TARIFF AND PUBLIC GOOD IN A SMALL OPEN
GROWTH ECONOMY WITH EXTERNALITIES
AND CONGESTION*

1. INTRODUCTION

This paper is concerned with effects of changes in economic
policies such as tariff, and tax rates on wealth, incomes, consumption
and production on economic structure and capital accumulation, and
trade balance in small open economies. It has been well recognized
that trade policies have played an important role in modern economic
development. Krueger (1997) emphasizes the importance of studying
trade policy in the following way:

«

. changing trade policy is among the essential ingredients if there is
hope for improved economic performance”.

A main concern of this study is how tariffs on the imported
goods affect growth of a small open economy. Tariffs are instruments
for affecting allocation of resources and the distributions of factor
incomes. There are many formal models on the impact of tariffs
on economic growth for small open economies. For instance, in his
seminal work on the topic, Mundell (1961) shows that under flexible
exchange rates a tariff is contractionary. In the Mundell model, a
tariff raises the terms of trade, increasing savings. The rise in savings
reduces aggregate demand and necessitates a fall in aggregate supply
in order for the goods market to clear. Chan (1978) extends Mundell’s
model by adding a money market. The model also predicts that a
tariff is contractionary. The subsequent Eichengreen (1981) develops
a portfolio balance with imperfectly flexible wage, showing that a
tariff increases output and employment initially, while reducing them
subsequently. Kimbrough (1982) develops a small-open economic
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model with traded good and non-traded good. The study shows that
the effect of the tariff on the current account balance is dependent on
the complementarity or substitutability of the imported good and the
non-traded good in consumption demand. Lin (1996) examines tariffs
on different industries. Lin’s model shows that tariff protection
may harm the import-complementing sector more than it assists
the import-substituting sector, thereby aggravating consumption
distortions and reducing the welfare. Nevertheless, the early literature
neglects endogenous capital accumulation. In the recent literature on
the topic most of the studies on the impact of tariffs on economic
growth are based on Ramsey-type models of capital accumulation.
For instance, Sen and Turnovsky (1989) developed a one-sector model
of a small open economy with consumption tariff. The model shows
that a consumption tariff results in a reduction in employment and
decumulation of capital. Lee (1993) builds a neoclassical growth
model in which the government distributes its revenue as a lump-
sum transfer to household. In Lee’s model no trade intervention can
improve economic growth. Osang and Pereira (1996) develop a small
open growth model with physical and human capital with investment
subsidy in addition to the lump-sum transfer as spending policy. Naito
(2000) develops a model with domestic and foreign intermediate good,
with the Marshallian externalities in the domestic intermediate goods
sector. T'he model shows that if the government uses the tariff revenue
for correcting the domestic distortion, then the impact is growth-
improving. There are many other studies on the impact of tariffs on
economic growth (e.g., Leung, 1999; Chen et al., 2008; Ogawa, 2009;
Lee, 2011: Nunn and Trefler, 2010; Felbermayr et al., 2013; and Hwang
and Turnovsky, 2013). Although our study is much influenced by the
literature of small open economic growth with tariffs, we deviate from
the literature in that, instead of the Ramsey-type utility function, we
use an alternative approach by Zhang (1993) to modeling behavior of
the household and we extend the economic structure of the two sector
model by Uzawa (1961) to an open economy of capital accumulation
with public goods, imported good, externalities, congestion, and
different taxes and tariff.

Another issue in this study is related to the impact of disturbances
such as global economic changes, terms of trade and prices of input
factors and goods (e.g., Sachs, 1982; Svensson and Razin, 1983;
and Matsuyama, 1987). For instance, in a newly enriched economy
consumers may change their preference for foreign brands. It is
significant to examine how such changes in the preference may affect
the economy’s growth and structure. A widely discussed topic in
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the literature is how a change in a country’s terms of trade affects
economic growth (Mendoza, 1995; Kose, 2002; and Turnovsky and
Chattopadhyay, 2003). This study studies effects of the preference
for foreign goods and changes in the rate of interest and the price of
imported good on trade balance and economic growth. We demonstrate
that under certain conditions a stronger desire for foreign brands may
hurt economic growth. To properly deal with interactions among
capital accumulation, economic structural change, trade balance, public
goods, import, changes in terms of trade, externalities, and congestion,
we need a genuine dynamic framework. Nevertheless, there are only a
few dynamic economic models which address these interactions in an
integrated framework. This study deals with the economic dynamics
of a small open economy by developing a growth model with public
good, externalities, and imported good, basing on the Uzawa two-sector
growth model. The model is a combination of the basic features of a
few well-known models in the literature of economic growth. These
models include Solow’s growth model (Solow, 1956), Uzawa’s two-
sector growth model (Uzawa, 1961), the neoclassical growth models
of small-open economies, and the growth models with externalities,
public good, and congestion.

