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Abstract

:

Carbon tax is an important carbon emission mitigation tool and has been widely recognized as an efficient mechanism for slowing down global warming. The imposition of a carbon tax will, however, inevitably affect income distribution, as a household’s income level influences its priorities regarding consuming the affected goods. This will have important implications for the government, which will have to formulate policies that can achieve efficiency as well as equity. In this study, we apply the input–output price model to estimate the distribution effects of a carbon tax for urban as well as rural areas in China. Our results show that the price increases due to carbon taxes affect rural areas more than urban areas. The Suits index in rural areas is −0.1928, while the value in urban areas is −0.0588. This indicates carbon tax is regressive in all areas, especially the rural ones, and there is a need to formulate suitable policy measures to alleviate a possible widening income gap among income groups and between urban and rural areas.
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1. Introduction


Global warming has increasingly attracted attention over several decades. Governments of developed as well as developing economies have almost without exception recognized the potential global harm it could cause. Slowing down the pace of global warming through appropriate interventions to save humanity’s homeland has therefore become a widely accepted principle of governance.



Theoretically, part of the concept has been embodied in Arthur Cecil Pigou’s Pigouvian tax. A carbon tax is an example of a “Pigouvian tax”, and is levied on carbon dioxide emissions to offset the negative externalities [1]. By increasing the tax burden to correct distorted price signals, it internalizes environmental externality and makes individual costs consistent with social ones, achieving optimal resource allocation and reducing carbon emissions.



From an overall welfare viewpoint, economic measures to deal with climate warming must be implemented. However, in an open economy and from a social equity perspective, the economic effects of the policy instruments represented by carbon taxes are much more complex. Among the potential economic consequences of a carbon tax, the direction and extent of their impact on distribution are critical factors in determining whether the public will accept the tax [2]. The lower-income population may spend a higher proportion on carbon intensive commodities and have a lower ability to adjust the consumption structure. Their burden may be much higher than that of higher-income groups. Mitigating climate change can especially hurt the poor in the short-term, and that is particularly relevant for carbon pricing mechanisms, such as carbon taxes and emissions trading scheme (ETS) [3].



Empirical evidence under different scenarios from many developed countries showed that carbon taxes have a regressive effect on distribution if the tax cycle is not considered [4,5,6,7,8,9]. Due to the diversity in household income and consumption pattern, existing research about developed countries is not readily applied to developing countries [10]. Many studies in developing countries showed that the effect of carbon taxes on distribution was proportional or progressive [10,11,12,13,14,15]. These studies remind us that there is geographic heterogeneity in impacts in different countries. Meanwhile, relevant studies revealed that this heterogeneity also exists within a country [16,17].



Zhang et al. [18] used econometric methods and found a substantial regional difference in the impact of a carbon tax on income distribution. Liang et al. [19] employed the recursive dynamic CGE model and found that the impact of a carbon tax will be more significant in rural areas.



Besides econometric methods and CGE model, the input–output model is also an effective research tool. Most studies showed that carbon taxes are regressive both in specific regions within China and in China as a whole [2,20,21]. A study by Sun and Ueta (2011) [22] is one of the few works from the perspective of urban-rural differences. Unfortunately, the research did not, however, examine the distribution effect based on the relationship between tax burden and income.



In the above literature, the scholars generally employed the input–output quantity model, which depends heavily on the assumption of linear tax payments, meaning producers’ tax burden is fully reflected in final commodity prices. Some scholars have also pointed out that if tax payments are not assumed to be linear, using the quantity model to estimate carbon tax payments may carry a degree of uncertainty [2]. As a result, the burden of consumer spending may be inaccurately estimated, leading to biased conclusions.



Because the input–output price model can reflect the price-linked changes directly, it is unnecessary to assume linear tax payments. We employ the price model as a basic tool with more relaxed assumptions. We also change the tax base because a levy on final consumption is not as efficient as one on upstream sectors [23]. That is why many countries only levy a carbon tax on energy sectors. Meanwhile, we note that although some studies focus on the geographic heterogeneity in China, few studies involve urban-rural differences. The government of China is faced with the common interests of a large group of farmers [24], and narrowing the income gap between urban and rural areas is one of the top priorities of the government’s work. Based on the above reasons, we believe it is necessary to explore the different impacts of carbon taxes on China’s urban and rural distribution structure.



