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Abstract:



The transport sector is the major green-house gas emitter and most rapidly growing sector in terms of consuming energy in China. Understanding the driving forces behind carbon emission is a prerequisite for reducing carbon emissions and finding a balance between economic growth and carbon emissions. The purpose of this paper is to identify the impact of the factors which influence the level of carbon emissions from the transportation sector in the Beijing-Tianjin-Hebei (BTH) area, China, using decomposition model, combined with a decoupling elasticity index. The results of our study indicate that: (1) changes in the level of carbon emissions from the transportation sector are not always synchronized with changes in economic growth. (2) The decoupling state between the carbon emissions and economic growth of Tianjin and Beijing can be roughly divided into two phases. The first phase was during the 2005 to 2009 period, when the decoupling state was pessimistic. The second phase was from 2009 to 2013, when the decoupling state became better overall and was mainly dominated by weak decoupling. Conversely, the decoupling state of Hebei was mainly weak during this period. (3) Economic growth and population size play positive roles in increasing the levels of transportation-related carbon emissions in BTH. However, the energy structure is a negative force. The effect of energy intensity always plays a negative role in Tianjin and Hebei, but positive in Beijing. The industrial structure effect shows a fluctuating trend, but the cumulative effect value is negative, and negative interaction is prominent. Finally, this paper gives some suggestions on how to develop low-carbon transport in BTH area.
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1. Introduction


Today, the carbon emissions issue has become a bottleneck which is restricting the development of the global economy and society as a whole [1,2,3,4]. Carbon currently contributes approximately 63% of the gaseous radiative force contributing to climate change, as reported by the IPCC [5]. Due to rapid economic development and accelerated urbanization, the transport sector has experienced dramatic growth that in turn has led to excessive demand for fossil fuel energy forms. Oil consumption and carbon dioxide emissions in the transportation sector account for approximately 50% and 25% of global totals, respectively [6]. In 2002, the Organization for Economic Co-operation and Development (OECD) predicted that the carbon emissions resulting from transport will double by 2020 (compared with 1990 levels) unless appropriate action is taken [7]. As a large consumer of energy, China has committed itself to lowering the carbon intensity of GDP by from 40% to 45% (below 2005 levels) by 2020 [8,9]. This commitment was made at the Copenhagen Climate Change Conference in 2009. Faced with the pressure of this commitment, China has clearly now realized the importance of reducing carbon emissions [10,11,12,13].



Over the last several decades, the transport sector in China has not just been the major oil consumer and green-house gas emitter, but transport has also been the fastest growing sector in terms of energy demand and green-house gas emissions [14]. The transport sector has now become the third largest carbon emission source, after the energy and industry sectors [15,16,17,18]. The Beijing–Tianjin–Hebei (BTH) area, also known as the Jingjinji Economic Band, is located in northern China and includes two municipalities (Beijing and Tianjin) and one province (Hebei) [19,20,21]. Today, BTH is one of the most economically vibrant regions and simultaneously one of China’s major traffic hubs. In 2011, BTH generated more than 10% of the total national GDP, in the process becoming one of the busiest and most comprehensive transport areas in China [22]. In summary, analysis of the decoupling and influencing factors of carbon emissions from the transportation sector in the BTH area is very important in terms of reducing carbon emissions.




2. Literature Review


The issue of carbon emissions is one of common concern on a global level. A great many studies have focused on reducing carbon emission all over the world. Some studies have taken the US as an example, exploring the carbon emissions from different sources, such as land-use change [23,24,25,26], farm operations [27], agriculture and forestry [28], and international trade [29]. Lugauer [30] estimated the impact of age distribution on carbon dioxide emissions from 1990 to 2006, by examining demographic variations in a panel consisting of 46 countries. Birgit Friedl [31] explored the relationship between economic growth and carbon dioxide emissions in Austria. Taking China as an example, Wei et al. [32] considered emissions abatement across China. Yang et al. [33] analyzed the allocation of carbon intensity reduction targets by 2020, as applied to different industrial sectors in China. China appears to be paying close attention to the need to reduce the levels of carbon emissions [11,13,34,35,36,37,38]. Fei, Wang, et al. [39] analyzed the driving forces behind carbon emissions caused by energy consumption in Guangdong Province.



