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Abstract

 
The aim of this paper is to show the effects of capital investment on international trade pattern for analyzing the Japan-US economy considering overlapping generation (OLG) and dynamic computable general equilibrium (CGE) concepts. For showing these effects, a dynamic international trade model is developed using seven period OLG concepts. Most of the previous works used two period OLG model where only investment policy is analyzed. But in this paper, seven period OLG model is used where investment as well as reinvestment policy is analyzed for consumers and firms. The effects of labor force and interest rate are also considered to analyze the trade pattern. The international input-output (IO) transaction tables for seven periods are used for analyzing Japan-US economy in details.
Keywords: Overlapping generation, computable general equilibrium, and dynamic trade model.
1 Introduction
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Investment has a major impact on domestic output and incomes of a country for analyzing the economic condition of that country. It can be said that investment has an important role for the trade prediction that is most important for the port plan.  This paper deals with dynamic trade analysis using OLG model and dynamic CGE concept.
Corresponding author who will receive proofs: e-mail: drkhatun@yahoo.com

There are several previous IO and CGE models which analyze supply and demand balance of goods. Multiregional Input-Output (MRIO) models developed by Isard (1951), Moses (1955), Leontief and Strout (1963) are capable of describing the interregional trade flows and the interindustry transactions in regional and industrial details. Boadway and Treddenick (1978) used a general equilibrium model of the Canadian economy to compute in the presence and absence of tariff and tax distortions under various assumptions about production functions and trade elasticities. Liew and Liew (1985) introduced a model to measure the development impact of a transportation system considering regional input-output coefficients, trade coefficients and trade flows. Whalley (1985) developed two models (four-region and seven region model) for analyzing the impact of changes in trade policies among developed countries. 

 Devarajan and Delfin (1996) presented the simplest dynamic general equilibrium model of an open economy in which producer and consumer decisions was both intra and inter-temporally consistent. Marrewijk et al. (1997) used the concept of the integrated world equilibrium to investigate trade in goods and services, also when services require foreign direct investment. Bettendorf (1998) analyzed an investment-promoting polices in a small open economy with OLG. Willenbockel (1999) analyzed a dynamic two-country model with international capital mobility and intertemporal optimizing agents. Zhang (2001) extended the linear dynamic input-output model to the computable non-linear dynamic input-output model.  


All of the above works on trade have been done within a static framework. Because of the static nature, these works can neither explain the changes in the variables over time nor organize the future trade markets. To overcome these problems, a dynamic trade model is developed in this paper considering seven period overlapping generation model. In OLG model, it is assumed that consumers receive disposable income for consumption and savings in lifetime budget condition. Income expenditure and savings of firms are also considered. Furthermore, it is assumed that consumers invest/reinvest all savings for buying domestic/foreign bonds, and firms invest/reinvest all savings into the next period capital stock. Several other papers have considered two period OLG model (see Ginsburgh and Keyzer, 1997) where only investment policy is analyzed. 

One of the first applications of OLG models by Auerbach and Kotlikoff (1987) that analyzes fiscal policy for the United States. International interactions were limited to trade flows in the model of Goulder and Summers (1989) with a representative infinitely lived agent. This model was extended with current and capital account flows by Bovenberg and Goulder (1993). Finally, Bovenberg (1993) studied these policies in small open economies with an OLG model where showed the sensitivity of the effect of corporate and personal income taxation w. r. t. the degree of international capital mobility and the interest elasticity of savings. Rasmussen and Rutherford (2004) provided an introduction to numerical simulation of OLG models with perfect foresight and finite lifetimes. 

However, this paper considers seven period OLG model for analyzing the investment as well as reinvestment policy for households and firms. Age cohorts are also considered to analyze the model. The dynamic capital accumulation is estimated and considered as capital investment of a country that is invested into the next period public capital stock. The capital investment is also classified into the domestic and foreign investments in the model. The domestic investment function is assumed as the Leontief type technology of concerning the investment goods demand to analyze the trade model. Some techniques of OLG model are applied for developing a dynamic international trade model using dynamic CGE concept. The effects of capital investment, labor force, and interest rate are also considered to analyze the trade pattern.  


The paper is organized as follows. In section 2, the model is formulized for analyzing the production activities, income distribution for households, firms and government, dynamic capital investment, final demand for household and government and dynamic international trade pattern. Empirical result and balance of payment for the trade model are analyzed in section 3. The effects of labor force, interest rate and capital investment are also shown in Section 3 to analyze the trade pattern.  Finally section 4 summarizes the conclusion.
2 Formulization of the Trade Model


The trade model is formulized by the following analytical steps: analysis of production activities and equilibrium price, income distribution for households and firms, income expenditure for government, dynamic capital accumulation, final demand, dynamic gross domestic product and trade pattern, and equilibrium conditions in trade model.
2.1 Analysis of production activities and equilibrium price


All countries except the candidate countries (m, n=1 to N from here after) are treated as Rest of the World (ROW). Although the activities of ROW are not taken into consideration but it has been taken only for balancing of the market. Furthermore, all commodities from ROW are regarded as a single commodity.
Production function: In this model, the production function of country n industry j is assumed as the Leontief type production function of concerning intermediate inputs and production capacity which is expressed by the following relation. 
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where
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Production capacity: In above Equation (1), a Cobb-Douglas type production capacity function 
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 is assumed for production factors. The function can be expressed as follows. 
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 the scale parameter of public capital investment of country n at period t,
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 working labor force and capital stock of country n which are supplied in industry j at period  t,
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 the share of public capital stock in total factor productivity of country n at period t, and
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 public capital stock of country n at period t.

