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Abstract

The environmental effect of globalisation has been a focus issue in a long period. In China, FDI have made an important contribution to economic growth of China and foreign-capital enterprises become an indispensable part of China economy system, naturally, people begin to think and check the environmental implications of FDI.
The paper focuses on how to estimate the transfer effect and substitution effect of FDI. Based on the definition of both effects, theoretical measuring formulas are given. Considering data availability, the paper proposes two feasible methods to realize theoretical measuring formulas above.

Key words:  FDI; environment; transfer effect; substitution effect; input-output model
1. Introduction

  With the rapid growth of economy, China are also facing more and more serious environmental problems which caused the transfer of concern focus of both policy-makers and common citizens from how to increase national income to how to protect environment. Undoubtedly, FDI (Foreign Direct Investment) have made an important contribution to economic growth of China and foreign-capital enterprises become an indispensable part of China economy system, naturally, people begin to think and check the environmental implications of FDI.

  Up to present, econometric methods dominates the research fields that estimates and evaluates Environmental Effect of FDI. Liang (2006) chooses China as case to test whether FDI harms the host country’s environment. Based on a set of panel data ( more than 260 major cities, from 1996 to 2003) from the China Urban Statistical Yearbooks, Liang constructed the following econometric model: the dependant variable is the volume of industrial sulfur dioxide emission; the explanatory variables include the scale of foreign direct investment measured by net assets or employment of foreign invested factories in each city, per capita GDP, per capita GDP square; and the control variables include year fixed effects, city and provincial fixed effects, et al. A major conclusion of this study is that the increase of FDI will reduce the emission of sulfur dioxide when the other factors keep constant, namely, FDI have a positive effect on decreasing sulfur dioxide emission in China.

  Dean, et al (2004) done a empirical analysis on whether FDI were turning China into so-called “pollution havens” by study location-choice decision of foreign investors with conditional logit model and got some following interesting results: 

  “Relatively weak environmental levies are a significant attraction for joint ventures with partners from Hong Kong, Macao, Taiwan, and other Southeast Asian developing countries. In contrast, joint ventures with partners from industrial country sources (e.g., US, UK and Japan) are actually attracted by stringent environmental levies, regardless of the pollution intensity of the industry.”
  Yang (2005) constructed a regression model similar to Liang (2006) but got an opposite conclusion. Both use of province level data and neglect of setting necessary control variables could explain why Yang got the so significant different result with Liang.

  The above researches did discover some interesting things but showed us the limitation of econometric model. Econometric model is a indeed good tool to help us to test a hypothesis whether it is true or when or where it is true, to get a estimation of marginal effect of explanatory variables, but it can not tell us the more detailed information about how FDI affect Chinese environment, and it could not study the source of positive effect or negative effect in a quantitative level. In fact, there exist complicated paths by which FDI could affect the environment of host country, so more detailed examination are absolutely necessary. 

According to mainstream perspective, several important environmental effects of FDI are as follows:

a) FDI may provide capital to build a new enterprise or to expand the scale of existing enterprises. Moreover, those enterprises that could not get the concern and investment from foreign investors will benefit from backward effect. Therefore, FDI will promote the output growth and consequently bring increase of pollution emissions when emission coefficients maintain status quo. The kind of effect is usually called scale effect.

b) With the inflow of FDI, both new technologies and modern management methods are introduced to host country. Because most new technologies are more environment-friendly than those technologies in use in developing countries, foreign owned enterprises using new technologies often have better environmental performance than domestic enterprises and produce a demonstration effect. Therefore, FDI may decrease pollution emission intensity; pollution emissions will have a decreasing trend as a consequence. The kind of effect is usually called technology effect.

c) FDI could have an impact on environment by changing the industrial structure, namely structural effect.

d) FDI may increase resident’s income. Richer people will have more demand on environmental quality. They will not only take some ways to protect environment themselves but also exert pressure on government to practise more strictly environment regulation. Therefore, income effect described the above will improve environment.

Except the above four classic effects, there are still two kinds of effect worthy of studying:

1) Transfer effect. If a product is produced by a foreign-capital enterprise in host country and is exported, pollution emission from its production process occurs in host country but the use of this product occurs in other country. It means that the country that consumes the product does not pay any domestically environmental cost, in other words, consumption country transfers pollution to host country of FDI. In this paper, transfer effect just refers to increase of pollution emission occurring in host country caused by the above behaviour of FDI enterprises. 

