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Abstract

This paper examines the role of preferences and technological differences between two countries in
determining dynamics of global wealth and pattern of trade in a reformed H-O model of international
trade. The paper builds a trade model with endogenous wealth accumulation and labor and capital
distribution between sectors and between countries under perfectly competitive markets and free trade.
The model is based the H-O model, the Solow-Uzawa neoclassical growth model and the Oniki-Uzawa
trade model. Each country has three sectors, producing one globally homogenous tradable capital good,
specifying in producing one-tradable commodity, and supplying non-tradable goods and services. The
study simulates the model for the economy to demonstrate existence of equilibrium points and motion of
the dynamic system. It examines effects of changes in output elasticity of an industrial sector, population
expansion, and propensities to consume the domestic commodity, to consume the other country’s
commaodity, to consume services, and to hold wealth.
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1. INTRODUCTION

The Heckscher-Ohlin (H-O) model is one of the core models in model trade theories. A
standard H-O model is for a two-countries global economy, each country having access to
the same technology for producing two goods using two fixed factors (labor and capital)
under conditions of perfect competition and constant returns to scale. Factors of production
are mobile between sectors within a country, but immobile internationally. No international
borrowing and lending are allowed. As pointed out by Ethier (1974), this theory has four
“core proportions”. In the simple case of two-commodity and two-country world economy,
these four propositions are as follows: (1) factor-price equalization theorem by Lerner
(1952) and Samuelson (1948, 1949), implying that free trade in final goods alone brings
about complete international equalization of factor prices; (2) Stolper-Samuelson theory by
Stolper and Samuelson (1941), predicting that an increase in the relative price of one
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commodity raises the real return of the factor used intensively in producing that commodity
and lowers the real return of the other factor; (3) Rybczynski theorem by Rybczynski
(1955), stating that if commodity prices are held fixed, an increase in the endowment of one
factor causes a more than proportionate increase in the output of the commodity which uses
that factor relatively intensively and an absolute decline in the output of the other
commodity; and (4) Heckscher-Ohlin theorem by Heckscher (1919) and Ohlin (1933; see
also Heckscher and Ohlin, 1991), proving that a country tends to have a bias towards
producing and exporting the commodity which uses intensively the factor with which it is
relatively well-endowed. The model explains patterns of trade based on the factor endowments
of countries. According to Chen (1992, pp. 923-924), “It appears to be the general consensus
in this body of literature that the main determinant of long-run comparative advantage is the
countries' savings rates. The question of what has caused the difference in savings rates
among countries, however, is rarely explicitly discussed in the literature. The models that do
endogenize savings rates (e.g., Stiglitz, 1970) attribute the difference in savings rates and
hence long-run comparative advantage to a difference in preferences; in particular, a
difference in agents' time discount factors among countries. Yet explaining trade in terms of
differences in preferences is no longer in the spirit of the Heckscher-Ohlin model in which