This study follows the motion of the economic system from
any steady at any point time to its steady state. Most of the recent
contributions to the analysis of tariffs in the Ramsey-type framework
concentrate on steady-state effects, ignoring transitional effects. As
transitional analysis often involves the need to follow the motion of
the system over a certain period of time, it is often associated with
analytical difficulties. As pointed out by King and Rebelo (1993),
the situation that the study of dynamics in neoclassical growth
models with rational microfoundation has been largely unexplored
still applies to most of the recent studies. This study will simulate
the motion of the economic system. It should be also mentioned that
this paper is an extension of the two models by Zhang (2009, 2010).
This paper extends Zhang’s models in that this model introduces
imported goods and tariff on the imported good, while the models
by Zhang do not consider tariff and imported goods. The reminder
of the paper is organized as follows. Section 2 defines the growth
model with an alternative approach to consumer behavior. Section 3
shows how we solve the dynamics and simulates the model. Section
4 examines effects of changes in some parameters on the economic
system over time. Section 5 concludes the study. The appendix
proves the main results in Section 3.
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2. THE GROWTH MODEL WITH PUBLIC GOOD AND TARIFF

The economy is small and open and produces two goods: an
internationally traded good (called industrial good) and a non-traded
good (called services). To study terms of trade and foreign trade, like
Eicher et al. (2008), we include another good, called imported good.
The imported good is consumed by the domestic consumers, but
not produced by the economy. Households consume the two goods
and services. Capital is perfectly mobile in international market. The
price of the industrial good is unity. The economy is so small that
it has no impact on the interest rate " and price of the imported
good p,. The rate of interest and the price of the imported good are
constant. The capital good depreciates at a given rate, 0,. All markets
are perfectly competitive and capital and labor are completely mobile
between the two sectors. There is no emigration and immigration.
Labor is homogeneous and is fixed. The government collects taxes
and tariff. The government’s revenue is spent only on financing
the public sector. The public sector supplies public services. Both
producers and consumers are affected by public services. We use
subscript index, 7 and s, to stand for respectively the industrial and
service sectors. Let 7, 7, and 7, stand for, respectively, the fixed tax
rates on the industrial output, the service output, and the interest
income. We introduce # =1-7, where x=1,s, k.

Industrial Sector

We use I(j(t) and Z\fj(t) to stand for the capital stock and labor
force employed by sector j, 7 = 7, s, at time . We use F](t) to represent
the output level of sector j. The production function of the industrial
sector is given by

F()=QOK N @), o, B, > 0, 0, + B = 1, )
where o, and f3, are parameters and where € (¢) is a function of public
service, externalities, and congestion. In this study €(?) is specified
as follows )

K t ci
0= 4 7Ok OS] 6,0,.0,20
K, (1)
Like in Zhang (2010), the term F;”"' measures the impact of public
service on the industrial sector’s productivity, the term K% reflects

the effect of externalities, and the term (Kp(t)/Ki.(t))""i is the effect of
congestion of public goods. If 6 =6 =0, there is neither congestion
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nor externality (see Eicher and Turnovsky 2000; Liu and Turnovsky,
2005). This is a limited case as most of public services are subject
to some degree of congestion. In this study the congestion effect is
measured by the term, (Kp(t)/Kl.(t))e”. This term is interpreted as that
for a fixed level of public capital, a rise in the private capital tends
to reduce the efficiency of public services (see, Gémez, 2008). The
markets are competitive. The labor and capital earn their marginal
products, and firms earn zero profits. We use w(f) to represent the
wage rate. T’he marginal conditions for the industrial sector are

Ts :aiz_-iQi(t)ki_ﬂi(t)’ w(t):ﬂifiQi(t)ki“'(t), (2)

where kl.(t)s Kl.(t)/Nl.(t), and 7, =71 +0,.

