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Abstract  As China’s capital, Beijing’s economic structure has experienced great changes in recent 20 years. Many heavy industrial factories have been move out the city. This paper uses the concept of the field of influence and the method of multifactor and multi-order impact analysis (MMIA) to make a quantitative analyzation to the structural changes. MMIA is applied here as a substitution of SDA. The analysis was based on 10 IO tables from 1987 to 2010 with 29 sectors. The results show that final demands played main role to the share changes for more than two third sectors in Beijing Economy. The changes of intermediate input coefficients made dominant contributions for four sectors which are the sectors of Mining of Metal Ores, Mining of Nonmetal Ores, Power and Water, Commercial Business. The paper also made a taxonomy to the 29 sectors according to the main field of influence and sign combinations of influential components.

KEYWORDS: Industrial structural change,  field of influence,  MMIA,  Beijing's economy
1. About Beijing Economy  ( Introduction)

Beijing has ever been thought of as the center of economy, cultures and politics of China, but the situations have changed greatly. Now in the government documents, Beijing is no longer titled the center of the national economy. The Capital Steel Corporation began to be considered to move out of Beijing since 1994 and was starting to transfer in 2005, and now its production departments are completely outside Beijing city. The heavy chemical industry of factories were also considered moved out at the same time. When Beijing succeeded in 2001 in applying to hold Olympic games of 2008, it decided to change the industrial structure essentially. The current industrial structure of Beijing is very different from that ten years ago. By 2012, per capita GRP of Beijing was RMB 87091 yuan, about USD13797. In order to measure the changes of the industrial structure and to find the dynamic power of the movement, this paper made a thoroughly quantitative analysis with Beijing IO tables from 1987 to 2010 and the field of influence methodology. 

2. Methodology

The industrial structure of an economy can be measured in quantity by various indexes, such as shares of value added (VA) , gross output (GO), labor, etc., we will consider the shares of VA and GO as they are presented in IO Tables.For structure change analysis, there have been some popular methods, and one of the most popular is known as SDA——structural decomposition analysis. Since SDA has been set up formally by Skolka (1989), many people have made some ways of improvement (Carlo, 2001; Dietzenbacher and Los,1998), and Ang And Liu (2001; 2003) put forward LMDI as a substitution. In 2012, we have given a crucial critique to SDA and LMDI and advanced the MMIA (multifactor and multi-order impact analysis) method instead. We think there are three bugs in SDA:
1) No matter how to combine and average the influences of every factor calculated by different available sequences of factors in the formula, there is nobody giving out the physical or economic reasons but wanting to wipe off the result differences among the different order forms.

2) During the process, people forgot what was the real purpose of the analysis. Actually, the proper goal of SDA was to get a quantitative knowledge of every factor’s influencing the dependent variable, and then to offer a reference for future decision, but SDA does not apply to this goal due to its uncertain results.
3) In an organic system, we cannot weight the roles of its different parts generally. Dropping off one small screw will destroy a plane! So, to evaluate the contributions of various factors to dependent variable with different weights is not meaningful in many cases, let alone with different weight system for different factors. 

Sonis & Hewings (1988, 1992) created a concept ——field of influence (FOI) which provides a formal, general tool to measure the analytical impact of changes in the direct coefficients’ matrix of an IO table or social accounting matrix (SAM) on the associated Leontief inverse, or of changes within the direct coefficients’ matrix and the associated decomposed inverse matrices (Sonis , et al, 1996). It has been implied that the field of influence might form one of the bases for a taxonomy of economies (see Jensen et al., 1988). We think that the concept of FOI can be extended to a more general function relationship between dependent and independent variables companioned with MMIA. 

2.1 FOI——Field of Influence

Let A = (aij) be a matrix of direct input coefficients, E = (eij) be a matrix of changes in A, B0 = (I - A) -1= (bij) and Bt = B(E) = (I - A - E) -1 be the Leontief inverses before and after changes. Generally, det M is the determinant of Matrix M, then
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and 
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is a determinant of order k that includes the components of the Leontief inverse B0 from the order set of columns i1,i2…ik and rows j1,j2…jk .
As an application, the approach was used to analyze the changes of gross output as following:
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where f0, and f are respectively the final use vectors before and after change. Using the above formula, influences of any field of element changes in A, to B or other variables related to A like gross output or value added can be calculated directly.

2.2  MMIA——Multifactor and Multi-order Impact Analysis

As a substitution for SDA, we advanced MMIA as a tool to analyze the impacts of factors as independent variables on the main subject index as dependent variable. Supposing there is a function as


[image: image8.wmf])

,

,

(

2

1

n

x

x

x

f

y

L

=

                                (5)

where y, xi(i=1, 2, …, n) may be single variable, vector, matrix or any variable groups, then
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where 
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2.3  The models to analyze the field of influence on industrial structural changes

Based on the input-output table frame, we have the particular MMIA models to analyze the field of influence on industrial structural changes.The basic IO table model is


[image: image24.wmf]÷

÷

÷

ø

ö

ç

ç

ç

è

æ

¢

¢

Q

Z

Q

Y

X

                              (9)

where Q is gross output vector, X is intermediate flow matrix, Y is final use vector or matrix and Z is primary input vector or matrix. In finer structure, for a regional economy in a country, Y is composed of five components, i.e. 
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where C is resident consumption, G is public consumption, I is capital formation, NT is net transport outflow interprovincially, NX is net export flow internationally. Similarly, Z can also be composed of several component, but this paper do not intend to do that. Supposing that A is the direct input coefficient matrix, B is Leontief inverse, then it has
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where e is a vector that its all elements are 1, diag(·) is the corresponding diagonal matrix of a row or column vector, and e can be a row or column vector depending on before or after a matrix. The size of e is also flexible following the matrix it is related. e is named summing vector.Taking proportions as the representation of structure, and let
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Let
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Based on the above definitions of symbols, the models to analyzing the field of influence on industrial structure changes can be written down as
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If let
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If let
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3. The Changes of Industrial Structure of Beijing from 1987 to 2010

Before investigating the fine impact factors for the changes of industrial structure of Beijing in those years, let’s have a look into the structure itself at first. We collected 10 IO tables with current prices compiled by the Bureau of Statistics of Beijing and united them into 29 common sectors (see their names in Table 1). The 10 IO tables are the tables of 1987, 1990, 1992, 1995, 1997, 2000, 2002, 2005, 2007 and 2010.

	Table 1  Sector category

	Code
	 Name
	Code
	 Name

	01
	Agriculture
	16
	General Purpose and Special Purpose Machinery 

	02
	Coal Mining
	17
	Transport Equipment

	03
	Extraction of Petroleum
	18
	Electrical Machinery and Equipment 

	04
	Mining of Metal Ores
	19
	Communication Equipment and Other Electronic Equipment

	05
	Mining of Nonmetal Ores
	20
	Measuring Instrument and  Machinery

	06
	Manufacture of Foods
	21
	Other Manufacture

	07
	Manufacture of  Textile
	22
	Power and Water

	08
	Manufacture of Wearing Apparel
	23
	Construction

	09
	Timbers and Furniture
	24
	Communication and Transportation

	10
	Papermaking and Manufacture
	25
	Commercial Business

	11
	Processing of Petroleum
	26
	Financial Intermediation and Insurance

	12
	Chemical Industry
	27
	Resident Services

	13
	Nonmetallic Mineral Products
	28
	Culture,Education and Research

	14
	Smelting and Rolling of Metals
	29
	Public Management

	15
	Manufacture of Metal Products
	
	


3.1 Structure Change Analysis Based on Gross Output Shares

We use the shares i.e. the proportions of the sectors in total gross output or GDP to reflect the industrial structures. See Figure 1 and 2. The sectors are grouped by their proportional ranks in 2010 to pay attention at status quo. 