trade arises because of differences in relative factor proportions.” There is a large literature
related to introducing dynamic elements to H-O models. An early example is given by Chen
(1992) whose purpose is study long-run equilibria in open economies in an H-O modelling
framework with endogenous savings and endogenous labor supply. The model provides an
H-O type explanation for long-run trade between countries with identical preference. Baxter
(1992) builds a model structurally similar to Chen’s with tax rates being different across
countries. The pattern of trade and specification is determined by the taxes in steady states.
Ventura (1997) builds a model by combining a weak form of the factor-price-equalization
theorem of international trade with the Ramsey model of economic growth. Bajona and
Kehoe (2010) develop a dynamic H-O by combining a static two-good, two-factor H-O
trade model and a two-sector growth model in infinitely lived consumers where borrowing
and lending are not permitted. There are other models which attempt to generalize or extend
the H-O model in different directions (Zhang, 2008). These H-O models don’t allow
international factor mobility and don’t allow borrowing and lending. Observing goods and
capital flows between countries in contemporary world, we see evidently that capital
immobility is not a realistic assumption. This study relaxes this assumption. In particular,
we apply the utility function proposed by Zhang (1993) to develop a dynamic H-O model.
The model in this study is as Ricardian as it postulates cross-country differences in
technology and labor productivity, without providing endogenous determinants of the
differences. We consider endogenous wealth as a main engine of global economic growth. We
describe international trade on the basis of the dynamic model with accumulating capital
developed by Oniki and Uzawa and others (for instance, Oniki and Uzawa, 1965; Frenkel and
Razin, 1987; Sorger, 2003; and Nishimura and Shimomura, 2002). The Oniki-Uzawa model
is constructed for the two-country with two goods with fixing saving rates. Deardorff and
Hanson (1978) construct a model of different fixed rates in which the country with the higher
savings rate exports the capital intensive good in steady state. The Oniki-Uzawa model is often
used as a start point for analyzing interdependence between trade patterns and economic
growth. In most of this type models goods and services are classified into capital goods and
consumer goods. Nevertheless, it has been recorded that a high share of GDP in modern
economies is non-tradable. Distinction between tradable good and non-tradable good is
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significant for explaining the terms of trade (Mendoza, 1995), for explaining the exchange rate
(Stulz, 1987; Stockman and Dellas, 1989; Backus and Smith, 1993; Rogoff, 2002); for dealing
with current account dynamics (Edwards, 1989), or for solving the home premium puzzle
(Baxter et al., 1998; Pesenti and Van Wincoop, 2002). Backus and Smith (1993) emphasized
the significance of this distinction as follows: “The mechanism is fairly simple. “Although
the law of one price holds, in the sense that each good sells for a single price in all countries,
PPP may not: price indexes combine prices of both traded and nontraded goods, and because
the latter are sold in only one country their prices, and hence price indexes, may differ
across countries”. There are also other studies emphasizing distinction between tradable and
non-tradable sectors (Stockman and Tesar, 1995; Zhao et al., 2014). This study introduces
distinct sectors to examine trade patterns and economic dynamics.

