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ABSTRACT 

This paper aims to determine the short and long term determinants of carbon intensity, energy 

intensity and scale effects for China, with data on the provincial level from 1995 to 2010. The 

results show that measures which are taken to limit carbon emission increase with carbon 

intensity on the long run. This means that more measures are taken, when more carbon is emitted 

per unit of output. The results could not show the effectiveness of the treatment on carbon 

intensity due to limited data availability, especially across time. This means that the effects of the 

government policies on carbon intensity are not yet visible in the data. For energy intensity and 

scale, a long run effect is visible and the government policies seem to have a small effect and thus 

lead to an increase in energy efficiency. On top of that, it appears that some drivers of GDP 

growth are associated with a decrease in CO2 emission. TFP has a significant negative effect on 

CO2 in the long run. This suggests that a focus on increasing TFP will help CO2 emissions to go 

down. Scale and labor growth are shown to cause higher energy intensity in the long run. 
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1. Introduction 

In 2014, Chinese legislators were granted increased enforcement powers to detain violators of 

environmental rules and to fine polluters (New York Times, 2014). In past decades more and 

more policies of the Chinese government have been related to sustainability and climate change. 

China’s 10th and 11th five-year plans have considered environmental problems and China’s 12th 

five-year plan (2011-2015) aims to address environmental problems more than ever (He, 

Guizhen, et al. 2012). Projects such as returning farmland to forests and grassland, improving the 

quality of lakes and water, protecting top soil, forest protection, and the building of renewable 

energy source have been carried out.  

Most pollution has been caused through the exponential growth of energy consumption in China. 

This has caused pollution to the air, water and soil of China. Water pollution is commonly argued 

as the biggest problem (Wang, et al., 2008). China faces its problems with water especially in the 

North. People have access to only 450 cubic meters of water per year, which is far below 1000; 

an amount that is considered as necessary. Next to that, the Yellow river is severely polluted, 

damaging the soil and making it impossible to drink the water (Liu, Jie, et al. 2008).  

Air pollution has been most severe in areas which have been urbanizing fast over the years of 

development. In 1978, 18% of people in China lived in urban areas. This share increased to 33% 

in 1999. Cities have been troubled with acid rain, nitrous oxide, carbon monoxide and smog. The 

biggest polluter in China is coal and it is the main source of anthropogenic air pollution. Coal is 

the main source of TSP pollution, SO2 pollution and of acid rain. Crude oil consumption rose 

with an average of 5% from 1978, which made vehicle pollution the main cause of smog (He, 

Huo and Zhang, 2002). Pollution has probably held back Chinas growth and has certainly held 

back its public health conditions.  

Many have tried to capture the economic costs of pollution. One of the biggest challenges with 

this research however, is to define the costs of non-market impacts like loss of lives, landscape 

degradation and biodiversity loss. Studies concerned with estimating the economic costs of 

negative health consequences have to rely on economic transactions like payment for health 

services and loss of labor and leisure time to combat illness. This is a useful first step to map the 
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costs of pollution. Most studies estimate damage functions and associate them with air quality 

and find positive correlation between health damage and air quality. They do not however, fully 

reflect economic damage as they do not identify how resources are affected and how demand and 

supply are influenced. Matus, Nam, Selin, Lamsal, Reily and Paltsev (2012) have simulated two 

scenarios; one green scenario with low particle matter concentration and one with high fine 

particle matter concentration. They show that the green scenario has higher consumption levels, 

higher net wages, and excess leisure time. The green scenario would benefit the welfare of China 

around 12 billion dollar in the year 2005. This amount is expected to increase when the economy 

grows. The absolute value of loss is increasing over the years, but the loss as a percentage of total 

welfare is (slowly) getting less. This means that China’s growth has been much more rapid than 

the consumption loss that is caused by pollution. The growth in absolute terms is partly due to 

urbanization, which increases the amount of people exposed to air pollution. World Bank (1997) 

is more conservative and suggests that the GDP loss has been around 5% around 1995, while 

Matus et al. suspects a 9% loss. In contradiction to the World Bank, Matus et al. (2009) aims to 

capture the cumulative dimension of interactions between the economy, pollution and public 

health. The conclusion that pollution has created a substantial burden to China’s economy 

remains the same. When costs for the economy of China are compared with similar studies about 

Europe and the US, much larger country wide efficiency costs are found for China. 29 % of total 

pollution led damage is attributable to country wide damage for China, while this percentage for 

Europe is less than 12 %. This suggests that the socio-economic impact from pollution in China 

and other emerging countries is more severe than in Europe or other developed countries.  

Many scientists argue that the solution lies in technology and the private sector is designated to 

come up with these innovations, perhaps subsidized by the government. The amount of technical 

innovation and number of patents in China is growing fast but has not yet reached the same level 

as in the US. China is at the beginning of its journey to become an innovative country. Education 

is being improved and a larger amount of engineers are entering the labor market. Next to this, 

the government is supporting startups in a lot of areas with an entrepreneurial culture (e.g. Fuijan, 

Zheijang). Another way to stimulate sustainability is through institutional changes. Three organs 

have been set up to defend environmental interests in China and to create rules and regulation. 

