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Abstract

The purpose of this paper is to study global monetary economic growth with heterogeneous
households under free trade. The paper examines dynamics of global and national wealth and
income distribution in association with monetary economic growth within an integrated framework.
Money is introduced via the cash-in-advance (CIA) approach. We show that the dynamics of the
world economy (with any number of countries) is described by a set of differential equations. We
simulate equilibrium of the global economy with three countries and two types of households in
each country. We also demonstrate effects of changes in technology and inflation policy. Our model
demonstrates, as Grier and Grier (2007) empirically show, that the global economy exhibits
absolute divergence in output levels if some determinants of steady state income are different. The
study shows that as one country increases its inflation policy, the equilibrium values of the global
output, consumption level and physical wealth are enhanced, and the rate of interest is lowered.
The country which raises its inflation policy benefits in every aspect, but the other countries suffer
in some aspects and benefit in others.

Keywords: money; global growth; trade pattern; global and national distribution of income
and wealth.

JEL Classification: F11; O42.

1. Introduction

This study examines dynamic interactions among economic growth, inflation policies and
international trade in a heterogeneous household framework. Because of rapidly increasing complexity
of financial markets in association with globalization and wide spread of computer in recent years,
financial markets have increasingly become complicated. In order to properly address issues related to
global economic growth, it is important to study growth and money in an integrated framework.
Nevertheless, many of economic dynamic models in international economics omit monetary issues, by
explicitly or implicitly assuming that transactions on the economy’s real side can be carried out
frictionlessly without money. On the other hand, it is well known that there are many studies on
interactions among growth and money in macroeconomics. Modern analysis of the long-term
interaction of inflation and capital formation begins with Tobin’s seminal contribution (Tobin, 1956).
Tobin (1965) deals with an isolated economy in which “outside money” competes with real capital in
the portfolios of agents by extending the Solow growth model. Tobin (1965: 676) argues: “The
community’s wealth ... has two components: the real goods accumulated through past real investment
and fiduciary or paper ‘goods’ manufactured by the government from thin air. Of course the non-
human wealth of such a nation ‘really’ consists only of its tangible capital. But, as viewed by the
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inhabitants of the nation individually, wealth exceeds the tangible capital stock by the size of what we
might term the fiduciary issue. This is an illusion, but only one of the many fallacies of composition
which are basic to any economy or any society. The illusion can be maintained unimpaired so long
as the society does not actually try to convert all of its paper wealth into goods.” Tobin’s model
includes a real sector as in the Solow growth model. In the monetary economy prices are expressed in
money, transactions require money, and financial wealth can be held in the form of money or financial
instruments competing with money. In the Tobin model, money is a liability of the public sector. As a
depositor of purchasing power money can be held by private agents as an alternative form of wealth to
physical capital stock. Different from a barter economy as described by the Solow model, the Tobin
model involves a problem of deciding the optimal composition of wealth at every instant. Since Tobin
published his model, many other monetary growth models for national economies have been built. For
instance, Sidrauski (1967) constructed an economic model in which no real variable will be affected
by the economy’s inflation rate. We will address the issues by Tobin and Sidrauski in the alternative
framework. Our approach is based on the cash-in-advance (CIA) approach. Clower (1967) proposed a
model to incorporate the role of money as a medium of exchange through the CIA constraint. The
basic idea is to explain the role that money plays in carrying out transactions by introducing
transaction technology. Stockman (1981) proposes another growth model through CIA constraints.
The model predicts that there is long-run superneutrality if only consumption expenditures are subject
to a CIA constraint. If investment is also subject to a CIA constraint then steady state capital will fall
when the growth rate of money rises. Marquis and Reffett (1991) and Mino and Shibata (1995) also
introduce money into two-sector models involving human capital via a cash-in-advance constraint. It
has become clear that different approaches of taking account of money in growth models lead to
incompatible effects of inflation on capital accumulation and wealth and income distribution. There
are many other studies which apply cash-in-advances (for instance, Lucas and Stokey, 1987
Townsend, 1987; Woodford, 1994; Santos, 2006; Chen et al., 2008; Miyazaki, 2012; Kam, 2013;
Chang et al. 2013). Irrespective of these efforts, only a few models are proposed to study effects of
monetary policies on global growth and international trade.

