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Abstract

:

Indirect carbon emissions caused by residential consumption has gradually become the key to the formulation of carbon emission reduction policies. In order to analyze the factors that influence the provincial residential indirect carbon emissions in China, comprehensive structural decomposition analysis (SDA) and logarithmic mean Divisia index (LMDI) models are established in this paper. The Liaoning province was selected due to its typical features as a province with higher urbanization rates. The model is based on input–output tables from 2002 to 2012, including those pertaining to the carbon emission coefficient (ΔF), energy intensity effect (ΔE), intermediate demand (ΔL), commodity structure (ΔS), residential consumption structure (ΔU), residential consumption ratio (ΔR), per capita GDP (ΔA) and population size (ΔP). The results show that the consumption of urban residents is the most common and significant section causing the growth of direct and indirect carbon emissions, both of which show an obvious upward trend. Nonmetal mining is the sector experiencing the greatest growth in indirect carbon emissions. The two most influential factors of indirect carbon emissions via the consumption of rural and urban residents are the intermediate demand effect (ΔL) and the per capita GDP effect (ΔA), respectively. Reducing energy intensity and optimizing commodity structures are the most effective ways to reduce indirect carbon emissions.
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1. Introduction


The phenomenon of global climate change caused by the rapid increase of greenhouse gases has changed from being a simple scientific problem to a complex political, economic, social and development issue. For the past few years, the Chinese economy has been developing rapidly and steadily. People’s living standards have also significantly improved, but this improvement occurred following a rise in carbon emissions. According to BP’s statistical results, China became the world’s largest carbon emitter in 2008 [1,2]. The country’s energy consumption and carbon emissions accounted for 22.4% and 27.1% of the world’s total, respectively, in 2013. Expanding domestic and residential consumption is one of the main paths to maintaining steady economic growth. However, carbon emissions caused by direct and indirect residential consumption have become the second largest carbon emission sector (after industry) in China’s terminal consumption sector [3]. Besides, Fonseca et al. [4] and Shaharudin et al. [5] researched domestic consumption from the perspective of Circular Economy (CE) and low carbon supply chain (LCSC), respectively. They pointed out that future research needs to integrate domestic consumption into carbon emission reduction policy analysis models, to understand how policy makers can encourage industry to comply with low carbon emissions. The problem of the carbon emissions generated by Chinese residents’ lifestyles cannot be ignored. As the world’s largest developing country and a major party to global climate talks, China is shouldering great pressure to reduce emissions, while also shouldering great responsibility for reducing them.



Therefore, more and more researchers have focused their attention on the energy-related carbon emissions caused by residential consumption [6,7,8,9,10,11]. Direct carbon emissions from residential consumption, calculated from China’s Statistical Yearbook, are not large, so they can easily be ignored. Indirect emissions caused by residential consumption include carbon emissions generated during the production of consumer products. This can provide a more comprehensive explanation of the impacts of household consumption on China’s overall carbon emissions and can also help identify key sectors for carbon reduction. Wang and Yang [12] empirically analyzed the influencing factors of resident CO2 emissions by the Consumer Lifestyle Approach (CLA) and Net Primary Productivity (NPP) using an improved Stochastic Impacts by Regression on Population, Affluence, and Technology (STIRPAT) model. The result showed that urban residents’ consuming pattern had an important effect on reducing CO2 emissions.



One of the important methods to estimate the amount of carbon emissions caused by residents’ consumption is input–output analysis (IOA), first introduced by American economist W. Leontief [13]. The IOA method is primarily aimed at solving the dependency between input and output in an economic system. By the 1960s, IOA had already been widely used in the fields of economic development, environmental impact and energy [14,15,16,17,18]. Li et al. [19] assessed the living carbon emissions of Chinese residents from 1996 to 2012, using the IOA method. The study explores the relationship between urbanization levels and carbon emission growth. Ma et al. [20] used the IOA method to compare indirect carbon emissions caused by Chinese and American household consumption.



From the perspective of carbon emission factor decomposition, in recent years, the structural decomposition analysis (SDA) method has gradually become an important tool for empirical studies of domestic and foreign input–output technologies [13,21,22]. Tian et al. [23] used the SDA model to analyze the relationship between carbon dioxide emissions and energy intensity in Beijing, China. Gui et al. [24] extracted and analyzed the factors and strategic supply chains involved in changes in carbon dioxide emission levels from 1992 to 2007. Wang and Wang [25] examined the driving forces for the increment in energy-related CO2 emissions in Xinjiang, from 1997 to 2007. The study used an environmental input–output (IO)-SDA to reach its conclusions. Based on their results, Xinjiang would find curbing CO2 emissions in the future to be a great challenge. Xu et al. [26] decomposed the factors affecting Jiangsu’s CO2 emissions using the SDA method. The results showed that energy intensity had a great reducing effect, but energy structure had only a minimal effect. Xu et al. [27] decomposed the factors affecting China’s energy-related air pollutant emissions during the period 2005 to 2012, using an IO-SDA method. They found that exports and imports slightly increased the emissions on the whole, while input–output efficiency slightly reduced emissions. Yan et al. [28] studied China’s CO2 intensity changes from 2002 to 2012, using a multiplicative structural decomposition and attribution analysis. The conclusions showed that the energy intensity effect was the major driver in reducing China’s emission intensity.



However, during the SDA decomposition process, interactive item problems will inevitably occur, such as inconsistent measurement results, weak comparability of factor weights, and difficulties associated with interactive impact decomposition. Dietzenbacher and Los [29,30] conducted an empirical study on the uniqueness of the decomposition method and the independence of variables. The study points out that, if the number of decomposed factors is n, the number of possible decomposition forms is n!. While the two-pole decomposition method, the midpoint weight decomposition method, the weighted average decomposition method and other methods are used to solve the above problems, these methods use different techniques to merge the interaction terms into other terms. This results in large differences in the decomposition results, which in turn reduces the accuracy of the decomposition results and the reliability of the conclusions. The logarithmic mean Divisia index (LMDI) model can overcome cross term problems very well [31,32]. The LMDI model can decompose multiple factors, and the decomposition result does not contain the unexplainable residual terms. This model has been widely used at home and abroad in the study of energy consumption [33,34,35] and carbon emissions-related factors [36,37]. However, this method also has the disadvantage of a limited decomposition path. The carbon emission effects of trade, demand and other factors cannot be analyzed. Therefore, if these two methods are combined, they are not only able to overcome their shortcomings, but they also give full play to their advantages. Thus, they will have higher accuracy and greater applicability in decomposition [38]. Wang et al. [39] identified the driving forces that influence the changes in carbon emissions caused by China’s residential consumption, using the SDA and LMDI methods. The results showed that the consumption level and emission intensity were the main drivers that influence the change in indirect carbon emissions. Wang and Yang [8] analyzed the influencing factors affecting urban and rural residential carbon emissions in Beijing, through both IO-SDA and LMDI. The study’s results showed that per capita GDP presented the biggest growth effect on residential consumption, and indirect carbon emissions and energy intensity were the most important factors in reducing indirect carbon emissions.