In addition, researchers have carried out plenty of work related to lowering the carbon emission levels of the transportation sector at a national level. Taking the countries or regions (except China) as an example, Houda Achour and Mounir Belloumi [14] applied the Logarithmic Mean Divisia Index Method (LMDI) to identify the influencing factors and to measure each factor’s corresponding contributions to the energy consumption of the transportation sector in Tunisia during the years from 1985 to 2014. This study’s major discoveries were as follows: The effect of economic output, transportation intensity, population scale, and transportation structure were the most important factors contributing to the growth of carbon emissions. Conversely, the effect of energy intensity contributed significantly to decreasing the emissions. Chandran and Tang [40] found that energy consumption in the road transportation sector significantly contributes to environmental pollution (particularly CO2 emissions) in Malaysia [41]. Ong et al. [42] maintained that the transportation sector is contributing to a growing share of carbon emissions in Malaysia. Steenhof et al. [43] explored the determinants of the greenhouses emissions caused by freight transport. This study used a decomposition analysis. Marco Mazzarino [44] identified the factors determining the variety of carbon dioxide emissions in Italy’s transport sector, thus evaluating the impact of that nation’s transport sector in terms of global warming. Mraihi et al. [45] adopted the LMDI method to identify the driving factors of energy consumption changes for road-based modes of transport over the period from 1990 to 2006 [14]. The fact is, CO2 emissions are just one type of pollution emissions. Some papers tend to use the term pollution emissions to refer to CO2 emissions. Many empirical studies on the relationships between economic growth and environmental pollution have also been conducted in France [46], South Africa [47], Turkey [48], and Malaysia [49].



Taking China as an example, Dai et al. [16] analyzed the critical factors that brought about the changes in logistics energy consumption in China during the period from 1980 to 2010. Dai’s study used the Logarithmic Mean Divisia Index (LMDI) method. The study’s results showed that logistics activities, transportation modes and transportation intensity all play positive roles in increasing the levels of energy consumptions of the logistics sector. However, improvements in energy intensity significantly inhibited the rise in energy use in China’s logistics industry. Wang et al. analyzed the energy consumption status facing China [50,51,52,53]. Zhang et al. [54] revealed the factors influencing the changes in transportation energy consumption by also using the LMDI method. Lin et al. [17] adopted a quantile analysis to discuss the impact of GDP per capita (gross domestic product), energy intensity, carbon intensity, and total population on the carbon emissions of China’s transportation sector over the period from 1980 to 2010. The key finding of Lin’s study was that GDP, energy intensity, and carbon intensity had a greater influence on carbon emissions than did urbanization. In general, many studies have revealed that the decline in energy intensity has been the main factor associated with emissions deceleration in China [55]. S. Qipeng [56] identified the driving factors behind energy consumption and measured each factor’s corresponding contributions in terms of energy consumption. In this paper, the driving factors are divided into scale effect, structure effect and technique effect, according to the driving mechanism. Many empirical studies that discuss the relationships and linkages between economic growth, energy consumption and environmental pollution have been conducted in different regions [57]. Some studies have also measured environmental and energy performance in China [11,13,58,59,60] and have also conducted a comparative analysis of China’s regional energy and emissions performance [60,61,62] using a DEA model. Zhao et al. [63] performed a complete decomposition and decoupling analysis, in order to quantitatively analyze the main factors influencing the carbon emissions of the transportation (TCE) sector in Guangdong Province over the period from 1995 to 2012. Zhao’s results indicated that the decoupling degree between transportation output and TCE was relatively low. Optimization of tertiary industry structures played an inhibition role in the TCE, while the rapid growth of both per capita GDP and the population played a boosting role in the TCE, which in turn directly led to the elasticity index rising. The decoupling state was weak decoupling initially, but this improved significantly after 2005. Through their research, Zhao’s team found that the decoupling state presents as a five-year periodic pattern of fluctuations, which may in turn be influenced by China’s national five-year plans. However, the impact from energy and other internal drivers can be reduced.



A number of studies have already attempted to examine the determinants of CO2 emissions. These studies have mostly focused on the aspect of specific countries or representative provinces. However, studies at the regional level are rare. At present, the development of the BTH economic circle is the focus of many researchers. The BTH region is the largest and enjoys the highest level of development of any region in the economic core area of northern China. Also, BTH is an important hub and gateway of our country with regard to international economic exchanges and cooperation. However, BTH is also one of the worst areas for transportation-related carbon emissions. Recently, many scholars have studied the issue of integrating the transportation sectors of Beijing, Tianjin and Hebei. However, few scholars have paid much attention to the carbon emissions from the transportation sector in the BTH economic circle. To summarize, researching the issue of carbon emissions from the transportation sector in the BTH area is hugely significant. As mentioned earlier, our work builds on the work of previous studies. Our study also makes an original contribution, by taking the BTH area as an example and by extending the conventional decomposition practice to explore the influencing factors of carbon emissions in the transportation sector.



