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Abstract：  
As the global warming brings more and more disasters, controlling greenhouse gas emission is one of the 
main global crucial issues nowadays. As one of the main emitters in the world, China faces more and more 
international pressure to reduce the emission, so it is urgent to make the transition to a low carbon economy. 
At the same time, China has been going through the fast urbanization process as shown in the “Northam 
Curve”, and the current urbanization mode requires the demand of the carbon-intensive consumption, and 
could lead to the massive carbon emission as well. However, it is contradictory to the long-time sustainable 
development in China. So, under the current condition, the reduction plan needs to be fit in the Chinese 
demand, so it is very crucial, and requires innovation and creation to analyze the reduction factor and find 
the balance point between the urbanization and low carbon development mode. Regarding to the different 
urbanization rate and economic development modes characters between the East, Central, West part of 
China, this thesis uses inductive and deductive method to study. Firstly, it chooses one province from each 
region to investigate. Then it integrated urbanization factor into Kaya equation to study different factors 
impacts on the carbon dioxide emission in the three sample provinces. It also selected the co-integration 
econometrics method to study the equilibrium relationship between the carbon dioxide emission and other 
main factors. Through analyzing the current reduction plan, it explains and forecasts the possible emission in 
2015. The result suggests that the anticipated carbon dioxide emission might be able to achieve under the 
transition to a low carbon economy mode. Different regions should have their own feasible plans through 
controlling the urbanization rate, slowing the economic development rate and through reducing the energy 
intensity, improving the energy structure.  
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Summary：  
This study aims to study different regional emission factors’ impacts and comes up with a policy suggestion 
based on regional differences. Its theory is based on the Kaya equation, with the factor urbanization 
integrated. I build a model for three provinces, a sample of three main regions in China, in an econometric 
way by the help of the software Eviews. The data is acquired from different sources: the CO2 emission 
through calculating primary energy source, which are shown in a table. Other factors, such as urbanization 
ratio, population, GDP, energy consumption amount, are acquired from the annual yearbook of 
corresponding regions. The factors are all tested first through an Augmented Dickey–Fuller test  
(ADF) unit test to prove that they all show the integration in the same difference-level, in this case is the 
second level. It means that they meet the prerequisite as a time series. After that, Vector Auto Regression 
(VAR) test is utilized in order to generate the best lag value, which later will be helpful for determining the 
fittest formulation. Finally, the Johansen test is used with the lag value that I got, to generate the real value 
(parameter and trend) for the formula. Based on the formulas I get, the forecasting is performed. Then the 
policy suggestion is provided according to the formulation results and each region’s own condition, such as 
natural endowment, economic development level, energy composition and such. With the suggestions as 
below, advanced developed regions (East region) could contribute more on the new technology research, 
innovation and application, average income region (Central region) can take transition time through 
conducting the energy conservation practice and improving the energy efficiency, the Least developed 
places (West region) with fragile environment could make their first step through utilizing the renewable 
resources and promote the green economy from the starting point.  
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1. Introduction 

1.1. Background 
Climate change is considered one of nine factors for evaluating the planetary capacity for human impacts. 
Now it has been raised globally as an issue of high concern, due to its long-span and multi-facetted 
implications on areas such as global warming, energy consumption, technology development, agricultural 
cultivation, and economic growth. Only during the last decade, quite a few international agreements have 
been reached, the Kyoto Protocol being only one example, and a variety of intergovernmental organizations, 
e.g. The Intergovernmental Panel on Climate Change (IPCC) and The United Nations Framework on 
Climate Change Convention (UNFCCC), have been founded with the aim of coming up with solutions.   
Quite a few international conferences have also been held in the past few years, such as the Rio+20 
Conference, to coordinate countries and stakeholders. 

China is since the year 2000 regarded a key economic entity and one of the main carbon dioxide emitters 
globally. However, due to the fact that China with its large population in many respects is still a developing 
country in its initial stage, issues like eradicating poverty, improving people’s living condition, and 
maintaining a stable rate of economic growth have been and will still be the priority and overriding task in 
national policy. Especially since 1978, the open market policy proposed by Dengxiao Ping has stirred 
economic growth for three and a half decades with around 9% of annual rate, which has also led to an 
exponential increase in carbon emissions (Chow, 2004). During the last decade alone, China’s carbon 
emissions have been doubled, and tripled during the last decade. With an annual GDP growth rate on 9% 
since 1978 (8% to 12% per annum from 1978 to 2012), China’s economy has had the most significant 
growth ever recorded in the world, and with a current GDP on over $7.3 trillion, China is now classified as 
belonging to the middle upper income category according in the World Bank ranking (the	  World	   Bank,	  
2013). As China is running at full capacity as the world’s factory, then the country itself is transitioning 
through the industrialization and urbanization process as well, and huge amounts of resources is being 
consumed, while chemical pollutants and carbon emissions are being released into the environment. Even 
though more than 90% of the products are consumed aboard, as then quite innocent of the pollutant 
transferee and as a developing country, China has still actively involved itself in reducing carbon pollution.  

Since China has been regarded one of key potential contributors to carbon emissions reductions and 
limiting effects of global climate change and since it has noticed its own importance, China has made efforts 
and shows the world its growing concurrence to take on substantial responsibility of reduction. We can see 
that in the international agreements, from the Kyoto Protocol to the United Nations Convention on Climate 
Change Convention, and also at Rio +20. In 2007, Asia-Pacific Economic Corporate, President Hu, clearly 
pointed out that China is going to develop in a low carbon economy pattern; at the Copenhagen Climate 
summit in 2009, Former Chinese President Hu explicitly stated the national reduction target that the carbon 
intensity (carbon emission per capita GDP) in 2020 will be reduced to 40%-45% of the 2005 level and 
specifically said that “The energy consumption per capita GDP will be reduced by 16%, the total carbon 
emission amount will be reduced by 17% till 2015” (Borger & Goldenberg, 2009)and all of the targets are 
included in the Twelfth Five Year Plan as the main tasks to accomplish (Department of Climate change, 
National Development & Reform Commission of China, 2010). 
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Now, how China is planning to keep its promise attracts global attention. The Chinese government is 
currently aware of the importance and necessity to make a transition, and a concept is being put forwards: 
Low Carbon Development, which means that the country is going to develop in the low carbon economy, a 
new economic development pattern, which is promoting low energy consumption, low carbon emissions and 
a low pollutant growth mode. Its essence is high-energy efficiency and clean energy development (such as 
wind turbine, water hydro, solar panels, nuclear plant) (Zheng, et al., 2011). The assets and drawbacks that 
China has as its disposal to achieve the goal, is its own characteristics of a wide territory, a huge population 
base, insufficiency of energy (use), a uniqueness of national, regional and provincial condition: from the 
economic perspective, the average GDP per capita is $ 6094 far away from the level of the developed 
countries, e.g. Sweden $ 54,879 (International Monetary Fund, 2012), however the GDP per capita in 
Tianjin reaches over $14,750 in 2012 ( National lBureau of Statistics of China, 2012),which is similar to the 
Chili’s level (International Monetary Fund, 2012); from the energy intensity perspective (Btu/GDP) and 
carbon intensity aspect, China consumers 0.1829 ton equivalent oil per $2000 GDP, which is 30% more than 
the average OECD countries level (Organization	   of	   Economic	   Co-‐opertaion	   and	   Development,	   2009), 
and has been one third of US; When it comes to carbon emission, certain provinces can equals to the 
countries level. There is an interesting comparison, according to 2008 emissions, Hebei generates the similar 
amount of carbon emission as Canada, Shandong produces similar as Germany, as Henan to Mexico and 
Shaanxi to Brazil, Guangdong to Saudi Arabia.  

Therefore, under the current urgent condition of environmental degradation and the resource depletion, 
and limitation of finance, science and technology support, low carbon development is the binding way to 
balance economic development and population growth, resource scarcity and environmental capacity, and 
achieve sustainable development in China. So, how to implement the low carbon development policy with 
regard to the regional circumstances is very important and interesting to study.  

 

1.2 Literature review 
There is a lot of literature on constructing China’s carbon emission models and predicting possible trends 
and future amounts in the short-term and for longer periods. There are also studies making policy 
recommendations at the national level. 

Concerning the interconnection between urbanization, energy efficiency and energy conservation and 
reduction issues, many scholars have carried on quite in-depth studies. As mentioned in the “Stern Review” 
(Stern, 2006); if the global investment into reduction fields reaches 1% of annual GDP, it would save an 
annual 5% to 20% of GDP loss in the future. Patrika and Shukla (1995) studied the energy consumption 
problem through collecting panel data from developing countries and came up with some policy suggestions 
about how to avoid an exponential increase in greenhouse gas emissions. Glaeser and Kahm (2010) also 
discovered though investigating 66 big cities in the United States, that as a city grows bigger, the average 
level of carbon emission per capita for additional population would be higher than the original ones, so city 
growth does lead to growth in carbon emissions, Kaya (1989) also proposed the KAYA equation, which 
interlinks carbon emission amount, population, economic development level, energy usage efficiency and 
emission content of energy consumption by means of factorization.  

And not only scholars and experts abroad are interested in the topic of international transformation to low 
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carbon economy. Researchers in China have also conducted quite a few in-depth and feasible studies based 
on the current reality in China. Their literature about China’s urbanization and energy consumption, low 
carbon economy transformation and factors analysis on carbon emissions could be mainly divided into 
firstly urbanization, secondly “low carbon economy”, and thirdly impact analyses – all three described 
below. 

As pushing the process of modernization forward, the urbanization process has been automatically 
moved into the agenda, Li and Tan (2011) expressed that urbanization process in China is similar to other 
developed countries. All of them fit the urbanization development pattern “Northam Curve”, put forward by 
the American geographer Raymond M. Northam, which means the urbanization within a region falls into the 
“S” shape, through the three steps “initial slow stage-middle accelerated stage-final stagnate stage.”; China 
now is in the second stage, and due to natural, geographical conditions, the gaps between national and 
regional policies and economic development still exists. Therefore, urbanization in China also presents 
regional character. Lin and Jiang (2009) also bring up that urbanization has a big impact on energy 
consumption though agriculture, industrial production, transportation and residents daily life, so the energy 
consumption is closely related to the urbanization process.  