Seeing Figure 1, we can find the top five sectors respectively in 1987 and 2010 which are shown in Table 2. There were three heavy industries in the top five sectors except sector 24 in 1987, but all were service sectors in 2010, especially resident services sector became the NO.1; culture, education and research sector up to the third; and financial intermediation and Insurance sector up to the fifth. Table 3 shows those sectors which changed the most.
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	Table 2. Top five Sectors by Gross Output

	1987
	2010

	Sector Name
	Code
	Share
	Sector Name
	Code
	Share

	Construction
	23
	11.20%
	resident Services
	27
	20.33%

	Chemical Industry
	12
	8.71%
	Communication and Transportation
	24
	12.38%

	Commercial Business
	25
	6.88%
	Commercial Business
	25
	10.50%

	General Purpose and Special Purpose Machinery 
	16
	6.24%
	Culture,Education and Research
	28
	7.29%

	Communication and Transportation
	24
	5.71%
	Financial Intermediation and Insurance
	26
	7.28%


	Table 3.  Top five Sectors by Gross Output proportion Change:1987-2010

	Upward sectors
	Downward sectors

	Sector Name
	Code
	Percents
	Sector Name
	Code
	Percents

	Resident Services
	27
	15.19
	Chemical Industry
	12
	6.17

	Communication and Transportation
	24
	6.67
	Construction
	23
	4.25

	Financial Intermediation and Insurance
	26
	5.52
	Smelting and Rolling of Metals
	14
	4.03

	Power and Water
	22
	3.95
	Agriculture
	 01
	3.85

	Commercial Business
	25
	3.62
	General Purpose and Special Purpose Machinery 
	16 
	3.82


3.2 Structure Change Analysis Based on Value Added shares

Table 4 shows the top five sectors based on value added respectively in 1987 and 2010, which  can be drawn from Figure2. In general, the bigger the gross output was, the bigger the value added was. Comparing Table 2 and 4, except sector 01, i.e. Agriculture sector in 1987, the top five sector sets are the same unless that there were little differences in particular ranks. The rank of sector 01 by value added in 1987 was prior of 5 positions to that by gross output. This phenomenon reflects that agriculture is a labor intensive sector especially in 1987 when the coefficient of remuneration for labor in sector 01 was the biggest except coal mining sector. 

	Table 4. Top Five Sectors by Value Added

	1987
	2010

	Commercial Business
	25
	9.59%
	Resident Services
	27
	20.03%

	Construction
	23
	8.62%
	Commercial Business
	25
	15.63%

	Chemical Industry
	12
	8.23%
	Communication and Transportation
	24
	13.65%

	Communication and Transportation
	24
	8.22%
	Financial Intermediation and Insurance
	26
	13.20%

	Agriculture
	01
	7.27%
	Culture,Education and Research
	28
	9.31%
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As to the top sectors by the amplitude of change, they are also almost the same with that in Table 3.

	Table 5. Top Five Sectors by Value Added Share Change: 1987-2010

	upward
	downward

	Sector Name
	Code
	Percents
	Sector Name
	Code
	Percents

	Resident Services
	27
	14.02 
	Agriculture
	01
	6.38

	Financial Intermediation and Insurance
	26
	9.33 
	Chemical Industry
	12
	6.05

	Commercial Business
	25
	6.04 
	Smelting and Rolling of Metals
	14
	5.57

	Communication and Transportation
	24
	5.43 
	Construction
	23
	4.20

	Culture,Education and Research
	28
	4.24 
	General Purpose and Special Purpose Machinery 
	16
	3.44


3.3 Quantitative Measurement for Structure Change Amplitude with a single index

In order to have an intuitive and overall perception to the amplitude of structure change, two quantitative indexes are put forward here. For every two years, the bigger the correlation coefficient of structural proportion series is , the smaller the change amplitude of the structure should be . If we use the reciprocal of the the correlation coefficient as the measurement index of structural change amplitude, then the index is in direct proportion with the amplitude. We name this index as structural change index (SCI). SCI also can be represented by other indicators such as averaged absolute difference of sector shares. The former is named as CCSCI, the latter is named as AADSCI.
To show the structural change trend, we make a moving average by neighbour IO years and five years. Figure 3 gives an average results of 29 sectors whose values are multiplied by 1000 for the sake of appearance. From the figure, it can be seen that the 1990s is the main period for industrial structure change of Beijing when the indexes are above 4 for 1992,1995 and 1997, and it seems beginning a new run of structure adjustment from 2007 that the index is going upward again.
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In addition, there is another prominent point that the concentration degree of industry become bigger from 1987 to 2010. In 1987, the top five sectors took 38.7% of the total gross output (that is 41.9% by value added), and that ascended to 57.8% in 2010 (that is 71.8% by value added). In 2010, the top five sectors are all service sectors.

4. The Factor Impact Analysis (FIA)
In order to trace the origins of the structure changes, MMIA is applied to look into the deep inner part of Beijing economy through the data of IO tables. The following is divided in three parts. The first part is about the changes of between1987 and 2010, the second part is about the changes of between 10 years i.e. 1987-1997 and 1997-2007, the third part is about the changes of every neighbour IO table year only with two sectors treated.

4.1 FIA of Industrial Structure Change between 1987 and 2010

The structure changes from 1987 to 2010 have been shown in Figure1-3. Applying models in section 2.3, we get the calculation results in Table 6 and 7.

First, let’s consider the upwards and downwards top five sectors. 

(1)For Sector 27, its total change of q and z respectively are 15.19 and 14.02, and the biggest contribution to them is the first order impacts of A and y. In Table 6, A is represented by B, its contribution is the same level like y, both a little bigger than 70%. The second order impacts are significant and the third one is very small. In Table 7, the contribution of y’s change  which reached 92% is more than two times to B’s. There is an interesting thing here that the pure impacts of the two first order are both positive but their combined pure impact of the second order is negative. 

(2)For sector 24, its total change of q and z respectively are 6.67 and 5.43. The contributions of A and y are very different to q and z. In Table 6, the contribution of B is double big to that of y, but in Table 7, the thing is upside down. The influences of the second order for sector 24 are also significant and negative, and the third one in Table 6 is small . The facts show that for communication and transportation sector, the change of intermediate input coefficient made a big effect to raise the intermediate consumption which made a big contribution to promote its share in gross output, but the value added’s share rise mainly owed to the pull of final demand.

(3) For sector 26, its total change of q and z respectively are 5.52 and 9.33. The influence of y’s change is much bigger than that of B(A) both to q and z. The contribution of y is more than five times of B in Table 6 and in Table 7 the contribution of A is only -0.9 and that of y is 144.11. This fact means that the ratio rise of Financial Intermediation and Insurance sector was mostly due to the pull of final demand.

(4)For sector 25, its total change of q and z respectively are 3.62 and 6.04. To both of q and z, the main contributor is B(A). In Table 6, B’s contribution is six times of y, and that of A is about four times in Table 7 and they are opposite at same time. The facts show that the ratio change of Commercial Business sector over to final use decreased its share and the change of its intermediate coefficients is the mainly factor to raise its position on the industrial structure. For sector 25, the second order effects are much big which mostly exceed 50, and the effect of 
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on q is also not negligible which is commensurate with that of y.

(5)For sector 22, its total change of q and z respectively are 3.95 and 1.43. For this sector, the main influential factor is also B(A). Relative to B, the influence of y might be negligible which is about 150 to 1. The small effect of y is also negative. The second order influence is very significant and negative.

(6)For sector 28, its total change of q and z respectively are 1.72 and 4.24. In this sector, three factors are at the commensurate level though y’s share is about two or three times of the others,  but the effect of 
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 is negative.

(7)For sector 12, its total change of q and z respectively are -6.17 and -6.05. The y’s influence on this sector takes a major role to the change of q and z and reaches about 100. To q, the role of 
[image: image57.wmf]m

is bigger than y which is about 36 to 12; To z, the share of y also gets over to 36. This sector’s second order influences are negative, which means it deterred the share decreases of Chemical Industry sector.

(8)For sector 01, its total change of q and z respectively are -3.85 and -6.39. In this sector, three factors are also at the commensurate level as in sector 28 though y’s share is about two times of the others in Table 6 and close to A in Table 7. The second order effects are also negative .

(9)For sector 23, its total change of q and z respectively are -4.25 and 4.2. The contributions of B, y and 
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 to q are respectively -35.03, 89.02 and 68.03, which shows the role of B is much smaller than the other two factors, but the contributions of B and y to z are in the same level and have the same signs (see Table 7). The facts here implies that the change of intermediate input coefficients which mainly occurred in the sector’s interior was not positive to its share decrease but the fall of total value added rate was favorable and over the adverse.

