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1. Introduction

China successfully completed negotiations on its entry to the World Trade Organization (WTO) in September 2001 and was formally approved its membership to the WTO, at the Ministerial Conference held in November 2001.  According to the agreements, it is necessary for China to liberalize its trade system.

As shown in Table 1, China’s share in the world trade increased from 0.576 percent in 1970 to 3.563 percent in 2000.  The difference in China’s share between 1970 and 2000 is the largest among the economies listed in Table 1.  This show that China is becoming one of the important countries in international trade and indicates that China’s trade liberalization will have great impact on the world economy.  A few models have been developed in order to analyze its effects.  Several features and conclusions of these models are summarized in Table 2.  All of these models are computable general equilibrium (CGE) models.  Most studies conclude that China would benefit from its trade liberalization.
  By contrast, effects on other economies (Asian economies, in particular) would differ among studies with multi-country models.

In this paper, we have adopted a different approach, i.e. the construction and use of an international input-output system.
  The system consists of macroeconometric sub-models and an international input-output sub-model and is based on the Asian International Input-Output Table 1990 (the Institute of Developing Economies [1998]).  This international input-output table has seventy-eight sectors and covers ten economies (Indonesia, Malaysia, the Philippines, Singapore, Thailand, China, Taiwan, Korea, Japan and the United States).
  Using this system, we assess the effects of China’s WTO accession on the economies in the Asia-Pacific region.

2. Model Structure

Our model consists of two major sub-models: macroeconometric sub-models for the ten economies and an international input-output sub-model.  The international input-output sub-model fully presents the whole picture of the international input-output table in exception to final demands and wages at the macro level.  Private final consumptions, government final consumptions, investments, inventories, wages and exchange rates are transferred from macroeconometric sub-models to the international input-output sub-model.
  We note that macroeconometric sub-models and the international input-output sub-model are not interlinked, i.e. no variables are transferred from the international input-output sub-model to macroeconometric sub-models.

2.1. Macroeconometric Sub-models

We constructed a macroeconometric model for each economy.  However, the modeling approaches differed among the economies.  As for Singapore, Taiwan, Korea, Japan, and the United States, we adopted the demand-oriented macroeconometric model and modified Klein’s (1983) skeleton model.  Regarding Indonesia, Malaysia, the Philippines, Thailand and China, we employed the supply-oriented macroeconometric model and the UNCTAD model as the standard model.
  In each model, the exchange rate was endogenized by using the Filatov-Klein exchange rate model.
  Several features of macroeconometric sub-models are shown in Table 4.  Table 5 presents root mean percentage square errors of several variables.  These results indicate that overall performances of macroeconometric sub-models are acceptable, although the values for Indonesia’s investments and China’s exchange rate are higher than 10 percent.

2.2. International Input-Output Sub-model

Intermediate Demands

As in the traditional Leontief input-output model, input coefficients multiplied by total outputs determine intermediate inputs.  Input coefficients in our model are divided into two sub-coefficients: technical sub-coefficients and regional allocation sub-coefficients.
  The technical sub-coefficient of each cell is defined as the input of a commodity in a sector per total input of the sector.  We do not differentiate between domestic and imported products to define technical sub-coefficients.  They are fixed in the base year during simulation periods.  Next, a base year allocation sub-coefficient for each intermediate input among regions is defined as a regional share in the total intermediate input of a commodity.  By applying the Hickman and Lau (1973) trade linkage model, the base year regional allocation sub-coefficient for each cell of intermediate inputs varies by tariff-included relative export prices between the home country and competitors, and the elasticity of substitution.  By multiplying technical sub-coefficients and varied regional allocation sub-coefficients, we obtain input coefficients.  

Final Demands

Final demands can be divided into two parts: final demands in composite regions of an international input-output table and that of the Rest of the World.  As for composite regions, final demand components at the macro level are determined by the macroeconometric model of each region.  These components are allocated for regions in almost the same manner as intermediate inputs.  Different from the determination of intermediate inputs, the base year regional allocation sub-coefficient for each cell of final demands varies by relative prices between the home country and competitors, and the elasticity of substitution.  In contrast, the final demand of the Rest of the World is one of the exogenous variables in our model.