Considering the availability of statistical data, this paper employs the data of the transportation sectors in Beijing, Tianjin and Hebei, from 2005 to 2013. Our study also applies a Tapio decoupling model and LMID decomposition method to study the driving factors and decoupling effects of the transportation sector’s carbon emissions. This article aims to solve the following questions: (1) Are the current changes in carbon emission levels in accordance with the changes in the increased output of the transportation sector? (2) Does higher output produce more carbon emissions in the transportation sector? If not, what is the decoupling degree between carbon emissions and economic growth in the transportation sector? (3) What factors influence the levels of carbon emissions coming from the transportation sectors in Beijing, Tianjin and Hebei?



This paper is organized as follows: Section 2 proposes an overview of the related work on decoupling analysis and decomposition analysis. Section 3 describes the methodology and data used in this research. Section 4 presents the results of both the decoupling analysis and decomposition analysis. Finally, the conclusions and summary of this study are presented in Section 5.




3. Methodology and Data


3.1. Methodologies


3.1.1. Calculation the Carbon Emission in Transportation Sector


At present, two methods are used to calculate the carbon emissions of the transportation sector: ① The top-down approach. We can calculate the carbon emissions based on the energy consumption of vehicles, multiplied by the carbon emission factors of various energies. ② The bottom-up approach. We can calculate the carbon emissions based on the mileage and energy consumption per travelling mile of different traffic types and the number of vehicles on the road. The “bottom-up” approach has a distinct disadvantage. The relevant data may have large errors, and data collection is difficult. Comparatively speaking, the data is more accurate when using the top-down approach. Therefore, in this paper, the top-down approach is used to calculate the transportation-related carbon emissions in BTH. According to the IPCC method of greenhouse gas emission inventories [9,64], carbon emissions can be estimated via the Equation (1):


[image: there is no content]



(1)




where C denotes the total carbon emissions of the transportation sector; Ei is the consumption of the ith fuel; Fi is the conversion coefficient of standard coal of the ith fuel, and Ki is the carbon emission factor of the ith fuel. The carbon emission coefficient factor of coal, petroleum and natural gas are 0.7329, 0.5574 and 0.4226, respectively [65]. In order to ensure the comparability of the data, all fuels should be converted into standard coal. The conversion coefficient of standard coal references is found in Table 1. According to the study by Yang et al. [66], we know that heat and electricity cannot directly generate carbon emissions. As such, we do not calculate them here. The conversion coefficient of standard coal of diverse fuels is based on the GHG Protocol Tool for Energy Consumption in China [67] as follows:



Table 1. The conversion coefficient of standard coal of diverse fuels.







	
Fuel

	
Fi (tce/t)

	
Fuel

	
Fi (tce/t)






	
Raw coal

	
0.7143

	
Diesel oil

	
1.4571




	
Gasoline

	
1.4714

	
Fuel oil

	
1.4286




	
Kerosene

	
1.4714

	
Natural gas

	
12.1430 tce/104 m3








tce denotes ton of standard coal equivalent.









3.1.2. Tapio Decoupling Evaluation Model


The term “decoupling” means the connection between environmental stress and economic variations has been broken. According to the OECD report, decoupling usually describes the relationship between changes in the percentage of carbon emissions and the corresponding changes in the transportation sector’s percentage of GDP. The decoupling model proposed by Tapio is based on the developing of an OECD decoupling model. This model is widely used to analyze the relationship between economic growth and carbon emissions [60,68,69,70]. For example, the decoupling model was applied very early on to analyze the relationship of economic growth and transport volume in transportation fields [71].



We can construct the decoupling model of the carbon emissions of the transportation sector as follows:
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(2)




where e(C, G) represents the decoupling index of carbon emissions and GDP in the transportation sector, and %ΔC and %ΔG indicate the changes in the percentage of carbon emissions and the transportation sector’s GDP, respectively. The degrees of decoupling between transportation-related carbon emissions and transportation sector GDP are divided into eight types, namely (1) strong decoupling, (2) weak decoupling, (3) recessive decoupling, (4) expansive coupling, (5) recessive coupling, (6) strong negative decoupling, (7) weak negative decoupling and (8) expansive negative decoupling. Of these varying degrees, strong decoupling is the optimum state in which to realize the goal of low-carbon transportation and meet the requirement of a low-carbon economy. In contrast, strong negative decoupling is the worst state. Strong negative decoupling is not conducive to the sound and sustainable development of the transportation sector. The classification and evaluation criteria for these eight decoupling states are as shown in Figure 1 [70].


