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Abstract: Petroleum is a fundamental energy resource. Its price fluctuation is transmitted from the upper-stream to lower-stream industrial chain in the form of price change of production factors, thus causing the price change of final consumption products. Meanwhile, the price fluctuation will be reflected in the price change of the production factors in the upstream industry due to the circulation of the industrial chain. The price transmission path is very complicated because not only it contains both direct and indirect transmission, but also the transmission is always accompanied by various degrees of delay. The input-output price model based on the cost-push theory can efficiently solve the first problem when estimating the impact of price fluctuation on the whole price system. However, the traditional input-output price model cannot reflect the impact of transmission delay, leading to deviation in description of the dynamic relationship between the price and time. To solve this problem, this paper uses the directed weighted network to describe the price transmission among industrial departments and creates a dynamic price transmission model by taking the time dimension into account. This model not only more accurately describes the transmission delay, but also can dynamically calculate the price fluctuation at any time point. On this basis, this paper conducts empirical analysis on the impact of petroleum price fluctuation on the price change of the products of other industrial departments by using the 2007 China input-output data. The empirical results indicate that the impact of price fluctuation is mainly determined by the price reaction period Tk① and the dependency on petroleum consumption aik②. (1)If t< Tk③, then
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= 0④, which means that the petroleum price fluctuation has not been transmitted to the department k, so the price of department k remains unchanged.  (2) If t > Tk, then
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> 0, and the greater aik, the higher the price change rate. (3) If t(+∞, the value of 
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is the same as that of the traditional input-output price model. So it can be clearly seen that the dynamic price transmission model is more general than the traditional input-output price model, which is just a special case when t(+∞.
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Notes:

①Tk is the price reaction period of department k.

②aik the dependency relationship between department k and the petroleum department，which is the direct consumption coefficient in the input-output table. 

③t is the observing period and
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 is the price change of department k at the time point of t.

1 Introduction
In the economic system, the prices of all kinds of commodities are closely related to each other. Petroleum is a fundamental energy resource. Its price fluctuation is transmitted from the upper-stream to lower-stream industrial chain in the form of price change of production factors, thus causing the price change of final consumption products. Meanwhile, the price fluctuation will be reflected in the price change of the production factors in the upstream industry due to the circulation of the industrial chain. The price transmission path is very complicated because not only it contains both direct and indirect transmission, but also the transmission is always accompanied by various degrees of delay.
Nowadays, it is popular to apply econometrics to related researches both at home and abroad. For instance, Cuado and Pérezde Gracia(2003, 2005) used the co-integration method to analyze how the petroleum price affects the inflation rate, economic behavior, Industrial Product Price Index(PPI) and Consumer Price Index (CPI). Cologni and Manera(2008) used the structural VAR model to study the direct impact of the petroleum price of G7 on output and price and the response of the monetary variable to this external attack. However, the econometric models only take the quantitative relationships into consideration without studying the real reasons behind it. And they cannot precisely quantify the effect of petroleum price fluctuation on the general price level (CPI and PPI, etc.). It is hard to systematically observe and study the impact of petroleum price fluctuation on the price change of products of other departments.
The traditional input-output price model based on the cost-push theory can effectively solve the first problem mentioned above when measuring the price impact on the whole price system because it takes direct and indirect spread effects into consideration. For example, Berument(2002) studied on the inflation caused by rising oil price based on the Turkish input-output table in 1990. Yu Bo, et al. (2002) simulated the impact of rising oil price on the price of 11 departments in China by using the input-output model. Ren Zeping, et al. (2007) measured the impact degree of the crude oil price change on the general price level in China and the product price of other departments by using the input-output price model.
But the traditional input-output price model only observes the spread and impact of the price fluctuation of a certain department on the industrial chain and perfectly balances the prices of all departments in the system. Yet it cannot reflect the impact of transmission delay, leading to deviation in description of the dynamic relationship between price and time. In fact, the balanced state that the traditional input-output price model bases on will not occur because the production delay exists in each department and numerous cycles are required for each department to reach a new balance from the emergence of oil price change.
Firstly, the price reaction period of all departments is introduced in this paper as a measuring index of delay in price transmission. Secondly, the paper describes the price transmission among and within each industrial department by using the direct weighted network, and creates a price transmission network model by taking the time dimension into account to study the affects of delay in price transmission. Compared with the present price spread and effect model, the price transmission network model has the following three advantages. First, it includes the effect of different delays in price transmission of all departments, and more accurately describes the price transmission process. Second, it can calculate the price fluctuation at any time point, while the traditional input-output price model is just a special case when time approaches infinity. Third, the economic implication of this model is very intuitive for calculation by computer simulation. Finally, this paper calculates and analyzes the spread and effect of petroleum price fluctuation on other industrial departments at different time points by using the 2007 China input-output table and compares the differences between the situations with or without the transmission delay being considered. 
2 Basic Concepts and Model Assumption

