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Abstract

This paper presents a dynamic general equilibrium model to illustrate how
international trade and dynamic trade policies affect industrialization, industrial
upgrading, and economic growth in a two-country world, where there is an
infinite number of possible industries different in their capital intensities. Analytical
solutions are obtained to fully characterize the endowment-driven industrialization
and inverse-V-shaped life cycle of each underlying industry along the aggregate
growth path. We show that industrial upgrading and aggregate growth can be
facilitated or hampered by the investment-specific technology progress in the
trade partner, depending on whether the intertemporal elasticity of substitution
is larger than unity. This is because it determines whether the intertemporal
terms-of-trade effect dominates the intertemporal market-size effect. We also
analytically characterize the growth effect of any arbitrary dynamic trade policies.
Accelerating trade liberalization is shown to have a non-monotonic impact on
the speed of industrial upgrading and economic growth, again depending on
the magnitude of the intertemporal elasticity of substitution.
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1 Introduction

How is economic growth affected by international trade and trade liberalization?
How is structural change at the disaggregated industry level (industrial dynamics)
affected by international trade and trade liberalization? In this paper we develop a
dynamic general equilibrium model to address these two important questions in a
unified and tractable framework.

The first question has been intensively studied but still far from being settled.!
Empirically, while some researchers claim that their cross-country regression results
support that international trade and trade liberalization help increase the income
level and/or boost economic growth (see, for example, Sachs and Warner (1995),
Edwards (1998), Frankel and Romer (1999), Wacziarg and Welch (2008)), others
cast doubt on the legitimacy of such claims by contending that there are serious
flaws in the methodologies, indexes, data sets, or interpretations of the regression
results in those analyses. The most notable critiques are perhaps Rodriguez and
Rodrik (2001).

The first goal of this paper, therefore, is to shed some new lights on this debate
by showing that the impact of trade and trade policies on economic growth can
be non-monotonic. In particular, in a free-trade dynamic world, both economic
convergence and divergence are shown to be possible, depending on whether the
trade partner has a faster investment-specific technological change (or ISTC thereafter)
a la Greenwood, Hercowitz and Krusell (1997). Moreover, the output growth can
be facilitated or hampered when the rate of ISTC increases in the foreign country,
depending on whether the intertemporal elasticity of substitution is larger than
one. This is because there are two competing effects when the rate of foreign ISTC
increases. One is the intertemporal terms-of-trade effect, which tends to raise the
saving rate and output growth rate because imports become increasingly cheaper
over time. The second effect is the market-size expansion effect, which tends to
increase the domestic consumption and lower the saving rate and output growth rate
because the household income in the home country increases as the export market
expands. These two effects exactly cancel out when the intertemporal elasticity
of substitution is equal to one. When it is larger than unity, the intertemporal
terms-of-trade effect is dominant and hence the home country’s output growth is
facilitated by the ISTC in the foreign country, vice versa. We also characterize
the impact on growth of any arbitrary dynamic tariff adjustment. Speed of tariff
adjustment matters. In particular, we show that a time-invariant tariff rate has no
growth effect, but accelerating trade liberalization would first boost economic growth
and then hurt economic growth when the intertemporal substitution elasticity is
larger than one. In a more general model where tariff affects the expenditure share
of imports, a unilateral tariff reduction may increase or decrease the growth rates of
consumption and output, depending on (1) whether the intertemporal elasticity of

"Wonderful theoretical treatment and surveys include Grossman and Helpman (1991) and
Ventura (2005). Edwards (1993) and Baldwin (2004) provide nice surveys on the empirical
literature.



substitution is larger than unity; (2) whether the home country has a higher ISTC
rate, and (3) whether the marginal change in the expenditure share on imports is
sufficiently sensitive to a tariff reduction in the foreign country. To our knowledge,
this is the first paper that highlights the importance of the intertemporal elasticity
of substitution in determining the trade impact on growth in the literature.

The second, perhaps also more important, goal of this paper is to explore
the impact of trade and dynamic trade policies on the structural change at a
disaggregated industry level. Existing literature of structural change mainly focuses
on the Kutnetz facts, which refer to the composition shift in the three aggregate
sectors (namely, agriculture, industry, and service). For example, Mastuyama (2008)
constructs a three-sector growth model with trade to show that, contrary to the
predictions of a closed-economy model, now the productivity increase in the manufacturing
sector of a country does not necessarily imply a decline of that sector. Yi and
Zhang (2010) introduce the Eaton-Kortum trade with heterogeneous firms into the
three-sector model, showing how international trade affects the structural change.
Complementary to these studies, we investigate the industrial dynamics at the
more disaggregated industry level and have both capital and labor as production
factors. In our model, there are infinite industries with different capital intensities,
capturing the fact that even the manufacturing sector alone covers a wide spectrum
of sub-industries ranging from the labor-intensive apparels and textiles up to very
capital-intensive aircraft and precision equipment. This setting allows us to study
the Heckscher-Ohlin dynamic trade and industrial dynamics, while the aforementioned
papers study the Ricardian trade with labor as the only input. Dornbusch, Fischer
and Samuelson (1980) study the HO model with a continuum of industries. Bernard,
Redding and Schott (2007) introduce two factors and two industries into the Melitz
(2003) model with infinite heterogeneous firms. Burstein and Vogel (2011) also
study the relative factor prices in a very general trade setting. However, all of these
models are static.

Changes in the aggregate output and industrial development are shown to be
positively synchronized. That is, the underlying industries upgrade faster as the
aggregate output grows faster. Therefore, the aforementioned non-monotonicity
results for the aggregate growth also apply for the speed of structural change at
the disaggregated industry level.? In addition, we obtain closed-form solutions to
characterize how international trade and trade policies affect the timing of industrialization
and the whole inverse-V-shaped life cycle of each industry along the aggregate
growth path: as capital accumulates endogenously and reaches certain threshold,
a new industry appears, booms, reaches the peak, and eventually declines and is
ultimately replaced by an even more capital-intensive new industry, ad infinitum.
The model generates the inverse-V-shaped pattern of output and export for each

*McMillan and Rodrik (2011) show empirically that trade openness causes desirable structural
transformation in some countries in the sense that labor moves into the sectors with higher
productivities, but trade openness results in "undesirable" structural transformation in some other
countries, where the relative high-TFP sector (industry) is destroyed by trade and labor moves to
the sectors with low productivies and unemployment also rises.



industry, which is qualitatively consistent with the empirical pattern of industrial
dynamics (for example, see Chenery et al (1986) and Schott (2003)).3

Our analysis highlights the role of endogenous capital accumulation in driving the
life-cycle dynamics of all the alternating disaggregated industries along the aggregate
growth path in an open environment. Our analysis is closely related to the dynamic
Heckscher-Ohlin literature. Ventura (1997) constructs a two-sector growth model
to show that trade causes factor price equalization and hence sustains a high return
to capital in the developing countries, which helps those countries save more and
thus converge to the rich countries. Recently, Bajona and Kehoe (2010) argue
that factor price equalization may not hold in each period once some restrictive
assumptions in Ventura (1997) are relaxed. In addition, they show that both
convergence and divergence are possible, depending on the elasticity of substitution
between the traded goods. Caliendo (2011) analytically characterizes the whole
dynamics when the production technology is Cobb-Douglas in the Bajona-Kehoe
two-sector world. He shows that the specialization pattern is not monotonic and
countries are most likely to diverge. Different from the two-sector models in the
literature, the infinite-industry setting in our model allows us to derive the endless
industrial upgrading process and characterize the complete inverse-V-shaped life
cycle of each industry along the balanced growth path. Again, we emphasize the
role of intertemporal elasticity of substitution instead of the substitution elasticity
between tradables highlighted in the existing literature.*

From the methodological perspective, it is technically challenging to fully characterize
the whole dynamics even for a trade model with only two sectors (see, for example,
Chen 1992, Caliendo, 2011, Nishimura and Shimomura, 2002, Boldrin and Deneckere,
1990). Now we have infinite industries in an infinite-horizon general equilibirum
trade environment. The form of the aggregation production function itself may
change endogenously as a consequence of the endogenous structural change in the
underlying industries. Ultimately we must deal with a Hamiltonian system with
endogenously switching state equations subject to trade interdependence. Despite
all these complicating elements, fortunately, we still obtain a closed-form solution to
fully characterize the whole dynamic system including the initial transitional process
of industrialization and the inverse-V-shaped industrial dynamics of each individual
industry along the aggregate growth path.

There is a huge literature addressing the roles of innovation and technology
adoption (diffusion) in driving the industrial dynamics, product cycles, and economic
growth. For example, Krugman (1979) formalizes Vernon’s product-cycle ideas by
constructing a horizontal innovation and imitation model to show that the South
converges to the North if and only if the imitation speed exceeds the innovation
speed. Grossman and Helpman (1989, 1991) and Eaton and Kortum (2001) present

3Ju, Lin and Wang (2010) document the data pattern of the inverse-V-shaped industrial
dynamics with the US data of the manufacturing sector at six digit industry level covering 473
industries from 1958 to 2005. The cross-country evidence on the inverse-V-shaped industrial pattern
based on the UNIDO data sets is provided in Haraguchi and Rezonja (2010).

YFor dynamic Hechscher-Ohlin models in a small open economy, please refer to Findlay (1970),
Mussa (1978), Atkeson and Kehoe (2000).



the multi-country growth and trade models with endogenous horizontal innovation
and imitation. Flam and Helpman (1987) and Stokey (1991) are two static models
that examine the vertical product differentiation and innovation in trade. Our model
complements these studies by focusing on the mechanism of endowment-driven
industrial dynamics and growth. As capital becomes more abundant and cheaper,
industries tend to shift to those that use capital more intensively.” The consumption
growth is shown to be always facilitated by its trade partner’s capital accumulation
due to the terms-of-trade effect, although the output growth and industrial upgrading
might slow down. Ederington and McCalman (2009) study how international trade
affects industrial evolution when firms make strategic dynamic decisions on technology
choices as the production cost (again, labor is the only input) exogenously decreases
over time. In our model, the production cost changes endogenously over time
depending on the capital accumulation.

The paper is organized as follows. In Section 2, we set up a static general
equilibrium model of two-country international trade. In Section 3 and Section 4,
we develop an endogenous growth model with free trade. Section 5 examines the
role of static and dynamic trade policies when the expenditure share on imports
is exogenous and fixed. Section 6 examines the robustness of the main results in a
more general setting. The last section concludes.

2 Static Trade Model

2.1 Environment

Consider a world with two countries indexed by ¢ = 1,2. There is a unit mass of
identical households in each country. Each household in country i is endowed with
L; units of labor and E; units of capital. The aggregate output of country 7 is
produced with the following technology

00
Xi = E Anxi,rw
n=0

where z;, denote the output of intermediate good n in country ¢ and A, is the
productivity coeflicient for good n, where n > 0. Each intermediate good represents
an industry, so there are infinite possible industries in each country.® We require
Zin > 0 for any n.

