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Abstract: Based on I-O analysis method, the article adopts Laspeyres model to decompose the change of three atmosphere pollutions in thirteen industry departments to three effects between the year 1997 and 2002.The results are: technological effect decreases the emission of all three atmosphere pollutions; final demand structure effect increases the emission of SO2 and soot, but decrease the release of powder; final demand volume effect increases the emission of all the three atmosphere pollutions. So the best selection to decrease pollutions is the development of technology. 
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1 Introduction 

The relationship between the economy increase and the environment pressure is complicated. Since the 1990s, most of the disputes about it are expanded around so-called EKC supposal. According to this supposal, the environment pressure is going up with the unit income increase. But after a turning point, these pressures will disappear with higher income level（Grossman and Krueger, 1991; Shafik and Bandyopadhyay, 1992). There are some other proofs that prove EKC supposal is the same with some wealthy countries, and some environment problems have disappeared in these countries, but there are no literatures which unambiguously prove which  kind of pollutions follows EKC（Ekins, 1997; De Bruyn and Heintz, 1999; Stern and Common, 2001). The Chinese scholars, Ma Shucai and Li Guozhu（2006, 8） test the application of EKC to China. The result shows that only one industry solid rubbish pollution degree index is descendant with the equal GDP’s increase. No cointegration relationship exists between the two other environment pollution degree indexes( industry waste water, exhause gas) and the per capita GDP. So in China no proofs show that the increase of per capita GDP does favour to solve the environment problems. In addition, many domestic and foreign scholars conclude the EKC supposal is the same with local scope, short- time and comparatively lower cost to reduce pollutions.
Since the 1970s, to study the factors which affect the environment pressure( especially the emission of CO2), SDA technology based on I-O analysis is used to environmental problem. SDA method decomposes a synthesis variable to several factors and analyses the influence degree of all kinds of factors affect the synthesis variable. There are several different SDA decomposition forms to a same variable. Many scholars such as Shapely(1953), Sun(1998), Ang and Choi (1997), Ang(1998), Ang and Liu(2001) make great contribution to the design and the improvement of the SDA method. Recently, two Spanish scholars named Jordi Roca and M
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nica Serrano（2006）have used SDA method to analyse the change of 9 atmosphere pollutions(mainly including N2O, CH4 and NH3) in Spain. The results are: on one hand, because of the change of the final demand structure, especially the comparative descending of the food demand, the income increase goes with the reduction of the pollution emission intension. On the other hand, to the pollution SO2, the development of technology can counteract influence the increase of national economy, and greatly reduce the emission of the pollutions. The two Spanish scholars’ analysis speaks volumes for an absolute relationship between economy increase and the emission of the pollutions.
By now, there are many researches that use SDA to study energy consumption. But there are few literatures which use this method to study the relationship between Chinese environment and economy increase. Here, the article will adopt one form of the SDA decomposition methods—Laspeyres decomposition analysis for the change of the atmosphere pollutions from 1997 to 2002 in China, and introduce the more precise Laspeyres decomposition model in the world to improve the general SDA method, after the demonstration analysis, we can get the correlative conclusions. 
2 I-O analysis under NAMEA system

NAMEA is a National Accounting Matrix including Environmental Accounts. In this frame, the environment circumstance and economy activities embody in the National Accounting Matrix together. Yet the most effective analysis in NAMEA is based on I-O analysis. I-O analysis not only offers the theory support for the relationship between economy structure and economy activities, but also explains how the production and consumption affect the environment. In the 1970s, Leontief and other scholars have extended I-O model to study the relationship between economy and environment, especially the industry atmosphere pollution problem the economy increase brings.
The expression of the standard I-O model for n departments is:
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q is n dimension list vector—
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, and is the total output vector, y is n dimension final demand list vector—
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, A is n×n technology coefficient matrix—
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 is named Leontief inverse matrix, and the element reflects the influence of any change of exogenous final demand vector to the general output directly and indirectly. Formula (1)can be easily extended to the accounting of K kinds of atmosphere pollutions. If 
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 is the direct emission coefficient matrix of K kinds of industry atmosphere pollutions, the element 
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=1，2，……，k， j=1，2，……，n) is the quantity of pollutions that every unit production value of j industry department brings. For the given general output vector q, the industry atmosphere pollution emission level can be expressed:

E=Vq                                                                     (2)
Put Formula1 into Formula 2, we can get the emission function of atmosphere pollution:
E=V
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 is called the total pollution emission intension matrix, which depends on 
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 and Leontief inverse matrix, it is very important in the environment I-O analysis. And it can be used to calculate the total pollution emission or emission multiplier that satisfies the final demand of one unit. The extended environmental I-O model (3) can not only identify the direct reason induced pollution, but also can extrude the indirect function of mid input. We need to say: in the I-O table, the product and service of every department are homogeneous, technology coefficient matrix 
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are calculated according to the industry technology assumptions. Under these assumptions, all the productions of one industry are assumed to be produced under the same technology level.
3 Industry department classification and price adjustment 

The economy and environment data of NAMEA system all come from industry departments of different statistical calibers, and the economy data are influenced greatly by the price, so we need to classify industry department and adjust price again.
3.1 Industry department classification and disposal

With the present statistical data, the article uses SO2, soot and powder as the demonstration research objects, and makes use of the data of I-O table and regular statistical data to measure and calculate all kinds of factors that affect the change of three atmosphere pollutions. Because of the different statistical calibers of industry department classification in I-O table of 1997, the I-O table of 2002, the statistic yearbook of 1997, the statistics yearbook of 2002, here, for the need of study, we split and incorporate industry departments and thirteen industries are formed: extractive industry, food making and tobacco processing industry, textile industry, costume, leather and feather manufacturing, paper making, printing and culture and education manufacturing, petroleum processing, coking plant and nucleus fuel processing industry, chemistry industry, nonmetallic mineral products, recovery of metals and calendering industry, metal industry, engine, electric and electron equipment manufacturing, electric power, coalgas and water supply industry, and other industries. We need to explain that other industries include wood processing and furniture manufacturing, other manufacturings, engine equipment repair services, waste and scrap industry.
3.2 Price adjustment of the general output and the final demand

In order to eliminate the influence of price, it takes the industry price index of 1997 as the comparable price and adjusts the final demand and the general output of each industry department of 2002. The data of the final demand and the total output of 2002 in the table below are based on the adjustment of the producer price index of industrial products of 1997.
4 Laspeyres decomposition model and its application
From the changing tendency chart of the emission of SO2, soot and powder of industry departments from 1995 to 2005, it is obvious that the emission of three atmosphere pollutions from 1995 to 1999 shows downtrend, but the emission of three atmosphere pollutions of 2000 shows a big jumping rise, afterwards, the change of the three atmosphere pollutions has their own features and puts up very different change trends: The emission of SO2 is rising sharply in different speed, the powder overall shows downtrend and the soot shows more gently upward tendency. The changing tendency chart of three atmosphere pollutions in eleven years can only reflect the change phenomenon, but can’t reflect the economy mechanism and technological effect inside the change tendency, and even can’t show the direct or indirect relationship between the change of economy structure and it.
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Note: three atmosphere pollutions before the year 2000 are all the emission data of the industrial enterprises at and above the country level, and disagree with the statistical sum of industrial departments.
Figure1 The tendency chart of three atmosphere pollutions

Next the article uses SDA method to decompose the change of three atmosphere pollutions in 13 industry departments to three effects between the year 1997 and 2002: technological effect, final demand structure effect and final demand volume effect, and calculate the contribution rate of the three effects to the emission of atmosphere pollutions, in order to show the relationship between economy increase and environment.

