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I. Introduction 
 

In recent years, bilateral/regional free trade agreements (FTAs) have become popular whereas 
the establishment of the multilateral free trade system under the World Trade Organization has 
stagnated.  Viewing several examples in Asia, the free trade agreement between Japan and 
Singapore was activated in November, 2002, and negotiations/studies are currently underway 
between Japan and South Korea, Japan and the Association of South East Asian Nations (ASEAN), 
South Korea and Singapore, China and the ASEAN, Taiwan and Singapore, and Singapore and the 
United States.3  Since most Asian economies are highly trade-dependent small open economies, 
FTAs in Asia may have both domestic and international effects.   

Focusing on these movements, several economists have analyzed issues on FTAs by applying 
multi-sectoral multi-country models.  Yamazawa (2001), Nakajima (2002), Tsutsumi and Kiyota 
(2002), and Urata and Kiyota (2003) are examples for applications of computable general 
equilibrium (CGE) models.  All of them applied the GTAP (Global Trade Analysis Project) model 
which is based on the GTAP Database and found that FTAs would provide overall positive effects 
on the member economies of FTAs.4  Differed from these analyses, in this paper, we have 
constructed an international input-output model which is based on the 78 sectors version of the 
Asian International Input-Output Table 1990 compiled by the Institute of Developing Economies 
(IDE [1998]).5  Since this Asian international input-output table covers 10 economies (Indonesia, 
Malaysia, the Philippines, Singapore, Thailand, China, Taiwan, South Korea, Japan, and the United 
States), we have insured the same country coverage in our international input-output system.   

By applying this model to several simulation scenarios, this paper analyzes the effects of FTAs 
in Asia on the 10 economies at the sectoral level.  

                                                     
*  This paper is prepared for EcoMod 2004, International Conference on Policy Modeling, June 30-July 
2, 2004, Paris, France. 
1  Keio University, e-mail: hkosaka@sfc.keio.ac.jp. 
2  Boston University, e-mail: arrowfield@gol.com. 
3  Kawai (2003) summarized FTAs in East Asia and confirmed the importance of FTAs in the context of 
national securities in the region. 
4  As for the GTAP Database and model, see Hertel (1997). 
5  A layout of the Asian International Input-Output Table is presented in Table 1. 
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II. The Model 
 

In this section, the structure of our international input-output model is explained.6  The model 
is essentially based on the Leontief input-output model, which determines sectoral output by 
exogenously given final demands.  The model consists two main blocks: determinations of 
sectoral output and prices.7   
 
Determination of Sectoral Output 

Using a balance equation of an international input-output table, we explain sectoral output as 
follows: 
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where  is intermediate inputs of the ith commodity imported from the hth economy in the 

jth sector of the kth economy,  is final demands in the ith sector of the hth economy (given in 

this model), and  is sectoral output in the ith sector of the hth economy.
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the determination of intermediate input.  First, technical coefficient is defined.  Following the 
Leontief input-output model, we formulate intermediate input as: 
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where  is intermediate input of the ith commodity in the jth sector of the kth economy,  is 

the technical coefficient of the ith commodity in the jth sector of the kth economy, and  is 

control totals in the jth sector of the kth economy.  Rearranging equation (2) gives technical 
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6  The formulation of an international input-output model presented here is not unique.  For another 
formulation, see Torii, Shim, and Akiyama (1989). 
7  For further explanation on this model, see Kosaka (1994). 
8  Although we do not endogenize final demands in this paper, final demands can be endogenized by 
interlinking an international input-output model and macroeconometric models.  As for a formulation 
for this linkage, see the Appendix. 
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coefficient as: 
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Then, in order to analyze international trade pattern, we distinguish between inputs of domestic 
and imported goods.  Applying the Hickman and Lau (1973) trade linkage model, we allocate a 
share of each economy in total intermediate input as follows:   
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where  is the base year share of the ith commodity imported from the hth economy in the jth 

sector of the kth economy,  is export prices of the ith commodity of the hth economy in 

the jth sector of the kth economy,  is the tariff rate of the ith commodity of the kth 

economy,  is the elasticity of substitution of the ith commodity in the jth sector of the kth 

economy, and q is competitors.  Thus, intermediate input is determined by the two steps.  At the 
first step, the total intermediate input of the ith commodity in the jth sector of the kth economy is 
determined by equation (2).  However, technical coefficient in equation (2) is derived from the 
intermediate input, i.e., input of the mixture of domestic and imported goods.  Hence, at the 
second step, in order to determine the domestic and imported goods’ shares, the modified 
Hickman-Lau trade linkage model is applied as in equation (4). 
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Determination of Sectoral Prices 