5 Acemoglu (2007) shows that technical change is biased toward using more abundant production
factors.

SThe assumption of perfect substitutability across different industries in the final output is
adopted mainly for analytical simplicity, which is quite usual in the growth literature. For example,
the agriculture Malthus production and the modern Solow production are two linearly additive
components for the total output in Hansen and Prescott (2002). Also see Lucas (2009). It can be
shown that the main qualitative features will remain valid when the substitution is imperfect, but
closed-form characterization becomes infeasible. For more details, please see the closed-economy
model in Ju, Lin and Wang (2010).



Consumers love the diversity of consumption goods and hence want to consume
the aggregate goods produced by both the home country and the foreign country.
For simplicity, we follow Acemoglu and Ventura (2002) by adopting the Armington
assumption (Armington, 1966). That is, the final consumption good in country i is
defined as

Ci = C3,CYy, (1)

where C;; denotes country i's consumption of the aggregate consumption good
produced by country j, where 4,5 € {1,2}. Assume a >0, 3> 0, and o+ = 1.7
Intermediate goods are only useful in the domestic production so they are not traded.
Capital and labor can move freely across different industries within a country but
cannot move internationally. Since the law of one price holds under free trade, there
will be no trade in the final good. We set the final good as the numerare.

The utility function of a representative household in country i is CRRA:

_C7 -1

U; = , where o € (0, 00). (2)

1—-0

All the production technologies exhibit constant returns to scale. In particular,

intermediate good 0 is produced with labor only. One unit of labor produces one

unit of good 0. For any other intermediate good n > 1, the production function is
Leontief: 8

F.(k,1) = min{ai,l}, (3)

where a,, is the capital requirement to produce one unit of good n. Intermediate
good 0 may be interpreted as a traditional "Malthusian" sector in the sense of
Hansen and Prescott (2002) because the output grows only when the population
grows. All the goods n > 1 as a whole may be interpreted as a modern "Solow"
sector.

Without loss of generality, we assume a, increases with n. Empirical evidence
suggests that the productivity of the more capital-intensive intermediate inputs is
generally higher (presumably as it embodies better technology), so we assume A\,
also increases in n. Therefore, a higher-indexed good has a higher productivity
and is also more capital intensive. To obtain analytical solutions, we assume the

"Feenstra, Obstfeld, and Russ (2010) find that this elasticity is not significant different from
one based on the macroeconomic data. Bajona and Kehoe (2010) argue that whether convergence
or divergence depends on whether the Armington trade elasticity is larger or smaller than unity.
We choose the value of unity to take a neutral stand in this aspect. For more discussions on this
elasticity, see McDaniel and Balistreri (2002), and Shiells, Stern and Deardorff (1986), Shiells and
Reinert (1993). Later on, we will generalize our analysis by allowing o and 8 to be country-specific
and endogenous to the trade policies.

8Tt drastically simplifies the dynamic strucutral analysis by giving us a lot of linearities. We
can show that the main results remain valid with Cobb-Douglas production function, but the
dynamic analysis will be much more complex. Houthakker (1956) shows that Leontief production
functions with Pareto-distribution heterogenous paratermers can aggregate into Cobb-Douglas
production functions. Lagos (2006) constructs another distribution that can aggregate heterogenous
Leontief functions into CES production functions. These may be helpful in understanding how firm
heterogeneities may affect our results, which we leave for future research.



following simplest parametric forms:

A = A ap =a", (4)
A > landa—1> A (5)

With Leotief production functions and perfectly substitutable intermediate goods,
the last inequality in (5) must be imposed to rule out the trivial case that only the
good with the highest productivity is produced and to take care of good 0, which
requires labor alone. But none of these parametric assumptions are crucial for the
main qualitative results.

2.2 Market Equilibrium

All the markets are perfectly competitive. Let P; denote the price of aggregate good
X; for country ¢ = 1,2. Let p;, denote the price of intermediate good 7 in country
i. Let r; denote the rental price of capital and w; denote the wage rate in country
1. A profit-maximizing firm in country i solves

0o 0o
n
B% A xi,n_E PinTin| »
n=0 n=0

max
Tin >0

which implies
w; +a"r;, when n>1
w;, when n=0

(6)

The total income of a representative household in country i is w; L; +r; E;, which
is also equal to the total value added P;X;. The household problem in country 7 is
to maximize (2) subject to the following budget constraint

bin = )\n-Pz = {

P Ci1+ PCip = B X;. (7)
Goods markets clear internationally:
Ci1+ 01 =Xyq; Crp+Cr2 = Xo.
In the equilibrium we have
Cy = aXPXP, €y = pxXPXD. (8)

That is, the aggregate consumption of each country is a Cobb-Douglas function
of the aggregate goods produced by the two countries. (8) also implies that the
aggregate consumption ratio of the two countries is equal to the ratio of their
expenditure shares on the domestic aggregate goods. We can show that in the
equilibrium at most two intermediate goods will be produced in each country, and
if two, they must be adjacent in capital intensities. More precisely, given the
capital and labor endowment of the two countries {E;, L;}7_;, there exists a unique



competitive equilibrium, which is summarized in Table 1.

Table 1: Static Trade Equilibrium

0< E; <alL; a"L; < E; < a"t'L; forn > 1
zio=Li— L i = L0
zig =2 Tims1 = Dl
z;,; =0for Vj #0,1 xz]—OforV]yénrH—l
o= T )
Xi=Li+ (A -1)% X, =2y e
& Eion = x4 (X — L) @@mwnzk_xprA$3;

Proposition 1 In the static trade world, there exists a unique equilibrium, in which
for any country i € {1,2}, the industrial and aggregate output are given by Table
1. Consumption C; is given by (8). The equilibrium wage rate w;, rental rate r;,
and prices for each intermediate good p; n and final good P; are given by (6) and the

following:
X5\* X1\
P == - P = _—
] a<X1> and Py B<X2> ,

_ B when 0<E; <alL;
s %PZ when a"L; < E; < a1 L;¥n>1"
— leP when 0<E; <al;
T AN D when  a"Li < Ej < "' Lin > 1
a a

Proof. For table 1, please refer to the proof of the closed-economy equilibrium in
Proposition 1 in Ju, Lin and Wang (2010). The prices are derived from (6) together
with the normalization assumption for the ultimate consumption good:

PN\° [P\
(2) (3) -
P1 O[XQ

P~ GX, ©

which is derived from the balanced trade condition. m

This proposition suggests that generically there exist only two industries in
each country, and the capital intensities of these two industries are the closest
to the capital-labor ratio of the economy. As the capital-labor ratio increases,
the industries also become more and more capital intensive with the labor-intensive
industries gradually replaced by the more capital-intensive ones. This can be illustrated
more intuitively by Figure 1.

and the term of trade is
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Figure 1. How Factor Endowment Determines the Optimal Industries in an Open
Economy

The horizontal and vertical axes are labor and capital, respectively. Point O is
the origin and Point W = (L, E) denotes the endowment of the economy. When
a"L < E < a™"'L, as shown in the current case, only goods n and n+1 are produced.
The factor market clearing conditions determine the equilibrium allocation of labor
and capital in industries n and n 4+ 1, which are represented by vector OA and
vector OB, respectively, in the parallelogram OAW B. The equilibrium output ¢,
is the X-coordinate of point A and ¢, is the X-coordinate of point B. If capital
increases so the endowment point moves from W to W', the new equilibrium becomes
parallelogram OA’'W’'B’ so that ¢, decreases but ¢, 1 increases. When F = a"L,
only good n is produced. Similarly, if E = a"*'L, only good n + 1 is produced.

Table 1 states that the final output of each country is a linear function of its
capital and labor endowments. Moreover, the form of the aggregate production
function changes when the capital-labor ratio shifts across different diversification
cones, reflecting the structural change in the underlying industries. The rental-wage
ratio weakly decreases as the capital-labor ratio increases. The term of trade
deteriorates when the capital endowment becomes larger holding labor endowment
fixed. This property holds whenever the substitution elasticity between the two
tradables in the Armington aggregate is finite. Notice, however, the production
decision in each country is not affected by the way how the two country-specific
final goods are aggregated in the Armington final good.

3 Dynamic Model with Free Trade

Now we develop a dynamic model to characterize the complete industrial dynamics.
Without loss of generality, we focus on the problem in country 1. By the second
welfare theorem, we can characterize the competitive equilibrium by resorting to



the following social planner problem:

o] -0 _
max/ Me_ptdt
0

C1(t) 1—0
subject to
K1 = &K1 (1) - B(X(1)) (10)
| ae |°
Xi(t) = oxP® (11)

K1(0) is given,

where p is the time discount rate, and K;(t) is the stock of working capital at ¢,
which cannot be traded or used for direct consumption. At each time, the capital
inherited from the past can be transformed into new working capital using the
standard learning-by-doing AK technology and &; is the technology parameter that
measures the investment-specific technological change rate (Greenwood, Hercowitz,
and Krusell, 1997).% All the new working capital can be used to either produce the
consumption good or to save (invest). E(X;(t)) is the total capital flow used to
produce the aggregate good X (t) and then fully depreciates. (11) comes from (8),
which links the two countries together. All the consumption goods are non-storable.
The total labor endowment L; is constant over time.! Following the pertinent
literature, to ensure a positive consumption growth and to exclude the explosive
solution, we assume

0<¢ —p<og,Vi=1,2. (12)

Table 1 indicates that E(X;) is a strictly increasing, continuous, piecewise linear
function of X;. It is not differentiable at X; = A" L;, for any n = 0,1, .... Therefore,
the above dynamic problem may involve changes in the functional forms of the state
equation. That is, (10) can be rewritten as

. glKla when X1 <Ly
K= &K — E17(071)(X1), when L1 <Xy <ALy ,
§1K1 — By (n 1) (X1), when A'Ly < Xy < XLy, for Vn > 1

where E (, n41)(X1) is defined in Table 1 for any n > 0, denoting how much capital
is used to produce X; when only industries n and n + 1 coexist in country 1.

A standard endogenous-growth interpretation for the AK model is that the productivity A is
endogenouly determined by the amount of production as measured by the capital input, subject
to decreasing return to scale. That is, A(K) = £K®. It captures the learning by doing. The
production function for the final output is also subject to decreasing return to scale conditional
on the productivity: Y = A(K)Klf"‘, thus the total output ultimately equals €K , ensuring the
sustainable growth.

0This setting is convenient to examine how exogenous changes in the “effetive labor” or
population growth ( for example, let L(t) = Loe”* for some v > 0) may affect the economic
dynamics.



We can verify that, in this dynamic optimization problem, the objective function is
strictly increasing, differentiable and strictly concave while the constraint set forms a
continuous convex-valued correspondence, hence the equilibrium must exist and also
be unique. The optimization problem for country 2 can be written symmetrically.
For simplicity, international borrowing is prohibited so that trade is balanced at
each time point, therefore the value of total import into country 1 equals to the
value of total import into country 2:

Bpl(t)Xl(t) = OéPQ(t)XQ(t),vt. (13)

3.1 Economic Growth

For any i = 1,2, let ¢; o denote the endogenous final time point when the aggregate
output equals L; in country ¢, which is also the starting time of industrialization
because the output per capita will grow afterwards. Let ¢;, denote the first time
point when X; = A"L; for any n > 1, that is the time when industry n reaches
its peak. It turns out that aggregate consumption C(¢) is monotonically increasing
over time in the equilibrium (to be verified soon), hence the problem can be rewritten

as
t1,0 -0 o t1nt+1 -0
max/ 701 *) L e Ptdt + Z / e -1 e Pldt
C1(t) 0 1—0 =0 tn 1—0
subject to
) §1K1 when 0<t< tl,g
K = §1K1 — Ey01)(X1),  when t1o<t<ti ,

§1K1 — El,(n,n+1)(X1)v when tl,n <t< tl,n+1; for n >1
K1(0) is given.

