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Abstract 

 

In March 2014 China announced its long awaited plan for managing the migration of  the 

rural population into already overcrowded urban areas.  The so called “new style” of  

urbanization has potentially important implications for China’s energy use although the 

relationship between urbanization and energy intensity is not straight-forward.  In this 

paper we investigate the impact of  urbanization and industrialization on the intensity of  

energy use in China using a balanced panel of  29 provinces for the period 1997 to 2010.  

Our empirical approach is to use three alternative measures of  urbanization and employ 

augmented mean group (AMG) estimators to allow for heterogeneity in the estimation 

of  the slope coefficients and cross sectional dependence.  We demonstrate that the 

impact of  urbanization on energy intensity is sensitive to the econometric modelling 

approach.  Our preferred AMG results show, in contrast to earlier studies, that for this 

time period urbanization appears to have little or no short or long run impact on energy 

intensity although in further results we find that urbanization does appear to have a 

negative impact on energy intensity in the more developed east but a sometimes positive 

effect for the western and central regions.  Our results suggest that China’s recent policy 

to encourage greater urbanization may not necessarily lead to a significant increase in 

province level energy intensities but nor will it lead to some of  the energy efficiency 

gains some expect. 
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1. Introduction 

Reducing the intensity of  energy use in developed and developing countries is considered 

an important element in the world’s ability to grow sustainably.  Likewise, reducing 

energy intensity is considered a practical solution to many of  today’s common challenges 

including global energy shortages; mitigating against further changes in the climate; and 

health impacts of  local air and water pollution.  Understanding the factors that 

influence fluctuations in energy intensity are of  first-order importance for academics and 

policymakers not least given the rise of  rapidly growing and energy hungry economies 

such as China and India.1 

 

In this paper we examine the impact of  urbanization, industrialization, and income per 

capita on energy intensity in China for a sample of  29 provinces for the years 1997 to 

2010.  This is a period in China’s history categorized by rapid economic development 

and a correspondingly large increase in the demand for energy.  From the 1990s to the 

current day China has experienced a steady but slow decline in energy intensity albeit 

with a period of  rising energy intensity in the middle of  the last decade.  Hence, 

understanding the factors that drive fluctuations in energy intensity in China is important 

for policymakers that are looking to develop instruments to address China’s energy and 

pollution concerns. 

 

One of  the factors thought to be important in the evolution of  energy intensity is the 

role of  urbanization. 2   Over the previous 35 years China has witnessed urban 

                                                        

1 In this paper we use energy intensity and energy efficiency interchangeably.  However, strictly speaking 
energy intensity measured as the primary energy supply divided by output ratio (GJ/$) or energy 
consumption of  standard coal equivalent per GDP is part of  the wider definition of  energy efficiency.  
Energy intensity is therefore an indicator of, rather than equivalent to, energy efficiency.  Energy 
efficiency means using less energy to provide the same service while energy intensity is a precise 
measurement unit. 
2 Where urbanization is defined as the physical growth of  urban areas associated with the movement of  
labor from rural and suburban areas to the city center.  If  China was to reach Western levels of  
urbanization it would need to increase the level of  urbanization by more than 25 percentage points.  
According to the Department of  Economic and Social Affairs of  the UN (World Urbanization Prospects 
2011), the urbanization rate of  China was 50.8% in 2011 which is still a little less than the world average of  
52.1% but still considerably below the urbanization rate of  77.7% for developed countries.  The 
Economist (2014a) states that China’s urbanization rate had reached 54% in 2014. 
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population growth of  more than 500 million people (Economist 2014b).  In the third 

plenum of  the 18th Central Committee of  the Communist Party of  China made public 

on October 15th 2013 it became apparent that China’s model of  urbanization was 

changing.  The previous model of  rapid but inefficient urbanization is to be replaced 

with greater priority given to services and a larger role for the free market.  The hope is 

that the changes will result in high quality urbanization.  The thinking is that putting 

additional emphasis on technology and the efficient clustering of  factors of  production 

will improve the efficiency of  industrialization and hence lead to a more efficient use of  

energy.  In March 2014, the long awaited first official plan on urbanization, namely the 

National New-Style Urbanization Plan (2014-2020), was issued by the Central Committee 

and the State Council to provide guidelines for the reasonable flow of  migrants into 

urban areas.  According to the National Migrant Workers Monitoring Survey Report 

2012 issued by National Bureau of  Statistics of  China (NBSC), the total number of  

national migrant workers reached 262.61 million with a growth rate of  3.9% in 2012.  

With the emphasis on city ecological progress and urban quality, the plan acknowledged 

an unequal treatment of  rural migrant workers (due to the hukou system of  household 

registration) and promises to help 100 million of  the 260 million migrants and other 

permanent urban residents to obtain urban household registration within the planned 

period.3 

 

Further motivation for our research is that China is currently experiencing the twin 

concerns of  energy security and environmental degradation as a result of  local pollution.  

Following two decades of  rapid growth, China become the world’s largest global energy 

consumer in 2010 and is predicted to be the world’s largest oil importer by 2014 (US EIA 

2014) and has been a net petroleum importer since the mid-1990s.  In 2011 China 

became the world’s largest power generator driven by a rapidly modernizing and 
                                                        

3 Huge shifts in people from rural to urban areas underpinned the Chinese economic transformation but 
caused an appreciable increase in the share of  city residents without urban hukou.  Due to limited access 
to public services internal migrants have a lower average propensity to consume.  The lower consumption 
of  non-hukou households tends to impede progress towards a consumption-led growth model.  
According to Dregor et al. (2014) the current urbanization strategy in the absence of  hukou reform is likely 
to dampen private consumption in China. 
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industrializing economy.  The degree of  China’s dependence on energy imports has 

increased continuously with the domestic demand-supply gap in 2011 reaching 300 

million tons of  standard coal equivalent and the reliance on foreign crude oil reaching a 

new record of  55.3% (NBSC 2012).  A by-product of  increased energy consumption is 

the proliferation of  serious environmental problems caused by the emissions of  local and 

global pollutants.  China is coming under increasing pressure from its local population 

and the rest of  the world to pay more attention to reducing their contribution to the 

emission of  local air pollutants and greenhouse gases to mitigate the effects of  pollution 

on health and climate change respectively.4 

 

China’s recognition of  these concerns is reflected in the increased emphasis that Xi 

Jinping as president and Li Keqiang as premier have placed on long term sustainable 

growth.  In terms of  the energy sector, the Third Plenum in October 2013 suggests that 

China is looking to adopt market-based pricing of  energy related products at the same 

time as increasing energy efficiency and investing further in renewable energy (US EIA 

2014).  This change builds on the announcement in the twelfth five-year plan of  2011 

that sets an explicit target of  reducing energy intensity by more than 16% by 2015.5 

 

A country’s energy intensity is influenced by a wide range of  factors.  In this paper we 

investigate the impact of  three of  the main factors thought to determine energy intensity: 

urbanization; internationalization; and income per capita.  According to Jiang and Lin 

(2012) urbanization and industrialization are considered the primary driving forces 

behind the rise in China’s energy consumption.  The process of  industrialization is used 

to describe an increase in industrial activity which tends to increase the demand for 

energy and hence, everything equal, an increase in energy intensity.  Between 2000 and 

2011 China’s gross industrial production grew by an average of  15% a year and in 2010, 

                                                        

4 Although not the central theme of  this paper, research into the health impacts of  pollution in China 
include Zhang et al. (2008), Cropper (2010), Heck and Hirschberg (2011), Hou et al. (2012) and Chen et al. 
(2013). 
5 The Twelfth-Five Year Plan states that energy consumption per 10,000 RMB of  GDP should fall from 
1.034 in 2010 to 0.869 tons of  standard coal in 2015 (in 2005 prices). 
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industrial energy consumption was responsible for 71.1% of  the total domestic 

consumption (NBSC 2012).6 

 

The impact of  urbanization is a little more complicated.  On the one hand, urbanization 

tends to increase demand for more energy-intensive products as urban residents rely 

much more on electrical appliances and modern transportation which implies a higher 

energy demand per person than those living in rural areas.  On the other hand, the 

concentration of  production and consumption in a relatively small geographical area 

should provide opportunities for economies of  scale that can improve overall energy 

efficiency. 

 

Hence, the contribution of  this paper is three-fold.  First, previous studies of  the 

relationship between energy intensity and urbanization (Jones 1989, York 2007, Jiang and 

Liu 2012 and Sadorsky 2013) have tended to use only one indicator of  urbanization 

which is usually the urban population rate measured as urban population divided by total 

population (URBAN1).  In this paper we employ two additional measures.  It is widely 

acknowledged that while the secondary and tertiary sectors tend to be located in urban 

areas, the primary sector tends to be rurally based.  Hence, we also measure 

urbanization as the non-agricultural population divided by total population (URBAN2).  