There are studies on the concept “low carbon economy” and its transformation, and suggestions are made 
based on the current condition. The “low carbon economy” appears at the first time in the energy white 
paper “Our future energy – creating a low carbon economy” announced by British Primer minister Tony 
Blair (2003). Pan, Zhuang, Zheng, Zhu, and Xie (2010) shows that a low carbon economy should include 
four main factors: GDP income level, low carbon technology, and resource endowment and different levels 
of consumption pattern. The resource endowment is the material foundation for achieving a the low carbon 
economy; technology development would promote the low carbonization of the society from improving the 
energy efficiency, low carbon technology development level, management efficiency, energy composition; 
the economic development level is the backdrop and starting point for a country to low carbon economy 
transformation, which is the reason that it is much easier in developed countries than in developing countries. 
Li (2011) declares that for China, as a developing country, to better implement the low carbon economy 
strategy, it is more important to adjust the current economic structure, since large scale infrastructure 
constructions arise huge demands of the steels, concrete, petrol and electricity as well as consumption, i.e. 
high energy intensity products. Zhuang (2008) holds the idea that the essence of low carbon economy is to 
promote renewable energy and improve the energy efficiency; the core concept is technology innovation and 
institution innovation, which is coincident with the current policy to build the abstemious society and 
implement up-date scientific achievements. 

Researchers use different methods to conduct factors analyses regarding the various impacts on carbon 
emissions. Wang, Wu, & Yang (2010) analyze the driven factors carbon dioxide emission in China based on 
the data 1995 to 2007. Lin (2007, 2009) also forecasts the carbon emission amount with the increase 
consumption of coal in China and forms an environmental Kuznets Curve generated from the national 
carbon dioxide emission data. Zhu & Peng (2010) uses the STIRPAT model, which is a computerized model 
to assess the human impacts on the environment, and applies econometric analysis about impact of 
population, consumption and technology onto the carbon dioxide emission. Guo, Huang, Yang, & Zhang 
(2010) elaborate the low carbon urbanization paths from the three factors city format, running pattern and 
industry distribution.  
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From the literature and studies on China above, we can see a few shortcomings. Firstly, most of the 
studies do not include the urbanization factors, which would generate a huge impact on emissions; and 
secondly, the studies do not take the regional difference into consideration. In China there is a huge 
difference between the West, the Central parts and East China concerning the aspects of economic 
development, environmental conditions and resource endowment. This thesis is motivated based on these 
shortcomings.  

 

1.3 Thesis Outline  
The thesis objective is to come up with feasible policy suggestions for the regional level in China regarding 
the task of carbon reduction. The research questions are:  

• What level of importance do the factors, GDP per capita, energy intensity, carbon content of 
energy, and urbanization rate have regarding their impacts on carbon emission in the provincial 
simulation? 

• What is the possible correlation between the different factors regarding emission impact at the 
provincial level? 

• How should we adapt to regional differences, if there are any, and integrate our findings into 
creating a low carbon future?  

In the section above, I summarized and made a review of existing research on the current carbon emission 
situation in China, and also provided a different aspect for analysis and prediction of the problem; a 
meso-scales approach. My focus is to draw several specific aspects to structure different provincial models 
and to forecast the future. Based on the results, I will propose implications, implementation and 
recommendations for multiple-scale policies in order to better achieve the reduction goal at the national 
level. 

More specifically speaking, this thesis is divided into five parts, as following: The first part is an 
introduction with the research background and objective, a literature review and a discussion on current 
international and national studies. The second part explains the research theory, method and methodology, 
such as the Kaya equation, the extension version with the integration of urbanization rate for this study and 
testament in the national case, the secondary data collection and econometric methodology. I also test the 
possible result on the national level to see its coherence with other study results. In the third part I choose the 
samples, the representative and informative province of each region, and then explore current data and 
construct models. In this process, the CO2 emission is calculated through the primary energy source 
(International Energy Agency, 2012; United States Environmental Protection Agency , 2013), which 
will be shown from the table. Other factors such as urbanization ratio, population, GDP, and energy 
consumption amount, are collected from the annual yearbook of the chosen regions. Then the data is 
analyzed through an econometric method with the help of the software Eviews. Each series is tested first 
through the augmented Dickey–Fuller (ADF) unit test to prove that they are originally non-stationary series, 
however, they are stationary in the same difference level, in this case the second level. It means that they 
meet the prerequisite as a time series. After that, the Vector Auto Regression (VAR) analysis is utilized in 
order to get the best lag value, which later will be helpful for determining the fittest formulation. Lastly, 
Johansen cointegration test is used with the lag value generated before to ensure the coefficient values and 
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intercepts if there are any constants in the formula. Then, with a comparison of the three equations, the main 
factors are listed and discussed. The fourth part is to use the tools to forecast the models based on each 
reduction policy. After drawing the several specific aspects to structure the different provincial conditions, I 
forecast the future reduction based on plans in the provincial level. In order to better analyze these factors, 
three scenarios are created, based on the provincial action plan and target in short-term (2015): the Modest 
Reduction Performance (MRP) simulates the current trends and gets the projected emission amount to 2015 
with the assumption that the province would develop according to its plan’s speed, method and pattern; the 
second one is Base Performance (Base) maintaining the higher economic growth as the priority and the third 
is Best Reduction Performance (BRP), which suggests a lower economy growth rate with more emphasis on 
emission reduction. This generates possible reduction according to the scenarios. Last but not least, in the 
fifth part, with regard to possible reduction results, policy suggestions are provided based on the uniqueness 
of each sample, which are further considered and applied to future regional policy-making. 

 

1.4 Selection of the Case and Scope 

1.4.1. Energy source 
In estimating carbon emissions, energy, including coal, petroleum, and natural gas categorized into fossil 
fuels, solar, wind, hydroelectric, biomass, geothermal powers, and nuclear power, is quite important. Fossil 
fuels still account for most – over 80% – of the world energy supply, which is also the main source of the 
carbon dioxide emissions (International Energy Agency, 2012; United States Environmental Protection 
Agency , 2013). Considering the accuracy and feasibility of the estimation and data availability, I use the 
similar alternatives as most of the other domestic research, such as in Lin (2009), the fossil fuels, including 
coal, petroleum and natural gas here. 
 

1.4.2． Province sample 
China consists of 34 contiguous province-level areas including the Special Zones, Municipality, 
Autonomous Regions, which can be categorized into three regions, East, Center and West China based on 
their geographical location. Among those regions, vast differences appear in the carbon emissions, GDP, 
GDP per capita and carbon parameter. According to the Wang & Zhu study (2008), the East region, made up 
by 10 provinces, taking 14% geographic portion of countries, gives rise to around 54% of national WGEs, 
therefore, it could indicate the uneven distribution of the industry and economic activities in China. In 
addition, the study also demonstrates that the geographically unequal situations across the provinces from 
population distribution, the GDP quantity and total carbon emission amount, Eastern China grows faster than 
the other two parts, however, the West takes the last; when it comes to GDP per capita, both the East and 
Center part have been rise dramatically, but not the West part, even though the carbon intensity is increasing. 
What is worth noting, the provincial emission can be equal to certain European countries level.  

So in order to better represent and analyze each regional situation, in this article, three provinces are 
going to be selected from each region, Shaanxi, Henan, Guangdong, one from each region. Shaanxi is 
located in the western part of China, Guangdong is from the east and coastal city, and Henan lies in the 
central China.  

Due to the improper structure in the West of China, especially in provinces like Shaanxi, which is one 
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of the mail coal production bases in China, coal has been the main energy source at around 90%, and it will 
still be in a long time (Liu & Li, 2006). We can tell from the Carbon Emission intensity indicator in its 
formula that even if improving 1%, it only contributes to a 0.67% reduction of carbon emissions, however, 
the GDP per capita can be as much as 0.951%, we can see for one reason, it is a energy exporting area, the 
huge amount of the total energy production transfers to consume in other places, for example, in 2012, its 
energy industry contributes the most in its provincial finance among the sixteen industries	  (Liu	  &	  Li,	  2006). 
For the other reason, its energy production industry is also a primary industry, without much of the 
additional value and technological innovation, comparing to the other provinces. However, energy intensity 
is one of the main players in the reduction in Shaanxi, due to dominating role of the thermal generator, 
inefficient transportation and store and such, the low energy efficiency usage method or outdated equipment 
in manufacturing industry which is the key one. So in twelfth five-year plan, they plan to replace the out 
dated milling and steeling equipment in order to improve the efficiency. Urbanization leads to increasing of 
the construction projects, which also cause the higher demand and supply for cement, resulting in carbon 
emission outgrowth, for the fewer population basis number in Shaanxi, it is not that sever.  

Henan, like Shandong, Hebei, Jiangsu in Central China, the industry provinces, the second industry 
takes more than 50% of the total economy. Its energy intensity is comparative lower than the other regions, 
the parameter of energy intensity in Hebei is higher than the rest two is due to its carbon emission base 
amount, which is double even triple of certain provinces .It also objects to the higher carbon content of 
energy value for each 1% carbon reduction. Besides, certain joint ventures intentionally averse the home 
country environmental protection pressure, they transfer the pollution here.  

Guangdong, as the sample from the West part, shows an interesting but different character. For its 
better development, its energy structure is not as dependent on the traditional resource as some other 
provinces, and its urbanization rate can also contribute to the reduction, which is coincident with the Kuznets 
curve. Its economy restructure is ahead of most other provinces, with a better development of the third 
industry, the modern service industry. It also promotes the high technological industry by building the 
industry zone and such, which are contributing to the reduction field. Since its main industry is still 
manufacturing, high-energy consumption is still quite indispensable. So improving the energy efficiency can 
be quite productive in terms of reductions.  