Therefore, our research objective is to measure the impact of a carbon tax on the price of consumer goods in China’s domestic market. In addition, we investigate whether the carbon tax will cause a heterogeneous distribution impact in urban and rural areas. This paper contributes to the literature by relaxing the assumption of linear tax payments, setting upstream production sectors as the tax base, adopting the input–output price model, and focusing on urban-rural differences.




2. China’s Carbon Pricing Mechanism


At present, instead of carbon taxes, China mainly relies on ETS to mitigate effects of carbon emissions. Since 2013, China has promulgated ETS pilots in eight provinces or cities, including Beijing, Shanghai, Tianjin, Shenzhen, Chongqing, Guangdong, Hubei, and Fujian [25]. China Carbon Emission Trade Exchange (CCETE), the carbon emissions trading system covering all regions of China’s mainland, was launched on 19 December 2017, and put into operation officially on 16 July 2021. It can be seen from Figure 1 that the scale of carbon emissions trading has increased significantly after the official operation of CCETE.



However, an ETS cannot solve all the problems of carbon emissions of China, so other emission reduction policy tools should be employed, such as a carbon tax [26]. Carbon taxes can complement the ETS, and using a carbon tax as a supplement is a good mitigation strategy to release Gross Domestic Product (GDP) loss in China [27]. In addition, ETS still has many inefficiencies, so economists prefer to use carbon taxes as policy tools to reduce greenhouse gas (GHG) emissions [28]. In summary, it is necessary to consider carbon taxes as policy options for China in the long run. In view of the impact of carbon taxes on the distribution and the Chinese government’s efforts to narrow the poverty gap and achieve common prosperity in recent years, it is of great practical significance to research carbon taxes and the distribution issue in China.



Compared with carbon emissions trading, carbon taxation can offset the negative externalities more directly and effectively and leads to better predictability in business, easier cost accounting, and lower administrative costs [29]. Therefore, many countries have adopted carbon taxation as one of the most effective policy measures to reduce carbon emissions, such as Finland (1990), Poland (1990), Sweden (1991), Norway (1991), Denmark (1992), Slovenia (1996), Estonia (2000), Latvia (2004), Switzerland (2008), Liechtenstein (2008), Ireland (2010), Iceland (2010), Ukraine (2011), Japan (2012), France (2014), Mexico (2014), Spain (2014), Portugal (2015), Colombia (2017), Chile (2017), Argentina (2018), Singapore (2019), and South Africa (2019) [30].




3. Data and Methods


3.1. Data


The input–output data used in this paper are from the 2012 Input–Output Accounts (IOA) of China compiled by the National Bureau of Statistics of China, which contains 139 departments. The total consumption data of crude oil and natural gas are from the 2012 Energy Balance Accounts (EBA) of China, and the consumption data of crude oil and natural gas by various industrial sectors are from the 2012 Energy Consumption Accounts (ECA) of China. The income and consumption data of urban and rural households are from the China Statistical Yearbook of 2012.




3.2. The Base of a Carbon Tax Payment


In this paper, the primary energy sectors, the upstream production sectors, is set as the tax base, meaning the government levies a carton tax on primary energy input of various industries. The energy sectors listed in the 2012 IOA of China include coal mining and processing, crude oil and natural gas extraction, petroleum, coking, and nuclear fuel processing, the production and supply of electric power and other heat sources, as well as the production and supply of fuel gas. The first two are primary fossil energy sectors, and they are upstream sectors of the other energy sectors. The carbon content of the other energy and production sectors entirely comes from them, and therefore a carbon tax on the output of the primary energy sector can cover the carbon emissions of the whole economic system. If the output of all energy sectors or all production sectors is taxed, there would be double taxation.




3.3. Input–Output Price Model


A carbon tax imposed on energy sectors will inevitably increase input costs for other downstream enterprises, which will, in turn, lead to higher output prices in all sectors through industrial effects. Employing the method used by Metcalf [5], we use the input–output price model to analyze the price interactions between sectors. Similarly to the horizontal equilibrium in quantity model, the vertical balance of the IOA can be achieved in the price model.