Total Output

From the balance equation of the demand structure, the total output equals the summation of intermediate demands plus final demands.

International Freight and Insurance

We define the base year ratio of international freight and insurance relative to the total output in a sector and assume that the base year ratio is constant during simulation periods.  Hence, multiplying the base year ratios by the total output yields the levels of international freight and insurance.

Tariffs

As in international freight and insurance, we define the base year tariff rate relative to the total import of intermediate goods in a sector.  The base year tariff rates are also fixed during simulation periods.  We obtain tariffs by multiplying the tariff rates and the total import of intermediate goods.

Value Added

Value added consists of two components: wages and the others.  From the definition, wages are equal to wage rates by employment.  The sectoral wage rate is explained by a function of the wage rate at the macro level.  We also explain sectoral employment by the function of the sectoral employment rate, the sectoral output and the elasticity of labor input.
  As for the others, the base year ratio to the total output is fixed during simulation periods.

Price Level

From another balance equation of the input structure, the total output multiplied by the price (the base year = 1) is equal to the summation of intermediate inputs, international freight and insurance, tariffs and value added.  By dividing both sides of this balance equation, we obtain the price level.

Export Price

In the case of no export subsidies, the export price equals the price level.  Otherwise, the export price becomes lower than the price level by the rate of export subsidies.

Using this system, we evaluate the effects of China’s WTO accession on the world economy.
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Table 1. Selected Economies’ Shares in the World Trade

                                                                    (%)

	　
	　
	1970
	1980
	1990
	2000
	2000-1970
	　

	
	Indonesia
	0.342 
	0.827 
	0.682 
	0.743 
	0.401 
	

	
	Malaysia
	0.500 
	0.599 
	0.842 
	1.400 
	0.900 
	

	
	Philippines
	0.369 
	0.354 
	0.304 
	0.571 
	0.203 
	

	
	Singapore
	0.650 
	1.095 
	1.628 
	2.115 
	1.464 
	

	
	Thailand
	0.325 
	0.397 
	0.805 
	1.017 
	0.692 
	

	
	China
	0.743 
	0.960 
	1.656 
	3.536 
	2.793 
	

	
	Taiwan
	0.479 
	0.998 
	1.749 
	2.234 
	1.755 
	

	
	Korea
	0.457 
	1.005 
	1.935 
	2.583 
	2.127 
	

	
	Japan
	6.186 
	6.859 
	7.502 
	6.667 
	0.481 
	

	　
	United States
	13.774 
	12.181 
	13.063 
	15.842 
	2.068 
	　


      Source: International Monetary Fund (2002).

Table 2. Selected Features and Conclusions of Models on China’s Trade Liberalization

Multi-country Models

Ianchovichina, Martin and Fukase (2000): GTAP model

Model Type:

CGE model

Number of Sectors:

44

Main Data and Base Year:

GTAP database, 1995

Regions:
19 regions (North America, Western Europe, Australia and New Zealand, Japan, China, Taiwan, Other NIEs, Indonesia, Other Southeast Asia, India, Other South Asia, Brazil, Other Latin America, Turkey, Other Middle East and North Africa, Economies in Transition, South African Customs Union, Other Sub-Saharan Africa and the ROW)

Production Functions:

Nested CES function 
Fixed coefficients between intermediate inputs and primary factors
Regarding the GTAP model with duty exemptions, in the case of China, imported intermediate inputs in export-promoted sectors per total imports are fixed to 1.
Household Demand Functions: 
The CDE expenditure function derived from the Cobb-Douglas utility function 
Simulation Period:

1995-2005

Simulation Scenarios:

Tariff reduction and abolition of MFA quotas 

Comparing results of the standard GTAP model and those of the GTAP model with duty exemptions
Main Conclusions:
China's share in world outputs would not change greatly, however, those in world exports and imports would increase.  
Great changes can be found in the textiles, apparel and automobile industries.  
By China's accession to the WTO, developed countries would gain whereas developing countries would lose.
Results of the standard GTAP model are quite different from those of the GTAP model with duty exemptions.