Our main interest is to show how monetary policies affect global growth and trade patterns.
Trade among countries has been increasingly expanded both in volume and variety. Some empirical
studies affirmatively support positive impact of trade on global economic growth. For instance, a study
by Chang et al. (2009) demonstrates that the positive effects of trade openness may be greatly
improved under certain conditions. Other empirical studies show the opposite. For instance,
Yanikkaya (2003) empirically demonstrates that trade liberalization does not have a simple and
straightforward relationship with economic growth. Contrary to the conventional view on the growth
effects of free trade, the estimation results show that trade liberalization may not be positively related
to economic growth, especially for developing economies. There are many empirical studies on
relations between trade and growth (see, for instance, Edwards, 1993; Sachs and Warner, 1995;
Krueger, 1998; Shilimbergo, et al. 1999; Rodriguez and Rodrik, 2001; Yanikkaya, 2003; Lee at al.
2004; Chang et al. 2009; Antonakakis, 2012; Obrizan 2013). It is evident that in order to properly
analyze these important issues related to trade, growth and distribution, we need a dynamic model of
growth and trade with income and wealth distributions within and among countries. This paper
attempts to develop an international monetary growth model with capital accumulation and
heterogeneous households in each country. As far as growth and trade are concerned, this study is
based on the traditional dynamic one-commodity and multiple-country growth trade with perfect
capital mobility. It is well known that since the publication of the Oniki-Uzawa model of trade and
economic growth by Oniki and Uzawa (1965), various trade models with endogenous capital have
been proposed (for instance, Deardorff, 1973; Ruffin, 1979; Findlay, 1984; Frenkel and Razin, 1987,
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Eaton, 1987; Frankel and Romer, 1999; Brecher, et al. 2002; Nishimura and Shimomra, 2002; Sorger,
2002; Farmer and Lahiri, 2005; Doi et al. 2007; Lee, 2011; Zhang, 2013). Nevertheless, almost all of
these studies are concerned with two-country cases without money. There is a need to generalize the
model to multiple countries. As reviewed by Lee (2011: 260), “Innumerable articles and volumes have
been published to extend the Ramsey-type endogenous growth model to various directions. ...
However, only a few contributions extend these models to a two-country or multi-country economy to
re-examine the trade issues and the long-run growth rate jointly in a unified framework.” This study
introduces money into a multi-country heterogeneous-household growth model with free trade and
perfect competition. The paper is a synthesis of a multi-national growth model by Zhang (1994) and
the monetary growth model of a national economy with the CIA approach by Zhang (2009: Chap. 4).
The paper is organized as follows. Section 2 defines the multi-country monetary growth model with
capital accumulation and free trade. Section 3 shows that the dynamics of the world economy with any
number of countries can be described by a set of differential equations. Section 4 simulates the
equilibrium of a world economy with 3 countries and 2 types of households in each country. Section 5
examines the effects of changes in some parameters. Section 6 concludes the study.

2. The Multi-Country Trade Model with Money and Capital Accumulation

In describing economic production, we follow the neoclassical trade framework. Most aspects
of production sectors in our model are similar to the neoclassical one-sector growth model (for
instance, Burmeister and Dobell, 1970; Azariadis, 1993; Barro and Sala-i-Martin, 1995). It is assumed
that the countries produce a homogenous commodity (e.g., Ikeda and Ono, 1992). There is only one
(durable) good in the global economy under consideration. Production sectors use capital and labor.
Exchanges take place in perfectly competitive markets. Production sectors sell their product to
households or to other sectors and households sell their labor and assets to production sectors. Factor
markets work well; factors are inelastically supplied and the available factors are fully utilized at every
moment. A national economy has two assets, domestic money and traded capital goods. The economy
consists of consumers, firms and the government. The foreign price of traded goods is given in the
world market. The domestic residents may hold two assets, domestic money and traded goods (or
world bond). We neglect transport cost, customs, or any other possible impediments to trade. We have
perfect mobility of goods. The system consists of multiple countries, indexed by j =1, ..., J . We assume
that there is no migration between the countries and the labor markets are perfectly competitive within

each country. Each country has a fixed labor force, Nj (J=1,..,J). We further classify each

country’s population into Q; groups. We assume that each group has a fixed population, N

j=1..,J,q=1, .., qu . We have

jq?

_ Q
N; = ZNJQ'
gq=1

We use h,, to represent for the level of human capital of household (j, q). In this study we

assume human capital exogenous. The total labor supply of country j is

Q; . _
N, = zlhqujq, j=1..7J.
q=

24



We denote wage rate of group (j, q) and interest rates by qu(t) and r; (t) respectively, in the
j th country. In the free trade system, the interest rate is identical throughout the world economy, i.e.,

r(t)=r,(t).

Behavior of firms
First, we describe behavior of the production sections. We assume that there are only two
productive factors, capital K;(t) and the total labor force, N ;. The production functions are given by

Fj (Kj(t), Nj), j=1---,J, where Fj are the output of country j. Assume Fi to be neoclassical.