(10)For sector 14, its total change of q and z respectively are -4.03 and -5.57. The contributions of B to q are the main, it is more than two times of the the other two. The second order effects are significant and minus.

(11)For sector 16, its total change of q and z respectively are -3.85 and 3.46. The situation is similar to that of sector 23. The contributions of B to q is 66.56, and the other two respectively are 20.28 and 42.23, but the contributions of  B and y to z are almost the same.

	Table 6  The Field of Change Contributions to q’s Change: 1987-2010

	Code
	Total change of q (percents)
	Change contribution of   (%)
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	01
	-3.851 
	37.03 
	62.36 
	30.66 
	-5.89 
	-9.56 
	-16.11 
	1.52 

	02
	0.965 
	22.66 
	79.75 
	-8.70 
	44.15 
	-5.85 
	-20.60 
	-11.40 

	03
	0.383 
	40.53 
	80.70 
	0.01 
	13.58 
	-10.47 
	-20.85 
	-3.51 

	04
	0.590 
	374.51 
	4.71 
	-5.46 
	-237.03 
	-96.74 
	-1.22 
	61.23 

	05
	-0.510 
	53.84 
	9.69 
	26.34 
	35.79 
	-13.91 
	-2.50 
	-9.24 

	06
	-3.120 
	26.67 
	29.87 
	39.14 
	25.51 
	-6.89 
	-7.72 
	-6.59 

	07
	-3.703 
	16.21 
	77.44 
	27.07 
	4.68 
	-4.19 
	-20.01 
	-1.21 

	08
	-2.562 
	-1.74 
	92.60 
	29.00 
	4.87 
	0.45 
	-23.92 
	-1.26 

	09
	-0.861 
	17.48 
	74.49 
	32.21 
	-0.56 
	-4.51 
	-19.24 
	0.15 

	10
	-3.585 
	30.79 
	69.79 
	29.77 
	-5.89 
	-7.95 
	-18.03 
	1.52 

	11
	-1.757 
	-34.68 
	70.83 
	46.34 
	36.21 
	8.96 
	-18.30 
	-9.35 

	12
	-6.170 
	-11.83 
	103.45 
	36.46 
	-5.95 
	3.06 
	-26.72 
	1.54 

	13
	-2.124 
	8.66 
	72.34 
	36.65 
	4.42 
	-2.24 
	-18.69 
	-1.14 

	14
	-4.031 
	34.61 
	83.52 
	31.19 
	-25.36 
	-8.94 
	-21.58 
	6.55 

	15
	-1.889 
	-2.21 
	98.19 
	34.49 
	-7.65 
	0.57 
	-25.36 
	1.98 

	16
	-3.820 
	20.28 
	66.56 
	42.23 
	-8.96 
	-5.24 
	-17.20 
	2.31 

	17
	1.107 
	260.45 
	21.66 
	-89.06 
	-27.20 
	-67.28 
	-5.60 
	7.03 

	18
	-0.891 
	-210.36 
	244.48 
	72.22 
	3.34 
	54.34 
	-63.16 
	-0.86 

	19
	2.142 
	335.97 
	-188.89 
	-34.82 
	34.69 
	-86.79 
	48.79 
	-8.96 

	20
	0.009 
	3762.99 
	-3534.28 
	-1442.91 
	1851.58 
	-972.07 
	912.99 
	-478.31 

	21
	-0.191 
	-121.59 
	127.12 
	65.52 
	40.96 
	31.41 
	-32.84 
	-10.58 

	22
	3.954 
	178.93 
	-0.41 
	-8.11 
	-32.76 
	-46.22 
	0.11 
	8.46 

	23
	-4.253 
	-35.03 
	89.62 
	68.03 
	-11.49 
	9.05 
	-23.15 
	2.97 

	24
	6.670 
	115.64 
	50.94 
	-22.11 
	-1.93 
	-29.87 
	-13.16 
	0.50 

	25
	3.620 
	309.15 
	-50.53 
	-49.11 
	-57.58 
	-79.86 
	13.05 
	14.88 

	26
	5.517 
	19.07 
	111.05 
	-8.26 
	15.85 
	-4.93 
	-28.69 
	-4.09 

	27
	15.193 
	71.32 
	72.41 
	-8.73 
	2.88 
	-18.42 
	-18.70 
	-0.74 

	28
	1.720 
	53.38 
	176.67 
	-83.66 
	17.59 
	-13.79 
	-45.64 
	-4.54 

	29
	1.448 
	70.30 
	83.52 
	-27.87 
	18.59 
	-18.16 
	-21.58 
	-4.80 


	Table 7  The Field of Change Contributions to z’s Change: 1987-2010

	Code
	Total change of z (percents)
	Change contribution of   (%)

	
	
	ΔzA
	Δzy
	ΔzAy

	01
	-6.385 
	69.04 
	59.80 
	-28.84 

	02
	0.130 
	-205.47 
	815.53 
	-510.06 

	03
	0.555 
	30.09 
	133.48 
	-63.57 

	04
	0.160 
	427.83 
	29.11 
	-356.94 

	05
	-0.681 
	79.64 
	9.61 
	10.75 

	06
	-1.540 
	41.55 
	34.17 
	24.28 

	07
	-2.791 
	40.72 
	77.35 
	-18.07 

	08
	-1.383 
	-11.42 
	98.08 
	13.34 

	09
	-0.695 
	57.54 
	71.16 
	-28.70 

	10
	-2.349 
	26.96 
	74.78 
	-1.74 

	11
	-2.221 
	54.03 
	57.64 
	-11.67 

	12
	-6.051 
	36.68 
	99.70 
	-36.38 

	13
	-2.542 
	68.28 
	62.89 
	-31.17 

	14
	-5.572 
	93.28 
	71.41 
	-64.69 

	15
	-1.573 
	46.85 
	93.05 
	-39.90 

	16
	-3.462 
	62.14 
	63.62 
	-25.76 

	17
	0.011 
	260.18 
	1082.83 
	-1243.00 

	18
	-0.894 
	-19.68 
	189.70 
	-70.02 

	19
	-0.449 
	-80.01 
	658.04 
	-478.03 

	20
	-0.112 
	13.14 
	313.67 
	-226.81 

	21
	0.041 
	522.84 
	-211.07 
	-211.77 

	22
	1.429 
	141.24 
	-1.56 
	-39.68 

	23
	-4.198 
	62.62 
	69.89 
	-32.51 

	24
	5.426 
	50.74 
	90.17 
	-40.91 

	25
	6.040 
	171.52 
	-42.20 
	-29.32 

	26
	9.334 
	-0.90 
	144.11 
	-43.20 

	27
	14.023 
	40.40 
	91.74 
	-32.14 

	28
	4.244 
	25.43 
	65.13 
	9.44 

	29
	1.503 
	20.24 
	92.07 
	-12.31 


4.2 FIA of Industrial structure Changes for 1987 -1997 and 1997-2007

In this section, we will look into the changes of the eleven sectors discussed in previous section. The discussion will be given in five aspects for each sector. The first aspect is about wether there is a dominant factor, the second and third aspect is respectively about impact signs and scales of factors; the fourth aspect is about the differences between the two periods; the fifth aspect is about influence difference to q and z. The last two aspects may be discussed simultaneously with the previous three. All the discussions are based on the data in Table 8-11.

4.2.1 About Sector 27——Resident Services
The total share changes of q for two periods respectively are 8.82 and 2.82, and of z are 13.42 and -0.16. These figures mean that the change in 20 years mostly happened in the first period. In the first period there is no dominant factor between B and y. The impact signs of B and y both are positive and the scale both are about half hundred. The role of 
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is very small, just over 5. In the second period, although the total change is small, its two components are huge and the signs are opposite. To z, the contributions of A and y is over positive 2600 and minus 2400 respectively; To q, the contribution of y is 105.32 but of B is small as 10.9.

4.2.2 About Sector 24——Communication and Transportation
The total share changes of q for two periods respectively are 0.56 and 7.89, and of z are -0.97 and 8.23. These figures show an opposite appearance with sector 27. The total share change of sector 24 in 20 years mostly happened in the second period. In the second period, y played a dominant role both to q and z, the contributions of B(A) is very small, and the role of 
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is also much small. In the first period, B took a dominant role of 351.7 to q, but there is no dominant factor to z: both about 20. 