As the model in this study is a dynamic general equilibrium model, it can properly address
issues related to income convergence between countries. Discussions about these issues are
mostly based on the insights from analyzing models of closed economies in the literature of
economic growth and development (Barro and Sala-i-Martin, 1995). One might reasonably
expect that one can get little proper insights into the convergence issues with a framework
without international interactions. This paper develops a two-country growth trade model with
economic structure, treating the global economy as an integrated whole. We analyze trade
issues within the framework of a simple international macroeconomic growth model with
perfect capital mobility. The model in this study is a further development of the two models by
Zhang. Zhang (2012, 2014) proposes a multi-country model with capital accumulation and
knowledge with traditional one-tradable capital good and one non-tradable good framework.
This paper develops an international growth model with three sectors in each national economy
by adding one country-specified tradable good into the analytical framework. The introduction
of this good makes the modelling framework more robust in exploring complexity of global
economic growth. The rest of the paper is organized as follows. Section 2 defines the basic
model. Section 3 shows how we solve the dynamics and simulates the motion of the global
economy. Section 4 carries out comparative dynamic analysis to examine the impact of changes
in some parameters on the motion of the global economy. Section 5 concludes the study. The
appendix proves the main results in Section 3.

2. THE MODEL

Our model is influenced by some typical dynamic H-O models and the neoclassical
trade growth theory. For simplicity, we consider a world economy with two national
economies, indexed by j=1, 2. Rather than two goods in the standard H-O model, this study
assumes that each national economy produces three goods. Both countries produce a
homogeneous capital consumer goods which can be used as capital and consumer goods.
The sectors in the two countries are called industrial sector. This sector is similar to the
homogenous sector in the traditional neoclassical trade model (e.g., Ikeda and Ono, 1992).
Capital goods are freely mobile between countries. There is no tariff on any good in the global
economy. Each country provides services and country-specified goods which are not
internationally tradable and can be consumed only by domestic households. Each country
specifies in producing a good called global commodity which is internationally tradable and
consumed by both countries. Global commodities are pure consumption goods. The industrial
sector, global commaodity sectors, and service sectors are indexed by i, j, s. Production sectors
use capital and labor. Exchanges take place in perfectly competitive markets. Factor markets
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work well; factors are inelastically supplied and the available factors are fully utilized at every
moment. Like in the traditional H-O model, labor is internationally immobile. Capital and labor
are freely mobile within each country and are immobile between countries. Saving is
undertaken only by households. All earnings of firms are distributed in the form of payments to
factors of production. We omit the possibility of hoarding of output in the form of non-
productive inventories held by households. We describe capital sector and wealth
accumulation as in the neoclassical growth theory. Most neoclassical growth models are
based on the pioneering works of Solow (1956).

Let all the prices be measured in terms of capital good. We use P i (t) to represent the
price of country j'S services. The price of global commodity supplied by country | is

denoted by P i (t) As labor is immobile between countries, wages vary between countries.

Markets are competitive; thus labor and capital earn their marginal products, and firms earn
zero profits. We denote the wage rate in the ] th country and interest rate by W, (t) and r(t),

respectively. Capital depreciates at a constant exponential rate & o being independent of the

manner of use within each country. Depreciation rates may vary between countries. We use
N, (t) and K, (t) to stand for the labor force and capital stocks employed by sector q in

country j. Let qu (t) stand for the output level of sector ( in country |.

Production functions
The production functions are neoclassical and homogeneous of degree one with the inputs.
The production function of section g in country | is specified as

Fot)= A KEONE (), Ay . By >0, ay + B =1 €

197 )
where qu Oy s and S jq are positive parameters. Different from the Richardian trade theory
which assumes technological differences between countries, the H-O model assumes variations
in capital and labor endowments with the identical technology between countries. In this study
we assume not only differences in capital and labor endowments like in the H-O model but also
differences in technologies between countries like in the Ricardian trade theory.

Marginal conditions for industrial sectors
The rate of interest, wage rate, and prices are determined by markets. Hence, for any
individual firm rate of interest, wage rate, and prices are given at each point of time. The

industrial sector chooses the two variables K J-i(t) and N J-i(t) to maximize its profit. The
marginal conditions are

r(t)+5jk =—“, Wj(t)zm, j=1,2. @)
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Marginal conditions for the global commodity sectors
The marginal conditions for global commodity sector | incountry | are

r(t)+ 6, =

OW Wj(t):ﬂﬂpi(t)':ﬂ(t), j=1,2 )

it N (t)

Marginal conditions for service sectors
The marginal conditions for service sectors are

_ Ajs pjs(t)Fjs(t) W-(t): ﬂjs ij(t)l):jS(t)

r(t)+ 6, = <O N

The current income and disposable income
This study uses Zhang’s utility function to describe behavior of households (Zhang, 1993).

Consumers make decisions on consumption levels of goods and saving. Let IZ,. (t) stand for the

, 1=12 )

wealth of household in country j. Per household's current income from the interest payment
r(t)le (t) and the wage payment W; (t) is
y;(t)=r(t)k, )+ w;(t).

Here, we assume that selling and buying wealth can be conducted instantaneously without
any transaction cost. The per capita disposable income is given by

930)=y;(0)+ k; (1) = @+ r(t))k; (t) + w; (0). 5)
The disposable income is used for saving and consumption.