2) Substitution effect. Not all products of FDI enterprises are exported. A great proportion of total output is used to meet domestic demand. Considering the fact that those enterprises with FDI have lower emission coefficients, we could notice an important point that domestic demand met by FDI enterprises instead of domestic enterprises will be helpful to reduce the total volume of pollution emission. The decreasing volume is defined as substitution effect in this paper.

In order to obtain the estimation of the above effects, input-output model as a partly equilibrium model which could calculate indirect impact easily will be better choice than econometric model. We even can say that IO model is only choice of us.

In this paper, we pay attention to study how to apply IO model to estimate transfer effect and substitution effect of FDI in China instead of traditional scale effect, technology effect and structural effect. The main reasons to do so are as follows:

1) The estimation of both transfer effect and substitution effect has important theoretical and practice value. 

According to forecast of famous Pollution Havens Hypothesis, a developing country like China has a comparative advantage in pollution intensity goods because of the lax environmental regulation and drastic competition among those local governments of China for attracting foreign capital. Therefore, China will specialise in the production of pollution intensity goods and sell them to developed countries. The pattern of division of labour means that China will have a trade deficit in environmental aspects. By estimate transfer effect, we can get the enough evidence to refuse the hypothesis when transfer effect has no increasing trend with deepen and expands of openness to the world economy system.

Transfer effect will harm environment and substitution effect may improve environment. By compare transfer effect with substitution effect, we could get a basic judge on whether FDI has positive effect on environment or not.

2) Both transfer effect and substitution effect are associated with exports. Because exports data is relatively reliable and detailed, it is possible to get more accurate estimation of transfer effect and substitution effect than technology effect or structural effect.

Because indirect pollution emission induced by FDI is inevitably involved in the calculation of both transfer effect and substitution effect, input-output model is a powerful tool. Mukhopadhyay, et al (2005), Lenzen, et al (2004) and the other many researchers used input-output model to calculate the volume of pollutants embodied in export and import goods to study trans-country pollution flows. Based on present literatures, the paper will propose a new model to estimate transfer effect and substitution effect.

The paper is organized as follows: section 2 will propose a theoretical framework of studying transfer effect and substitution effect of FDI; section 3 gives two feasible calculation formula. 

2. Methodology

  The paper aims to estimate transfer effect and substitution effect of FDI in China using IO techniques. So in this section, we firstly introduce the structure of 2002 input-output table of China and analyse why the present table cannot satisfy the demand of studying transfer effect and substitution effect. Following it, we establish a theoretical model base on IO techniques. Lastly, estimation formula of transfer effect and substitution effect are given.

2.1. Chinese IO table and its disadvantage

  In China, NBS ( National bureau of Statistics) published a survey input-output table every 5 year. The newest IO table is 122-sector input-output table for 2002. Its basic structure is shown as table 1.

  Table 1.   Structure of Chinese input-output table
	
	Intermediate Demand
	Final Demands
	Import
	Total output

	
	1,2,……, n
	Consumption
	Invest
	Export
	
	

	Intermediate Input

	1

2

:

n
	
	
	
	

	Primary Input
	
	

	Total Input
	
	


There are two major disadvantages to study the effect of FDI.

Firstly, the present table cannot do any distinction between foreign-capital enterprises and domestic-capital enterprises. So, direct input coefficients from the above IO table, the most important parameters in input-output model, do not reflect the technical characteristics of foreign-capital enterprises. In fact, they are the weighted average of economic and technical characteristics of foreign-capital enterprises and domestic-capital enterprises. However, a great deal of evidences showed there exist the significant difference between them. Therefore, if we calculate the emissions embodied in export goods using direct input coefficients in average meaning, we will get a bias result because those goods are produced in foreign-capital enterprises which have different input structure and emission intensity with domestic-capital enterprises and the average value certainly.

  Secondly, import is not dealt with a matrix but a column only. So we do not know the exactly proportion of import of each input element. But the information is very important for the paper’s purpose because import input do not affect the domestic environment and should be eliminated.