   X 1  =  P 1   Q 1  =  P 1   Q  11   +  P 2   Q  21   + ⋯ +  P n   Q  n 1   +  V 1   



(1)
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   X n  =  P n   Q n  =  P 1   Q  1 n   +  P 2   Q  2 n   + ⋯ +  P n   Q  n n   +  V n   



(3)




where    X j    denotes the output value of sector j,    P i    is the price of product i,    Q  i j     is the input amount of product i to sector j, and    V j    is the added value of sector j. Dividing two sides of the equation by    Q j   , the following equations can be obtained:


   P 1  =  P 1   a  11   +  P 2   a  21   + ⋯ +  P n   a  n 1   +  v 1   



(4)






   P j  =  P 1   a  1 j   +  P 2   a  2 j   + ⋯ +  P n   a  n j   +  v j   
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   P n  =  P 1   a  1 n   +  P 2   a  2 n   + ⋯ +  P n   a  n n   +  v n   



(6)




   a  i j   =  Q  i j   /  Q j   . Setting all    P j    to be “1”, the equations can be expressed in the following matrixes:


   [       P 1       ⋮       P n       ]  =  [       a  11      ⋯     a  n 1        ⋮   ⋱   ⋮       a  1 n      ⋯     a  n n        ]   [       P 1       ⋮       P n       ]  +  [       v 1       ⋮       v n       ]   



(7)







Equation (3) can be denoted as   P =  A ′  P + v  , where    A ′    is the transpose matrix of the direct consumption coefficient matrix  A , and  v  is the value-added rate vector for each sector. We can solve the price vector as follows, and P will be a vector of ones:


  P =    (  I −  A ′   )    − 1   v  



(8)







If a tax is imposed on the system, the elements of vector P will be greater than 1, representing the ratio of the new price to the original one, and the greater-than-1 part is the price increase resulting from the tax. When setting   T  R  i j     as the ad valorem tax levied on the intermediate products provided by sector j during the production process, Equation (1) will be transformed into:


   X 1  =  P 1   Q 1  =  P 1   Q  11    (  1 + T  R  11    )  +  P 2   Q  21    (  1 + T  R  21    )  + ⋯ +  P n   Q  n 1    (  1 + T  R  n 1    )  +  V 1   



(9)
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The set of equations can be manipulated, and then we obtain:


  P =    (  I −  B ′   )    − 1   v  



(12)







The element    b  i j     of B equals    (  1 + T  R  i j    )   a  i j    . Under the premise that the production technology of all sectors does not change and there is no short-term substitute for primary energy, the price model can be used to examine the impact of taxation on the prices of all sectors in an economy.




3.4. Regrouping the Input–Output Accounts


In the 2012 IOA of China, crude oil and natural gas were combined in one sector. In order to better examine the impact of price changes in various fossil energy sectors on the economy, this study separates the sector into crude oil and natural gas. For this purpose, we had to divide the sector into rows and columns. The most convenient method to divide the usage values in a row is to separate them by the ratio of usage values of two energies. We can achieve usage value by multiplying the energy usage quantity issued in 2012 EBA of China by the market prices of the energy.



Referring to the domestic and foreign market prices and the RMB exchange rate in 2012, the price of crude oil was set at 4949 RMB/ton, and the price of natural gas was 1.9 RMB/cubic meter. The crude oil usage value based on the EBA should be RMB 2,310,139 million, and that of natural gas should be RMB 277,970 million, totaling RMB 2,588,109 million. The domestic production of crude oil and natural gas sectors based on the EBA should be RMB 102,608 and 203,585 million, respectively, totaling RMB 1,230,396 million. Comparing the above total value of usage and domestic production with the corresponding value listed in the IOA (2,603,804 and 1,226,392 million RMB, respectively), it is found that the maximum error does not exceed 0.6%, so the price setting is reasonable to some extent.



However, it is crude to separate the row this way. This is because, by observing the major sectors of inputting crude oil and natural gas in 2012 ECA of China (Table 1 and Table 2), we found that the main sectors using the two energies are not in the same proportion. In fact, the usage structures of the two energies are quite different, and therefore the separation method based on the assumption of the same usage structure is not applicable.