According to Table 1, when t19 <t < t1,1, goods 0 and 1 are produced and the
capital requirement function is given by Ej (91)(X1) = %7 (X1 — L1). When ¢, <
t < ti1p41 for any n > 1, goods n and n + 1 are produced and Ey (, p11)(X1) =

[Xl - )‘né‘i_l/\)Ll ;ZE:‘;Z If K7(0) is sufficiently small (to be more precise below),

then there exists a time period [0,t1 ] in which only good 0 is produced so that
E(t) = 0 when 0 <t < t;0. If K;(0) is sufficiently large, on the other hand, the
economy may start with producing good n and n +1 for some n > 1, then ¢, is
not defined for any n = 0,1, .., 7.

For the future reference, we introduce the following notations for the consumption
growth rate and the output growth rate:

10



Proposition 2 In the dynamic free-trade equilibrium,

0, when t < min{t;o,t20}
(%;f), if t1o <t <tap
01(t) = 01(¢t) = _ , 14
Q ®) (%Jr(f), if too <t <t1p (14)
%, when t Z max{tl,g, LL270}
( 0, when t < min{tl,o, tg,()}
1P ' tio<t<t
() = Frac ?f 1,0 < 20 (15)
0, if top <t <t1p
B(§ — &) + %» when t > max{t10,t20}
( 0, when t < min{tLo, t2,0}
0, if t10 <t <tap
ho(t) = - . ’ N OT
2(t) §ia§, if too <t <t1p (16)
(e —&1)+ W, when t > max{t10,t20}

where t1 9 and tao are given by (19) in Lemma 2 below.

Proof. Refer to the Appendix 1. m

This proposition states that the aggregate consumption of the two countries will
grow at the same rate, which generally depends on the technology parameters of both
countries. Obviously, when a = 1 (5 = 0), country 1 becomes a closed economy,
which is characterized in Ju, Lin and Wang (2010). Similar argument applies to
country 2 when a = 0 (8 = 1). The result of equal consumption growth comes from
the assumption that the two countries have the same Armington Cobb-Douglas
production function in (1). If the two countries have different expenditure shares
on the imports and exports (because of home bias, for example) in their total
consumption budget, then the final consumption growth rates are generally different,
which we will show later.!! This proposition shows that the output growth rates are
generally different for the two countries. Before ¢; ¢, country 4 is in the "Malthusian"
regime in the sense that the total output must be equal to its labor (population)
endowment and thus output per capita stays constant over time. Let i* (or i**)
denote the index of the country which starts to produce good 1 earlier (or later),
where i*,7** € {1,2}. The following two figures depict the time path of the output
of the total consumption goods in country i* and country ¢**, respectively.

"UNotice that the share of import or export in the total GDP is endogenous, not necessarily
fixed, as GDP incorporates both consumption goods and capital goods.

11
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Figure 2. The time path of output X in country ¢*, which starts to produce good 1
earlier than its trade partner.

Figure 2 shows that after ¢;« o country ¢* enters the "Solow" regime with positive
per capita output growth. More specifically, the output growth rate changes twice
in the country which "industrializes" ( that is, to start producing good 1) earlier
than its trade partner. The first turning point is ¢;+ g, when industrialization takes
place in the home country. The second time is ¢;« g, when industrialization occurs
in the foreign country. Under assumption (12), the growth rate becomes strictly
larger at t;« g, but the growth rate at ¢;++ o may or may not change, depending on
the parameters. For example, when * = 1, the output growth rate of country 1
strictly increases at t2¢ if and only if

[0 = (Bo + a)(B + ao)]&; > (B + o) (B — fo)éy + (0 — B — ao)p.

Thus the growth rate would not change if ¢ = 1, independent of £; and &,. By
contrast, for the country which industrializes later, the output growth rate changes
only once, as is depicted in Figure 3. In addition, the growth rate can become
negative after the change.

12
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Figure 3. The time path of output X in country ¢**, which starts to produce good
1 later than its trade partner.

(14) implies that, eventually (namely, when ¢t > max{t10,%20}), the aggregate

consumption growth is faster when the investment-specific technology parameter
of the trade partner increases. As an immediate implication of this proposition, we
have the following comparative statics results.

Corollary 1 [1] g—’gll > O’% > 0 for any o > 0; [Q/g—}g; > O,g—}gf > 0, when
Oha

o€ (0,1], "="only if o = 1;[3]‘3—2 <0, o6 < 0, when o > 1.

Part [1] is intuitive. Parts [2] and [3] point to the importance of the intertemporal
elasticity of substitution in determining how the output growth rate is affected by
the trade partner’s efficiency in the capital good production. The output growth
is mainly determined by how fast capital accumulates via the endogenous saving
decision. Suppose the production efficiency of capital good increases in country 2
(that is, £, becomes larger), it will generate two opposite effects. First, the dynamic
terms-of-trade effect implies that households in country 1 should substitute today’s
consumption for tomorrow’s consumption as imports become increasingly cheaper.
This intertemporal substitution effect means that country 1 should save more capital
today and hence will have a faster output growth. Second, the intertemporal
market-size effect implies that country 1 should consume more because its export
revenue grows faster as the market size of the trade partner increases faster. More
consumption implies less saving, so the output growth is slowed down.

When the intertemporal elasticity of substitution is larger, the dynamic terms-of-trade
effect becomes stronger because consumers are willing to save more today. In
particular, when the intertemporal elasticity of substitution is unity (% = 1), the
dynamic terms-of-trade effect and the market-size effect exactly cancel out. In
other words, the investment-specific technological progress of the trade partner
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will enhance domestic output growth ( % > 0 and g—gf > 0) if and only if the

intertemporal elasticity of substitution is larger than unity (% > 1). The following
lemma summarizes the dynamics of the prices and terms of trade.

Lemma 1 For anyt > 0,

® B()
B = Bl —mOl Fos

~

= a[(t) = ha(1)], (17)
where hyi(t) and ha(t) are given by Proposition 2.

Proof. Please refer to Appendix 2. =

In particular, the lemma implies that we must have g 8; = B(&y—&;) and gg =
a(§; — &) after both countries industrialize. That is, the terms of trade deteriorate
when a country has a higher capital production efficiency. It is because a more
efficient technology of capital good production leads to a faster industrial upgrading
and hence a larger output, which worsens the terms of trade as the substitution
elasticity between the domestic and foreign goods are finite. Theoretically speaking,
output growth can be even negative when the trade partner has a higher productivity
in the capital goods sector and the intertemporal elasticity of substitution is smaller
than unity: According to (16), ha < 0 when &; > &, and % is sufficiently small. In
that case, country 2 still enjoys a positive consumption growth despite the negative
output growth, because the terms of trade become increasingly favorable for country
2. This "immiserizing growth" result is mainly due to the Armington assumption
with finite substitution elasticity, a feature shared by Acemoglu and Ventura (2002),
who also provide the empirical evidences for this immiserizing growth. However, we
will focus on the industrial upgrading with hj(¢) and ha(t) both strictly positive.
Industrial degrading, however, can be analyzed in the same spirit. To satisfy the
transversality condition, we further impose

&
a < Ahi (18)

for both ¢ = 1 and 2. Intuitively, if the capital intensity parameter a is sufficiently
large such that (18) is violated, then capital accumulation is not sustainable to
ensure a positive consumption and output growth. Please refer to Appendix 3 for
further discussion on the necessity of (18).

3.2 Industrial Dynamics

Now we derive the industrial dynamics in the two countries for the entire period.
Proposition 1 implies that at most two industries can coexist in any country at any
time. This is useful in deriving the critical time points{t;,} -, for i =1 and 2.
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Lemma 2 Suppose at time 0, only good 0 is produced in country i € {1,2}, then

tin = ———2, (20)

where X;(0) is unique and given by Proposition 6. If at time 0 both good 0 and good
1 are produced, then (20) holds for any n > 0. If, instead, at time O both good n and
good . +1 are produced for some n > 1, (20) still holds for any n > n + 1.

The proof is straightforward. Since h; > 0, t; , must be weakly increasing in n for
both ¢ =1 and 2. Define m; ,, = t; n41 — tin, which measures how long goods n and
n+1 coexist in country ¢, or in other words, the duration for the diversification cone
containing goods n and n+1 in country ¢. Except for the "truncated" diversification
cone at the initial period, we must have

log A ~

mi,n:miz%,VnZn+1, (21)
i

where n denotes the index of the less capital intensive industry in the two coexisting

industries at time 0 and h; is given by (15) or (16). Thus industry n+1 first appears

in country 4 at time t;, = t; 541 + (n —n — 1) m; for any n > n + 1.

Proposition 3 In the dynamic equilibrium with free trade, all the industries (except
for the initial industries) in country i will exist for an equal period 2m;, and the
industrial upgrading speed in country i (measured by m% ) increases with its output
growth rate h; but decreases with A.

This proposition states that the complete life cycle of each industry in the
same country will be equally long (equal to 2m;). The length depends on the
characteristics of both countries via trade. Since the industrial upgrading speed
is proportional to the output growth rate, Corollary 1 immediately implies that
the industrial upgrading of a country can be either facilitated or hampered by its
trade partner’s investment-specific technology progress, depending on whether the
intertemporal elasticity of substitution is larger than one for the same intuition
explained before. Moreover, the country with a larger investment-specific technology
parameter (higher &) will have a faster industrial upgrading than its trade partner.
When A increases, the productivities of the neighboring industries both increase
(recall assumptions (4) and (5)), which creates two opposite effects. The productivity
increase in the higher-indexed industry induces a faster upgrading while the productivity
increase in the lower-indexed industry induces a longer stay at the current industry.
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The assumption a—1 > X in (5) dictates that the second effect dominates, therefore
a larger X implies a lower speed of industrial upgrading.

The following proposition analytically characterizes the dynamics of each industry
along the aggregate balanced growth path.

Proposition 4 In the dynamic trade equilibrium , each country has an inverse-V-shaped
industrial evolution path. More precisely, for any country i =1 or 2, suppose K;(0)

is sufficiently small such that the economy starts by producing in industry 0 only,
then we have

Liehi(t=1i,0) Li
7)\14\“_1 -2 when t € [tin_1,tin]
* — hi(t=ti0) )
7, (1) = _Li\emﬁ + i\?l’ when t € [tip,tini1] foralln > 2
0, otherwise
Ghit—ti0) _ 1.
w, when t € [ti,07 ti71]
* _ Shi(t—t; 0) )
x’ivl(t) - _Lle)\TA i\le, when t € [ti71,ti72] )
0, otherwise

’

Ghilt—ti0) 7.
oo (t) = Li — Lze)\floh, when t € [tio,ti1]
i, L, when t € [0, 0]

where the critical time point t;, 1is given by Lemma 2 for any i = 1,2 and n =
0,1,2,....