4.2.3 About Sector 26——Financial Intermediation and Insurance
The total share changes of q for two periods respectively are 12.47 and -7.29, and of z are 11.48 and -2.07. These figures show that the share growth of sector 26 has been reversed significantly in the second period. This fact may imply that Beijing’s financial economy became developed in the first period and was steady in the second period. In fact, the other important metropolises have developed their own financial industries after 2000, especially Shanghai, Tianjin and Shenzhen. In the first period, y played a dominant role both to q and z. In the second period to q, the contributions of B and y are both to support the decline of this sector and significant, though that of B is some bigger than y. To z, the scale of the contribution of A and y are close but opposite, and the role of A deferred the share decline of this sector.

4.2.4 About Sector 22——Power and Water
The total share changes of q for two periods respectively are 0.41 and 1.85, and of z are 1.05 and 0.09. These figures are all small, but the total change from 1987 to 2010 was not small. It implies that the change of sector 22 after 2007 was not small. In fact, the share of its q grew 1.7 percentage points in three years, but the z share change is small only 0.29 percentage points. Power and water sector as a passive adaptive industry usually grows slower than those active sectors and its products are required to save as possible as. In the first period, the growth of this sector was mainly attributed to B(A) both to q and z. In the second period, B took a dominant role to q’s change by 203.3, but to z, the contribution of A and y are equivalent in opposite signs with 1654.5 and -1168.3.

4.2.5  About Sector 25——Commercial Business
The total share changes of q for two periods respectively are -1.11 and 2.45, and of z are -1.10 and 3.66. Both for q and z, the signs are negative in 1987-1997 and positive in 1997-2007, which means the development of Commercial Business sector was slow in the first period. According to the figures in Table 6 and 7, the hindering power came from y. In the second period, both B(A) and y significantly promoted the development of commercial business.

4.2.6  About Sector 28——Culture,Education and Research
The total share changes of q for two periods respectively are 1.01 and 2.02, and of z are 3.88 and 0.45. It is strange here that the second period is bigger for q but the first period is bigger for z, which may implies that the physical intermediate inputs grew faster than primary inputs which mainly was composed of labor wages. In the first period, B(A) is the dominant influence factor, but y took a slightly dominant role in the second period. Further more, the signs are opposite in the second period, and B is the villain. 

4.2.7 About Sector 12——Chemical Industry
The total share changes of q for two periods respectively are -3.84 and -1.39, and of z are -5.48 and 0.69. To transfer the pattern of Beijing economy, Chemistry Industry was one of the sectors which should be decreased mostly, smelting and rolling of metals was another one. It is interesting that q fell in the second period but z rose some, which might imply that this industry became more energetic to earn income. In both periods, y was the dominant factor both to q and z. It was true because that many factories ware moved out of Beijing. No production, no demand.

4.2.8 About Sector 23——Construction
The total share changes of q for two periods respectively are -2.07 and -1.91, and of z are -1.83 and -1.87. From 1987 to 2007, this sector was continuously declined. It seams to be contradictory to general impressions especially because of the coming Olympic Game. In the two periods, both the changes of B(A) and y supported this sector’s share decrease. The contradiction might be explained by the more rapid growth of other sectors, i.e., one dollar construction supports more than one dollar production.

4.2.9  About Sector 14——Smelting and Rolling of Metals
The total share changes of q for two periods respectively are -0.71 and -2.20, and of z are -3.61 and -1.14. This sector was also continuously declined From 1987 to 2007. Its situation was very like sector 12 and more intensive down in z. In the first period, B took a main role, which might suggest that the managers were trying to improve their operations. In the second period, the role of B(A) and y was in equivalent level but the signs are opposite.

4.2.10  About Sector 01——Agriculture
The total share changes of q for two periods respectively are -1.72 and -1.85, and of z are -3.45 and -2.78. The agriculture sector also appeared continuously downwards. For this sector, B(A) took a main role in the first period an y in the second period. The signs in the first period are all positive for the first order pure impacts, but in the second period, B’s sign is negative to q and the other first order pure impacts are positive. The message may reflect the fact that agriculture applied more and more intermediate inputs such as machines and chemicals after 1997 which made q have an increase inclination first and z decreased at the same time. 

4.2.11  About Sector 16——General Purpose and Special Purpose Machinery
The total share changes of q for two periods respectively are -3.36 and 0.27, and of z are -3.41 and 0.48. These figures show that this sector went down largely in the first period and got some rise in the second period. For the decrease in the first period, y took a main role to both q and z, but for the rise in the second period, B(A) took a main role. y’s role in the second role was negative, i.e., it deferred the rise. Either positive or negative role is significant for this sector.

	Table 8. The Field of Change Contributions to q’s Change: 1987-997

	Code
	Total change of q (percents)
	Change contribution of   (%)
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	01
	-1.723 
	45.01 
	24.29 
	25.19 
	13.36 
	-4.28 
	-2.31 
	-1.27 

	02
	-0.058 
	1191.93 
	-1078.98 
	54.46 
	-62.64 
	-113.23 
	102.50 
	5.95 

	03
	0.000 
	612.55 
	-3575.44 
	0.58 
	3072.75 
	-58.19 
	339.64 
	-291.89 

	04
	-0.054 
	-1703.74 
	1076.69 
	29.45 
	705.00 
	161.84 
	-102.28 
	-66.97 

	05
	-0.441 
	248.68 
	-143.46 
	11.21 
	-7.11 
	-23.62 
	13.63 
	0.68 

	06
	-0.338 
	-28.48 
	-101.09 
	132.84 
	93.28 
	2.71 
	9.60 
	-8.86 

	07
	-2.759 
	47.24 
	63.37 
	13.37 
	-14.89 
	-4.49 
	-6.02 
	1.41 

	08
	-1.593 
	-3.58 
	91.05 
	17.16 
	4.07 
	0.34 
	-8.65 
	-0.39 

	09
	-0.582 
	42.43 
	73.33 
	17.52 
	-24.63 
	-4.03 
	-6.97 
	2.34 

	10
	-2.777 
	54.65 
	67.92 
	14.14 
	-27.69 
	-5.19 
	-6.45 
	2.63 

	11
	-1.656 
	10.48 
	83.33 
	18.14 
	-3.36 
	-1.00 
	-7.92 
	0.32 

	12
	-3.844 
	-74.37 
	142.28 
	21.51 
	18.82 
	7.06 
	-13.52 
	-1.79 

	13
	-1.151 
	5.71 
	77.17 
	24.57 
	0.47 
	-0.54 
	-7.33 
	-0.05 

	14
	-0.713 
	-24.63 
	99.33 
	72.53 
	-44.35 
	2.34 
	-9.44 
	4.21 

	15
	-0.973 
	-6.14 
	89.75 
	24.77 
	-0.48 
	0.58 
	-8.53 
	0.05 

	16
	-3.355 
	26.80 
	83.53 
	17.84 
	-19.55 
	-2.55 
	-7.93 
	1.86 

	17
	-1.358 
	-130.65 
	166.72 
	27.81 
	43.70 
	12.41 
	-15.84 
	-4.15 

	18
	-1.394 
	37.80 
	66.40 
	17.18 
	-12.68 
	-3.59 
	-6.31 
	1.20 

	19
	2.822 
	201.16 
	-69.04 
	-10.54 
	-9.97 
	-19.11 
	6.56 
	0.95 

	20
	-0.137 
	-573.40 
	430.48 
	32.50 
	217.51 
	54.47 
	-40.89 
	-20.66 

	21
	0.653 
	74.27 
	42.43 
	-6.96 
	1.49 
	-7.06 
	-4.03 
	-0.14 

	22
	0.406 
	-28.40 
	140.04 
	-28.84 
	30.73 
	2.70 
	-13.30 
	-2.92 

	23
	-2.067 
	-21.36 
	83.22 
	51.49 
	-8.26 
	2.03 
	-7.91 
	0.78 

	24
	0.558 
	351.67 
	-26.20 
	-95.85 
	-109.05 
	-33.41 
	2.49 
	10.36 

	25
	-1.110 
	-274.03 
	270.67 
	58.80 
	48.88 
	26.03 
	-25.71 
	-4.64 

	26
	12.471 
	32.10 
	66.48 
	-1.34 
	13.40 
	-3.05 
	-6.32 
	-1.27 

	27
	8.817 
	56.29 
	47.55 
	-5.53 
	12.76 
	-5.35 
	-4.52 
	-1.21 

	28
	1.008 
	137.00 
	30.87 
	-52.41 
	0.54 
	-13.01 
	-2.93 
	-0.05 

	29
	1.349 
	59.57 
	50.38 
	-11.00 
	12.70 
	-5.66 
	-4.79 
	-1.21 


	Table 9. The Field of Change Contributions to z’s Change: 1987-1997

	Code
	Total change of z (percents)
	Change contribution of    (%)