2.1 Existing Input-Output Price Model

The traditional input-output price model supposes that the price change of a department is transmitted in the form of material consumption cost. Suppose there are n departments and the price of department k is changed by
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 due to transmission. The formula can be expressed as follows:
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Where 
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 represents the sum of direct influence (the first term on the right of Equation (1)) and indirect influence (the second term on the right of Equation (1)). 
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 is the direct consumption coefficient in input-output table. Equation (1) can be expressed by a matrix below:
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Where matrix 
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is the (n-1)×(n-1) matrix that is the result of the direct consumption coefficient matrix of the input-output model after deletion of line k and column k. 
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 is a 1×(n-1) matrix that represents the price change of the other (n-1) departments except department k.
The traditional input-output price model fully displays the impact of price change of a certain department on the industry chain, namely, the final price change of all departments supposing the transmission of price change approaches infinity. However, the result will be hugely different from the real economic cases due to the existence of delay in price transmission.
2.2 Basic Assumption of the Price Transmission Model

Hypothesis 1: The production delay within a department is the unique factor that leads to delay in price transmission. This paper only considers the delay between input and output period within the department.
Hypothesis 2: Each department has a specified price reaction period, no matter what the product structure is..
Hypothesis 3: The price is transmitted along with the production according to the set reaction period. Within the reaction period, the price change of input products cannot be reflected in the price of output products. 

Hypothesis 4: For the department that initiates a price change, the price change rate stays unchanged, no matter how the price of input factors changes. 

Hypothesis 5: The price fluctuation of the affected department is caused by the cost fluctuation resulting from the price change of the materials consumed, without consideration to the impact of change in worker salary, profits and taxes.

Hypothesis 6: The impact of technical measures taken within the department to reduce the cost will not be considered.

Hypothesis 7: The effect of inflation, deflation and change in supply-demand relationship on price will not be considered. 
2.3 Definition of Delay in Price Transmission
There are many factors that can cause delay in price transmission. But this paper only considers the production delay of all departments. In this section, concepts related to delay in price transmission will be defined and then indexed, which is the key to introducing the transmission factor in the model. 
Price Reaction Period is the time that each department reacts to the price transmission. From the perspective of production, the product price change is the result of the price change of input factors transmitted to that of output products. And the product of each department needs a certain production cycle. Therefore, the transmission of price change of various input factors within the department requires the same time as the production cycle. In other words, the transmission of price change of department i to that of department j requires the delay of one production cycle of department j.
This paper supposes that the price reaction period is equal to the production cycle of the department. The longer the production cycle, the longer the price reaction period, and the greater the impact on  delay in price transmission. Define ti  as the price reaction period of department i, and build the matrix T=[ti] of the price reaction period. If there are n departments, T is an n-dimensional column vector.
Basic Reaction Period is the shortest price reaction period of all departments. Suppose the reaction period of other departments can be divided with no remainder by the basic reaction period. Therefore, the price reaction period of each department can be expressed by an integral multiple of the basic reaction period. For instance, if the price reaction period ti is equal to 3 basic reaction periods, then ti = 3. ti determines the production delay of department i.
3 Description of Input-Output Relationship Based on the Directed Weighted Network