Based on the ECA, EBA, and IOA, this study adopts the following separation method: First, to match the two accounts, the 2012 IOA of 139 sectors was condensed into 46 sectors according to the industry catalogue of the ECA. Second, for sectors that feature in both accounts, we multiplied the sectors’ energy usage quantities by setting prices and obtaining the two energies’ usage value ratio per sector. The usage value of “Crude oil and natural gas extraction” in the IOA was then divided by the ratio. There are some contradictory records between the IOA and ECA: Some sectors have no direct energy input in the IOA, but they have usage data in the ECA. Other sectors have energy input records in the IOA, but no data in the ECA. The former situation was ignored, because we want to keep the basic data and the balance of the IOA unchanged. In the latter case, the split had to be based on the ratio of the total usage value of the two energies.



For the vertical separation, since we lack information about the input structure of the two energy sectors via production processes, it can only be assumed that these structures are similar. The separation was based on the ratio of RMB 1,026,808 to 203,585 million, calculated by multiplying the domestic production quantity by the set price.



In this way, the IOA of 139 sectors was condensed to 47 sector accounts. We compared the calculated value based on the EBA, the ECA, and the setting price, with the corresponding value estimated or listed in the IOA after separation. The results are shown in the Table 3 below.




3.5. The Carbon Tax Rate


From a collection convenience perspective, the carbon tax rate should be a specific duty rate. In international carbon tax practice, the specific duty is basically used. Denmark began to levy a carbon tax in 1992, and the tax rate is DKK 100 (Danish kroner)/ton of carbon dioxide (equivalent to USD 14.3/ton of carbon dioxide). In 1995, the Dutch tax rate on carbon dioxide was NLG 5.16 (Dutch guilders)/ton of carbon dioxide (equivalent to USD 2.5/ton of carbon dioxide). The tax rate in Sweden is USD 38.8/ton, and in Finland, it is USD 7/ton of carbon dioxide.



In domestic studies on the impact of a carbon tax in China, the tax rate structure is also designed based on a specific duty. For example, Su et al. [31] proposed a carbon tax scheme of 10 to 40 RMB per ton of carbon dioxide. Wang et al. [32] designed three specific duty schemes in the process of simulating the impact of a carbon tax by CGE. In addition, Fan and Zhang [33] assumed a carbon tax rate of 200 RMB/ton of carbon dioxide in their study of the impact of a carbon tax on the income distribution of urban households in China.



The tax rate in our research is similar to the 75 RMB/ton of carbon dioxide referred to in Wang et al. [32]. In fact, the tax rate has little effect on the conclusion of this study, as the tax rate only increases or reduces the absolute value of consumption expenditure after taxation—it has no essential effect on the trend of progressivity or regressivity.



However, the rate should be an ad valorem tax rate in Equation (5) so that we cannot achieve results based on the specific duty rate we adopt. To convert the specific duty rate into an ad valorem tax rate, we use the following formula:


  T  R i  =   T R s  d i  × C  E i    O u t p u  t i     



(13)




where   T  R i    is the ad valorem tax rate on sector i,   T R s  d i    is the specific duty rate on carbon dioxide emissions, and   C  E i    denotes the carbon dioxide emissions of sector i (these data can be obtained by multiplying the total consumption of the energy listed in the EBA by the carbon emission coefficient of the energy).   O u t p u  t i    is the output value of the energy sector (for a more reasonable estimate of ad valorem tax rates, the output value is actually the total usage value of the energy sector, and equals the domestic production of the sector plus its net import value). Since the ad valorem tax rates of the same energy should be equal when they are applied to any downstream sector j, we have   T  R  i j   = T  R i    in Equation (5).




3.6. The Impacts on Consumption Expenditure


In the Consumption Expenditure Accounts (CEA) of urban and rural households with different income groups issued by the National Bureau of Statistics, consumer goods are classified into eight categories that do not match the IOA sector catalogue. The price changes of 47 sectors calculated by the input–output price model should therefore be converted into price changes of eight categories through a transformation matrix:


  P  c  8 × 1   =    Z ′    8 × 47   ×  P  47 × 1    



(14)




where   P c   is the price vector of the eight categories of consumer goods after taxation,    Z ′    denotes the transposed matrix of the price transformation matrix    Z  47 × 8    , and    P  47 × 1     is the price vector of the 47 sectors after taxation. In  Z , the corresponding relationship of sectors between the IOA and CEA refers to the classification in Classification of Consumer Expenditure for Residents (2013), published by the National Bureau of Statistics and the relevant research of Fan and Zhang (2013) [33]. The value    Z  i j     in  Z  represents the proportion of the final household consumption of goods i in the total consumption of goods category j, and     ∑   i = 1   47    Z  i j   = 1  .