Service Sector

The service production uses three inputs, the public service,
capital stock K (¢), and labor force K (). The production function of
the service sector is

F(t)=Q,(6)k= ()N (), a,, B, >0, a, + f, =1, 3)
where @ and 8 are parameters and € (¢) is a function of public service,

externalities, and congestion. We specify Q (2) as follows
K, ()~
Q,(6)= 4, F)» (e)K (¢)] =2 4,6,,0,,0,>0
s(t) s p (t) s (t)(Ks(t)J H 52 U ps> Tes? Tcs

Let p(¢) stand for the price of service. The marginal conditions
for the service sector are

ry =, 7,Q,(0)p(O)k(¢), W)= B,7,Q,(0)pl0)k> (1), @
where k (=K (/N (1),

Behavior of Domestic Households

This paper models consumers’ behavior in the approach proposed
by Zhang (e.g., 1993). The current income is

y(t) =7, k(t) + w(t) (5)
where r*k(t) is the interest payment and w(f) the wage payment.
The variable y(t) is called the current income as it consists of the

household’s current wage and current payment from ownership of
wealth. The sum of income that the household consumes and saves
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is not necessarily equal to the current income. A person who has no
wage income and negligible interest payment may live well as the
person sells some of the wealth. We assume that selling and buying
wealth can be conducted instantaneously without any transaction
cost. The total value of the wealth that a consumer can sell to
purchase goods and to save is equal to p(t)k(t) where p(¢) is the
price of the industrial good. In our model p () = 1. The sum of the
current income and the total value of the household’s (disposable)
wealth is called disposable income. The disposable income is the
amount of money that the household can use to consume and to
save. The disposable income is

#e) = y(e) + k(). ()
The disposable income is used for saving and consumption. At

time ¢ the consumer has the total amount of income equaling V to
distribute between consuming and saving.

At each point of time, a consumer distributes the total available
budget among the consumption of service ¢ (¢), industrial good ¢(?),
imported good ¢, (¢), and saving s(t). We use 7, to stand for the fixed
tariff rate on the imported good. The budget constraint is

U+ 7)p(0)e, () + 0+ 7 )e,(0) + L+ 2,) p, (1) + 5(e) = 3(0), (7)
where T and 7 are respectively the tax rates on the consumption of
service and industrial good. Equation (7) implies that consumption and
saving exhaust the household’s disposable income. The household’s
utility level, U(?), is specified as follows

U(t)z Hc:"(t)cf"(t)c?(t)sﬂ”(z‘), Y05 805605 A > 0-

Here, the parameters 7, &, ¢, and A are respectively the
household’s elasticity of utility with regard to the service, industrial
good, imported good, and saving. We call y,, £, ¢, and 4, to consume
the service, to consume the industrial good, to consume the imported
good, and to hold wealth, respectively. Maximizing U(?) subject to (7)
yields

=130, ()= 30 ¢0=230). s0=250,  ©

where
_ PV g_ PSS __ PSe a0 o !
! 1+Fs’§ 1+7~'c,g pZ(1+TT)’ Pl P Yot S +6o+4

According to the definition of s(f), the wealth accumulation for
the household is

k()= s(t) - k(¢) 9)
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This equation states that the change in wealth equals the saving
minus the dissaving.

The Public Sector

We follow Zhang (2010) in modeling the public sector. The
government supports the public sector by the government revenue.
The production factors of the public sector are paid at the same rates
that the private sectors pay the services of these factors. The input
factors are used effectively by the public sector in the sense that the
government revenue is spent in such a way that public services are
maximized. The output of the public sector is dependent on capital
input Kp(t) and the labor force N (#) as follows

F (6)=A4 K ()N (¢), ay,, By, A, >0. (10)

Let Yp(t) represent the government revenue. In this study we
assume that the tariff revenue is used for supplying the public good.
Tariff revenue may be distributed in different ways. If the revenue is
inefficiently used, it may reduce national growth. It can also enhance
national growth as, for instance, high tariffs may protect national
industries. For instance, in Krugman (1987) and Grossman and Helpman
(1991), tariffs are applied to the industry subject to externalities. In
these approaches tariffs can raise per capita gross domestic product.
In our model, we assume that the tariff revenue is used to supply the
public good, which directly increases productivities of the two sectors.