Markets are competitive; thus labor and capital earn their marginal products, and firms earn zero profits.
The rate of interest r(t) and wage rates qu(t) are determined by markets. The marginal conditions are

given by

r+ 8, = filk ) wio©=how @), w,1)= (k) k T, (k) (1)
where J,; are the depreciation rate of physical capital in country j, and k; =K;/N; and
fi(kJ)E Fj(kj ’ 1)-

Introduction of money

We assume that each country’s money is a nonetradeable asset. This is a strict requirement for
modern economies. We make this assumption for simplicity of analysis. In each national economy the
scheme according to which the money stock evolves over time is deterministic and known to all agents.
We first assume that a central bank of country j distributes at no cost to the population a per capita

amount of fiat money M j(t)> 0. With g; being the constant net growth rate of the money stock,

M; (t) evolves over time according

M;(t)= ;M (t), p; > 0.

The government brings ££;M (t) additional units of money per capita into circulation in order to
finance all government expenditures via seigniorage. Let m j(t) stand for the real value of money per
capita measured in units of the output good, that is, m j(t) =M j(t)/ P, (t) The government expenditure
in real terms per capita, 7; (t) is 7 (t) = ;m j(t). The representative household of each group receives
Hym; (t) units of paper money from the government through a “helicopter drop”, also considered to be
independent of his money holdings.

Behavior of consumers

This study applies an alternative approach to household proposed by Zhang (1993). Applications
of this approach to different economic problems are extensively discussed by Zhang (2009). We refer to
Zhang’s book for further explaining constrain and utility function. Consumers make decisions on

consumption levels of services and commodities as well as on how much to save. Let 7, (t) and qu(t)
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respectively stand for the inflation rate and the per capita wealth of household g in country j. The
current income of household q in country j is given by

yjq(t): r(t)izjq(t)_" qu(t)_ ”j(t)qu(t)"' t”jmj(t)’ i=4..J,9=1,.., qu : 2

where r(t)lzjq(t) is the interest payment, 7, (t)m J-q(t) is the real cost of holding money, and
L (t)m i (t) is the real value of paper money from the government. In Zhang’s approach, th disposable

income is the current income plus the value of wealth held by the household. The value of wealth held by
the household is denoted by a,,(t) = k;, (t) + m,,(t). The disposable income is given by

yjq (t) = yjq (t) + ajq (t)’
When deciding the composition of their portfolios, the household knows in advance that a certain
fraction of consumption needs to be financed by payment in cash. Assume that cash has to be held in
advance of purchasing goods. The liquidity constraint of the household is formed as

M, (t) = ZiqCj (t)'

where y,, are positive parameters. We require 0 < y; <1. Substituting this equation into

yiq(t) = yjq(t) + ajq(t), we have

¥ (0) =@+ r(t)k,, )+ w,(t)+ (1 -7, (t));(jq Ciqlt) + 22, m (). ©)

At each point of time, a consumer distributes the total available budget between saving, S jq(t),

consumption of goods, ¢, (t). The budget constraint is given by
Cig 1)+ 54(t) = J4(t):
From this equation and equation (3), we have
(23 + 210, O)ci00)+ 5,5() = 9,,(0) = W+ rOK,o(0) + wigt) + 2, m, 0), (4
where 7,, =1~ ;.. The utility level of household g in country j is represented by
U, ()= 0.2 (t)s2m(t), &g Ajq >0,

in which §qu, and %jq are a person’s elasticity of utility with regard to commodity and savings in
country j. Wecall &, iq and A, ;, propensities to consume goods and to hold wealth (save), respectively.

Maximizing U ,,(t) subject to (4) yield

(ﬂ?jq t X (t))qu(t) =Sia Yig (t)' Siq(t) = Aia Yig (t)' ®)
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where qu Epiqgojq’ ﬂ“Jq Equﬂoiq’ piq = 5 +ﬂo :
0jqg ia

According to the definitions of s jq(t), the wealth accumulation of the representative person in

country j is given by

ajq(t): qu(t)_ajq(t)' (6)

These equations simply imply that the change in a household’ wealth is the saving minus
dissaving (e.g., Zhang, 2009).