	
	
	ΔzA
	Δzy
	ΔzAy

	01
	-3.452 
	77.22 
	19.27 
	3.51 

	02
	0.044 
	-2239.41 
	1828.80 
	510.61 

	03
	0.000 
	557.58 
	-3254.58 
	2797.01 

	04
	-0.156 
	-230.39 
	496.70 
	-166.31 

	05
	-0.610 
	197.45 
	-137.22 
	39.77 

	06
	-0.674 
	101.61 
	-28.64 
	27.03 

	07
	-2.312 
	71.56 
	56.92 
	-28.48 

	08
	-0.840 
	-2.42 
	98.76 
	3.65 

	09
	-0.496 
	65.14 
	66.31 
	-31.45 

	10
	-1.098 
	-22.56 
	120.63 
	1.93 

	11
	-2.609 
	80.63 
	54.27 
	-34.90 

	12
	-5.485 
	42.34 
	94.25 
	-36.58 

	13
	-1.442 
	48.83 
	64.30 
	-13.14 

	14
	-3.607 
	95.41 
	20.98 
	-16.38 

	15
	-0.712 
	8.99 
	96.75 
	-5.74 

	16
	-3.405 
	60.57 
	71.07 
	-31.64 

	17
	-1.531 
	3.83 
	112.39 
	-16.21 

	18
	-1.573 
	85.77 
	45.41 
	-31.18 

	19
	1.192 
	203.40 
	-127.58 
	24.18 

	20
	-0.281 
	-121.02 
	240.66 
	-19.64 

	21
	1.361 
	74.17 
	7.31 
	18.52 

	22
	1.048 
	-0.87 
	75.38 
	25.49 

	23
	-1.829 
	42.97 
	72.41 
	-15.37 

	24
	-0.968 
	16.39 
	22.27 
	61.34 

	25
	-1.101 
	-328.28 
	379.82 
	48.46 

	26
	11.479 
	15.31 
	158.56 
	-73.87 

	27
	13.421 
	50.06 
	36.54 
	13.40 

	28
	3.878 
	89.95 
	7.30 
	2.75 

	29
	1.758 
	46.64 
	44.25 
	9.12 


	Table 10. The Field of Change Contributions to q’s Change: 1997-2007

	Code
	Total change of q (percents)
	Change contribution of    (%)

	
	
	ΔB*y*
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	B*Δy*
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[image: image77.wmf]m


	ΔB*Δy*
[image: image78.wmf]m


	ΔB*y*Δ
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	01
	-1.847 
	-48.82 
	122.69 
	6.71 
	23.66 
	2.12 
	-5.34 
	-1.03 

	02
	0.182 
	500.89 
	-31.12 
	-6.43 
	-358.49 
	-21.79 
	1.35 
	15.59 

	03
	0.097 
	567.68 
	-94.61 
	-0.12 
	-368.40 
	-24.69 
	4.12 
	16.02 

	04
	-0.035 
	-1431.09 
	794.96 
	7.61 
	732.73 
	62.25 
	-34.58 
	-31.87 

	05
	-0.066 
	-570.91 
	416.43 
	5.25 
	253.54 
	24.83 
	-18.11 
	-11.03 

	06
	-2.447 
	46.37 
	57.32 
	7.80 
	-7.30 
	-2.02 
	-2.49 
	0.32 

	07
	-0.853 
	-30.44 
	103.59 
	5.72 
	25.42 
	1.32 
	-4.51 
	-1.11 

	08
	-0.849 
	4.37 
	93.04 
	6.57 
	0.27 
	-0.19 
	-4.05 
	-0.01 

	09
	-0.235 
	-52.05 
	120.84 
	9.07 
	26.28 
	2.26 
	-5.26 
	-1.14 

	10
	-0.594 
	-78.36 
	153.49 
	9.91 
	19.05 
	3.41 
	-6.68 
	-0.83 

	11
	-0.122 
	-477.98 
	157.71 
	51.36 
	371.13 
	20.79 
	-6.86 
	-16.14 

	12
	-1.391 
	10.41 
	130.73 
	15.22 
	-52.50 
	-0.45 
	-5.69 
	2.28 

	13
	-0.805 
	-25.44 
	117.85 
	10.17 
	1.51 
	1.11 
	-5.13 
	-0.07 

	14
	-2.204 
	-117.71 
	139.36 
	8.07 
	74.45 
	5.12 
	-6.06 
	-3.24 

	15
	-0.739 
	-57.86 
	161.11 
	9.08 
	-8.19 
	2.52 
	-7.01 
	0.36 

	16
	0.269 
	422.34 
	-287.41 
	-53.07 
	25.10 
	-18.37 
	12.50 
	-1.09 

	17
	1.231 
	-39.99 
	175.65 
	-9.22 
	-21.48 
	1.74 
	-7.64 
	0.93 

	18
	0.106 
	1598.16 
	-1453.99 
	-53.85 
	16.68 
	-69.52 
	63.25 
	-0.73 

	19
	3.295 
	32.48 
	-28.96 
	-6.75 
	108.08 
	-1.41 
	1.26 
	-4.70 

	20
	0.411 
	25.95 
	55.09 
	-3.76 
	27.43 
	-1.13 
	-2.40 
	-1.19 

	21
	-0.930 
	25.68 
	86.09 
	5.31 
	-12.77 
	-1.12 
	-3.74 
	0.56 

	22
	1.850 
	203.26 
	-33.12 
	-3.89 
	-61.52 
	-8.84 
	1.44 
	2.68 

	23
	-1.906 
	-8.41 
	93.04 
	20.85 
	-1.88 
	0.37 
	-4.05 
	0.08 

	24
	7.888 
	6.95 
	90.50 
	-3.46 
	10.72 
	-0.30 
	-3.94 
	-0.47 

	25
	2.458 
	36.14 
	36.62 
	-10.20 
	42.45 
	-1.57 
	-1.59 
	-1.85 

	26
	-7.285 
	62.74 
	37.23 
	8.49 
	-4.30 
	-2.73 
	-1.62 
	0.19 

	27
	2.821 
	-10.91 
	105.32 
	-21.56 
	32.67 
	0.47 
	-4.58 
	-1.42 

	28
	2.016 
	-23.60 
	128.91 
	-14.21 
	14.10 
	1.03 
	-5.61 
	-0.61 

	29
	-0.318 
	251.31 
	-204.65 
	39.79 
	16.28 
	-10.93 
	8.90 
	-0.71 


	Table 11. The Field of Change Contributions to z’s Change: 1997-2007

	Code
	Total change of z (percents)
	Change contribution of    (%)

	
	