Based on the price changes in eight categories of consumer goods, we can calculate the per capita consumption expenditure of different income groups after taxation by formula Equation (9):


  E x p  d  n × 1   =  S  n × 8   × P  C  8 × 1    



(15)




where   E x p  d  n × 1     is a vector that reflects the total expenditure per capita of different income groups after taxation and n is the number of income groups. The National Bureau of Statistics divides urban households into seven income groups and rural households into five income groups.    S  n × 8     is the per capita consumption composition matrix of urban and rural households of different income groups in 2012. Taking rural households as an example, the structure is shown as Table 4:




3.7. The Impacts on Distribution Structure


The impact of a carbon tax on consumption expenditure cannot reflect its distribution effects. To examine the impact, the tax burden must be linked to income. The Suits index, proposed by Suits [34], is widely used in the test of tax progressivity and regressivity. The progressive and regressive nature can tell us how a specific tax affects the distribution structure. If the tax is progressive, it will help to improve the distribution structure and narrow the gap between rich and poor. If the tax is regressive, it will lead to the deterioration of the distribution structure and will widen the gap between rich and poor. The Suits index can be illustrated by the concentration curve in Figure 2. The horizontal axis is the cumulative proportion of income, and the accumulated percentage curve of the tax burden is plotted vertically, corresponding to the accumulated percentage of income on the horizontal axis. The Suits index equals ((K − L))/K, where K is the area of the triangle surrounded by the 45-degree line and the horizontal axis, and L is the area surrounded by the curve and the horizontal axis. When K is greater than L, the index is positive and the tax is progressive; when K is smaller than L, the index is negative and the tax is regressive.



The data obtained in most studies are discrete, so that the area cannot be calculated by integral. Suits (1977) [27] proposed the following formula to approximate the Suits index:


   S    = 1 −     ∑   i = 1  n   [  T  (   y i   )  + T  (   y  i − 1    )   ]   (   y i  −  y  i − 1    )    10000    



(16)




where S denotes the Suits index,    y i    is the cumulative percentage point of income,    T  (   y i   )    is the cumulative percentage point of tax burden corresponding to the income, and n is the number of income groups.





4. Results and Discussions


4.1. The Impacts on Consumption Prices


The table below shows the prices of the 47 sectors after tax. Since the prices are all “1” before tax, the higher-than-one part reflects the increase after tax.



After transforming, the price changes in eight categories of goods are as Table 5 and Table 6. In IOA, the final household consumption is divided into urban and rural regions. The urban and rural consumption price changes can therefore be calculated separately.



According to the results, the changes in the categories for food, clothing, property, household facilities, and articles, as well as education, culture, and entertainment are less in urban areas than in rural areas, while the other three categories are the opposite. Overall, the prices of food, healthcare and medical services, education, culture, and entertainment, as well as miscellaneous goods and services increased slightly (all less than 1%). Property-related cost increases (including gas, water, and electricity, but excluding household purchases) were more than 7.5% in urban as well as rural areas. Prices in the other three categories increased between 1.2% and 1.9%.




4.2. The Impact on Consumption Expenditure


The impact of a carbon tax on the total per capita consumption expenditure of urban and rural households is shown in the Table 7 and Table 8 below.



The increased expenditure can be understood as the carbon tax burden transferred from upstream sectors to end-users via the input–output effect. The results indicate that with respect to rural areas, the expenditure increases will affect higher-income groups the most. By observing the expenditure increase in a certain category of goods in relation to the total expenditure of each income group in rural areas, we found that the percentage of food and medical expenditure is negatively correlated with income, while other categories of goods are positively correlated. This means that if rural household income is lower, the percentage of food and medical expenditure is higher. According to Table 6, the price increases of the two groups are relatively low. The price of major consumer goods has therefore increased slightly for low-income rural households, whereas for high-income rural households it has increased considerably. If consumption expenditure is taken as the benchmark, higher-income households’ expenditure increases at a higher rate (Figure 3).