Equilibrium price: In the following Equation (3), it is assumed that the producer price of commodity is the sum of payments to primary factors and intermediate inputs. For calculating the payments to primary factors (labor and capital), it is necessary to consider the labor and capital demand which can be found by solving the cost minimization problem. At the market equilibrium condition, an equilibrium price can be obtained from the following Equation (3) which is considered as the prices of commodity of a country. A price equilibrium equation is formulized as the following equation.
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2.2 Income distribution for Households and firms

In this section two types of income distribution, primary income distribution and secondary income distribution are considered for households and firms. A labor and capital income is assumed as the primary income for a consumer and a firm. For secondary income distribution, it is assumed that a household receives disposable income after paying income tax to the government from labor income, and a firm receives capital income after paying corporation tax to the government from operating surplus.   
2.2.1 Primary income distribution 
A labor income is distributed as employee compensation for a consumer (household). In this model, at first, per worker labor income and capital income are formulized at period t=1,2,…,7 for considering OLG technique. Capital income is served as fixed capital depreciation and operating surplus. 

Next, the primary income distribution is formulized for each generation t at period t+s because in this paper, seven period OLG model is considered for income distribution. For simplicity, it is assumed that consumers live seven periods in infinite horizon, so that seven generations coexist in every period t. Furthermore, it is assumed that consumers in each generation start to work for saving and consumption after reaching age 30 and retire at age 60. All activities for the remaining lifetime until death are considered similar and included with the retirement period. It is also assumed that the consumer will be died at age 65. In all equations from (4) to Equation (14), the superscript denotes the year of birth of each generation t of country n and subscript denotes the date of consumption. The iterative condition for 
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 for each t is considered from Equation (4) to Equation (12).
Total household employee compensation 
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 for each generation t at period (t+s) is expressed as the following equations.[image: image182.wmf]
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 per worker employee compensation of country n  for each generation t at period t+s,
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  per worker labor demand for industry j of country n  at period t+s. 

Total capital income distribution for each generation t at period (t+s) is formulized by the following equations
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 per worker fixed capital depreciation of country n for each generation t at every period t+s, 
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  the annual depreciation rate of capital stock at period t (same for all industry j),


[image: image49.wmf]=

+

os

n

st

  per worker operating surplus of country n at period t+s,


[image: image50.wmf]=

+

p

n

s

t

K

j

,

 the price of capital stock at period t+s (same for all industry j), 

[image: image51.wmf]=

R

n

t

 the annual interest rate of country n at period t.

2.2.2 Secondary income distribution



A household receives disposable income after paying income tax to the government from labor income. He also receives transfer income from government for pension, social security, health, transportation etc. which is included with disposable income. The relation can be expressed as
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  household disposable income for each generation t at period t+s of country n,
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 income tax for each generation t at period t+s of country n,
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income tax rate which is same all over the year.


In this model, it is assumed that a household spends his disposable income for saving and consumption. All savings are invested/reinvested for buying domestic/foreign bonds for each generation t at his lifetime. Since bequests are not considered, initial return is zero. Household saving and disposable income are also zero at the retirement period. The household lifetime budget constraint is also formulized for 
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where
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 household consumption of country n for each generation t at period t+s,
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Household consumption demand is obtained by solving the following Utility maximization problem subject to household budget constraints for each generation t at every period t+s of country n which is formulized as follows. The household budget Equation (8) follows the iterative condition 
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 utility discount factor in five years, and
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[image: image187.wmf]Firm receives the money after paying corporation tax to the government from operating surplus that is considered as savings of firm. All savings of firm are invested/ reinvested into the next year capital stock of country n.  Firm saving and capital stock for each generation t at period (t+s) are formulized by the following equations:
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firm savings for each generation t at period t+s of country n,
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 corporation tax for each generation t at period t+s of country n,
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[image: image83.wmf]=

+

i

nt

s

t

f

,

  per worker investment of firm for each generation t at period t+s of country n.

In this model, seven generations coexist in every period t. For calculating the economic activities of country n in period t, it is necessary to calculate the economic activities of country n for each generation t at period t+s. For this reason, all above equations from (4) to (12) are formulized for each generation t at period t+s of country n. Now, considering these equations, the following activities for consumers and firms of country n can be easily formulized in every period t. 
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[image: image96.wmf]å

=

-

-

=

6

0

,

,

,

,

,

s

s

t

n

t

f

s

t

n

n

t

f

k

L

K



[image: image97.wmf],

,

5

0

,

os

L

OS

s

t

n

t

s

s

t

n

n

t

-

=

-

å

=




[image: image193.wmf]              
     
[image: image98.wmf]å

å

=

-

-

-

=

-

=

=

5

0

,

,

,

,

,

,

5

0

,

,

s

s

t

n

t

f

s

t

n

n

t

f

s

t

n

t

f

s

s

t

n

n

t

f

s

L

S

dt

L

DT

and

                                      　　　  (14)
where 
[image: image99.wmf],

,

,

I

S

n

t

f

n

t

f

=



 EMBED Equation.3  [image: image100.wmf](

)

,

1

,

5

,

1

,

I

K

K

n

t

f

n

t

n

t

f

n

t

f

+

-

=

+

d



 EMBED Equation.3  [image: image101.wmf]å

å

=

-

=

-

=

=

5

0

,

6

0

,

,

,

s

s

t

n

n

t

s

s

t

n

n

t

L

L

L

LS



[image: image102.wmf]=

I

n

t

f

,

total investment of firms of country n at period t,

[image: image103.wmf]=

L

n

t

 total working labor force of country n at period t, and


[image: image104.wmf]=

LS

n

t

 total labor force of country n at period t.  
2.3 Income expenditure for government