	ΔzA
	Δzy
	ΔzAy

	01
	-2.780 
	3.94 
	109.17 
	-13.11 

	02
	-0.241 
	-55.02 
	42.74 
	112.28 

	03
	0.140 
	553.05 
	-177.33 
	-275.72 

	04
	0.001 
	-11523.46 
	3161.44 
	8462.02 

	05
	-0.069 
	-338.87 
	393.96 
	44.91 

	06
	-0.750 
	-0.14 
	85.05 
	15.10 

	07
	-0.386 
	-126.60 
	124.34 
	102.26 

	08
	-0.345 
	-132.61 
	143.57 
	89.05 

	09
	-0.198 
	12.60 
	97.01 
	-9.61 

	10
	-1.265 
	45.23 
	95.93 
	-41.16 

	11
	-0.433 
	78.54 
	19.48 
	1.98 

	12
	0.690 
	248.99 
	-148.52 
	-0.47 

	13
	-1.114 
	55.06 
	76.97 
	-32.03 

	14
	-1.142 
	-103.27 
	138.97 
	64.30 

	15
	-0.874 
	38.20 
	112.63 
	-50.83 

	16
	0.481 
	202.56 
	-103.56 
	1.00 

	17
	0.598 
	-67.27 
	210.36 
	-43.09 

	18
	0.426 
	293.28 
	-103.47 
	-89.80 

	19
	0.159 
	-257.17 
	-206.09 
	563.25 

	20
	0.313 
	22.76 
	52.54 
	24.70 

	21
	-1.423 
	75.45 
	75.96 
	-51.41 

	22
	0.092 
	1654.52 
	-1168.31 
	-386.21 

	23
	-1.870 
	39.49 
	70.51 
	-10.00 

	24
	8.232 
	-1.50 
	100.38 
	1.12 

	25
	3.659 
	25.01 
	36.17 
	38.81 

	26
	-2.077 
	-110.21 
	140.29 
	69.92 

	27
	-0.159 
	2675.67 
	-2491.21 
	-84.46 

	28
	0.453 
	-569.82 
	784.99 
	-115.17 

	29
	-0.119 
	734.75 
	-664.54 
	29.79 


4.3 FIA of Industrial structure Change for each five year pair

We have 10 year IO tables with 29 sectors, it will need to do 99 sets of MMIA procedure if we even just do that for the 11 main sectors as above. Because the purpose of this paper is for academic reason, and the data explanation to include every sectors is too heavy, we just pick two sectors to trace their share changes and the influence of factors for each five year pair. This discussion will show us how MMIA works in fine details. The two selected sectors are resident services (sector 27) which is the biggest sector both in shares and share changes and agriculture(sector 01) as a particular one for its role in an economy.

 The results are in three parts by their orders for the analysis of q, and two parts for z. On the first order, the main influence factor is picked out and is sorted in three classes which are Equivalent (1-2 times to others), Main (2-4 times to others) and Dominant (≧ 4 times to others); on the second order, it is also sorted in three classes which are very small (0-10%), significant (10-30%) and important (≧30%) based on the maximum contribution percentage of the second order components.

4.3.1 About Sector 01——Agriculture

For Beijing, agriculture was the fifth big sector ranked by z with share of 7.3% in 1987 and became sixteenth with share of 0.88% in 2010. We can see from Figure 2 (d) that the share of agriculture went down incessantly after 1990 and fell 6.38 points from 1987 to 2010, and has become steady in recent years.

 It is obvious that the share changes of agriculture were mainly created by the change of final use (y) but the role of intermediate coefficients (B or A) were also very important. B(A) has played a main role both to q and z in 2007-2010. During the most periods, the second order components also made an indispensable significant contribution. To q, the third order contributions always were very small.  

Further looking into the inner structure change of y. The share of agricultural products in total final use was decreased from 1990 to 1992. It can be seen that the structure change of C, I, and the final use share of C, and NX were positive to the change of y01 (share of agricultural products in resident consumption), but the final use share of I and NT, and the structures of NT and NX were negative. These facts reflect that the agriculture products in the resident consumption and investment were decreased, and the agricultural products from outside were increased.

	Table 12.  Characteristics of Influential Factors to q for Sector 01

	Year Range
	Total Change of q (percents)
	Main factor information for First Order Impacts
	Maximum Second Order Factor
	Third Order

	
	
	Factor Name
	Class
	Quantity: %
	Factor Name
	class
	Quantity: %
	%

	1987-1990
	0.00914 
	BΔy
[image: image82.wmf]m


	main
	117.54
	BΔyΔ
[image: image83.wmf]m


	significant
	-13.84 
	-0.36 

	1990-1992
	-0.01518 
	BΔy
[image: image84.wmf]m


	dominant
	93.57
	ΔBΔy
[image: image85.wmf]m


	significant
	-17.47
	1.40

	1992-1995
	0.00033 
	BΔy
[image: image86.wmf]m


	equivalent
	5127.36
	ΔBΔy
[image: image87.wmf]m


	important
	-172.89
	-1.80

	1995-1997
	-0.01153 
	BΔy
[image: image88.wmf]m


	equivalent
	149.04
	ΔBΔy
[image: image89.wmf]m


	important
	57.13
	5.91

	1997-2000
	-0.00418 
	BΔy
[image: image90.wmf]m


	equivalent
	181.96
	ΔBΔy
[image: image91.wmf]m


	significant
	21.03
	-0.59 

	2000-2002
	-0.00158 
	ΔBy
[image: image92.wmf]m


	equivalent
	459.78
	ΔBΔy
[image: image93.wmf]m


	significant
	20.30
	0.56 

	2002-2005
	-0.00984 
	BΔy
[image: image94.wmf]m


	main
	75.40
	BΔyΔ
[image: image95.wmf]m


	very small
	-9.17
	0.45 

	2005-2007
	-0.00286 
	BΔy
[image: image96.wmf]m


	main
	424.54
	ΔBΔy
[image: image97.wmf]m


	important
	50.64
	4.59 

	2007-2010
	-0.00281 
	ΔBy
[image: image98.wmf]m


	main
	222.38
	ΔByΔ
[image: image99.wmf]m


	important
	-31.85
	-2.52 


	Table 13 Characteristics of Influential Factors to z for Sector 01

	Year Range
	Total Change of q (percents)
	Main factor information for First Order Impacts
	Second Order influence

	
	
	Factor Name
	Class
	Quantity: %
	class
	Quantity: %

	1987-1990
	0.01855 
	Δzy
	dominant
	92.10
	very small
	-4.87

	1990-1992
	-0.02932 
	Δzy
	main
	80.54
	significant
	-24.01 

	1992-1995
	-0.00399 
	ΔzA
	equivalent
	705.35
	important
	62.92 

	1995-1997
	-0.01976 
	Δzy
	equivalent
	125.88
	important
	51.96 

	1997-2000
	-0.00746 
	Δzy
	equivalent
	136.71
	very small
	3.04 

	2000-2002
	-0.00604 
	ΔzA
	equivalent
	193.82
	significant
	19.18 

	2002-2005
	-0.01048 
	Δzy
	main
	76.85
	significant
	-11.75 

	2005-2007
	-0.00383 
	Δzy
	equivalent
	349.49
	important
	50.89 

	2007-2010
	-0.00152 
	ΔzA
	equivalent
	420.62
	significant
	28.40 


	Table 14 Characteristics of Influential Factors to y for Sector 01

	
	1987-

1990
	1990-

1992
	1992-

1995
	1995-

1997
	1997-

2000
	2000-

2002
	2002-

2005
	2005-

2007
	2007-

2010
	sum

	Δy
	0.63%
	-1.48%
	4.59%
	-4.42%
	-1.12%
	0.83%
	-1.06%
	-2.55%
	1.19%
	-3.39%

	Δc*yC
	-54.66 
	190.26 
	28.81 
	31.64 
	116.92 
	-21.30 
	-118.60 
	39.46 
	57.08 
	29.96 

	c*ΔyC
	-8.31 
	103.14 
	2.67 
	-43.64 
	15.96 
	-22.79 
	14.49 
	10.48 
	15.51 
	9.72 

	Δc*ΔyC
	0.47 
	-51.52 
	1.72 
	17.03 
	-6.21 
	2.07 
	11.49 
	-4.08 
	7.48 
	-2.39 

	Δg*yG
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	55.67 
	42.03 
	-0.71 
	23.24 
	13.36 

	g*ΔyG
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	-0.20 
	-0.40 
	0.20 
	-0.04 

	Δg*ΔyG
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	4.34 
	0.18 
	-0.14 
	0.67 
	0.56 

	Δv*yI
	-56.40 
	83.06 
	100.46 
	168.74 
	14.09 
	228.49 
	97.69 
	39.04 
	24.65 
	77.76 

	v*ΔyI
	38.53 
	-10.71 
	9.15 
	70.84 
	2.15 
	0.34 
	-5.74 
	4.81 
	-0.75 
	12.07 

	Δv*ΔyI
	-6.21 
	6.44 
	48.05 
	-65.04 
	-0.83 
	2.72 
	2.77 
	-4.17 
	-1.61 
	-1.99 