1.5 Research innovation 
Up to now, most of the current studies about the carbon emission factors mainly share the following 
characters: 

Firstly, while analyzing the impact of different factors, most of the scholars usually exclude the impact 
of urbanization. However, the rapid urbanization evokes huge demand of materials for the infrastructure and 
construction, such as concrete, steel, which are practically feasible to produce only domestically and quite 
energy, carbon intensive products, therefore, the urbanization brings about significant impact regarding to 
the CO2 emission (Lin & Liu, 2010). And the analysis without taking it into account would lack of the 
practical meaning to the policy makers: 

Secondly, while conducting the scenario analysis, few of the scholars take the provincial uniqueness 
conditions into account, due to the dramatic difference in the economic level, energy composition, 
environment quality between the West, Central and East China, it is necessary to distinguish them and make 
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the separate studies. So with consideration of these two shortcomings, this thesis makes the following 
innovations: 

Firstly, each region shows different characters in its urbanization process. This thesis forms the models 
independently for each provinces based on each economic, environmental, social, technological condition. 
Secondly, this literature’s impact factors are developed based on the KAYA equation, by only adding one 
factor “Urbanization rate”, so this basically keeps the consistency with the original theory. Then through the 
econometric methods, we can construct a more realistic, efficient and feasible model, which reflect more 
empirical impact of each factor on each emission models, in this way, the results could contribute to 
identifying the balance point between the low carbon economy transformation and accelerating urbanization 
construction for the policy makers, therefore be useful to come up with constructive and functional policies.  
 

2. Theoretical and methodological framework 

2.1. Kaya equation theory 
This literature is mostly based on Kaya identity, which is proposed by the Japanese scholar Yoichi Kaya by 
connecting the carbon dioxide emissions with four factors which closely associated with human daily 
activities, therefore, this equation could be used as effective interpretation of the human daily impacts on the 
emissions (Kaya, 1989):  
 

Emissionsi = fossil energyi/total energy x total energy/GDP x emissionsi/fossil energyi x 
GDP/capita x population 

 
in which, different forms of energy (coal, oil and gas) are treated separated as subscript i; Emissions 

represents carbon dioxide emission amount from energy i; fossil energy/total energy stands for the energy i 
proportion in the primary energy consumption; total energy/GDP embodies the energy intensity; 
emissions/fossil energy symbolizes the carbon mission amount per capita energy i.  
Therefore, in this study, we integrate another factor “Urbanization rate” into this equation in order to keep 
the equation consistency as well as adapt to the research aim.  

Regarding to the accuracy and feasibility of estimation, the carbon emission is calculated by adding 
together three main energy resource, coal, oil and natural gas: 

 

Ci=∑aibiEi 

 

Where Ci represented the CO2 Emission from Energy type i, ai means the transformation rate in this 
type of energy source, bi is its CO2 Emission parameter. Ei stands for the consumption amount of Energy 
type i, which can also be calculated, though multiply with its proportion with the total amount of primary 
energy consumption. (Wu, 2012) 
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2.2. Extended Kaya equation based on the modification of urbanization 

rate 
In recent decades, as China has been developing dramatically through the industrialization and urbanization, 
it currently has stepped into the accelerating stage defined in “Northam Curve” (Wang & Wu, 2009) based 
on its urbanization rate, which is shown in the urban and rural population statistic below (Table 1, Figure 1). 
From 1978 to 2010, the urbanization ratio in China has increased from 17.9% to 51.3%, and the rate 
accelerated especially after the turn of the millennium. The annual growth rate increased 1% per year, from 
36.2% in 2000 to 51.3% in 2011. This fast growth naturally brings an explosion in energy consumption and 
leads to extensive carbon emissions, which would be against the “Strategy of the Low Carbon development 
in China during the Twelfth Five Year Plan” (China Daily, 2012) recently put forward by the national 
government and long time sustainable development in China. In 2009, Former Chinese President Hu made 
the pledge that China is going to reduce the carbon intensity, carbon emission per capita GDP, by 40-45% 
until 2020, i.e. to the 2005 level (People, 2009). So with respect to sustainability during the current fast  
urbanization stage, and based on the China’s unique conditions for its imbalance in development of regional 
economy and inequality of the resource endowment, exploring the impact factors for carbon emissions in 
order to achieve the reduction target is impotent. What is more, how to balance the economic growth rate 
with the demand of transformation to the low carbon development pattern is extremely important, and could 
even be called a milestone in China’s development history.  
 

Tab.1. China's Urbanization rate from 1978-2011	  

 
 

   
There are quite a variety of calculations and forecasting models about how to identify and analyze what 

influences carbon emissions, such as the EKC Kuznets curve studying the relationship between GDP and 
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carbon emissions. In this thesis, I conduct my research by utilizing the classic IPAT identity	   (Chertow,	  
2011) as the starting point: 
  

I=P*A*T 
 

Where	  T	  stands	  for	  the	  technology	  index,	  A	  represents	  the	  social	  affluence,	  P	  is	  the	  population	  
number	  and	  I	  means	  Impact,	  the	  environmental	  impact,	  usually	  quantitatively	  measured	  by	  the	  
pollutant	  emission	  amount.	  
	  

Then I use this identity in the carbon emission field as defined in the Kaya equation, which is put 
forward by the Japanese scholar Yoichi Kaya	   (1989). In this formula, the emissions are factorised as four 
variables, including carbon content of energy, energy intensity, GDP per capita, and population as described 
before:  

 
Emissionsi = fossil energyi/total energy x total energy/GDP x emissionsi/fossil energyi x 

GDP/capita x population 
 
With the intention of studying the carbon emission impact from the factor of urbanization rate, I make a little 
adjustment of the Kaya equation by introducing the urbanization rate (urban population/population) into it, 
shown as below: 
 

Emissionsi = fossil energyi/total energy x total energy/GDP x emissionsi/fossil energyi x 
GDP/capita x population x urban population/population 

 
As for the current character of the economy in China, my study aims to analyze the short-term 

equilibrium relations between the variables social and economic factors and carbon emission amounts in 
order to construct the formula between carbon dioxide emission, urbanization, energy intensity, carbon 
content of energy, GDP per capita and carbon emissions, and to forecast the emissions future based on their 
long-term equilibrium relations: 
  

C= (𝐶𝑖  𝑡, 𝐼𝑡,𝐺𝐷𝑃𝑝  𝑡,𝑈𝑡) 
 

Where	  Ci	  here	  represents	  the	  carbon	  content	  of	  energy,	  carbon	  emission	  per	  unit	  energy	  
consumption,	  resting	  on	  the	  energy	  structure,	  as	  in	  China,	  the	  fossil	  fuel,	  especially	  coal,	  still	  takes	  
the	  key	  part	  in	  the	  energy	  source,	  which	  causes	  the	  high	  carbon	  emission;	  I	  means	  the	  energy	  
intensity,	  energy	  consumption	  per	  capita	  GDP,	  displaying	  the	  energy	  efficiency,	  due	  to	  the	  current	  
industrialization	  (heavy	  industry)	  stage	  in	  China,	  the	  energy	  intensity	  would	  still	  be	  possible	  to	  
increase	  without	  the	  effort	  putting	  on	  the	  efficiency	  improvement;	  GDP	  per	  capita	  symbolizes	  the	  
average	  GDP	  in	  the	  population,	  per	  person	  GDP,	  suggesting	  that	  economic	  level,	  since	  China	  is	  going	  
through	  the	  rapid	  industrialization	  and	  urbanization	  stage,	  it	  will	  reflect	  the	  emission	  level	  in	  some	  
way;	  U	  stands	  for	  the	  urbanization	  rate	  or	  ratio,	  indicating	  the	  population	  structure	  and	  economic	  
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development	  level,	  typically	  measured	  by	  urban	  population	  percentage	  in	  the	  regional	  permanent	  
population,	  especially	  in	  China,	  with	  the	  fast	  urbanization,	  the	  building	  and	  infrastructure	  
construction	  would	  arise	  the	  huge	  demand	  for	  the	  energy	  consumption,	  which	  would	  definitely	  show	  
its	  negative	  impact	  on	  carbon	  emission	  reduction.	  

 
To summarize here, this study is going to the second extended equation since it not only includes the 
traditional factors, such as carbon content of energy, energy intensity, GDP per capita, but also combines the 
urbanization rate, which is a main contributor in the China’s current process. 

 

2.3. Methods 
This thesis includes the following research methods, combining the quantitative and qualitative ones, with 
theoretical interpretations and real cases data paralyzing each other. It is also based on a large literature 
study and the results summarized from them. Also, the urbanization ratio is added into the traditional Kaya 
equation, in order to better study the carbon emission factors under the current Chinese condition. With the 
help of econometric methodology, the quantified impact level on carbon dioxide emission from different are 
generated. In addition, this study uses the inductive-deductive approach to come up the suggestions for the 
policy makers. 

More specifically speaking, I use the software Eviews to evaluate the different variables of the sample 
provinces, and then to formulate them into an equation to quantify their impacts on the emission in this study, 
which provides me the supportive statistic to explain their meaning in the provincial region and then extend 
these connections with the regional policy making in the future. Among the 34 provinces, only 3 have been 
chosen to conduct the in-depth study here. And these three samples are quite reprehensive to their own 
regional characters, including the natural resource, economy structure, energy composition, and population 
distribution. Then their results about the carbon emission impact factors are inductive to the regional policies 
plans. 
 

2.4. Test of the assumption equation 
I will now test the model’s accuracy by utilizing it in the national scenario through analyzing the anneal 
carbon content of energy (per unit energy carbon emission), urbanization rate, GDP per capita, energy 
intensity (energy consumption per GDP), with the real calculated carbon emissions from annual energy 
consumption, and then comparing the result to other studies to see its consistency.  

The data is acquired through China’s national statistical yearbook for the period 1978 to 2010 in each 
corresponding year. The data is directly used in the calculation of carbon emissions, including GDP, 
population, urban population, total fossil fuel consumption amount and each source’s specific portion. 
 