Inflations and changes in money

According to the definitions of 7z, (t) and m;(t), we have

mj(t) = (:uj -7 (t))mj(t)' )
The global wealth being fully employed

The total capital stock employed by the production sectors is equal to the total wealth owned by
all the countries. That is

K(t)= ZJ_;Kj(t) _ giﬁjq(t)ﬁjq. ®

Money demand and supply
The total demand for money is equal to the total supply in each country

Q, -
ijq(t)Niq = Nym; () 9)
g=1

Trade balances

We now describe trade balances of the countries. If K (t) - K;(t)> (<) 0, we say that

country | is in trade surplus (trade deficit). If IZJ- (t) - Kj(t) =0, we see that country | is in trade

balance. We introduce variables to measure trade balances

()= rt)(K; () - K, (1))

We have thus built the model which explains the endogenous accumulation of capital and the
international distribution of capital in the world economy in which the domestic markets of each country
are perfectly competitive, international product and capital markets are freely mobile and labor is
internationally immobile. We now examine the properties of the system.
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3. Dynamics and Equilibrium of the Global Economy

This section shows that the dynamics of the world economy can be expressed as a set of
differential equations. The following lemma is proved in the appendix.

Lemmal

Let y, =x; for all g. The dynamics of the world economy is given by the following

differential equations mj(t), k,(t) and qu(t), (j, q)= (1,1), asthe variables

ko) =¥, () KO [m @), =13, a=1,..Q, (j,a)=@L1), (0

in which functions ¥';, ‘¥, and \i'jq are defined in the appendix. For any given positive values of
mj(t), kl(t) and lZ,.q (t) at any point of time, the other variables are uniquely determined by the
following procedure: ;(t) by (A5) — m,(t) by (A6) —ky(t) by (A2) — a,,(t) = ki (t) + m,(t)
—k;(t)= ¢,k (1) — f,(t)=f,(k;(t) = r(t) and w,(t) by (1) - ¥,,(t) by (A3) — c,,(t) and
sio(t) by (8) = F;(t) = N;(t) f,(0).

This lemma is important as it gives a procedure for the computer to simulate the motion of the

global economy. Although we may analyze behavior of the high dimensional differential equations, it is
difficult to explicitly interpret results. For illustration, we specify the production functions as follows:

Ft)= AKP (N, a; + 8, =1, a;, B; >0,

J 1
where A, is country ] ’s productivity and «; is a positive parameter. From equations k j(t) = ¢ (kl(t))

and f,(t)= A k" (t), we have

¢,-<kl<t>>=[“1’*klﬂ1“)‘5]} )= A B (), =1, W

a;A;

We show how to determine equilibrium of the dynamic system. First by (7), we have z; = x; at
equilibrium. By (6), we have s;, = IZ,.q +my,. From s;, = iqujq, Siqg = qu + m;, and the definition
of Y., we obtain

Mjq = (ﬂjq + AT - 1)qu + Ajq Wig + Ajg 445 M;. (12)

Multiplying the two sides of (12) by qu and then adding the resulted Q; equations for each ¥

we have

28



Qj _ Qj _ . Q; .
D Nmy, = Z[(qu + AT _1)qu + A qu]qu + (/’J > i qujmj- (13)

g=1 g=1 g=1

From (13) and (9), we solve

m k. )= R 4N, 1o

_ J _ 1
' -1 R - Nj_(ﬂj Q%N)

g=1"1d

According to (A3) and (14), we see that we can explicitly express Y,, as functions of k, and
{IZ}. In studying equilibrium, we don’t make the assumption that all the households within a country have
the equal rate of Xjq- From the definition of Yie: Mg = ZiqCiq> (qu + Xio”j )qu = §jq)7].q, and

T =4y, We solve

- — Ve g
where W, = (L+ )&, &, =—"1218
qu + Ziqﬂj

According to (A3) and (14), we see that we can explicitly express m;, as functions of k; and
[k} From (15) and (K, + My, )/ 2,y = @+ Pk, + W, + g, m; (whichisfrom s, =a,, ), we solve

Kig =W, + Rjgm;, (16)
where we use (15) and

_ ﬁ W. ﬁ y7r . _
W, = ia i 'R, = ia 7 L do=A, — &
I A o o I A 7P

We also note that w;, and r are functions of k,. From (14) and (16), we have

Qj
W Z; ja g - (17)

The equations are linear in K.

i+ It can be seen that for each j, we have Q; linear equations

containing Qj variables, Ejl, - k Assume that from (17) we can solve Izjq as functions of

Q; -
k,, denoted by, k;, = Q,(k;). Inserting k;, = Q (k) and k; = ¢,(k;) in (8), we have
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Z¢j (kl)Nj - ZZqu(kl)qu =0. (18)

j=1 j=1g=1

(k)

Lemma 2

We determine equilibrium of the dynamic system by the following procedure: 7; = 1, — k, by
(18) — k; and w;, by (A1) — k;, by (17) — m, by (14) > m,, by (15) > a;, =k;, + m;; —
f.=f,(k)—rby@®— y, by(A3) - c, and s, by (5) > F, = N;T,.