CPB (1999); Lejour (2000): WorldScan model


Model Type:








CGE model

Number of Sectors:






21

Main Data and Base Year:



GTAP database, 1995

Table 2. Selected Features and Conclusions of Models on China’s Trade Liberalization (Conti.)

Regions:

8 regions (the United States, Japan, Western Europe, Pacific OECD, China, Southeast Asia, South Asia and the ROW)

Production Functions:

Nested CES function 

The Cobb-Douglas function among two-types of labor, capital and land

Household Demand Functions: 
Derived from the intertemporal utility function (allocation in time)


Derived from the Cobb-Douglas utility function (allocation among sectors)


Derived from the CES utility function (allocation among regions)

Simulation Period:






1995-2020 
Simulation Scenarios:

Gradual tariff reduction and NTBs from 2000 to 2010 and the gradual removal of MFA quotas from 2000 and 2005 in China (Case 1)


Case 1 + proportional tariff exemption for all imported goods (Case 2)


Case 1 + proportional tariff exemption for production-use imported goods (Case 3)


50% linear cutting of tariffs and NTBs in all regions from 2000 to 2010 (Case 4) 

Main Conclusions:

China's real GDP would increase due to China’s accession to the WTO.  

In exception to energy-intensive goods in Case 1, outputs of consumer goods and energy-intensive goods would increase.  That of capital goods would decrease.  


Southeast Asia would benefit among other regions.  
Walmsley and Hertel (2000): Dynamic GTAP model 
Model Type:

CGE model

Number of Sectors:

22

Main Data and Base Year:

GTAP database, 1995 

Regions:

19 regions (North America, Western Europe, Australia and New Zealand, Japan, China, Taiwan, Other NIEs, Indonesia, Other Southeast Asia, India, Other South Asia, Brazil, Other Latin America, Turkey, Other Middle East and North Africa, Economies 
in Transition, South African Customs Union, Other Sub-Saharan Africa and the ROW)

Table 2. Selected Features and Conclusions of Models on China’s Trade Liberalization (Conti.)

Production Functions:

Nested CES function 

Fixed coefficients between intermediate inputs and primary factors
Household Demand Functions: 
The CDE expenditure function derived from the Cobb-Douglas utility function 
Simulation Period:

1995-2020

Simulation Scenarios:

Tariff reduction and the abolition of MFA quotas to North America and Europe from 2000 to 2005

Tariff reduction from 2000 to 2005 and the abolition of MFA quotas to North America and Europe from 2000 to 2010

Main Conclusions:
Due to China's accession to the WTO, the real GDP and the welfare of China, North America, Europe, Japan and NIEs would increase whereas those of Southeast Asia and South Asia would decrease.  
Delays in the abolition of MFA quotas to North America and Europe would not benefit world welfare or the real GDP of the 19 regions in exception to China’s competitors.  
Single-country Models

Ezaki and Sun (2000)

Model Type:








CGE model

Number of Sectors:






35

Main Data and Base Year:



Input-Output table of China, 1997

Production Functions:





Nested CES functions

Fixed coefficients (non-energy intermediate inputs)

Household Demand Functions: 
Derived from the Cobb-Douglas utility function 


Simulation Period:






1997-2010


Simulation Scenarios:





10% linear cutting of tariffs from 1998 to 2005 (Case 1)



Linearly reduction of NTBs from 1998 to 2010 (Case 2)



Abolition of export subsidies by 2005 (Case 3)



Case 1 + Case 2 (Case 4)



Case 1 + Case 2 + Case 3 (Case 5)



Case 5 + 20% devaluation of the currency (Case 6)



Case 5 + 5% increase of income tax rate (Case 7)

Main Conclusions:

Effects of tariff reduction are positive - overall.  