3.1 Concept of Network
The network model is based on graph theory, which is a branch of discrete mathematics. Nowadays, the graph theory has been widely applied in computer science, sociology, biology and many other fields and has become a center of interdisciplinary research in the academic world.
The network is a discrete structure composed by knots and lines between knots. Knots stand for the study objects and lines for the interrelations or interactions among objects. In mathematics, it is defined as an ordered 2-tuple <V, E> and can be marked as G, where V is the knot in network G (point set for short), and V ={v1，v2，……，vn} and E is the line in network G (line set for short), and E={e1，e2，……，em}. If the line set E has a dierction, namely eij≠eji, then G is called a directed network. We use a line with arrow to represent a certain relationship between knots. When a certan value is given to a knot or line, they are called as a knot weight or line weight respectively and G the weighted network. The network with the above two properties is called the directed weighted network.
Take the directed weighted network G=<V,E> for example, where the knot set V ={v1，v2，……，vn}, directed line set E 
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V2,weight . A line weight wij is given to each directed line eij, and then a matrix M=[wij]n×n can be defiend. If the element at line I and column j is defined as wij, then a one-to-one correspondence between matrix M and the network G is established. In this paper, each knot in the directed weighted network represents each national economic department, and each line the input-output relationship between industrial departments., thus a directed weighted network can represent the input-output table, which describes the national economic departments and their relationships.
The difference with the input-output price model is that the latter is based on the input-output table, which means that the price transmission coefficient is equal to the direct consumption coefficient. If the direct consumption coefficient between different departments is defined as line weight of a directed weighted network, then a one-to-one correspondence between the directed weighted network model and the direct consumption coefficient matrix of the input-output table is established. Besides, the input-output price model uses a matrix for analysis and is a two-dimension model. It becomes a three-dimension model when the delay in price transmission, or the time dimension is taken into account. However, the directed weighted network model is not limited by the two-dimension matrix and can more intuitively reflect the price transmission between departments for easy calculation by computer simulation. Thus, the simulation of the price transmission can be realized. Furthermore, the simulative analysis of consecutive transmission when the price reaction period is a consecutive variable (rather than only an integral value currently supposed) can be realized based on computer simulation. 
3.2 Correspondence Relationship between the Directed Weighted Network Model and Input-Output Model

In the input-output model, the relationship among departments is determined by the direct consumption coefficient matrix. Suppose there are n departments, then the direct consumption coefficient matrix A can be an n×n matrix: 
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，where aij represents the product value of department i consumed for department j to produce one unit of product. 
In this section, a directed weighted network model will be created with the directed weighted network representing the consumption relationship between the above departments. 
Firstly, the n industrial departments in national economy are seen as as n knots in the network, and V= {v1,v2,……,vn} is defined as the point set. 
Secondly, the consumption relationship between two departments is regard as the directed line between the two knots corresponded by the same two departments. E={e11，……，eij，……enn} is defined as the line set. Each line eij corresponds with a pair of knots （i,j） in knot set V. The consumption relationship between departments has a direction, namely eij≠eji, which means the unit consumption of department i to department j is not equal to the unit consumption of department j to department i. The line weight is the direct consumption coefficient in the input-output table, which means the direct consumption coefficient (aij) is the weight of directed line between knot i and j (eij).
Take the three-department input-output model as an example. The direct consumption coefficient matrix is 
[image: image19.wmf]÷

÷

÷

ø

ö

ç

ç

ç

è

æ

=

33

32

31

23

22

21

13

12

11

a

a

a

a

a

a

a

a

a

A

，and the corresponding 3-knot directed weighted network model is showed in Fig. 1.
Fig. 1
The direct consumption coefficient can be used as the coefficient of price transmission when the input-output price model is used for research on price transmission. It also applies to the directed weighted network, namely that the directed line between two knots represents the relationship of price transmission between the corresponding departments. 
4 Creation of a Price Transmission Network Model 
4.1 Extended structure of directed weighted network with consideration of production delay
Based on the basic assumptions, this paper uses the directed weighted network to describe the price transmission mechanism with consideration to the characteristics of production delay. The price reaction period differs with each department when the production delay is taken into account. Based on the assumption that the price reaction period of each department is an integral multiple of the basic reaction period, this paper handles the price transmission time by adding some virtual departments (knots).
Suppose the price reaction period of department i is ti, we divide department i into ti virtual sub-departments with the price reaction period of 1.This means that the original system with n departments is extended to a system with 
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+1（i ≠ k）of virtual sub-departments. Therefore, the original n-knot directed weighted network will be extended to one with 
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+1（i ≠ k）sub-knots. Thus, the production  delay is included into the price transmission model.
The network structure is extended in the following ways. Suppose department k initiates the price change and then extend other departments except department k. For instance, if the price reaction period of department i is ti, then substitute the department with ti virtual sub-departments
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 is in charge of the whole input and 
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 the whole output. Therefore, when the price change is transmitted from other departments to department i, it should be firstly transmitted to 
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 and finally to department j from 
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. As for setting of line weight value, we just need to define the line weight value transmitted from other departments to the first virtual sub-department as the line weight value transmitted from other departments to department I before extension. Accordingly, the line weight value of the last virtual sub-department 
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transmitted to other departments is defined as that of department i transmitted to other departments before extension. Moreover, both the line weight value between virtual sub-departments and the price reaction period of sub-departments are set as 1. Thus, this ensures that after extension, the price reaction period of department is still ti and that the effect of price transmission is the same as that before extension. 
Take the three-department price transmission model as an example. Suppose department 1 initiates the price change, the price reaction period of department 2 is 2, and that of department 3 is 3. Fig. 2 shows the extended network structure.