Although the government behavior is not considered for each generation t at period t+s like other agents but it is analyzed in every period t. Government receives income after paying transfer income and returning on bonds issued to households from his revenues. Government revenues are obtained by tax collection from household and firm and bonds issuing for household. Government spends his income for consumption and gross investment as described bellow. 
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and        


[image: image106.wmf],

,

,

G

inv

GI

n

t

n

t

g

n

t

g

=

 
[image: image107.wmf](

)

G

inv

GC

n

t

n

t

g

n

t

,

1

-

=

                                         (16)
where

[image: image108.wmf]=

G

n

t

 government income of country n at period t,


[image: image109.wmf]=

GI

n

t

g

,

 government gross investment of country n at period t,


[image: image110.wmf]=

GC

n

t

 government consumption of country n at period t,


[image: image111.wmf]=

å

m

nm

t

Bn

 amount of bonds issued by government of country n at period t,


[image: image112.wmf]=

å

-

m

nm

t

Bn

1

 amount of bonds issued by government at last period of country n at period t, and


[image: image113.wmf]=

inv

n

t

g

,

 gross investment rate of government of country n at period t.

2.4 Dynamic capital accumulation


It is assumed that households invest their savings for buying domestic/foreign bonds. The investment to ROW is not considered. So, the present capital accumulation of a country is estimated by the amount of money from domestic country (household investment amount and government gross investment) and foreign countries (household investment amount).It is also assumed that all present capital accumulation will be invested as capital investment to the next period public capital stock as formulized by the following equations.  
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and
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where  
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In this model, the future capital investment of a country is considered as a function of present capital investment, next period gross domestic product, interest rate of both country and exchange rate based on Keynesian marginal efficiency theory. The function can be expressed as follows.   
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Furthermore, the capital investment is classified into the domestic and foreign investments. The amount of foreign investment is estimated by determining the rate of the capital investment to each country, and the remaining is considered as the amount of domestic investment. So, the amount of foreign investment and domestic investment at period t is expressed by the following equations. 
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Similarly, the amount of foreign investment and domestic investment at period t+1 is also estimated considering the future capital investment framework of the both countries.
2.5 Final demand


In this model, final demand is classified into consumption goods demand and investment goods demand. Consumption goods demand is performed by households and the government consumption demand. In this Section, total household consumption is used for calculating household commodity consumption demand of that country which is settled from OLG techniques. Now, if utility maximization problem subject to consumption restrictions is assumed Cobb-Douglas type, then the household consumption demand for commodity can be formulized as follows.   
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Similarly, the government consumption demand for commodity also can be formulized. 

The investment goods demand depends on the total domestic investment of a country that is settled from the dynamic capital investment framework described in Section 2.4. The investment goods demand has an influence not only on final demand but also on supply and demand balance of goods of a country. If the total domestic investment function is considered as the Leontief type technology then it can be expressed as follows.
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2.6 Gross domestic product and trade analysis


The gross domestic product 
[image: image143.wmf]GDP

n

t

for each country at each period is the sum of operating surplus, employee compensation, and fixed capital depreciation of that country. The next period 
[image: image144.wmf]GDP

n

t

1

+

 is analyzed for each country using the OLG technique as formulized by the following equations.
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Since the volume of import for each country n at period t is the sum of the intermediate demand, consumption demand for households and government and investment goods demand of commodities from overseas, it is expressed by the following formulas: 
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and
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Therefore, total import to country n from country m and ROW at period t  is formulized bellow
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where
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Total export from country n to country m and ROW at period t is formulized bellow.
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Similarly, total import and total export are also formulized at period t+1. For analyzing the future trade pattern of a country, it is necessary to consider the commodity consumption demand for household 
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 of each country at period t+1 which is formulized using OLG techniques. Similarly, the government total consumption of each country for period t+1 can be calculated. In period t+1, geological input coefficient and total export to ROW are assumed same as period t.

2.7 Equilibrium conditions for the trade model


The inter-temporal general equilibrium requires that all markets clear in each country and in each period. Clearing is required on (1) the commodity market, (2) the labor market, and (3) the capital market at period t as expressed by the following equations. 
(1). In the commodity market, the consumption goods demand for household and government and investment goods demand are considered in final demand. So, supply and demand balance of the commodity for each country at period t are shown bellow.
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(2) Supply and demand balance of labor for each country at period t are shown bellow.
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(3) Supply and demand balance of capital stock for each country at period t are shown bellow.
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Similarly, equilibrium conditions are required on (1) the commodity market, (2) the labor market, and (3) the capital market at period t+1. In period t+1, geological input coefficients and value-added coefficient are assumed same as period t.

3 Empirical Result of the International Trade Model 


The main advantage of this study is that the production capacity of each country can be calculated for seven periods using seven period OLG concepts. The time span for each period is considered five years for seven period OLG model because international Input-Output transaction table is published after every five years. However, this paper considers seven period OLG model where investment as well as reinvestment policy is analyzed for consumers and firms. But several other papers have considered two period OLG model (Ginsburgh and Keyzer, 1997) where only investment policy is analyzed. The calibration of the model is done by the Microsoft Excel and the MATLAB which is described by the following steps.
3.1 Data available for empirical test


In seven period OLG model, value-added, such as, employee compensation, operating surplus and fixed capital depreciation, for 26 sectors are used in year 1965, 1970, 1975, 1980, 1985, 1990 and 1995 for analyzing the model. Value-added data are used from the “Japan-US Input-Output” table in each of the year 1985, 1990 and 1995 published by “Ministry of International Trade and Industry, Japan”. For lack of availability of data, the value-added for 26 sectors in each of the period 1965,1970,1975 and 1980 are manipulated based on actual total yearly GDP data from “Report on National Accounts from 1955 to 1998” published by “Economic and Social Research Institute Cabinet office, Government of Japan”. The complete international I-O table is used for only year 1995. All other data are used from Statistical time series data published by “Organization for Economic Cooperation and Development” (OECD) and US Department of Commerce, Bureau of Economic Analysis.