The budgets and utility functions
Let qu(t) stand for consumption level of consumer good ( in country . We use

S J-(t) to stand for the saving made at the current time by the representative household in

country j. The consumer | is faced with the following budget constraint

Cji(t)+ pl(t)cjl(t)+ pz(t)cjz(t)+ pjs(t)cjs(t)+ Sj(t): yj(t)' (6)

We assume that consumers’ utility function is a function of the consumption levels of
goods, services and the saving as follows

U;(t)=ci* ©ci Ml 0ci2 057" (1), Ejo. Eior Sia0r €or A0 >0, ()
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where & jio is called the propensity to consume industrial goods, good 1, & ii0 the propensity
to consume global commodity j, and ﬂ,jo the propensity to own wealth. Maximizing (7)

subject to (6) yields
Cji(t) = fji yj(t)’ pl(t)cjl(t) = 6Zj1 9j(t)' pz(t)cjz(t) = ‘sz yj(t)l pjs(t)cjs(t) = é:js yj (t)’

8
5,)=14, 9, (1), ®
where

fji = pj§ji0’ §j15 ijjm’ szz ijjzo’ fjsE ijjsO! ﬂ“j = pjﬂ“jO’
1

ngio +§j10 + ngzo + fjso + /11'0

Pj

Wealth accumulation
According to the definitions of S (t), the wealth change of the representative household
in country | is
K, (0)=5,(0)- K, 0). ©)
This equation simply states that the change in wealth is equal to saving minus dissaving.

Factor marketing clearing conditions
We use K i (t) to stand for the capital stocks employed by country j. The capital stock
is fully employed by the three sectors. That is

K(t)+K;(t)+ K () =K;t), j=12 (10)
The labor force is fully employed by the three sectors
N(t)+ N (t)+ N (t)=N;, j=12 (11)

Market clearing for two tradable goods
The demand and supply of services balance in each national market

c (N, =F. (), j=1,2. (12)

Market clearing in global commodity markets
The demand and supply of tradable goods balance in global markets

Clq(t)Nl + CZq(t)NZ = qu(t)’ q :1' 2 (13)
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Market clearing in capital markets
The global capital production is equal to the global net savings. That is

2 2

Z(Si(t)Nj —k;ON; + 5ijj(t)): 2 Filt). (14

=t =1

Wealth balance
The wealth owned by the global population is equal to the total global wealth

k, (DN, + k, ()N, = K (t) + K,(t)=K(t), j=1,2. (15)
We thus built the dynamic model with endogenous wealth accumulation.
3. THE DYNAMICS AND EQUILIBRIUM
We have the dynamic equations for the two-country global economy. As the system is

nonlinear and is of high dimension, it is difficult to generally analyze behavior of the system.
Before examining the dynamic properties of the system, we show that dynamics of the two-

country economies can be expressed by 2 differential equations. Before further stating
analytical results, we introduce a variable

The following lemma shows how to follow the dynamics of global economic growth with
initial conditions.

Lemma 1
The motion of the 2 variables Zl(t) and k2 (t) is given by the following 2 differential
equations

zl(t) = Al(zl(t), Izz (t))'

()= A, (2, (0), K (1)),
where Kl(t) and /~\2(t) are functions of Zl(t) and IZZ (t), defined in the appendix. The
values of the other variables are given as functions of Zl(t) and |22 (t) at any point in time by
the following procedure: r(t) by (A2) — W; (t) by (A2) — pj(t) by (Ad) — P (t) by
(A5) = ki(t) by (A7) — K(t) by (A14) — N (t) by (A12) = N(t) by (A8) —
N, by (A7) = K(t), K;(t), K, (t) by (A~ F (t) by @ — 9,(t) by (a5) —
K, (t) by 10) = c,,(t), ¢, (t) and s,(t) by 8).

(16)
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For simulation, we specify values of the parameters as follows

N1 =10, N2 = 20, 5jk =0_05, Aii :1.2, A2i =1.3’ All =1.3' A22 =1.2, Als =1,
A,=1 ,=032, o, =03, o,=031, a,,=031, ¢,=029, a, =03,

Siio = 0.04, S0 = 0.05, 120 = 0.03, Sis0 = 0.03, Ao = 0.75, Soio = 0.05, S0 = 0.03,
£ =0.05, &, =0.04, A,, =0.7.