Effects on the real GDP by the abolition of NTBs and export subsidies are both negative, however, the former is severe while the latter is quite minimal.  
Table 2. Selected Features and Conclusions of Models on China’s Trade Liberalization (Conti.)


To lessen the negative effects of NTBs abolition, devaluation is effective whereas the increase of income tax is not.

Adams, Horridge, Parmenter and Zhang (1998); Fan and Zheng (2000) 

Model Type:








CGE model

Number of Sectors:






124

Main Data and Base Year:

Updated and extended input-output table of China, 1995

Production Functions:

Combined nested CES functions and the Leontief production function

Household Demand Functions: 
Exogenous at the aggregate level

The LES among sectors and between domestic and imported goods 


Simulation Period:






1998

Simulation Scenarios:

41% of tariff reduction with fixed capital stock and labor force (Case 1)


41% of tariff reduction with endogenized capital accumulation and fixed labor force (Case 2) 

Main Conclusions:

Regarding the real GDP, China’s accession to the WTO would have positive effects. 

Although output of the meters sector would have the highest increase, that of the metal ore would have the highest decrease.

Zhai and Li (2000)

Model Type:








CGE model

Number of Sectors:






41

Main Data and Base Year:



Social accounting matrix of China, 1995

Production Functions:





Nested CES functions

Fixed coefficients among sectoral non-energy intermediate inputs

Household Demand Functions: 
Extended linear expenditure system 


Simulation Period:






1995-2005

Simulation Scenarios:





Trade liberalization under Uruguay Round (Case 1)


Case 1 + 40% linear cutting of tariffs and linearly reduction of NTBs from 1998 to 2005 (Case 2)



Case 1 + 5% increase of import quota in agricultural sectors (Case 3)



Case 1 + removal of MFA from 1998 to 2004 (Case 4)

Table 2. Selected Features and Conclusions of Models on China’s Trade Liberalization (Conti.)



Case 2 + Case 3 + Case 4 (Case 5)

Main Conclusions:
Becoming a member of the WTO would have positive effects on the real GDP of China.  Yet, the positive effects would be minor since the actual tariff rates of China have already been lowered.


Although outputs in the wheat, cotton, road vehicles and electronics sectors would decrease, those in the textiles and apparel would increase due to China’s accession to the WTO.


Agricultural liberalizations of China would also positively affect its economy. 


Income distributions of China would worsen by China’s accession to the WTO.


In order to ease the deterioration of the income distribution, the increase of income tax rate and the establishment of the social security system would become useful policy measures.


Notes: 

1. GTAP = Global Trade Analysis Project, NIEs = newly industrialized economies, the ROW = the Rest of the World, CES = constant elasticity of substitution, CDE = constant difference of elasticity, MFA = Multi Fiber Agreement, WTO = World Trade Organization, NTB = non-tariff barriers and LES = linear expenditure system.

2. Capital accumulation is endogenized in Fan and Zheng (2000), and Walmsley and Hertel (2000).

Table 3. 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

	Intermediate Input (A)
	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

	
	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
	
	
	
	
	
	
	
	

	Value Added (V)
	VV1
	VV1I
	VV1M
	VV1P
	VV1S
	VV1T
	VV1C
	VV1N
	VV1K
	VV1J
	VV1U
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	VV2
	VV2I
	VV2M
	VV2P
	VV2S
	VV2T
	VV2C
	VV2N
	VV2K
	VV2J
	VV2U
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	VV3
	VV3I
	VV3M
	VV3P
	VV3S
	VV3T
	VV3C
	VV3N
	VV3K
	VV3J
	VV3U
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	VV4
	VV4I
	VV4M
	VV4P
	VV4S
	VV4T
	VV4C
	VV4N
	VV4K
	VV4J
	VV4U
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	X
	XI
	XM
	XP
	XS
	XT
	XC
	XN
	XK
	XJ
	XU
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 3. Layout of the Asian International Input-Output Table (Conti.)