Fig. 2

4.2 Creation of a price transmission network model with consideration of production delay
    A price transmission network model with consideration of production delay is created based on the methods of structural extension of the directed weighted network.
(1) Set knot k as the department initiating the price change, namely, maintain knot k and the price variance Δpk unchanged.
(2) Set the price reaction period of other knots except knot k (e.g. the price reaction period of knot i is ti), and substitute knot i with virtual sub-knot chain (m＝ti+1) composed by y ti+1 virtual sub-knots
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(3) The input relationship of sub-knot 
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 is the same as that of original knot i, namely that the direction and line weight remain unchanged. The output relationship of sub-knot 
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 is the same as that of original knot i, namely that the direction and line weight remain unchanged..

(4) For all the sub-knots, the directed line between sub-knot 
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 is built with the line weight value set as 1.
As a result, the total number of departments in the price transmission network model with consideration of production delay becomes 
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+1（i ≠ k） and the price reaction period of all departments is 1. So it takes a basic reaction period to transmit through any single directed line in the model. Suppose that the price variance of department k initiating the price change is
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, then after t basic reaction periods, it will be transmitted to a knot from which to knot k is a directed path with the length (t . Therefore, the price transmission network model can separately calculate the effect of price transmission after 1, or 2 or t basic reaction periods that are actually observed. Based on this, the paper studies the effect of price transmission at different periods as well as the path by which the effect of price transmission changes with time.
4.3 Simulation Algorithm of the Price Transmission Network Model

The specific algorithm of the simulation effect of the price transmission network model with consideration of production delay created in section 4.2 is as follows:

Step 1: Initialize the variances of all knots. Initialize the variances of all knots 
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（i ≠ k, 1≤m≤ti+1） except knot k as 0.

Step 2: Calculate the current price variance of each knot
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. The price variance of each virtual sub-knot is equal to the weighted sum of all the price variances before reaching this knot. Moreover, the price variance of the first sub-knot 
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 and there is only one input directed line with the line weight of 1 from sub-knot 
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Step 3: Update the price variances of all knots and make 
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Step 4: Repeat step 2 and step 3. The 
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 after t cycles is the price variance of virtual sub-department 
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Step 5:The price variance 
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is the final price variance of department i after t basic reaction periods.
5. Empirical Analysis

5.1 Data Resource

(1) Selection of the input-output table. Based on the latest input-output table of 42 Chinese departments in 2007, this paper carries out empirical analysis on the spread and effect of oil price fluctuation on all industrial departments.  
(2) Setting of the price reaction period and basic reaction period. In this paper, the price reaction period of each department is set according to their  production and processing features (table 1). For example, regarding agriculture (department 1 in the input-output table) including agriculture, forestry, animal husbandry and fisheries industry, the plantation period of the main products is about 6 months. So the price reaction period of agriculture department is set as 6 months after taking all into consideration. Regarding textile, clothing, shoes, hat, feather, down and their products industry (department xxx), the production cycle is shorter and it takes about a month from materials input to product output. So their price reaction period is set as 1 month. In this paper, the basic reaction period is set as 1 month, so the longest price reaction period of all departments is 12 months, namely 12 basic reaction periods.
Table 1

5.2 The change rates of prices in affected departments 
Suppose there is a 10% rise in price of petroleum and natural gas department, we calculate the price changes of affected departments due to the price change after 1 month, 2 months, …, until 1 year. The price change rates of all departments during 12 basic reaction periods are showed in table 2. In order to do comparative analysis, the results without sticky price are listed in the last column in table 2 that is the result of traditional price model.
Table. 2

The computing result reveals that the price change rates of all departments don’t reach the rates in the traditional price model after 12 basic reaction periods after the petroleum and natural gas exploiting department raises the price of its products by 10%. Some departments have little reactions or even no reactions to the transmission.
5.3 The effect Coefficient of Price Transmission (ECPT)
For easy analysis on the impact of delay in price transmission on price, the ratio between price variances with or without the delay being considered is defined as the effect coefficient of price transmission in this paper.
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 is the ECPT of department j at the end of r basic reaction periods, 
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 represent the price variance with or without the delay in price transmission being considered respectively and 
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represents the price fluctuation at the r basic reaction period of department j compared with the situation when the delay in price transmission is not considered and is a dimensionless coefficient. Results are showed in table 3.
Table. 3