The government’s revenue consists of the tariff revenue, and the
taxes on the two sectors, the ownership of wealth, and consumption, i.e.
Y,(0) =7, F () + 7, ple) F () + 7, 7" k(e)N + 7, ple)e, ()N +Z,c, ()N + (A1)

+ TT pZ CZ(t)N

As the government revenue is spent only on supplying public

services, we have

wON, () + 17, K (1) =7, (¢). (12)
The budget constraint means that the government revenue spent

on the workers and capital stocks employed by the public sector.
Maximizing public services under the budget constraint yields

K, (t)=a,Y,(t), wie)N,(t)=5,7,(t) (13)
in which
_ aOp _ IBOp
a=—>=~— p =—-"—.
g aOp + ﬂOp g aOp + ﬁOp
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Demand of and Supply for Services

The equilibrium condition for services is

c,(()N = F.(¢). (14)

Full Employment of Capital and Labor

The total capital stocks employed by the country, K(t), is
employed by the three sectors. The full employment of labor and
capital is represented by

K()+ K (6)+ K, (6)=K(), N()+N,()+N,()=N (15)

It should be noted that this study assumes that the system
adjusts to changes in prices instantly. The study on the impact of
tariffs on a small open economy by Gavin (1991) considers that it
takes time for the production sector to adjust to changes in relative
prices. Gavin’s model highlights the differential effects of a tariff on
income and relative prices in the short versus the long run. The slow
adjustment implies that inputs may not be fully employed. Following
the neoclassical growth theory, this study assumes fast adjustments
in the monetary variables.

Trade Balance

Let Iz(t) stand for the total wealth owned by the country’s
population, that is, K(t)=k(f)N. The capital owned by the population
is not necessarily equal to the level of capital stocks employed by the
country. We use E(¢) to denote the balance of trade. We have

E(t)=r"(K(r)- K(1)). (16)
We have thus built the dynamic growth model with public good
and tariff on imported goods.

3. THE DYNAMICS OF THE NATIONAL ECONOMY

Although the economic model contains many variables, we can
show that the motion of the economic system is determined by a single
differential equation with z(t)=k (0)/k(t) as the variable. The following
lemma describes the procedure of determining the motion of all the
variables.
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Lemma 1

The motion of 2(¢) is given by

£(e) = A(z(2)), (17)

in which A is a function of 2(¢) defined in the appendix. We determine
all the other variables as functions of =(f) as follows: k(7) by (A15) —
k() by (A2) = k(1) by (A4) — k(t)=z(t)A®) by (A12) — K1) by
(Al1) > K (1) by (AlO) ~ K (1) by (A6) > N@O=K)/k(), j=1 s,p by
(A15) > Q. (t) and Q () by the specified forms - F](t) by the specified
forms = p(§) by (A3) > SO =pWOF.H/YN = ¢ ), (), c, ) and () by
(8) > K() by (14) » E(@) by (15).

From Lemma 1, we can determine the motion of economic system
at any point of time as unique functions of the new variable =z(f) and
the other exogenous variables (the rate of interest, technology, and
preference). After we determine the motion of 2(¢) by (17), we determine
the motion of the whole system. It should be noted that in a model
of a small open economy of Turnovsky (1996), the equilibrium growth
rates of domestic capital and consumption are determined largely
independent. The former is determined by production conditions, the
latter is determined primarily by tastes. In our model, the variables are
not only determined by the production conditions and the international
rate of interest, but also by tastes.

In the literature of international economics effects of changes in
terms of trade have caused a great attention. For instance, according
to Eicher et al. (2008),

“Previous authors have specified the borrowing cost to increase with the
nation’s level of debt. This specification, together with a constant rate of
time preference and inelastic labor supply, implies that terms of trade shocks
have no dynamic effects. The only response is that consumption fully
adjusts instantaneously, with the current account remained unchanged”.