17

Country 1 and 2's populations are respectively 10 and 20. We consider equal
depreciation rates of physical capital between the countries and between sectors. The total
factor productivities are different between the two economies. The total factor productivity of
country 1°s industrial sector is higher than that of Country 2 ’s. The propensity to save of
country 1°s representative household is higher than that of Country 2’s. We specify the

initial conditions as follows:

2,(0)=0.05, k,(0)=8.

The motion of the system is given in Figure 1. In the figure the national incomes and the
global income are defined as follows:

Yj = FJ.i + Pjs FJ.S +p; Fjj, Y=Y, +Y,.
47 218 052 o7 10 _
7456 2414 043 2705 ¢ 100 &
4 .o R ST %9 @0 K .
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Figure no. 1 — The Motion of the Global Economy

The global income and wealth fall in association with rising rate of interest and falling
wage rates. The national and global incomes fall over time. Country 1'S wealth is more the
capital stock employed by the national economy, implying that the country is in trade surplus.
Country 2'S wealth is less the capital stock employed by the national economy, implying that
the country is in trade deficit. Country 1'S wealth and the capital employed fall over time.
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Country 2'S wealth rises and the capital employed falls. Each sector also experiences changes
over time as illustrated in Figure 1. The prices of two commodities and services are slightly

changed. The consumption levels of commodities and services and wealth of country 1's (2'S)
representative household fall (rise) over time.

From Figure 1 we observe that the system becomes stationary in the long term. Following
the procedure in the lemma, we calculate the equilibrium values of the variables as follows

Y =744, Y, =241, Y, =50.3, K =268.77, K, =88.18, K, =100.53, K, =180.59,
K, =168.24, r =0.035, w, =1.66, w, =1.75, p, =0.94, p, =106, p, =1.28,
p,, =1.3, ¢, =054, ¢, =06, ¢, =0.71, ¢, =0.38, c,=0.38, c,,=0.57,

¢, =031, ¢, =0.37, k, =10.05, k, =8.41,

616 (F,) (2466) (F,) (1474) (F,) (1514) (F.) (314)(F, 7.4

Fli
Ny |=| 252 | [N, |=|985| [N,|=|577] |N,|[=|613] |N,|=|17.2 || N, |=]| 384 |
Ky (2332) (K, |8758) (K,) (51.06) (K,) (59.86) (K, | (1381) (K, ) (34.14

i s

It is straightforward to calculate the two eigenvalues as follows
{~0.17, -0.14}.

This implies that the world economy is stable. This implies that we can effectively
conduct comparative dynamic analysis.

4. COMPARATIVE DYNAMIC ANALYSIS

We simulated the motion of the dynamic system. This section carries out comparative
dynamic analysis. As we can follow the motion of the global economy, it is straightforward to
provide transitory and long term effects of changes in any parameter on the global economy. It
is important to ask questions such as how a change in one country’s conditions affects the

national economy and global economies. First, we introduce a variable Zx(t) to stand for the
change rate of the variable X(t) in percentage due to changes in the parameter value.

A rise in the total factor productivity of country 1’s industrial sector
It has been argued that productivity differences explain much of the variation in
incomes across countries, and technology plays a key role in determining productivity. We

now study effects of an improvement of productivity in country 1'S industrial sector. We
allow the total factor productivity to be changed as follows A :1.2 = 1.25. The results
are plotted in Figure 2. As the system variables interact in nonlinearly, it is tedious to
interpret why variables vary over time in a clear manner, even though it is not difficult to

see by observing the motions in the plots. The improvement in country 1'S industrial sector
results in expansion of the sector in the country. More output is produced and more labor
and capital inputs are employed. The output level and labor and capital inputs of country
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2's industrial sector are reduced over time. The global and country 1'S total incomes are
enhanced. Country 2'S total income initially falls and rises in the long term. The global
wealth falls initially and rises in the long term. Country 1'S wealth and capital employed
fall initially and rise in the long term. Country 2'S capital employed is slightly affected and
wealth falls initially and rises slightly in the long term. The wage rate in country 1 rises and
the wage rate in country 2 falls and varies slightly in the long term. The prices of country
1's services and global commodity are increased and the prices of country 2'S services and
global commodity are slightly affected. Country 1'S household initially reduces the wealth
and consumption levels of all goods and services and augments these variables in the long

term. Country 2'Shousehold reduces consumption of country 1's global commodity and
keep the wealth and consumption levels of its own country’s global commodity and services
almost invariant. It is worthwhile to note that the technological change has almost no impact
on the other country’s service sector, and though it changes the other country’s industrial
and global commodity sectors.