Figure 1. Classification and evaluation criteria for decoupling states.
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3.1.3. The Logarithmic Mean Divisia Index (LMDI) Model


The Kaya Identities was first proposed by Yoichi Kaya [64]. This method is used to divide the carbon emissions into the products of different influencing factors, including the population, GDP per capita, GDP energy intensity and carbon emission intensity. The equation is expressed as follows:
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(3)




where P is the population, GDP/P is the GDP per capita, E/GDP is GDP energy intensity and C/E represents carbon emission intensity.



The LMDI decomposition method is one of the main research methods used to examine the influencing factors of carbon emissions. The basic idea of LMDI is to decompose the changes in a target variable into a combination of several influencing factors. This is done so that we can identify the degree of the influence of each factor, that is, the contribution rate. The result of the LMDI method does not produce residuals. Therefore, LMDI is a relatively superior decomposition method [72,73,74,75,76,77,78,79]. This paper uses the LMDI method to analyze the influencing factors of carbon emissions in the transportation sector of North China. The LMDI method can be expressed as an extended Kaya identity, whereby the carbon emissions in the transportation sector can be decomposed as follows:


co2=∑iCiEi×EiE×EG×GGDP×GDPP×P=∑ifi×si×e×u×g×p



(4)







The meaning of each variable is as shown in Table 2.



Table 2. The meaning of each variable in LMDI model.







	
Variable

	
Meaning






	
Ci

	
Carbon emissions of the ith fuel type




	
Ei

	
The ith fuel consumption




	
E

	
The total primary energy consumption




	
G

	
GDP in the transportation sector




	
GDP

	
The gross domestic product




	
P

	
Population




	
fi

	
[image: there is no content] It is the carbon emissions of the ith fuel type. That is the carbon emission coefficient factor.




	
si

	
[image: there is no content] It is the total energy consumption share of the ith fuel type in the transportation sector. That is the energy structure factor.




	
e

	
[image: there is no content] It is the energy consumption per unit GDP in transportation sector. That is energy intensity factor.




	
u

	
[image: there is no content] It is the GDP in the transportation sector weight in GDP. That is industrial structure factor.




	
g

	
[image: there is no content] It is the GDP per capita. That is economic growth factor.




	
p

	
It is the population size factorrelecting the level of GDP per capita.










As can be clearly seen from Table 2, the carbon emissions in the transportation sector are divided into six separate factors, namely (1) the carbon emission coefficient factor, (2) transportation energy structure factor, (3) transportation energy intensity factor, (4) industrial structure factor, (5) economic growth factor and (6) the population size factor. The difference in the levels of carbon emissions in the transportation sector between the base period and the t period is called the cumulative effects ΔC. Also, ΔC refers to the total changes in carbon emissions, and ΔC consists of 6 parts, namely (1) carbon emission intensity effect ΔCf, (2) energy structure effect ΔCs, (3) energy intensity effect ΔCe, (4) industrial structure effect ΔCu, (5) economic growth effect ΔCg, and (6) population size effect ΔCp. These represent the contribution of each factor to the changes in traffic carbon emissions, that is:
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(5)







The results after using the LMDI decomposition method are as follows:
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(6)






[image: there is no content]



(7)
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(8)
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(9)
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(10)
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(11)
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(12)







Generally, the carbon emission coefficients of all types of fossil fuels are fixed. Therefore, the factors affecting transportation in BTH are mainly the energy structure, energy intensity, industrial structure, economic growth and population size.





3.2. Data Sources


In this paper, the data pertaining to the consumption of coal, gasoline, kerosene, diesel oil and fuel oil in the BTH transportation sector were collected from energy balance tables in previous China Energy Statistical Yearbooks [80,81,82]. In the process of calculation, the GDP, total output value of the transportation sector and the total population of every province are derived from the database of China's economic and social development. In order to ensure the accuracy of comparison, economic output values in the transportation sectors of various provinces are converted based on the year 2005. In this paper, the minority conversion coefficients of the 2009 transportation sector GDP Indexes of Tianjin and Hebei are missing. We used the average annual growth rate of the known GDP Index to estimate the missing minority conversion coefficients of the 2009 GDP Index of Tianjin and Hebei.