3.2 Parameter estimation


All assumed parameters are calculated from statistical time series data published by (OECD) which are shown in Table 1. The duration of five years is taken as one period in the model. Although interest rate, utility discount factor and depreciation rate of capital stock are assumed for one year in Table1, they are considered for a period of five years depending on the nature of the model. The utility discount factor for a period of five years is assumed 0.81 for Japan and 0.77 for US. Similarly, the depreciation rate of capital stock for a period of five years is also assumed 0.774 for Japan and US.
[Table 1 is here.]

The geographical input coefficients, value-added coefficients and commodity consumption preference parameters for household and government for 6 sectors used in the trade model are estimated using the Japan-US input-output transaction table in year 1995. Please note that the value-added coefficients are used in each of the year 1965, 1970, …,and 1995. Although it is observed that the commodity consumption preference parameter is changed a little bit over the years, the value for year 2000 is assumed same for that of year 1995.   



According to the Japan-US input-output transaction table, 26 sectors are aggregated into 6 sectors in the model for easy comparison of the result which are shown in Table 2.  Although 6 sectors are used in the model, it is also possible to calibrate the model using 26 sectors.
[Table 2 is here.]

3.3 Empirical findings


All economic activities, such as, employee compensation, consumption and saving of households and operating surplus, fixed capital depreciation and capital stock of firms for per worker at seven periods are calculated for applying OLG concepts. Considering these seven periods result per worker employee compensation, per worker household consumption, per worker household saving, per worker operating surplus, per worker fixed capital depreciation and per worker capital stock, for seven generations at seven periods of both countries are calculated. 


After that, total employee compensation is estimated taking different age cohorts for seven generations of both countries in year 1995. Similarly, total household consumption and saving and total operating surplus, total fixed capital depreciation and total capital stock for firms are estimated taking different age cohorts for seven generations at seven periods of both countries. 

 
After doing generation wise calculation, all economic activities are calculated in period 1995 because seven generations coexist in every period. In this model, different age cohorts for consumers in year 1995 are considered that are assumed from the “Labor Market Statistics” data published by OECD. In the investment framework, it is assumed that capital accumulation will be invested as public capital investment to the next period public capital stock. The capital accumulation of the both countries is calculated for seven periods for showing the effect of public capital stock share on total factor productivity parameter in production capacity of both countries. The total factor productivity parameter is also calculated for seven periods. 


In the previous studies [Asako et al., 1994 and Munnell, 1990], the scale parameter of public capital stock is assumed 0.17 for Japan and 0.15 for US. So, the share of public capital stock in total factor productivity parameter is calculated again in this paper for seven periods assuming the scale parameter of capital stock from the previous studies. Finally, the result of share of capital stock in total factor productivity parameter is shown in Table 3. 
[Table 3 is here.]


Then, the periodic data for all economic activities, such as, employee compensation, consumption and saving of households and operating surplus, capital stock and saving of firms  in year 1995, are calculated using OLG technique that are considered as input data for analyzing CGE in year 1995. Furthermore, some techniques of OLG model are applied for analyzing all economic activities and CGE in year 2000. The labor supply in year 1995 and 2000 are fixed from “Labor Market Statistic data” in CGE calculation. The capital supply estimated from OLG model in year 1995 is considered 3.3 trillions dollars for Japan and 5.5 trillions dollars for US in CGE calculation. After doing CGE calculation, the actual and estimated result for Japan-US economy in year 1995 and 2000 are shown in Figures 1 and 2. 
[Figure 1 and Figure 2 are here.]


Figures1 and 2 show that the estimated result is smaller than the actual result for GDP of the both countries in year 1995. The main reason is that indirect taxes are not considered for calculating GDP of the both countries. The indirect tax is around 8% of total GDP of that country.   



The estimated result of household consumption is smaller than the actual result of private consumption of the both countries in year 1995 because the firm expenditure is not considered with household consumption in the model. The transfer income of households is also not considered in the model. Although the transfer income is considered for formulizing the household disposable income in Equation (6), it is not considered to calibrate the model for the lack of availability of data. The consumer consumption depends on his income. If the consumer income is increased then consumption will be increased. So, it can be said that if transfer income is taken for calculating household disposable income and firm expenditure is taken with household consumption for calculating private consumption then that difference can be avoided in calibration.


The estimated result is also smaller than the actual result for government consumption of the both countries in year 1995 because the indirect tax is not received into the government income for lack of availability of data which is shown in Equation (15). If the consumer income is increased then consumption will be increased. So, it is obviously said that if indirect tax collection is taken for calculating government income then that difference can be avoided in calibration.


 Total export to a foreign country and ROW is almost similar for actual and estimated result of the both countries in year 1995 which is shown in Figure 1 and Figure 2. But the actual result of total import to foreign country and ROW is higher than that of the estimated result of the both countries in year 1995. The reason is that the household consumption has a major influence on total import from row and a foreign country which is shown in Equations (28) to (29). In this model, the estimated household consumption is smaller than the actual private consumption because the firm expenditure is not included with the household consumption.  So, it can be said that if firm expenditure is taken with household consumption for calculating private consumption then that difference can be avoided in calibration.