The situation in cities is more complicated. The increase rate of middle-income households is the lowest (1.6595%). Then, the rate changes gradually increase in both directions. The only exception is the lower-income group, whose increase rate is lower than that of lower-middle-income group. In addition, the expenditure growth of the highest-income families is smaller than that of the lowest-income group. We also compared the percentages of all kinds of consumption expenditure in relation to the total expenditure of urban households and found that the percentage of property-related expenditure shows a reversed change with income in urban areas. Because carbon tax increases property-related expenses by 7.6747%, which is the largest increase in all kinds of expenditure, it leads to a higher increase in the per capita household expenditure of lower-income families in urban areas (Figure 4).



Overall, the increased expense rate is higher for rural consumers than in urban areas. The range in urban areas is from 1.6595% to 1.7695%, while it is between 2.1967% and 2.3826% in rural areas, which can be explained by the high percentage (15% to 20%) of property-related expenses in rural areas. In urban areas, this percentage is less than 10%, except for the lowest-income group, for whom it is slightly higher than 10%. As mentioned above, the price increase in the property category is the highest. This leads to a greater proportional impact on rural households than on urban ones.




4.3. The Impact on Distribution Structure


Although the situation in urban areas is not clear, it seems that in rural areas the expenditure burden brought about by a carbon tax will be the most severe on the higher-income group. This is progressive, but we must consider income and expenditure together with the distributional analysis of taxation. In this study, we analyze the percentage of expenditure growth in relation to income, which makes it easier to observe the impact of tax on income distribution among different income groups and areas. From Table 9 and Table 10, it is clear that if a group has a lower income, the impact will be more severe, whether the group is in a rural or urban area. That is a significant manifestation of a regressive tax.



In order to portray the regressive nature of the tax accurately, we employ the Suits index. The concentration curves of the Suits index in Figure 5 and Figure 6 show that a carbon tax, regardless of whether it affects rural or urban households, is indeed regressive, and that the regressive degree in rural areas is much higher than in urban areas. The approximate index values of rural and urban areas are −0.1928 and −0.0588.




4.4. Discussions


The results show that the prices of goods in eight categories increased in varying degrees, the highest being the property category. Due to the high ratio of property-related expenses, the increased expenditure in rural areas is generally higher than in urban areas. We noticed that this mostly affects the higher-income groups in rural areas. In our opinion, this does not mean that a carbon tax will be constructive in China’s rural areas.



Furthermore, by estimating the increased revenue expenditure and the Suits index, we found that a carbon tax will not be constructive in either urban or rural areas, especially in rural areas. Relative to income, the cost impact on lower-income groups will be greater than the effect on higher-income groups. Similarly, higher prices will affect rural households more than urban ones. The consumption structure of Chinese households will influence the impact of a carbon tax on income distribution.



The distribution structure itself will also affect the consequences of a carbon tax. Based on our data, the gap between increased expenditure and income is smaller in rural areas than in urban ones, which results in higher regressivity in rural areas. It is recommended that governments adjust the consumption structure or improve the distribution structure in order to change the impact direction of carbon tax on distribution.





5. Conclusions


The input–output quantity model may not correctly estimate the growth in consumption expenditure after taxation without the assumption of linear tax payment. However, the price model can better reflect the price-linked changes among sectors so that it can simulate the growth in households’ expenditure more accurately.



An important theory on environmental tax is the “double-dividend hypothesis”, according to which governments can diminish the regressive effect of carbon tax by tax revenue redistribution. The design of the tax-recycling policy should be focused on adjusting consumption structures and narrowing the income gap. Some policy options could be subsidies for target groups and sectors, payroll tax reduction, or transfer payment policy.



From our results, it is recommended that the government should pay attention to the different impacts of a carbon tax on rural and urban areas. Except for the high-income group in rural areas, all other income groups in these areas bear a higher tax burden than urban groups. If the government does not apply different policies in urban and rural areas respectively, the income gap between the areas will widen. This is not conducive to transforming a dualistic society to a modern one.