The computing result indicates that although the effect and starting point of price transmission are different among departments, the effect coefficient of price transmission follows the trend of from low to high. 
The effect coefficient of transmission in the production and supply department of natural gas reaches 90.55% during the first basic reaction period, and 94.61% during the second period. Meanwhile, the effect coefficient of transmission in petroleum processing factory reaches 91.74%. It is shown that these departments highly rely on the petroleum and natural gas exploiting industry.
However, the effect coefficient of transport equipment departments which belong to machine manufactory is 17.71% while that of electrical equipment is 47.65%. The differences between them are mainly caused by: ① the price reaction period of transport equipment is longer than that of electrical equipment；② The consumption coefficient of electrical equipment in the petroleum and natural gas exploiting industry is much higher than that of transport equipment.
5.4 Result Analysis
The empirical result indicates that the effect of price transmission is mainly determined by the price reaction period Tk and the dependency on petroleum consumption aik. (aik is the direct consumption coefficient of input-output table)
If t is observation period,
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 is the price change of department k at time point t. When t varies with time, we can get the following results:
(1) If t < Tk, then 
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= 0, which means that the petroleum price fluctuation has not been transmitted to the department k, so the price of department k remains unchanged. That is to say, the effect of price fluctuation has not shown yet when the observation period is shorter than the price reaction period of a department due to the transmission delay and the price change is 0. For instance, the price reaction period of departments of health and social welfare industry, culture, sports and entertainment industry and public management and organization industry is set as 12 basic reaction periods. So if the observation period is less than or equal to 11, then the price change of this department is 0. Only when the observation period is 12, the price change will show.
(2) If t> Tk, then 
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> 0，the greater aik is, the higher the price change rate.. 
1) As time increases, the effect of price transmission on each department follows the trend from low to high, and increasingly approaches the state without delay and accordingly the effect coefficient of price transmission increases progressively and gets closer and closer to 100%, no matter the degree and beginning time of the effect.
2) For departments that are of the downstream industry of or highly depends on the petroleum and natural gas exploiting industry, the effect coefficients of price transmission will increase quickly after the first reaction to price fluctuation (e.g. over 80%), and then approach to 100% slowly. such as the departments of petroleum processing and refining, gas production and supply, transportation and storage, and chemical industry. See figure 3.
Fig.3  

3) For departments that indirectly depend on the petroleum and natural gas exploiting industry, the impact of petroleum price change on price is caused by indirect transmission. So it takes longer time to affect those departments, and their price transmission coefficients increase steadily . See figure 4.
Fig.4  

(3)When the observation period t approaches positive infinity,
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 of department k at t is the same as the result of the traditional input-output price model. This paper calculates the effect of five-year transmission. At the end of the fifth year (60th basic reaction period), the transmission effects of all departments reach over 99%, basically reaching the balance state that the traditional input-output price model bases on. So the dynamic price transmission model is more general than traditional input-output price model, which is just a special case when t(+∞. Of course, different economic structures take different time to basically reach the balance state, depending on the coorelation among departments and the length of the price reaction period of departments. 
6. Conclusion

The results indicate that the price impact from one to other departments will always be overrated by directly using the traditional input-output price model without consideration of the transmission delay. The traditional model has more theoretical meaning than application value.

This paper uses the directed weighted network to describe the price transmission among industrial departments and creates a dynamic price transmission model by taking the time dimension into account. This model not only more accurately describes the transmission delay, but also can dynamically calculate the price fluctuation at any time point. On this basis, this paper conducts empirical analysis on the impact of petroleum price fluctuation on the price change of the products of other industrial departments by using the 2007 China input-output data. The empirical results indicate that the impact of price fluctuation is mainly determined by the price reaction period Tk① and the dependency on petroleum consumption aik②. (1)If t< Tk③, then
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= 0④, which means that the petroleum price fluctuation has not been transmitted to the department k, so the price of department k remains unchanged.  (2) If t > Tk, then
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> 0, and the greater aik, the higher the price change rate. (3) If t(+∞, the value of 
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is the same as that of the traditional input-output price model. So it can be clearly seen that the dynamic price transmission model is more general than the traditional input-output price model, which is just a special case when t(+∞.
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Fig. 1 Three-knot directed weighted network model
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Fig. 2 Three-department directed weighted network structure with consideration of production delay
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Fig. 3 Change tendency of ECPT in largely dependent departments
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Fig. 4 Change tendency of ECPT in less dependent departments
Table 1 Price reaction period of affected departments（month）
	No.
	Department
	Period of reaction
	No.
	Department
	Period of reaction