The State Environmental Protection Commission (SEPC) of the State Council makes drafts of 

policies and regulations. The Environment and Resources Protection Committee (ERPC) of the 
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National People’s Congress (NPC) makes the decisions about policy for protections of the 

environment. The State Environmental Protection Agency (SEPA) supervises and makes sure 

that regulations are enforced throughout the country. All environmental measures will not only 

increase the addressing of the environmental problem by the government, but it will also draw a 

lot of attention to the sustainability problem. Due to the increased attention to sustainability from 

the government and the people, and the rapid increase of investment in innovation, China is 

expected to clean up the environment fast, which has been polluted over the course of several 

decades.  In this paper I will research whether these measures taken by the Chinese government 

have an impact on sustainability and their relation with environmental degradation. Next to this, I 

will check what other long and short term determents of CO2 emission are. For western countries 

the relation between economic factors and CO2 emissions are already explored extensively, but 

for China not. It is important to get a deeper understanding of the determinants of CO2 emission 

in China, because it is world’s largest energy consumer. China will therefore play an important 

role in creating a more sustainable way of energy production.  

Based on previous literature, several hypotheses are formed. It is firstly expected measures taken 

by the Chinese government have had an effect on CO2 emission for the long term. No major 

influence is expected in the short term. Business cycles should not be influenced by a change in 

institutions; the goal of institutions is to improve things on the longer run. It is not expected that 

they will lead to a decrease in CO2 emission but at least lead to a slower increase. Due to the fact 

that China is still in the middle of its development process (scale growth), CO2 emission is not 

ready to decline in the near future. The turning point of the Environmental Kuznets Curve (see 

Chaper 2) is therefore not reached for CO2 emission in absolute terms.  

The amount of carbon emissions per unit of output decreases when processes become more 

efficient and when government policies appear to be effective. Due to recent government policies 

and productivity improvements, the turning point for carbon intensity should have been reached 

already. The same holds for the amount of energy used per unit output, which is mainly 

influenced by productivity and industry effects. It is expected that the highest value of energy 

intensity is reached due to higher productivity in China, and focus has shifted away from the 

manufacturing industry which is very energy intensive. 
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2. Literature Review 

China has experienced rapid improvement of their economic status from 1978 onwards. This has 

gone hand in hand with fast growing energy consumption. Initially, the main focus of the 

Communist Party of China (CPC) was to sustain economic momentum at any cost. This has lead 

China to become world’s largest energy consumer. Figure 1 displays the energy consumption of 

the world’s biggest economies; China and the United States (data from World Bank).  

 

 

Figure 1. Energy consumption of the United States and China. Data from: World Bank 

As can be seen, the Energy consumption of the United States has been declining over the past 

few years. This is might not only be due to recent economic crisis but is a trend which is 

sometimes observed in mature economies. The theory that energy consumption and other factors 

of environmental degradation hold a linear relationship with  

economic growth at first and an inverse relationship afterwards was first suggested by Grossman 

and Krueger (1991). Before Grossman and Krueger (1991) it had been generally assumed that 

economic growth would always lead to an intensified use of resources and emissions. This view 

did not change until World Bank embraced the empirical implications of Grossman and 

Krueger’s research. ‘‘The view that greater economic activity inevitably hurts the environment is 

based on static assumptions about technology, tastes and environmental investments’’ (World 

Development Report 1992, p.38). World Bank’s 1992 report was path breaking and studied the 
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potential impact of the NAFTA and how it could lead to environmental improvement through 

economic growth. 

According to Grossman and Krueger (1992), the relationship between income per capita and 

environmental impact has an inverse U-shape. Such an inverse U-shaped curve is called an 

Environmental Kuznets Curve (EKC) and is displayed for SO2 emissions in Figure 2. The curve 

is named after Simon Kuznets, who described the relationship between economic growth and 

inequality as inverse U-shaped (Stern, 2004).  

 

Figure 2. Environmental Kuznets curve for sulfur emissions. Data from: Stern (2004) 

The EKC had been introduced when the idea emerged that economic growth should become 

more sustainable. The solution was ideal: economic growth would be the means to achieve 

sustainability. The relationship between economic growth and sustainability has been tested 

countless times since the development of the EKC.  

 

EKC’s where initially estimated for SO2, dark matter, and suspended particles. The turning point 

for SO2 appeared to be around a GDP ($PPP) level of $ 4500 and even lower for suspended 

particles. These results were found with a very high significance level. With high income levels 

instead, at levels over $15000, growth was again associated with environmental degradation 

(Grossman and Krueger, 1994). The results were confirmed by Shafik and Bandyopadhyay 

(1992) and other proxies for pollution were tested as well. Lack of clean water and sanitation 
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were uniformly found to decline over time with economic growth and the impact of income on 

deforestation was found to be insignificant. Although access to clean water tends to increase, 

river quality tends to decrease. This is due to the fact that river quality is less important for 

developed economies because their water supply systems improve. Shafik and Bandyopadhyay 

conclude that it is possible to grow out of some environmental problems. It is however also noted 

that this does not happen automatically and should not be taken for granted. Population growth 

speaks in favor of the Environmental Kuznets Curve. Population often grows at first, but declines 

afterwards (within countries). Selden and Song (1994) counter argue that lower population 

density could lead to a delay in reaching the turning point. There will be less pressure to put 

sustainability policies in place and transportation will lead to higher emission rates.   