As it is difficult to examine dynamic behavior of the high dimensional dynamic system, we are
only concerned with steady states in the rest of the paper.

4. Equilibrium with Three Countries and Two Groups in Each Country

For illustration, we will follow the procedure given in Lemma 1 to examine equilibrium of the
global economic system. For simulation, we specify the production functions F; = A, KJ.“‘ N jﬂ ', We

specify
Xiq =05, 6; =0.05, 4;, + &, =1,

and the other parameters as follows

A 6) (1 0.03) (o) (1/3
A |=|5] |u|=]004] |a,|=]|03]
A, 3) 005/ () \1/3
A,) (0.85) (N, (2) (hy, 3
/112 08 N12 3 hlZ 2
Ay | _|0TT| [Ny | | 4] |hy|_| 2 (19
A 0.74 | | N,, 5| | h, 1
Ay | [075| | Ny | |5] | hy 1
A,) 1072) (N,,) \8) \h,) (0.6

Group 1 in Country has the highest level of human capital and highest propensity to save.
Country 1’s population is less than that of country 2. The human capital level of group 1 in country 2 is
the second, next to country 1’s. Country 3 has the largest population and the lowest levels of human
capital. Country 1’s, 2’s, and 3’s inflation policy parameters are respectively 3 percent, 4 percent and 5
percent. We term country 1 as industrialized economy (IE), country 2 as newly industrialized economy

(NIE), and country developing 3 country (DE). We specify the values of the parameters, «;, in the

Cobb-Douglas productions approximately equal to 0.3 (for instance, Miles and Scott, 2005; Abel et al.,
2007). In our specifications of the total factor productivities, we emphasize their relative values. A recent
literature review of estimating A, is provided by Delpachitra and Dai (2012). We also assume that

different groups have different propensities to save and to hold money. The depreciation rate of physical
capital is specified at 0.05. Corresponding to equations (17), we have
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ki =bj, + Rk, + Ry K5,
Ki, =bj, + R, Ky + Ry, K,

(20)

where b, (k) =W, + R, N,. We solve (20) as follows

in which ¢ (k, )=k, and

aAk? -5\
¢j(k1):[;j] . j=2,3.

a;A

(21)

_.
=
-
g
Ny
N
=

0, (22)

With the parameter values in (19), we first determine the equilibrium value of k; by (22). Then,
following Lemma 2, we determine the equilibrium values of all the variables. As shown in Figure 1,
Q(kl) = 0 has a unique positive meaningful solution (we also check the equation for the rest range of the

variables).

The equilibrium values are listed in (23).

F =521.97, C=471.16, K =953.64, r =0.128,

k) (37.77) (f,) (2013} (m,
k, [=[21.07 |, | f, [=[12.48 |, | m,
k,) 113.35) | f, 712 ) (m,
K.\ (604.38) (K,) (54233
K, |=|23174], | K, |=|310.77 |,
K,) (11753 (K,) (100.54
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20.28) (F\ (322.11
=| 848 |, |F,|=|137.23],
228 ) \F,) | 6264
E) (-7.92
E, |=|10.09 |,
E,) (-217



w,) (40.23) (k,) (139.95) (c,) (57.87) (m,) (28.93
w,| |26.84| |k,| |5249| |c,| [3365| |m,| |16.82
W | _[1747 | \Kyy| | 6851 ey | (2578 \my | |1289) )
wy,| | 873 | |k,| | 2225 |c,| 1168 |m, | | 5.84
wy, | | 475 | |k, | [1370 | |c, | | 645 | [my | | 3.22
w,) \285) |k, (572 ) (c,) (358) (m,) 181

inwhich F=3" F, C=>" Cj, E =r(K;-K)

Figure 1. The Unique Solution

400 -

200 *

: 30
£ 200 |

400 |

We see that the IE's capital intensity is much higher than the NIE's and the NIE's capital intensity
is much higher than the DE's. There are also great differences in wage rate and per capita wealth within
and among national economies. For instance, the wage rate of household (1, 1) is almost 15 times as high
as that of household (3, 2); the per capita wealth level of household (1, 1) is almost 20 times as high as
that of household (3, 2). There are also great differences in terms of national output levels, per-capita
output levels, per-capita consumption levels, and real money holdings. The NIE's trade is in deficit and the
other two economies in surplus. We see that globalization will not lead to convergence in the long term as
long as nations are different in human capital and preferences. It should be noted that here we neglect
effects of possible free migration among nations upon the global economy.