According to these conclusions and discussions, it is strongly suggested that the Chinese government should adopt tax-recycling measures aimed at narrowing the gap between different income groups in urban and rural areas when a carbon tax is levied. It would be beneficial to establishing a harmonious society.
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Figure 1. The carbon emissions trading data of China. Source: Huajing Database. http://www.huaon.com (accessed on 20 May 2020). 
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Figure 2. Concentration curve. 
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Figure 3. The expenditure pattern of rural income groups. 
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Figure 4. The expenditure pattern of urban income groups. 
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Figure 5. Concentration curves of rural areas. 
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Figure 6. Concentration curves of urban areas. 
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Table 1. Major sectors of crude oil input.






Table 1. Major sectors of crude oil input.





	Sectors
	Input of Crude Oil (10,000 tons)





	Crude oil and natural gas extraction
	1050



	Processing of petroleum, coking, and nuclear fuel
	42,413



	Raw chemical materials and chemical products
	3061



	Transportation, storage, and post
	119







Source: 2012 ECA of China.
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Table 2. Major sectors of natural gas input.






Table 2. Major sectors of natural gas input.





	Sectors
	Input of Nature Gas (Billion Cubic Meters)





	Crude oil and natural gas extraction
	122.9



	Processing of petroleum, coking, and nuclear fuel
	98.9



	Raw chemical materials and chemical products
	250.3



	Manufacturing of non-metallic mineral products
	68.7



	Production and supply of electric power and other heat sources
	225.0



	Production and supply of fuel gas
	9.3



	Transportation, storage, and post
	154.5







Source: 2012 ECA of China.
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Table 3. The estimation errors.






Table 3. The estimation errors.











	
	The Value Based on EBA and ECA (million RMB)
	The Value Estimated or Listed in IOA (million RMB)
	The Error Margin (IOA as Benchmark)





	Crude oil consumption
	2,310,139
	2,337,580
	−1.17%



	Natural gas consumption
	277,970
	266,224
	4.41%



	Total consumption of crude oil and natural gas
	2,588,109
	2,603,804
	−0.60%



	Total domestic production of crude oil and natural gas
	1,230,393
	1,226,392
	0.33%
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Table 4. The composition of rural households’ per capita consumption expenditure.
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Per Capita Expenditure of Different Goods (RMB)




	

	
Food

	
Clothing

	
Property

	
Household Facilities and Articles

	
Healthcare and Medical Services

	
Transport and Communications

	
Education, Cultural and Entertainment

	
Miscellaneous Goods and Services






	
Low-income

	
1620.3

	
246.1

	
637.7

	
197.4

	
370.9

	
360.3

	
230.2

	
79.4




	
Lower-middle-income

	
1902.7

	
287.6

	
775.2

	
250.1

	
439.1

	
412.7

	
294.2

	
102.7




	
Middle-income

	
2197.4

	
358.4

	
990.7

	
319.1

	
499.1

	
546.9

	
386.8

	
131.9




	
Upper-middle-income

	
2672.6

	
466.1

	
1341.2

	
406.7

	
595.7

	
732.5

	
533.1

	
176.4




	
High-income

	
3622.7

	
717.8

	
1952.8

	
618.4

	
737.1

	
1418.8

	
918.9

	
288.7








Source: China Statistical Yearbook of 2012.
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Table 5. The prices of 47 sectors after tax.
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	Sectors
	Prices
	Sectors
	Prices





	Agriculture, forestry, animal husbandry, and fishery
	1.0076
	Rubber manufacturing
	1.0239



	Coal mining and processing
	1.0606
	Plastic manufacturing
	1.0269



	Crude oil extraction
	1.0142
	non-metallic mineral products
	1.0407



	Natural gas extraction
	1.0142
	Ferrous metals smelting and pressing
	1.0374



	Mining and processing of ferrous metal ores
	1.0235
	Non-ferrous metals smelting and pressing
	1.0265



	Mining and processing of non-ferrous metal ores
	1.0239
	Metal product manufacturing
	1.0266



	Mining and processing of non-metal ores
	1.0219
	General-purpose machinery
	1.0192



	Auxiliary activities for mining
	1.0231
	Special-purpose machinery
	1.0192



	Agricultural product food processing
	1.0082
	Automobile manufacturing
	1.0159



	Food manufacturing
	1.0096
	Railway, marine, aerospace, and other transport equipment
	1.0177



	Wine, beverage, and refined tea production
	1.0108
	Electrical machinery and equipment
	1.0204



	Tobacco production
	1.0043
	Communication equipment, computers, and other electronic equipment
	1.0140