In the early 2000s critique increased on the EKC. Firstly, the theory was accepted despite the fact 

that in reality it did not apply to all pollutants. As mentioned before, Shafik and Bandyopadhyay 

(1992) found ambiguous econometric results for the EKC. Others found insignificant results for 

deforestation variables and river quality was found to decrease with income. Secondly, the EKC 

model assumes an economic environment in which there is no feedback from the environment on 

productivity or consumption possibilities. This is not quite realistic especially in crowded urban 

areas. People are tempted to stay inside more and consume less due to air pollution. Although this 

is a just point of critique, it speaks in favor of the EKC. More feedback from the environment 

should lead to less economic development which indicates a negative correlation between 

economic growth and pollution. Thirdly, standard trade theory suggests that under free trade, 

every country will specialize. Developing countries will specialize in manufacturing of goods 

which are intensive in factors which are relatively abundant. These factors are labor and certain 

natural resources. Developed countries will specialize toward human capital and capital intensive 

activities. The latter needs fewer resources and will produce less waste. This could also be a 

reason for its decrease in environmental degradation. The problem of environmental degradation 

is not solved but transferred to another region. Regulations could further shift emissions towards 

developing countries. Because regulation could cause producing to become more expensive, it 

could become harder to compete with business abroad and business would move to less 

developed countries. When these developing countries would apply these regulations, they could 

have a much harder time with abating these harmful activities because there are no places to 

migrate their operations to (Hettige, Lucas and Wheeler, 1993). This does not mean that opening 



Rene de Brouwer International Economics with a focus on China       Final Thesis 

 

up is bad, toxic emissions seem to show less growth in countries that open up compared to closed 

countries (Lucas and Wheeler, 1992). 

 

The model has been argued to be econometrically weak as well. There are data problems and 

problems with simultaneity. As mentioned before, the EKC assumes a model in which there is no 

feedback from the environment. It is assumed that, economic development has an influence on 

environmental degradation but not the other way around. In many cases it is possible that the 

environment gives negative feedback which slows down economic growth (Barbier, 1994). In 

this case the environment is influencing economic development rather than the other way around. 

In general, the economy and the environment are jointly determined. It is not appropriate to 

estimate a single equation model assuming unidirectional causality from the economy to the 

environment. All results which are discussed before, which support the EKC are obtained by the 

Ordinary Least Squares method. OLS produces biased and inconsistent results when a dataset is 

used where simultaneity exists. Next to simultaneity, data problems exist because environmental 

data is often patchy in coverage and poor in quality. The data that is available is not always suited 

for testing the EKC hypothesis and for drawing conclusions from the estimated parameters. For 

example, sometimes urban pollution data is used. This is important to check the effect on health 

in urban areas but does not take into account the acid burden of emissions on natural and 

agricultural ecosystems (Stern, Common and Barbier, 1996). Also, little or no attention is paid to 

serial dependence or stochastic trends in the time series data. When coefficients are found 

significant with the expected sign, the EKC is assumed to be true. Often however, no tests are 

done for testing the validity of the relationships found. Many of the EKC-supporting papers 

might rely on spurious correlations (Stern, 2004). Ambiguous results are found when more 

appropriate econometric techniques are used. Perman and Stern (2003) for example find that 

most pollutants rise with income monotonically with an income elasticity less than one.   

 

Due to increasing critique on the EKC and poor empirical support for a CO2 EKC, alternative 

methods for measuring the relationship between economic development and carbon emissions 

have appeared. Recently, scientists have introduced a method which decomposes pollution 

variables into three separate channels: scale, energy intensity and carbon intensity (Lise, 2006; 

Tol, Pacala, Socolow, 2006; Tol, 2007). Scale represents increase in energy demand which is 
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caused by an increase in production of resources and products. Energy intensity is the amount of 

energy which is used to produce one unit of output, while carbon intensity is the amount of 

carbon emission “needed” for one unit of output. Most empirical research shows that developing 

countries have reached turning points for carbon and energy intensity. Energy intensity and 

carbon intensity is even declining for developed countries. The decline however has not been 

enough to dominate the rise in scale (Tol et al., 2006). This is a quite plausible explanation for the 

rejection of the Economic Kuznets Curve in most recent papers. Andersson and Karpestam 

(2013) continue with the decomposition approach and include an investigation about the short 

and long term effects of the determinants of CO2 emission. They conclude that different drivers 

of economic growth have different long term and short term effects on emission. The scale effect 

has most influence on the short term. Business cycles cause fluctuations between +/- 4% per year, 

while more severe economic crises like the one in 2008 lead to a temporary bigger decrease of 

emissions. Short term fluctuations should however not be taken into account when measuring 

progress in emission reduction because they are normal economic processes and do not have 

much effect on the long term. Emissions should be allowed to fluctuate over the short term, while 

long term goals should be set to improve the quality of air and inhibit global warming.         
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3. Methodology 

As noted before, economic growth can be divided into long term growth and the short term 

causes of business cycles. Business cycles are shocks, caused by unexpected events in the 

economy. Because prices and wages in the economy need time to adjust and a cycle is formed. 

Long term growth is caused by factors like technology (Mokyr 1994), capital accumulation or 

employment growth (Samuelson 1955 and Goodfriend and King 1997). It is important to 

distinguish between short and long term because otherwise regression results may turn out to be 

erroneous. Long term drivers of growth are important to distinguish because these should 

theoretically be the drivers of CO2 emissions. Short term shocks are the result of unexpected 

events. I distinguish between short and long term using a discrete wavelet transform (DWT) with 

Daubechies filters. Daubechies are orthogonal assymetric filters and D(4) is used because the 

number of boundary coefficients needs to be limited. Short term shocks are high frequency 

components and are identified by a high pass filter. In the same way long term shocks have lower 

frequencies and are identified by a low pass filter. Short term is defined by smaller than 8 years; 

long term is defined as longer than 8 years.  