  Aiming to the above problems, the paper brings about a theoretical model fitting for study the transfer effect and substitution effect of FDI.

2.2. A theoretical model

Table 2. Environmental input-output table with a emphasize on foreign-capital economy
	
	Intermediate Demands
	Final

Demands
	Total output

and

total

import

	
	Domestic-capital 

Sectors
	Foreign-capital

sectors
	
	

	
	1,2,……, n
	1,2,……, n
	
	

	Inter. Input
	Domestic-capital 

Sectors
	1

:

n
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Compared with table 1, there are following 3 changes in the model shown in table 2.

1) A whole economy is divided into two parts: domestic-capital sectors and foreign-capital sectors. So, 
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 represent intermediate consumption of product i produced by domestic-capital enterprise by domestic-capital enterprise of sector j, intermediate consumption of product i produced by domestic-capital enterprise by foreign-capital enterprise of sector j, intermediate consumption of product i produced by foreign-capital enterprise by domestic-capital enterprise of sector j, intermediate consumption of product i produced by foreign-capital enterprise by foreign-capital enterprise of sector j, respectively. Similarly, 
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 denote final demand supplied by foreign-capital enterprise and by foreign-capital enterprise respectively; 
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 denote total output of foreign-capital enterprise and by foreign-capital enterprise respectively.

2) Transforming a import column into three matrixes. 
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 represent intermediate consumption of product i from import by domestic-capital enterprise of sector j, intermediate consumption of product i from import by foreign-capital enterprise of sector j, respectively. 
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 denotes final demand supplied by imported goods.

3) Introducing pollution emissions matrix. The element 
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represent the volume of lth pollutant emission due to domestic-capital enterprise of sector j and foreign-capital enterprise of sector j respectively. 

Based on the above table, we can get the following row balance equations:
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Introducing direct input coefficient and rewriting formula (1) and (2) in partitioned matrix form:
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Expressing the endogenous variables in terms of the exogenous variables and parameters:
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Furthermore, introducing emission coefficients matrix 
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, volume of overall pollution emissions due to production will be: 
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2.3.Measuring transfer effect

  In this paper, transfer effect of FDI is defined as the pollution emissions embodied in export goods produced by foreign-capital enterprises.

  Based on the equation (5), we can get the following measuring formula
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where 
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 denotes transfer effect.

Writing expression of each element in Leontief inverse and spreading equation (6) yields
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  There are two special scenarios: 1) 
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  If 
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=0, namely foreign-capital sectors do not consume the product of domestic-capital sectors, equation (7) yields
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  If  
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2.4.Measuring substitution effect

  If all goods and services that are supplied by foreign-capital enterprises and are sold to domestic consumer are provided by domestic-capital enterprises, the change in pollution emission is defined as substitution effect.

  According to the above definition, we firstly calculate pollution emissions embodied in those products supplied by foreign-capital enterprises and are sold to domestic consumer. Using the method similar to calculate transfer effect yields:
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   If those products are produced by domestic-capital enterprises, calculating formula of pollution emissions can be obtained by assuming there are no foreign-capital enterprises in China:
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  Therefore, substitution effect 
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3. Feasible formula for estimating transfer effect and substitution effect in China

   Considering the data availability, we have to say the above model is not a computable model at least in China. Firstly, there is not any information about the dependency relationship between domestic-capital and foreign-capital enterprises. So it is almost impossible to divide a intermediate input matrix into four matrixes. Secondly, there is little public data describing which sector imports are sold to. So it is very difficult to expand an imports column to matrix. Thirdly, pollution emissions by ownership are also not available in China. 

  Though estimation methods proposed in last section could not be applied in practice, they still have own value. In a word, theoretical model set an aim to which some really feasible methods may be discussed and designed.

  Because both transfer effect and substitution effect are facing the same trouble, we will focus on discussing how to estimate transfer effect in this section for the purpose of express convenience.

3. 1.Method 1

  There are 7 matrixes it equation (7) as follows: 
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. Therefore, the key of problem lies in how to estimate the above 7matrixes by available data. Table 3 shows the distance between target and database in China.