However, since there are two categories of  household IDs in China, namely agricultural 

households and non-agricultural households, there is some debate about whether those 

individuals that are considered to be part of  the short-term floating population can be 

treated as part of  the urban population (Zhang and Huang 2010).7  Studies of  the 

relationship between non-agricultural employment and urban economics (Chenery and 

Syrquin 1975, Fan and Tian 2003, Liu et al. 2003 and Zhang and Huang 2010) argue that 

the substantial difference between non-agricultural employment and the level of  

                                                        

6 In 2010 aggregate energy consumption was 3,249 million tons of  coal equivalent and industrial energy 
consumption was 2,311 million tons of  coal equivalent (NBSC 2012). 
7 According to the Ru et al. (2012) 46.6 percent of  the rural population is engaged in non-farming work 
and 13.4 percent are engaged in both agricultural and non-agricultural activities.  For many agricultural 
households some degree of  non-farming employment has become standard. 
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urbanization reflects distortions in the industrial structure, the employment structure and 

the urban-rural structure.  Hence, we also measure urbanization as the percentage of  

workers employed in the non-agricultural sector divided by total employment 

(URBAN3). 

 

Our second contribution is to use a panel of  data at the regional level in China.  The 

existing literature such as Liu et al. (2006), Wang and Yang (2006) and Liu (2007) tend to 

use nationally aggregated data of  energy consumption.8  The benefit of  the panel 

approach used in this paper is that our data allows us to employ an Autoregressive 

distributed lag (ARDL) model which enables us to calculate both short-run and long-run 

elasticities for our variables of  interest with respect to energy intensity. 

 

The third related contribution is that by pursuing an econometric approach following 

Sadorsky (2013) we employ two alternative mean group estimators in both a static and a 

dynamic framework that allows us to control for heterogeneity across our unit of  analysis.  

This is important given the considerable variation in the economic development, 

resource endowments and climate across China’s 31 mainland provinces.  Such an 

approach is needed because the strict assumption of  parameter homogeneity required for 

classical regression models is unlikely to hold across Chinese provinces.  Moreover, 

because energy related policies are managed by the central government based in Beijing 

we are likely to have cross-sectional dependence within our province level panel.  Hence, 

standard panel techniques will tend to produce biased and inconsistent results.  More 

specifically we use the extended version of  the Mean Group estimator, the Augmented 

Mean Group (AMG) estimator (Eberhardt and Teal 2008) that takes both heterogeneity 

across parameters and common factors into account.9 

 
                                                        

8 See Ma et al. (2010) for a survey of  the trends in China’s energy intensity at the national level. 
9 Zhang and Lin (2012) also estimate the impact of  urbanization on energy consumption and CO2 
emissions using a province level panel.  They conduct a fixed effect estimation with Driscoll-Kraay 
standard errors which is argued to be robust to general forms of  cross-sectional and temporal dependence 
(Hoechle, 2007). Although they consider regional differences and divide China into three regions, their 
estimation may still suffer from the heterogeneity panel problem. 
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To briefly preview our results we show that the econometrics approach employed is 

important.  Our main AMG results show in contrast to previous studies, that 

urbanization, however measured, has little or no effect on energy intensity.  Similarly, 

income per capita tends to have a small negative or no significant effect on energy 

intensity.  However, industrialization has the expected positive and significant effect.  

When we disaggregate China into three distinct regions based roughly on the level of  

development we find that income per capita has a negative impact on energy intensity in 

the richer and more developed coastal region but a positive effect in the less developed 

Western region although urbanization remains insignificant.  What is evident is that the 

different econometric specifications can lead to very different conclusions regarding the 

impact of  urbanization and that not controlling for heterogeneity between Chinese 

provinces has a significant impact on the results. 

 

The rest of  the paper is organized as follows. Section 2 discusses the mechanisms by 

which urbanization, industrialization and income are expected to impact on a country’s 

energy intensity. Section 3 presents our methodological approach while Section 4 

provides a summary of  the data. Our results are presented in Section 5 followed by a 

discussion of  the results before we conclude in section6. 

 

2. Energy Intensity: Urbanization, industrialization and income 

According to the 2012 UN Environment Programme (UNEP 2012), urban areas, which 

currently occupy around three per cent of  the world’s surface area, were estimated to 

consume approximately 75 per cent of  the natural resources and account for 60-80 per 

cent of  all greenhouse gas emissions.  The mechanisms by which urbanization 

influences energy intensity are identified through four channels (Jones 1991 and 

Madlener and Sunak 2011) and outlined most recently in Sadorsky (2013).  We briefly 

rehearse the arguments again here. 
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First, urbanization is associated with a concentration of  economic activity and hence an 

increase in urban production.  When people move into the city from rural areas the 

result is that more human resources are absorbed by the relatively more energy intensive 

secondary and tertiary sectors.  Moreover, the decline in the agricultural population can 

also lead to an increasingly mechanized agricultural production process (Jones 2004).  In 

addition, as Schneider and Enste (2000) point out, in those countries where there tends 

to be a large informal market where economic activities are neither taxed nor registered it 

can be a further source of  energy consumption.  Counter balancing these effects is the 

fact that rising competitive pressures and land scarcity tends to drive urban production to 

be more innovative and to use modern and more technologically advanced capital which 

is more likely to be more environmental friendly (Jones 1989). 

 

The second channel is that as the scale of  urban production increases raw materials must 

be transported from their often rural origin to the urban production center and final 

goods in turn need to be transported to the destination of  consumption which is likely to 

be other urban conurbations.  Urbanization also increases intra-city mobility which 

increases energy consumption and the emission of  various pollutants.  In developing 

countries where the basic transit infrastructure is generally absent it leads to additional 

demand for energy from private transportation such as trucks and automobiles. 

 

The third channel is the need of  growing cities for increasing volumes of  high energy 

intensive products such as steel and cement.  Urbanization means increases in the 

building stock and other infrastructure programmes resulting in inner-city clustering and 

land shortages which leads to a greater use of  multi-level building (Parikh and Shukla 

1995).  Office buildings, power plants, sewage networks are generally accompanied by 

significant ongoing energy inputs.  Likewise, the maintenance of  completed 

infrastructure projects is also costly in terms of  energy.  In addition, the process of  

urbanization in most developing countries is often associated with the uncontrolled 

diffusion of  informal settlements and illegal housing which are usually inefficient in their 
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use of  energy, even though the growth in informal dwellings (e.g. shanty towns) often 

lack access to basic amenities including electricity. 

 

Finally, the forth channel by which urbanization impacts energy intensity is through the 

change in lifestyle and consumption patterns of  newly urbanized citizens who tend to be 

more dependent on certain energy intensive products such as air conditioners, 

refrigerators and private vehicles (Jones 1989).  Increasing disposable income also 

increases the likelihood that households will purchase more electrical appliances.  In 

addition, urban dwellers are more likely to derive their energy from coal or natural gas 

and not from decentralized sources of  energy such as wood burning. 

 

Jones (1989) provides the first systematic investigation of  the influence of  urbanization 

on energy use defining energy use as energy consumption per capita relative to energy 

consumption over real GDP and the commercial trading of  fossil fuels relative to total 

energy use including traditional fuels.  Using a cross-section of  59 developing countries 

in 1980 he found that energy consumption increased as a result of  not only income per 

capita and industrial structure but also the rate of  urbanization.  The elasticity of  

income per capita, industrialization and urbanization with respect to energy use were 

estimated to be 1.10, 1.08 and 0.48 respectively.  Jones (1991) went on to investigate the 

mechanisms by which urbanization impacts energy use employing similar cross-sectional 

data and found the long term urbanization elasticity to be 0.35.  Similarly, Parikh and 

Shukla (1995) estimate the relationship between urbanization and increasing resource 

consumption using a multiple regression framework for 78 developing and developed 

countries between 1965 and 1987 and find that, using pooled OLS, the elasticity of  

energy intensity with respect to urbanization is 0.47. 

 

However, as we have previously noted, under certain conditions urbanization could result 

in a decrease in energy intensity.  Using a demographic dynamic approach, Liddle (2004) 

finds that densely populated countries tend to have a lower personal vehicle demand 
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which implies less transport related energy use per capita.  Likewise, York (2007) 

employs a panel of  14 EU countries from 1960 to 2000 to investigate the relationship 

between energy consumption and income per capita, urbanization, population size, and 

population age structure.  The elasticities on income per capita and urbanization were 

0.69 and 0.56 respectively although the most important factor was population which 

proved to be the major predictor of  energy consumption with an elasticity between 2.56 

and 2.75.10 

 

Different levels of  development between high and low income countries mean that the 

impact of  urbanization on energy consumption can vary considerably.  Mishtra et al. 

(2009) examine nine Pacific Island countries and found that urbanization affected 

different economies in opposite directions.  Likewise, Poumanyvong and Kaneko (2010) 

in a study of  99 countries from 1975 to 2005 find that although urbanization appears to 

exert a negative impact on energy use for low-income groups it is positive for middle- 

and high-income country groups.11 

 

Other research has argued that urbanization has little impact on energy use.  Krey et al. 

(2012) focus on urbanization in China and India using an integrated assessment model 

and show that total consumption of  fossil fuels in the residential sector is not sensitive to 

urbanization arguing that it is the evolution of  labor productivity induced by 

urbanization that really matters.  Using a computable general equilibrium (iPETS) 

model O’Neill et al. (2012) finds similar results for China and India.  Hence, the direct 

impact of  urbanization on energy use is somewhat less than the indirect influence 

                                                        

10 In a related literature, with an unbalanced panel for 88 developing countries between 1975 and 2003, 
Martinez-Zarzoso and Maruotti (2011) find an inverted U relationship between CO2 emissions and urban 
population density for half  of  their sample of  countries.  They find a threshold effect for urbanization’s 
impact where increasing urbanization does not induce further emissions once a certain threshold is passed.  
Everything else equal, they find the highest emission levels come at an urbanization level of  59% to 63% 
(compared to China’s current level of  around 54%).  More recently, Zhu et al. (2012), using a 
semi-parametric fixed effects approach for 20 emerging countries between 1992 and 2008, finds a 
non-linear relationship between CO2 emissions and urbanization but little evidence of  an inverted U-shape 
relationship between urbanization rate and CO2 emissions. 
11 In addition, Poumanyvong and Kaneko (2010) find that industrialization has a statistically significant 
impact on energy intensity for low- and middle-income groups only. 