Building on the model of (Andersson and Karpestam, 2013) CO2 emission is explained as 

follows: 

CO2,jt = Sjt * EIjt * CIjt         (1)  

After Applying DWT: 

Sjt = SjtST + SjtLT, EIjt = EIjtST + EIjtLT,  CIjt = CIjtST + CIjtLT    (2) 

Combining (1) and (2) will give us: 

 CO2,jt = (SjtST * EIjtST * CIjtST) + (SjtLT * EIjtLT * CIjtLT)    (3) 

Because a multiplicity model is considered, the natural logarithm of the formula is taken. Taking 

the natural logarithm of equation (3) gives: 

Ln(CO2,jt) = ln(SjtST) + ln(EIjtST) + ln(CIjtST) + ln(SjtLT) + ln(EIjtLT) + ln(CIjtLT) (4) 
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In this model, Sjt is the scale, EIjt is the energy intensity and CIjt is the carbon intensity. Because 

the data includes time series, some tests to determine whether the data is stationary or not are 

performed. For the long run for example, the variable carbon intensity passes the Augmented 

Dickey Fuller (ADF) test of no unit root after taking first differences. The variables which define 

scale pass the ADF test only after taking first difference and removing the drift. In the case of the 

short term, much of the data is already stationary. This makes sense because short term 

fluctuations do not evolve over time. To be consequent, first difference is taken for all data. The 

Carbon intensity is defined as CO2 emission divided by energy consumption. It is modeled by the 

following equation with three explanatory variables for both the long and the short run: 

ln CIjt = γ3 + γ4Oiljt + γ5TKMjt + γ6Goodsjt + γ6Treatmentjt 

Oiljt represents changes in real oil prices. When oil prices are high, there is a greater incentive to 

switch to other energy sources which are less carbon intensive. A positive coefficient γ4 is 

therefore expected. TKMjt is the growth of the transport sector. Due to improved competition in 

China, specialization has fostered. Increased specialization and better infrastructure have led to 

growth in the carbon intensive transport sector. Goodsjt is the change in the share of GDP that can 

be attributed to the goods manufacturing sector. The manufacturing sector might use more fossil 

fuels than other sectors and is therefore included. Andersson and Karpestam (2013) hardly find 

any significant impact of Goodsjt on ln CIjt, so no major influence of this variable is expected in 

this case. Treatment is the number of facilities for the treatment of waste gas emissions. This will 

help to check whether measures taken by the Chinese government are of positive influence on the 

environment. Treatment should be negatively correlated with carbon intensity, because the goal 

of the facilities is to reduce carbon emissions. The tricky thing about this variable is that the 

number of treatments often increases when more emission is present. This could create a 

simultaneity problem where Treatment is positively correlated with carbon intensity on the short 

run. On the long run however, a negative influence of the facilities on carbon emission and 

intensity should be visible. Also, coefficients of lagged components of Treatment should be 

found negative. 

As a measure of scale per province GDP is normally used. GDP however captures more than one 

thing; it captures both productivity growth and the fact that a growing economy needs more 

resources. When productivity grows it does not increase the demand for energy it rather makes 
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processes more efficient and therefor it is even possible that the demand for energy drops. Scale 

is therefore divided into two variables which are expected to increase the consumption of energy: 

labor and capital. Scale is modeled as follows: ln(SSTjt) = δ1ln(cSTjt) + δ 2ln(lSTjt) for the short term 

and ln(SLTjt) = δ3 + δ4ln(cLTjt) + δ5ln(lLTjt) for the long run, where c is capital and l is labor.  

Both the short and long term effect of energy intensity are defined by energy consumption 

divided by the scale. Seven variables are used to model energy intensity:  

ln EIjt = α1 + α2TFPjt + α3Goodsjt + α4Urbanjt + α5Oiljt + α6TKMjt + α7TKMjt*TFPjt + 

α8Goodsjt*Capitaljt + α9Treatmentjt 

TFP represents total factor productivity growth. When productivity increases, energy is expected 

to decrease. When processes are improved, the same input leads to more output. So the same 

amount of energy should lead to a larger economic output. The degree of urbanization is captured 

by Urban. Higher levels of urbanization is causing an increase in transport (goods need to be 

transported to the city) and to sustain an urban population, more energy intensive production 

processes are needed. The variables Treatment, Goods, Oil and TKM are already discussed for 

the model of carbon intensity. Treatment is expected to be negatively correlated with energy 

intensity, at least for the long run. The same simultaneity problems may exist with Treatment and 

ln EI. Lags of the Treatment variable will be included, to check if lagged variables have different 

effects. Oil prices are expected to have an impact on energy consumption, because of the fact that 

oil is a very important source of energy. TKM and Goods are included because the transport and 

the manufacturing sector are on average more energy intensive than other sectors. The last two 

explanatory variables are interaction terms. Specialization increases both productivity and 

demand for transport. This link between demand for transport and productivity is captured by 

TKM*TFP. Goodsjt*Capital is useful for countries where a reallocation of capital has taken place 

from energy intensive sectors to less energy intensive sectors. In China, this has happened less 

during the period 1989-2011 than in western countries. Within China, a major impact of this 

interaction term is therefore not expected. In more recent years, some manufacturing may have 

shifted out of China. This variance is however not captured by our sample, because our database 

is limited to China. 
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4. Data  

Panel data is used from China on regional level. Because the choice of provinces is not random (a 

more or less complete set of provinces is used), but only for China, both fixed effects and random 

effects are taken into consideration. The data includes the 22 provinces, 4 municipalities and 5 

autonomous regions from 1989-2010. Tibet is excluded from the dataset, because no data on 

energy consumption is available for Tibet. The two special administrative regions Hong Kong 

and Macau are not included. Data availability is limited before 1990 for certain explanatory 

variables. GDP, Capital and Work force data is from China Yearly Macroeconomic statistics on 

provincial level, from All China Data Center. Emission and emission treatment data and oil 

prices data is from National Statistical Yearbooks 1990-2011, energy consumption is from 

regional statistical yearbooks 1997-2011. Emission treatment data is the total amount of facilities 

which are present to treat excessive industrial emission. This data is a good reflection of the 

attention of the government for the quality of the environment. Unfortunately it does not capture 

the efficiency of the facilities. There is however no alternative due to limited data availability. 