With the regard to the change in the price of the imported good, our
study shows similar effects. To explain this, we first note that from the
appendix we show that the disposable income §(?) is not affected by p,,. The
price of the imported good affects the system only through ¢, (t)=¢P(@).
Except on the consumption level of the imported good, a change in
the price of the imported good has no effect on the other variables in
the dynamic system. Taking derivatives of ¢,(£)=¢y() with respect p,

dcz(t) _ _cz(t)‘
dp, Pz

As the price is changed, the consumption level of imported
good adjusts instantaneously with the other variables unaffected. A
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well-known result obtained by Harberger (1950) and Laursen and
Metzler (1950) is that a deterioration in the terms of trade would
reduce real income, thereby reducing saving and investment to cause
a deterioration of the current account balance. In our approach the
Harberger-Laursen-Metzler effect is not observed. As pointed out
by Eicher et al. (2008), the effect is sensitive to several key features
of the economy. These include, for instance, preferences (e.g.,
Mansoorian, 1993; Ikeda, 2001) and international capital market
imperfections (Obstfeld, 1982). In our approach, for instance, if we
specify the utility function in an alternative form, the system may
react differently.

As the analytical expressions in our model are too tedious, it is
difficult to get explicit conclusions. For interpretation, we simulate the
model. We specify parameter values as follows

r*=0.06, §,=0.05, N=10, 4=1.5, A =1, 0.=0.3, 0, =0.31,

A,=09, ¢, =02, B, =0.5, 4,=0.6, &=0.15, 3,=0.06,

5,=0.04, 8,=0.05, 6 =0.07, 6,=0.04, 6,=0.04, 6 =0.06, (18)
6.=0.08, §.=0.06, 6,.=0.03, p,=1.3, £=0.03,

$=0.03, 7,=0.08, 7,=0.1, £=0.03, 7=0.03.

The rate of interest is fixed at 6 per cent and the population
is 10. The propensity to save is 0.6. The propensity to consume is
0.15, which is higher than the propensity to consume services and
propensity to consume the imported good. It should be remarked
that although the specified values are not based on empirical
observations, the choice does not seem to be unrealistic. For
instance, some empirical studies on the US economy demonstrate
that the value of the parameter, ¢, in the Cobb-Douglas production
is approximately equal to 0.3. We specify o approximately equal to
0.3. The tariff rate is 8 per cent. The consumption tax rates on the
good and service are 3 per cent. The property income tax rate is
10 per cent. The tax rates on the production sectors are 3 per cent.
The price of the imported good is 1.3. The externalities, congestion
effect and effects of the public good are not very strong. The initial
condition is 2(0)=0.5. The motion of the dynamic system is plotted
in Figure 1. The public expenditure and the output and two inputs
of the public sector rise over time. The price of service falls slightly
and the trade balance is improved. The outputs of the two sectors
fall.

From Figure 1 we see that all the variables remain constant
in the long term. This implies that the system may approach an
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F1GURE 1 - The Motion of the National Economy
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equilibrium point. The simulation identifies the equilibrium values
of the variables as follows

w=2.78, p=1.29, E=-1.66, K=104.15, K=76.52, Y =26.45, N.=1.40,
N=179, N =6.81, K=15.13, K =20.31, K =68.71, £ =10.81, k =11.34,

s

k=10.09, F=5.72, F=5.77, F =5.47, c=1.86, ¢ =0.58, ¢ =0.28.

Moreover, the eigenvalue at the equilibrium point is —1.84. The
unique equilibrium point is stable. This guarantees that comparative
dynamic analysis by simulation can illustrate the effects of parameter
changes both on the transitional paths and the steady state.

4. COMPARATIVE DYNAMIC ANALYSIS

The previous section plots the motion of the variables. We now
study how changes in parameters affect the motion of the national
economy. As we have already known how to follow the dynamics of
the entire system, it is straightforward to make comparative dynamic
analysis. We introduce a variable, Ax(z), to stand for the change rate
of the variable, x(¢), in percentage due to changes in the parameter
value.
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A Rise in the Tariff Rate