Liaoning province has been playing an important role in China’s economic development since the establishment of China. As one of the earliest Chinese heavy-industry bases, Liaoning provides favorable support for China’s industrial development and infrastructure construction in all aspects. Since the beginning of the 21st century, Liaoning’s position in China has become increasingly important, and plays an important role in the healthy and stable development of China’s economy. In the process of deepening China’s economic reform and opening up in the new era, people are paying more and more attention to what needs to be done to realize the healthy and sustainable development of Liaoning’s economy. O'Neill et al. [40] pointed out that urbanization would be an important factor influencing global greenhouse gas emissions for the next 40 years. For some developing countries, urban population growth would account for as much as 25% of carbon dioxide emissions growth. Liaoning province is one of the provinces with the largest carbon emissions and the highest urbanization rate. The research of Geng et al. [41] indicated a rapid growth trend of CO2 emission in Liaoning province during 1997–2007. Huge emissions and a high urbanization rate have a serious impact on the environment. Urbanization affects energy consumption and carbon emissions by changing both production processes and lifestyle. Among these production processes, energy conservation and emission reduction require technological progress and industrial structure transformation, which must be reflected over a long period of time. These things are difficult to improve in a short period of time through human factors and intervention. However, achieving energy conservation and emission reduction in the consumption processes of residents can be realized through the residents’ conscious awareness of emission-reducing and energy-saving consumption habits. In the urbanization process, with a reduction or even a significant reduction of per capita living energy consumption, as long as the living standard of residents is not negatively impacted, the great pressure on Liaoning province to reduce emissions will be eased. Therefore, it is very important to make an in-depth analysis of the indirect carbon emissions generated by residential consumption in the urbanization process of Liaoning.



In this paper, the indirect carbon emissions caused by urban and rural residential consumption in Liaoning province are estimated. In the following section, we describe the method of estimating direct and indirect carbon emissions by residential consumption. The LMDI model is also introduced, in order to analyze the influencing factors affecting residential carbon emissions indicators. In Section 3, we discuss the data used in this paper. Empirical findings that reveal the influence mechanism of Liaoning’s carbon emission changes are presented in Section 4. Finally, we provide services to help the formulation of Liaoning’s emission reduction policies, as well as our conclusions, in Section 5.




2. Methodology


2.1. Calculation of Direct Carbon Emissions from Residential Consumption


The IPCC (Intergovernmental Panel on Climate Change) reference method is an important method used to calculate the direct carbon emissions caused by energy consumption. The IPCC method is also known as the emission factor method [42]. At present, most countries use the emission factor method as the default method to calculate emissions, based on the 2006 IPCC national greenhouse gas inventory guidelines [43]. International organizations and institutions such as the IEA (International Energy Agency) and IPCC are continually improving greenhouse gas emission inventory and assessment methods. Wang et al. [44] used the IPCC reference method to evaluate the CO2 emissions caused by energy consumption in Guangdong Province, China, and then discussed the influencing factors. Qu et al. [45] evaluated the carbon emissions generated by the direct energy sources of Chinese urban and rural residents, using the IPCC reference method and based on China’s statistical data. The results showed that there are significant differences in CO2 emissions between urban and rural energy consumption in China. Xu et al. [46] assessed the carbon emissions of 18 cities in 6 urban areas in central China by using the IPCC reference method. The study analyzed the time evolution characteristics and industrial structure characteristics of each of these locations. The IPCC reference method is applicable to the assessment of greenhouse gas emissions generated by energy consumption, as well as to the assessment of carbon emissions generated by direct energy consumption in the life of residents [42,43].



The direct carbon emissions of residential consumption correspond to the direct energy consumption of residents, and directly relate to the carbon emissions brought about by residents in the process of direct energy consumption. Carbon emissions are generated by the use of residential energy for lighting, cooking, heating and private transportation. These types of energy typically include coal, gasoline, natural gas and electricity.



The carbon emission coefficient method is used to calculate the direct carbon emissions of residential consumption. The estimation model is as follows:


   D  C α  =   ∑  k = 1  m    V k  ·  W  α c       



(1)




where DCα represents the direct carbon emissions generated by the direct consumption of commodity energy by residents α, α = rural and urban; Vk is the carbon emissions coefficient for energy type k; m is the number of energy types, and Wαc is the direct consumption of type k energy by residents α.




2.2. Indirect Carbon Emissions from Residential Consumption


The indirect carbon emissions of residents correspond to the indirect energy consumption of residents, which directly relate to the carbon emissions from the indirect energy consumption caused by residents’ consumption of various goods and services. This is partly due to commodity-embodied energy consumption, which can be divided into indirect carbon emissions caused by urban residents and indirect carbon emissions caused by rural residents. Compared with the direct carbon emissions of residential consumption, this category of carbon emissions is implicit and easy to ignore, but it is very important, because the amount of this type of emissions is often much higher than the direct carbon emissions. With the advancement of urbanization, changes in residents’ lifestyles have accelerated the growth of these emissions, which has become the focus of emission reduction efforts.



In the accounting of indirect emissions, a non-competitive input–output table is used to exclude the carbon emissions caused by the consumption of imported goods by residents, as well as the use of imported raw materials by the production department. In theory, the results are more scientific. The input–output model for calculating indirect carbon emissions from residential consumption is shown below:


   I  C α  = F E   ( I − A )   − 1    Y α  .   



(2)







From the sector view, it can be shown as:


   I  C  α i   =   ∑  j = 1  n    F i   E i    ( I −  A  i j   )   − 1    Y  α j       



(3)




where ICαi is the indirect carbon emissions of sector i caused by the consumption of resident α; Fi is the carbon emission coefficient of sector i, equal to the ratio of total carbon emissions to the total energy consumption of the sector i; Ei is the energy intensity of sector i, equal to the energy consumption per unit of gross output of sector i; Aij is the direct requirement matrix containing the ratios of the amount of each input directly required to produce one unit of a product; and I is an identity matrix. Then (I − Aij)−1 is the Leontief inverse square matrix, representing the complete demand coefficient matrix, and Yαj is the final consumption of sector j by resident α. Assuming that (I − A)−1 = L, then:


   I  C α  =   ∑  i = 1  n   I  C  α i     =   ∑  i = 1  n     ∑  j = 1  n    F i   E i   L  i j    Y  α j         



(4)




where ICα is the total indirect carbon emissions caused by the consumption of resident α.




2.3. The Decomposition Models


The basic idea of the structure decomposition analysis (SDA) is to decompose the system’s dependent variables into the sum or product of different forms of the related variables. This is done to measure the contribution of each variable to the dependent variable’s variation. In this model, the final consumption of rural or urban residents is eventually decomposed as follows:


   I  C  α i   =   ∑  j = 1  n    F i   E i   L  i j    (     Y  α j       ∑  j = 1  n    Y  α j        )   (      ∑  j = 1  n    Y  α j         ∑  α = 1  2     ∑  j = 1  n    Y  α j          )   (      ∑  α = 1  2     ∑  j = 1  n    Y  α j         G D P    )   (    G D P  P   )  P   .   



(5)







Assuming that


     S  α j   =    Y  α j       ∑  j = 1  n    Y  α j         ,    U α  =     ∑  j = 1  n    Y  α j         ∑  α = 1  2     ∑  j = 1  n    Y  α j           ,   R =     ∑  α = 1  2     ∑  j = 1  n    Y  α j         G D P     ,   A =   G D P  P     








where Sαj represents the proportion of commodity j in the consumption of resident α; Uα represents the proportion of resident α in total residential consumption; R represents the ratio of total residential consumption to GDP in the year; A is the per capita GDP in the year; and P is the population size in the year. Therefore, the model for calculating the indirect carbon emissions, coming from the consumption of resident α to sector i, is shown below:


   I  C  α i   =   ∑  j = 1  n    F i   E i   L  i j    S  α j    U α  R A P   .   



(6)







Consequently, the indirect carbon emissions’ change of sector i caused by the consumption of resident α between base year 0 and target year t can be expressed as:


   Δ I  C  α i   =   ∑  j = 1  n    F i t   E i    t   L  i j     t   S  α j     t   U α    t   R t   A t   P t    −   ∑  j = 1  n    F i 0   E i    0   L  i j     0   S  α j     0   U α    0   R 0   A 0   P 0    .   