Most variables that could capture the quality of institutions related to sustainability are only 

available on national level or only for a few years on provincial level. The data shows, as 

expected, that attention for sustainability in China increases. The amount of facilities has risen 

with 85 % from 1996 to 2010 on average. Emission data is the total CO2 emission per province. It 

includes total emission from all industrial processes. There is a need for cross country and time 

variability in the data, which means that both areas with declining and increasing pollution are 

ideally included. Because CO2 emissions are used, our dataset will be somewhat skewed towards 

regions with a growing trend. Another problem with the dataset is that oil prices are limitedly 

available over regions. That is why a national oil price index is used. The cross sectional variance 

in oil-prices are therefore not taken into account, but the time variance is captured in the dataset. 

Several patterns are visible when looking at the data. The plotted graph in figure 3 shows that 

Energy intensity in China is increasing until 2006, where it reaches its peak. Energy intensity is 

here defined as the total energy consumption divided by the scale of the economy. This 

represents the total amount of energy needed, to produce one unit of output. From the graph one 

could be tempted to infer that the peak has been reached and that a downward trend in energy 

intensity commenced. However, this conclusion is premature bearing in mind the global financial 
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distress which started in 2008. A more plausible cause for the sudden decrease in energy intensity 

after 2006 would be that short term business cycles are causing a decrease in energy consumption 

relative to the scale of the economy. It should however be noted that China has not suffered a lot 

from 2008 financial crises. After 2 years of growth below 10% in 2008 and 2009, the growth rate 

reached 11% again in 2010. In the same period of time, energy consumption rose with only 6 to 

8%.  This could be a sign that energy is recently being used more efficiently.  

 

Figure 3. Energy Consumption relative to the scale of the economy. Data is from China 

Statistical Yearbooks 1990-2011 

Carbon intensity, which is defined by CO2 emission per unit of energy consumed, shows a 

different pattern than energy intensity. It is clear that a peak is reached due to a steep increase in 

CO2 emission and a weak increase in energy consumption in recent years. A peak in carbon 

intensity is observed around 1990 and around 2009. These are both periods of weak economic 

growth with the complications of the Tiananmen Square massacre in 1989 and the global 

financial crisis which started in 2008. It appears that energy is produced less efficient in times of 

weak economic growth. Priorities might have shifted from producing efficient and with the least 

possible amount of emission to producing cheap. 
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Figure 3. CO2 emission relative to the energy consumption. Data is from China Statistical 

Yearbooks 1990-2011 

The average values of the first differences are displayed in Table 1 on the next page. Several 

patterns are visible. The table displays the average change in various variables over the years 

1989-2010. The most and least developed regions show less CO2 emission increase than regions 

in the middle bracket. Shanghai and Gansu for example show average emission increases below 

10 percent, while emissions in Sichuan increase with 21 percent per year. In the regions with high 

emission growth, high capital growth and TKM growth are also observed. This is in line with 

theory which suggests that emerging economies have higher emission growth than more 

developed economies. Carbon intensity is also decreasing for most developed regions.  
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CO2 CI labor capital TFP Goods TKM Urban Oil 

Anhui 0.119 0.046 0.014 0.255 -0.11 0.006 0.123 0.001 0.077 

 
(0.03) (0.03) (0.01) (0.03) (0.03) (0.01) (0.06) (0.00) (0.05) 

Beijing 0.03 -0.017 0.041 0.199 0.012 -0.015 -0.01 0.001 0.084 

 
(0.02) (0.02) (0.02) (0.03) (0.01) (0.00) (0.02) (0.01) (0.04) 

Chongqing 0.167 0.058 0.01 0.252 -0.12 0.009 0.102 0.005 0.025 

 
(0.09) (0.08) (0.01) (0.02) (0.02) (0.00) (0.02) (0.00) (0.04) 

Fujian 0.123 0.024 0.025 0.242 0.018 0.007 0.053 0.005 0.084 

 
(0.03) (0.03) (0.00) (0.04) (0.01) (0.00) (0.02) (0.00) (0.04) 

Gansu 0.07 0.019 0.019 0.207 -0.09 0.001 0.03 -0.001 0.018 

 
(0.03) (0.03) (0.03) (0.02) (0.04) (0.00) (0.02) (0.01) (0.04) 

Guangdong 0.09 -0.001 0.031 0.135 0.039 0.001 0.049 0.008 0.027 

 
(0.03) (0.03) (0.01) (0.02) (0.01) (0.00) (0.03) (0.00) (0.03) 

Guangxi 0.138 0.039 0.018 0.262 -0.05 0.009 0.095 0.001 0.084 

 
(0.05) (0.04) (0.00) (0.05) (0.02) (0.01) (0.04) (0.00) (0.04) 

Guizhou 0.251 0.144 0.017 0.243 -0.25 -0.001 0.116 0.001 0.081 

 
(0.21) (0.19) (0.00) (0.02) (0.02) (0.01) (0.03) (0.00) (0.07) 