First, we examine the impact of the following change in the
tariff rate on the imported good: 7,:0.08=0.18. The rise in the tax
rate reduces the consumption level of the imported and increases
the revenue of the government. As the government spends more,
the output and two inputs of the public sector are increased. Some
of the labor force is shifted from the industrial sector to the public
sector. The capital input and output level of the industrial sector are
reduced. The price of the service is increased. The service sector’s
inputs and output are slightly affected. The consumption levels of
the industrial good and the service are slightly increased. The trade
balance is deteriorated initially but improved in the long term. The
capital intensities of the three sectors, the wage rate and wealth
per household are increased. In a Ramsey-type growth model of a
small open economy with imported goods, Osang and Turnovsky
(2000) demonstrate that a rise in the tariff on the imported good
reduces the short-run growth rates of key economic variables and
their common long-run equilibrium growth rate. In another model
for a small open economy, Sen and Turnovsky show that a rise in
the consumption tariff leads to a uniform decumulation in capital.
Our model shows different results. In our approach with economic
structure, externalities and public goods, as the government taxes
more on the imported (consumption) good, the household saves more
and spends more on the domestic good and service. As the increased
revenue is used for providing public goods, the productivities are
also increased. The increased savings and productivities result in
higher wealth. In the literature of tariffs and economic growth there
are opposite conclusions. In some modeling frameworks tariffs slow
down economic growth (e.g., Jones and Manuelli, 1990; Easterly
and Rebelo, 1993; Ben-David and Loewy, 1998; Naito, 2006a),
while in some other models the conclusions are the opposite or
situation-dependent (e.g., Krugman, 1987; Grossman and Helpman,
1990; Rivera-Batiz and Romer, 1991; Naito, 2005, 2006b). The
empirical findings are also varied. There are positive relationships
between tariff rates and economic growth (Harrison, 1996; and
Edwards, 1992), not robust relationships (e.g., Sala-i-Martin, 1997),
or positive relationships (Yanikkaya, 2003), or historically related
relationships in a same economy (e.g., O’Rourke, 2000; and Clemens
and Williamson, 2004).
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FIGURE 2 - A Rise in the Tariff Rate
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A Rise in the Propensity to Consume the Imported Good

We now specify the following change in the propensity to consume
the imported good: ¢:0.04=0.06. The changes in the variables are
plotted in Figure 3. As the propensity to consume the imported good
is increased, the demand for the good is increased. The household
spends more money on the consumption of foreign goods and less
on the industrial good and service. The price of service is increased
in association with falling in the production scale of service. As the
household spends more on the imported good, the government revenue
falls. The public sector produces less and employs less capital and labor
inputs. The trade balance is deteriorated. The wage rate and capital
intensities are reduced. The economy uses less capital and owns less
wealth.
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FiGURE 3 - A Rise in the Propensity to Consume the Imported Good

A Rise in the Rate of Intervest in the International Market

We now allow the rate of interest in the global market to rise as
follows: 7":0.06=0.07. We plot the changes in the variables in Figure
4. As the costs of capital are increased, the capital intensities are
reduced. The falling in the capital intensities leads to reduction in
the wage rate. The three sectors use less capital in response to the
rising cost of capital. The trade balance is improved. Labor force is
shifted initially from the public and service sectors to the industrial
sector but later from the industrial sector to the public and service
sectors. Thhe wealth per household and consumption levels of the
good, service, and imported good fall are all reduced.
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FIGURE 4 - A Rise in the Rate of Interest

The Externalities of the Industrial Sector being Strengthened

We now strengthen the externalities of the industrial sector as
follows: 6 :0.06=0.07. The effects of the change in the parameter
are illustrated in Figure 5. As the total productivity of the industrial
sector is increased, the capital intensities of the three sectors are
increased in the same rate. Here, we see that the change directions
for some variables are different in the transitional processes and the
steady state. As the productivity of the industrial sector is increased,
initially some of the sector inputs are shifted to the other sectors
in order to maintain the same rate of interest and wage rate. The
government revenue is increased overtime. The national economy
employs more capital and owns more wealth. The consumption
levels of the good, service and imported good are all increased. The
trade balance is deteriorated initially, improved late, and deteriorated
in the long term. The price of the service is increased. The capital
input and output level of the industrial sector are increased initially,
reduced late, and increased in the long term.
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FiGURE 5 - The Externalities of the Industrial Sector
Being Strengthened

A Rise in the Tax Rate on the Property Income

We now increase the tax rate on the property income as follows:
7:0.1=0.2. The effects of the change are plotted in Figure 6. The
public expenditure is increased as the tax rate is increased. The
public sector produces more and employs more capital and labor.
The household tends to hold less wealth and consume less the good,
service and imported good. The price of service and wage rate are
slightly changed. The trade balance is deteriorated.
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FIGURE 6 - A Rise in the Tax Rate on the Property Income