(7)







According to the SDA method, the total variation can be understood as the sum of the variation of different influencing factors. A typical SDA of macro-variables that includes 8 components is established in this paper. The factors include: The carbon emission coefficient effect (ΔF); the energy intensity effect (ΔE); the intermediate demand effect (ΔL); the commodity structure effect (ΔS); the residential consumption structure effect (ΔU); the residential consumption ratio effect (ΔR); the per capita GDP effect (ΔA); and the population size effect (ΔP). The total effect on indirect carbon emissions can be decomposed into the sum of the contribution of the influencing factors:


   Δ I  C α  = Δ F + Δ E + Δ L + Δ  S α  + Δ  U α  + Δ R + Δ A + Δ P .   



(8)







For reasons of exact decomposition, a non-parametric method and ease of use [13], the LMDI decomposition technique method is introduced in this paper to calculate the effect of each factor. The LMDI method was first applied in SDA by Wachsmann et al. [47]. Assuming that


    M  α i j   =   I  C  α i j  t  − I  C  α i j  0    ln  (  I  C  α i j  t   )  − ln  (  I  C  α i j  0   )    .   



(9)







The carbon emission coefficient effect:


   Δ F =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     F i t     F i 0     )    .   



(10)







The energy intensity effect:


   Δ E =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     E i t     E i 0     )    .   



(11)







The intermediate demand effect:


   Δ L =   ∑  i = 1  n     ∑  j = 1  n    M  α i j      ln  (     L  i j  t     L  i j  0     )    .   



(12)







The commodity structure effect:


   Δ  S α  =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     S  α j  t     S  α j  0     )    .   



(13)







The residential consumption structure effect:


   Δ  U α  =   ∑  i = 1  n     ∑  j = 1  n    M  α i j   ln  (     U α t     U α 0     )      .   



(14)







The residential consumption ratio effect:


   Δ  R α  =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     R α t     R α 0     )    .   



(15)







The per capita GDP effect:


   Δ A =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     A t     A 0     )    .   



(16)







The population size effect:


   Δ P =   ∑  i = 1  n     ∑  j = 1  n    M  α i j     ln  (     P t     P 0     )    .   



(17)







Accordingly, we obtain the indirect carbon emissions from residential consumption, along with their variations induced by changes in each factor.





3. Data Consolidation


This paper takes the Liaoning province as the object of empirical research. Time-series input–output tables of Liaoning province (for the year 2002 [48], 2007 [49] and 2012 [50]) and the “Consumption of Energy by Sector” in the Liaoning Statistical Yearbook [51] for the respective years have been compiled. However, the classification between energy consumption categories and input–output sectors based on these data sources are not internally consistent; even the sectors of the IO tables in different years are different. In order to ensure comparability and consistency, the analysis presented in this paper integrates and unifies the energy consumption categories and input–output sectors into 29 new aggregation sectors, as shown in Table 1. The 29th factor in Table 1 “Other service sectors” includes finance and insurance, real estate, and other service-related activities.



According to the integrated sector classification, input–output tables are fitted. Intermediate input, final demand and total output are obtained. Final demand is consolidated into two items: Rural residential consumption and urban residential consumption.



In order to eliminate the influence of price fluctuations, IO tables listing the present price for the 29 sectors are converted into equivalent year 2002 constant prices, using statistics from the Gross Domestic Product Index.


   C P =   P P   P I   ,   



(18)




where CP is the constant price data; PP is the present price data; and PI is the price index. However, because of certain limitations of the price index as presently compiled in China, a unified price index has been adopted to the product sector. For instance, price adjustments for the agricultural sector use the producer price index for agricultural products. For manufacturing, ex-factory price indices for industrial products are used. For the construction industry, the construction and installation engineering price index are applied. The wholesale and retail sectors use the retail price index. Hotels and catering services use the dining out food price index. For finance and insurance, the financial price deflator is used. Real estate uses the real estate price index, and other sectors use the price index for services. Finally, intermediate input–output data and the aggregated output data of each sector are used to calculate the direct consumption coefficients per sector.



The data used in our model calculations are estimated using different reference sources for 9 types of fossil fuel consumption in each sector, including coal, coke, crude oil, gasoline, kerosene, diesel, fuel oil, natural gas and electricity. These alternative data are extracted from the Liaoning Statistical Yearbook [51] and China Energy Statistical Yearbook [52]. Carbon emission factors for energy (except electricity) are estimated based on the reference approach of the Intergovernmental Panel on Climate Change. Owing to the varied mix of energy inputs of power generation, the carbon emission factors for electricity are different from year to year. Another main aspect of data preparation for our study is estimating the carbon emission factors for electricity. The method used is to sum the carbon emission factors for all types of primary energy inputs, weighted by their quantity proportional to the amounts of total energy for power generation.




4. Results and Discussion


4.1. Direct Carbon Emissions from Residential Consumption


According to Equation (1), the direct carbon emissions of rural and urban residential consumption in Liaoning province can be calculated. As shown in Figure 1, the direct carbon emissions caused by rural and urban residents all show an increasing trend. Direct carbon emissions coming from rural residents increased from 0.99 million tons in 2002, to 2.22 million tons in 2012, a growth rate of 125%. Direct carbon emissions coming from urban residents are significantly higher than those from rural. The emissions increased from 4.01 million tons in 2002, to 9.66 million tons in 2012, a growth rate of 141%. Total direct carbon emissions increased from 5 million tons in 2002, to 11.87 million tons in 2012, or a growth rate of 137.4%. As can be seen, the growth of direct carbon emissions coming from urban residents is the main source of the growth of total direct carbon emissions and the proportional increase from year to year. These urban direct emissions (as well as total emissions) will increase steadily in the future in Liaoning province. It is noteworthy that the relative growth rate of total direct emissions is on the decline, falling from 78.68% between 2002 and 2007, down to 32.91% between 2007 and 2012.



When analyzing the main causes of the above phenomenon, on the one hand, the direct consumption of total energy continues to grow. Urban residential direct energy consumption increased from 5.838 Mtce in 2002, to 13.934 Mtce in 2012. The direct energy consumption of rural residents increased from 1.435 Mtce to 3.196 Mtce during the same period, while total direct energy consumption increased from 7.272 Mtce to 17.13 Mtce. The growth rates were 138.68%, 122.72% and 135.56%, respectively. This is basically consistent with the growth trend of carbon emissions. On the other hand, the change in the user structure of energy consumption is basically consistent with the change in the structure of emissions. In addition, due to historical factors and resources endowment, Liaoning province used coal and electricity as the main energy sources for a long time. In 2002, the consumption of coal accounted for 52.53% of total direct energy consumption; electricity was next, at 47.47%. These energy consumption levels are relatively uniform. With the area’s economic development, civilization advancement and improved living standards, different varieties of energy are becoming increasingly abundant. In 2012, the energy utilization structure of residents is changing, from the dual mode of just using coal and electricity, to choices now that include gasoline, diesel, natural gas and other options. The situation whereby coal and electricity account for a large proportion of energy use remains unchanged. It is noteworthy that Liaoning’s electricity mostly comes from thermal power plants, whose technical level is relatively backward. This is one important reason why total emissions remain high.




4.2. Indirect Carbon Emissions from Residential Consumption


The indirect carbon emissions from rural and urban residential consumption can be calculated according to Equation (2). Indirect carbon emissions from rural and urban residential consumption continue to present an increasing trend, as shown in Figure 2. The growth of indirect carbon emissions from rural residents has been relatively slow, increasing from 17.4 million tons in 2002, to 27.5 million tons in 2012, or a growth rate of 58%. The growth of indirect carbon emissions from urban residents has grown more rapidly, increasing from 60.1 million tons in 2002, to 142.8 million tons in 2012, or a growth rate of 137.6%. Total indirect carbon emissions increased from 77.5 million tons to 170.3 million tons from 2002 to 2012, representing a growth rate of 119.7%. It is obvious that urban residential consumption is the main reason behind the large growth of residential consumption-related indirect carbon emissions in Liaoning province.