	Textiles
	1.0153
	Instrument manufacturing
	1.0149



	Clothing and accessories
	1.0129
	Other manufacturing
	1.0276



	Leather, fur, feathers, shoes, and related products
	1.0121
	Recycling and waste disposal
	1.0057



	Timber processing, and wood, bamboo, rattan, palm, and straw product manufacturing
	1.0165
	Repairing of metal products, machinery, and equipment
	1.0216



	Furniture
	1.0151
	Production and supply of electric power and heat sources
	1.0945



	Paper and paper products
	1.0247
	Production and supply of fuel gas
	1.0793



	Printing and reproduction of recording media
	1.0171
	Water supply and processing
	1.0216



	Articles for cultural, educational, and sport activities
	1.0174
	Construction
	1.0220



	Petroleum, coking, and nuclear fuel processing
	1.0599
	Transportation, storage, and post
	1.0171



	Manufacture of raw chemical materials and chemical products
	1.0394
	Wholesale, retail trades, hotels, and catering services
	1.0045



	Medicines production
	1.0120
	Other sectors
	1.0070



	Chemical fibers production
	1.0379
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Table 6. The prices of eight categories of goods after taxation.
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	Categories
	Urban Prices
	Rural Prices





	Food
	1.0076
	1.0080



	Clothing
	1.0126
	1.0126



	Property
	1.0767
	1.0802



	Household facilities and articles
	1.0165
	1.0172



	Healthcare and medical services
	1.0084
	1.0083



	Transport and communication
	1.0189
	1.0160



	Education, culture, and entertainment
	1.0098
	1.0098



	Miscellaneous goods and services
	1.0064
	1.0063
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Table 7. Total expenditure changes of rural income groups.
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	Income Groups
	Total per Capita Expenditure before Tax (RMB)
	Total per Capita Expenditure after Tax (RMB)
	Increased Value (RMB)
	Increased Rate (%)





	Low-income
	3742.3
	3824.5
	82.2
	2.1967



	Lower-middle-income
	4464.3
	4563.4
	99.1
	2.2199



	Middle-income
	5430.3
	5554.9
	124.6
	2.2938



	Upper-middle-income
	6924.3
	7089.1
	164.8
	2.3803



	High-income
	10,275.2
	10,520.1
	244.9
	2.3836
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Table 8. Total expenditure changes of urban income groups.
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	Income Groups
	Total per Capita Expenditure before Tax (RMB)
	Total per Capita Expenditure after Tax (RMB)
	Increased Value (RMB)
	Increased Rate (%)





	Lowest-income
	7301.4
	7430.3
	128.9
	1.7659



	Lower-income
	9610.6
	9771.3
	160.7
	1.6716



	Lower-middle-income
	12,280.8
	12,487.2
	206.4
	1.6806



	Middle-income
	15,719.9
	15,980.8
	260.9
	1.6595



	Upper-middle-income
	19,830.1
	20,161.1
	331.0
	1.6691



	Higher-income
	25,797.0
	26,228.4
	431.4
	1.6723



	Highest-income
	37,661.7
	38,309.8
	648.1
	1.7209
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Table 9. The expenditure growth in income in rural areas.






Table 9. The expenditure growth in income in rural areas.





	Income Groups
	Per Capita Income (RMB)
	Expenditure Increase (RMB)
	Percentage (%)





	Low-income
	2316.2
	82.2
	3.5492



	Lower-middle-income
	4807.5
	99.1
	2.0614



	Middle-income
	7041.0
	124.6
	1.7690



	Upper-middle-income
	10,142.1
	164.8
	1.6251



	High-income
	19,008.9
	244.9
	1.2884
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Table 10. The expenditure growth in income of urban areas.
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	Income Groups
	Per Capita Income (RMB)
	Expenditure Increase (RMB)
	Percentage (%)





	Lowest-income
	9209.5
	128.9
	1.4000



	Lower-income
	13,724.7
	160.7
	1.1705



	Lower-middle-income
	18,374.8
	206.4
	1.1232



	Middle-income
	24,531.4
	260.9
	1.0634



	Upper-middle-income
	32,758.8
	331.0
	1.0104



	Higher-income
	43,471.0
	431.4
	0.9924



	Highest-income
	69,877.3
	648.1
	0.9275
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