	Δnt*yNT
	951.58 
	-191.91 
	-22.93 
	-57.98 
	-2.98 
	-371.63 
	-16.39 
	0.65 
	190.74 
	53.24 

	nt*ΔyNT
	3755.00 
	-130.98 
	-6.75 
	47.09 
	-32.49 
	18.54 
	0.25 
	0.01 
	745.86 
	488.50 

	Δnt*ΔyNT
	-4442.02 
	109.89 
	-30.50 
	-40.25 
	1.47 
	160.48 
	-0.02 
	0.00 
	-943.51 
	-576.05 

	Δnx*yNX
	-65.18 
	-3.84 
	14.13 
	-34.24 
	-8.89 
	-1799.77 
	33.06 
	-7.40 
	99.25 
	-196.98 

	nx*ΔyNX
	-169.47 
	18.22 
	-4.18 
	-46.06 
	-5.82 
	-0.38 
	1657.02 
	41.85 
	238.27 
	192.16 

	Δnx*ΔyNX
	156.66 
	-22.06 
	-40.66 
	51.87 
	6.62 
	1843.23 
	-1618.02 
	-19.40 
	-357.06 
	0.13 


4.3.2 About Sector 27——resident services

Resident services sector was the No.1 sector both by gross output and value added in 2010. Its share grew from 5.14% to 20.33 in gross output and from 6.01% to 20.03% in value added. Resident services here is a very aggregated sector which includes estate or property management services, tourism services, leasing services, technical services, housekeeping services, water conservancy and environment management services, communal facility services, etc.. It can be seen from Table 15 and 16 that the share growth path of this sector had some wavelets. Although it was y pushing the share increase in most period but B(A) also played a very important role. This fact shows that final demands are the main pull strength of an economical pattern transformation but technical progress of production takes very important role as well for the developing economies such as China. The second order influences were significant or important in most periods, but the third influences to q generally were very small.

	Table 15. Characteristics of Influential Factors to q for Sector 27

	Year Range
	Total Change of q (percents)
	Main factor information for First Order Impacts
	Maximum Second Order Influence
	Third Order

	
	
	Factor Name
	Class
	Quantity: %
	Factor Name
	class
	Quantity: %
	%

	1987-1990
	-0.00885 
	BΔy
[image: image100.wmf]m


	equivalent
	69.24
	BΔyΔ
[image: image101.wmf]m


	very small
	-8.15
	0.02 

	1990-1992
	0.00876 
	ΔBy
[image: image102.wmf]m


	main
	122.23
	ΔBΔy
[image: image103.wmf]m


	significant
	26.13
	-2.09 

	1992-1995
	-0.00450 
	BΔy
[image: image104.wmf]m


	equivalent
	732.81
	ΔBΔy
[image: image105.wmf]m


	important
	-57.11
	-0.59 

	1995-1997
	0.09276 
	BΔy
[image: image106.wmf]m


	dominant
	91.58
	BΔyΔ
[image: image107.wmf]m


	very small
	9.48
	-0.62 

	1997-2000
	0.04384 
	BΔy
[image: image108.wmf]m


	dominant
	105.62
	ΔBΔy
[image: image109.wmf]m


	very small
	6.63
	-0.19 

	2000-2002
	-0.01610 
	BΔy
[image: image110.wmf]m


	dominant
	289.04
	ΔBΔy
[image: image111.wmf]m


	important
	-93.77
	-2.59 

	2002-2005
	-0.00066 
	ByΔ
[image: image112.wmf]m


	equivalent
	3104.78
	ΔBΔy
[image: image113.wmf]m


	important
	-358.88
	43.65 

	2005-2007
	0.00112 
	ΔBy
[image: image114.wmf]m


	main
	-2386.55
	ΔBΔy
[image: image115.wmf]m


	important
	892.10
	80.79 

	2007-2010
	0.03555 
	ΔBy
[image: image116.wmf]m


	main
	134.10
	ΔByΔ
[image: image117.wmf]m


	significant
	-19.20
	-0.63 


	Table 16.  Characteristics of Influential Factors to z for Sector 27

	Year Range
	Total Change of q (percents)
	Main factor information for First Order Impacts
	Second Order influence

	
	
	Factor Name
	Class
	Quantity: %
	Class
	Quantity: %

	1987-1990
	-0.02166 
	ΔzA
	main
	77.52
	significant
	-10.60 

	1990-1992
	0.02161 
	ΔzA
	dominant
	87.49
	significant
	11.59 

	1992-1995
	-0.00637 
	Δzy
	equivalent
	605.79
	important
	-52.79 

	1995-1997
	0.14063 
	Δzy
	dominant
	69.28
	significant
	17.47 

	1997-2000
	0.01910 
	Δzy
	equivalent
	338.86
	important
	-46.34 

	2000-2002
	-0.00655 
	Δzy
	equivalent
	826.78
	important
	-216.88 

	2002-2005
	-0.03954 
	ΔzA
	dominant
	124.77
	very small
	2.60 

	2005-2007
	0.02539 
	ΔzA
	main
	30.87
	important
	53.36 

	2007-2010
	0.00761 
	Δzy
	main
	306.06
	important
	-63.76 


The share changes of resident services in final use were very interesting. Each component of it is analyzed in following (See Table 17). The figure in the last column and first row is the sum of the other columns on the left, and the other figures in the last column are the average of the corresponding row figures on the left.

Total changes of y27 are negative in the periods before 1997 and positive in the periods after 1997 except 2000-2002, and the total change in 1987-2010 is positive 23 percent points.

Except in 1990-1992, resident consumption (c)didn't take a significant role to the share changes of sector 27 in final use.The particularity for1990-1992 may related with the recession of the national economy in 1990.

The impacts of g (public consumption) especially its structure on y27 were significant except 1992-1995. This fact may be explained by the role of government in the investment and supply of many social welfare services. It also appears that the contributions are not stable. It is positive form 1990 to 1997 and negative from 1997 to 2005. Its summary contribution was some positive.

The changes of the contribution of investment structure looks strange. The components of its first three periods before 1995 all are zero. The reason for this may be due to the statistics system. Before 1997, the flow of resident services were decomposed and distributed to other sectors' products in the statistic system of China, so that the share of sector 27 had a leap from 1995 to 1997 which changed from 5.4% to 19.4% by value added.

The interprovincial and international trade played the most important role to the change of y27 during the whole periods. In order to get rid of the interference of statistic system transformation, let's see the data from 1997 to 2010. First, looking into interprovincial trade (nt). There were three periods, the signs of the contribution was in the same direction with the changes of y27 in five periods, But in the general quantity by 2010, the contribution was positive and very big. Second, looking into international trade (nx). It can be seen that the contributions of nx in the last tree periods were negative and opposite to the changes of y27. By 2010, the general effects of nx companioned with ynx was negative. In summary, we may say that the interprovincial trade promoted the share change of resident services but the international trade did the opposite thing mainly because the net export share in final use went down seriously.

	Table 17.  Characteristics of Influential Factors to y for Sector 27

	
	1987-

1990
	1990-

1992
	1992-

1995
	1995-

1997
	1997-

2000
	2000-

2002
	2002-

2005
	2005-

2007
	2007-

2010
	total

	Δy
	-1.58%
	-0.44%
	-8.74%
	19.53%
	12.43%
	-11.04%
	3.14%
	4.36%
	5.54%
	23.21%

	Δc*yC
	-8.82 
	-136.07 
	5.18 
	1.07 
	8.91 
	-8.32 
	17.70 
	13.87 
	-4.51 
	-12.33 

	c*ΔyC
	0.53 
	67.49 
	-0.84 
	2.29 
	-0.68 
	2.26 
	-9.70 
	-7.93 
	8.37 
	6.86 

	Δc*ΔyC
	0.08 
	36.85 
	0.31 
	0.58 
	-0.47 
	0.81 
	-1.71 
	-1.44 
	-0.59 
	3.82 

	Δg*yG
	-33.08 
	267.89 
	2.27 
	13.70 
	-20.15 
	-21.46 
	-102.02 
	18.31 
	-38.53 
	9.66 

	g*ΔyG
	-16.16 
	112.80 
	1.01 
	0.20 
	4.70 
	-1.57 
	0.67 
	8.21 
	1.59 
	12.38 

	Δg*ΔyG
	-14.19 
	-83.39 
	-0.70 
	8.71 
	-2.63 
	-1.67 
	-0.43 
	3.72 
	-1.10 
	-10.19 