At time t, the emission amount of pollutions can be expressed:
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 is the row vector of n 1. We take the year 1997 as 0 period, and the year 2002 as t period, and the change of pollutant emissions during the two periods can be decomposed:
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The change of atmosphere pollutions in Formula (5) can be decomposed to be the change of three factors. The first effect
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 is called technological effect, including the united effects of v and the change of Leontief inverse matrix, which is called the total emission intension or the change of emission cost offered to different goods and service, but also some scholars think about this two factors related with the change of science and technology separately; The second effect
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 is the change of the final demand structure or component; The third effect
[image: image21.wmf]v

effect

y

D

 is the change of the final demand volume or level.
There are many skills to decompose the change of the atmosphere pollutions to the change of different factors, but the most direct decomposition method is the Formula (6) below:
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So we get:
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 means the change of the total pollution emission induced by the change of technological development on the condition that the final demand structure and the final demand volume are unchanged. 
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 means the change of the total pollution emission induced by the final demand structure t on the condition that the technology and the final demand volume are unchanged. 
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 means the change of the total pollution emission induced by the final demand volume on the condition that the technology and the final demand structure are unchanged.
The decomposition method of Formula (6)′ is called Laspeyres decomposition method(Laspeyres decomposition method is short for L method), and the decomposition result is called Laspeyres decomposition model.
Table1  The relative index of 3 factors in 13 industry departments

	
	the transpose of the pollution emission intension matrix
	the final demand structure

	
	1997
	2002
	1997
	2002

	industry
	SO2
	soot
	powder
	SO2
	soot
	powder
	
	

	Extractive industry
	0.0247
	0.0144
	0.0098
	0.0193
	0.0096
	0.0066
	0.0264
	0.0162

	food making and tobacco processing industry
	0.0087
	0.0052
	0.0027
	0.0072
	0.0050
	0.0027
	0.2226
	0.1455

	textile industry
	0.0141
	0.0076
	0.0032
	0.0147
	0.0070
	0.0026
	0.0698
	0.0623

	Ostume, leather and feather manufacturing
	0.0096
	0.0170
	0.0030
	0.0097
	0.00490
	0.0026
	0.1246
	0.0902

	Paper making, printing and culture and education manufacturing
	0.0268
	0.0170
	0.0098
	0.0179
	0.0097
	0.0037
	0.0269
	0.0264

	Petroleum processing, coking plant and nucleus fuel processing industry
	0.0276
	0.0149
	0.0112
	0.0235
	0.01207
	0.0067
	0.0075
	0.0062

	chemistry industry
	0.0279
	0.0180
	0.0140
	0.0245
	0.0126
	0.0058
	0.0745
	0.0675

	Nonmetallic mineral products
	0.0502
	0.0326
	0.1720
	0.0294
	0.0593
	0.2937
	0.0288
	0.0145

	recovery of metals and calendering industry
	0.0586
	0.0267
	0.0348
	0.0424
	0.0161
	0.0196
	0.0044
	0.0082

	metal industry
	0.0350
	0.0175
	0.0205
	0.0272
	0.0120
	0.0121
	0.0324
	0.0308

	engine, electric and electron equipment manufacturing
	0.0240
	0.0126
	0.0155
	0.0174
	0.0086
	0.0112
	0.3346
	0.4662

	electric power, coalgas and water supply industry
	0.1999
	0.1007
	0.0080
	0.1638
	0.0723
	0.0041
	0.0156
	0.0260

	other industries
	0.0180
	0.0088
	0.0091
	0.0127
	0.0070
	0.0057
	0.0458
	0.0401

	the summation of the final demand volume of industry department
(ten thousand Yuan)
	
	
	
	
	
	
	398512163.9
	616967884.8


Data sources: Resulted from the data of 《The I-O table of China in 1997》,《The I-O table of China in 2002》,《The annual statistics of China in 1998》and 《The annual statistics of China in 2003》.
Putting the relative data of 3 factors in 13 industry departments which are calculated in Table one into Formula(6), we can work out technological effect, final demand structure effect and final demand volume effect separately:
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Among them, 
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 are the change of SO2, soot and powder in industries between the year 1997 and 2002( The unit of all atmosphere pollutions is “ton”). In the decomposition result, the first part — technological effect is symbolled with 
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. The technological development effect deduces three waste emissions, which disobeys the rule of technological development. Final demand structure and the final demand volume all increase three waste emissions. At last, the common influence of the three effect induces 2229485.83 tons of SO2 emission more, 1026471.81 tons of soot emission more, 1021173.14 tons of powder emission less.
But there is a big error in the decomposition result with this structure decomposition analysis method. It is because the Laspeyres decomposition method of Formula (6) can’t give the complete decomposition. When the different factors change greatly, “residual error” or in more correct speaking, the effect of “interaction” may be very big. In order to decrease or avoid the effect of interaction, this needs plenty of researches to apply other decomposition methods. 
5 “Exact” Laspeyres decomposition model and its implication