10 

 

introduced by an increasing labor supply. 

 

In a related literature, other studies examine the relationship between China’s energy 

consumption and urbanization and include Liu (2009), Minx et al. (2011), Jiang and Lin 

(2012), Zhang and Lin (2012), Khanna et al. (2013) and Wang (2014).  Liu (2009) 

conducts unit root and Granger causality tests and finds a unidirectional Granger 

causality from urban population density to total energy consumption.  Using an 

autoregressive distributed lag approach a stable long-run relationship is found between 

total energy consumption, urbanization, GDP and population from 1978 to 2008, 

although the contribution from urbanization tends to be smaller in the later years of  the 

sample.  Minx et al. (2011) employ a structural decomposition approach to examine 

Chinese carbon dioxide (CO2) emissions between 1992 and 2007 and finds increasing 

export demand and structural changes to be the largest contributors to CO2 emissions 

with capital investment accounting for 61 percentage of  emission growth between 2005 

and 2007.  The effect of  urbanization and the related evolution of  lifestyles are shown 

to be more significant than other social-demographic factors such as population and 

household size with the overall emission effect of  urbanization still coming out as 

positive even after netting out the potential carbon savings due to economies of  scale. 

 

A recent study of  China’s energy demand by Jiang and Lin (2012) shows that trends in 

industrialization and urbanization means that China’s energy demand is predicted to keep 

rising until 2020.  A province level panel estimation using data from 1995 and 2010 by 

Zhang and Lin (2012) shows that urbanization has a positive effect on both energy 

consumption and CO2 emissions.  When they take China’s unbalanced regional 

development into account they find that energy consumption decreases dramatically as 

one moves from the western to the eastern provinces of  China.  Finally, Wang (2014) 

examines different types of  energy consumption between 1980 and 2011 and finds that 

urbanization reduces residual energy consumption per capita but substantially increases 



11 

 

aggregate energy consumption.12 

 

In terms of  industrialization, which refers to the process by which a society transforms 

itself  from a traditional agricultural society to one based on higher value added 

manufacturing, mechanized mass production and assembly lines replace craftsmen and 

individual manual labor which induces higher energy consumption.  Certain heavy 

industries play a significant role in increasing energy intensity (for example ferrous and 

nonferrous metals processing, petroleum refining and paper and allied production).  

Sadorsky (2013) finds in the long-run that a 10% increase in industrialization causes a 0.7% 

to 1.2% increase in energy intensity.  Feng et al. (2009) investigate the dynamic and 

long-term relationship between economic structure, energy consumption and energy 

intensity between 1980 and 2006  for China as a whole and find a co-integrating 

relationship between these three variables and that economic structure Granger causes 

energy intensity. 

 

To explain the impact of  industrialization more precisely, Fisher-Vanden et al. (2004), Ma 

and Stern (2006) and Liao et al. (2007) divide the economic structure of  a country into a 

number of  sub-sectors.  Two effects are identified: Structural and efficiency effects.  

Liao et al. (2007) find an efficiency effect where the role of  technology is considered to 

be the dominant contributor to the change of  energy intensity.  Structural change at the 

industry level increases energy intensity while the structural shifting between sub-sectors 

decreases overall energy intensity (Ma and Stern 2006).  Using a panel of  approximately 

2,500 large and medium-sized industrial enterprises, Fisher-Vanden et al. (2004) 

demonstrate that the efficiency effect played an important role in reducing energy 

intensity at the firm-level for the period 1997 to 1999 and accounted for 47% of  the 

decline.  Analyzing 23 service sectors in 18 OECD countries, Mulder et al. (2014) argue 

                                                        

12 In a related literature, Khanna et al. (2013) examine the local enforcement of  two of  China’s recent 
energy efficiency policies based on household appliances across several pilot locations between 2006 and 
2009.  They generally find high compliance but with a large variation.  Insufficient organizational 
coordination between government agencies and the low priority given to energy efficiency in national 
quality testing are the main challenges for the implementation of  such policies. 
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that industrial structure changes have played an increasingly important role on aggregate 

energy intensity especially after 1995 although they show that the service sector is not as 

energy efficiency as many expect. 

 

Advances in technology can also make production more environmental friendly.  In 

China, non-state and foreign investment has also had a significant impact on the 

diffusion of  energy-saving technologies (Herrerias et al. 2011).  In the literature, 

Garbaccio et al. (1999) decompose the decline in the energy-output ratio into two 

elements, technical change and structural change.  They found that technical change 

within an industry is the main factor that explains the decline in the energy-output ratio 

while structural change increases energy consumption. 

 

Finally, there are a large number of  theoretical and empirical studies that examine the 

relationship between income per capita and energy consumption and intensity.  

Malenbaum (1978) and Galli (1998) used data from 10 countries and 10 Asian countries 

respectively and both show that resource intensity changes with income per capita and 

that income per capita plays a significant role in changes in resource intensity implying a 

Kuznets type invested U relationship as income increases.  More specifically for China, 

Zhao et al. (2007) examines the relationship between growth and energy consumption 

across different regions using a smooth transfer regression (STR) estimation to find a 

stationary non-linear relationship even during different phases of  development.  Finally, 

Shao and Jia (2006) and Liu (2007) find no strong causal relationship between Chinese 

economic growth and the energy consumption.13 

 

                                                        

13 Bernardini and Galli (1993) argue that energy intensity is determined by three main factors.  First, 
energy consumption is driven by income per capita because of  changes in the final demand structure so 
that energy intensity follows a bell shape so that energy intensity rises and then declines as the economy 
passes from the pre-industrial to industrial and on to post-industrial stage.  In the final post-industrial 
stage the decline in energy intensity occurs as the economy makes the transition to a less energy intensive 
service sector economy, the capital stock has reached saturation point and new technologically advanced 
materials substitute for more energy intensive products.  In addition, wealthy residents demand cleaner air 
and a better environment following the standard environmental Kuznets curve literature.  See Dasgupta et 
al. (2002) for a survey of  the environmental Kuznet’s curve literature. 
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3. Methodological approach 

Our empirical approach is based Sadorsky (2013) who follows Jones’ (1991) original 

estimating equation.  Specifically, we estimate the relationship between energy intensity 

and income per capita, industrialization and three measures of  urbanization.  Our 

estimating equation is given by: 

 

𝐸𝐼𝑖𝑡 = 𝛼 + 𝛽1𝑖𝑌𝑃𝐶𝑖𝑡 + 𝛽2𝑖𝐼𝑁𝐷𝑖𝑡 + 𝛽3𝑖𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + ξ𝑡 + 𝑣𝑖 + 𝜀𝑖𝑡  (1) 

 

The subscripts i and t denotes a province and year respectively.  All our right hand-side 

variables are in logs and include our measure of  income per capita (YPC), 

industrialization (IND) and three measures of  urbanization (Urban1, Urban2 and 

Urban3).  The variable ξ𝑡  represents a year effect across all provinces and panel 

specific effects are included through 𝑣𝑖 .  𝜀𝑖𝑡 is the error term.14 

 

Assuming the error term 𝜀𝑖𝑡  is distributed with zero mean and constant 

variance-covariance, using logs means the coefficients can be interpreted as elasticities.  

One concern however is that classic panel regression techniques could produce 

misleading and inconsistent results if  the panel data has heterogeneous coefficients.  

The homogeneity assumption means that pooled OLS and various fixed effects 

specifications impose the condition that 𝛽1𝑖 = 𝛽1,  𝛽2𝑖 = 𝛽2, 𝛽3𝑖 = 𝛽3 and neglects the 

possibility of  individual panel specificity.  This is a concern when we consider a panel 

of  Chinese provinces where there are considerable differences in growth and 

development between the coastal and inland provinces. 

 

                                                        

14 Year dummies are included in all classic estimations.  As for the mean group (MG) estimations, the 
linear trend term was included but none were significant at the 95% level.  Since the time effect tends to 
be nonlinear, the linear trend term is negated.  With reference to the augmented mean group (AGM) 
estimator, t-1 year dummies are taken into account automatically in the first stage of  the estimation 
procedure. 
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To address this possible source of  bias ideally one would like to estimate 𝛽1𝑖, 𝛽2𝑖, 𝛽3𝑖 

separately.  A starting point is to use a standard Mean Group (MG) estimator developed 

by Pesaran and Smith (1995).  The heterogeneous coefficients are estimated separately 

and the simple arithmetic average is taken across panels.  For i= 1,2,3 ⋯ 𝑁 , 𝑡 =

1,2,3 ⋯ 𝑇, let; 

𝐸𝐼𝑖𝑡 = 𝛼𝑖 + 𝜷𝒊
′𝑿𝒊𝒕 + 𝜀𝑖𝑡                      (2) 

�̂�𝑀𝐺 = 𝑁−1 ∑ �̂�𝑖

𝑖

 

where 𝜷𝒊 is the panel-specific coefficient vector and 𝑿𝒊𝒕 is the vector of  independent 

variables including 𝑌𝑃𝐶𝑖𝑡 , 𝐼𝑁𝐷𝑖𝑡  and 𝑈𝑅𝐵𝐴𝑁𝑖𝑡  where subscript i represents an 

individual province. 