Table 3 Target and corresponding database
	Target
	Corresponding database
	Difference
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	Direct input coefficients matrix A, from Chinese IO table for 2002
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	The emissions of main pollutants by industry P
Sectoral energy consumptions by ownership
	Emissions divided by the corresponding total output, the overall emission coefficients matrix could be obtained. But, it is only a weighted average of 
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	Exports of foreign-capital enterprises by commodity, from statistical material of custom; Exports of foreign-capital enterprises by industry, from China economic census yearbook 2004
	No difference


From table 3, we can know there are two problems need to be solved for getting a empirical result of transfer effect. One is how to get four direct input coefficients matrix: 
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; another is how to get two emission coefficients matrix 
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. We will discuss them respectively in the following parts.

1) The estimation of 
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The estimation can be done according to the following steps:
Step 1: estimating input structure of foreign-capital enterprises

  According to mainstream opinion, the technologies adopted by foreign-capital enterprises in China have a 5-year even 10-year lag behind those technologies in use in their source country. If the opinion can be accepted, we could use input structure of the developed country, for example the United States, in the nineties of the twentieth century as an estimation of input structure of foreign-capital enterprises in China for 2002.

  Of course, reclassification and price adjustment will be necessary to obtain comparability when we use direct input coefficients from the American input-output table.

  Now, we have 
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Step 2: eliminating imports

  Imports column of foreign-capital enterprises is available. So by exerting an assumption that the import proportion has the consistency across purchasing sector for all products, we can get 
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Step 3: splitting 
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  In this step, we need add an assumption that the proportion of intermediate input supplied by foreign-capital enterprises on the total domestic intermediate input depends on the proportion of total output of foreign-capital enterprises on domestic total output. Expressing the assumption with formula yields:
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  Because 
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Step 4: Obtaining 
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Step 5: Obtaining 
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  Applying the same method as those listed in step 2 and 3, 
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2) The estimation of 
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  There are two threads to solve this problem. Firstly, 5-year lagged emission coefficients of developed countries could be used to estimate emission coefficients of foreign-capital enterprises in China. Secondly, most pollutants are energy-related, for instance, CO2, NOX. Lutz (2000) indicated the fact that over 99% of the NOx emissions are energy-related. Therefore, we can deduce emission coefficients of foreign-capital enterprises by available energy use coefficients of foreign-capital enterprises.

  If 
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  Now, the estimations of all 7 matrixes included in equation (7) have been obtained. Empirical analysis could be done although a little roughly.

3. 2.Method 2

  Although there is a little complicated in form, equation (7) is still a standard input-output demand-driven model in which exports are exogenous variables, emissions are endogenous variables and Leontief inverse is parameters.

  As it well known, Leontief inverse can be approximated with the power series and 4-order have already account for a great proportion of Leontief inverse. It means that the sum of direct effect, 1-oreder indirect effect, 2-oreder indirect effect, 3-oreder indirect effect and 4-oreder indirect effect will approach the results calculated from equation (7). This is the secondly feasible method that demands the estimation of direct effect and indirect effect from 1-oreder to 4-order.

Direct effect:

  Direct transfer effect of FDI can be calculated by the following formula:
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  Exports are produced in foreign-capital enterprises, so 
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1-oreder indirect effect:

  In this level, exports production creates the demand for intermediate input whose amount is 
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, in which input structure of foreign-capital enterprises are be used. The production of intermediate input will generate pollution. If we do not know who provide those intermediate inputs, the only reasonable choice is that using E to calculate the pollution emissions generated from the production of intermediate input. So we have:
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where 
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From 2-oreder to 4-order indirect effect:

  In this level, it is more difficult to identify who provide those intermediate inputs. So multiplying A, not 
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where 
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  Similarly
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  So, transfer effect is approximately equal to:
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Lastly, generalizing the formula to infinite order, we may obtain a more accurate result:
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  Compared with the first method, method 2 need not split 
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. It is easier to realize.
4. Final remark

  In this research field of transboundry pollution flow, the main advantage of input-output technique lies in the calculation of pollution flow embodied in trade goods. But for the issue discussed in the paper, basic input-output model is not used directly. We have to understand that national IO table only reflect the average level of all components. If different parts have obvious distinction in a economy system, average coefficients will lead to wrong conclusion.

  The paper belong to theory part. Next step, we will do a empirical analysis to get a quantitative estimation of transfer effect and substitution effect of FDI in China.  
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