	01
	Agriculture, hunting, forestry and fishing
	6
	22
	Waste
	1

	02
	Coal mining and processing industry
	2
	23
	Production, collection and distribution of electricity
	1

	03
	Petroleum and natural gas industry
	
	24
	Manufacture of gas; distribution of gaseous fuels through mains
	1

	04
	Metal ore mining
	2
	25
	Collection, purification and distribution of water
	1

	05
	Non metallic minerals and mining of other ores
	2
	26
	Construction
	12

	06
	Food production and tobacco processing
	2
	27
	Transportation and warehousing industry
	1

	07
	Textile industry
	3
	28
	Post & telecommunications
	1

	08
	Textiles, textile products, leather and footwear
	1
	29
	Information transmission, computer service and software industry
	6

	09
	Wood and products of wood and cork
	4
	30
	Wholesale & retail trade; repairs
	3

	10
	Pulp, paper, paper products, printing and publishing
	2
	31
	Hotels & restaurants
	1

	11
	Petroleum processing, coking and nuclear fuel processing
	2
	32
	Finance & insurance
	12

	12
	Chemical industry
	2
	33
	Real estate activities
	6

	13
	Non metallic mineral products industry
	3
	34
	Renting of machinery & equipment
	3

	14
	Metal smelting and rolling processing industry
	3
	35
	Research & development
	12

	15
	Iron & steel
	2
	36
	Integrated technical services
	12

	16
	General, special equipment manufacturing industry
	5
	37
	Water conservancy, environment and public facility management
	12

	17
	transport equip nec.
	8
	38
	Private households with employed persons & extra-territorial organisations & bodies
	1

	18
	Electrical machinery & apparatus, etc.
	5
	39
	Education
	12

	19
	Radio, television & communication equipment
	2
	40
	Health & social work
	12

	20
	Instrumentation and culture, office machinery manufacturing
	3
	41
	Culture, sports & Entertainment
	12

	21
	Handicraft and other production
	7
	42
	Public admin. & defence; compulsory social security
	12


Table 2 Price transmission time sequence of the affected departments（%）

	No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Without time delay

	01
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.07 
	0.09 
	0.13 
	0.14 
	0.17 
	0.29

	02
	0.00 
	0.01 
	0.02 
	0.11 
	0.19 
	0.22 
	0.26 
	0.28 
	0.30 
	0.32 
	0.33 
	0.35 
	0.48

	03
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.00

	04
	0.00 
	0.11 
	0.16 
	0.53 
	0.63 
	0.73 
	0.76 
	0.80 
	0.82 
	0.84 
	0.86 
	0.88 
	1.01

	05
	0.00 
	0.12 
	0.16 
	0.42 
	0.52 
	0.61 
	0.65 
	0.69 
	0.71 
	0.74 
	0.75 
	0.77 
	0.90

	06
	0.00 
	0.01 
	0.02 
	0.04 
	0.08 
	0.10 
	0.12 
	0.14 
	0.15 
	0.18 
	0.20 
	0.23 
	0.35

	07
	0.00 
	0.00 
	0.01 
	0.02 
	0.06 
	0.10 
	0.16 
	0.19 
	0.24 
	0.27 
	0.31 
	0.33 
	0.55

	08
	0.01 
	0.01 
	0.06 
	0.10 
	0.14 
	0.17 
	0.21 
	0.24 
	0.27 
	0.30 
	0.32 
	0.34 
	0.50

	09
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.06 
	0.11 
	0.16 
	0.18 
	0.23 
	0.26 
	0.30 
	0.53

	10
	0.00 
	0.00 
	0.01 
	0.07 
	0.11 
	0.20 
	0.23 
	0.30 
	0.32 
	0.37 
	0.39 
	0.42 
	0.57

	11
	0.00 
	5.64 
	5.65 
	5.99 
	6.02 
	6.06 
	6.07 
	6.08 
	6.09 
	6.10 
	6.10 
	6.11 
	6.15

	12
	0.00 
	0.23 
	0.25 
	0.71 
	0.76 
	0.99 
	1.03 
	1.14 
	1.16 
	1.22 
	1.23 
	1.27 
	1.41

	13
	0.00 
	0.00 
	0.07 
	0.08 
	0.28 
	0.36 
	0.44 
	0.51 
	0.56 
	0.60 
	0.63 
	0.65 
	0.81

	14
	0.00 
	0.00 
	0.03 
	0.04 
	0.32 
	0.38 
	0.47 
	0.59 
	0.63 
	0.68 
	0.73 
	0.76 
	0.96

	15
	0.00 
	0.01 
	0.03 
	0.09 
	0.14 
	0.19 
	0.31 
	0.35 
	0.41 
	0.47 
	0.50 
	0.53 
	0.74