 

Although Mean Group (MG) estimators account for parameter heterogeneity they are 

still based on the assumption of  cross sectional independence.  If  the assumption fails 

to hold then the MG estimation procedure will lead to biased and inconsistent results.  

To address this problem Eberhardt and Teal (2008) developed the Augmented Mean 

Group (AMG) estimator which takes into account both parameter heterogeneity and 

possible cross-sectional dependence.  The AMG estimator includes a “common 

dynamic process” extracted from a pooled OLS regression of  first differences which 

provides a panel-equivalent average movement of  the unobserved common factors.  

Common factors are those factors that are time specific and common across provinces.  

The AMG approach follows a two-stage procedure; 

∆𝐸𝐼𝑖𝑡 = 𝜷𝒊
′∆𝑿𝒊𝒕 + ∑ 𝑐𝑠∆𝐷𝑠

𝑇
𝑠=2 + ∆𝑒𝑖𝑡                  (3) 

⇒ �̂�𝑠 ≡ �̂�∗
𝑡
 

𝐸𝐼𝑖𝑡 = 𝛼𝑖 + 𝜷𝒊
′𝑿𝒊𝒕 + 𝜅𝑖�̂�∗

𝑡
+ 𝑒𝑖𝑡                   (4) 

�̂�𝐴𝑀𝐺 = 𝑁−1 ∑ �̂�𝑖

𝑖

 

In the first stage (Equation 3) a standard first difference OLS regression with 𝑇 − 1 
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year dummies 𝐷𝑠 is estimated.  The coefficients on the year dummy �̂�𝑠 are recorded 

and relabeled as �̂�∗
𝑡
.  In the second stage (Equation 4) the variable �̂�∗

𝑡
 is included to 

represent the unobservable common factor’s evolution over time.15 

 

We can also estimate the relationship between energy intensity, income per capita, 

urbanization and industrialization as an autoregressive distributed lag (ARDL) model 

with one lag for each variable.  The appropriate lag length is chosen using information 

criterion.  Hence, we also estimate a dynamic panel regression given by: 

 

𝐸𝐼𝑖𝑡 = 𝛼0 + 𝛼1𝑖𝐸𝐼𝑖𝑡−1 + 𝛽1𝑖𝑌𝑃𝐶𝑖𝑡 + 𝛽2𝑖𝑌𝑃𝐶𝑖𝑡−1 + 𝛽3𝑖𝐼𝑁𝐷𝑖𝑡 + 𝛽4𝑖𝐼𝑁𝐷𝑖𝑡−1 

+𝛽5𝑖𝑈𝑅𝐵𝐴𝑁𝑖𝑡 + 𝛽6𝑖𝑈𝑅𝐵𝐴𝑁𝑖𝑡−1 + ξ𝑡 + 𝑣𝑖 + 𝜀𝑖𝑡                (5) 

 

An appropriate modification of  the ARDL model is to correct for the interference of  

endogeneity and the residual serial correlation on the long-run coefficients (Pesaran, 

1997).  Pesaran (1995) shows that an ARDL model can be justified equally in cases of  

trend-stationary and first-differenced stationary regressors.  The advantage of  a 

dynamic over a static model is that both short-run and long-run elasticities can be 

calculated with a distinction being made between the two types of  parameters.  In 

equation (5), 𝛽1, 𝛽3 and 𝛽5 capture the short-run dynamics and the long-run elastic 

relationship is defined by; 

𝜆𝑌𝑃𝐶 =
β1 + β2

1 − 𝛼1
        𝜆𝐼𝑁𝐷 =

𝛽3 + 𝛽4

1 − 𝛼1
        𝜆𝑈𝑅𝐵𝐴𝑁 =

𝛽5 + 𝛽6

1 − 𝛼1
 

It is worth noting that the dynamic ARDL model can be estimated as a homogenous 

slope or heterogeneous slope model. 

                                                        

15An alternative to the AMG approach is to use the Common Correlated Effects (CCEMG) estimator 
developed by Pesaren (2006) and used by Sadorsky (2013) which also takes into account both parameter 
heterogeneity and common factors.  This CCEMG has a general multifactor error structure and assumes 
that the unobservable common factor can be substituted by the cross-sectional average of  the independent 
and the dependent observations.  Compared to the AMG approach, the CCEMG estimator is relatively 
data-intensive since the degrees of  freedom are reduced considerably after the inclusion of  the averages as 
proxies for the unobservable common factor in each region regression.  In relatively short province 
time-series this could lead to loss of  precision in the province estimates.  With panel data, N is regarded 
as infinite asymptotically and T is finite.  Since we have a relatively small panel the CCEMG approach is 
unreliable and hence we do not report the CCEMG results in this paper. 
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4. Data 

In this paper we use panel data for 29 Chinese provinces for the period 1997 to 2010.16 

The original data are obtained from the China Statistical Yearbooks.  In the following 

empirical analysis, energy intensity is measured by energy consumption per real GDP and 

income per capita by real gross domestic product per capita.  Industrialization is 

measured as industrial value added divided by GDP.  Our three indicators of  

urbanization are given as follows (and have previously been discussed in more detail).  

First, we calculate the percentage of the population living in urban areas and divide this 

by total province population (Urban1).  Second, we take the percentage of 

non-agricultural population and divide it by total province population (Urban2) and 

finally we take the percentage of workers employed in the non-agricultural sector and 

divide it by total province employment (Urban3).  Table A1 of the appendix provides 

our variable definitions and Table A2 provides a simple correlation matrix of the log of 

each variable.  The raw correlations suggest a negative correlation between energy 

intensity and income per capita and urbanization and as expected a positive correlation 

between industrialization and energy intensity.  All three urbanization measures are 

negatively correlated with energy intensity and positively correlated with income per 

capita. 

 

When China surpassed the US to become the world’s largest energy consumer its 

primary energy consumption totaled 2,432 Mtoe (million tons of  oil equivalent) with a 

recent annual growth rate of  11.2%.  Figure 1 presents the composition of  China’s 

energy consumption from 1995-2011 while Figure 2 presents the overall trend in China’s 

energy intensity from 1995 to 2010.  Figure 1 shows that China’s energy consumption 

                                                        

16 We exclude Tibet and Qinghai from our analysis.  These two provinces contain small numbers of  
observations and have the extreme high values of  energy intensity due to the low real GDP.  We begin 
our sample in 1997 due in part to a boundary change for Chongqing which was separated from Sichuan 
province to become a municipality. 
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grew rapidly after 2000.  It can also be observed that although there has been an 

increase in energy supplied from renewable sources, coal and oil continue to supply the 

overwhelming majority of  energy consumed.  From 2003 to 2007 coal consumption 

increased significantly, which led to a rapid increase in overall energy consumption.  

This rise matches the period when aggregate energy intensity in China reversed its 

previous decline and rose steeply in 2004 before resuming its gradual decline although it 

remains above the lows of  2002 and 2003. 

 

[Figure 1 about here] 

 

[Figure 2 about here] 

 

Table 1 provides a summary of our key variables for each of China’s 31 provinces 

between 1995 and 2010.  The heterogeneity across provinces is evident for all variables 

with energy intensity ranging from a low of 0.894 in Fujian to 30.284 for Tibet.  

Industrialization and our urbanization variables have a lower variance although Beijing 

still has an urbanization rate that is more than three time larger than many of China’s 

provinces. 

 

[Table 1 about here] 

 

Table 2 provides data descriptives for our key variables for each of  China’s 29 provinces 

that we include in the regression analysis.  Table 2 shows that income per capita grew by 

an average of  8.9% a year while energy intensity fell by an average of  1.7% a year.  At 

the same time industrialization increased by an average of  1.2% a year.  The average 

annual growth rates for urbanization indicators Urban1, Urban2 and Urban3 were 5.0% 

and 2.5% and 1.9% respectively. 

 

[Table 2 about here] 
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Figures A1, A2 and A3 in the Appendix show the trends in urbanization, industrialization 

and income per capita for the period 1997 to 2010.  All three urbanization indicators 

have increased over this period with Urban3 having the highest index value.  Figure A2 

shows industrialization was relatively stable until 2002 when it experienced rapid growth 

before declining as the global economic crisis of  2007/2008 impacted the Chinese 

economy before resuming its upward trajectory.  Figure A3 shows that income per 

capita continued to rise steadily throughout this period. 

 

5. Empirical Results 

Before we present the results it is useful to note that classic panel unit root tests which 

do not take cross-sectional dependence into account can be misleading (low power).  

Standard unit root tests can over reject as a consequence of  considerable size distortion 

(Baltagi et al. 2007).  Hence, Pesaran (2007) developed the CIPS test (Cross-sectional 

Im-Pesaran-Sin test) for stationarity that can also be used as a test for cross-sectional 

dependence.  Table 3 presents this and the Pesaran (2004) CD test for cross-sectional 

dependence.  The p-values in the second column of  Table 3 indicate that all six series 

reject the null hypothesis of  cross-sectional independence.17  The CIPS test which 

contains one lag and an intercept term also indicates that all series include a unit root.  