4. Analysis Results


4.1. Economic Output Values and Carbon Emissions of the Transportation Sector


The output values of each province's transportation sector from 2005 to 2013 are shown in Figure 2. From this figure, we can see that an approximate linear relationship exists between the economic output values of each province's transportation sector, and time. Among all values, the output value of Hebei holds first place, expanding at an average of 10.38% per year. The economic output values from the transportation sector of Beijing and Tianjin hold second and third place, respectively. Their values expanded at an average of 7.03% and 11.17% per year.


Figure 2. Economic output values of transportation sector in Beijing-Tianjin-Hebei area.
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According to Equation (1) and the energy consumption of the BTH transportation sector, the amount of carbon emissions in the transportation sector from 2005 to 2013 was calculated (see Figure 3). From this figure, we can see that the carbon emissions of Tianjin’s transportation sector were less than those of Beijing and Hebei during the study period. The carbon emissions of the transportation sector in Beijing were less than those of Hebei from 2005 to 2007, while Beijing’s emissions were more than those of Hebei from 2007 to 2013. From 2005 to 2013, the average annual growth rate of the carbon emissions of the transportation sectors in Beijing, Tianjin, and Hebei were 10.11%, 2.57% and 4.39%, respectively. We can use the available information to calculate that the growth rate of transportation-related carbon emissions in Beijing is significantly higher than those of Tianjin and Hebei.


Figure 3. Carbon emissions from transportation sector in Beijing-Tianjin-Hebei area.
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4.2. Decoupling State in the Transportation Sector


During the study period, both similarities and differences existed between the decoupling states of different provinces, as shown in Table 3.



Table 3. The decoupling state of the Beijing-Tianjin-Hebei area.







	
Year

	
Beijing

	
Tianjin

	
Hebei






	
2005–2006

	
3.33 (Expansive negative decoupling)

	
0.36 (Weak decoupling)

	
0.13 (Weak decoupling)




	
2006–2007

	
1.72 (Expansive negative decoupling)

	
−0.09 (Strong decoupling)

	
0.53 (Weak decoupling)




	
2007–2008

	
3.38 (Expansive negative decoupling)

	
1.20 (Expansive negative decoupling)

	
−0.12 (Strong decoupling)




	
2008–2009

	
1.28 (Expansive negative decoupling)

	
0.89 (Expansive coupling)

	
−0.48 (Strong decoupling)




	
2009–2010

	
0.64 (Weak decoupling)

	
0.75 (Weak decoupling)

	
0.74 (Weak decoupling)




	
2010–2011

	
0.99 (Expansive coupling)

	
0.56 (Weak decoupling)

	
0.64 (Weak decoupling)




	
2011–2012

	
0.28 (Weak decoupling)

	
0.30 (Weak decoupling)

	
0.21 (Weak decoupling）




	
2012–2013

	
0.78 (Weak decoupling)

	
−1.32 (Strong decoupling)

	
0.09 (Weak decoupling)










During the study period, the decoupling state of Hebei was relatively stable; Hebei was in fact the best performing province. The decoupling states exhibited as weak decoupling during the 2005 to 2007 and 2009 to 2013 periods. That is, the transportation-related carbon emissions grew at the same time as the transportation sector’s GDP was increasing. However, the increments of carbon emissions were less than the GDP in the transportation sector.



The decoupling state of Beijing’s transportation sector exhibited expansive negative decoupling during the 2005 to 2009 period. That is, with the economic growth in Beijing came increasingly significant environmental pressure. Then, the situation turned for the better, with alternately weak decoupling and expansive coupling present.



The decoupling of Tianjin can be roughly divided into two stages. The first phase was from 2005 to 2009, when Tianjin’s decoupling state went from weak decoupling to strong decoupling to expansive negative decoupling. We can see that Tianjin’s decoupling state was very unstable during this period. That is, the growth of Tianjin’s economy was different to the growth rate of carbon emissions, and the degree of volatility was larger. The second phase was from during 2009 to 2013, when Tianjin’s main decoupling state was always weak decoupling. That is, compared to the growth of Tianjin’s economy, the growth rate of carbon emissions was slow. In the end, there was even a strong decoupling in Tianjin. This represents truly positive momentum in the development of Tianjin’s transportation sector.