-186

)

Figure no. 2 — A Rise in the Total Factor Productivity of Country 1’s Industrial Sector

A fall in the output elasticity of country 1’s industrial sector

This study uses the Cobb-Douglas production functions to describe production of all the
sectors. The output elasticities of capital and labor represent the sector’s technology and are
equal to capital’s and labor’s shares of output. We now allow the output elasticity of country

1’s industrial sector to fall as follows ¢; : 0.32 => 0.31. The results are plotted in Figure 3.

The falling in capital share of country 1'S industrial sector reduces the output level and capital

and labor inputs of country 1'S industrial sector. This occurs partly as a consequence that the
labor is constant and immobile in the country. The parameter change increases the output level

and capital and labor inputs of country 2'S industrial sector. The global and country 1'S total
incomes are lowered. Country 2'S total income initially rises and changes slightly in the long
term. The global wealth rises initially and falls in the long term. Country 1'S wealth and capital
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employed fall in the long term. Country 2'S wealth is slightly affected and capital employed is
increased. The wage rate in country 1 is reduced and the wage rate in country 2 is increased
slightly. The rate of interest is reduced. The prices of country 1'Sservices and global
commodity are reduced and the prices of country 2'Sservices and global commodity are
slightly affected. Country 1'S household initially increases the wealth and consumption levels
of all goods and services and reduces these variables in the long term. Country 2'S household
increases consumption of country 1's global commodity and keeps the wealth and consumption
levels of its own country’s global commodity and services almost invariant. There are also
some changes in the industrial structures. Country 1°s global commodity sector produces more

and employs more labor force and the sector initially employs more capital input. Country 2 ’s
global commodity sector produces less and employs less the two input factors in the long term.

Consequences of country 1’s population expansion

Chen (1992) observed: “There have been few attempts in the literature to explain
long-run comparative advantage in terms of differences in initial factor endowment ratios
among countries.” As economists failed to analytically solve or simulate their dynamic
models, it is difficult to explain transitory as well as long-run effects of initial factor
endowments. As our model follows the dynamics of the global system with any
conditions, it is straightforward for us to completely illustrate the effects of differences in
any factor endowments. We now allow country 1’s population to rise as follows

N, :10 = 20. The simulation results are given in Figure 4. The rise in country 1's

population increases the global total income, wealth, and two countries’ total incomes.
The wage rates of the two economies are increased and rate of interest is reduced. The
prices in the two economies are slightly affected. The wealth and consumption levels of
all the goods and services of country 1'S representative household are reduced in the
short term and these variables are slightly affected in the long term. The wealth and
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consumption levels of all the goods and services of country 1'S representative household

are slightly affected. Country 1 expands the scales of the three sectors. Country 2
reduces the scale of its industrial sector and keeps the output level of services sector

almost affected. Country 2 expands the scale of its global commodity sector due to the
expansion of country 1’s population.
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Figure no. 4 — Consequences of Country 1°s Population Expansion
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Country 1 increasing its propensity to consume the domestic commodity
We now study effects of the following change in country 1’s propensity to consume

the country’s global commodity: & ;,:0.05=>0.06. We illustrate the results in Figure