Proof. Using Table 1 and the fact that X;(t) = L; for any t < ;¢ and X;(t) =
L;ehi(t=ti0) for any t > t;p. W

This proposition can be illustrated more intuitively by the following inverse-V-shaped
life cycle of different industries in Figure 4.

x.".u

.
.
(%)
o
-+

Xa,EI- — X ¢ 1}'_:- : X5 0
Figure 4. Industrial Dynamics in Country ¢ with International Trade when ¢; o > 0.
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Before "industrialization", only good 0 is produced and the total output per capita
is stagnant. The economy escapes this "Malthusian trap" and enters the "Solow
regime" at time t;o, after which the per capita output growth rate h; is strictly
positive. Beneath this sustainable aggregate growth path, the underlying industries
are shifting endogenously and their outputs follow an inverse-V-shaped pattern.
The quantity of export follows the same pattern, as implied by (13). These dynamic
patterns are consistent with the empirical facts documented in the literature (see
Schott, 2003; Chenery et al, 1986; Haraguchi and Rezonja, 2010; Ju, Lin and Wang,

2010).

When K;(0) is such that both good 0 and good 1 are produced at time 0, the

output of each industry is given by

X;(0)eld? L;

An_)\nfl A—1
* — X;(0)ehit AL;
in(t) —ﬁ + 321
0,
X,;(O)ehit—qu
Atk
* _ X;(0)ehi AL;
€T, t) = ) 7 i
’L,l( ) >\2_>\ + A—1
0,
L. X;(0)ehit—L;
N _ Ka0)ernr =Ly
zio(t) = ! A-L
0,

when ¢ € [tin—1,tin]

when t € [ti,nati,n+1]

when

when

when

otherwise

t e [0, tl‘71]
t e [ti,l,tig] ’
otherwise

t e [0, ti71]
otherwise

, foralln > 2

which means that the diversification cone for good 0 and good 1 is "truncated", as

shown in Figure 5.

N

Figure 5. Industrial Dynamics in Country ¢ with International Trade when ¢; o = 0
and ti71 > 0.
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Similarly, when K;(0) is such that both good n and good n +1 are produced at time
0 for some n > 1, then the industrial dynamics is given by

X; (0 hit L;
% 31 when t € [tz,n lati,n]
) hy
x¥ (t) = Xi(0)ehit + AL;

— e At when t € [tin, tins1] foralln >n+2
0, otherwise
X;(0)ehit L;

Aﬁ+1_Aﬁ A—1

when ¢t €[0,¢;71]

T~ = AXiO hit ALi
i1 (t) —% + 5325, when t€ [tz tine]
0, otherwise
X;i(0)ehit | AL,
*~(t) B _Aﬁ-(‘rl)i)ﬁ + =1 when t € [0, ti,ﬁ—f—l}
xz,n - .
0, otherwise

x; () =0 for any t > 0 and any n <n — 1.

©,n

It can be illustrated graphically as follows.

'r!.P! e Yiga - Xipea - Xigra3 ~

Figure 6. Industrial Dynamics in Country ¢ with International Trade when ¢; 5 = 0
and t; 541 > 0 for some n > 1.

The following proposition tells how the initial industries and X;(0) are determined
for country i € {1, 2}.

Proposition 5 Given K;(0) = K for both i =1 and 2, there exists a unique and
increasing sequence of strictly positive numbers, ¥; 0,71, -, ¥in, Ving1,- -, such
that if 0 < K; 9 < V0, country 1 will start by producing good 0 only; if ¥;, < K;g <
Vint1, the economy will start by producing goods n and n + 1, for any n > 0. In
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addition,

1_%i &
ah; <1—)\ hi)(l—)\hi)
'191'70 = 5 Li) (22)

A=) N E (hi — &) (1 - awff>

&

a® |:§z <a_)\fbi> (A— 1) —|—hl(a—)\) <1 — Ak
ﬁin =

)

>] L;, for anyn > 1.

& =&
(A= DaF g - g) (1- )
Proof. Refer to Appendix 3. =

Observe that the threshold values for capital are proportional to the domestic
labor endowment. They also depend on the trade partner’s technology parameter,
but independent of the initial capital endowment. In particular, substituting (22)
into (19), we obtain the explicit expression for the time of industrialization in country
i

Ko

1_% &i
1 ah; |1 =X " | (1= AM)
tz'70 = - log - log

A . = ol )
om0 (1m0

which is affected by the trade partner’s technology parameter via h; given by (15) or

(16). (23) reveals that industrialization occurs later if the initial capital-labor ratio

is smaller (8 ( ffi‘o) < 0) or if capital requirement parameter a is larger (Bézo > 0).
Li

It remains to characterize how X;(0) and the time path of capital stock K;(t) are
determined for country i € {1,2}. For the convenience of exposition, define

&i
i (a—N) <)\hz‘ — 1>
~ Ll Ahi— )\
B = + <0. (24)

A—1 | hi—¢ &a—1)

D“i‘ﬁ

Define, for any n > 1,

a"(a— N L;

Qip = _m7 (25)
B a"t —a™\  X;(0)
Pim =~ <A"+l - A“) (hi = &)’ (26)

N
_ (AL, @ me) Lir (a=X)
T {Xi(O)] {ﬁl’” 1 -6 T Ee- 1>} } 0

Proposition 6 For any country i € {1,2}, given K;(0) = K, 0, X;(0) and K;(t)
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for any t > 0 are uniquely determined as follows: [1]When K; o € (0,9;],
and the capital accumulation function is

Kioet, for t € [0,ti0]
al; al;
SR e v [ﬁi’o tret 5(aAL—1)] esit for b€ tio tia]

for t € [tim, tin+1)s

hit it
Qi+ Bi € 47 e, any n > 1

[2]when K; o € (Vi0,Y:1], Xi(0) is uniquely determined by

L X;(0) AL g
al: X :
Ko+ . i } < i >
[ EA—1)  (A=1)(h—¢&)] \Xi(0)
~ =&
B aL; N a\L; ala —1)BiA "
- — — ) &
EO-1 G-Dhi—€) |5
and
_aX;(0) W L aX;(0) I
—1T ohiit 4 _—ali a1y _ali | &t ,
e Te ¢ teaen t {Klﬁ =3 +£,-<A—1>] et when  te[Dtia]
i(t) = hat €.t t€ [tin, tiny1]
Qi + Bi,ne " Yin€>* when ' '

for anyn >1

[3Jwhen Ko € (Vim,Vim+1], for any m > 1, X;(0) is uniquely determined by

&;
am(a — )‘)Lz aerl —a™m Xl(O) )\erlLi g
Kio+ o
GA=1) TN (b - &)] [ Xi(0)
~ ~&
_a"(a= AL (a - 1> a™AL;  ala—1)BiA "
o . — _ N —¢; ’
O-D A1) (&) T
and
i a™(a—=\)L; amtl_qm X;(0 4
o Cin + By + [K3(0) + LA o o XOT &t when 1€ [0,tima]
Z - Qi + mmehit + ’yimegit, when te [ti,nv ti,n+1]

foranyn>m+1
where B; is given by (24) and o p, Bin and; , are defined by (25)-(27), respectively.
For all the above three different cases, t;, is given by lemma 2 for any i and any n;

and 9; 5, is given by the previous proposition for any ¢ and any n.

Proof. See Appendix 3. =
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The functional forms of the capital accumulation are changing over time, reflecting
the structural changes in the underlying industries in both the home country and
the foreign country. Once X7 (0) and X;(0) are determined, the initial aggregate
consumptions are also determined by

C1(0) = aX{*(0)X5%(0); C5(0) = BXT*(0)X57(0).

Since X;(t) = L; for any t < t;¢ and X;(t) = Liehit=tio) for any ¢ > tio, we can
also uniquely determine the consumption for any country at any time:

Ci(t) = aXi™(6) X357 (1); C5(t) = BXT(6) X5 ().

This completes all the characterization of the free trade dynamic economy. Observe
that ¥;,, = K;(t;,) for any i and any n as long as t;,, > 0. So long as the
initial capital endowment is not too small (such that only good 0 is produced
initially), different initial capital levels only translate into different levels of the initial
aggregate consumption and initial industrial structures, but they cannot affect the
speed of consumption and output growth.

3.3 Summary

In this section, we obtain closed-form solutions to fully characterize the whole
dynamic path of each industry as well as the aggregate economy for both countries

in the general equilibrium world with free trade. We show that in both countries
industrial development demonstrates an inverse-V-shaped life-cycle pattern: capital-intensive
industries gradually replace the labor-intensive industries as the economy grows.

The endogenous change in the underlying industrial structures translates into different
functional forms of the aggregate production function and capital accumulation
function.

Different from the closed economy studied in Ju, Lin and Wang (2010), now the
speed of industrial upgrading and the growth rates of output and consumption in
a country are all affected by its trade partner’s initial endowment and technology
parameters. The initial endowment has a level effect on industrial development and
total output, but it has no speed effect after the industrialization. Pareto optimality
is achieved because the first welfare theorem applies. However, nothing ensures
output convergence between the two trading countries. In particular, we see that
convergence occurs in the long run if and only if the less developed country has a
faster investment-specific technological progress than its trade partner. Moreover,
a higher speed of the investment-specific technological progress in a country will
result in a faster industrial upgrading and a more rapid economic growth of its trade
partner, if and only if the intertemporal elasticity of substitution is larger than one,
because the dynamic terms-of-trade effect dominates the dynamic market-size effect
in that case. In other words, free trade does not necessarily speed up the industrial
upgrading in a country.

Naturally, one may ask what happens if there exist some trade barriers, which
is addressed next.
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4 'Trade Policy and Industrial Upgrading

4.1 Static World with Protectionist Trade Policy

First consider trade policies in a static model. Suppose country 1 imposes tariff 79
on the import from country 2 and all the tariff revenue 7T} is given to the domestic
households as a lump-sum transfer. Similarly, country 2 imposes tariff 7; on the
import from country 1 and all the tariff revenue 75 is also transferred to the domestic
households in a lump-sum fashion. The equilibrium is characterized in the following
lemma.

Lemma 3 In the static trade equilibrium, the total consumptions are given by

o 1+75) 1° S
Ci(r1,72) = Cf1CYy = a [((1 " ajz)] [(1 - ﬁn)] Xpxy, (28)
and 5
o 1 “T(ri+1 o
Ca(71,72) = C$,Chy = {(HO@J {(1;57” X9X5, (29)

while the equilibrium term of trade is given by

P a(l + are)Xe
Py B+ pT)X1 (30)

where X1 and Xo are provided in Table 1.
Proof. See Appendix 4. =

(28) and (29) indicate that the total consumption of a country increases with
the tariff rate on the import but decreases with the foreign tariff imposed on its
export. This is due to the endogenous terms of trade effect shown in equation (30):
A fixed expenditure share on imports implies that the after-tariff price of import
must increase relative to the export price when the tariff rate increases, as output
X1 and X» are fixed. Moreover, the consumption ratio of the two countries is given
by

C1  a(l+719)°

Co B(1+7)"

which is independent of the total output. It also indicates that the protectionist
trade policy favors domestic consumption in the world consumption distribution.
In the model, the supply side is immune from this particular type of international
trade policies because the tariff is imposed on the aggregate good instead of some
specific industries, therefore neither the marginal rate of change nor the equilibrium
relative prices across different industries is altered by the industry-neutral trade
policies within the same country. Profit-maximization of all the competitive firms
plus the factor market clearing conditions would therefore lead to the same quantity

(31)

22



of output as in a free-trade static economy. What is changed by this trade policy
is the relative output prices across different countries but not the relative output
prices across different industries within a country.