	16
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.02 
	0.08 
	0.12 
	0.15 
	0.23 
	0.26 
	0.31 
	0.66

	17
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.01 
	0.05 
	0.08 
	0.11 
	0.62

	18
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.01 
	0.06 
	0.09 
	0.15 
	0.25 
	0.29 
	0.34 
	0.72

	19
	0.00 
	0.00 
	0.01 
	0.04 
	0.06 
	0.11 
	0.14 
	0.20 
	0.23 
	0.27 
	0.29 
	0.33 
	0.56

	20
	0.00 
	0.00 
	0.00 
	0.01 
	0.05 
	0.08 
	0.14 
	0.18 
	0.23 
	0.27 
	0.31 
	0.34 
	0.60

	21
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.01 
	0.08 
	0.12 
	0.18 
	0.23 
	0.58

	22
	0.00 
	0.00 
	0.02 
	0.03 
	0.04 
	0.05 
	0.06 
	0.06 
	0.07 
	0.07 
	0.07 
	0.07 
	0.09

	23
	0.11 
	0.16 
	0.41 
	0.51 
	0.58 
	0.61 
	0.64 
	0.66 
	0.67 
	0.68 
	0.70 
	0.71 
	0.84

	24
	5.00 
	5.23 
	5.36 
	5.40 
	5.42 
	5.43 
	5.44 
	5.45 
	5.46 
	5.46 
	5.47 
	5.47 
	5.52

	25
	0.02 
	0.06 
	0.13 
	0.20 
	0.25 
	0.27 
	0.30 
	0.31 
	0.33 
	0.33 
	0.34 
	0.35 
	0.46

	26
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.76

	27
	0.02 
	0.03 
	1.09 
	1.17 
	1.25 
	1.27 
	1.28 
	1.29 
	1.30 
	1.31 
	1.31 
	1.32 
	1.42

	28
	0.00 
	0.01 
	0.20 
	0.32 
	0.34 
	0.36 
	0.38 
	0.39 
	0.40 
	0.40 
	0.41 
	0.42 
	0.55

	29
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.02 
	0.04 
	0.06 
	0.07 
	0.08 
	0.24

	30
	0.00 
	0.00 
	0.00 
	0.01 
	0.04 
	0.14 
	0.16 
	0.18 
	0.19 
	0.20 
	0.21 
	0.22 
	0.30

	31
	0.03 
	0.04 
	0.09 
	0.11 
	0.13 
	0.15 
	0.17 
	0.18 
	0.19 
	0.20 
	0.22 
	0.23 
	0.33

	32
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.18

	33
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.06 
	0.06 
	0.07 
	0.08 
	0.09 
	0.15

	34
	0.00 
	0.00 
	0.00 
	0.01 
	0.18 
	0.24 
	0.28 
	0.31 
	0.34 
	0.36 
	0.38 
	0.40 
	0.58

	35
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.46

	36
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.40

	37
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.48

	38
	0.00 
	0.01 
	0.14 
	0.18 
	0.23 
	0.25 
	0.29 
	0.30 
	0.32 
	0.33 
	0.35 
	0.36 
	0.48

	39
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.33

	40
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.70

	41
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.01 
	0.38

	42
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.38


Table 3 Price transmission effect table of the spread departments （%）

	No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	01
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.10 
	0.69 
	23.0 
	30.4 
	45.3 
	49.0 
	56.9 

	02
	0.00 
	1.97 
	4.28 
	22.9 
	38.9 
	46.5 
	54.4 
	58.4 
	63.1 
	67.0 
	69.8 
	73.4

	03
	
	
	
	
	
	
	
	
	
	
	
	

	04
	0.0 
	11.2 
	15.4 
	52.8 
	62.0 
	72.1 
	75.7 
	79.2 
	81.5 
	83.5 
	84.9 
	86.7 

	05
	0.0 
	13.7 
	17.7 
	47.4 
	57.9 
	68.6 
	72.5 
	77.3 
	79.6 
	82.4 
	83.9 
	86.0 

	06
	0.0 
	3.0 
	4.4 
	12.2 
	21.7 
	29.0 
	33.8 
	39.2 
	41.9 
	52.0 
	56.0 
	63.9 

	07
	0.0 
	0.0 
	1.8 
	2.8 
	11.8 
	17.4 
	29.2 
	34.9 
	43.1 
	49.2 
	56.2 
	61.0 

	08
	1.8 
	2.7 
	12.5 
	19.6 
	28.0 
	34.9 
	42.0 
	48.7 
	54.6 
	59.6 
	64.5 
	68.7 