Hainan 0.152 0.032 0.018 0.226 -0.02 0.004 0.077 -0.001 0.081 

 
(0.04) (0.04) (0.01) (0.07) (0.02) (0.00) (0.04) (0.00) (0.05) 

Hebei 0.134 0.055 0.014 0.24 -0.01 0.003 0.048 -0.001 0.084 

 
(0.03) (0.03) (0.01) (0.03) (0.02) (0.00) (0.02) (0.00) (0.04) 

Heilongjiang 0.063 0.036 0.008 0.197 -0.01 -0.003 0.048 -0.013 0.018 

 
(0.02) (0.03) (0.01) (0.03) (0.02) (0.00) (0.04) (0.01) (0.04) 

Henan 0.092 0.02 0.021 0.244 -0.05 0.01 0.086 0 0.084 

 
(0.01) (0.02) (0.00) (0.03) (0.02) (0.00) (0.02) (0.00) (0.04) 

Hubei 0.09 -0.021 0.025 0.216 -0.04 0.007 0.084 0 0.035 

 
(0.03) (0.03) (0.04) (0.03) (0.03) (0.00) (0.03) (0.01) (0.05) 

Hunan 0.208 0.108 0.019 0.299 -0.08 0.012 0.141 0.007 0.072 

 
(0.09) (0.07) (0.01) (0.03) (0.02) (0.00) (0.01) (0.00) (0.09) 

Inner  0.131 0.019 0.013 0.272 -0 0.01 0.092 -0.001 0.084 
Mongolia (0.04) (0.03) (0.00) (0.04) (0.02) (0.00) (0.02) (0.00) (0.04) 
Jiangsu 0.106 -0.001 0.041 0.272 -0.02 0 0.094 0.024 0.077 

 
(0.03) (0.04) (0.03) (0.04) (0.02) (0.00) (0.02) (0.01) (0.06) 

Jiangxi 0.107 0.033 0.008 0.263 -0.08 0.013 0.123 -0.001 0.018 

 
(0.03) (0.02) (0.01) (0.03) (0.03) (0.00) (0.06) (0.00) (0.04) 

Jilin 0.056 0.011 0.006 0.254 -0.02 0.003 0.026 -0.003 0.084 

 
(0.02) (0.02) (0.01) (0.04) (0.02) (0.01) (0.02) (0.01) (0.04) 

Liaoning 0.079 0.029 0.009 0.229 -0.01 0 0.04 -0.005 0.084 

 
(0.05) (0.05) (0.01) (0.04) (0.02) (0.00) (0.01) (0.01) (0.04) 

Ningxia 0.237 0.137 0.022 0.236 -0.09 0.005 0.14 0 0.085 

 
(0.12) (0.11) (0.01) (0.02) (0.02) (0.00) (0.07) (0.00) (0.04) 

Qinghai 0.133 0.044 0.019 0.216 -0.09 0.008 0.07 -0.001 0.085 

 
(0.04) (0.03) (0.01) (0.03) (0.02) (0.00) (0.01) (0.01) (0.04) 

Shaanxi 0.231 0.147 0.008 0.335 -0.13 0.008 0.222 0.002 0.072 

 
(0.07) (0.07) (0.02) (0.02) (0.02) (0.01) (0.12) (0.01) (0.09) 

Shandong 0.13 0.055 0.024 0.202 -0.02 -0.006 0.16 0.004 0.072 

 
(0.04) (0.04) (0.05) (0.02) (0.03) (0.00) (0.03) (0.01) (0.09) 

Shanghai 0.075 0.011 0.015 0.083 0.051 -0.01 0.079 0.006 0.018 

 
(0.02) (0.02) (0.02) (0.02) (0.01) (0.00) (0.03) (0.01) (0.04) 

Shanxi 0.093 0.021 0.011 0.219 -0.01 0.003 0.032 -0.001 0.087 

 
(0.03) (0.03) (0.01) (0.03) (0.02) (0.00) (0.02) (0.00) (0.05) 

Sichuan 0.211 0.205 0.017 0.304 -0.16 0.018 0.155 0.006 0.072 

 
(0.27) (0.24) (0.00) (0.08) (0.05) (0.00) (0.07) (0.00) (0.09) 

Xinjiang 0.115 0.036 0.017 0.203 0.001 0.007 0.083 -0.003 0.084 

 
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01) (0.05) (0.00) (0.04) 

Yunnan 0.107 0.02 0.019 0.242 -0.1 0.003 0.033 0.003 0.084 

 
(0.02) (0.03) (0.00) (0.04) (0.02) (0.00) (0.03) (0.00) (0.04) 

Zhejiang 0.114 0.018 0.023 0.246 -0 0.003 0.089 0.011 0.085 

 
(0.02) (0.02) (0.01) (0.04) (0.01) (0.00) (0.02) (0.00) (0.04) 

Tianjin 0.115 0.048 0.01 0.244 0.028 -0.003 0.044 0.001 0.085 

  (0.05) (0.05) (0.02) (0.03) (0.02) (0.00) (0.03) (0.01) (0.04) 
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5. Results 

In the following section the results of the panel data regression will be displayed and discussed. 

Table 2 shows the regression results of the carbon intensity equation with fixed effects and 

random effects. Both models include variables which should theoretically influence carbon 

intensity on either the short or the long term. Nonlinearity has been considered, but quadratic 

terms appear of no added value to the model.  