4.2 Dynamic Trade Policy

Consider the effect of an arbitrary dynamic trade policy. Imagine the gross tariff
rates behave as follows:

) g, (32)

Tl(t) _¢1(t)7m_

T(t)+1
where ¢;(t) and ¢,(t) are the change rates of the gross tariff rates. Both of them
are exogenous and arbitrary functions. The following lemma characterizes how
an arbitrary dynamic trade policy may affect the consumption growth and output
growth (hence the speed of industrial upgrading).

Lemma 4 For any exzogenous dynamic trade policies specified as (32), the consumption
and output growth rates for the two countries are given by

on(0) = 0220 B, [ 220 o) 4 poutn) o+ 20O

o o 1+ a7y 1+ p71(t)
(33)
ra(t)[L—(2+8)]+3
—_ ¢2(t)04 [ i aT2 o (% T J)
h(t) = W%B (€1 — &)+8 s _1)1; <S)+1]
o) [0 (1450 - )
(34)
2(t) afl%%—ﬂ e [a%(t) (1 fzjf;)(t) + a) + By (1) (% - 0)} :
(35)
B[ (8 1a)] Ll
06y + 66— p o3 |PUEERIE - (2 4 o)
hg(t) — f_‘_a (52 - §l)+a [(1+a(a—1))grz(t)+l]
_¢2(t) |: 1+a7'20(t) B (1 ta (U - 1)):|
(36)

Proof. See Appendix 5. =

From this lemma, we can see that the net growth impact of dynamic trade
policies is summarized in the last term of each of the above four expressions. Thus
we immediately obtain the following corollary.

Corollary 2 A time-invariant tariff rate (i.e., when ¢(t) = ¢o(t) = 0, Vt) does
not affect the long-run equilibrium growth rate and industrial upgrading speed. In
addition, the consumption and output growth rates under a time-invariant tariff are
exactly the same as in the free trade characterized by (14)-(16) in Proposition 1.
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The absence of growth effect results from the fact that time-invariant tariffs do
not distort the production activities within each country. This is because tariffs
can only distort the terms of trade, but not the marginal rate of transformation
within each country. Consequently, tariffs result in deadweight loss only in terms
of consumption and welfare, as indicated by (28) and (29), but not in production.
When tariff rates are not constant over time, consumption and output growth rates

may change because of the intertemporal terms of trade effect and the market-size
effect. For concreteness, consider the growth effect of gradual trade liberalization in
country 1 (that is, ¢5(t) < 0). Then the previous lemma yields the following result.

>0, when T2(t)
Proposition 7 When o € (0, 1), the following is true: [1] 09 (¢ =0, when Ta(t)
<0, when T2(t)

G

>0, when To(t) > 15"

, 758\2;8% =0, when To(t) =75 , where 75 = (1“;0) and T5* = 7ﬂi§:—7;aﬁ' [2]
<0, when To(t) < 15" 7
S . 001(t) Oha(t)
When o € [1,00), the following is true: e, (0] < 0 whenever To(t) > 0, g = 0

"= 7 holds only when o = 1; [3] For any o € (0,00), we have B?Z-Et))l > 0 and

>0, when o€ (0,1)
él)h Etg‘ =0, when c=1
0, when o€ (1,00)

920, (t
Bl (5‘29 0 fori=1,2.

Part [1] of the proposition states that, when the intertemporal elasticity of
substitution is larger than unity ( ¢ € (0,1)), the consumption growth rate in
country 1, 61(t), first increases with the speed of trade liberalization in country 1

(8?22((?)\ > 0) until 75 reaches the value 75 =

ﬁ, after which the consumption
growth rate strictly decreases with the speed of trade liberalization (when 79 < 73).
In other words, the consumption growth rate will be increased by accelerating the
trade liberalization if and only if the tariff rate is sufficiently high. In particular,
when 75, the consumption growth rate is the same as in the long-run free trade
equilibrium. Similarly, the output growth rate in country 1, hq(t), also first increases
when trade liberalization accelerates, but then declines With the speed of trade
liberalization once the tariff rate is below 75*. Observe that 75* < 75 when o € (0, 1),
implying that the consumption growth starts to decline earlier than the output

growth if trade liberalization accelerates.

The intuition for this non-monotonic impact is the following. As the tariff rate
increasingly declines over time, imports for country 1 becomes increasingly cheaper,
therefore the intertemporal substitution effect causes consumers to substitute today’s
consumption of imports for tomorrow through saving, which in turn increases the
consumption growth rate. On the other hand, the real income becomes increasingly
larger as the import price becomes increasing cheaper, and this positive income
effect tends to increase the consumption and decreases the saving, which in turn
tends to lower the consumption growth rate. When the tariff rate is sufficiently
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high, the substitution effect dominates the income effect, therefore accelerating trade
liberalization increases the growth rate of consumption. However, the substitution
effect becomes increasingly weaker as the tariff level goes down. Eventually, when
the tariff rate is sufficiently small, the income effect dominates the substitution
effect, so the growth rate of consumption starts to decline. Symmetrically, if trade
liberalization decelerates in country 1 (that is, |¢,(t)| decreases over time), then the
consumption growth rate will first decline and then increase. A similar pattern also
applies for the output growth for similar intuitions.

To understand the impact on the output growth, first note that there are two
competing effects on the domestic output when the tariff rate on imports decreases.
One is the substitution effect which tends to decrease the domestic demand for
domestic output. The second effect is the positive income effect due to the rise of real
income as a result of tariff reduction. The income effect tends to increase the demand
for domestic output. The net impact on the domestic output is positive because
the substitution elasticity between imports and outputs is unity (Cobb-Douglas
function). The competitive market force dictates that output of domestic goods will
increase, only partly offsetting the decline of the relative price of imports because
of the balanced trade constraint (30). Consequently, an acceleration in the trade
liberalization leads to an increase in the output growth rate ( dﬁglgg > 0). As only
a fraction of total output is used for domestic consumption, theretlore the impact
on consumption growth is smaller than that on the output growth. This is why
consumption growth rate declines earlier than the output growth ( 75* < 73).

By contrast, Part [2] of the proposition states that the non-monotonicity result
disappears when o € (1,00): Accelerating trade liberalization will strictly decrease
the domestic consumption growth rate but strictly increase the output growth rate.
The impact on consumption growth is negative because the intertemporal elasticity
is now smaller than one, so the intertemporal substitution effect is always dominated
by the intertemporal income effect, therefore the growth rate of consumption monotonically
decreases as the trade liberalization accelerates. The positive impact on output
growth is mainly due to the increase in the external demand from the trade partner
(country 2), because the trade partner can sell more to country 1 after the trade
liberalization and hence its income grows faster.

The previous argument is consistent with Part [3] of the proposition, which states

that, for any o € (0, 00), the consumption growth rate always increases ( 8?228% > 0)
when the trade partner unilaterally accelerates trade liberalization , but the marginal
change in the consumption growth rate declines over time (% < 0) due to the
tariff reduction. However, accelerating trade liberalization by the trade partner may
increase or decrease the output growth rate, depending on whether the intertemporal
elasticity of substitution is larger or smaller than one.

The above proposition reveals that the speed of trade liberalization matters for
our understanding of the growth effects of trade liberalization. Furthermore, the
intertemporal elasticity of substitution also matters! The same policy change may
affect the output or consumption growth in the opposite directions, depending on

whether the intertemporal elasticity of substitution is larger or smaller than unity.
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5 Further Discussion

Our previous analysis assumes that the two countries have the same expenditure
shares on the two country-specific goods. What happens when the expenditure
shares are country-specific? Suppose

Ci = CYC, a; 20,6, > 0,a; + ;=1 for i € {1,2}. (37)

Also assume a1 > ag to capture the home bias effect. In the long-run dynamic
free-trade equilibrium, we have
(I =0)[pBy = B2+ B1(Ea—p)]+E& —p.
M= T s B — ) (L —aga] (38)
o oplar—a)(1—0)—p+(1-0) (a6 —a1&y) +&5
h2(t) - pe [042 I ﬁl + (Ck1 — a2) O'] ) (39)
(1 —0) (a1 =) +Bi§ —pl = (1 —0) (1 —az)].
91(t) - P [042 ¥+ 51 + (Ck1 — a2) O'] ) (40)
a2y + By — (1 —0) (1 — )] & —p[1 = (1 — o) (a1 — )] (41)
0[0424-514-(@1—042)0] ’

O2(t) =

When o1 = ag (therefore §; = ,), the above equations degenerate to (14)-(16).
It can be verified that, again, consumption growth rates are strictly increasing in
both the domestic and foreign capital goods productivities. In addition, the output
growth increases with the trade partner’s capital goods productivity if and only if
the intertemporal elasticity is larger than one. So the key results derived before are
still valid in this more general setting.

Until now we implicitly assume that the expenditure shares are fixed and unaffected
by any trade policies. However, this may not be realistic. Suppose the Armington
trade assumption in (1) is changed to the general CES function, raising tariff
typically leads to a decrease in the expenditure share on imports. This is, for
example, supported by Eaton and Kortum (2001), where the expenditure shares are
endogenously affected by trade barriers. We adopt a reduced-form approach here
by simply assuming (3](72) < 0, that is, an increase in the tariff on imports from
country 2 leads to a decrease in country 1’s expenditure share on total imports.
Also assume o(3;) > 0 to capture the usual general equilibrium effect that, when a
country imports more (hence consumes a larger fraction of the income on imports),
its trade partner will import more as well because a larger fraction of its own output
is now exported. We can easily obtain the following
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d01(t)
9B,
%0, (t)
053
Ohy(t)
96,
d%hy (t)
053

o (&2 —61) [042 +(1—ag)o—(1- 0)510/2(51)] )

o (€2 =€) (0 —1) [ah(B)) + Braz(By)]

x (1-0)(&—&) [aa+ (1 —az)o—(1—0)Bron(By)],

o« —(1-0)*(&—&) [0/2(51) + 51@(51)} :

First of all, this result immediately means that, when the two countries have the
same technical change rate (§; = &) or when o+ (1 — a2) o0 — (1 — o) S1a5(8;) =0,
neither the consumption growth rate nor the output growth rate is affected by the
change in the expenditure share on imports.

Second, when &; # &5 and as+(1 — ag) 0—(1 — o) B104(5;) # 0, the consumption
growth rate and the output growth rate will change with the import share in the
same direction when o € (0,1), but in the opposite direction when o € (1,00).
When o = 1, the output growth rate does not depend on the import share, but
the consumption growth rate may either increase with the import share or decrease
with it, depending on whether the foreign technology parameter is larger than the
domestic one or not.