Tab. 2. China’s Economic activities, Energy consumption and Population 1978-2010 

(Unit: GDP: 100mill yuan; Energy consumption: 10.000 ton of SCE; Energy intensity: ton of SCE; Population: 10.000) 

Year GDP   Pop Energy  
Crude 

Oil  
％ Coal  ％ 

Natural 

Gas  
％ Other ％ 

Urban 

pop 
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1978  3645  96259  57144  12972  23  40401  71  1829  3  1943  3  17245  

1979  4063  97542  58588  12743  22  41779  71  1933  3  2109  4  8451  

1980  4546  98705  60275  12688  21  43561  72  1893  3  2411  4  8941  

1981  4892  100072  59447  11842  20  43230  73  1694  3  2669  4  14401  

1982  5323  101654  62067  11526  19  45880  74  1589  3  3010  5  21480  

1983  5963  103008  66040  12257  19  48678  74  1631  2  3474  5  24207  

1984  7208  104357  70904  12522  18  53263  75  1702  2  3460  5  33290  

1985  9016  105851  76682  13113  17  58125  76  1687  2  3757  5  25094  

1986  10275  107507  80850  13906  17  61284  76  1860  2  3800  5  26048  

1987  12059  109300  86632  14727  17  66014  76  1819  2  4072  5  27037  

1988  15043  111026  92997  15809  17  70864  76  1953  2  4371  5  28065  

1989  16992  112704  96934  16576  17  72701  75  1939  2  4750  5  29540  

1990  18668  114333  98793  16400  17  75280  76  2075  2  5038  5  30191  

1991  21732  115823  103783  17747  17  78979  76  2076  2  4982  5  31127  

1992  26924  117171  109170  19105  18  82642  76  2074  2  5349  5  32092  

1993  35334  118517  115993  23547  20  87923  76  2436  2  5568  5  33087  

1994  48198  119850  122737  22215  18  95735  78  2455  2  6014  5  34112  

1995  60794  121121  131176  22956  18  97857  75  2361  2  8002  6  35170  

1996  71177  122389  135192  25281  19  99366  74  2433  2  8112  6  37069  

1997  78973  123626  135909  27725  20  97039  71  2446  2  8698  6  39449  

1998  84402  124761  136184  28326  21  96554  71  2451  2  8852  7  41579  

1999  89677  125786  140569  30222  22  99242  71  2811  2  8294  6  43825  

2000  99215  126743  145531  32308  22  100707  69  3202  2  9314  6  45844  

2001  109655  127627  150406  32789  22  102727  68  3610  2  11280  8  47822  

2002  120333  128453  159431  35553  22  108413  68  3826  2  11638  7  47822  

2003  135823  129227  183792  38964  21  128287  70  4595  3  11946  7  52376  

2004  159878  129988  213456  45466  21  148352  70  5336  3  14302  7  54283  

2005  183217  130756  235997  46727  20  167086  71  6136  3  16048  7  56212  

2006  211924  131448  258676  49924  19  183919  71  7502  3  17331  7  57706  

2007 257306  132129  280508  52736  19  199441  71  9257  3  19075  7  59326  

2008 300679  132802  291448  53335  18  204888  70  10784  4  22441  8  60664  

2009 340507  133450  306657  54892  18  212207  69  11960  4  23919  8  62188  

2010 401513  134091  324939  61738  19  220959  68  14297  4  27945  9  66978  

 
Here is the hypothetical formula about the carbon emission and the elements, GDP per capita, 

Urbanization, Energy intensity, Carbon content of energy: 
 

𝑙𝑛𝐶𝑂2  ＝�1 ln𝐶 +�2𝑙𝑛𝐼 +�3𝑙𝑛𝑃𝐺𝐷𝑃＋�4𝑙𝑛𝑈 + 𝐶� 
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I am going to use the Econometric method to construct the model via the co-integration methodology. 
Time-series is one of the most common data processing ideas in the econometric model exploring. It can be 
tested through conducting the ADF unit root test to show their stationary condition under the same 
difference level. In this case, all the variables have been proved that they show the integration in the second 
difference, demonstrating that they fit in the time series characteristic. Then I run the multi-variables 
Johnson cointegration test, showing that they exist three co-integration relations and based on generated 
coefficients, I picked up one normalized result and form the equation (the estimated value of standard 
difference for the parameter): 

 

𝑙𝑛𝐶𝑂2  ＝1.63 ln𝐶 + 0.85𝑙𝑛𝐼 + 0.96𝑙𝑛𝑃𝐺𝐷𝑃＋0.29𝑙𝑛𝑈+17.20  

                  (0.233)     (0.059)     (0.048)    (0.039)   (0.050)   
 
 The result shows that, the CO2 emission, Carbon content of energy, Energy intensity, Per capita GDP 
and Urbanization share a long-term equilibrium relation based on the national data from Year 1978 to 2010 
above the 10% of significant level. It can be induced from the parameters that with seperately1% increase of 
C, I, GDP per capita and U, the carbon emission amount will expand 1.63%, 0.85%, 0.96% and 0.029%. So 
the influence ranking for the factors from the strongest to the least strong is Carbon content of energy, GDP 
per capita, Energy Intensity and Urbanization rate, which is generally coincident with the result in Lin and 
Liu’s study	  (2010)	  about the factors.  
 

3. Scenario analysis for the impacts of carbon emission factors 

3.1. Data and model 
3.1.1. Data source 
Our data is collected in the corresponding national and provincial entities for the period Year 1978-2010, in 
the aspects of the population, urbanization rate, energy consumption and its composition, from China 
National and Provincial Statistical Yearbooks of the correlating years unless it is further noted. For each 
province, I collect one observation each year in the study period (1978-2010), even though certain data may 
only be available from 1980, even 1985, such as the natural gas consumption in Guangdong Province.   

The carbon dioxide emission amount, in this literature, has been acquired by combining different types 
of energy sources emissions from annually provincial panel data during the period time (1978-2010). 
According to the China Energy Statistical Yearbook, the energy resource is made up of coal, crude oil, gas 
and electricity. When it comes to the carbon emission, coal, crude oil and gas are the three primary sources 
to be concern about. Usually the researchers calculate the CO2 emission by adding them up after converting 
coal, oil and natural gas to equivalent weight unit of coal then multiplying with the each emission rate. So is 
in this literature. What is more, since the data here is already converted to the ton of standard coal equivalent 
and as the emission rate is 0.7559 ton carbon emission in per ton coal, 0.5857 ton carbon emission per ton 
crude oil and 0.4483 ton carbon emission per ton natural gas defined by IPCC Guidelines for National 

Greenhouse Gas Inventory	   (Intergovernmental Panel on Climate Change, 2006), I simply multiply each of 
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them with its emission rate, then sum up. However, in order to get the carbon dioxide amount here, I then 
divide the carbon emission value, which we get before, by 14 and multiply with 44. What is worth 
mentioning here, the factor Population is found as the number of people by the year-end shown in the 
corresponding provincial yearbook, and the data about nominal GDP here has been adjusted according to 
each deflators comparing with the base level in Year 1987 level.  

 
3.1.2. Model formulation 
Our analysis is based on the formula explained above, with looking for the relation between the carbon 
dioxide emission amount and the variables of carbon content of energy, energy intensity, per capita GDP as 
well as urbanization rate: 

 

𝑙𝑛𝐶𝑂2  ＝𝛼1 ln𝐶 +𝛼2𝑙𝑛𝐼 +𝛼3𝑙𝑛𝑃𝐺𝐷𝑃＋𝛼4𝑙𝑛𝑈＋𝛽 
 

Then I will conduct the ADF test and Johnson co-integration test, then pick up the generated parameter 
to form the normalized co-integration equation.  

 

3.2 Case studies 
Based on the discussion above in Chapter 1.5, the three provinces we chose to study are Shaanxi, Henan and 
Guangdong. 

 
3.2.1. Shaanxi 
Table 3 listed the data of Shaanxi Province regarding the estimation and calculation factors: GDP, 
Population, Urban Population, Energy Consumption Composition. 

 
Tab. 3. Shaanxi Province Annual GDP and energy consumption during the period of 1978-2010  

(GDP: 100million yuan; Energy: 10000 ton SIE; Energy intensity: ton SIC) 

Year GDP Pop Urban Pop Energy Com Oil % Coal % Gas % 

1978  81  2779  454  1165  138  12  974  84  

  1979  95  2807  469  1191  129  11  1010  85  

  1980  95  2831  522  1221  128  11  1036  85      

1981  102  2865  535  1247  125  10  1053  85  

  1982  112  2904  548  1333  149  11  1093  82  

  1983  123  2931  577  1508  137  9  1273  84  

  1984  149  2966  1111  1635  155  10  1396  85  

  1985  181  3002  1167  1776  151  9  1572  89      

1986  208  3042  1203  1847  157  9  1658  90  

  1987  245  3088  1244  1962  171  9  1783  91  

  1988  314  3140  1405  2076  183  9  1836  88  

  1989  358  3198  1438  2162  184  9  1862  86  
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1990 404  3316  1501  2239  204  9  1914  86      

1991  468  3363  1539  2359  205  9  1995  85  5  0  

1992  532  3405  1576  2441  234  10  2058  84  5  0  

1993  678  3443  1654  2583  253  10  2248  87  5  0  

1994  839  3481  1668  2715  285  11  2341  86  3  0  

1995  1037  3513  1738  3052  351  12  2640  87  3  0  

1996  1216  3543  1939  3001  360  12  2596  87  6  0  

1997  1364  3570  2279  3069  393  13  2648  86  3  0  

1998  1458  3596  2547  2925  430  15  2527  86  9  0  

1999  1593  3618  2593  2584  408  16  2248  87  21  1  

2000  1804  3644  1176  2617  610  23  1866  71  42  2  

2001  2011  3653  1228  3034  707  23  2625  87  94  3  

2002  2253  3662  1268  3448  838  24  2976  86  148  4  

2003  2588  3672  1305  3919  972  25  3308  84  192  5  

2004  3176  3681  1338  4693  1075  23  3843  82  267  6  

2005  3934  3690  1374  5424  820  15  4356  78  228  4  

2006  4744  3699  1447  6069  933  16  4674  76  388  6  

2007 5757  3708  1506  6775  1057  16  5223  73  546  8  

2008 7315  3718  1565  7219  1270  18  5523  71  687  10  

2009 8170  3727  1621  8044  1408  18  5719  71  660  8  

2010 10123  3735  1707  8882  1563  18  6715  76  764  9  

	  
	   Then from a set of benchmark and with the help of E-views software, the coefficient parameters have 
been generated through the multi-variables Johnson co-integration test after been checked by ADF unit root 
test to prove that they meet the time series prerequisite. Then through VAR test the fittest lagged value has 
been acquired. So the justified model has been produced and display as below (the estimated value of 
standard difference for the parameter): 
 

                                                  𝑙𝑛𝐶𝑂2𝑠𝑥  ＝0.651 ln𝐶 + 0.780𝑙𝑛𝐼 + 0.901𝑙𝑛𝑃𝐺𝐷𝑃＋0.174𝑙𝑛𝑈+14.76 

                  （0.124）  （0.045）  （0.032）    （0.022）    (0.001) 
 

The equation suggests that, the CO2 emission, Carbon content of energy, Energy intensity, Per capita 
GDP and Urbanization ratio share a long-term equilibrium relation with the above 10% of significant level 
for Shaanxi provincial condition in the period of 1978 to 2010. It can be induced from the parameters that 
with separately 1% increase of Carbon content of energy(C), Energy Intensity (EI), per capita GDP (PGDP) 
and Urbanization rate (U), the carbon dioxide emission amount will expand 0.651%, 0.780%, 0.901% and 
0.174%. So the factor GDP per capita is still the most influencing one, followed by Energy intensity and 
Urbanization rate is the least one in Shaanxi Province after the Carbon content of energy.   
 