Total export and import for six sectors between Japan-US are explicitly shown in Table 4. Table 4 shows that Japan is the leading position for exporting only the manufacturing and construction goods but US is the leading position for exporting all others goods without manufacturing and construction between both countries. US will export more than Japan because the price of US made goods is cheaper than Japan. An exception is manufacturing and construction goods, in spite of higher producer price, US imports large amount of manufacturing and construction goods from Japan because of the high quality of the goods. 
[Table 4 is here]

Figure 1 Figure 2 show that the actual result for GDP of Japan is not so increased in year 2000 because of the effects of exchange rate and the labor force. The exchange rate is assumed 94.06 and 107.7 in year 1995 and 2000 respectively. Furthermore, the labor working force was 61.3 millions in year 1995 and becomes 61.0 millions in year 2000. This implies that in Japan the working labor force is decreased by 0.3 millions in year 2000. 


Figure 1 and Figure 2 also show that estimated result is greater than actual result for GDP of Japan in year 2000 because per worker employee compensation is assumed 1.4 times of previous value estimated from statistical data. The statistical data shows that per worker employee compensation in each of the year 1965, 1970 and 1975 is increased by around 2.3 times of its previous value. In 1980 per worker employee compensation becomes 1.5 times of that of 1975. In 1985 and 1990 it is increased by 1.2 times and 1995 it is increased by 1.1 times of its previous value. So, it can be said that the increase rate of per worker employee compensation in statistical data is decreased gradually but in this model, per worker employee compensation in year 2000 is increased around 1.4 times of that of year 1995.


Figure 1 and Figure 2 show that estimated result is smaller than actual result for GDP of US in year 2000 because the indirect tax are not considered for calculating GDP of US. The other region is that the increase rate of per worker employee compensation in year 2000 is assumed from statistical data. In the statistical data, per worker employee compensation in each of the year 1965, 1970, 1975, 1980, 1985 and 1995 is increased 1.35 times of previous value. So, it is assumed 1.3 times of previous value in year 2000.
3.4 Balance of Payment for Japan and US


For showing the balance of payment of a country, it is very important to estimate the trade balance and capital flow of that country. In the previous Section, trade pattern and capital investment for Japan and US are estimated to analyze the economic conditions of both countries. Using the result of trade and capital investment, the balance of payment for both countries is estimated as shown in Table 5.
[Table 5 is here.]

Table 5 shows that total balance of payment in year 1995 is +0.21 trillions dollars for Japan and +0.493 trillions dollar for US because of the effects of net export. Although the ROW is consider for estimating total export and import but it is not considered for capital investment because the investment framework of ROW is not considered in this model. If money transaction for ROW is considered with Japan-US, total balance of payment will be changed.


The estimated result of net export is +0.3 trillions dollars in Japan and is +0.41 trillions dollars in US in year 1995. Although the estimated result of net export in Japan is suitable but it is not suitable for US in real situation because, in real situation, it is seen that the trade deficit (negative net export) is occurred in US. But, in this study, the trade model shows trade surplus (positive net export) in US for the following reasons.
1. The producer prices of US made goods are smaller than that of Japan in year 1995. So, US will import small amount. The producer price of US made goods are smaller than that of Japan because household wages in US are smaller than that of Japan  in price equilibrium equation. The household wages are 4.7 billions dollars for Japan and 3.4 billions dollars for US in year 1995. The household wages in Japan is higher than that of US because of the effects of exchange rate that was 94.06 in year 1995.
2. The estimated result of household consumption is smaller than the actual result for private consumption in US in year 1995 because firm expenditure is not considered with household consumption as shown in Figures 1 and 2. 
3. The estimated result is also smaller than the actual result for government consumption in US in year 1995 because indirect tax is not received by government for estimating his income for the lack of availability of data as shown in Figures 1 and 2.
3.5 Effects of Interest Rate and Labor Force on Trade 


Some policies such as household savings ratio, government savings ratio, income tax rate, corporate tax rate, labor force, interest rate etc. can be taken to analyze the effects on the economies of both countries. Here only labor force and interest rate are shown explicitly to analyze the effect on the economies of both countries because the labor force and interest rate are decreasing day by day in Japan and these decreasing rates are chosen an arbitrary value. The annual interest rate is assumed 4% for Japan and 6% for US. After decreasing interest rate by 10%, the annual interest rate will be 3.6% for Japan and 5.4% for US. Similarly, the labor force is also estimated considering the decrease of labor force by 10%. The following six cases are considered for labor force and annual interest rate to analyze the economic conditions of both countries. 

The three cases for labor force are taken to analyze the economic activities of both countries in year 1995. The annual interest rate and the annual rate of time preference are assumed 4% and 4% for Japan and 6% and 3% for US for three cases of labor force to analyze the economic conditions of both countries. The analysis is explicitly shown in Table 6 and Table 7.
[Table 6 and Table 7 are here.]

Table 6 and Table 7 show that the economic activities, such as, gross domestic product (GDP), household consumption, government consumption, are decreased by around 10% comparing to that of estimated result by the effect of decreasing the labor force by 10% for both countries in case 1. The both tables also show that total export and total import are decreased by 4.5% and 7.5% respectively. In Case 2, labor force is decreased by 10% only for Japan. Although the labor force in Japan is decreased by 10% in Case 1 and Case 2, all economic activities in Case 2 are increased by small amount comparing to that of case 1 for Japan because the labor force is not changed for US. Similarly, in Case 3, labor force is increased by 10% only for US. So, GDP and household consumption are increased around 10% and government consumption and total import are increased by 8% comparing to that of estimated result for US. In case 3 for Japan, although the labor force is not changed, all economic activities are increased by small amount comparing to that of estimated result because the labor force is increased by 10% for US. So it can be said that labor force has influence not only on its own country economy but also the economies of foreign countries.

The remaining three cases for annual interest rate are taken to analyze the economic activities of both countries in year 1995. The labor force is assumed 67 millions persons for Japan and 132 millions persons for US for three cases of annual interest rate to analyze the economic conditions of both countries. The analysis is explicitly shown in Table 8 and Table 9. 
[Table 8 and Table 9 are here.]