4.3. Influencing Factors of Carbon Emissions from the Transportation Sector


To disentangle these factors, we decompose the changes in transportation carbon emissions in BTH into five factors, according to Formulas (3) to (11). Then, we calculate the annual quantity of the influence of each factor. Furthermore, we obtain the cumulative effects of the various factors on transportation-related carbon emissions in BTH, as shown in Figure 4, Figure 5 and Figure 6. The data in Figure 4, Figure 5 and Figure 6 are not raw data. Firstly, we calculate the annual influence quantity of each factor according to Formula (3) to Formula (12). In addition, these formulas have been used combined with the carbon emissions of the ith fuel type (calculated by Formula (1)), the ith fuel type (the consumption of coal, gasoline, kerosene, diesel oil and fuel oil in transportation sector), GDP, total output value of transportation sector and total population of Beijing, Tianjin and Hebei. The source of these data is as shown in Section 3.2. Further, we get the cumulative effects of various factors to transportation carbon emissions in Beijing, Tianjin and Hebei according to the calculation results.


Figure 4. The cumulative effects of factors on carbon emission from transportation sector in Beijing.
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Figure 5. The cumulative effects of factors on carbon emission from transportation sector in Tianjin.
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Figure 6. The cumulative effects of factors on carbon emission from transportation sector in Hebei.
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A positive value indicates a positive influence on the increasing of carbon emissions. A negative value indicates a negative influence on the increasing of carbon emissions. The cumulative effect value of energy structure on transportation-related carbon emissions in BTH was negative during the study period. That is, energy structure plays a role in inhibiting transportation-related carbon emissions. This shows that the adjustment of energy structure in these three places has achieved positive results. However, the inhibitory effect is not significant. The result here is the same as the conclusions reached in previous studies conducted by the scholars mentioned earlier in this paper.



Figure 7, Figure 8 and Figure 9 demonstrate the energy consumption in transportation as a percentage of coal, oil and natural gas in Beijing, Tianjin and Hebei, respectively. In general, we can conclude from these figures that the percentage of coal consumption of the transportation sector showed a decreasing trend in Beijing and Hebei during our study period, while the figures showed a fluctuating trend in Tianjin. During the 2007 to 2010 and 2011 to 2012 periods, the percentage of coal consumption increased, but the percentage of consumption decreased in other years.


Figure 7. The percentage of different kinds of energy consumption in transportation in Beijing.
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Figure 8. The percentage of different kinds of energy consumption in transportation in Tianjin.



[image: Sustainability 09 00722 g008]





Figure 9. The percentage of different kinds of energy consumption in transportation in Hebei.
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The percentage of natural gas consumption shows a decreasing trend in Tianjin and Hebei during our study period, while exhibiting a fluctuating trend in Beijing. During the 2005 to 2008 and 2011 to 2012 periods, coal consumption increased but also decreased in other years. Oil has remained the main energy type used in recent periods. Oil accounts for more than 90% of the energy consumption of the transportation sectors in BTH. This finding proves that the traditional oil-based energy structure is difficult to change in a short time.



Many earlier studies found that the decline in energy intensity has been the main factor associated with emissions deceleration in China [11,17,60]. For example, Dai et al. [16] concluded that improvements in energy intensity significantly inhibited the rise in energy use in China’s logistics industry. This is a general trend, but we cannot rule out the regional differences. The effect of energy intensity on transportation-related carbon emissions in Tianjin and Hebei has been largely negative over the years. Nevertheless, the differences between Beijing and the other two areas covered by our study make it obvious that regional differences exist. The effect of energy intensity on transportation-related carbon emissions in Beijing was positive from 2006 to 2009, while the effect was negative from 2009 to 2013. This finding indicates that the Beijing’s later efforts with regard to energy intensity were ultimately productive.



The cumulative effect value of energy intensity on transportation-related carbon emissions in Tianjin and Hebei were negative during our study period, while Beijing was positive. This finding indicates that energy consumption for each unit of GDP in the transportation sectors of Tianjin and Hebei are decreasing. During the study period, the GDP in the transportation sectors of Beijing, Tianjin and Hebei increase by 72%, 133%, and 117%, respectively. At the same time, the growth rate of transportation-related energy consumption in these places increased by 101%, 20%, and 43%. We can therefore see that the rate of transportation-related energy consumption has been less than the rate of GDP in the transportation sectors of Tianjin and Hebei in recent years. However，due to the rapid increase in the number of private cars in Beijing, the transportation-related energy consumption doubled in that city.