5. Country 1°s household consumes more country 1’s global commodity. The household
has less wealth and consumes less the other global commodity and domestic services.
Country 2°s household has the wealth level and consumption levels of two commodities
and services unchanged. Country 1°s global commodity sector expands its output by
employing more capital and labor force. Country 2’s global commodity sector expands its
output by employing more capital and labor force. A higher propensity to consume
consumer goods reduces the global total income and wealth, and two countries’ total
incomes. Country 1 has less wealth and employs less capital stocks. Country 2 has
almost same level wealth and employs less capital stocks. The increased propensity to
consume goods reduces the wage rates and augments the rate of interest. The prices are
slightly affected.
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0 20 4 60
Figure no. 5 — Country 1 Increases Its Propensity to Consume the Domestic Commodity

Country 1 increasing its propensity to consume country 2’s global commodity
We now study effects of the following change in country 1°s propensity to consume

country 2 ’s global commodity: & ,,:0.03 = 0.04. The results are plotted in Figure 6.
Country 1’s household consumes more country 2°’s global commodity. The household
has less wealth and consumes less the domestic global commodity and services. Country

2’s household has the wealth level and consumption levels of two commodities and
services unchanged. The rest effects are similar to the previous case when country 1’s

propensity to consume country 2 ’s global commodity is increased.

Figure no. 6 — Country 1 Increasing Its Propensity to Consume Country 2’s Global Commodity



404 Wei-Bin ZHANG

Country 1 increasing its propensity to consume services
We now study effects of the following change in country 1’s propensity to consume

services: &,

-01
-045
-08

:0.03 = 0.04. The results are plotted in Figure 7.
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Figure no. 7 — Country 1 Increasing Its Propensity to Consume Services

Country 1 augmenting its propensity to save
We now study effects of the following change in country 1’s propensity to save:
Ay - 0.75 = 0.77. We illustrate the results in Figure 8.
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Figure no. 8 — Country 1 Augmenting Its Propensity to Save

The rise in the propensity to save augments the global total income and total wealth
and the two countries’ total incomes. Country 1°s household increase the wealth over time.
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The household initially reduces the consumption levels of two goods and services and raises
these variables in the long term. The behavior of country 1’s household is slightly affected.
The wage rates are enhanced and the rate of interest is reduced. The prices of services are
slightly increased. The price of global commodity 1 is slightly increased and the price of
global commodity 2 is slightly decreased. The output levels and two inputs of the industrial
sectors are increased.

5. CONCLUDING REMARKS

This paper studied the role of preferences and technological differences between two
countries in determining the dynamics of capital stocks, and pattern of trade in a reformed
H-O model of international trade. The paper built the trade model with endogenous wealth
accumulation and labor and capital distribution between sectors and between countries
under perfectly competitive markets and free trade. The model is built on the basis of the H-
O model, the Solow-Uzawa neoclassical growth model and the Oniki-Uzawa trade model.
The model synthesized these well-known economic models with Zhang’s utility function to
determine household behavior. We simulated the model for the economy to demonstrate
existence of equilibrium points and motion of the dynamic system. We also examined
effects of changes in output elasticity of an industrial sector, population expansion, and
propensities to consume the domestic commodity, propensity to the other country’s
commodity, to consume services, and to hold wealth. The economic structures and
interactions between different determinants of global economic growth are delicately
interrelated. We might get more insights from further simulation. Our comparative dynamic
analysis is limited to a few cases. The Solow model, the Uzawa two-sector growth, and the
Oniki-Uzawa trade model are most well-known models in the literature of growth theory.
Many limitations of our model become apparent in the light of the sophistication of the
literature based on these models. We may generalize and extend our model on the basis of
the traditional literature in the neoclassical growth model and trade. We may extend the
model in other directions. We may introduce tariffs into the model. This study does not
consider public goods and services. This study shows the role of capital accumulation as a
source of economic growth and trade pattern change. There are many trade models which
explicitly emphasize technological change and human capital accumulation as sources of
global growth (e.g., Grossman and Helpman, 1991; Zhang, 2008).
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APPENDIX: PROVING THE LEMMA

We now derive dynamic equations for global economic growth. From equations (2)-(4),
we have

ZjEr+5jk=ajiNji=aﬂN”=ajijS7 A
W, K. K. K.