More specifically, suppose £, > &, and o € (1,00). The consumption growth rate
strictly decreases with the import share (8215(:) < 0) while the output growth strictly

increases with it (6%(;) > 0). Together with 3} (72) < 0, this result states that when

the intertemporal elasticity of substitution is smaller than one, a tariff reduction
will lead to an increase in the output growth but a decrease in the consumption
growth for the country that has a larger capital goods production efficiency than
its trade partner. The opposite is true for its trade partner. To understand the
intuition, observe that there are several competing effects working in the opposite
directions following a tariff reduction. First, since a larger fraction of consumption
expenditure will be on foreign imports, the saving decision of country 1 will respond
more to the intertemporal change in the imports. Since &, < £;, imports become
increasingly more expensive relative to its own output, which has two effects. One is
the intertemporal substitution effect which tends to substitute future consumption
for today, hence lower the saving rate and output growth rate. The second effect is
the negative income effect. The output revenue decreases and therefore consumers
tend to lower the consumption and save more, which tends to increase the output
growth. But the first effect always dominates the second effect, so the net effect is to
lower the output growth. The third effect comes from the export market expansion
for the output in country 1 as captured by ob(5;) > 0. It tends to increase the
domestic income level. However, since &, < &;, the market in country 2 grows
more slowly, the export revenues also increase more slowly, which tends to raise the
current saving and lower consumption, so the output growth rate increases. The
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intertemporal substitution effect is dominated when the intertemporal elasticity of
substitution is less than 1, so the output growth rate ultimately increases with the
tariff reduction. Since the imports occupy a larger share of total consumption and
imports grow relatively slowly as £5 < &;, the consumption growth rate is decreasing.
All these results will be reversed when &; < &,.

By contrast, now suppose o € (0,1) while we continue to assume that £; > &,.
In this case, both the consumption growth rate and the output growth rate increase
with the import share when $105(8;) > aa(f;) + 125 , but the opposite is true
when (104(8;1) < a2(B81) + 1% . In other words, both the consumption growth rate
and the output growth reach a local maximum when

g

510/2(51) = az(By) + . (42)

l—0

In addition, suppose ¢(8;) > 1,Vf3; € (0, 1), where ¢(3;) = —532(25(?)1) Economically,

¢(B7) is the elasticity of marginal change in country 2’s expenditure share on imports
relative to the change in country 1’s expenditure share on imports. Then both the
consumption growth rate and the output growth rate are strictly concave functions of
the import share ;. Furthermore, suppose ay(/3;) satisfies the following Inada-like
condition:

Jim B1045(81) > ax(B) + 77 > ab(1), (43)

then both hy(t) and 6;(t) reach the unique global maximum when ; = 87, where
B7 is the unique solution to (42) and 88—’6;{ < 0. Suppose [3; can reach any value in
the interval (0,1) by choosing some finite (possibly negative) 7o as 37(72) < 0, the
result means that there exists a finite non-zero tariff (subsidy) rate at which both
the consumption and output growth rates are the largest. Furthermore, the larger
the intertemporal elasticity of substitution, the smaller the growth-maximizing tariff
rate.

6 Conclusion

This paper develops a highly tractable dynamic two-country growth model with
trade to study how international trade affects the dynamics of underlying industries
and the aggregate economic growth. We obtain closed-form solutions to characterize
the endowment-driven inverse-V-shaped life cycle dynamics of each underlying industries,
which are different in their capital intensities, along the sustained growth path of
the aggregate economy. We find that the intertemporal elasticity of substitution is
a crucial parameter, which determines how industrialization, industrial upgrading,
and aggregate growth are affected by the trade partner’s technological progress and
the trade policies. This is mainly because it determines whether the intertemporal
terms-of-trade effect dominates the dynamic market-size (income) effect as these
two effects have opposite impact on the endogenous saving decision and industrial
upgrading. These two competing effects exactly cancel out when the intertemporal
elasticity of substitution equals one. We also find that the magnitude of the intertemporal
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elasticity of substitution also affects the growth impact of trade liberalization. In
particular, when the intertemporal elasticity of substitution is larger than one,
accelerating trade liberalization may first increase the rates of consumption growth,
industrial upgrading, and economic growth when the tariff rate is sufficiently large,
but the effect is exactly the opposite when the tariff rate is sufficiently low. Moreover,
the growth impact is not monotonic. When the important shares are functions of
the tariff rate, we show that a country may achieve the fastest industrial upgrading
and output growth by choosing an optimal finite and positive tariff rate, which,
again, depends on the intertemporal elasticity of substitution.

There are several interesting directions for future research. The most natural
direction is to relax the Armington assumption by allowing each country to have
access to the production technologies of any goods. Correspondingly, different
industries should be imperfectly substitutable, which would allow us to explore the
consequences of industry-specific trade policies more fruitfully. Dornbusch, Fischer
and Samuelson (1980) is a desirable starting point, but tractability can be easily
hurt not only because of the newly added nonlinearity, but also due to the curse of
dimensionality as no industry dies out from the world in this new setting, which is
different from the current model where the dimensionality problem is tremendously
simplified due to the exit of industries. Numerical methods seem indispensable.
To quantitatively match the data of industrial dynamics, we presumably need to
introduce industry-specific productivity changes as well. Another interesting direction
is to introduce the productivity heterogeneity of different firms into each industry
by following Bernard, Redding and Schott (2007), which may shed new light on the
firm dynamics together with the industrial dynamics.

29



References

[14]

[15]

Acemoglu, Daron. 2007. "Equilibrium Bias of Technology". FEconometrica,
75(5): 1371-1410

Acemoglu, Daron, and Jaume Ventura. 2002. "The World Income Distribution".
Quarterly Journal of Economics. 659-694.

Acemoglu, Daron, and Veronica Guerrieri. 2008. "Capital Deepening and
Nonbalanced Economic Growth." Journal of Political Economy 116 (June):
467-498

Armington, P. S.. 1969. "A Theory of Demand for Products Distinguished by
Place of Production," International Monetary Fund Staff Papers 16: 159-178

Bajona, Claustre and Timothy J. Kehoe. 2010. "Trade, Growth, and
Convergence in a Dynamic Heckscher-Ohlin Model", Review of Economic
Dynamics, 13 (July): 487-513

Ben-David, Dan. 1993. "Equalizing Exchange: Trade Liberalization and Income
Convergence", Quarterly Journal of Economics 108(3): 653-679

Bernard, Andrew, Stephen Redding and Peter Schott. 2007. "Comparative
Advantage and Heterogeneous Firms". Review of Economic Studies. T4:
31-66

Baldwin, Robert. 2004. "Openness and Growth: What’s the Empirical
Relationship" in Challenges to Globalization: Analyzing the Economics.
edited by Robert E. Baldwin and L. Alan Winters. The University of
Chicago Press

Boldrin, M. and R. Deneckere. 1990. "Source of Complex Dynamics in
Two-Sector Growth Models", Journal of Economics and Dynamic Control
14: 627-653

Burstein, Ariel, and Jonathan Vogel. 2011. "Factor Prices and International
Trade: A Unifying Perspective", NBER Working Paper No. 16904

Burstein, Ariel, and Marc Melitz. 2011. "Trade Liberalization and Firm
Dynamics", NBER Working Paper No. 16960

Chen, Zhiqi. 1992. "Long-Run Equilibrium in a Dynamic Heckscher-Ohlin
Model", Canadian Journal of Economics 25: 923-943

Chenery, Hollis B..1961. "Comparative Advantage and Development Policy."
American Economic Review, 51 (March): 18-51

———, Robinson Sherman, and Syrquin Moshe. 1986. Industrialization and

Growth: A Comparative Study. New York: Oxford University Press (for
World Bank)

Costantini, James and Marc Melitz. 2008. "The Dynamics of Firm-Level
Adjustment to Trade Liberalization", working paper, Harvard University

30



[20]

[21]

[22]
23]
[24]
[25)

[26]

Cunat, A. and M. Maffezzoli. 2004. "Neoclassical Growth and Commodity
Trade", Review of Economic Dynamics 7: T7T07-736

Davis, Donald and David Weinstein. 2001. "An Account of Global Factor
Trade." American Economic Review 91(5): 1423-1453

Deardorff, Alan V. 2000. "Factor Prices and the Factor Cotent of Trade
Revisited: What’s the Use?" Journal of International Economics, 50(1):
73-90

Dornbusch, Rudiger, Stanley Fischer and Paul Samuelson. 1980.

"Heckscher-Ohlin Trade Thoery with a Continuum of Goods". Quarterly
Journal of Economics 95(September): 203-224

Eaton, Jonathan, and Samuel Kortum. 2001. "Technology, Trade, and Growth:
A Unified Framework", Furopean Economic Review 45: 742-755

Ederington, Josh and Phillip McCalman. 2008. "Endogenous Firm
Heterogeneity and the Dynamics of Trade Liberalization", Journal of
International Economics. 74(2): 422-440

——. 2009. "International Trade and Industrial Dynamics", International
Economic Review, 50(3):961-989.

Edwards, Sebastian. 1993. "Openness, Trade Liberalization, and Growth in
Developing Countries", Journal of Economic Literature. 31 (3): 1358-1393

Feenstra, Robert C. , Maurice Obstfeld, and Katheryn N. Russ, 2010. "In
Search of the Armington Elasticity", manuscript

Flam, Harry and Elhanan Helpman. 1987. "Vertical Product Differentiation and
North-South Trade". American Economic Review 77(December): 810-822

Greenwood, Jeremy, Zvi Hercowitz and Per Krusell. 1997. "Long-Run
Implications of Investment-Specific Technological Progress", American
Economic Review 87(3): 342-362

Grossman, Gene, and Elhanan Helpman. 1989. "Product development and
international trade", Journal of Political Economy, 97(December): 261-83.

-, 1991. Innowvation and Growth in a Global Economy. Cambridge,
Massachusetts: The MIT Press.

Haraguchi, Nobuya, and Gorazd Rezonja. 2010. "In Search of General Patterns
of Manufacturing Development", UNIDO working paper

Houthakker, H. S.. 1956. "The Pareto Distribution and Cobb-Gouglass
Production Faction in Activity Analysis", Review of Economic Studies
23(1): 27-31

Ju, Jiandong, Justin Yifu Lin, and Yong Wang. 2010. " Industrial Dynamics,
Endowment Structure and Economic Growth", working paper, HKUST.

Kamien, Morton I. and Nancy L. Schwartz. 1991. Dynamic Optimization: The
Calculus of Variations and Optimal Control in Economics and Management.
New York: Elsevier Science Publishing Co. Inc.