The previous research results mentioned in our literature review indicated that the optimization of tertiary industry structure played an inhibiting role with regard to transportation-related carbon emissions [60,63]. Given the actual situation, it is hard to adjust the industrial structure, so the industrial structure trend is not pronounced. The industrial structure has had an adverse effect on transportation-related carbon emissions in Tianjin and Hebei, and the effect is remarkable. The industrial structure contribution to carbon emissions in the BTH area is as shown in Figure 10. This figure demonstrates that the effect of industrial structure on transportation carbon emissions exhibited a fluctuating trend over the years, with alternating performances of inhibition and promotion. The curve of energy intensity effects on transportation-related carbon emission in Beijing and Hebei appears as a flat “W”. For Beijing, the performance of energy intensity was promotion in 2009 and 2010, while acting as an inhibitor in the other years. Also, the degree of inhibition increased constantly from 2005 to 2009, then steadily decreased from 2010 to 2013. For Hebei, energy intensity’s performance was promotion during the periods 2005 to 2006, 2009 to 2011 and 2012–2013, while playing an inhibition role in the other years covered by our study. For Tianjin, energy intensity’s performance was promotion during 2006 to 2007 and 2012 to 2013, and inhibition in the other years covered by our study. However, these trends were not obvious. This is mainly due to the lack of any substantial technology revolution during the study period. The cumulative effect value of industrial structure on transportation carbon emissions in BTH was negative during the study period. These results show that industrial structure reform efforts have made some achievements.


Figure 10. The industrial structure contributing to carbon emission in Beijing-Tianjin-Hebei area.
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As for economic growth, Houda Achour and Mounir Belloumi [14] et al. determined that economic growth is one of the most important contributory factors in the growth of carbon emissions. Similarly, economic growth has played a positive role in increasing the transportation-related carbon emissions of BTH over the years. Economic growth is also the most decisive promotional factor in the area’s increase of carbon emissions. This finding is the same as was reached in other studies. The economic growth of the transportation sector has been accompanied by a corresponding increase in carbon emissions.



Population size has also played a positive role in increasing transportation-related carbon emissions over the years. Figure 11 demonstrated the growth rate of population in Beijing-Tianjin-Hebei area based on their annual population. The formula is expressed as follows:
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(13)




where P(t) denotes the population in year t, P(t−1) denotes the population in year t−1.


Figure 11. The growth rate of population in Beijing-Tianjin-Hebei area.
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This finding is also consistent with those of most of the previous studies mentioned in this paper’s literature review. Population size as a factor boosting the growth of transportation-related carbon emissions really cannot be ignored. However, the degree of influence is less than that of economic growth. From Figure 4 to Figure 6, we can see that the effect of population size on the levels of transportation-related carbon emissions has been very significant in Beijing but relatively small in Hebei. The reason for this finding can be found in Figure 11, which demonstrates the growth rate of population in the BTH area based on each region’s annual population growth. The growth rate of the population in Hebei was 2.27% from 2008 to 2009. During that time, the population of Beijing grew at a relatively low rate of less than 1%. However, the population growth rates of both Beijing and Hebei were significantly higher than that of Tianjin. Also, their growth rate curves appear as a flat “M”. During the periods from 2007 to 2008 and 2009 to 2012, the population growth rates of Beijing and Tianjin decreased, but the rates increased in other years. This is probably because Beijing is the capital of our country, and large numbers of people from external populations flood into Beijing due to the city’s political, economic, educational, welfare and other factors. Tianjin is the most important hub and port city of north China, with logistics as the key industry. Meanwhile, Tianjin has implemented a number of policies to support the development of high-tech industries. Therefore, Tianjin attracts a large number of talented individuals. The increase in population in each area led to a corresponding increase in the number of privately-owned cars. Thus, the energy consumption of the transportation sector (including private transportation) in Beijing and Tianjin has grown rapidly. Therefore, we can conclude that population size has had a significant effect on the levels of transportation-related carbon emissions in Beijing and Tianjin.





5. Conclusions and Policy Implication


Above all, we want to point to point out the limitation of this this research. Due to the limitations relating to data acquisition, in this paper, the minority conversion coefficients of the 2009 transportation sector GDP Indexes of Tianjin and Hebei are missing. We used the average annual growth rate of the known GDP Index to estimate the missing minority conversion coefficients of the 2009 GDP Indexes of Tianjin and Hebei. In the future, many aspects of this article require improvement. Firstly, we will update the analysis once we can acquire the minority conversion coefficients of the 2009 GDP Indexes of Tianjin and Hebei. Secondly, we intend to create a scenario analysis to forecast and explore the effects of the influencing factors and provide detailed policies to help reduce carbon emissions.