	09
	0.0 
	0.0 
	0.0 
	0.6 
	1.7 
	11.8 
	19.9 
	30.0 
	34.6 
	43.3 
	48.5 
	56.5 

	10
	0.0 
	0.9 
	1.7 
	13.2 
	19.5 
	35.8 
	41.2 
	53.0 
	57.3 
	65.2 
	68.3 
	73.5 

	11
	0.0 
	91.7 
	91.9 
	97.3 
	97.9 
	98.5 
	98.7 
	98.9 
	99.0 
	99.2 
	99.2 
	99.3 

	12
	0.0 
	16.4 
	17.7 
	50.4 
	53.9 
	70.2 
	73.0 
	80.7 
	82.6 
	86.5 
	87.7 
	90.0 

	13
	0.0 
	0.0 
	8.0 
	9.7 
	34.7 
	43.9 
	54.4 
	62.7 
	69.0 
	73.2 
	77.4 
	79.9 

	14
	0.0 
	0.0 
	3.0 
	4.3 
	33.9 
	39.4 
	48.9 
	61.7 
	66.4 
	71.1 
	76.7 
	79.2 

	15
	0.0 
	2.0 
	3.4 
	12.9 
	19.3 
	25.7 
	41.9 
	47.7 
	55.5 
	63.7 
	67.7 
	72.3 

	16
	0.0 
	0.0 
	0.0 
	0.0 
	1.4 
	2.5 
	12.7 
	18.6 
	23.5 
	34.8 
	39.4 
	46.6 

	17
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	1.2 
	1.9 
	8.1 
	12.4 
	17.7 

	18
	0.0 
	0.0 
	0.0 
	0.0 
	0.7 
	1.3 
	7.9 
	12.9 
	20.4 
	34.0 
	40.7 
	47.7 

	19
	0.0 
	0.6 
	1.2 
	7.0 
	10.8 
	20.2 
	25.9 
	35.1 
	40.6 
	48.4 
	52.9 
	59.2 

	20
	0.0 
	0.0 
	0.2 
	0.9 
	8.1 
	12.8 
	23.6 
	30.1 
	38.7 
	44.8 
	51.9 
	56.6 

	21
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	1.1 
	2.4 
	13.6 
	20.0 
	30.2 
	39.2 

	22
	0.6 
	2.5 
	20.9 
	33.3 
	49.6 
	58.2 
	67.2 
	71.4 
	76.9 
	79.5 
	82.4 
	84.4 

	23
	13.6 
	19.2 
	48.8 
	61.3 
	68.9 
	73.4 
	76.1 
	78.4 
	80.1 
	81.7 
	83.5 
	84.9 

	24
	90.6 
	94.6 
	97.1 
	97.7 
	98.2 
	98.4 
	98.6 
	98.7 
	98.8 
	98.9 
	99.0 
	99.1 

	25
	4.1 
	12.7 
	28.4 
	42.4 
	54.1 
	59.0 
	64.4 
	67.4 
	70.4 
	72.3 
	74.6 
	76.3 

	26
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	27
	1.7 
	2.3 
	76.9 
	82.6 
	88.1 
	89.3 
	90.4 
	91.1 
	91.7 
	92.2 
	92.8 
	93.3 

	28
	0.0 
	1.4 
	36.9 
	57.7 
	62.9 
	66.7 
	69.6 
	71.1 
	72.8 
	74.0 
	75.6 
	77.0 

	29
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	2.5 
	7.5 
	18.8 
	23.5 
	29.6 
	35.3 

	30
	0.0 
	0.0 
	0.0 
	1.9 
	11.8 
	45.5 
	51.9 
	59.4 
	63.5 
	66.2 
	69.2 
	71.3 

	31
	7.6 
	12.9 
	25.7 
	33.3 
	39.4 
	45.1 
	50.1 
	53.1 
	58.7 
	61.4 
	67.4 
	69.9 

	32
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	33
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.8 
	38.4 
	43.2 
	50.7 
	55.6 
	59.9 

	34
	0.0 
	0.0 
	0.2 
	1.5 
	31.6 
	40.9 
	48.1 
	52.4 
	57.5 
	60.9 
	64.8 
	67.6 

	35
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.2 

	36
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.2 

	37
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	2.5 

	38
	0.6 
	1.8 
	29.9 
	36.4 
	48.3 
	52.3 
	59.1 
	62.1 
	66.6 
	69.0 
	72.6 
	74.8 

	39
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	40
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.2 

	41
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	1.4 

	42
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.6 
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