The indirect carbon emissions caused by residents in Liaoning province (from the perspective of various sectors) can be seen in Table 2. From the perspective of indirect carbon emission amounts, for instance, in 2012, the sector with the most indirect emissions from residents is coal mining, which reached 6178.99 × 104 t. The next highest sector was electricity (4861.76 × 104 t) and then the oil and gas mining sector (1272.69 × 104 t). These three sectors accounted for 36.28%, 28.54% and 7.47% of total indirect emissions, respectively. With the development of China’s economy and the corresponding growth in material needs, most of the sectoral indirect carbon emissions coming from residents showed an increasing trend. The greatest growth rate of indirect emissions is seen in the nonmetal mining sector, which increased from 12.84 × 104 t in 2002, to 190.31 × 104 t in 2012, representing an incredible grow rate of 1382.16%. The sector with the second highest growth rate is construction, which increased by 1116.34%, although the amount of actual emissions from this sector is relatively small. The food and tobacco as well as paper sectors showed a decreasing trend, with the indirect carbon emissions from these sectors decreasing by 26.06% and 12.17%, respectively.



From the above-mentioned changes in emission structures, it can be seen that the coal mining and electricity sectors always generate the largest proportion of emissions. In addition, the sectors accounting for the larger proportions of indirect emissions changed from petroleum (9.93%), chemical industry (3.92%), mining of oil and gas (3.76%), and paper (3.75%) in 2002, to mining of oil and gas (7.47%), petroleum (6.3%), the chemical industry (3.36%) and metal smelting (2.82%) in 2012. The sectors with the biggest growth rate in terms of the proportion of emissions are the mining of nonmetal (574.61%), construction (453.62), other manufacturing (355.69%) and dressing (174.14%). Accordingly, the sectors with the greatest reduction in the proportion of emissions produced are food and tobacco (−66.35%), paper (−60.02%), mining of metal (−40.36%) and electrical equipment manufacturing (−38.02%). Other sectors’ changes in proportion were relatively small.




4.3. Total Carbon Emissions from Residential Consumption


The total carbon emissions caused by residential consumption can be seen in Figure 3. As shown, total emissions increased from 82.52 MtC in 2002, to 182.2 MtC in 2012. Of the main study categories, emissions caused by rural residential consumption increased from 18.4 MtC to 29.7 MtC, and those caused by urban residential consumption increased from 64.1 MtC to 152.5 MtC. The proportion of emissions from urban residential consumption accounted for 77.73%, 81.19% and 83.68%, respectively, in 2002, 2007 and 2012. Considering the analysis of indirect emissions, it can be found that the growth in emissions caused by urban residential consumption (especially the indirect emissions caused by urban residents) is the main reason that the total carbon emissions caused by residents rapidly increased in Liaoning province. Interestingly, carbon emissions caused by rural residential consumption showed a downward trend in Geng et al.’s [41] research during the period of 1997–2007. This may be the reason for the time interval.




4.4. Decomposed Results


Based on the SDA and LMDI methods, the decomposition of indirect carbon emissions from residential consumption in rural and urban residents in Liaoning province was calculated. The results are displayed in Table 3, for the study period from 2002 to 2012, and for the eight prominent influencing factors.



Between 2002 and 2012, the overall increase of indirect carbon emissions caused by residential consumption in Liaoning province was 9280.21 × 104 t. The change in per capita GDP (ΔA) was the foremost factor in this increase, with 14,921.84 × 104 t, which actually exceeds the total net increase by 32.8%. Under the effect of intermediate demand (ΔL), indirect carbon emissions caused by residential consumption increased to 11,839.25 × 104 t, which also played an important role. The increment of indirect carbon emissions caused by population (ΔP) and residential consumption structure (ΔU) is relatively small. Meanwhile, the change in energy intensity (ΔE) was the dominant factor behind indirect carbon emission reductions of 8144.35 × 104 t. The other two important factors were the commodity structure effect (ΔS) and the residential consumption ratio effect (ΔR), which contributed to indirect carbon emission reductions of 6473.34 × 104 t and 3419.38 × 104 t, respectively. The change in carbon emission coefficient (ΔF) had a relatively small negative effect. It is worth noting that the change in residential consumption structure effect (ΔU) had a negative effect on the indirect carbon emissions caused by rural residents, but a positive effect on those caused by urban residents.



It is worth mentioning that the influence trend of most influencing factors in Liaoning was similar to results for Beijing [8]. The biggest difference is the carbon emission coefficient effect (ΔF). It reduced Liaoning’s indirect carbon emissions caused by residents’ consumption but increased in Beijing.



Indirect carbon emissions rose in most sectors, except for food and tobacco as well as paper, which experienced declines of 23.13 × 104 t and 35.42 × 104 t, respectively. These declines were mostly caused by the effect of changes in energy intensity (ΔE). The sector that had the biggest increment was coal mining, with 3299.5 × 104 t, which was mostly caused by the effect of changes in intermediate demand (ΔL).



The factors that had the most significant effect on the indirect carbon emissions caused by rural residential consumption was intermediate demand (ΔL), with per capita GDP(ΔA) having the greatest effect on urban residential consumption. These two factors added 2919.61 × 104 t and 12,122.27 × 104 t, respectively. From the perspective of a single department, under the influence of intermediate demand (ΔL), the consumption of the mining of coal by urban residents caused the most indirect carbon emissions, at 6400.64 × 104 t.



The following detailed discussion is offered in relation to the influencing factors, as shown in Table 3.



4.4.1. The Carbon Emission Coefficient Effect


The change in the carbon emission coefficient has an inhibitory effect on the carbon emissions of residents in Liaoning province. From 2002 to 2012, the indirect carbon emissions of rural and urban residents in Liaoning province decreased, with a contribution of 12.59 × 104 t and 53.51 × 104 t, respectively. Since the carbon emission coefficients of the eight types of fossil energy are assumed to remain unchanged, the change in emission coefficients is actually the change in the emission coefficients of electric power. This shows that, on the one hand, the energy-saving technology of thermal power generation in Liaoning province has been improved. On the other hand, the proportion of primary energy generation (mainly hydropower and nuclear) in total power generation has increased. Then, combined with the situation in which the discharge coefficient of power gradually decreases, the promoting effect of coal share’s increased electric power emission coefficient is absorbed by the improvement of energy-saving technology and the inhibiting effect brought about by the increase of primary energy utilization. This directly brings about the decline of the electric power emission coefficient, thus inhibiting the increase of the indirect carbon emissions of residents to some extent.




4.4.2. The Energy Intensity Effect


The energy intensity of the production sector shows a significant decline during the whole research period, which, when other conditions remain unchanged, greatly restrains the indirect emissions caused by residential consumption in Liaoning province. As can be seen in Table 3, the energy intensity of the production sector places the most important restraint on residential carbon emissions reduction in Liaoning province, and this is inseparable from China’s long-term policy of adhering to the new path of industrialization. In the process of industrialization and urbanization, Liaoning province strives to pursue a production mode with high scientific and technological content, and with low environmental pollution and low resource consumption. Energy intensity has declined dramatically across the board, which is consistent with the research conclusion of Geng et al. [41].