To decrease or avoid the effect of the interaction, one of the optional methods is to calculate the average value of Laspeyres method( starting value ) and Paasche method ( Paasche method is short for P method, Wier and Hasler, (1999) for details) ( final value), and the interaction effect still exists with this method, but it is possibly very small. Another optional method is Dietzenbacher and Los’ view: When considering these three factors, it is likely that six different exact decomposition forms are existed, and all the possible forms are equal, and this means none of the foms are better than others on the theoretical basis. The results of different forms may differ greatly, so the best way is to calculate the average effect of all the six exact decomposition forms. This average accurately gives the same result with Sun suggests（Hoekstra, 2005: P141）. Another method is to distribute the interaction influence among different factors according to the principle of united creation and fair distribution on the basis of Laspeyres method. Sun（1998）, Ang and Zhang(2000) named this choice as the exact Laspeyres method. The article adopts the “exact” structure decomposition method to re-express Formula (6) as (7)：
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Put the data of Table1 into Formula (7), technological effect, final demand structure effect and final demand volume effect can be calculated separately:
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To take a step further, we can get the contribution rate of the three effects during the change process of three atmosphere pollutions emission based on the decomposition results of technological effect, final demand structure effect and final demand volume effect, such as Table2.
Table2         the contribution rate of the three effects                   Unit: %

	
	The total emission volume of the three waste in 1997
	technological effect 
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	final demand structure effect 
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	final demand volume effect 
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	general effects
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	SO2
	14042836
	－40.4
	12.09
	33.02
	4.71

	soot
	7955580
	－41.39
	9.76
	33.33
	1.69

	powder
	12890229
	－53.45
	-2.22
	31.82
	-23.86


From the calculated results of Formula(7)and the data of Table2, it is obvious that, to the three atmospheric pollutions, technological effect decreases the emission of all three atmospheric pollutions ( It is almost same with all the theory analysis conclusions including EKC supposal.), final demand structure effect increases the emission of SO2 and soot, but decrease the release of powder, and final demand volume effect increases the emission of all the three atmosphere pollutions. Comparing the three effects in numerical value, we can find that the influence of the technological effect is bigger than the other two, which results in the emission of SO2 is 40.4 percent less, the emission of soot is 41.39 percent less, and the release of powder is 53.45 percent less in 2002 than in 1997. The final demand volume effect of the three atmospheric pollutions all counteract the influence of technological effect, which results in the emission of SO2 is 33.02 percent more, the emission of soot is 33.33 percent more, and the release of powder is 31.82 percent more in 2002 than in 1997. But the final demand structure effect has little influence to the emission of the three atmospheric pollutions. Comparing the contribution of the three effects to the three atmosphere pollutions, we can find that the positive effect of final demand structure effect and final demand volume effect exceeds the negative effect of the technological effect, which results in the increase of the SO2 and soot. To the powder, technological effect and the final demand structure effect exceed the final demand structure effect, which induces its decrease in emission. At last, the common influence of the three effects induces more than 4.71 percent of SO2 emission, more than 1.69 percent of soot emission, less than 23.86 percent of powder emission.
6 Conclusion
From the demonstration analysis results above, it is not difficult to get the conclusion below: the development of technology can slow down the pressure of environmental pollutions, final demand structure effect influences the environment more complicated, and final demand volume effect can prick up environmental deterioration. So the best selection to decrease pollutions is the development of technology. As long as technological effect is big enough, it can counteract the influence of final demand structure effect and final demand volume effect.
It should be emphasized that error is still existed about this “Exact” Laspeyres decomposition model. The paper uses this method to analyse the economic and the social elements resulting in environment pollution and their influence degree, which help us to put forward policy to decrease pollution. More exact and more fitful decomposition models need to be discussed.
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