Table 8 and Table 9  show that the economic activities, such as, gross domestic product (GDP), government consumption, total export and total import, are decreased but household consumption is increased by the effect of decreasing the annual interest rate by 10%  for both countries in case 4. The household consumption is increased because household will consume more when interest rate will be decreased. In Case 5, interest rate is decreased only for Japan. Although the annual interest rate in Japan is decreased by 10% in Case 4 and Case 5, all economic activities in Case 5 are increased by small amount comparing to that of case 4 for Japan because of the effect of US interest rate. Similarly, in Case 6, interest rate is decreased only for US. Although the annual interest rate in US is decreased by 10% in Case 4 and Case 6, government consumption and total import, are increased but GDP and total import are decreased by small amount in Case 6 comparing to that of case 4 for US because of the effect of Japan interest rate. So it can be said that interest rate also has influence not only on its own country economy but also the economies of foreign countries.


Finally, it is realized that labor force rather than interest rate has more important impact on the economic analysis. It is also found that US economic activities are greater than that of Japan because of the effect of higher labor force in US. The labor force in U. S. is twice of labor force in Japan.
3.6 Effects of Capital Investment on Trade Pattern


In the capital investment framework, the capital investment is classified into the domestic and foreign investment. The amount of foreign investment is calculated by determining the rate of the foreign investment to each country and the remaining is considered as the domestic investment. The domestic investment is taken for calculating the investment goods demand of that country. The rate of foreign investment is assumed 20% of capital investment in Japan and 70% of capital investment in US from statistical time series data. Since the trade of a country is the sum of the intermediate demand, consumption goods demand for households and government and investment goods demand from overseas and to overseas, it can be said that the capital investment has an important influence on trade pattern. So, the effects of capital investment are shown considering and without considering the investment goods demand.
3.6.1 Effects of investment goods demand on total import in year 1995 


The effect of investment goods on total import of each commodity is shown only for Japan-US. The ROW is not considered because all commodities are aggregated and assumed as one commodity for ROW. So, the effects of investment goods on total import of each commodity to Japan from US and to US from Japan in year 1995 are shown in Figure 3 and Figure 4 to analyze the economic condition. The both figures show that total import is increased significantly when investment goods demand is considered in trade. It is also shown that total import to both countries is increased more for sector 3 (Manufacturing and Construction) than other sectors. 
[Figure 3 and Figure 4 are here.]

Total import of commodity considering investment goods demand minus total import of commodity without considering investment goods demand is assumed as excess import of commodity to the both countries. Excess import of commodity is also assumed as the sum of the effect of investment goods demand and the effects of others, such as, household consumption, government consumption and intermediate demand. The amount of effects of investment goods is total investment goods demand of commodity. Therefore, the effect of investment goods demand and the effect of others are expressed in percentage value for six sectors (commodity) as shown in Figure 5 and Figure 6.

Figure 5 shows that the investment goods has direct effect on total import of each commodity such as, (Agriculture, Forestry, and Fishing), Sector 3 (Manufacturing and Construction), and Sector 5 (Wholesale trade, Financial and Transport), to Japan from US. It also shows that the investment goods has no effect on total import of each commodity such as, Sector 2 (Mining), Sector 4 (Electricity, gas, city water, thermal energy and other services and Sector 6 (others). Similarly, Figure 6 shows that the investment goods has direct effect on total import of each commodity, such as, Sector 3 (Manufacturing and Construction) and Sector 5 (Wholesale trade, Financial and Transport), to US from Japan.  
[Figure 5 and Figure 6 are here.]

3.6.2 Effects of investment goods demand on trade in year 2000 

The effects of capital investment on trade pattern in year 2000 are also estimated to analyze the economic condition of both countries. In the previous Section 3.6.1 although the effect of investment goods is shown only for Japan-US but in this section the ROW is considered because aggregated results are shown here for trade analysis. The result shows that estimated total export and total import in Japan are increased by 4.2% and 14% respectively when investment goods demand is considered. Similarly, the result also shows that estimated total export and total import in US are increased by 6.3% and 3.6% respectively when investment goods demand is considered. The direct effect of investment goods demand on total import of commodities from US and ROW to Japan is 32% and 85% on total import of commodities from Japan and ROW to US. 

Finally, the overall results of both countries in year 1995 and year 2000 show that the domestic investment has an influence on trade pattern because it is settled from capital investment for calculating the investment goods demand of a country. 
4 Conclusions

The main contribution of this work is that the seven period OLG model is applied for developing an international trade model. The effects of capital investment, labor force, interest rate and foreign exchange rate are also considered to analyze the trade model.
The trade pattern between Japan-US has explicitly showed that Japan is the leading position for exporting only the manufacturing and construction goods but US is the leading position for exporting all others goods without manufacturing and construction between both countries. US will export more than Japan because the price of US made goods is cheaper than Japan. An exception is manufacturing and construction goods, in spite of higher price, US import large amount of manufacturing and construction goods from Japan because of the high quality of the goods.  


The estimated result of net export is +0.3 trillions dollars in Japan and is +0.41 trillions dollars in US in year 1995. Although the estimated result of net export in Japan is suitable but it is not suitable for US in real situation because, in real situation, it is seen that the trade deficit (negative net export) is occurred in US. But, in this study, the trade model shows trade surplus (positive net export) in US because the producer prices of US made goods are smaller than that of Japan. So, US will import small amount. The producer price of US made goods are smaller than that of Japan because household wages in US are smaller than that of Japan  in price equilibrium equation. The household wages are 4.7 billions dollars for Japan and 3.4 billions dollars for US in year 1995. The household wages in Japan is higher than that of US because of the effects of exchange rate that was 94.06 in year 1995.