Reducing energy intensity is the most important factor in urban residential carbon emissions reduction, which registered a contribution of 6624.28 × 104 t. Indirect carbon emissions, which were reduced by 1520.06 × 104 t, are affected by rural consumption energy intensity, which is the second-leading cause of rural emissions reduction (behind the consumption structure effect). Reducing the energy intensity of rural residents is an important research direction in efforts to reduce the energy intensity of residents’ lives going forward. There is great untapped potential here.



With the rapid development of energy utilization technology, the improvement of energy intensity is being internationally recognized. This is especially true of energy output sectors, such as coal mining, and electricity and petroleum production. However, not all sectors are improving their energy intensity levels. Sectors such as nonmetal mining, dressing, electronic equipment manufacturing, office machinery manufacturing and wholesale have yet to make such improvements. With the restrictions of technology and scale, the costs of energy are called into question. The resulting energy consumption and carbon emissions are noteworthy.



From the perspective of the commodity energy consumption structure, the energy sources and consumption structure of coal and oil energy are fundamentally difficult to change in the short term. This is because the coal and oil energy infrastructure are so deeply entrenched. However, this matter will undoubtedly be addressed in the long term, given the mounting pressures being placed on the global coal industry with regard to climate change and air pollution. The adjustment of energy composition in Liaoning is imperative under the current situation, and definite progress has already been made, particularly with respect to new energy technology research and investment. To some extent, the progress already made will also improve energy efficiency and reduce energy intensity in the future.




4.4.3. The Intermediate Demand Effects


The intermediate demand of the production sector played the second largest positive role in increasing indirect carbon emissions in residential consumption. This means technological changes in the manufacturing sector create more carbon-intensive intermediate input demand. This is the leading cause of rural emissions incremental increases, with the contribution of 2919.61 × 104 t, and the second-leading cause of urban emissions incremental increases (behind per capita GDP), with a contribution of 8973.64 × 104 t. As can be seen from Table 3, most sectors contributed to the increase in indirect carbon emissions. The sectors responsible for the largest emissions growth were coal mining, oil and gas mining, and paper, electricity and gas production. As can be seen in the table, energy production is the main sector. The negative effect on indirect carbon emissions mainly comes from the petroleum sector. Other sectors have a relatively small promotional effect.



In order to truly reflect the influence of the intermediate demand effect from sector final production, a weighting method is introduced into this paper [8,53], as shown below:


    δ j  =    b  d j       ∑ j    b  d j     ·  α j      



(19)




where bij represents the element in the complete demand coefficients matrix of the input–output model. Then, bdj = ∑ibij; αj represents the proportion of the final production of sector j in total final output, and δj is the influence coefficient, which represents the demand degree for sector j in the intermediate production process. It is a dimensionless number and truly reflects the average pulling effect of the final product on the national economy: The greater its value, the greater influence of that sector on other sectors.



Figure 4 shows the influence coefficient of 29 selected sectors in 2002 and 2012. As can be seen, the influence coefficient for 15 sectors increased. The three sectors with the most significant increases were other manufacturing, electricity and petroleum, which rose by 145.55%, 65.89% and 47.24%, respectively. In addition, the sectors with higher carbon emission intensity, such as coal mining, oil and gas mining, textiles, gas production and water production, rose by 13.33%, 7.27%, 26.63%, 46.01% and 21.15%, respectively. There were also 14 sectors whose influence coefficients declined. The three sectors with the most significant declines were wholesale, metal mining and nonmetallic products, which decreased by 38.43%, 23.7% and 22.02%, respectively. This article assumes that the 15 sectors with increasing influence coefficients and the 14 sectors with decreasing influence coefficients are taken as two separate entities. It is not difficult to find that the former is dominated by sectors with higher emission intensity, and the latter is dominated by sectors with lower emission intensity. The overall emission intensity of the former is higher than that of the latter. This means that, even if residents’ consumption habits remain unchanged, indirect emissions from their consumption will increase as a result of this change in the input structure of the production sector. Special attributes of the “Old Industrial Base in Northeast China” also restrict the development of Liaoning Province.




4.4.4. Commodity Structure Effect


As shown in Table 3, the rural commodity structure had the biggest negative effect on the indirect carbon emissions caused by rural consumption, with a reduction of 1864.17 × 104 t. Indirect carbon emissions, which were reduced by 4609.17 × 104 t, were affected by the urban commodity structure, which was the second-leading cause of urban emission reduction (behind the energy intensity effect). From the perspective of the different sectors, whether rural or urban, the sectors responsible for the largest emission reduction were coal mining, and electricity and paper production, respectively. Conversely, the sectors with the biggest positive effect were petroleum, other manufacturing and other service sectors, respectively.



Figure 5 shows the commodity structure changes of rural and urban residents in Liaoning province during the study period. By analyzing the changes of commodity structure, the root cause of emission reduction can be discovered. Firstly, from the view of the changes between three industries in terms of residential consumption, it is obvious that the share of the primary industry fell sharply, from 31.63% in rural and 13.07% in urban in 2002, down to 7.72% and 6.42% in 2012, respectively. The share of the secondary industry fell from 43.53% in rural and 48.58% in urban in 2002, down to 40.07% and 38.26% in 2012, respectively. The proportion of the tertiary industry increased markedly, rising from 24.85% in rural and 38.35% in urban in 2002, to 52.21% and 55.33% in 2012, respectively. To some extent, this reflects the residents’ improvement in income and increased consumption levels, as well as the upgrading of Liaoning’s industrial structure. The industrial structure of Liaoning province is gradually transferring to the tertiary industry, with low emission and high added value. Secondly, although the proportion of coal mining, and electricity and paper production of total residential consumption is relatively small, this proportion has still fallen dramatically. In addition, taking into account the three sectors, all of them belong to the sectors with high energy intensity. It is not difficult to explain the reduction effects of these three sectors. Thirdly, from the changes in the consumption expenditure structure, the consumption patterns of residents have increased the demand for carbon-intensive goods and services, such as petroleum, other manufacturing goods and other services. Such an incremental increase is offset by a decline in emissions, such as coal mining, which eventually curbs the carbon emissions caused by the change of the residential commodity structure.




4.4.5. The Residential Consumption Structure Effect


During the ten-year study period, by changing the residential consumption structure, carbon emissions increased 63.74 × 104 t, which played a minimal incremental effect in emissions. Interestingly, when affected by the rural consumption structure changes, carbon emissions reduced by 762.33 × 104 t. On the contrary, carbon emissions increased by 826.08 × 104 t under the effect of the urban consumption structure changes. Figure 6 shows the residential consumption structure in Liaoning province. The main reason for the changes to the consumption structure is the changes to the population structure. With the exacerbation of a socialist market economy, rural surplus population transferred into cities. Although the rural economy flourished and there were great changes in rural consumption, along with the corresponding rise in urbanization and an increase in residents’ incomes, the demand from urban residents for material goods is much higher than the demand of rural residents. On this basis, the gap of emissions caused by the consumption structure will gradually widen.




4.4.6. The Residential Consumption Ratio Effect


According to the input–output tables, final consumption includes household consumption, government consumption, gross domestic capital formation and net exports. Growth of the economy is measured by the gross domestic product (GDP), or the total output of goods and services in all sectors. Final consumption is an important component of GDP. Therefore, the residential consumption ratio is defined as the ratio of residential consumption to GDP. As shown in Table 3, the residential consumption ratio played an important role in reducing emissions, with a contribution of 3419.38 × 104 t. The impact of urban household consumption is even more pronounced. From 2002 to 2007, the residential consumption ratio declined from 13.89% in 2002, to 10.35% in 2012, which is the main reason the emissions decreased. It is worth noting that the ratio of final consumption to GDP increased from 36.87% in 2002, to 56.49% in 2012. This means that the ratio of other final consumption factors to GDP experienced substantial growth, and especially exports. Many researches have shown that exports are one of the key factors driving economic growth. However, exports are also an important factor behind the growth of carbon emissions. In other words, simply reducing the proportion of residential consumption cannot and will not actually reduce emissions. While ensuring steady economic growth, only a reasonable adjustment of the final consumption structure will achieve the effective control of total carbon emissions.