5. Comparative Static Analysis

As the system has a unique equilibrium, we make comparative static analysis. As we have
provided the procedure to determine the values of all the variables, it is straightforward to examine effects
of changes in any parameter on the steady state. This section is concerned with how the global economy is

affected as national conditions are changed. We introduce a symbol, A, by which a variable AXx stand
for the change rate of the variable X in percentage due to changes in parameter value.
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An improvement in the developing economy’s technology

First we study effects of changes in the DE's technology on the national economy and trade
patterns. In the literature of economic development and economic geography differences in technologies
and human capital are considered as key determinants of spatial differences in economic growth and
living standards (e.g., Grossman and Helpman, 1991; Storper and Venables, 2004; Rodriguez and
Crescenzi, 2008). We now examine how a change in the total productivity in one country affects the
global trade patterns and each country’s economic development. We increase the DE’s total productivity

A, from 3 to 3.5. The simulation results are illustrated in (24). As the DE improves its productivity, the

global output, wealth and consumption are all increased. The rate of interest is increased. The
improvement in productivity of the DE improves the aggregated economic performance of the global
economy. Nevertheless, when examining effects of national economies, we see that different economies
are affected differently. As the DE improves its technology, not only the country's national output, capital
employed, wealth and consumption are increased, but also the country's capital intensity, wage rates, per
capita consumption, wealth, and real money holdings of the both groups are improved. Hence, the DE
benefits from its technological improvement not only in national aggregated variables but also in all
individuals' terms. As demonstrated in (24), the IE's and NIE's national output, capital employed, and
capital intensities are all reduced. Moreover, the variables for individuals, wage rates, per capita
consumption, wealth, and real money holdings of the both groups are either increased or reduced. We see
that some variables of the developed and newly developed economies will not benefit from the
technological advance of the developing economy. This occurs partly because as the DE improves its
productivity, it absorbs more capital and increases the cost of capital in the global market. The increased
capital cost in the global market reduces the capital intensities in the other two economies. As The NIE's
trade is in deficit and the other two economies in surplus before the technological change, the IE’s and
NIE’s trade balances are improved and the DE’s trade balance is deteriorated.

A :3=35, AF =298, AC=299, AK =275, Ar =041,

Ak,) (-0.44) (AT, ~0.15) (Am, -0.01) (AF ) (-0.15
Ak, |=|-044| |Af,|=|-013|, |Am, |=]| 0.05 |, |AF, |=|-0.13],
Ak, 2546 ) |Af, 2583) |Am, 25.99) | AF, 25.83
AK,) (-044) (AK,) (-0.01) (AE,) (-3.88

AK, |=|-042]|, |AK,|=| 005 |, |AE, |=| 1.85 |,

AK, 2546 ) |AK,) 125.99) |AE, 22.79

Aw, ) (-0.15) (Ak,) (Ac,) [Am, 0.03

Aw, | |-015| |Ak,| |Ac,| |Am,| |-0.04

Avy, | _ —0.13’ Ay | | Ay | _|Amy | | 007 ) (2
Aw,, | |-013| [Ak,, | |Ac, | |Am, 0.01

Awg, | | 2583 | | Ak, | |Ac, | |Amg | |26.02

Aw,, | (2583) |Ak,) \Ac,) |Am, ) (2595
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A rise in in the industrialized economy’s inflation policy

This section is concerned with effects of changes in some parameters on the national economy
and regional economic structures. First, we are concerned with the inflation policy. Modern analysis of the
long-term interaction of inflation and capital formation begins with Tobin’s seminal contribution (Tobin,
1965; McCallum, 1983; Walsh, 2003). Tobin showed that an increase in the level of the inflation rate will
increase the capital stock of an economy. It should be noted that there are only a few formal monetary
growth models with internal trade are proposed in the literature of international economics. We now raise

the IE’s inflation policy as follows, 24 :0.03=> 0.05. The results are listed in (25). The rise in the

inflation policy enhances the equilibrium values of the global output, consumption level and physical
wealth, but reduces the rate of interest. The IE’s trade balance is improved and the DE’s and NIE’s trade
balances are deteriorated. The effects of the change on the other variables are given in (25). It should be
remarked that although the country which raises its inflation policy benefits in every aspect, the other
countries suffer in some aspects and benefit in others. This also implies that if not only one country
changes its monetary policy, the global effects of printing more money on different countries have
ambiguous effects, except on the country which speeds up printing money. In this study, we don’t
introduce endogenous mechanism for determining speed of printing money. In globally well-connected
economies different countries will react differently when one country initiates speeding up money.
Moreover, one referee points out, “A higher domestic inflation rate intuitively discourages domestic
real money holdings. The resulting rise in the transactions cost lowers the marginal product of capital
and thereby suppresses private investment and thus the rate of economic growth. The reduction in
domestic real money holdings causes the nominal rate of interest to rise and leads domestic residents
to hold foreign currencies.” For simplicity of analysis, our model is limited to the case that money is
held only by the domestic residents. It is more realistic to allow foreigners to hold money.