Sectoral prices are also explained endogenously in this international input-output model.  
Sectoral prices are determined by another identity of an international input-output table: that is,  
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where  is the price level in the jth sector of the kth economy,  is the value added in the jth 

sector of the kth economy,  is tariffs on imports of the ith commodity in the jth sector of the 

kth economy, and  is the others in the jth sector of the kth economy.
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9  Dividing equation (5) 

by  yields the price equation as: k
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where  is value added coefficient in the jth sector of the kth economy.  The prices level in the 

jth sector of the kth economy in the base year is unity.  Then, we explain the components of the 
price equation.  First, the value added is explained.  The value added can be divided into wages 
and the others factors.  Since the wage rate multiplied by employment is wages, the value added 
can be formulated as follows: 
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where  is wages in the jth sector of the kth economy,  is the value added (except for 

wages) in the jth sector of the kth economy,  is the wage rate in the jth sector of the kth 

economy, and  is employment in the jth sector of the kth economy.  In this model, we assume 

that the sectoral wage rate is a function of the wage rates at the aggregated level.  The 
formulation of the sectoral wage rate is as follows: 
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9  The main component of the other factor is the international freight and insurance. 
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where  is the wage rate at the aggregated level of the kth economy.  The sectoral employment 

is determined by the Ozaki (1979) employment function, which is formulated as follows: 
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where  is the employment coefficient in the jth sector of the kth economy and  is the 

elasticity of labor input in the jth sector of the kth economy.  Economies of scale are taken into 

account in this model thorough the elasticity of labor input.  Dividing equation (7) by  gives 

value added coefficient as: 
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where  is the ratio of the value added (except for wages) to . k
jv 0

k
jX

Regarding the factors except for the value added, we can divide them into tariffs and the other 
factors.  Tariffs can be formulated as: 
 

( ) ( )
k

hij
k

hij
kh i

k
i

k
j XPXtC ∑∑

≠

=1 .                                               (11) 

As for the other factors, their base year ratio (to ) is assumed to be fixed.  Thus, the other 

factors are explained as: 
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where  is the base year ratio of the other factors to .  k
jc 0

k
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Finally, export prices are explained.  In this model, the formulation of export prices depends on 
the existence of export subsidies.  Export prices of the ith commodity of the hth economy in the 
jth sector of the kth economy with export subsidies are formulated as: 
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where  is the export subsidy of the ith commodity of the hth economy and  is the price 

level in the ith sector of the hth economy.  By contrast, the export prices without export subsidies 
can be written as: 
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Appendix 
 

Although final demands are usually treated as exogenous variables in an input-output model, we 
can endogenize them by linking an international input-output model and macroeconometric models.  
As for final demands, we divide them into those of economies composing an international 
input-output table and of the rest of the world (ROW).  Since macroeconometric models explain 
final demands at the aggregated level, we need to allocate them at the sectoral level.  In order to 
obtain sectoral final demands, the same approach in intermediate input, the modified Hickman-Lau 
trade linkage model, can be applied.  Hence, final demands in an international input-output model 
can be written as: 
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where F  is final demands, kF  is final demands of the kth economy, oF  is final demands of 

the ROW (assumed to be given), kH  is a converter matrix of the final demands of the kth 
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substitution of the final demands in the ith sector of the kth economy, and  is the base year 

share of final demands in the ith sector of the kth economy. 
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Table 1  Layout of the Asian International Input-Output Table 
 
    Intermediate Demand (A) Final Demand (F) Export (L)     