4.4.7. The Per Capita GDP Effects


As seen in Table 3, per capita GDP played the dominant role in adding indirect carbon emissions in both rural and urban Liaoning, from 2002 to 2012, with contribution values of 2199.57 × 104 t and 12,122.27 × 104 t, respectively. Of all 26 sectors, the coal mining and electricity production sectors contributed the most. The final consumption of various goods and services actually reflects the change in residents’ incomes. In the urbanization process, the income and final consumption of residents have both increased significantly. From 2002 to 2012, the per capita GDP of Liaoning residents increased from 58,731 yuan to 122,054 yuan, representing a growth rate of 107.8%, as shown in Figure 7. When both GDP and per capita GDP increase, residents’ consumption awareness and consumption level will also increase, and the incremental increase of indirect carbon emissions caused by per capita GDP is unavoidable. The increase of household consumption is an inevitable phenomenon in the process of China’s urbanization development. Therefore, it is unrealistic to expect or attempt to reduce consumption-related indirect carbon emissions by reducing consumption. However, what we can do is to guide the rational consumption mode, so that we will not increase or even reduce the carbon emissions of residents without reducing their welfare.




4.4.8. The Population Size Effects


Amongst all of these effects, the population change in Liaoning province is regarded as playing a special role in driving demand. The population change effect is also a significant factor in analyzing changes in carbon emissions. As the nation’s population was growing, so too were carbon emissions. With the population size effect, the indirect carbon emissions caused by urban and rural residents both increased. As seen in Table 3, out of all 26 sectors, coal mining contributed the largest amount of indirect carbon emissions, followed by electricity production. Liaoning is a large, populous province, with a variety of social classes and groups. The social makeup of the province determines its diversity and will not undergo any radical change quickly. Liaoning’s population increased from 42.03 million in 2002, to 43.89 million in 2012, as shown in Figure 7. However, between 2002 and 2012, Liaoning’s urbanization rate reached 65.64%, considerably higher than the national average level (52.57%). China’s population policy has two objectives: Control population growth and improve population quality. Faced with a huge population base and an increasingly fast urbanization process, the demand for infrastructure and expendable supplies is growing rapidly. In addition, continuous upgrades to citizens’ quality of life, consumption patterns and habits will change greatly. These changes are fully reflected in the high growth being experienced in the construction and services sectors, thus increasing carbon emissions.






5. Discussions and Policy Implications


By applying the IO-SDA and LMDI methods, drivers of Liaoning’s indirect carbon emissions caused by residential consumption increase during 2002–2012 were uncovered. Indirect carbon emissions of residential consumption in Liaoning had increased by 92.8 million tons during the study period, with a growth rate of 119.7%, indicating a fast growth of carbon emission in recent years. With the growth of per capita GDP, the increase of residents’ total demand for final commodities was the main reason that indirect carbon emissions increased in Liaoning province. Besides, under the guidance of a policy entitled “rejuvenating the Old Northeastern Industrial Base of China”, a great amount of investment was allocated to Liaoning province. However, the intermediate demand in Liaoning province was still dominated by sectors with higher emission intensity. Another key reason is that urbanization process was quickened and many rural populations moved to urban areas for jobs, resulting in a great demand on new residential apartments. Under such a rapid development, the shift in lifestyle exacerbated the final demand for high-carbon additional products. Meanwhile, energy structure in Liaoning province is dominated by fossil fuels, especially relying on coal and oil. Thus, the indirect carbon emissions from residential consumption in Liaoning had a dynamic increase.



This paper also makes an in-depth analysis of the influencing factors. The main recommendations are as follows: First of all, Liaoning should pay closer attention to the carbon emissions generated by residents’ living sectors in the province’s efforts to tackle and mitigate climate change. That means concrete mitigation measures should be prepared by considering the local realities. Secondly, through an analysis of the total carbon emissions assessment results of urban and rural residents in Liaoning province, it can be seen that a significant difference exists between the total carbon emissions of urban and rural residents. This provides a basis upon which Liaoning province can formulate relevant policies pertaining to low-carbon emission reduction and low-carbon transition for the benefit of its residents. Appropriate measures on changing the consumption pattern of urban residents need to be raised. Thirdly, we should guide urbanization toward maintaining a reasonable growth rate and moderate the scale of development. Urbanization nearly reflects the development and progress of an area, marking culture and civilization for one era. However, the construction of new rural areas should be actively promoted, and a healthy pattern of balanced development between urban and rural areas should be formed. Fourthly, we should improve the energy consumption structure and vigorously promote the use of clean energy. This has an important effect in increasing the efficiency of energy utilization and realizing sustainable energy development in Liaoning. Vigorous efforts should be made to develop low-carbon technologies, in order to improve the energy efficiency of production processes. Liaoning has made a plan to promote the development of natural gas, which will play a key role in the optimization of Liaoning’s energy structure. In the urbanization process, green technological innovation should also be seen as a key opportunity to develop low-carbon economy and consumption. Fifthly, the state should formulate relevant policies that will help to adjust the population structure and improve the population quality of Liaoning province in the future. The population problem of Liaoning province not only has an important impact on the carbon emissions of residents’ living sectors but is also a major problem facing all of China. Sixthly, guide residents towards living in a reasonable way. Guide people to carry on green consumption, cultivate awareness of environmental protection and optimization of living space. The consumption of residents has undergone tremendous changes, both in terms of quantity and structure, and the change of residents’ lifestyles is the most important driving force behind the consumption of carbon emissions. Under the current circumstances of an extreme shortage of resources and energy in Liaoning province, the lifestyle of high-energy consumption and high emission is definitely not worth advocating. Seventhly, while the consumption level of residents is improving, they should not blindly increase their consumption expenditure on food. They should consume in a rational manner and refuse to waste. Governments at various levels should intensify propaganda work in order to raise social awareness of the significance of green consumption. Eighthly, strict energy consumption and emission standards should be formulated from the perspective of the energy industry, in order to achieve energy conservation and emission reduction in the consumer sector directly from the source. Tightly connect to the supply-side structural reform, promote the enterprises with high pollution to transform and upgrade. In short, on the premise of satisfying and maintaining a high quality of life, consumption in a more environmentally friendly form will be the main method for Liaoning residents to reduce carbon emissions in the future.




6. Conclusions


This paper calculated direct carbon emissions, based on the direct emission coefficient method, and also calculated indirect carbon emissions, based on an input–output model. A province with a higher urbanization rate (Liaoning) was selected as a case study area, and the research period was during 2002–2012. A comprehensive model of SDA and LMDI was further established, in order to analyze the factors that influence the indirect carbon emissions of Liaoning residents. The degree of the contribution of each factor was also analyzed. Based upon the analysis results, several mitigation policies have been raised by considering the local realities. Such a method can also be applied to analyze other Chinese regions so that more appropriate and effective carbon emission reduction policies can be prepared by considering their situations. The main conclusions are as follows:



The carbon emissions generated by the direct energy consumption of urban and rural residents show a rising trend year by year. Urban consumption is the primary generator of the two types. The reasons for these increases can be attributed to the increase in total energy and the relative lack of an energy structure.



The indirect carbon emissions caused by residential consumption also show a significant upward trend, and again, urban residents play an important role. The indirect carbon emissions caused by urban consumption are much higher than those caused by rural consumption. From a sectors’ perspective, indirect carbon emissions in most sectors are growing. Coal has always been the biggest source of indirect carbon emissions, followed by electricity production. The sector with the greatest growth rate of indirect emissions is nonmetal mining. The food and tobacco, and paper sectors all show a decreasing trend.