] 1L ] s

where o, = a, | B}, From (1), (2), and (A1), we have

a; A P r+o,
r(zj)z = Ok Wj(zj)= x. (A2)
@i Zj
From (A2) we have
1/ﬂ2|
Z, = r(2) + 3 Ay - (A3)
Ay Ay
From (1), (3) and (A1)
_wzy
p; = : (A4)
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From (1), (4) and (A1)

s
Wi Z;

Pis = .
ﬂjs Ajs ajsﬁ

From (10) and (A1) we have

a; Ny +a; Ny +a,Ng=2,K,

] I

From (12) and (8) we have

Nj =n;k; + B &Ny,
where

Insert (A7) in (11)

Ny =n —fk —N;, j=12,
where N; = (1— Bis é:js)Nj. Insert (A7) and (A8) in (A6)

N; :[Zj Kj—aj B Ny —a;n, 7 —5ji)ﬁ'

Js

Insert (8) in (13)

glj lel +§2j )72 N2 =P; F'j! j=1, 2.

1]

Insert (3) in (A10)

_ ,Bjj é:]_j 91 N, n ﬁjj§2j 92 N,

ii

Insert (5) in (A11)

where

=12

(A5)

(A6)

(A7)

(A8)

(A9)

(A10)

(A11)

(A12)
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~ _(1+r)ﬂjj§1jN1 ~ (1+r)ﬂjj§2jN2 ~ _Wlﬂjjglel Wzﬂjj‘fszz
= — ) WZJ ) W. = + "

1j — i
Wi Wi W; Wi

Equal (A12) and (A9)

= _ = \& _ _qk o W, =
[(all -y )Wu + (als -y )nl]?l + (0‘11 — )A k, +
1 1

(0711_‘71i)v~vl +a P& Ny +ay K
= K,,
7

. . (AL3)
(‘722 — Oy )i k, + [(522 — 0y )sz + (‘725 — )ﬁz ]*2 +
2 2
(@ = @i )Wy + T, Py E5s Ny + Ty —K
z, 2
Add the two equations in (A13)
ailzl'*'azlzz"'ao:K! (A14)
where
.\~ _ _\=11 _ _\W
a = [(an - ali)wll + (als 0y )nl]* + (azz Gy )i
Z Z,
_ _\W _ N\~ _ _ =11
Q= (0!11 — Oy )f + [(azz - azi)wzz + (‘125 - azi)”z]?v
1 2
a = (0711 - 071i)w1 + ‘715 ﬂls 515 N1 + 071i ﬁl + (azz — &zi)wz + ‘725 ﬂZS §25 Nz + ﬁzi ﬁ2 )
’ Z Z,
From (15) and (A14) we solve
= = N, —a, |- a
k. =dlz,, k,)=| —=2—2 |k, — o, A15
= dla. k) (al_NlJz —Y (A15)

It is straightforward to confirm that all the variables can be expressed as functions of
Z, and k2 by the following procedure: r by (A2) — W, by (A2) — Z, by (A3) — P;
by (Ad) — pj; by (A5) — El by (A7) — K by (A14) — ij by (A12) — Nji by
(A8) — st by (A7) — qu by (1) — 37j by (A5) — KJ- by (10) = Cj;, Cj, and

s; by (8) =~ K, Kj;, Kj; by (Al). From this procedure and (9), we have

jin PN

k =Ay(z,, k)=, — g, (A16)

k, = 7\2(21, IZZ)E s, —k,. (A17)
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Here, we don’t provide explicit expressions of the functions as they are tedious. Taking
derivatives of equation (A15) with respect to t yields

K ¢ 6¢K

126721214_07'22 2 (A18)
where we use (A17). Equal (A16) and (A18)
¢~ \(22)
21 = Al(Zl, kz)E[ 0o~ aszzj(azl] . (Alg)

In summary, we proved the lemma.