           I M P S T C N K J U I M P S T C N K J U LH LE LF LG LL LW Q X

Indonesia (I) AII AIM AIP AIS AIT AIC AIN AIK AIJ AIU FII FIM FIP FIS FIT FIC FIN FIK FIJ FIU LHI LEI LFI LGI LLI LWI QI XI

Malaysia (M) AMI AMM AMP AMS AMT AMC AMN AMK AMJ AMU FMI FMM FMP FMS FMT FMC FMN FMK FMJ FMU LHM LEM LFM LGM LLM LWM QM XM

Philippines (P) API APM APP APS APT APC APN APK APJ APU FPI FPM FPP FPS FPT FPC FPN FPK FPJ FPU LHP LEP LFP LGP LLP LWP QP XP

Singapore (S) ASI ASM ASP ASS AST ASC ASN ASK ASJ ASU FSI FSM FSP FSS FST FSC FSN FSK FSJ FSU LHS LES LFS LGS LLS LWS QS XS

Thailand (T) ATI ATM ATP ATS ATT ATC ATN ATK ATJ ATU FTI FTM FTP FTS FTT FTC FTN FTK FTJ FTU LHT LET LFT LGT LLT LWT QT XT

China (C) ACI ACM ACP ACS ACT ACC ACN ACK ACJ ACU FCI FCM FCP FCS FCT FCC FCN FCK FCJ FCU LHC LEC LFC LGC LLC LWC QC XC

Taiwan (N) ANI ANM ANP ANS ANT ANC ANN ANK ANJ ANU FNI FNM FNP FNS FNT FNC FNN FNK FNJ FNU LHN LEN LFN LGN LLN LWN QN XN

Korea (K) AKI AKM AKP AKS AKT AKC AKN AKK AKJ AKU FKI FKM FKP FKS FKT FKC FKN FKK FKJ FKU LHK LEK LFK LGK LLK LWK QK XK

Japan (J) AJI AJM AJP AJS AJT AJC AJN AJK AJJ AJU FJI FJM FJP FJS FJT FJC FJN FJK FJJ FJU LHJ LEJ LFJ LGJ LLJ LWJ QJ XJ

In
te

rm
ed

ia
te

 In
pu

t (
A

) 

USA (U) AUI AUM AUP AUS AUT AUC AUN AUK AUJ AUU FUI FUM FUP FUS FUT FUC FUN FUK FUJ FUU LHU LEU LFU LGU LLU LWU QU XU

B         BAI BAM BAP BAS BAT BAC BAN BAK BAJ BAU BFI BFM BFP BFS BFT BFC BFN BFK BFJ BFU

H         HAI HAM HAP HAS HAT HAC HAN HAK HAJ HAU HFI HFM HFP HFS HFT HFC HFN HFK HFJ HFU

W         WAI WAM WAP WAS WAT WAC WAN WAK WAJ WAU WFI WFM WFP WFS WFT WFC WFN WFK WFJ WFU

D         DAI DAM DAP DAS DAT DAC DAN DAK DAJ DAU DFI DFM DFP DFS DFT DFC DFN DFK DFJ DFU

V1                   V1I V1M V1P V1S V1T V1C V1N V1K V1J V1U

V2                   V2I V2M V2P V2S V2T V2C V2N V2K V2J V2U

V3                   V3I V3M V3P V3S V3T V3C V3N V3K V3J V3U

Va
lu

e 
A

dd
ed

 (V
) 

V4                   V4I V4M V4P V4S V4T V4C V4N V4K V4J V4U

X                   XI XM XP XS XT XC XN XK XJ XU

Source: IDE (1998). 
Note: LH, LE, LF, LG, LL and LW = exports to Hong Kong, United Kingdom, France, West Germany, East Germany and the Rest of the World (ROW), 
respectively, Q = statistical discrepancy, X = total output, B = freight and insurance, H and W = imports from Hong Kong and the ROW, respectively, D 
= import duty and sales tax, V1 = wages and salary, V2 = operating surplus, V3 = depreciation of fixed capital and V4 = indirect taxes less subsidies.  
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