A high p-value for the CD test and a low p-value for the CIPS test is what we are looking 

for when searching for an appropriate model to test our hypotheses.  Our results are 

similar to those of  Sadorsky (2013) whose data also exhibit cross-sectional dependence 

with each series containing a unit root.18  

                                                        

17 The first column shows the statistical values of  the CD test which under the null hypothesis of  no 

cross-sectional dependence CD
𝑑
→ 𝑁(0,1)  for N → ∞  and T  sufficiently large.  Column 3 and 4 

provide the average correlation and the average absolute correlation between the cross-sectional units.  
Absolute values enable us to identify cases where the sign of  the correlation alternates (Hoyos and 
Sarafidis 2006).  The high value for income per capital suggests that income levels between provinces are 
highly correlated. 
18 The implementation of  the unit root test via the CIPS test is similar to the classic one.  Since we fail to 
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[Table 3 about here] 

 

To investigate the relationship between urbanization, industrialization, income per capita 

and energy intensity we estimate a series of  models under different assumptions 

beginning in Table 4 with the results using standard static panel techniques including 

pooled OLS and simple fixed effects models that enable us to benchmark our results 

against those of  previous studies.  The results in Table 5 are from the estimation of  a 

fixed effects model with instrumental variables and fixed effects with first differences.  

In Table 6 we present the results from our MG and AMG estimations that allow for 

heterogenous slope parameters.  In Table 7 we present the dynamic equivalent of  Table 

6 to allow for heterogenous slope parameters and the inclusion of  lagged variables.  

Finally, Tables 8 and 9 present our AMG estimation results splitting China into three 

distinct geographical regions.  Year dummies were included in all models.  As part of  a 

series of  robustness checks all models were re-estimated with the inclusion of  quadratic 

terms.  The quadratic terms including those on income were nearly always insignificant 

and so are not reported but are available upon request.19 

 

Table 4 reveals a negative and significant effect of  income per capita on energy intensity 

for the pooled OLS specifications.  The coefficients for the pooled OLS estimations 

(A1, A2 and A3) range between -0.56 and -0.99.  However, after the inclusion of  

province fixed effects (A4, A5 and A6) the coefficients change sign and range between 

0.22 and 0.34.20  The results also show that industrialization is a strong determinant of  

                                                                                                                                                               

reject the null hypothesis of  stationary as shown by the p-value in column 6 and the test statistics in 
column 5, first differences are taken.  According to the CIPS test on the first differenced values, we can 
accept the null hypothesis at the 90% confidence interval and hence each series contains one unit root.  
CIPS test results for the first differenced data are available upon request. 
19 It is reassuring that Sadorsky (2013) also finds no significant quadratic terms in his study of  an 
unbalanced panel of  76 developing countries between 1980 and 2000. 
20 We believe that the positive coefficients under FE estimation are due to the influence of  cross-sectional 
dependence caused by unobserved common factors.  According to the full report of  augmented mean 
group estimation which is not quoted in the paper, the unobserved common factor exerts a positive and 
significant impact on energy intensity at the 1% level, with coefficients ranging between 0.92 and 1.02.  
When we conducted the FE-IV and FD reported later in Table 5 this influence is relieved in some extent.  
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energy intensity but this time the coefficient is positive and significant across all 

specifications with relatively stable elasticities ranging between 0.92 and 1.53 across all six 

models (slightly higher for the FE models).21  When we consider urbanization we find 

positive and significant impact except specification A1.  The results are consistent with 

those of  Zhang and Lin (2012) which has an urban elasticity of  0.41.  The proportion 

of  the non-agricultural population (Urban2) has a larger elasticity on energy intensity 

than the standard urban population density (Urban1) variable and the proportion of  

non-agricultural workers (Urban3) variable. 

 

[Table 4 about here] 

 

However, under the null hypothesis of  cross-sectional independence, we find that all 

p-values for the CD test reject the null hypothesis which means there is an issue with 

cross-sectional dependence.  Equally problematic is the fact that the CIPS test results 

suggest that the fixed effects regressions are poorly fitted due to non-stationary residuals.  

Our first attempt to address these concerns is to use instrumental variable and first 

difference modeling approaches the results of  which we present in Table 5. 

 

[Table 5 about here] 

 

The instrumental approach attempts to overcome any endogeneity concerns.  

Industrialization, our urban variables, year dummies and a one period lag of  income are 

included as instruments.22  As with Table 4, in the FE-IV specifications (A7, A8 and A9) 

all variables are statistically significant at the 10% level (except the coefficient on Urban3 

                                                                                                                                                               

Furthermore, when we ran the fixed-effect regression with Driscoll-Kraay standard errors, which is argued 
to be robust to general forms of  cross-sectional dependence by Hoechle (2007), the results reveal a strong 
negative impact of  income per capita on energy intensity.  The results using Driscoll and Krey standard 
errors are available upon request. 
21  Utilizing data from 1995 to 2010 for 29 provinces in China, Zhang and Lin (2012) obtain 
industrialization elasticities ranging from 0.56 to 1.3 although with energy consumption as the dependent 
variable. 
22 Lagged income per capita is the excluded instrument which is regarded as predetermined.  All 
instrumental specifications are identified and pass under-identification and weak identification tests. 



21 

 

which is insignificant).  Income per capita is again negative.  Urbanization remains a 

positive impact on energy intensity.  The coefficient on income per capita is much 

smaller than that of  the OLS regressions in Table 4.  In the first difference (FD) models 

(A10, A11 and A12) industrialization gives short-run elasticities ranging from 0.36 to 0.38 

at the 90% significant level.  However, the significance on the income per capita drops 

out and urbanization is also generally insignificant.  In contrast to what we found in 

Table 4, the CD test results suggest cross-sectional independence in the FD 

specification.23  All the FE-IV regressions have non-stationary residuals although when 

we first difference this problem is removed.  Although the FD results pass the CIPS 

and CD test, in order to provide estimates of  the long run relationships we need to 

estimate mean group (MG) and augmented mean group (AMG) models.  The results 

are presented in Table 6. 

 

[Table 6 about here] 

 

The coefficients for income per capita shown in Table 6 are generally negative but of  

inconsistent significance across all six specifications.  For the MG approach (B1, B2 and 

B3) income per capita is significant at the 1% level but otherwise is only significant in the 

AMG estimations (B4, B5 and B6) when Urban1 is included (B4).  Industrialization is 

positive and significant for all specifications.  In terms of  our urbanization variables 

there is little evidence that our three indicators have any significant impact on energy 

intensity when we use the AMG model.  For all our MG models the residuals still 

exhibit cross-sectional dependence although the CIPS test suggests that the residual 

series are stationary.  However, in each case the AMG models pass both tests which 

gives us greater confidence in those results.  Like the FD results from Table 5, the 

AMG model suggests that there is little impact of  either urbanization or income per 

                                                        

23 Since year dummies are included in the first difference models, the unobservable common impacts are 
separated as the parameters for the year dummies.  Furthermore, the time-invariant province specific 

variable v𝑖  is dropped when differences are taken.  Note that the first difference model with year 
dummies is the first step for augmented mean group estimation (i.e. equation (3) in Section 3). 
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capita on energy intensity.  The take away result is that, as found by Sadorsky (2013) in 

his study of  developing countries, the urbanization and income per capita results are 

sensitive to the estimation procedure.  As part of  our battery of  robustness checks we 

now include some simple dynamics.  The results are shown in Table 7. 

 

[Table 7 about here] 

 

Due to our rather short time series, the autoregressive distributed lag (ARDL) model is 

selected by AIC with a maximum of  one lag for each regressor.  The industrialization 

variables appear to remain a positive and significant determinant of  energy intensity 

under MG and AMG assumptions.  However, the finding for income per capita and its 

lagged value reveals that none of  the coefficients are statistically significant except for 

model C2 where income per capita is negative and significant.  None of  our 

urbanization variables are significant under the AMG results (C4, C5 and C6) which 

exhibit cross-sectional independent residuals and the series are stable.  The MG results 

still suffer from non-stationary residuals.  The lagged energy intensity variable is not 

surprisingly positive and significant.  Except for the insignificant income coefficients we 

find the same sign and magnitude for the other variables and they are generally consistent 

with the Table 6 results.  Again, only industrialization is consistently significant.  As the 

AMG models pass both the CD and CIPS tests and can provide short and long run 

elasticities in the next stage when we split China into three distinct geographical areas we 

report only the AMG results. 

 

[Table 8 about here] 

 

The main observation from Table 8 is that industrialization remains generally positive 

and significant and urbanization remains insignificant for each of  the three regions.  

However, income per capita is negative and significant for the more developed eastern 

region but is positive and significant in two of  the three western models which might 
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explain the mixed results in the previous tables for China as a whole.  When we 

included a squared income per capita term it was always insignificant suggesting the 

absence of  a nonlinear relationship.  In Table 9 industrialization is still positive and 

significant although the income per capita results are rather mixed.  This time the 

central region shows that lagged income per capita is negative and significant whilst the 

lagged income per capita variable is generally positive for the western area.  

Urbanization is generally insignificant as before. 