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, respectively, Q = statistical discrepancy, X = total output, B = freight and insurance, H and W = imports from Hong Kong and the Rest of the World, respectively, D = import duty and sales tax, VV1 = wages and salary, VV2 = operating surplus, VV3 = depreciation of fixed capital and VV4 = indirect taxes less subsidies.  

Table 4. Selected Features of Macroeconometric Sub-models

	　
	Country/Region
	Type
	Time Frame
	Behavioral Equations
	Identities
	　

	　
	
	
	
	
	
	　

	
	Indonesia 
	Supply-oriented
	Annual
	25
	30
	

	
	Malaysia
	Supply-oriented
	Annual
	23
	27
	

	
	Philippines
	Supply-oriented
	Annual
	25
	30
	

	
	Singapore
	Demand-oriented
	Annual
	17
	16
	

	
	Thailand
	Supply-oriented
	Annual
	28
	30
	

	
	China
	Supply-oriented
	Annual
	18
	20
	

	
	Taiwan
	Demand-oriented
	Annual
	17
	27
	

	
	Korea
	Demand-oriented
	Annual
	21
	27
	

	
	Japan
	Demand-oriented
	Quarterly
	33
	42
	

	　
	United States
	Demand-oriented
	Quarterly
	26
	41
	　


Table 5. Root Mean Square Percentage Errors of Selected Variables

	　
	　
	W
	e
	CP
	I
	PGDP
	GDP
	Final Test Period
	　

	
	Indonesia
	5.860
	6.447
	3.498
	10.272
	4.818
	4.362
	1987-1997
	

	
	Malaysia
	3.403
	2.340
	6.021
	5.887
	1.538
	4.225
	1990-1997
	

	
	Philippines
	8.468
	3.567
	1.471
	7.779
	3.971
	3.040
	1986-1997
	

	
	Singapore
	3.434
	4.175
	3.577
	6.511
	4.324
	3.856
	1988-1997
	

	
	Thailand
	5.946
	1.786
	3.965
	9.973
	2.542
	2.671
	1986-1997
	

	
	China
	6.499
	12.589
	3.000
	5.446
	4.733
	3.483
	1983-1996
	

	
	Taiwan
	3.215
	3.235
	3.176
	8.141
	2.114
	3.509
	1982-1997
	

	
	Korea
	7.797
	7.301
	4.569
	9.366
	6.785
	3.467
	1981-1997
	

	
	Japan
	0.764
	6.236
	1.018
	3.128
	0.472
	1.204
	1990:Q1-1997:Q4
	

	　
	United States
	1.510
	 -
	0.622
	1.744
	1.163
	0.663
	1988:Q1-1997:Q4
	　

	
	Note: W = wage, e = exchange rate, CP = real private final consumption, I = real gross fixed capital formation, PGDP = GDP deflator, GDP = real GDP, Q1 = first quarter and Q4 = fourth quarter.
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� Ezaki and Sun (2000) shows that the Chinese economy would be seriously damaged by its trade liberalization including abolition of non-tariff barriers.  


� For another example of an international input-output analysis on trade liberalization, see Torii, Shim and Akiyama (1989).


� A layout of the Asian International Input-Output Table 1990 is provided in Table 3.


� In exception to exchanges rates, transferred variables are in the US dollars.


� Ball (1973) provides detailed explanations on the UNCTAD model.


� The Filatov-Klein exchange rate model is the function of the relative price, interest rate difference and nominal current account per nominal GDP.  For further explanations, see De Grauwe and Peeters (1983).


� In the case of our analysis based on the international input-output table of 78 sectors by 10 regions, input coefficients, and technical and regional allocation sub-coefficients become 780 ∙ 780, 78 ∙ 780 and 780 ∙ 780 matrices.


� Exports for Hong Kong, United Kingdom, France, West Germany, East Germany and the Rest of the World are also added in determination of total outputs.  These exports are exogenous variables in our model.


� This employment function is shown in Ozaki (1979).
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