1,:0.03=0.05, AF =057, AC=045, AK =178, Ar=-1.65,

Ak,) (1.80) (Af) (060} (Am, 0.82) (AF, 0.60
Ak, |=|1.72]|, |Af, |=|051|, |Am, |=|-0.18], | AF, |=|0.51],
Ak, ) \1.80) (Af,] (0.60) (Am, 0.09 ) |(AF, | 0.60

AK, ) (1.80) (AK, 3.23 AE ) (-12.14

AK, |=|171], | AK, |=]|-0.19|, | AE, |=| —-7.34 |,

AK, | (1.80) |AK, 0.07 ) |AE, 10.18

Aw, ) (060 (Ak, 282 (Ac,) (Am, 0.47

Aw, | |060| | Ak, 3.66 | |Ac, | | Am, 1.07

Aviy, | _ 0.511 Ak, |_[-0.29 | Acy | _| Am, || -0.29) 25)
Aw,, | |051| | Ak, | |[-0.03| |Ac,| |Am, | |-0.03

Aw, | |060| |Ak,| |-0.01| |Ac, | |[Am,| |-001

AW,, 0.60) | Aks, 0.17 Ac,, Am,, 0.17
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A rise in the industrialized economy’s propensity to save

We now raise household (1, 1)’s propensity as follows: A;,,:0.85=>0.9. The effects are listed

in (26). As the propensity to save falls, as the neoclassical growth theory predicts, the rate of interest is
reduced. The capital intensities, output levels, wage rates, and consumption levels are all enhanced. The
wealth per household of the rich group in the developed economy is increased. The wealth levels of the
two groups in the NIE are lessened. Although the NIE’s wage rates and output are increased, the per
capita wealth, consumption level and money holding are reduced. Hence, the NIE suffers from the rise in
the IE’s propensity to save. In the DE the rich group suffers but the poor group benefits from the
preference change. The effects of the change on the other variables are given in (26). Country 1 benefits in
every aspect by increasing the rich households’ propensity to save. Nevertheless, this change has negative
effects on some variables in the other countries

Ao11:0.85= 09, AF =0.96, AC =076, AK =299, Ar =-2.74,

k, 3.03) (Af, AF ) (1.00) (Am, 1.37
k, |=1288]|, |Af,|=|AF,|=|086|, |Am, |=|-0.28],
K, 3.03) (Af,] (AF,) (1.00) (Am, 0.15

AK,) (3.03) [AK, 5.42 AE,) (-20.11

AK, |=|288|, | AK, |=|-0.32|, | AE, |=|-12.16 |,

AK, | (3.03) (AK, 0.13 ) | AE, 16.89

Aw,) (1.00) (Ak,) (10.18) (Ac,) (Am, 2.88

Aw, | [1.00| | Ak, 034 | |Ac,| |Am, 0.34

Aw, | _| 086 | Aky |_| 047 | Acy |_|Amy | _|-047| (26)
Aw,, | |0.86| |Ak,, | |-0.04| |Ac, | |Am, | |-0.04

Aw, | |[1.00| |Aky,| |-001| |Ac,| |Am,| |-0.01

Aw,,) (1.00) |Ak,, 029 ) (Ac,) (Am,, 0.29

6. Conclusions

This paper proposed a multi-country growth model with heterogeneous groups in each country
and endogenous wealth accumulation. We show that the dynamics of the world economy is controlled by
a set of differential equations. We also simulated the model with the Cobb-Douglas production functions
and demonstrated effects of changes in some parameters. We show that different economies may react
differently to these changes. As we have explicitly shown the computational procedure, we can simulate
the world economy with any number of economies and any types of households. This paper examined the
equilibrium behavior of a three-country world economy with two groups in each country. We examined,
for instance, as the IE’s inflation policy is increased, the equilibrium values of the global output,
consumption level and physical wealth are enhanced, but the rate of interest lowered. The IE’s trade
balance is improved and the DE’s and NIE’s trade balances are deteriorated. The country which raises its
inflation policy benefits in every aspect, the other countries suffer in some aspects and benefit in others.
Practically, this also implies that if one country speeds up printing money, other countries in the well-
connected global economy may also speed up printing money. It should be noted that our conclusion is
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obtained on the assumption that only domestic households hold domestic money. If we allow any
household in the global economy may hold money of any economy, our conclusion may be different. Our
analysis on the impact of preference change also provides important insights into complexity of globally
interconnected world economies. For instance, it is well known that the USA economy has low saving
rates. If one group of the USA increases its propensity to save, the living conditions of all the groups and
USA economy are improved, even though the effects on some groups and some economies may not be
beneficial. Since our analytically tractable framework is based on microeconomic foundation and treats
the global economy as a connected whole, it may enable us to analyze other important issues. It is possible
to extend the model in different directions. For instance, we may consider that each economy has multiple
sectors. Another important direction to generalize the study is to take account of changeable returns to
scale in different economies. An old question in monetary economics is how to analyze situation-
dependent monetary policies (e.g., Cavalcanti and Nosal, 2009).