	Δv*yI
	0.00 
	0.00 
	0.00 
	8.53 
	20.12 
	-3.84 
	97.69 
	18.55 
	36.60 
	19.74 

	v*ΔyI
	0.00 
	0.00 
	0.00 
	0.00 
	-0.49 
	-0.36 
	3.42 
	-17.24 
	-8.27 
	-2.55 

	Δv*ΔyI
	0.00 
	0.00 
	0.00 
	-3.29 
	-1.19 
	-0.05 
	2.77 
	-1.98 
	-2.39 
	-0.68 

	Δnt*yNT
	585.40 
	820.60 
	0.30 
	19.14 
	192.74 
	56.34 
	-49.05 
	100.25 
	-218.28 
	167.49 

	nt*ΔyNT
	2318.93 
	667.12 
	-9.87 
	5.15 
	-34.88 
	64.89 
	0.26 
	0.01 
	-779.31 
	248.04 

	Δnt*ΔyNT
	-2732.68 
	-469.91 
	0.40 
	13.29 
	-95.07 
	-24.33 
	-0.07 
	0.01 
	1079.76 
	-247.62 

	Δnx*yNX
	0.00 
	-175.28 
	37.08 
	-3.77 
	167.52 
	721.12 
	-60.86 
	-112.16 
	-127.39 
	49.58 

	nx*ΔyNX
	0.00 
	0.00 
	171.52 
	28.68 
	-13.68 
	54.71 
	-2776.68 
	371.90 
	-304.23 
	-274.20 

	Δnx*ΔyNX
	0.00 
	-1008.10 
	-106.66 
	5.71 
	-124.76 
	-738.53 
	2978.00 
	-294.09 
	458.29 
	129.98 


5. Taxonomy to 29 sectors

In a multi-sector model, setting up taxonomy of sectors is a meaningful work. Based on the above data, the 29 sectors can be sorted in some kinds of groups. Following will consider two taxonomies respectively according to main field of influence and sign combinations of impact contributions of different components. In case of saving space, the taxonomies only are built to the data of z in 1987-2007.

5.1 Taxonomy according to main field of influence

As before, based on the first order contributions, a factor is thought of main factor if its contribution is bigger than the others. Reference to the previous the main set includes dominant, main and some of equivalences which is bigger one. Based on the data in Table 7, we get the taxonomy of 29 sectors as in Table 18.

	Table 18. Taxonomy of sectors with main field of influence

	Category number
	 Main field 
	  Set member

	1
	ΔA
	(04, 21, 22, 25), {01, 05, 06, 13, 14,} 

	2
	Δy
	(02,03,24, 26,27, 28, 29), {07, 08, 09, 10,11, 12, 15, 16,18, 19, 20,23}    

	3
	ΔA&Δy
	(17)

	Note: The numbers in round brackets are the codes of the sectors whose shares in z went up, and those in braces went down.


It is obvious that the second category has the most members with 19 sectors, which means that the final demand was the power of pulling to the structural changes of Beijing economy. Technologic changes  played a main role for 9 sectors （the first category）. For each category, it can be further divided into two parts according to the share change signs of the sectors. In the most cases, the main field of influence is those in the first order, but it is possible that some higher order impact may be a main role. In our example here, sector 17——Transport Equipment manufacture——is the case. It usually takes place when the change of each factor is bigger than its initial scale.

5.2 Taxonomy According to Sign Combinations of Impact Contributions of Different Components

Sonis (1996) applied a triangular diagram to present the gross output changes and made a taxonomy with 14 categories. In the example of Sonis (1996) , the taxonomy was made to the temporal series of each sector. In the following, the taxonomy is made to 29 sectors only according to the sign combinations, so it gets 8 categories (see Table 19). Table 19 is also based on the data of Table 7.

	Table 19. Taxonomy of 29 Sectors with the Sign Combination

	Category number
	Sign combination 
	  Economic meanings
	 Set members

	1
	+ + +
	All components support the share change
	05, 06, 28

	2
	+ + -
	Each single factor support the share change, but their synergetic effects do not. 
	01, 03, 04, 07, 09, 10, 11, 12, 13, 14, 15, 16, 17, 20, 23, 24, 27, 29

	3
	+ - +
	The effects of the two factors are opposite, but their synergetic effect supports.
	

	4
	+ - -
	The effects of the two factors are opposite, and their synergetic effect is negative.
	21, 22, 25

	5
	- + +
	Similar to 3
	08

	6
	- + -
	Similar to 4
	02, 18, 19,26

	7
	- - +
	Each single factor makes against the share change, but their synergetic effects support.
	

	8
	- - -
	All components go against the share change
	


In Table 17, there are 18 sectors in the second category, 4 sectors in the sixth, 3 in the first and fourth respectively. There is only 1 sector in the fifth category. The left other three categories are empty. This kind of sector distribution shows that both technology and final demand changes are supporting the share changes of those sectors individually but their synergetic actions do the opposite things. 

5. Conclusion

The contributions of this article can be attributed in two parts: in theories and in empirical findings. In theory, we suggest to give up SDA instead by MMIA as a tool for factor impact analysis, put forward two indexes: CCSCI and AADSCI to present the structure changes of an economy, and set up some taxonomies to sort the contributions of the fields of influence and to group sectors according to the main field of influence and sign combinations of contributions of different components. In empirical analysis, we find that the top five sectors of Beijing economy have changed from heavy industrial sectors to modern service sectors and the main influential factor was final demand. We also find some other interesting facts, such as that the synergetic effect of two factors may be against the change of the subject dependent variable although their individual actions are support that. This fact may be an alert for policy makers to get rid of the fallacy of composition. As an academic article, it may seem very rough. In practical structure analysis of an economy, the FOI and MMIA approaches can provide richly fine deep results and policy suggestions.

References

Carlo Milana (2001). The Input-Output Structural Decomposition Analysis of “Flexible” Production Systems. in Michael L. Lahr and Erik Dietzenbacher (eds),  Input-Output Analysis: Frontiers and Extensions,  Essays in honor of Ronald E. Miller,  London: Macmillan Press.

Skolka,  J.(1989). Input-output structural decomposition analysis for Austria,  Journal of Policy Modeling, 11:45-66.

Dietzenbacher E, Los B. (1998). Structural decomposition techniques:Sense and sensitivity[J]. Economic Systems Research,  3:307-323.

Ang, B. W. , Liu F. L.(2001). A New Energy Decomposition Method: Perfect in Decomposition and Consistent in Aggregation. Energy, 26: 537-548.

Ang, B. W. , Liu F. L.,  Chew E.P.(2003). Perfect Decomposition Techniques in Energy and Environment Analysis. Energy Policy,  31:1561-1566.

Sonis, M. and Hewings, G.J.D. (1988) “Superposition and Decomposition Principles in Hierarchical Social Accounting and Input-Output Analysis,” in F.J. Harrigan and P.G. McGregor (eds.), Recent Advances in Regional Economic Modelling (London, Pion), pp. 46-65.

Sonis, M. & Hewings, G. J. D. (1992) Coefficient change in input-output models: theory and applications, Economic Systems Research, 4, pp. 143-157.

Michael Sonis , Geoffrey J. D. Hewings & Jiemin Guo (1996): Sources of Structural Change in Input–Output Systems: A Field of Influence Approach, Economic Systems Research, 8:1, 15-32

Figure 1. Structure Trend with Gross Output 
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Figure 2.  Value Added Structure Change Trend








Figure 3.  SCI Trend of Beijing
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� For the case of simple function only with three independent variables as � EMBED Equation.KSEE3  \* MERGEFORMAT ���, then� EMBED Equation.KSEE3  \* MERGEFORMAT ���, � EMBED Equation.KSEE3  \* MERGEFORMAT ���.


� To saving space, only the results with gross outputs is put here, but it is similar with values added. The CCSCI has been extracted with the interval of the periods, and the absolute differences of each sector has been divided by the interval of the periods.
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