31



Yi, Kei-Mu and Jing Zhang. 2009. "Structural Transformation in an Open
Economy." working paper, University of Michigan

Krugman, Paul. 1979."A Model of Innovation, Technology Transfer, and the
World Distribution of Income." Journal of Political Economy 87(April):
253-266

Leamer, Edward. 1987. "Path of Development in Three-Factor n-Good General
Equilibrium Model." Journal of Political Economy 95 (October): 961-999

Lin, Justin Yifu. 2009. Marshall Lectures: FEconomic Development and
Transition:  Thought, Strategy, and Viability. London: Cambridge
University Press

Mastuyama, Kiminori. 1992. "Agricultural Productivity, Comparative
Advantage and Economic Growth." Journal of FEconomic Theory
58(December): 317-334

———. 2009. "Structural Change in an Interdependent World: A Global View
of Manufacturing Decline," Journal of the Furopean Economic Association,
7 (April-May): 478-486.

McMillan, Margaret and Dani Rodrik. 2011. "Globalization, Structural Change,
and Productivity Growth", Harvard University working paper

Mussa, M.. 1978. "Dynamic Adjustment in the Heckscher-Ohlin-Samuelson
Model," Journal of Political Economy 86: 775-791

Nishimura, K. and K. Shimomura. 2002. " Trade and Indeterminacy in a
Dynamic General Equilibrium Model," Journal of Economic Theory 105:
244-260

Rodriguez, Francisco and Dani Rodrik. 2001. "Trade Policy and Economic
Growth: A Skeptic’s Guide to the Cross-National Evidence" in NBER
Macroeconomics Annual 2000, edited by Ben Bernanke and Kenneth Rogoff.
MIT Press

Schott, Peter. 2003. "One Size Fits All? Heckscher-Ohlin Specialization in
Global Production", American Economic Review 93(June): 686-708

Shiells, Clinton R., Robert M. Stern and Alan V. Deardorff, 1986. “Estimates
of the Elasticities of Substitution between Imports and Home Goods for the
United States” Weltwirtschaftliches- Archiv, 122(3): 497-519.

Shiells, Clinton R. and Kenneth A. Reinert, 1993. “Armington Models and
Terms-of-Trade Effects: Some Econometric Evidence for North America,”
Canadian Journal of Economics, 26(2): 299-316.

Stokey, Nancy. 1991. The Volume and Composition of Trade Between Rich and
Poor Countries," Review of Economic Studies, 58 (January): 63-80.

Ventura, Jaume. 1997. "Growth and Interdependence." Quarterly Journal of
Economics, February: 57-84

32



[48] ——.2005. "A Global View of Economic Growth" in the Handbook of Economic
Growth. Edited by Philippe Aghion and Steven N. Durlauf. The Elsevier
Press

[49] Wacziarg, Romain and Karen Horn Welch. 2008. "Trade Liberalization and
Growth: New Evidence." World Bank Economic Review 22 (2): 187-231.

33



Appendix

Appendix 1. Proof of Proposition 2. To solve the above dynamic problem,
following Kamien and Schwartz (1991), we set the discounted-value Hamiltonian in
the interval of t1, <t < t1,41 for any n > 1, and use subscripts “n,n + 1”7 to
denote all variables in this interval:

1
W -1 _, G " _Aa=x, |a—a”
H A Ki(t) = || 2| _—
n,n+1 1—o € +77n,n+1 51 1( ) aXQB(t) a—1 1 )\n+1 —\"
1 1
AOHE Ci(t) |°
L (AL — " —\"L 44
e Y ax )+ G X2 (1) 1) (44)

where 7, , 11 is the co-state variable, ¢ Z;{H and (y, 11 are the Lagrangian multipliers

for the two constraints \"T1L; — C (t) > 0 and Cy(t) — A" Ly > 0, respectively. The
first order and K-T conditions are

13
8Hn n+1 . a”“ —a" 1 1 Cl(t) °
77:(711’L 7e pt_<77nn 7—’_(2—; - Zn =0
601 ( ) n+1 )\n+1 _ )\n n+1 ,n+1 O(2X2’8(t) O[Xg(t)
(45)
1 1
ci(t) |“ cCi(t) |©
Gt (LY — 1—/3) ) =05 ¢ptl ) > 0, AL, — Ié L™ >0
aXy (t) aXy (t)
1 1
CZ n+1( Clét) - )‘nLl) = 0, CZ n+1 > 07 Clét) - )‘nLl > 0.
’ aXy (t) ’ aXy (1)
We also have SH
n,n+1
77%,n+1(t) = _aTj = _nn,n—l-lgl' (46)

1
In particular, when [Clﬁ(t)} € (\"Ly, \""1Ly), {Z}'llﬂ = (pnt1 = 0, and equation

aXy (t)
(45) becomes

13
n+l _ . n 1 C (t) :
Cq(t) Ce Pt = ¢ - : . !
1(t) Mn,n+1 A\ O;xf(t) OzXzﬁ(t) "

The left hand side is the marginal utility gain by increasing one unit of aggregate
consumption, while the right hand side is the marginal utility loss due to the decrease
in capital because of that additional unit of consumption, which by chain’s rule can
be decomposed into three multiplicative terms: the marginal utility of capital n,, ,, 11,
the marginal capital requirement for each additional unit of aggregate consumption

1
amtl—qn 1 ci(t) | @ . .
T T and the terms of trade X0 0 LXf(t)} . Taking log of both sides of

equation (47) and differentiating with respect to ¢, we have:
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1 Ci(t) _ B Xa(t)
<O(+U l)Cl(t)*gl p+aX2(t)7 (48)
for t1, <t <ty p41 for any n > 0.
Symmetrically, we also have
1 Co(t) a Xi (1)
—to—1 = —p+ . 49
R A R A 31Ty )
Recall we have (8) hold for any time, which implies
Cilt) _ Ga(t) _ Xi(t) ()
= = + ) 50
e~ Go - “xo T 0 o

Therefore we obtain (14). For the completeness of the proof, observe that the
strictly concave utility function implies that the optimal consumption flow C;(t)
must be continuous and sufficiently smooth (with no kinks) throughout the time,
hence from (50) we obtain:

ag1+BEa—
Cl(t) = Cl (tLo)e 1+0£2 ﬂ(tftl’o) for any t> t170. (51)

Following Kamien and Schwartz (1991), we have two additional necessary
conditions at ¢ = t1 5,41:

Hyni1(tint1) = Hptins2(tint1) (52)

Mnn+1 (tl,n—i-l) = nn+1,n+2(tl,n+1) (53)

Substituting equations (52) and (53) into (44), we can verify that K (t1541) =
K{ (t1n+1). In other words, K;(t) is indeed continuous.

When t <,
1
Ciit)yto -1 _, Cy(t) |°
Hy=————¢€" K Li— 4
0 1-5 ¢ + no€1K1(t) + Co(Ln oXE (D) ) (54)
FOCs and K-T conditions:
1 [awn ™ 1
GO = G| g
o aXy(t) aXy (t)
aHn,n 1
t) | “ t
Co = 0,L1— Clé) >0 and (o(L1 — Clé) ) =0.
aX2 (t) OZX2 (t)




therefore, we have 0 =% o
When ¢ € (t10,%1,1),

%o And g =r

Ci(t)'=7 -1
HOI — Leipt""—no,l

)

+<(1],1<)‘L1 -

Optimality conditions state that

1
a2 X3 (t)

Ci(t)7e " — <770 ] 1t Co 1 C8,1>

1
a

W Ny ooy > 0L -

aXy(t)
Ci(t) .
aXy (t)

Co.1(AL1 —

Ci(t)
X3 (t)

¢o.1( —L1)=0, ;>0

We also have OH
0,1
Mo.1(t) = — oK, —"N0,181-

thus we have
1 1

implying

at the same time

If £ < t50 holds, 28 — 0 and 028 _ aﬁig). If t > ty0 holds, gg

C.t X.t
&d = X

Xi(t) _ o Ci(t) BXg(t nd S _ o B(1 — o) 20

=0 and

Consequently, when ¢t < min{t; 9,220}, we must have X;(t) = L1; X2(t) = Lo;
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Cy(t) = aL§LY; Cy(t) = BLYLS. In other words,

Cl<t) B Cg(t) B Xl.(t) - X;(t)

G~ Gl X0 Xalh)
Suppose, t1 # t20, then when t € [t1 g,t20], then
1 Ci(t) B X (t)
G Van =8 " axu
at the same time, i
X0 _, Gl Xi(0) G _ G
Xa(t) " Os(t) Xi(t) Co(t)  Ci(t)
thus
i) _ Cat) _ -
Ci(t) Co(t) (2 +0)
N0 &-p X0
Xl(t) (,3+040)7X2(t) '
Symmetrically, when ¢ € [t2,t1,0], then
i) _ Gty &-»
Ci(t) Co(t)  (240-1)
X2.(t) _ S2—P Xl.(t) —0
Xo(t) a(t+o-1) Xi(t) '

Q.E.D.

Appendix 2: Proof. of Lemma 3:First notice (13) implies

Pi(t) P(t)  Xo(t) Xu(t)

P(t) Pt)  Xa(t) Xu(t) &2~ & (58)

In addition, recall the price for the final good is normalized to unity at any time

point, that is,
<P1<t>>a <P2<t>>5 _
a B 7

=0. (59)

which implies




(58) and (59) jointly yield (17). Q.E.D.

Appendix 3

In this Appendix 3, we solve for the initial value of total consumption X;(0)
when ¥;0 < K;(0) < ¥;1, and also show how to derive the threshold values for
Yin,¥n =0,1,2,.... Here we demonstrate how to characterize X1(0) and {1}, -
The values for country 2 can be derived similarly.

The transversality condition is derived from

Ay 0 =0,
SO
Jlim [Cl(tl)l_(;_le_pt + Doy n(ry+1 [§151(E) — El,(n(t),n(t)ﬂ)(Xl(t))]] = 0.
Note that
lim [C“f_‘l 1 [ K (E) — E1,<n<t>,n<t>+n<xl<t>>}]
(1—0)(xg1+BE2)—
= fim 01(0)10611_0;+” - M@+ [§1K1 (1) = E1,<n<t>,n<t>+1>(X1(t>>}]

= 1) () +1 €1 K1 () = By n(e)n()+1) (X1(2))]

XO(a—2) ] an®+ - gm0
T —&4t _ hit _

—§1t>\n(t) (a _ )\) an(t)—l—l _ an(t)
— 1; &t _ | _€
#&{kaﬂﬁwe [ e

= lim K (t)e 1,

t—oo

where the second equality is due to (12), the fourth equality comes from &; > h;.
Thus we must have lim K; (t)e 61t = 0.
—00
Now let’s find the necessary and sufficient condition such that country 1 starts
with industries 0 and 1. When ¢ € [0, ¢11],
a a

Bi(t) = (X () — L) =

= (X1 (0 - Ly),

Correspondingly,

a
A—1

Ki = & Ku(t) = E1(C1(8) = &K (1) — — 2 (X2(0)e" — Ly)

Solving this first-order differential equation with the condition K;(0) = Ki g, we
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obtain

_ai\(l(lo) . —aly
Ki(t) = —2——eM' + -
1(t) hi — & & (A=1)

which implies

alLi aX1(0) &
- —al — alL AL hy
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When ¢ € [t1,,t1n+1] for ¥Yn > 1, we have

n+l _ . n hit n., _
Ky(t) = a a [Xl(O)e Aa— M) Ly

IO R §1(a—1)

which, together with X7(0)e*n = X;(t1,,) = A" L1, determines

] + Opmpretth. (62)