 

[Table 9 about here] 

 

The results in the previous tables allow us to undertake a systematic evaluation of  the 

impact of  income per capita, industrialization and urbanization on energy intensity.  As 

noted in Section 3, the advantage of  the dynamic framework is that both short-run and 

long-run elasticities can be calculated.  However, as shown in tables 6, 7, 8 and 9 many 

explanatory variables appear to be insignificant.  For completeness, all the short-run and 

long-run elasticities are provided in Table 10 under the AMG model assumptions.24  

These can be used for comparison with the elasticities derived from the static models of  

this paper and previous studies.  In contrast to the static models, the AMG results, both 

static and dynamic show that urbanization (however measured) and income per capita are 

insignificant and hence sensitive to the estimation technique employed. 

 

[Table 10 about here] 

 

Table 10 shows that the estimated coefficients are sensitive to the method used.  In the 

short-run, the elasticity of  industrialization with regard to energy intensity lies in the 

narrow range of  0.616 to 0.661.  This is consistent with previous studies (Jones 1991 

and Herreras et al. 2011) for China considerably higher than Sadorsky (2013) who looks 

                                                        

24 The MG estimations are not included because they fail to pass the CD test for cross sectional 
independence.  Regression D3 fails the CIPS test but we still include it here for completeness. 
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at developing countries more generally.  Sadorsky (2013) finds a short-run elasticity of  

industrialization on energy intensity between 0.05 and 0.06 which is considerably lower 

than our estimated value.  One explanation is China’s recent industry-led economic 

growth where the secondary sector accounts for a large percentage of  energy 

consumption in China.  Moreover, the long-run effect of  industrialization tends to be 

larger than the short-run with elasticities ranging between 0.726 and 0.751.  This finding 

is consistent with the long run elasticity of  1.35 found in Jones’s (1991) study but is much 

higher than the 0.07 to 0.12 in Table 7 of  Sadorsky (2013). 

 

What is a little harder to explain is the barely significant short-run impact of  income per 

capita which captures a technique effect.25  For the whole of  China the short-run 

elasticities range between -0.17 and -0.26 and the long run elasticities are between -0.06 

and -0.24.  Both the short-run and long-run income elasticities are smaller than the 

ranges found by Sadorsky (2013) which are from -0.57 to -0.53 and from -0.45 to -0.35 

for the short run and long run respectively.  One explanation in the case of  China is 

that the negative income effect is overwhelmed by the sheer scale of  industrial expansion.  

Local government performance and evaluation and the corresponding promotion system 

means that local authorities are encouraged to stimulate economic growth regardless of  

the negative impact of  growth on effect on environmental pollution and energy intensity. 

According to Liao et al. (2007), GDP growth is an important measurement of  local 

officials’ achievements and relates to their individual promotion.  Although faced with 

the industrial upgrading and energy saving policies stressed by the central authority, 

regional governments tend to pay little heed to them and continue to encourage 

investment in high energy industries.  Hence, political structures in China may explain 

the unexpected lack of  a strong positive relationship between income and energy 

intensity in China during this period.  Differences across our larger groupings of  

provinces may also be part of  the explanation with large positive short run elasticities 

                                                        

25 The insignificant income per capita effect is consistent with the first difference estimations in Table 5, 
columns A10, A11 and A12.  The first difference regressions also imply a short-run relationship. 
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found for the Central region and large positive long run elasticities found for the Western 

region. 

 

All three urbanization indicators in Table 6 and 7 show that they are only minor 

determinants of  provincial energy intensity.  In Table 4 and 5, urbanization exhibits a 

positive and generally significant impact on energy intensity.  The estimated parameters 

are slightly smaller than unity, which is lower than the short-run elasticity of  1.19 and 

long-run elasticity of  2.11 found by Sadorsky (2013).  The lower magnitude for the 

impact of  urbanization on energy intensity in China can be explained by the type of  

urban growth.  Without basic infrastructure and rational planning, many urban areas in 

China are abandoned (so called ghost cities) while others consist of  large numbers of  

high-rise buildings.  As a result, the urban impact on energy intensity is significantly 

diluted.  We must also take into account the reliability of  data.  It is found that the 

national urban population density of  2011 reported by NBSC is 51.3 while the rate 

reported by UN Department of  Economic and Social Affairs is around 50.8%, including 

Hong Kong and Macao.  Finally, on the one hand, growing cities mean an increasing 

demand for energy due to more energy-intensive production and busier traffic.  On the 

other hand, the concentration of  production brings economies of  scale which tends to 

improve the energy conservation and decrease energy intensity.  The two effects interact 

with each other and therefore and may explain why the net effect is small for China.  As 

for the inconsistent performance of  our three urban indicators, it may due to the 

difference between the measures.  The household registration system that has lasted for 

more than 60 years has resulted in over 250 million rural migrants living in the cities 

without an urban “hukou” (NBSC 2013).  Although migrants provide low-cost labor 

they are perceived to receive unfair treatment in regard to the availability of  public 

services and social welfare (e.g. education and health care).  According to the National 

New-Style Urbanization Plan (2014-2020), the government intends to reform the 

household registration system to pay more attention to “people-centered” urbanization. 
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6. Conclusions 

Using a balanced panel of  29 Chinese provinces covering the period 1997 to 2010 we 

investigate the impact of  income per capita, industrialization and urbanization on energy 

intensity.  Recently developed econometric techniques have been adopted that take into 

account the substantial heterogeneity across Chinese provinces.  First and foremost, in 

this paper we show that the relationship between urbanization and energy intensity in 

China is sensitive to the econometric specification employed.  More specifically, we 

show that it is important to take into account province level heterogeneity.  The 

relationship between economic growth, industrialization and urbanization energy can be 

captured more precisely by taking heterogeneous parameters and common factors into 

account which we test for using the CD and the CIPS tests.  We also estimate a dynamic 

AMG model that allows us to calculate both short-run and long-run elasticities. 

 

Our results show that for China, industrialization is the overwhelming contributor to 

Chinese energy intensity, with the elasticities for our preferred AMG models ranging 

between 0.62 and 0.66 in the short run and slightly higher in the long run.  Hence, 

energy intensity appears to increase by around two-thirds of  the increase in 

industrialization.  This confirms that China has experienced industry-led economic 

development.  It could be argued that the rapid expansion of  energy-intensive sectors 

has offset any other energy reducing effect induced by rising incomes at least during this 

period. 

 

With regard to income per capita, there is strong evidence that per capita real GDP 

affects energy intensity in panel regressions estimated using classic techniques.  

However, when we take into account province heterogeneity, regardless of  whether they 

are the static or dynamic estimations income per capita is not generally significant.  At 

first glance, this result seems particularly surprising given the results in the previous 

literature where income per capita is regarded as an important driver of  reductions in 
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energy consumption.  However, in the case of  China this finding is understandable 

given China’s political system and evaluation process for government official promotions 

where growth during this time period was emphasized over everything else. 

 

With regard to urbanization, our three indicators are sensitive to our estimation method.  

The first indicator, measured as urban population density, shows a generally significant 

and positive impact on energy intensity when using fixed effects, fixed effects with 

instrumental variables, static and dynamic mean group estimators.  The second indicator, 

which represents the percentage of  non-agricultural population, shows a positive and 

significant affect when we use pooled OLS, fixed effects, fixed effects with IV and mean 

group estimators.  Non-agricultural employment divided by total employment ratio is 

positive and significant driver of  energy intensity but when we take into account 

heterogeneity the variable is not significant.  Hence, it appears that urbanization during 

this period only played a minor role in reducing energy intensity in China during this 

period. 

 

Although we have tried to explain how the rate of  urbanization impacts on energy 

intensity more research required.  Improving energy efficiency is usually considered a 

practicable way to mitigate many common challenges such as climate change and 

possible energy shortages.  The findings in this paper suggest a number of  interesting 

policy implications.  First, as a result of  the dominant impact of  industrialization, local 

governments should pay more attention to the economic transformation.  Policies 

concerning the industrial structure and technological upgrading need to be implemented.  

Urbanization and industrialization are expected to continue for the foreseeable future.  