3.2.2. Henan 
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Table 4 shows the data of Henan Province under the factors, GDP, Population, Urban population and Energy 
structure and Energy Consumption from the Yearbook. 
 

Tab. 4. Henan Province Annual GDP and energy consumption during the period of 1978-2010 

 (GDP: 100million yuan; Energy: 10000 ton SIE; Energy intensity: ton SIC) 

Year GDP Pop 
 Urban 

Pop   

Consumption 

of Energy  

Crude 

Oil 
% Coal % Gas % 

1978  163  7057  963  3353  228  7  3095  92  

  1979  190  7189  994  3228  223  7  2973  92  

  1980  229  7285  1021  3389  237  7  3104  92  6  0  

1981  250  7397  1050  3612  249  7  3298  91  20  1  

1982  263  7519  1084  3560  231  7  3243  91  33  1  

1983  328  7632  1111  4035  262  7  3668  91  39  1  

1984  370  7737  1137  4474  291  7  4071  91  48  1  

1985  452  7847  1164  4618  323  7  4152  90  81  2  

1986  503  7985  1196  4709  396  8  4158  88  102  2  

1987  610  8148  1232  5006  421  8  4425  88  104  2  

1988  749  8317  1269  5292  466  9  4641  88  125  3  

1989  851  8491  1308  5112  445  9  4483  88  122  2  

1990  935  8649  1342  5206  437  8  4571  88  133  3  

1991  1046  8763  1389  5363  456  9  4736  88  115  2  

1992  1280  8861  1434  5583  469  8  4935  88  123  2  

1993  1660  8946  1477  5862  516  9  5170  88  112  2  

1994  2217  9027  1520  6225  560  9  5459  88  129  2  

1995  2988  9100  1564  6473  621  10  5670  88  112  2  

1996  3635  9172  1687  6654  652  10  5822  88  110  2  

1997  4041  9243  1811  6711  644  10  5892  88  113  2  

1998  4308  9315  1937  7244  710  10  6346  88  107  2  

1999  4518  9387  2064  7380  723  10  6458  88  123  2  

2000  5053  9488  2201  7919  760  10  6937  88  125  2  

2001  5533  9555  2334  8367  795  10  7279  87  150  2  

2002  6035  9613  2480  9005  837  9  7798  87  167  2  

2003  6868  9667  3630  10595  996  9  9186  87  171  2  

2004  8554  9717  2809  13074  1203  9  11322  87  212  2  

2005  10587  9380  2880  14624  1287  9  12738  87  288  2  

2006  12496  9820  3192  16235  1299  8  14238  88  366  3  

2007 15012  9869  3389  17841  1409  8  15700  88  406  3  

2008 18408  9918  3570  18784  1484  8  16511  88  482  3  

2009 19480  9487  3577  19751  1679  9  17282  88  545  3  

2010 22700  9405  3461  21438  1929  9  18072  84  593  3  
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Then from a set of benchmark and with the help of Eviews software, the coefficients have been 
generated through the multi-variables Johnson co-integration test after been checked by ADF unit root test to 
prove they are in time series and the lagged value has been generated through the VAR test.   

The justified formula has been produced and display as below (the estimated value of standard 
difference for the parameter): 

 

𝑙𝑛𝐶𝑂2ℎ𝑛  ＝4.48 ln𝐶 + 0.42𝑙𝑛𝐼 + 0.47𝑙𝑛𝑃𝐺𝐷𝑃＋0.88𝑙𝑛𝑈  + 11.17 

              （2.202）  （0.0553）  （0.0504）  （0.0684）  (0.019)   
 

Given the Henan province data in the time range of 1978 to 2010, the formula generated demonstrates 
that, the CO2 emission, Carbon content of energy, Energy intensity, Per capita GDP and Urbanization fit a 
long-term equilibrium relation above the 5 % of significant level. As it is shown that, with solely increase 1% 
of C, EI, PGDP and U, the carbon dioxide emission amount will grow 4.48%, 0.42%, 0.47% and 0.88%. So 
in Henan province case, Carbon content of energy takes the first place, Urbanizations contributes as the 
second one, Energy intensity still taking the place as the third factor and however, Energy Intensity factor 
has the least effects on the emission.  
 

3.2.3. Guangdong 
Table5 contains the data of Guangdong Province regarding to the GDP, Population, Energy structure and 
Energy Consumption factors. 

 
Tab. 5. Guangdong Province Annual GDP and energy consumption during the period of 1978-2010  

(GDP: 100million Yuan; Energy: 10000 ton SCE; Energy intensity: ton SCE)	  

Year GDP Pop 
Urban 

pop 

Consumption 

of Energy   

Crude 

Oil 
% Coal % Gas % 

1978  186  5064  4241  

       1979  209  5140  4272  

       1980  250  5228  4318                

1981  290  5324  4381  

       1982  340  5415  4444  

       1983  369  5494  4493  

       1984  459  5577  4479  

       1985  577  5656  4458  2318  1024  44  2354  44      

1986  668  5740  4480  2512  1148  46  2164  45  

  1987  847  5832  4522  2943  1210  41  2205  50  

  1988  1155  5928  4562  3336  1208  36  2330  56  

  1989  1381  6025  4602  3519  1278  36  2344  56  

  1990  1559  6246  4769  3937  1394  35  2099  57      

1991  1893  6349  4808  4162  1457  35  2070  59  

  1992  2448  6463  4822  4554  1598  35  1887  57  
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1993  3469  6582  4774  4984  1640  33  2014  58  

  1994  4619  6691  4727  5694  1554  27  1827  56  

  1995  5933  6789  4753  6148  1752  29  1833  56  12  0  

1996  6835  6897  4789  6384  1839  29  1669  56  13  0  

1997  7775  7014  4840  6586  1982  30  3879  54  26  0  

1998  8531  7116  4897  6570  1964  30  1480  54  26  0  

1999  9251  7299  5022  6847  2246  33  1336  54  21  0  

2000  10741  7499  5100  7983  2794  35  4167  52  16  0  

2001  12039  7565  5174  8170  2778  34  4289  53  0  0  

2002  13502  7649  4882  9037  2801  31  4690  52  0  0  

2003  15845  7723  4003  10462  2992  29  5597  54  21  0  

2004  18865  7805  3798  12013  3412  28  6175  51  24  0  

2005  22557  7900  4082  12087  3155  26  6382  53  36  0  

2006  26588  8049  4149  15281  4004  26  7702  50  199  1  

2007 31777  8156  4243  17344  4197  24  9019  52  307  3  

2008 36797  8267  4298  17679  4349  25  8981  51  425  4  

2009 39483  8366  4358  19666  5290  27  8928  45  795  5  

2010 46013  10441  4444  21881  6367  29  10525  48  810  6  

 	  
	   After conducting the ADF unit root test, VAR test and Johansen integration test as before, the 
improved model has been generated as below (the estimated value of standard difference for the parameter): 

 
𝑙𝑛𝐶𝑂2𝑔𝑑  ＝2.05 ln𝐶 + 0.67𝑙𝑛𝐼 + 1.06𝑃𝐺𝐷𝑃 + 0.18𝑙𝑛𝑈 + 10.30 

                  （0.108） （0.098）  （0.092） （0.253）  (0.001)  
  

Given the Guangdong province data in the time range from 1978 to 2010, the CO2 emission, Carbon 
content of energy, Energy intensity, Per capita GDP and Urbanization also have a long-term equilibrium 
relation above the 10 % of significant level. As we can tell that with separately 1% increase of C, EI, PGDP, 
U, the carbon emission amount will rise 2.05%, 0.67%, 1.06% and 0.18%. Therefore, Carbon content of 
energy is the most important factor, is followed by GDP per capita. Urbanization rate is the fourth influential 
factor after the Energy intensity.  

 

3.3. Discussion 
The results in this study are basically constant with some other research results. Many studies affirm that 
economic development (or GDP per capita growth) is the main factor in carbon dioxide emissions, but the 
factors, Energy intensity and Carbon content of energy, have obvious impacts as well. Besides this, the 
urbanization rate introduced into this study also shows its clear impact.  
    In general, these equations show that the economic growth rate has a very significant impact on the 
carbon dioxide emission. Carbon dioxide emission is also serious affected by the fast urbanization process 
these years though the massive scale of infrastructure constructions, dramatic change in lifestyle, the 
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increasing number of private vehicles, etc, even though the international transferred emission should not be 
neglected in the industry field as well. However, China is expecting to step into the middle-income countries 
in 2020, maintaining the stable and fast economic growth rate, and continuing the urbanization movement 
are the priority tasks for the national government, as well as in the provincial level. But different factors can 
affect each region to various degrees; so better understanding the influential factors to one specific region 
can be really helpful to make its goal and achieve its reduction target.  

In case of Shaanxi province, as an example of West China, the primary energy resource takes up the 
dominant place in its structure, the primary industry plays the most important part in its GDP with low 
energy efficiency, and its economic growth heavily depends on the natural resource trading and huge 
consumption, which is represented in the high value of GDP per capita and Energy Intensity parameter. So 
based on this situation, with consideration of its geographic, economic constraints as well as lack of enough 
research supports, the first and foremost reason for the huge emission would be the extremely low energy 
efficiency and huge waste in the energy production, mainly caused by the outdated production methods, 
equipment, technologies and such. 