 
In the trade model, the error of the household consumption in year 1995 is 12% for Japan and 27% for US because of the effect of income tax rate. In the calibration, the income tax rate is assumed 10% for Japan and 15% for US. The error of the government consumption is 43% for Japan and 22% for US because the government gross investment ratio is assumed 30% for Japan and 15% for US.


The estimated result shows that total import is increased when investment goods demand is considered in trade. It is also shown that total import to both countries is increased more for Manufacturing and Construction than other commodities. It is seen that the investment goods has direct effect on imported commodities to Japan, such as, Agriculture, Forestry, and Fishing, Manufacturing and Construction, and Wholesale trade, Financial and Transport, in year 1995. Similarly, the effect of the investment goods on total import of each commodity to US, such as, Manufacturing and Construction and Wholesale trade, Financial and Transport are also shown in year 1995.  

The labor force and interest rate are taken to analyze the effects of the economy of both countries because the labor force and interest rate are decreasing day by day in Japan. It is shown that the economic activities, such as, gross domestic product (GDP), household consumption, government consumption, are decreased by around 10% and total export and total import are decreased by 4.5% and 7.5%  comparing to that of estimated result by the effect of decreasing the labor force by 10% for both countries.


The economic activities, such as, gross domestic product (GDP), government consumption, total export and total import, are decreased but household consumption is increased by the effect of decreasing the annual interest rate by 10% for both countries. The household consumption is increased because household will consume more when interest rate will be decreased.


So it is realized that labor force rather than interest rate has more important impact on the economic analysis in the trade model. It is also found that US economic activities are greater than that of Japan because of the effect of higher labor force in US. Finally, it has been seen that seven period OLG techniques are very suitable for showing the effects of capital investment on trade pattern for two countries. 
5 References
Auerbach A. and　Kotlikoff L. (1987) Dynamic fiscal policy, Cambridge: Cambridge University press.

Asako K., Tsoneki A., Fukuda S., Teruyama H., Tsukamoto T. and Sugiura M. (1994) Productivity effects of social infrastructure and economic welfare evaluation of the public capital, Journal of Economic Analysis, 135 (in Japanese).

Boadway R., Treddenick J. (1978) A general equilibrium computation of the effects of the Canadian tariff structure, Canadian Journal of Economics 11(3), 424-446.

Bovenberg A. L. (1993) Investment promoting policies in open economic: The importance of intergenerational and international distributional effects, Journal of Public Economics, 51, 3-54.

Bettendorf L. (1998) Investment-promoting policies in the presence of international interactions, Journal of Policy Modeling, 20(6), pp.715-740.

Devarajan S. and Delfin S. G. (1998) The simplest dynamic general equilibrium model of an open economy, Journal of Policy Modeling, 20(6), 677-714.

Ginsburgh V. and Keyzer M. (1997) The structure of applied general equilibrium models, Cambridge, Massachusetts, London, England, The MIT press.

Goulder L. H. and Summers L. H. (1989) Tax policy, asset prices, and growth: A general equilibrium analysis, Journal of Public Economics, 38, 265-296. 

Isard W. (1951) Interregional and regional input-output analysis: A model of a space-economy, The Review of Economics and Statistics 33, 167-180.

Leontief W. and Strout A. (1963) Multiregional input-output analysis, in T. Barna (ed), Structural Interdependence and Economic Development, New York, St. Martin’s Press, Inc.

Leontief W., Carte A. P. and Petri A. P. (1977) The future of the world economy, New York, Oxford University Press.

Liew C. K. and Liew C. J. (1985) Measuring the development impact of a transportation system:  A simplified approach, Journal of Regional Science 25, No. 2, 241-258.

Mosses L. (1955) The stability of interregional trading patterns and input-output analysis, American Economic Review 45, 803-832.
Munnell A. H. (1990) Is there a shortfall in public capital investment? Conference Series 34, Federal Reserve Bank of Boston.
Marrewijk C. V., Stibora J., Vaal A. D. and Viaene J. V. (1997) Producer services, comparative advantage, and international trade patterns, Journal of International Economics 42, 195-220.
Rasmussen T.N. and Ruthererford T.F. (2004) Modeling overlapping generations in a complementarity format, Journal of Economic Dynamics and Controls 28, 1383-1409.
Willenbockel D. (1999) Dynamic applied general equilibrium trade policy analysis in the presence of foreign asset cross-ownership, Economic Modeling 16, 371-388. 

Whalley J. (1985) Trade liberalization among major world trading areas, Cambridge MA, The MIT Press.

Zhang J. S. (2001) Iterative method for finding the balanced growth solution of the non-linear dynamic input-output model and the dynamic CGE model, Economic Modeling 18, 117-132. 
Table 1: Assumed parameters for Japan and US

	Parameter
	Notation
	Japan
	US

	Depreciation rate of capital stock
	
[image: image164.wmf]d

n

j


	0.05
	0.05

	Interest rate
	R
	0.04
	0.06

	Household income tax rate
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n

h


	0.1
	0.15

	Corporate tax rate
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n

f


	0.4
	0.3

	Household saving ratio
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n

h


	0.12
	0.057

	Government gross investment ratio
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n

g


	0.3
	0.15

	Utility discount factor
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	0.96
	0.95



*Annual rate is assumed in this table



Table 2: Common classification of Japan-US Input-Output table  

	Sector no.
	26 Sector classification
	Sector no.
	6 Sector classification

	1
	Agriculture
	 
	 

	2
	Forestry
	1
	Agriculture, Forestry and Fishing

	3
	Fishing
	
	 

	4
	Mining
	2
	Mining

	5
	Food
	
	 