The per capita GDP effect (ΔA) is the most important factor behind the increase in the indirect carbon emissions caused by household consumption in Liaoning. The GDP effect is followed by the intermediate demand effect (ΔL). The most important factor contributing to the reduction of indirect carbon emissions is energy intensity (ΔE), followed by the commodity structure effect (ΔS) and residential consumption ratio effect (ΔR). Other factors contribute relatively little to either the increase or decrease in emissions. The two factors that have the biggest influence on the indirect carbon emissions caused by rural and urban residential consumption are the intermediate demand effect (ΔL) and the per capita GDP effect (ΔA), respectively.



Among the factors that influence the indirect carbon emissions caused by rural residents, the commodity structure effect (ΔS) is the most important inhibiting factor, while per capita GDP (ΔA) is the most important promoting factor. Among the factors that influence the indirect carbon emissions caused by urban residents, the energy intensity effect (ΔE) is the most important inhibiting factor, while per capita GDP (ΔA) is the most important promoting factor.



It is worth mentioning that the residential consumption structure effect (ΔU) inhibits the indirect carbon emissions caused by the consumption of rural residents, but the same effect promotes the indirect carbon emissions caused by the consumption of urban residents.



At the same time, this paper also has some limitations. Firstly, the model in this paper has high application value in analyzing the impact of indirect carbon emissions. However, the limited data available makes further interpretation difficult, such as IO tables and energy data. Secondly, this paper decomposes the influence of indirect carbon emissions into eight objective factors. In fact, in conclusion the writers point out that green consumption occurs not only for objective factor reasons, but is also caused by psychological factors. Residents’ income and education level also have an impact on indirect carbon emissions caused by the consumption of residents. All of these will be considered in the follow-up study.
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Figure 1. Direct carbon emissions of residential consumption in Liaoning province. 
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Figure 2. Indirect carbon emissions from residential consumption in Liaoning province. 
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Figure 3. Total emissions from residential consumption in Liaoning province. 
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Figure 4. Influence coefficient of 29 sectors in 2002 and 2012 in Liaoning province. 
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Figure 5. Commodity structure in urban and rural sectors in Liaoning province. 
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Figure 6. The residential consumption structure in Liaoning province. 
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Figure 7. The per capita GDP and population in Liaoning province. 
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Table 1. New sectors after aggregated.
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	No.
	Sectors
	No.
	Sectors
	No.
	Sectors





	S1
	Agriculture
	S11
	Petroleum
	S21
	Other manufacturing



	S2
	Mining of coal
	S12
	Chemical industry
	S22
	Scrap waste



	S3
	Mining of oil and gas
	S13
	Nonmetallic products
	S23
	Electricity



	S4
	Mining of metal
	S14
	Metal smelting
	S24
	Gas production



	S5
	Mining of nonmetal
	S15
	Fabricated metal products
	S25
	Water production



	S6
	Food and tobacco
	S16
	Machinery manufacturing
	S26
	Construction



	S7
	Textile
	S17
	Transport Equipment Manufacturing
	S27
	Transport



	S8
	Dressing
	S18
	Electrical equipment manufacturing
	S28
	Wholesale



	S9
	Wood
	S19
	Electronic equipment manufacturing
	S29
	Other service sectors



	S10
	Paper
	S20
	Office machinery manufacturing
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Table 2. Indirect carbon emissions from residents in Liaoning province, viewed from different sectors (104 tC).
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2002

	
2007

	
2012




	

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban






	
1

	
20.03

	
38.46

	
24.28

	
73.10

	
33.45

	
136.27




	
2

	
670.13

	
2209.36

	
708.92

	
3055.08

	
1017.57

	
5161.42




	
3

	
64.72

	
226.43

	
83.56

	
378.06

	
197.48

	
1075.21




	
4

	
12.16

	
41.35

	
23.79

	
98.97

	
11.69

	
58.43




	
5

	
3.10

	
9.74

	
205.76

	
859.54

	
31.10

	
159.21




	
6

	
22.05

	
66.73

	
19.82

	
72.84

	
13.63

	
52.01




	
7

	
10.51

	
50.56

	
20.87

	
91.83

	
24.46

	
130.45




	
8

	
1.22

	
5.68

	
4.39

	
22.09

	
6.16

	
35.38




	
9

	
2.49

	
9.56

	
5.52

	
24.36

	
2.88

	
15.39




	
10

	
56.55

	
234.51

	
116.74

	
517.68

	
41.41

	
214.23




	
11

	
168.75

	
600.79

	
85.32

	
392.15

	
164.52

	
908.03




	
12

	
79.31

	
224.36

	
91.12

	
366.40

	
96.28

	
475.81




	
13

	
11.91

	
34.03

	
22.76

	
101.97

	
14.14

	
75.13




	
14

	
37.32

	
129.26

	
53.27

	
221.51

	
80.08

	
400.15




	
15

	
2.63

	
8.28

	
5.85

	
24.84

	
6.04

	
30.69




	
16

	
1.97

	
6.49

	
3.60

	
14.91

	
3.91

	
19.49




	
17

	
2.40

	
7.46

	
2.93

	
10.12

	
3.40

	
15.70




	
18

	
2.91

	
11.78

	
3.04

	
12.28

	
3.43

	
16.58




	
19

	
1.01

	
4.23

	
1.46

	
7.08

	
4.62

	
25.55




	
20

	
1.83

	
6.88

	
4.82

	
21.81

	
8.74

	
44.98




	
21

	
3.92

	
13.70

	
10.60

	
49.13

	
28.05

	
148.30




	
22

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
23

	
480.97

	
1729.57

	
311.69

	
1405.89

	
770.61

	
4091.15




	
24

	
24.78

	
126.66

	
163.27

	
693.28

	
71.85

	
381.39




	
25

	
12.17

	
47.35

	
55.15

	
239.70

	
17.70

	
89.17




	
26

	
0.04

	
0.18

	
0.75

	
3.49

	
0.42

	
2.27




	
27

	
36.81

	
135.57

	
69.88

	
301.06

	
73.86

	
388.38




	
28

	
2.37

	
10.95

	
3.96

	
16.33

	
8.55

	
40.88




	
29

	
5.29

	
23.16

	
8.95

	
41.35

	
16.47

	
88.47




	
Sub-Total

	
1739.35

	
6013.06

	
2112.07

	
9116.85

	
2752.51

	
14,280.11




	
Total

	
7752.41

	
11,228.93

	
17,032.62
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Table 3. The results of decomposition of indirect carbon emissions caused by residential consumption in Liaoning province from 2002 to 2012 (unit: 104 t).
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Sectors