When it comes to Henan Province, as the representative of Central China, the crucial place of the 
primary energy source taken, the significant place in which both primary and secondary industry played, lots 
of construction and reconstruction brought by the rapid urbanization and the huge population increase from 
enormous base, leads to the high demand of the concrete consumption, then automatically attracts the 
concrete production and indirectly impacts the emission, which explains why the carbon content of energy is 
quite high with the urban ratio coefficient number there (Li & Tan, 2011). So with its limited average natural 
endowment and rick human resource, people mostly work in the energy intensive industries, which worse 
the situation. So how to conduct the economy transformation with better arrangement of local labor forces, 
such as converting to the tertiary industry, with better, more orderly and sustainable urban planning is very a 
key issue to solve in creating a low carbon future.  

For Guangdong province, which stands for East China, the carbon content of energy and GDP per 
capita are two main factors. However, due to its comparative low overall carbon emission, it is not as bad as 
the former two cases. What is more, with its high financial capacity and advanced technology support, it has 
initiated the renewable energy movement and furthered the tertiary industry development, which turns out to 
be the perfect way to kill two birds, achieving economic development and minimizing environmental impact, 
with one stone. But it still has a lot of room to develop here in this field matching with some developed and 
advanced countries, such as Sweden. It is still in the beginning stage, so continuing the further economy 
reconstruction and reforming the energy structure are important in the Guangdong case.  

 

4. Scenario analysis of each sample province 
In this chapter, I shape three models, each in three different scenarios, to see the forecasting results, from the 
extended equations above. I then formulate the forecasting of provincial emission by combining the 
trajectories with the variety of current conditions and governmental future action plans under different 
geographical and natural situations, income level, population base, and energy structure and consumption 
scenarios. Even though other studies address the prediction to the year 2030 or 2050, this literature restrains 
its study horizon to the year 2015. In consideration to form the forecasts to the provincial models, three 
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issues draw forth. First of all, how to make the reasonable assumptions for the different variables in the time 
range of each province in different scenarios is worth noting. The predictors, such as GDP, population, 
energy consumption, are unascertained. The second concern is how to the fixed index for the carbon 
intensity of the source to calculate the emission, which can be probably largely improved in the time paths. 
The last but not least one is how to set the scenarios based on the uniqueness of the provincial condition 
among Shaanxi, Henan and Guangdong, represented for the eastern, central and western China. With respect 
to the problems mentioned above, I come up with our assumption under the methods described below: in 
each provincial scenario, the population is projected through the growth rate from 2000 on and 2015 
forecasting by using the 2000 Census population data as a starting point; when it comes to GDP, we take the 
growth rate clearly mentioned in the Twelfth Five Year Action Plan as Modest Reduction Performance 
(MRP) scenario; the traditional development with more focus on the economic growth with matching the 
energy use is Base Performance scenario(BP); promoting a low carbon economy with correspondingly 
relative lower population growth rates and more reduction energy consumption efforts comparing to the 
Twelfth Five Year Plan is regarded as Best Reduction Performance(BRP). 

 

4.1. Scenario analysis 
4.1.1 Shaanxi  
In November 2009, National Committee of the State Council announced that the carbon intensity (carbon 
mission per capita GDP) in 2020 is going to reduce by the 40%-45% of the 2005 level, as a very serious 
government commitment included in the national twelfth five year plan (People, 2009). According to the 
Shaanxi Province Action Plan for Controlling Greenhouse Gas Emissions in the Twelfth Five-Year Plan 
published on January 13, 2011, it clearly declares the target to reduce the carbon intensity (carbon emission 
per capita GDP) in 2050 by 17% of the 2010 level (Shaanxi Provincial Development and Reform 
Commission, 2011).  

Concerning the prediction of the carbon emission in 2015, I use the model generated relying on the 
province historical data before for the Shaanxi province: 

 

𝑙𝑛𝐶𝑂2𝑠𝑥  ＝0.65 ln𝐶 + 0.78𝑙𝑛𝐼 + 0.90𝑙𝑛𝑃𝐺𝐷𝑃＋0.17𝑙𝑛𝑈+14.76 

 
 With respect to the GDP, Energy consumption and structure, the specific variables are set as below: 

PGDP: There is no immediate target number about the GDP per capita in 2015, neither the population 
prediction in the Shaanxi Twelfth Five Year Action Plan; it only mentions the GDP target as 2000 billion 
yuan in 2015, from 1002.153 billion yuan in 2010 and the population would be controlled under 3.900 
million in 2015 from 3.765 million in 2010. So based on this information, I estimate that the mean 
population yearly growth rate is 0.868% from 2011 to 2015, which is a little higher than the national level as 
in 0.64% (National Population Development Strategy Research, 2007), therefore, I acquire the GDP per 
capita growth to 51282 yuan/p from 26831 yuan/p, with 13.8% increase annually as MRP scenario. In BRP 
and BP scenarios, the GDP per capita growth rate would be adjusted between ±1%, as 12.8% and 14.8%.  

Energy Intensity: The Jiangxi Twelfth Five Year Plan clearly defines to reduce it by 16% of the 2005 
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level. So that we know the annual reduction rate is 3.43% as the modest one, which is a little lower than the 
prediction 5% in Lin and Liu (2010). We assume that energy intensity would flow ±0.3%, so in the BP 
scenario, energy intensity reduction rate is set as 3.13%; in the BRP, it is arranged as 3.73%.  

Carbon content of energy: This index does not include into the both national and provincial plan, so we 
generate our forecasting number through the ARIMA model proposed by Box and Jenkins (1970)，this 
simulation method does not count on the economic theories, however, it produces the data from the 
variable’s own character with the time series analysis, which has proved high accuracy in short-term 
prediction. So my prediction is 2.05 in carbon content of energy in 2015, from 2.16 in 2010. So we can get 
the annual energy intensity growth rate is -1.05% used in modest scenario, which is higher than national 
estimation rate -0.8% (Lin & Liu, 2010), concerning with ±0.2% of adjustment as -1.25% in the best 
performance one and -0.85% in the basic scenario. 

Urbanization Rate: The Urbanization target has been explicitly pointed out as 57% in 2015. Regarding 
to 46.5% in 2010, the annual urbanization growth rate is expected to be 4.15%, which is higher than then 
average speed 2.3% nationally. Regarding to ±0.4% range, the BRP scenario would be set as 3.75% 
urbanization growth rate annual and BP scenario would be given as 4.55%. 

In accordance to the parameters explained above, there is the table for carbon emission prediction in 
2015 below (Table 6):  

 
Tab. 6. CO2 Emission Forecasting in Jiangxi Province 

Scenario The annual growth rate in each factors CO2 Emission 

in 2015 

Carbon Intensity 

reduction %* PGDP Energy Intensity C-E-Intensity Urbanization 

BP 14.8% -3.13% -0.85% 4.55% 32888.6 14.0% 

MRP 13.8% -3.43% -1.05% 4.15% 30928.7 15.5% 

BRP 12.8% -3.73% -1.25% 3.75% 29073.6 17.0% 

 
Seen the table above, based on the estimated growth rate during the Twelfth Five Year Plan, the carbon 

dioxide emission would be 309 million metric ton in 2015, which could not meet the national target to 
reduce the 2015 emission by the 17% level of 2010, with 1.5% gap. If the economy is developing in an even 
faster speed, the difference between the target and reality would be even wider, which could reach 3% with 
328 million metric ton of carbon dioxide emission. However, if there is a possibility to slow down the 
growth rate more or less, which is presented here as 3.75% annual increase urbanization rate and 12.8% 
GDP per capita annual growth rate, it would help to smoothly meet the national reduction target 17% for the 
Jiangxi Province.   

 
4.1.2. Henan 
Based on the Henan Province Action Plan for Controlling Greenhouse Gas Emissions for the Twelfth 
Five-Year Plan Released on April 11, 2011, it clearly states that the target to reduce the 2050 carbon 
intensity (carbon emission per capita GDP). (Henan Provincial Development and Reform Commission, 2011) 
Concerning the prediction of the carbon emission in 2015, I use the model formed from modified Kaya 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
*	  Carbon	  Intensity	  reduction	  is	  comparing	  with	  each	  2005	  level	  
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identity and coefficients relying on the province historical data before for the Henan province and list below: 

 

𝑙𝑛𝐶𝑂2ℎ𝑛  ＝4.48 ln𝐶 + 0.42𝑙𝑛𝐼 + 0.47𝑙𝑛𝑃𝐺𝐷𝑃＋0.88𝑙𝑛𝑈 + 11.17 

 

 With respect to the GDP, Energy consumption and structure, we take the growth rate clearly mentioned 
in the Twelfth Five Year Action Plan as the BP scenario. The population is projected through the growth rate 
from 2000 on and 2015 forecasting by using the 2000 Census population data as a starting point. There are 
three scenarios basic scenario, modest performance, best performance, with the specific variables set below: 

PGDP: There is direct target growth rate 9% during the 12th Five Year Plan from 2270 billion yuan 
2010. The population is 100.18 million in 2010; regarding to the provincial action plan, it should be 
controlled fewer than 103.79 million to meet the requirement. About GDP per capita, it has been clearly 
listed out to reach should rise from 23450 yuan/p in 2010 to 38000 yuan/p in 2015. I get the target that GDP 
is aiming to 3944 billion yuan, the population would be less than 103.79 million; GDP per capita is going to 
be 38000 yuan/p. Then I calculate that the growth rate is 10.14% of GDP per capita during this period. With 
±1% of the adjusted range, in the BP scenario, 11.14% is annual growth rate in GDP per capita and in the 
BRP one, the rate would be 9.14%. 

Energy Intensity: The Henan Twelfth Five Year Plan also clearly mentions to reduce the Energy 
Intensity in 2015 by 16% of the 2005 level. So that we know the annual reduction rate is 3.43%, which is a 
little lower than the prediction -5% in Lin and Liu (2010). The same as in Shaanxi case, regards to ±0.3% of 
adjustment, the energy intensity annual growth rate would be -3.13%, -3.43% and -3.73% in the scenario of 
BP one, MRP and BRP one.  

Carbon content of energy: This index does not include into the both national and provincial plan as 
before, so we also generate our forecasting number through the ARIMA model proposed by Box and Jenkins 
(1970) as in Shaanxi’s case. So our prediction through AMIMA is 2.18 in carbon content of energy in 2015, 
from 2.19 in 2010. So we can get the annual energy intensity rate is decreasing, however as a fairly slow rate 
0.1%, which is much lower than overall average 0.8%(Lin & Liu, 2010). So in the different scenarios, the 
rate is defined as 0%, 0.1%, and 0.2% in the basic, modest and best performance scenarios with regards to 
±0.1% adjustment. 