Appendix: Proving Lemma 1

First, from equations (1) we obtain fj'(kj): fl'(kl)—ch, j=2--J, where 5, =6, -5 If
f,(k,)— ;>0 for all j=2,---,J and given k(t)>0, then the equations determine unique
relations between k; and k;, denoted by k; = ¢, (k) j=1---, 3, where ¢k, )= k,. From equations
fi(k,)= f.(k) -5, we have f (K, )k, /dk, = (k) j=2 - 3.As flk)<0, j=1--, 3,
we see that dkj/dk1 >0, j=2,---,J. That is, ¢}(k1)2 0. Hence, for any given kl(t)> 0, we
determine kj(t) as unique functions of kl(t). From equations (1), we determine the wage rates as

functions of kl(t) as follows

Wi, (t)= G,k ) =y gk, w(t)=,(k) = f,(4, (k) ¢,(k)F; (¢ (k) T=1--, 3. (A

We can rewrite (8) as

J 39
ijNj ;qz_;quNJQ'

j=1

Insert equation k; = ¢, (k,) into the above equation

j
kyy = A(kl’ {IZ}) = an¢i - Z NyeKjq Z Kyg) (A2)

N N,
in which njzﬁ—:l, njqfﬁ—ll {}E( 20" JQJ)

We see that household (l, l)’s per capita physical wealth, lle(t), can be expressed as a unique
function of country 1’s capital intensity and the other countries’ per capita physical wealth {lZ(t )} at any

point of time. From equations (1) and (A2) and the definitions of y;, we have

yll( ) 11(k1’ {lZ}, ml) =4 (kl)A(kl’ {R}) + él(kl) +am,
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j=1,..3, 9=1...Q;, (j.a)= (1) (A3)

where ¢,(k,) =1+ f,(k,)~ S From my, = 7,4 Cios (Zig + 2107, )Cia = €V aNd (9), we solve

& vy . N_y.
4 y

Nim, => 2B~k k=i (A4)
a1 Xig T Xjo"]

As we want to express inflation rates as functions of the other variables by (A4) and it is difficult
to do this, for simplicity of analysis we assume that all the households within a country have the equal rate

of x, thatis, x; = x;, (X; = Xjq)- Under this assumption from (A4) we solve

Qj .
7 ZKj(kl’ {R} mj)z[;z.fqu \J* yqu_ﬁ' (A5)

From m;, = x,Cj,, (Z + X7 J) = &iqYjq» and (A5), we solve

_ A " 4 ququ(kl’ {R} mj)
~ (kl’ {k} mj)z Z; + 2,0k, kg m; ) #o

Equations (A5) show that a country’s inflation rate is function of the global distribution of capital
stocks and its real money per capita. Substituting (A5) into (7) yields

m; =, (kl’ {R} ) (ﬂ, A, (kl’ {R} mj))mj' (A7)
Insert s;, = 1,,¥;, and (A3) in (6)
k;11 +m, = %1qu(k1’ {R}' rnl)_lzll - ‘/A\ll(kl' {R}’ mi)v

Kig +Myq = qu(kl’ {IZ} mj)E AN jq (kl’ {E} mj)— Kig = qu(kl’ {IZ} mj),
ji=1...3, q=1,..Q;, (j.a)=(1), (A8)

where we also use (A6). Taking derivatives of (A2) with respect to time yields

. J . 39 L &
ki, = [an@}ﬁ =22 Niakig = 2 Mgk (A9)
i1 =
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Insert (A9) in the first equation in (A8)

{zw} S35k - Sk« =t ) ) A, ) m)

j=2 g=1
(A10)
On the other hand, taking derivatives of (A6) with respect to time yields
a[\ . A J 9 8/\ Q =
My, = —20k + P m, ZZ = > ki, (A1)
6kl i=2 p=1 p=2

Substituting (Al11) into (A10) and (A8), we assume that we can solve the resulted linear (in the

derivatives) equations as (10). In summary, we obtain Lemma 1.
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