	
∆F

	
∆E

	
∆L

	
∆S

	
∆U

	
∆R

	
∆A

	
∆P

	
Total Effect




	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban

	
Rural

	
Urban






	
1

	
−0.99

	
−2.93

	
6.24

	
18.43

	
27.23

	
50.86

	
−36.90

	
−54.97

	
−9.13

	
6.75

	
−7.68

	
−22.69

	
33.52

	
99.02

	
1.13

	
3.35

	
111.23




	
2

	
−0.81

	
−3.38

	
−697.04

	
−2915.46

	
1924.25

	
6400.61

	
−1446.07

	
−4418.61

	
−290.08

	
303.63

	
−244.11

	
−1021.02

	
1065.27

	
4455.64

	
36.02

	
150.66

	
3299.50




	
3

	
−1.33

	
−6.10

	
−77.25

	
−353.68

	
130.21

	
599.53

	
0.00

	
0.00

	
−41.50

	
47.55

	
−34.92

	
−159.90

	
152.40

	
697.77

	
5.15

	
23.59

	
981.54




	
4

	
−0.22

	
−0.93

	
−11.01

	
−45.60

	
2.63

	
8.39

	
0.00

	
0.00

	
−4.16

	
4.31

	
−3.50

	
−14.50

	
15.27

	
63.26

	
0.52

	
2.14

	
16.61




	
5

	
−0.66

	
−2.92

	
12.40

	
54.63

	
7.97

	
37.97

	
0.00

	
0.00

	
−4.24

	
4.67

	
−3.56

	
−15.70

	
15.56

	
68.51

	
0.53

	
2.32

	
177.47




	
6

	
−0.75

	
−2.54

	
−16.20

	
−54.68

	
−3.43

	
−3.57

	
0.04

	
−19.94

	
−6.10

	
5.15

	
−5.14

	
−17.33

	
22.41

	
75.64

	
0.76

	
2.56

	
−23.13




	
7

	
−0.17

	
−0.89

	
−18.03

	
−92.04

	
10.75

	
190.16

	
10.15

	
−111.56

	
−5.76

	
7.36

	
−4.85

	
−24.74

	
21.15

	
107.94

	
0.71

	
3.65

	
93.84




	
8

	
−0.12

	
−0.62

	
1.61

	
8.56

	
3.04

	
13.26

	
−1.67

	
−9.65

	
−1.06

	
1.42

	
−0.89

	
−4.76

	
3.90

	
20.79

	
0.13

	
0.70

	
34.64




	
9

	
−0.17

	
−0.78

	
−0.94

	
−4.30

	
2.14

	
1.34

	
−2.46

	
−4.12

	
−0.94

	
1.07

	
−0.79

	
−3.59

	
3.43

	
15.68

	
0.12

	
0.53

	
6.22




	
10

	
−1.74

	
−8.05

	
−80.14

	
−369.84

	
67.61

	
314.51

	
−34.00

	
−207.53

	
−16.94

	
19.57

	
−14.26

	
−65.80

	
62.22

	
287.15

	
2.10

	
9.71

	
−35.42




	
11

	
1.78

	
7.96

	
−118.35

	
−528.35

	
−33.40

	
−470.80

	
32.13

	
466.95

	
−58.11

	
64.92

	
−48.90

	
−218.30

	
213.40

	
952.66

	
7.22

	
32.21

	
303.01




	
12

	
−3.27

	
−12.48

	
−57.38

	
−219.30

	
23.16

	
48.62

	
−5.21

	
60.72

	
−30.52

	
29.19

	
−25.69

	
−98.16

	
112.09

	
428.36

	
3.79

	
14.48

	
268.41




	
13

	
0.16

	
0.63

	
−3.48

	
−13.89

	
20.02

	
18.82

	
−23.34

	
−22.47

	
−4.53

	
4.53

	
−3.81

	
−15.23

	
16.64

	
66.46

	
0.56

	
2.25

	
43.32




	
14

	
0.78

	
3.33

	
−32.01

	
−137.02

	
35.81

	
136.62

	
0.00

	
0.00

	
−19.53

	
20.92

	
−16.44

	
−70.35

	
71.72

	
307.01

	
2.43

	
10.38

	
313.66




	
15

	
−0.21

	
−0.86

	
−0.67

	
−2.79

	
2.05

	
−10.94

	
−0.56

	
17.88

	
−1.43

	
1.49

	
−1.20

	
−5.02

	
5.25

	
21.91

	
0.18

	
0.74

	
25.82




	
16

	
−0.11

	
−0.45

	
−0.09

	
−0.38

	
−1.00

	
−6.57

	
1.21

	
7.18

	
−0.99

	
1.03

	
−0.83

	
−3.47

	
3.63

	
15.14

	
0.12

	
0.51

	
14.94




	
17

	
−0.20

	
−0.78

	
−2.55

	
−9.83

	
−0.65

	
−11.01

	
2.44

	
17.48

	
−1.00

	
0.97

	
−0.84

	
−3.25

	
3.68

	
14.18

	
0.12

	
0.48

	
9.23




	
18

	
−0.27

	
−1.21

	
−1.81

	
−8.01

	
−1.40

	
1.93

	
1.84

	
−3.61

	
−1.10

	
1.23

	
−0.93

	
−4.12

	
4.05

	
17.99

	
0.14

	
0.61

	
5.32




	
19

	
−0.04

	
−0.22

	
0.04

	
0.22

	
2.11

	
7.32

	
−0.12

	
0.76

	
−0.83

	
1.03

	
−0.70

	
−3.48

	
3.04

	
15.18

	
0.10

	
0.51

	
24.93




	
20

	
−0.44

	
−2.02

	
2.09

	
9.57

	
11.49

	
38.45

	
−9.24

	
−30.58

	
−1.54

	
1.77

	
−1.30

	
−5.95

	
5.66

	
25.98

	
0.19

	
0.88

	
45.02




	
21

	
−0.09

	
−0.42

	
−18.79

	
−86.57

	
−4.34

	
33.26

	
38.99

	
125.17

	
−4.28

	
4.93

	
−3.60

	
−16.58

	
15.71

	
72.37

	
0.53

	
2.45

	
158.74




	
22

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
23

	
0.30

	
1.34

	
−298.72

	
−1333.49

	
473.55

	
881.04

	
−304.42

	
−253.39

	
−214.28

	
239.39

	
−180.33

	
−804.99

	
786.92

	
3512.89

	
26.61

	
118.78

	
2651.21




	
24

	
−1.21

	
−6.32

	
−73.17

	
−382.37

	
160.24

	
472.23

	
−68.94

	
−87.11

	
−15.42

	
20.17

	
−12.98

	
−67.82

	
56.63

	
295.95

	
1.91

	
10.01

	
301.80




	
25

	
−1.36

	
−6.07

	
−10.94

	
−48.97

	
22.80

	
86.66

	
−15.03

	
−63.64

	
−5.15

	
5.77

	
−4.33

	
−19.39

	
18.91

	
84.61

	
0.64

	
2.86

	
47.36




	
26

	
−0.02

	
−0.09

	
−0.13

	
−0.63

	
0.41

	
1.89

	
0.00

	
0.00

	
−0.06

	
0.07

	
−0.05

	
−0.24

	
0.21

	
1.05

	
0.01

	
0.04

	
2.47




	
27

	
−0.58

	
−2.61

	
−21.56

	
−97.36

	
38.45

	
131.95

	
−15.53

	
−47.68

	
−18.55

	
20.96

	
−15.61

	
−70.49

	
68.13

	
307.62

	
2.30

	
10.40

	
289.85




	
28

	
−0.19

	
−0.90

	
1.03

	
4.87

	
−1.83

	
1.28

	
3.88

	
−0.72

	
−1.68

	
1.98

	
−1.41

	
−6.67

	
6.17

	
29.10

	
0.21

	
0.98

	
36.12




	
29

	
−0.65

	
−3.22

	
−3.23

	
−16.01

	
−0.28

	
−0.17

	
8.64

	
30.25

	
−3.43

	
4.25

	
−2.89

	
−14.30

	
12.60

	
62.40

	
0.43

	
2.11

	
76.50




	
Sub−Total

	
−12.59

	
−53.51

	
−1520.06

	
−6624.28

	
2919.61

	
8973.64

	
−1864.17

	
−4609.17

	
−762.33

	
826.08

	
−641.53

	
−2777.85

	
2799.57

	
12,122.27

	
94.66

	
409.88

	
9280.21




	
Total

	
−66.09

	
−8144.35

	
11,893.25

	
−6473.34

	
63.74

	
−3419.38

	
14,921.84

	
504.54
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