5. CONCLUSIONS

This paper developed an economic growth model of a small open
economy with imported goods and tariff. The Uzawa-type two-sector
model includes a public sector and takes account of externalities,
congestion and effects of the public good on the productivities.
The model is a combination of the basic features of a few well-
known models in the literature of economic growth. These models
include Solow’s growth model, Uzawa’s two-sector growth model,
the neoclassical growth models of small-open economies, and the
growth models with externalities, public good, and congestion. On
the basis of the traditional literature of small open economies, the
rate of interest is fixed in international market. The production side
is the same as in the neoclassical growth theory. We used Zhang’s
utility function to determine saving and consumption. The study
focuses on the effects of changes in the tariff rate, preference for
foreign good, the global change in the rate of interest, the price of
the imported good, the externalities of the industrial sector, on the
dynamic paths of trade balance and economic growth. We simulated
the model. The simulated economy has a unique stable equilibrium
point. The comparative dynamic analysis provides some important
insights. For instance, as the tariff rate is increased, the consumption
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level of the imported good is reduced; the government revenue, the
output and two inputs of the public sector are all increased; some
of the labor force is shifted from the industrial sector to the public
sector; the capital input and output level of the industrial sector are
reduced; the price of the service is increased and the service sector’s
inputs and output are slightly affected; the consumption levels of
the industrial good and the service are slightly increased; The trade
balance is deteriorated initially but improved in the long term; and
the capital intensities of the three sectors, the wage rate and wealth
per household are increased.

WEI-BIN ZHANG
Ritsumetkan Asia Pacific University, Oita, Fapan
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ABSTRACT

This paper develops a three-sector economic growth model of a small
open economy with imported goods and tariff. The three are the industrial,
service and public sectors. The model also introduces the impact of
externalities, congestion and effects of the public good on the productivities.
The model integrates a few well-known models in the literature of economic
growth in a comprehensive framework. These models include Solow’s growth
model, Uzawa’s two-sector growth model, the neoclassical growth models of
small-open economies, and the growth models with externalities, public good,
and congestion. The study focuses on the effects of changes in the tariff
rate, preference for foreign good, the global change in the rate of interest,
the price of the imported good, the externalities of the industrial sector, on
the dynamic paths of trade balance and economic growth. The comparative
dynamic analysis provides some important insights. For instance, the
simulation demonstrates that as the tariff rate is increased, the consumption
level of the imported good is reduced; the government revenue, the output
and two inputs of the public sector are all increased; some of the labor force
is shifted from the industrial sector to the public sector; the capital input
and output level of the industrial sector are reduced; the price of the service
is increased and the service sector’s inputs and output are slightly affected;
the consumption levels of the industrial good and the service are slightly
increased; The trade balance is deteriorated initially but improved in the long
term; and the capital intensities of the three sectors, the wage rate and wealth
per household are increased.

Keywords: Taxes and Tariff, Trade Balance, Externalities, Congestion,
Public Goods

JEL Classification: F11, O41
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RIASSUNTO

Tariffe e beni pubblici in una piccola economia aperta in crescita
con esternalita e congestione

In questo studio si esamina un modello a tre settori di piccola economia
aperta con importazione di beni e con tariffe. I settori sono quello industriale,
i servizi e il settore pubblico. Il modello considera anche I’'impatto delle
esternalita, della congestione e degli effetti dei beni pubblici sulla produttivita,
integrando cosi alcuni modelli di crescita gia conosciuti in letteratura. Tra
questi troviamo: il modello di crescita di Solow, il modello bisettoriale di
Uzawa, 1 modelli neoclassici delle piccole economie aperte e 1 modelli di
crescita con esternalita, beni pubblici e congestione. Questo modello &
incentrato sugli effetti dei cambi nei prezzi, sulla preferenza verso i beni
stranieri, sulle variazioni dei tassi di interesse a livello globale, sul prezzo dei
beni importati, sulle esternalitd del settore industriale, sulle dinamiche della
bilancia commerciale e la crescita economica. [’analisi dinamica comparativa
fornisce importanti risultati. Per esempio, la simulazione dimostra che,
aumentando i prezzi, il livello dei consumi dei beni importati diminuisce;
le entrate fiscali, 'output e due input del settore pubblico aumentano; parte
della forza lavoro si sposta dal settore industriale a quello pubblico; il livello
di input e di output del capitale del settore industriale si riduce; il prezzo dei
servizi aumenta e ’input e 'output del settore dei servizi subiscono scarsa
influenza; il livello dei consumi di beni industriali e dei servizi aumenta
leggermente. La bilancia commerciale inizialmente peggiora per migliorare nel
lungo periodo e gli investimenti nei tre settori, le retribuzioni e il benessere
delle famiglie crescono.
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APPENDIX
PROVING LEMMA 1

