminishing terms of trade for countries 1 and 2, their growth
advantages over country 3 are going to disappear in the long run.

More generally, an ambiguity arises due to the ”cross effects” aj,, a3, e}y, and e3;. They result from the
assumption of more than two countries: a similar two-country model of Naito (2012) does not have such
cross effects because there is only one relative supply of capital. Acemoglu and Ventura (2002) stress the
same stability logic as the above paragraph in their continuum-country model, seeming to ignore the cross
effects. However, even if the cross effects are not negligible, our dynamic system is still stable as long as the

”own effects” mentioned in the previous paragraph are dominant.
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Fig. 1. Paths of main endogenous variables under unilateral trade liberalization in the calibrated case.
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Fig. 3. Rental rates at the balanced growth path: aj, < 0,a5; < 0.

27



T12 | T Tr2 71 72 Y3 M1 Ti2 13 T21 722 723 731 732 733
short-run (|1 T T L L 1t L 1 L 1 1 | 1
long-ron /| 0 7 7 71 | 1t | 1 + o 1 | |

(a) Unilateral trade liberalization
Ti2l, 21l | "1 T2 M1 2 ¥3 M1 M2 M3 T2 Tea W23 W31 W32 733
short-ren. 7 7 1t 1 | L v L 1 L L | L 1
long-run ol 1 | 1 1 | 1 1 1

(b) Bilateral trade liberalization

Table 1: Effects of trade liberalization around the symmetric BGP
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Table 2: Effects of unilateral and bilateral trade liberalization in the calibrated case: 715 = 2.33905, 713

2.02213, 791 = 2.4053, 723 2.56534,b1 = 0.166886,b2 = 0.180617, b3

0.161854

unilateral bilateral

old BGP | short-run long-run short-run  long-run
T2 | 2.33905 1.66952 1.66952 1.66952 1.66952
To1 | 2.4053 2.4053 2.4053 1.67247 1.67247
1 0.963579 | 0.932288  0.871737 | 0.986694  0.835694
9 0.946879 | 1.02441 0.989081 | 0.95706 0.82121
K1 | 1.44688 1.44688 2.18806 1.44688 3.99858
ko | 1.88733 1.88733 2.41867 1.88733 4.92175
~v1 | 0.0256013 | 0.0275952 0.0267319 | 0.030023  0.0286894
v2 | 0.0256013 | 0.0266248 0.0267319 | 0.0289097 0.0286894
v3 | 0.0256013 | 0.0255907 0.0267319 | 0.0252641 0.0286894
w1 | 0.837475 | 0.787188  0.808453 | 0.731247  0.761293
w2 | 0.07464 0.137994  0.128729 | 0.186361  0.186591
w3 | 0.0878846 | 0.0748181 0.0628187 | 0.0823928 0.0521161
mo1 | 0.0571067 | 0.0773338 0.084857 | 0.147516  0.154417
a2 | 0.906382 | 0.877885  0.874971 | 0.81844 0.823931
me3 | 0.0365113 | 0.0447814 0.0401719 | 0.0340437 0.0216514
ms1 | 0.124535 | 0.137546  0.16236 0.117222  0.173537
w32 | 0.0632404 | 0.049957  0.053563 | 0.0618964 0.0881242
w33 | 0.812225 | 0.812497  0.784077 | 0.820881  0.738339
Uy | 117.131 121.648 127.266
Us | 130.419 133.051 138.747
Us | 98.6607 99.1461 99.1488

= 2.66304,731 = 1.95887, 7135 =
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