—£

e = [)\”Ll } T {Kl(m) Lt - " [ L (a=) H (63)
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Substituting ¢t = ¢ 41 = +@ and (63) into (62), we obtain
£ &
a"tl —qn A — X (a— M) (A —1)

&
Ki(ting1) = A1 Kq(tin) + 1

A-1 h1—51+ §i(a—1) 7

which can be used recursively to obtain

-£& n—1
al|ll— <a>\ 1 >
(n=1)& (n—2)¢&q

Kl(tl,n) =\ M K1<t171) + (a — 1)B/\ h1

= , for any n > 2
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(64)
where parameter B is defined as

o
Iy Afi—AJr(“_A)(Ml_l)
A=1]hi =& §1(a—1)

(18) implies B < 0. Substituting (62), (63) and (64) into the transversality condition
tlim Ki(t)e=§1t = 0 and by revoking (18), we obtain

—&1 _9f1 a
A b1 Kl(tlyl) + (a — 1)B)\ M =0,

—&1
1—a)\™
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SO .
—S1
a—1)BX M a
()—75 > O
—s1
1—al™
It can be verified that, without condition (18), the transversality condition cannot
hold unless both B and K (t1,1) are equal to zero, which is economically unreasonable
because Ki(t1,1) > 0 must hold due to the resource contraint as no international

borrowing or lending is allowed.
According to (61), we have

Ki(t11) = — (65)

&

h1

X L AL
b s ] (25)

A-D (i —€) & O-1] \X0)
=&
aAly aly (a —1)BA ™ a
A-Dm-&) GO-10 59 (66)

We can verify that the right hand side is strictly positive and that the left hand side
is a strictly decreasing function of X;(0), therefore we can uniquely pin down the
optimal X7(0). (66) immediately implies 88)%(2) > 0 and 8%2@ > 0.

Note that (65) implies that K(t1,1) does not depend on K1(0), therefore (64)
tells that K (1) for all n > 1 are independent from K;(0). Since we assume good
0 and good 1 are produced at time 0, we need to ensure L; < X7(0) < L.

To ensure X7 (0) < ALy, from (66) , it requires

&1 &
DA I & <a — /\hl) (1—=X)+hi(a—A) (/\hl - 1>
Kiog<d11=Ki(ti1) =—

g Al (h — &6

which is strictly positive due to (18). We also need to ensure X7 (0) > L;, which,
by revoking (66), requires

LA ) (1 A
a hlLl
_ _ &1
<1_a)\h§11> (A—l) (hl gl)gl )\hi

KLO > 19170 = > 0.

(67)
Since Ki(t1,1) is known (given by (65)), Ki(t1,,) can be uniquely determined by
(64) for any n > 2. Consequently, for any ¢ > 0, K(t) can be explicitly computed
from (60) or (62) and (63), where t;,, is determined by (20) in Lemma 2 for any
n > 0 because X7 (0) is uniquely determined by (66).
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Thus, using (62) and (60), we obtain, more generally, for any i = 1,2,

( ) Xz(O)
hu i .
Kt = 1 e "t enen + | Kot Rsg gy | ¢ when t€[0,tia]
Qi+ B n€ et 4 ’yi’negw when ¢ € [tin,tint1], for any n > 1
(68)
where t; ,, is given by (20) and for any n > 1,
a"(a—N)L;
Qin = —~F v 1\
§&(A=1)
5. = _ <a”+1 — a”) X;(0)
1, )\n+1 _ )\n (hz o Ez)’
—¢;
)\nLi h; (a”+1 — a”) L; 1 (CL - )\)
’ Xi(0) A-1 (hi —&)  &(a—1)
Note that
aAL aXi(O) &
o1 —al; al; AL; \ hi
9i = Ki(tiy) = —2—L ai K, :
e e T (e R L R el —1)] (xm)"

and {V;,,} -, are all constants, and 9;, = K;(t;,,) can be sequentially computed
by applying (68) recursively with K;(t;,—1) known. The initial output X;(0) is
uniquely determined by (66) obtained from the transversality condition, X2(0) can
be obtained using the same method..

Next, let us characterize what happens when Ko € (0,71}, in which case
country 1 must start by producing good 0 only.

mo i) - 1 Z b i)'~ 1
N TPty 2N ety
Icria(lt)i/ 1—0 + t1n 1_0

subject to

. §1K1 when 0 S t S tl,(]
K, = §1K1 — By 01)(X1),  when tio <t<tia :
§1K1 — By (nng1)(X1), when t1, <t <t,q1, forn>1

K;(0) is given.

We also have C1(t) = aXla(t)XQB(t).So when 0 <t <t;, we must have X;(t) = L;
because labor entails no utility cost for the household, therefore Ci(t) = aLlo‘Xg (t).The
associated discounted-value Hamiltonian with the Lagrangian multipliers is the
following

C1 (t)lfo —1

Hoy = ?e_pt + &1 K1 (t) + €0 [QLIQXQB(t) - Ci(t)] -
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First order condition and K-T condition are

Cy(t)7e P = ¢Y;
O laLi X2 (t) - Cl(t)] = 0;
aL*X5(t) — Ci(t) = 0 when (3 > 0.

and
_OHy
Mo = 8K1_ UNISE

They immediately imply that C}(t) = aLlaXzﬁ (). No capital is used for production
and therefore

Ki(t) = & K1 (b).

When capital stock K exceeds ¥10 by an infinitessimal amount, the economy
produces both good 0 and good 1. From that point on, the problem is exactly
the same as the one we have just solved in the main text. Let ¢ ¢ denote the time
point when K equals 91 9. Then

tio _
Ky 0et10 =1y,

log J10
so t1 9 = 51(1’0 . Therefore
CF (1) — aLlo‘XZB(t), when ¢ <t
1( ) - a v B 91(t—t1’0)
alq X2 (tLo)e , when t> t170
Let 1 ; denote the time point when only good j is produced, for any j > 1. Observe
910
log ——
that Llehl(tl’jftl*o) X1 (tlj) = )\ Ll, SO tlj = tl 0 + (10g )j, tl 0= 51(1,0

Correspondingly, the capital stock on the equilibrium path is given by

K oeglt, for te [0, t170]

aLl

aly
—aly L _
el 2ef=ino) 4 o+ [1910+ moe T 51‘(311)] ef1(t=tio) - for t € [t10,t1,1]

K1 (t) = h1—
t € [tin, t1nt1)s

F(t), for any n > 1

(69)

an+1

- —a" [ LieMt A a— M) Ly
PO =~ (e e

7S ntl _ gn 1 (a—N) (t—tro
T {Kl(“”)* A1 Ll[(hl—a)*fl(a—l)]}e“ )’

a
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thus

an+1 —a” Llehltl,n+1 A"
Ki(tint1) = Ftine1) = [ (

AL | (b = &) * &1

P — 1

L]

—£10

- - \"
e a\ M [1 - <a>\ h1 ) ] ey
K(t17n+1) = 1!11)\ hy + A Kl(tl

where

(a - )‘) efl(t1,n+1—t1,0)
)

)+§1(a—1

1)

=S 0 ) e 0 ) )

Similar as before, we can derive the transversality condition: tlim Ki(t)e 81t = 0,
—00

which implies

lim F(t)e 41t = 0
t—o0
—¢ n
= lim (MM) Killn) _
n—00 a™
£ _ n
_e L e aX M [1 — <a)\ h1 ) } e\ gy
= nhjEIO <)\ h1 ) YA M 3 + ()\hl> )\TlKl(tLl) =0
1—a\ ™
—S1
aX M
= Ki(ti1) = -y =
1—al\™
By revoking (69), we obtain
_% ha( ) —G,Ll aLll aL1 £( ) G)\%gll
A= emliito) =2 190+ A+ T =
hi— & SEO-D | T - &0 -1 o

which yields

It can be verified that this is exactly the same expression

Using the similar algorithm, we can fully characterize the case when Kj g > 94 1.

Q.E.D.
Appendix 4. Proof of Proposition 7.

The budget constraint for a representative household in country 1 is PiCy1 +
Py(1 + 79)C12 = P1X; + Ti. Utility function (2) implies C11 = a(X; + L) and
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as (67) derived before.

Py



Cio = BAX ) Similarly, country 2 household’s budget constraint is P;(1 +

Py (1+72)
T1)0271—|-P20272 = Py Xo5+T5.Thus we must have Cy; = Oé{;?g%:_]l% ;C9g = ﬁ(XQ—I—%)
In the equilibrium, the tariff revenues are 77 = % and Th = O(‘Ijr};ff)? Plugging

all these into the market clearing conditions for good 1 and good 2 yields

P27'20172) aP2X2 + P171C2,1
Py Pi(1+71)

B (P X1+ Pa2Ch2) Pi71Co
Py(1+79) Py

a(X1+ X17

+5(X2+ ) = X27

which imply

a(l+72) X1 aXy
(I+ary) 2 (1+pB7)
BXy1 _ (m+1)B8X;,

(1—|—Oé’7'2)7 2= 1+ﬂ7’1 )

Cn
Co =

Then (28) and (29) are obtained naturally. (30) can be derived easily. Observe
that the decentralized production decisions in each country remain unaffected by
international trade in this static economy, so X; and X5, are exactly given in Table
1. Q.E.D.

Appendix 5. Proof of Proposition 8.

Proof. By following the same method as in Section 3, we establish the following
Hamiltonian equation:

[

Ci(t) 7 —1 _ amtl — gn C1(H)(1+ama)*(14871)° |
Hn,n+1 = — (1)_ 0-76 pt+nn7n+1m €1K(t) — OéXg(t)(l-i-'rg)a
7)\”(a—)\)L
a—1

Using the first order conditions, we obtain

|

a"tl —qgn 1
Cr(t)" e "t

I

1
= nn,n+lma 1( )O‘

(1 + ara)®(1 + 571)51 «
a XD (t)(1+ 7o)

which yields

1 ai) BXot) ara B Br | 7
(a+0 1)01(15 =& p+aX2(t) 1+ ars a1+571+72+1‘

~—

Similarly, for country 2, we have

1
Cot)yto—-1 _, amtl = gm | [GO(tars)*(14671)7] 5
Hm,erl = 1_ e’ +77m,m+1 £2K(t) - )\m+1 o ’B)il)sa((;tgl))‘z
a—1
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which gives

1 Cs(t) aXi(t) a ar BT1 1
401 —t—pt 2 2 - .
(/3+0 )Cg(t) 52 p+ﬁX1(t) 51—1—047'2 1—|—ﬁ7’1+7'1—|-1
Moreover, (31) implies
Ci(t) Co(t) _ ara B
Ci(t) Co(t) 14712 1471

(28) implies

Ci(t)  ary  arg , fBm Xi(t) | ,Xa(t)

Ci) "1t Ytan Pitan T xe TPxa)
and (29) implies

02'(15) _ B N ary . P71 X, () N BXQ.(t)

C2(t) - 1+7 1+ ars 1+ 87 Xl(t) Xz(t)

Solving these equations gives (33)-(36). Q.E.D.
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