	6
	Textiles
	
	 

	7
	Pulp, paper, and wooden product
	
	 

	8
	Chemical products
	
	 

	9
	Petroleum products
	
	 

	10
	Ceramic, stone and clay products
	
	 

	11
	Steel
	3
	Manufacturing and Construction

	12
	Non-ferrous metals
	
	 

	13
	Miscellaneous metal products
	
	 

	14
	General machinery
	
	 

	15
	Electric machinery
	
	 

	16
	Transportation equipment
	
	 

	17
	Other machines and instruments
	
	 

	18
	Other manufactured products
	
	 

	19
	Construction
	
	 

	20
	Electricity, gas, city water, thermal energy supply and other stationary services
	4
	Electricity, gas, city water, thermal energy and other services

	21
	Commerce
	
	 

	22
	Financial services, insurance and real estate
	5
	Wholesale trade, Financial and Transport

	23
	Transportation equipment
	
	 

	24
	Government
	
	 

	25
	Service
	6
	Others

	26
	Unclassified, etc.
	
	 


Table 3: The share of public capital investment in J (Japan) and US
	Year
	1965
	1970
	1975
	1980
	1985
	1990
	1995

	Total factor productivity parameter in J 
	24
	31
	143
	189
	202
	268
	620

	The share of public capital investment in J 
	3
	4
	15
	18
	18
	21
	46

	Public capital investment in millions dollars in J
	16
	26
	58
	113
	142
	284
	461

	Total factor productivity parameter in US
	240
	340
	317
	478
	523
	584
	498

	The share of public capital investment in US
	36
	48
	41
	57
	59
	62
	50

	Public capital investment in millions dollars in US
	32
	46
	82
	144
	201
	315
	451


Table 4: Estimated result for export and import between Japan-US　in millions dollars in year 1995

	Commodity
	Japan export to US or US import from Japan 
	 US export to Japan or Japan import from US 
	Price of Japan made goods 
	Price of US made goods 

	1
	110
	5519
	1.56
	1.4

	2
	6
	702
	1.38
	1.37

	3
	49338
	27726
	1.31
	1.27

	4
	0
	9
	1.42
	1.41

	5
	4552
	5500
	1.38
	1.37

	5
	0
	281
	1.28
	1.24


Table 5: Estimated balance of payment for J (Japan) and US in trillions dollars in year 1995
	Items
	Japan 
	　
	US

	
	Credits(+) Debits(-)
	Items
	Credits(+) Debits(-)

	Export from J to US, ROW
	0.55
	Export from US to J, ROW
	0.85

	Import to J from US,ROW
	-0.25
	Import to US from J, ROW
	-0.44

	Money come to J from US
	0.088
	Money come to US from J
	0.171

	Money go to US from J
	-0.171
	Money go to J from US
	-0.088

	Total balance
	0.21
	Total balance
	0.493


Table 6:  Analysis of Japanese economic activities considering three cases of labor force in year 1995

	Variable
	Actual result
	Estimated result
	Case 1
	Case 2
	Case 3

	GDP
	5.060
	4.739
	4.270
	4.275
	4.743

	Household consumption
	2.850
	2.508
	2.256
	2.260
	2.508

	Government consumption
	0.730
	0.465
	0.419
	0.422
	0.468

	Total export 
	0.450
	0.550
	0.525
	0.531
	0.555

	Total import 
	0.370
	0.252
	0.233
	0.234
	0.253






 *All variables are in trillions dollars value
Table 7:  Analysis of US economic activities considering three cases of labor force in year 1995
	


Variable
	Actual  result
	Estimated result
	Case 1
	Case 2
	Case 3

	GDP
	7.230
	6.281
	5.666
	6.416
	7.033

	Household consumption
	5.010
	3.634
	3.272
	3.634
	3.997

	Government consumption
	1.140
	0.850
	0.766
	0.826
	0.910

	Total export 
	0.680
	0.852
	0.814
	0.806
	0.844

	Total import 
	0.70
	0.439
	0.406
	0.445
	0.477





   *All variables are in trillions dollars value
Table 8:  Analysis of Japanese economic activities considering three cases of interest rate in year 1995

	Variable
	Actual result
	Estimated result
	Case 4
	Case 5
	Case 6

	GDP
	5.06
	4.739
	4.738
	4.74
	4.736

	Household consumption
	2.85
	2.508
	2.536
	2.537
	2.508

	Government consumption
	0.73
	0.465
	0.454
	0.455
	0.465

	Total export 
	0.45
	0.551
	0.55
	0.551
	0.55

	Total import 
	0.37
	0.252
	0.252
	0.253
	0.252




      
   *All variables are in trillions dollars value

Table 9:  Analysis of US economic activities considering three cases of interest rate in year 1995
	Variable
	Actual result
	Estimated result 
	Case 4
	Case 5
	Case 6

	GDP
	7.23
	6.281
	6.278
	6.266
	6.292

	Household consumption
	5.01
	3.634
	3.646
	3.634
	3.646

	Government consumption
	1.14
	0.85
	0.839
	0.835
	0.854

	Total export 
	0.68
	0.852
	0.852
	0.853
	0.851

	Total import 
	0.7
	0.439
	0.438
	0.437
	0.44





*All variables are in trillions dollars value
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    Figure 1: The actual and estimated result for trade of Japan economy
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  Figure 2: The actual and estimated result for trade of US economy
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Figure 3: Total import of each commodity to Japan from US in year 1995
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Figure 4: Total import of each commodity to US from Japan in year 1995
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Figure 5: Effects of investment goods demand and others on total import of each commodity

to Japan from US in year 1995
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Figure 6: Effects of investment goods demand and others on total import of each commodity　
to US from Japan in year 1995
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