When standard OLS is used, the residuals show serial correlation. The Autocorrelation function 

and the Partial Autocorrelation function show two small negative spikes at the third and the 

second lag. These are no characteristics of any simple autoregressive or moving average process, 

so this problem is not easily solved by adding lagged terms of either the dependent variable or the 

error term. The null of no serial correlation is rejected on a five percent level, but not on a one 

percent level for the second and third lag. The serial correlation causes OLS not to be the best 

linear unbiased estimator. The Durbin Watson is however around 2.2 and this is still acceptable.    

Table 2. 

Regression results – carbon intensity model in the short run. First differences are taken from all variables. Lagged 

dependent variables and period fixed effects are not included in the table. 
 Model 1  Model 2  

 Long-term Short-term Long-term Short-term 

Goods 0.620 -0.731 0.714 -0.514 
Oil   -0.001 *** 0.001** -0.0001 0.0002* 
TKM 4.460*10-7 3.02*10-6 9.52*10-7 4.880*10-6** 
Treatment 2.950*10-5 ** 2.67*10-5 2.93*10-5** 2.11*10-5 

     
 
Fixed effects 

 
Yes*** 

 
 

 
No 

 

 
R2 

 
0.144 

  
0.084 

 

Observations 208  208  
Jarque Bera 126.16  166.65  
Durbin Watson 2.193  2.227  

     

*,** and *** show statistical significance at a 10, 5 and 1 percent level. The residuals are heteroskedasticly robust. 

T-statistics are displayed between brackets. 

The Jarque Bera test statistic shows that the residuals are normally distributed for both models, 

on a very precise significance level. In the two models no multicollinearity problems are 

experienced. The short run component of TKM shows positive correlation with both the long run 

component of TKM and Oil but excluding the short run component of TKM does not change the 

results in any way for the fixed effect model. The random effects model is affected because the 
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significant positive result is removed. This leaves only a few significant results. This and the fact 

that R2 is lower for the random effects model, causes the fixed effect model to be preferable in 

this case.  

The first model displayed in Table 2 is the fixed effects model of carbon intensity. For the long 

run, oil prices and treatment show significant effects. Oil prices appear to have a negative effect 

on the long term. Persistent high oil prices causes investment in green energy sources to become 

profitable. This does not hold for the short run, because return on investment is generally 

calculated over many years. On the short run, factors which lead to high oil prices will lead to 

higher carbon intensity as well. High demand for oil will lead to both higher prices and increase 

in consumption of oil. This will cause an increase in carbon intensity and oil prices at the same 

time. This explains the negative effect of oil prices in the short run. TKM and Goods do not show 

any significant effects for both the long and the short run. The effect of a larger transport industry 

might already be captured by the effect of oil prices. As discussed before, one could expect a 

positive correlation between Treatment and Carbon Intensity, because measures increase when 

carbon emission increases. When lagged variables of Treatment are included, the sign changes 

from positive to negative but the effect are very insignificant. The insignificant effect of Goods is 

in line with previous research. Apparently, the goods manufacturing sector is not more carbon 

intensive than other industries.  

Table 3 displays the regression results of energy intensity and scale using both a fixed effects 

model and a random effects model. Energy intensity and scale are jointly estimated because scale 

cannot be estimated separately. When ln(Sjt) = δ1 + δ2ln(cjt) + δ3ln(ljt) is to be estimated, values of 

Sjt are needed. The unknown δ-parameters are estimated by regressing Ln(CO2) minus Ln(CI) 

against all the explanatory variables of energy intensity and scale. Again, residuals are not 

independent and show serial correlation when standard OLS is used to perform the regression. 

The partial autocorrelation function shows a pattern which is congruent with autoregressive 

model of the order 2 for the random effects model. Autocorrelation of the random effect model is 

removed by including two lagged components of the dependent variable. For the fixed effects 

model, AR(2) components show too much multicollinearity. This is why serial correlation cannot 

be fully removed and DW becomes 2.5. R2 is also a bit higher for the random effects model. 

Clearly, the random effects model is better for regression of the energy intensity and scale. Fixed 
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effects show to be insignificant. Both models include all variables which should hypothetically 

influence energy intensity and/or scale, except for the interaction term. A t-test shows that the 

interaction terms are redundant. Coefficients for the reduced model are also more significant.    

The regression results for the energy intensity and scale model still show signs of spuriousness. 

The R2 is curiously high and the TFP and TKM time series show a unit root still, after taking first 

differences. Taking percentage changes and/or taking second differences however will lead to too 

much information loss and no significant results. Due to the possibility of a spurious regression, 

coefficients should be interpreted very carefully1. 

Table 3. 

Regression results – energy intensity and scale model in the short run. First differences are taken from all variables. 

Lagged dependent variables and period fixed effects are not included in the table. 
 Model 1  Model 2  

 Long-term Short-term Long-term Short-term 

Goods 0.737 -4.367 2.073** -1.474 
Oil   -0.001 0.0003 -0.001** 0.001* 
TKM -1.93*10-6 -6.13*10-6 -8.950*10-7 6.800*10-7 

Treatment -9.60*10-5 -3.13*10-5 -3.810*10-5* -7.220*10-5 
Urban 
TFP 
Capital 
Labor 
 

0.335 
-1.840*10-9 
-0.0001 
0.639 
 
 

3.232 
-1.730*10-8 

0.864*** 
0.140 

0.872 
5.970*10-9*** 
0.305* 
0.891* 
 

-1.434 
-3.750*10-8** 
0.706*** 
-0.538** 

 
Fixed effects 

 
Yes 

  
No 

 

 
R2 

 
0.437 

  
0.577 

 

Observations 148  148  
Jarque Bera 13435.5  11499.5  
Durbin Watson 2.49  2.45  

     

*,** and *** show statistical significance at a 10, 5 and 1 percent level. The residuals are heteroskedasticly robust. 