Improving the efficiency of  energy usage may have a detrimental impact on economic 

growth but needs to be considered as part of  a bigger picture to reduce urban air 

pollution and reduce China’s dependence on imported energy.  The recent policy to 

encourage further urbanization may not have the negative impact on energy intensity and 

hence pollution that some expect.  Equally, urbanization may not deliver the reductions 
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in energy intensity that others might expect. 
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Figure 1 Chinese energy consumption composition (1995-2011) 

 
Source: NBSC 2012 (10,000 tons of  coal equivalent).  (Units: ten million tons of  standard coal equivalent). 
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 
 

Figure 2 Chinese aggregate energy intensity (1995-2010) 

 
Source: NBSC 2012 (Units: tons of  coal equivalent/RMB 1000 in 2005 prices). 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 

 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm
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Table 1. Energy, income per capita, industrialization and urbanization in China’s 31 provinces 

(1995-2010) in 2005 prices) 

Province 

Income 

(10,000 

RMB) 

Energy 

Intensity 
Industrialization Urban 1 Urban 2 Urban 3 

Shanghai 3.760  1.112  0.434  0.871  0.627  0.909  

Beijing 2.946  1.205  0.254  0.802  0.566  0.915  

Tianjin 2.274  1.612  0.482  0.757  0.537  0.823  

Zhejiang 1.770  1.096  0.474  0.535  0.232  0.694  

Guangdong 1.671  0.952  0.438  0.569  0.355  0.645  

Jiangsu 1.616  1.134  0.473  0.436  0.348  0.664  

Liaoning 1.572  2.094  0.443  0.503  0.469  0.652  

Fujian 1.524  0.894  0.400  0.473  0.258  0.587  

Shandong 1.291  1.484  0.468  0.312  0.310  0.541  

Heilongjiang 1.181  1.848  0.473  0.537  0.450  0.543  

Hebei 1.051  2.182  0.447  0.380  0.239  0.540  

Jilin 1.032  2.051  0.369  0.510  0.437  0.533  

Xinjiang 0.983  2.530  0.329  0.370  0.381  0.452  

Hainan 0.918  0.940  0.169  0.337  0.309  0.422  

InnerMongolia 0.913  3.165  0.358  0.450  0.370  0.471  

Hubei 0.883  1.817  0.359  0.402  0.340  0.557  

Chongqing 0.805  1.829  0.345  0.414  0.266  0.506  

Shanxi 0.788  4.282  0.455  0.374  0.284  0.566  

Hunan 0.783  1.546  0.332  0.342  0.210  0.446  

Henan 0.764  1.676  0.441  0.280  0.203  0.432  

Ningxia 0.716  3.386  0.357  0.365  0.323  0.483  

Qinghai 0.701  10.310  0.343  0.372  0.274  0.468  

Shaanxi 0.700  1.919  0.392  0.459  0.249  0.473  

Sichuan 0.686  2.000  0.339  0.343  0.216  0.456  

Anhui 0.678  1.587  0.338  0.312  0.214  0.465  

Jiangxi 0.664  1.277  0.327  0.332  0.242  0.522  

Yunnan 0.652  1.782  0.360  0.347  0.157  0.298  

Guangxi 0.626  1.406  0.318  0.325  0.183  0.399  

Tibet 0.609  30.284  0.080  0.281  0.147  0.333  

Gansu 0.592  3.161  0.357  0.280  0.210  0.423  

Guizhou 0.402  3.919  0.330  0.405  0.151  0.363  

Source: NBSC 2012, http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm.  Income is the annual average real 

GDP per capita (10,000 RMB/person); Energy intensity is the annual average energy consumption per real GDP 

(tons standard coal/10,000 RMB); Industrialization is the annual average industrial value added divided by GDP; the 

three urban indicators are urban population density, nonagricultural population density and nonagricultural 

employment divided by total employment. 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm
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Table 2. Summary statistics for China’s 29 provinces (Annual growth rates 1997-2010) in 2005 

prices 

Variable Obs Mean Std. Dev. Min Max 

Energy intensity 406 1.860 0.892 0.776 4.887 

Income per capita 406 1.257 0.902 0.227 5.626 

Industrialization 406 0.383 0.081 0.127 0.530 

Urban1 406 0.442 0.164 0.187 0.985 

Urban2 406 0.322 0.126 0.136 0.738 

Urban3 406 0.550 0.155 0.256 0.961 

 

Growth rates      

Energy intensity 406 -0.0162 0.0780 -0.393 0.362 

Income per capita 406 0.0892 0.0269 -0.115 0.178 

Industrialization 406 0.0124 0.0477 -0.150 0.310 

Urban1 406 0.0279 0.0785 -0.651 0.751 

Urban2 406 0.0241 0.0683 -0.363 0.648 

Urban3 406 0.0192 0.0578 -0.368 0.749 

Source: NBSC 2012.  http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 

 

Table 3. Tests for cross-section dependence and units roots 

Variable CD-test p-value corr abs(corr) CIPS p-value 

Energy intensity 20.320  0.000  0.269  0.495  -0.870 0.192 

Income per capita 75.170  0.000  0.997  0.997  2.470 0.993 

Industrialization 32.730  0.000  0.434  0.643  1.845 0.967 

Urban1 46.690  0.000  0.619  0.737  3.171 0.999 

Urban2 44.030  0.000  0.584  0.851  0.647 0.741 

Urban3 51.820  0.000  0.687 0.690 3.610 1.000 

Note:  For the CD test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis 

is non-stationarity.  Column 1 and 5 show the statistical values of  the CD test and CIPS test while column 2 and 6 

provide the corresponding p-values.  Column 3 and 4 provide the average correlation and the average absolute 

correlation between the cross-sectional units. 

 

 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm


Table 4. Determinants of  energy intensity (Pooled OLS and fixed effects estimates 1997-2010) 

 A1 A2 A3 A4 A5 A6 

 OLS OLS OLS FE FE FE 

Income per capita -0.563*** -0.988*** -0.758*** 0.295** 0.219 0.339*** 

 (0.0488) (0.0615) (0.0859) (0.130) (0.134) (0.130) 

Industrialization 1.038*** 1.124*** 0.921*** 1.533*** 1.335*** 1.473*** 

 (0.214) (0.194) (0.215) (0.190) (0.202) (0.190) 

Urban 1 0.144   0.147**   

 (0.137)   (0.0635)   

Urban2  1.778***   0.422**  

  (0.189)   (0.174)  

Urban3   0.791***   0.342** 

   (0.269)   (0.141) 

Constant 1.022*** 0.825*** 0.879*** 0.427*** 0.470*** 0.329*** 

 (0.0846) (0.0744) (0.0979) (0.101) (0.0990) (0.116) 

RMSE 0.236 0.214 0.234 0.072 0.072 0.072 

CD test 0.080 0.015 0.045 0.019 0.019 0.018 

CIPS test 0.825 1.000 0.940 0.943 0.867 0.890 

Observations 406 406 406 406 406 406 

Provinces    29 29 29 

Note: Estimation is based on a balanced panel of  29 provinces 1997 to 2010. OLS (pooled OLS); FE (fixed effects).  P values are reported for the CD and CIPS 

tests.  For the CD test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square 

error).  Standard errorsare reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively.  Year dummies are included in each 

specification. 
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Table 5. Determinants of  energy intensity (Fixed effects with IV and fixed effects with first difference estimates 1997-2010) 

 A7 A8 A9 A10 A11 A12 

 FE-IV FE-IV FE-IV FD FD FD 

Income per capita -0.203*** -0.230*** -0.191*** -0.123 0.00512 -0.122 

 (0.0321) (0.0316) (0.0358) (0.161) (0.211) (0.161) 

Industrialization 1.450*** 1.220*** 1.410*** 0.363* 0.386* 0.356* 

 (0.186) (0.192) (0.188) (0.204) (0.210) (0.199) 

Urban1 0.109*   0.0169   

 (0.0664)   (0.0324)   

Urban2  0.630***   -0.358  

  (0.178)   (0.325)  

Urban3   0.0906   0.0723* 

   (0.144)   (0.0382) 

Constant 0.652*** 0.610*** 0.654*** -0.00557 -0.0121 -0.00543 

 (0.0518) (0.0523) (0.0622) (0.0108) (0.0133) (0.0101) 

RMSE 0.074 0.073 0.074 0.046 0.045 0.046 

CD test 0.000 0.000 0.000 0.775 0.651 0.751 

CIPS test 0.919 0.989 0.907 0.000 0.003 0.000 

Observations 406 406 406 377 377 377 

Provinces 29 29 29 29 29 29 

Note: Estimation is based on a balanced panel of  29 provinces 1997 to 2010.  FE-IV (fixed effects instrumental variables), FD (first difference).  For the FE-IV 

estimation, instruments include industrialization, urban variables, year dummies, and a one period lag of  income.  P values are reported for the CD and CIPS tests.  For 

the CD test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square error).  Standard 

errors reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively.  Year dummies are included in each specification. 
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Table 6. Determinants of  energy intensity (Heterogeneous estimates (static) 1997-2010) 

 B1 B2 B3 B4 B5 B6 

 MG MG MG AMG AMG AMG 

Income per capita -0.580*** -0.490*** -0.378*** -0.254*** -0.0880 -0.145 

 (0.163) (0.131) (0.0947) (0.0904) (0.0667) (0.0910) 

Industrialization 1.889*** 2.029*** 1.733*** 0.508* 0.687*** 0.647*** 

 (0.404) (0.317) (0.340) (0.272) (0.189) (0.214) 

Urban1 1.142**   0.0554   

 (0.501)   (0.284)   

Urban2  1.586*   -0.000672  

  (0.898)   (0.533)  

Urban3   0.647   -0.113 

   (0.449)   (0.341) 

Constant 0.260 0.308 0.437*** 0.968*** 0.853*** 1.018*** 

 (0.194) (0.214) (0.164) (0.130) (0.190) (0.165) 

RMSE 0.039 0.040 0.041 0.029 0.030 0.030 

CD test 0.000 0.000 0.000 0.388 0.502 0.327 

CIPS test 0.000 0.000 0.000 0.000 0.000 0.000 

Observations 406 406 406 406 406 406 

Provinces 29 29 29 29 29 29 

Note: Estimation is based on a balanced panel of  29 provinces 1997 to 2010. MG (mean group); AMG (augmented mean group).  P values are reported for the CD and CIPS 

tests.  For the CD test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square error).  