5.1. Conclusions


Based on the data relating to energy consumption and economic growth in the transportation sector in BTH from 2005 to 2013, we calculated the carbon emissions and the decoupling degree between carbon emissions and GDP in the transportation sector of these three places. Then, we analyzed the factors that influence the degrees of increases in carbon emission. The following conclusions can be drawn:



In combination with Figure 2 and Figure 3, we can safely come to the conclusion that:



As one example, Tianjin’s transportation sector GDP grew from 2012 to 2013, but the carbon emissions of Tianjin’s transportation sector decreased during that time. Therefore, carbon emissions do not grow in line with transportation sector GDP. As another example, the output value of Hebei Province’s transportation sector occupied first place during the period covered by our study, but the carbon emissions of Hebei’s transportation sector was in second place. Therefore, we can conclude that it is not always the case that higher output produces more carbon emission in the transportation sector. Both of these two examples show that the coupling relationship between economic growth and carbon emissions is one of breakdown.



During the study period, Hebei was the best performing province. The decoupling relationship between carbon emissions and GDP in Hebei’s transportation sector was relatively stable. The decoupling state was mainly one of weak decoupling. The decoupling state of Beijing’s transportation sector presented mainly as expansive negative decoupling during the 2005 to 2009 period. Then, the situation took a turn for the better, alternating between weak decoupling and expansive decoupling. The decoupling states of Tianjin can be roughly divided into two stages. The first phase was from 2005 to 2009, when Tianjin’s decoupling state was very unstable and largely volatile. The second phase was from 2009 to 2013, when the main decoupling state was always weak decoupling. In the end, Tianjin even experienced strong decoupling. This is evidence of really good momentum in the development of the transportation sector.



Energy structure plays a role in inhibiting transportation-related carbon emissions. However, the inhibitory effect is not significant. Economic growth and population size played positive roles in increasing transportation-related carbon emissions over the years. The effect of energy intensity on transportation-related carbon emissions in Tianjin and Hebei was negative over the years covered by our study period. Nevertheless, significant differences were obvious between Beijing and those other two places. Obvious regional differences were displayed. The effect of energy intensity on transportation-related carbon emissions in Beijing was negative from 2006 to 2009, then positive from 2009 to 2013. The later emission reduction efforts made by Beijing are proving to be productive. Industrial structure had an adverse effect on transportation-related carbon emissions in Tianjin and Hebei during the study period, and the effect is remarkable. The effect of energy intensity on transportation-related carbon emissions exhibited a fluctuating trend over the years, alternating between performances of inhibition and promotion. The cumulative effect value of industrial structure on transportation-related carbon emissions in BTH was negative during the study period. The results show that the reform of industrial structure reform has made some positive achievements.




5.2. Policy Implication


According to the above conclusions and considering the actual demands for transportation in BTH, we suggest the following major measures to save energy and reduce carbon emissions (Figure 12).


Figure 12. The suggestions based on the data analysis.
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	(1)

	
Optimizing the industrial structure. According to the study on the influence of industrial structure to transportation energy consumption conducted by Wang et al. [83], with China entering the late stage of industrialization, the influence exerted by adjusting the industrial structure will become more and more obvious in terms of transportation energy consumption. The adjustment of industrial structure in Beijing, Tianjin and Hebei has got great feedback, especially for Tianjin, the cumulative carbon emission caused by industrial structure is −182.66% of the total cumulative carbon emission during 2005–2013. Beijing and Hebei is −33.61% and −12.84% respectively. Therefore, we should continue to optimize and adjust the industrial structure, speed up the adjustment and pace of that industrial structure, vigorously develop high-tech industries, and promote the transformation of industrial structure to become advanced and reasonable;




	(2)

	
Optimizing energy structure. We can develop new energy sources and renewable energy to optimize the country’s energy structure, thereby reducing the carbon emissions of the transportation sector. The use of clean energy and reducing dependence on fossil fuels should be encouraged;




	(3)

	
Improving energy efficiency. The government should introduce policies and establish financial support systems to promote the development of low-carbon technologies. In order to address the issue of transportation-related carbon emission, we can develop intelligent transportation and introduce networking, cloud computing and other new-generation technology into the transportation sector. Of course, due to the literature and author knowledge limitations, the influencing factors of transportation-related carbon emissions in BTH are not decomposed or detailed enough;




	(4)

	
Controlling population growth: Beijing and Tianjin is the economic axis of enclosed Bohai Sea, which attracted migrants from across the country. Therefore, it is necessary to make some policies to control the population. Especially for Tianjin, its growth rate of population is always more than 4%.
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