T-statistics are displayed between brackets. 

The results for the random effects model show a significant positive coefficient for Goods, on the 

long run. Goods manufacturing companies use on average more energy than other companies per 

unit of output, because a lot of processes in goods manufacturing need power. Oil prices are 

negatively associated with energy intensity and scale in the long term and positive on the short 

term. The short term positive influence is similarly explained as for the carbon intensity model. 

When energy demand rises, prices will rise as well as consumption of energy. In the long run, 

                                                           
1
  A spurious regression might lead to an overestimation of the significance of the coefficients. 
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high prices of oil will lead to less consumption of oil and higher energy efficiency. Again, no 

significant results are found for TKM. The CO2 emission of the TKM sector might be too small 

in proportion to total CO2 emission. The insignificant result of urbanization might be related to 

this. More transportation to cities is needed which is expected to increase energy intensity. 

However, the transport sector shows not to be of major influence when looking at the coefficients 

of TKM. TFP shows a negative effect on the long term which is congruent with expectations. 

confirms the expectation that efficiency in an economy also leads to energy efficiency. Less 

people are needed to create the same amount of output, and less energy is needed to create the 

same amount of output. In the short term however, this appears not to be true. This suggests that 

productivity improvements costs energy at first, and save energy later. Some investments in 

productivity, like industrialization cost more energy at first, but afterwards it will be optimized 

which will lead to less energy per unit output. The Kuznets curve is confirmed for only certain 

drivers of GDP growth. The determinants of scale: capital and labor, show positive significant 

effects in the long run. This means that expansion of the economy is expected to lead to more 

CO2 emission. Short term shocks of labor and capital have negative and positive significant 

effects respectively.  

The variable treatment shows to have a negative influence on energy intensity and scale in the 

long term. The facilities that are created to address emission problems are therefor in the long 

term helpful, to reduce energy consumption and intensity rather than carbon intensity. This result 

is incongruent with western countries, which have first addressed carbon intensity and energy 

intensity and afterwards consumption.2 

  

                                                           
2
 The variable is to be interpreted very carefully though, due to the possible spuriousness of the regression. The 

effect might be insignificant in reality, rather than negative and significant. 
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6. Conclusions 

Unlike most western countries, the peak of energy intensity and carbon intensity seems not to be 

reached for China (Hamilton and Turton (2002), Lindmark (2004)).The time series is however 

too short to get a clear view of the trends. The graphs in figure 2 and 3 show a small positive 

trend with some peaks and valleys caused by unexpected economic events, like the financial 

crisis 2008. The Economic Kuznets curve is a long-term curve, and takes not into account short 

term shocks (business cycles). The short term shocks appear to be caused by different factors 

than the long term shocks. We find significant differences between short and long term variables. 

For example, prices of oil are positively correlated with carbon emission on the short term, while 

they are negatively correlated with carbon emission on the long run. In the short run, demand of 

oil will lead to more consumption and higher prices. The consumption increase leads to more 

carbon emission. In the long run, high oil prices will lead to switching to other energy sources 

and less carbon emission. From this and other examples it can be concluded that the distinction 

between short and long term series adds value to research on CO2 emission trends over time.  

The negative effect of TFP on CO2 emission which appears from the energy intensity and scale 

regression, suggest that a focus on TFP growth will help CO2 emissions to go down. It is a 

generally accepted theory that better education leads to higher productivity (Lau, Jamison and 

Louat, 1991). To further subsidize education would be a stimulus for sustainability in the long 

run in terms of energy efficiency. Next to this, education will increase the awareness of people 

about the risks of environmental degradation. Scale and labor growth show to cause higher 

energy intensity on the long run. Innovation is another way to decrease environmental 

degradation through productivity in two ways: the direct effect of innovation on the energy 

market and the indirect effect of innovations in the production process. Innovation in the energy 

market will contribute to create sustainable energy production using solar, wind and water power. 

Innovations in the productions process will lead increased efficiency which will lead to less 

energy use per unit output. Innovations in the energy market will lead to less carbon emission per 

unit of output.  

The rising energy consumption and carbon emission in China has caused the government of 

China to increase the measures taken against environmental degradation. Due to this the 

hypothesis was formed that measures taken have already had an effect on carbon emission in 
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China. Prove of this pattern can however not be given by the dataset used. The panel data 

analysis shows a positive correlation between carbon intensity and the variable of treatment. The 

positive result will not cause us to conclude that the measures have a negative effect on the 

environment. The positive correlation is caused by the positive effect of carbon emission on 

government measures. More carbon emission leads to more treatment. Adding lagged terms of 

the explanatory variable “treatment” would make it possible to check whether the treatment has 

an effect after a few years. This would lead to too much data loss for the time dimension, which 

would lead to insignificant coefficients. The limited data in the time dimension has been the most 

important limitation of the research. Data about China for certain variables is limitedly available 

over time and some data is not smooth (unrealistic spikes) over time. Due to fast development of 

China, data of recent years is good and reliable. In the future this limitation will become less and 

less of a problem. Another important limitation is the variable of interest which measures the 

treatment of the government for controlling CO2 emission. The variable captures the amount of 

facilities which are in place to control emissions. It does not capture the efficiency of the facilities 

in any way, which is very important to be able to draw conclusions about the effectiveness of 

government policies.  
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