Urbanization Rate: The Urbanization rate target has been clearly set as 48% in 2015.We can tell that 
the annual urbanization growth rate is expected to be 4% corresponding to 39.5% level in 2010. So in the 
basic one, it is 3.6%, in the MRP one, it is 4%, and in the BRP one, it would be 4.4%. 

In accordance to the parameters explained above, there is the table for carbon emission prediction in 
2015 below (Table 7): 

 

Tab.7. CO2 Emission Forecasting in Henan Province 

Scenario The annual growth rate in each factors CO2 Emission 

in 2015 

Carbon Intensity 

reduction %* PGDP Energy Intensity C-E-Intensity Urbanization 

BP 11.14% -3.13% -0.0% 4.4% 68034.6 14.5% 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
*	  Carbon	  Intensity	  reduction	  is	  comparing	  with	  each	  2005	  level	  
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MRP 10.14% -3.43% -0.1% 4.0% 63613.8 16.4% 

BRP 9.14% -3.73% -0.2% 3.6% 59462.2 18.2% 

    
It can be told from the table above that in Henan Province according to the estimated growth rate in the 

Twelfth Five Year Plan, the carbon dioxide emission amount would get 636 million metric ton in 2015, 
which is impossible to meet the national target to reduce the 2015 emission by the 16.4% level of 2010, with 
0.6% gap. If the economy is developing in an even faster speed, the difference between the target and reality 
would be even wider, which could reach 2.5% with 680 million metric ton. However, if there could let the 
growth rate slowdown, which are shown here as 3.6% annual increase urbanization rate and 9.14% GDP per 
capita annual growth rate, it would better achieve the national reduction target 17%, with more accurately 
18.2% of reduction for the Henan Province.   
 

4.1.3. Guangdong 
Given the prediction of the carbon emission in 2015, relying on the province panel data, then here is the 
equation formulated for Guangdong province (Guangdong Provincal Reform and Development Comission, 
2011): 

 
𝑙𝑛𝐶𝑂2𝑔𝑑  ＝2.05 ln𝐶 + 0.67𝑙𝑛𝐼 + 1.06𝑃𝐺𝐷𝑃 + 0.18𝑙𝑛𝑈 + 10.30 

 
With respect to the GDP, Energy consumption and structure, I take the growth rate clearly mentioned 

in the Twelfth Five Year Action Plan as the modest reduction performance. There are three scenarios, BP, 
MRP, and BRP scenarios with the specific variables set below: 

PGDP: The GDP per capita is expected to be 66000 yuan/p in 2015 from 47000 yuan/p in 2010, with 
7.3% annual growth; GDP figure clearly lists 6752 billion yuan as target in 2015 from 4547 billion yuan in 
2010 via 8.06% yearly growth rate and the population is better limited to 102.3 million in 2015 from 97.3 
million in 2010 through 1% annual growth rate, which is a little higher than the national level as in 0.64%. 
So with regards to 7.3% as average modest performance range, ±0.7% would be set between the basic and 
best performances scenarios. 

Energy Intensity: The Provincial Twelfth Five Year plan clearly mentions to reduce the energy 
intensity by 16% of the 2005 level. So that we know the annual reduction rate is 3.43%, which is a little 
lower than the prediction -5% in Lin and Liu (2010). Then the basic one is set as 3.13% and the best 
performance is 3.73%. 

Carbon content of energy: By the ARIMA model proposed by Box and Jenkins (1970), this simulation 
produces the result of 1.46 carbon content of energy in 2015, from 1.62 in 2010. So we can get that the 
annual energy intensity reduction rate is 2.1%. As regard to the number above, 1.9% is the basic scenario 
reduction rate, and 2.3% is defined in the best performance scenario.  

Urbanization Rate: The Urbanization rate target has been explicitly shown as 68% in 2015 from 64% in 
2010; the annual urbanization growth rate is estimated to be 1.2% annual increasing rate, which is higher 
than 0.8% of national level in Liu & Lin (2010). So 1.2% is the number as the modest scenario urbanization 
growth rate, 0.8% in the basic one and 1.6% in the best performance one. 

In accordance to the parameters explained above, there is the table below shown carbon emission 
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prediction in Guangdong Province by Year 2015:  
	  

Tab.8. CO2 Emission Forecasting in Guangdong Province 

 
Seen from the table above, the carbon dioxide emission would be 395 million metric ton for 

Guangdong Province in the Year 2015, which could meet the national target to reduce the 2015 emission by 
the 17% level of 2010. If the economy is developing in an even faster speed, the target would not be able to 
accomplish, which could lead to 15.2 % reduction rate with 412 million metric ton of carbon dioxide 
emission. However, if there is a possibility to slow down the development, which is symbolized here as 0.8% 
annual increase urbanization rate and 6.6% GDP per capita annual growth rate, it would be more 
contributive to the reduction, the rate could even be 22.2%.  
 

4.2. Results and discussions 
This literature lies on the historical data of Shaanxi, Henan and Guangdong Provinces, forecasting the 
short-term 2015 carbon emission situation in the scenario settings to explore the different levels of the 
reduction potential ability.  

Referring to the data and relative literature results, the different characteristic can be seen among the 
samples: 

Guangdong Province has the highest GDP level, followed by Henan, Shaanxi. The calculate carbon 
emission amount is the same order, corresponding to the study result (Tan & Huang, 2008). “The regional 
carbon emission shows a dramatic difference, East Region emits the most amount, the West part does the 
least. In additional, the GDP difference can be seen that East region makes the most, and West gets the least”. 
Energy Intensity is related to the total GDP amount and energy consumption. Shaanxi and Henan have a 
higher energy intensity level than Guangdong, which is the same idea as in another study (Yue, 2010), 
Urbanization rate is the highest in Guangdong, followed by Henan, and then the last is Shaanxi. It is the 
same as the characteristic in East, Central and West China. 

When it comes to the impact factors, carbon content of energy is the most important factor in carbon 
dioxide emission, followed by GDP per capita, energy intensity and urbanization rate in mostly cases. This 
also shows the significant carbon dioxide impact from the urbanization process, integrates this factor is 
really helpful in more accurate analyze and forecast the energy demand and carbon emission impacts and its 
own effects as well. However, the different factors can have different impacts on each region:  

Carbon Content of Energy is usually seen as the primary factor in the energy consumption, which can 
be effected by the energy composition. Though adjusting the energy structure, Shaanxi would benefit the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
*	  Carbon	  Intensity	  reduction	  is	  comparing	  with	  each	  2005	  level	  

Scenario The annual growth rate in each factors CO2 Emission 

in 2015 

Carbon Intensity 

reduction %* PGDP Energy Intensity C-E-Intensity Urbanization 

BP 8.0% -3.13% -1.9% 1.6 % 41229.7 15.2% 

MRP 7.3% -3.43% -2.1% 1.2% 39461.5 17.2% 

BRP 6.6% -3.73% -2.3% 0.8% 35877.4 22.2% 



	   24	  

most, as Guangdong the least.  
GDP per capita is a very critical factor in the emission. In the condition of relative same increase of 

GDP per capita, Guangdong province has the most dramatic impact on the emission, due to its large GDP 
base and population as well as the manufacturing industry; so does Shaanxi, but for a different reason which 
is the dominant place of primary industry in the Shanxi Province; Henan is mostly based on the 
labor-intensive industry, increasing the GDP mostly secondary. When it comes to the absolute value increase, 
Henan would be the first, due to its large population base and the dominant place of secondary industry, 
followed by Shaanxi, due to the overriding portion of the primary industry; Guangdong, on the other hand, 
due to its equal development in three kinds of industries, is very effected the least.  

Energy Intensity is also an indispensable element for the emission. If I increase or reduce the same 
relative value of Energy Intensity, it would generate the most obvious effects on the emission in Shaanxi, 
Guangdong after, and Henan the least. But for absolute value of increase or reduce in the Energy Intensity, 
Shanxi would appear the most obvious change in emission for its extensive production methods and its 
dominant primary industry; Henan would also have quite an obvious variation on the emission amount, for 
the economic pattern of overemphasizing in the secondary industry; Guangdong, which can be accounted as 
comparative reasonable structure, shows the least difference. 

Urbanization displays a spatial variety impact in the carbon emission, such as in the eastern coastal 
provinces Guangdong or municipals, urbanization shows a relative low effect on the carbon emission, as 
well as Shaanxi province, however, for Henan, the influence is high, which is consistent with the Northam 
Curve as the last and first stage, the developed, stable stage and the initial, beginning period, as well as the 
second stage, the fast developing period.  

With combining the following analysis of the factors itself and its parameter, we are going to utilize our 
finding in analyzing the bigger scale, the regional level for policy suggestion.  

 

5. Conclusions and policy suggestions 
The literature studies the provincial carbon emission from 1978 to 2010 in China and forecasts the possible 
results in 2015, in order to demonstrate the central and provincial governments’ determination on the carbon 
reduction and point out the strategy and paths to attain low carbon development in China. The results of the 
literature I studied identifies that beyond the above variables, GDP per capita and energy intensity are the 
main factors when it comes to the impact of carbon emission, followed by carbon content of energy and 
urbanization rate. It also indicates the urbanization does play a significant impact on the carbon emission, so 
it is crucial to incorporate the urbanization factor in order to more accurately reflect the impact of energy 
consumption onto the carbon emission as well as the urbanization process itself. The result of forecasting 
also shows that if the policy makers are willing to sacrifice some social and economic capitals, a more 
accelerating reduction plan, with more positive in energy and environmental protection, the carbon reduction 
would reach annually target amount.  
  Per capita GDP is also a very influential emission factor, but in China, GDP per capita is still rapidly 
increasing, which means the carbon emission would still rise. In this aspect, the carbon intensity reduction 
goal proposed by Chinese central and provincial government is coincident with the carbon emission 
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reduction put forward by the developed countries, even though the huge carbon emission from China in part 
is due to the fact that “energy intensive production has been exported to China”. However, there is also 
essential difference between the two concepts: The developed countries refer to the cutback in absolute 
emission amount, regardless of GDP growth, but China’s plan is aiming to reach the goal through carbon 
intensity deduction. And in current stage, China is still putting the economic growth and urbanization as 
priority in its strategy. However, after ensuring the certain GDP growth, China can achieve the carbon 
emission abatement through controlling the urbanization rate to certain degree and increasing the energy 
efficiency, as well as by reforming the energy structure such as introducing more renewable energy, in order 
to reduce the emission while still maintaining the sufficient energy supply.  