From (2), we get

Qi—r"—kf’, w=r k., (A1)
a7,
where 7 =Br,/c.. From (2) and (4), we have
k=0 k, (A2)
where o= 0o 3/ o.. From (4), we solve
_ s
p= 77Ok (A3)
From (13) and (A1), we have
k, =7k, (A4)
where kaKp/Np and 7/12061)rw/r(S Bp' Substitute ¢ =y9/p into (14)
YIN=pF.
Insert ;=0T pF /K in the above equation
IN=n K, (A5)
where n =r;/0tT y. Substitute the definition of j into (A5)
7kN+T r Nk=n K, (A6)

where we use w:rwki and 7’El+fk1f*. From the definition of Yp and
VéKp:apr in (13), we get
r_é‘Kp zri_eri +1-X_]EKS +Tkr*];N+(‘?s7/ +?ié:+z'rng)Nj’ (A7)

a, a; T, a, T,

where we use 7, =T F /K, rs;=0 T pF /K and (8). Insert (A5) in (A7)

K,=hK, + TN R (AS)
n,

where we use (A6) and

a, T, T n
—_pi - ~g i~ 0
hi: — hs: - +(Ts}/+ri§+TTng) a,,

asrs rb'

a, T r N+her.

h =
rot Ts ny
Insert kj.ZKj/Nj in (15)
A K
K + K, +—+2=N.
ki k. k,



Tariff and public good in a small open growth economy with externalities and congestion 317

Substituting (A4) and (A2) into the above equation yields
KV
s 4 v

a 7

= Nk,

Insert (A8) and (A6) in (A9)
K=hk~hk,

where

-1 _ _ -1
hIE(H@] (lh___JN hZE(H@j [ﬁ_k
I nng an h h

Insert (A8) in (A10)

K =hk+hk,
P 17 2
where
e+ BB
ny
From (A1) and the definition of €, we have
ﬁ.
Opi 0oi=0.i O _ T ki l
A4, F," K, Ky = e
ai Ti

Insert N =K /k =K /7 k. into F . =A K% N P yields
I A A W p e T
B,
F = AP KP
p ',71/30,; kiﬂ()p

Substitute (A13) into (A12)
AOK.&/—G‘»;K (c0p+Pop) Opi+Oei=Jo Bi+Bop Opi
i P i ’

0.
arA A "
1

Ts

where

Insert (A10) and (Al1) in (A14)
k = A(z) = |:A (= by =) %y + I, =

where z= k/k and we require 8 =1/(B~-o,

0p ;Dt

7N
+—=
an,

)(0‘0,; +Bop )pr + 6, :| iz

(A9)

(A10)

(A1)

(A12)

(A13)

(A14)

(A15)

-6 )#0. We determine k;

as a functlon of z. By the followmg procedure we can determine all
the variables as functions of 2: k, by (A15) — k by (A2) — k by (A4)
— k=zA by (A12) — K, by (All) — K, by (AlO) - K by (A6) —
N= K/k j=1i, s, p by (A15) — Q. and Q by the spec1f1ed forms —
F by the specified forms — p by (A3) — y=pF /YN — ¢, ¢, ¢, and

sby (8) = K by (14) — E by (15).
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It should be noted that from ¢=pg /p,(1+7), we see that (A7)
is not affected by p,. It is straightforward to see that among all the
variables only ¢, is affected by p,. By (9) and this procedure, we have

k=Q(z)=1yp -k, (A16)
where Q(2), is a function of 2. As the expression is tedious, we will

not present it explicitly. Taking derivatives of (A15) with respect to
time yields

=22 Al7
dZZ ( )

We do not provide the expression of d A/d = because it is tedious.

Solve (A16) and (A17)

-1
z=Az)= Q[d—A] (A18)
dz

We thus proved Lemma 1.