Standard errors reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 
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Table 7. Determinants of  energy intensity (Dynamic heterogeneous estimates 1997-2010) 
 C1 C2 C3 C4 C5 C6 
 MG MG MG AMG AMG AMG 

Energy Intensity (-1) 0.409*** 0.356*** 0.434*** 0.180** 0.0956 0.0896 

 (0.0504) (0.0446) (0.0551) (0.0833) (0.0744) (0.0844) 

Income per capita -0.184 -0.525*** -0.225 -0.255 -0.170 -0.204 

 (0.248) (0.182) (0.228) (0.156) (0.143) (0.234) 

Income per capita(-1) -0.0639 0.273 0.119 0.154 -0.0490 0.147 

 (0.267) (0.191) (0.212) (0.200) (0.119) (0.215) 

Industrialization 0.419** 0.688*** 0.477** 0.616*** 0.657*** 0.661*** 

 (0.207) (0.173) (0.230) (0.158) (0.163) (0.212) 

Urban1 0.728**   0.125   

 (0.327)   (0.266)   

Urban2  0.934   0.0735  

  (0.845)   (0.521)  

Urban3   0.463   0.101 

   (0.319)   (0.205) 

Constant 0.169 0.123 0.223* 0.529*** 0.415*** 0.581*** 

 (0.108) (0.142) (0.124) (0.118) (0.125) (0.148) 

RMSE 0.031 0.032 0.033 0.023 0.023 0.026 

CD test 0.000 0.000 0.000 0.680 0.872 0.695 

CIPS test 0.000 0.000 0.000 0.000 0.000 0.000 

Observations 406 406 406 406 406 406 

Provinces 29 29 29 29 29 29 

Note: Estimation is from a balanced panel of  29 provinces 1997 to 2010. MG (mean group); AMG (augmented mean group).  P values are reported for the CD and CIPS tests.  

For the CD test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square error).  Standard 

errors reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 
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Table 8. Determinants of  energy intensity with regional dummies (AMG heterogeneous estimates (static) 1997-2010) 

 D1 D2 D3 D4 D5 D6 D7 D8 D9 

 Urban1 

East 

Urban2 

East 

Urban3 

East 

Urban1 

Central 

Urban2 

Central 

Urban3 

Central 

Urban1 

West 

Urban2 

West 

Urban3 

West 

Income per capita -0.134* -0.234** -0.167** -0.0169 -0.0783 0.622** 0.775 0.367*** 0.736** 

 (0.0811) (0.0908) (0.0824) (0.236) (0.154) (0.303) (0.502) (0.112) (0.339) 

Industrialization 0.797*** 0.725*** 0.499* 1.177*** 1.646*** 1.147** -0.659 0.399** 0.582** 

 (0.255) (0.172) (0.256) (0.179) (0.388) (0.449) (0.552) (0.169) (0.279) 

Urban1 -0.242   1.566*   -0.239   

 (0.178)   (0.917)   (0.169)   

Urban2  -0.0600   1.696   -0.419  

  (0.288)   (1.716)   (0.772)  

Urban3   -0.0292   -0.291   -0.946 

   (0.0670)   (0.744)   (0.599) 

Constant 0.720*** 0.531*** 0.526*** 0.438* 0.198 0.618*** 1.274*** 1.094*** 1.324*** 

 (0.0703) (0.102) (0.166) (0.262) (0.206) (0.215) (0.227) (0.246) (0.201) 

RMSE 0.018 0.017 0.017 0.022 0.021 0.024 0.039 0.041 0.041 

CD test 0.101 0.272 0.253 0.086 0.231 0.149 0.319 0.335 0.290 

CIPS test 0.000 0.000 0.167 0.007 0.001 0.008 0.000 0.001 0.000 

Observations 154 154 154 112 112 112 140 140 140 

Provinces 11 11 11 8 8 8 10 10 10 

Note: Estimation is based on a balanced panel of  29 provinces 1997 to 2010. AMG (augmented mean group).  P values are reported for the CD and CIPS tests.  For the CD 

test, the null hypothesis is cross sectional independence.  For the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square error).  Standard errors reported 

in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 
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Table 9. Determinants of  energy intensity with regional dummies (AMG heterogeneous estimates (dynamic) 1997-2010) 

 E1 E2 E3 E4 E5 E6 E7 E8 E9 
 Urban1 East Urban2 East Urban3 East Urban1 Central Urban2 Central Urban3 Central Urban1 West Urban2 West Urban3 West 

Energy Intensity (-1) 0.352*** 0.283*** 0.247** 0.179 0.219 0.231 0.0189 -0.00774 -0.0388 

 (0.0591) (0.0774) (0.109) (0.138) (0.191) (0.177) (0.152) (0.0845) (0.119) 

Income per capita -0.221 -0.224 -0.404** 0.915 0.764 1.568* -0.525 -1.151*** -0.574* 

 (0.136) (0.139) (0.193) (0.569) (0.656) (0.806) (0.593) (0.188) (0.310) 

Income per capita(-1) 0.0899 -0.0226 0.136 -1.438** -1.531* -2.191** 1.950*** 3.405*** 3.071*** 

 (0.160) (0.172) (0.160) (0.662) (0.839) (0.921) (0.736) (0.988) (1.117) 

Industrialization 0.568*** 0.336*** 0.446** 0.684*** 0.975*** 0.775** -0.0145 0.962*** 0.862*** 

 (0.157) (0.125) (0.202) (0.151) (0.331) (0.395) (0.224) (0.205) (0.218) 

Urban1 -0.203*   0.824*   -0.0226   

 (0.121)   (0.436)   (0.456)   

Urban2  0.0616   2.005   -0.385  

  (0.133)   (1.300)   (1.064)  

Urban3   0.0922   -0.222   -0.0553 

   (0.159)   (0.281)   (0.543) 

Constant 0.495*** 0.511*** 0.321*** 0.534** 0.519 1.014*** 0.834*** 0.469 0.654** 

 (0.0754) (0.0749) (0.117) (0.231) (0.326) (0.367) (0.205) (0.411) (0.273) 

RMSE 0.015 0.015 0.014 0.016 0.016 0.017 0.031 0.032 0.035 

CD test 0.169 0.202 0.082 0.281 0.520 0.167 0.172 0.723 0.187 

CIPS test 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.001 

Observations 143 143 143 104 104 104 130 130 130 

Provinces 11 11 11 8 8 8 10 10 10 

Note: Estimation is based on a balanced panel of  29 provinces 1997 to 2010. P values are reported for the CD and CIPS tests.  For the CD test, the null hypothesis is cross sectional independence.  For 

the CIPS test, the null hypothesis is non-stationarity.  RMSE (root mean square error). Standard errors reported in parentheses. ***, **, * denote significance at the 1%, 5% and 10% levels respectively. 



Table 10. Energy intensity elasticities (AMG estimations only) 

Elasticity C4 C5 C6 E1 

East 

E2 

East 

E3 

East 

E4 

Central 

E5 

Central 

E6 

Central 

E7 

West 

E8 

West 

E9 

West 

Short-run             

Income per capita -0.255 -0.170 -0.204 -0.221 -0.224 -0.404 0.915 0.764 1.568 -0.525 -1.151 -0.574 

Industrialization 0.616 0.657 0.661 0.568 0.336 0.446 0.684 0.975 0.775 -0.0145 0.962 0.862 

Urban1 0.125   -0.203   0.824   -0.0226   

Urban2  0.0735   0.0616   2.005   -0.385  

Urban3   0.101   0.0922   -0.222   -0.0553 

Long-run             

Income per capita -0.123 -0.242 -0.063 -0.202 -0.344 -0.356 -0.637 -0.982 -0.810 1.452 2.237 2.404 

Industrialization 0.751 0.726 0.726 0.877 0.469 0.592 0.833 1.248 1.008 -0.015 0.955 0.830 

Urban1 0.152   -0.313 
  

1.004 
  

-0.023 
  

Urban2  0.081  
 

0.086 
  

2.567 
  

-0.382 
 

Urban3   0.111 
  

0.122 
  

-0.289 
  

-0.053 

Note: Model numbers are linked to each elasticity above each regression. 
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Appendix 

Table A1. Variables explanations 

Variables Meaning Units 

Energy Intensity Energy consumption/Real GDP Tons standard coal/10,000 RMB 

Income per capita Real GDP per capita 10,000 RMB/person 

Industrialization Industrial value added/GDP  

Urban1 Urban population/Total population  

Urban2 Non-agricultural population/Total population  

Urban3 Employment in the non-agricultural sector/Total employment  

Source: NBSC 2012 http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 

 

Table A2. Correlation matrix (Variables in logs with observations N=406) 

 Energy intensity Income per capita Industrialization Urban1 Urban2 Urban3 

Energy intensity 1      

Income percapita -0.447 1     

Industrialization 0.060 0.362 1    

Urban1 -0.212 0.564 0.167 1   

Urban2 -0.176 0.763 0.223 0.538 1  

Urban3 -0.356 0.866 0.360 0.553 0.750 1 

 

 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm


Figure A1. Chinese Aggregate Urbanization (1995-2010) 

 

Source: NBSC 2012. 
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 
 
 

Figure A2. Chinese Aggregate Industrialization (1995-2010) 

 

Source: NBSC 2012 (Units: Industrial added value/GDP). 
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 

 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm


Figure A3. Chinese Aggregate Income per capita (1995-2010) 

 

Source: NBSC 2012 (Units: 10,000 RMB/person in 2005 prices). 
http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm. 

 

http://www.stats.gov.cn/tjsj/ndsj/2012/indexch.htm
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