This literature is conducted based on the following consideration: 
Firstly, provincial government has to take urbanization process into consideration while bringing up the 

climate mitigation and abatement action plan. According to the analysis of development history from 
developed countries, the current stage in China is the industrialization period, which fundamentally 
determines that the carbon emission would still be increasing dramatically. The developed countries have 
gone over this stage, so it is not comparable between the two. What is more, due to the international division, 
developed countries have transferred their pollution and carbon emission to China, which could reach 1 
billion tons per year. (Lin & Sun, 2010) 

What is more, from now to 2015, this period is one of the key time ranges for China to become a 
middle-income country. So to ensure the successful transformation to another economic level, the carbon 
reduction should be a gradually and self-disciplined task, since the mandatory reduction would definitely 
affect the economic growth and social stability in the society, and lag down the process to transform into the 
middle-income stage.  

In addition, the current strategy and policy could not exist separately from actual social and 
economic process. The population movement of urbanization has a dramatic impact on the energy and 
carbon emission, so the government could consider controlling the rate to certain limit as well as taking it as 
an opportunity to adopt the low carbon green growth for maximum long-time benefit. It also could apply a 
more active and feasible energy policy to increase the efficiency and reform the energy structure with more 
application of renewable energy. Promoting the green lifestyle to the public is also very useful in achieving 
the sustainable development.  

Last but not least, low carbon transformation means to reduce the carbon emission while maintaining 
the economic growth and urbanization. Other than controlling the urbanization rate, low carbon development 
could attain through energy conservation and structure reformation. The main strategy should be: The 
conservation of resources should be regarded as the priority and renewable energy exploitation is equally 
necessary. 

And in reality, at the end of the last decade, it was conceivable that China’s CO2 intensity growth rates 
were slowing down, suggesting a moderate growth emission trajectory just like income growth. Our result 
suggests that over the next 3 years, such a downturn is highly unlikely unless there are substantial changes in 
the economy construction, energy policy and industry structure. 

In this study, the data sources and modeling approach here have three main steps. First, I am able to 
exploit much shorter time series dynamics than the possible in the single time series. Second, I am able to 
exploit the considerable heterogeneity that exists across China. Thirdly, different scenarios provide the 
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forecast for the policy makers with better balance between the economic, social and environmental 
development in creating a sustainable future.  

Based on the real case study, I discover that “national mean estimation” may not be so representative of 
the local or provincial features due to the geographical differences, neither an enough reflective factor of the 
spatial heterogeneity, but from the individual case study it can be clearly seen the connection between the 
carbon emission, GDP per capita, carbon content of energy and energy intensity with the geographical 
homogeneity from the model generated from the Johnson cointegration analysis after proving they are the 
correlated time series data with showing the cointergration relationship in the second difference through the 
ADF unit test .  

In respect of the results and analysis, it is quite obvious for the policy makers to reduce the carbon 
intensity through altering the fossil fuel dominating place in the long run, as the main strategies used are 
developing energy efficiency measures or demand side management, changing energy production pattern, to 
such as renewable energy or supply side management, improving energy management in industry, cleaner 
production, as well as exploring the better energy management method in transport sector, public transport, 
and in the housing sector, district heating, better houses. When it comes to this study, they can be interpreted 
specifically as below: 

Urbanization: from the formula parameter, in the east and coastal region, urbanization rate has a 
negative impact with the carbon emission. However, in the west and central part, it is positive. We can tell 
that the eastern part has made its achievement in the low carbon transformation due to the technology and 
science innovation and the development of the green industry; the west and central region with the target of 
“Central Rising Plan”, is enforcing the economic goal in the extensive way. In other words, fast economic 
growth comes with the sacrifice of the vast energy and tolerance of the huge carbon emission, which leads to 
the consequence of the bad cycle. What is more, urbanization impacts can be seen as the reflection of the 
changes in lifestyles, transportation method and residential condition, also related to each industrialization 
stage. For example, car pac number, according to the statistic till the year 2009, there were more than 57.5 
million of automobiles in Guangdong (Government of Guangdong, 2009) and the number was 18.4 million 
in Shaanxi (The Ministry of Transporation in Shaanxi, 2010); meanwhile shockingly in Henan, over than 
164.6 million vehicles were on the road, with 10% of annual growth rate (The Ministry of Transportation in 
Henan, 2010), which is three times of Guangdong and nine times of Shaanxi. So we come up with four 
suggestions based on this discovery: Firstly, the central and west part should find its local advantage to 
develop the local economy, with the least cost earning the most benefit, such as the tourism industry; also, it 
can introduce the modern technology and stir the science development; In addition, the central government 
is very important to develop the access indicators and provide support to help its green growth; the last but 
not least, enhancing transportation and residential energy management are very crucial as well.  

Energy Intensity: It appears to be the positive relation in all places, showing that with the higher level 
of fossil fuels and higher weight of the secondary to the tertiary, the bigger energy price index, which leads 
to more energy consumption as well as carbon emission under the same GDP level. The central part has a 
bigger index comparing with the smaller part, whereas eastern provinces have the smaller index. If we look 
at the bigger picture, Energy intensity is decreasing over the period studied. This is also typical in the world 
as a whole and is the case both in European Union and the USA over a very long period. Sweden has had an 
unusually strong decrease of energy intensity, referred to as economic growth without energy growth. But 
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what is worth mentioning, part of “the reduction achievement” from certain developed countries is due to the 
fact that “energy intensive production has been exported to China”. So the national government should be 
aware of the real effective reduction paths, choose to learn from Sweden’s experience with absolute 
reduction, promote the economy reconstruction in a stronger level in the middle part, adjust the 
manufacturing industry size and enhance the high-tech development, in order to reduce the energy intensity 
and reduce the carbon emission. 

Carbon Content of Energy: Energy structure and efficiency could be closely linked to this factor as well 
as economic structure.	   In the rest of the world – at least in EU, Japan and USA - statistics show that the 
carbon content of energy has decreased continuously since the 1960s. The data for Sweden are quite 
dramatic since it has been reduced to almost 30 % over the period, admittedly much due to the introduction 
of nuclear power (David Suzuki Foundation, 2013). So the national government should take serious 
consideration of the nuclear power all through China. 

Per capita GDP: it can be contributing to the reduction. However, due the current economic status, it is 
still in the rising range. 

Now, due to the inappropriate industry structure, the optimization of industry structure and energy 
composition structure would contribute to carbon reduction. Constructing low carbon industry development 
pattern and low carbon energy would help our regions to adjust the economic growth and carbon reduction 
path, increase the capacity to the climate change and improve our ecological civilization construction level.  
Therefore, this would provide a wonderful international development environment and national growth 
foundation to the low carbon transformation and green economy.  

In accordance with regional heterogeneity, the appropriate regional policy should be made with the 
balance between the economic growth and carbon emission. The East, Middle and West regions have 
different natural and social circumstances, manifesting distinctive features between economic growth and 
carbon emission. Hence taking the regional heterogeneity, development stage, and economic level and 
geographical condition into consideration are very important to policies-makers in determining the adjusted 
economy and carbon emission policies. In general, the West and central regions have the higher energy 
intensity under the same GDP level, which means increasing productivity and deceasing carbon intensity. 
However, Western provinces are usually the main coal production place as well as coal consumers (key 
energy source). So it is crucial to firstly increase efficiency and advocate energy conservation as well as 
boosting the low emission, renewable source, to get rid of the dependent of coal. 

East region has a solid and rich economic foundation; even though the heavy industry still takes the 
main part in the structure, the economic transformation and energy innovation have been conducted, as 
tertiary industry has took more and more proportion in the economy structure as well as more renewable 
energy has been adopted in the daily use. Certain pilot projects can be conducted in the more advanced 
regions, to explore the possible pattern and path for the low carbon development. What is more important, 
the eastern region will also seek for the low energy consumption, low material dependents, low emission and 
low pollution development pattern, then it would contribute a lot to the national green growth roadmap. 

Central part is rich on the other hand, in the energy natural resource, with the enforcement of Rising of 
Central China Strategy and the more intensive investment for the initial infrastructure, the carbon emission 
would be more likely to increase as well. Based on the analysis of Northam Curve, however, after reaching a 
certain peak of the carbon emission per capita, it would begin to drop and this character would be probably 
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lasing for a long-time range. So it is important to promote the development of the middle region in order to 
reach the peak ahead of the plan, and at the same time advocate the energy reservation and the energy 
efficiency improvement activities at current stage.  

West region has the extra fragile ecological environment and now it has reached the stage of double 
growth in both the economic aspect and carbon emission per capita. So it is very necessary to promote the 
development of resource conservation and environment-friendly industries, improving the sustainability 
level for the economic growth. Meanwhile, strengthening the ecological protection put the implementation 
and reimbursing into practice, improving the soil and forestry reconstruction, developing the carbon credits 
potentials, promoting the carbon credits economy, exploring its renewable energy and other green industries 
potential then attaining the decoupling growth between the economic growth and carbon emission.  

It is substantial to carry out the national policy with more details specific actions concerning to the 
local conditions.  

 

6. Considerations for the future study	   	  
According to the forecasting result, it can be understood that if China’s national and local government would 
like to reach the reduction target, it is very indispensible to review the efficiency of the current reduction 
plan, figure out the possible effective paths in the future. So here are a few suggestions for the future study:  
1. The more specific studies about the regional, provincial, local carbon dioxide emissions regarding to the 
industrialization process, like the sectors, are worth to conduct in the future to quantify the reduction 
potential regarding to the industrial upgrading and transformation.  
2. Conducting more of the in-depth study about the renewable energy contribution to the carbon emission in 
the applied region such as Guangdong and promoting this idea into similar regions with a higher economic 
income.  
3. There could be more detailed studies within the sub-regional and local level in order to understand and 
analyze each own condition and then come up with possible effective suggestion.  
4. More detailed data from other sources, such as the electricity or hydroelectricity from the carbon-fuelled 
power plants, can be considered to integrate into the equation for the future studies.   
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