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Abstract. The study aims to analyze the impact of urbanization and urban income on carbon emission, in 

the case of China. Panel data estimations use the data from 30 Chinese provinces from 1998 to 2016. 

Empirical result of urbanization confirms significant and positive coefficient, whereas, urban income has 

a negative coefficient. This illustrates that higher urbanization trend escalates the carbon emission, while 

this urban-based carbon emission can be controlled by increasing the per capita income of the urban 

population. Moreover, economic growth, industrialization, coal, and oil consumption are responsible for 

carbon emission, as reported by the significant and positive coefficients. The findings of the regional 

analysis are in line with the full sample results. Based on the results, the study provides practical 

implications for policy makers to curtail the environmental degradation process. 
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Introduction 

There are a number of challenges that are to be faced by the developing countries 

with the higher pace of economic growth such as, urbanization and greenhouse gas 

emission. The increase in urbanization leads to a higher demand for fossil fuels which 

ultimately results in higher carbon emission (Kumar and Madlener, 2016), but the 

contribution mechanism of urbanization in carbon emission varies due to underlying 

factors, such as economic condition, dependence on fossil fuels, industrialization, 

energy consumption etc. However, it is required to analyze the role of urbanization in 

carbon emissions for China, specifically. Furthermore, it is also important to study the 

factors that are helpful to control the urban based carbon emission. 

A number of studies have been made in order to analyze relationship of urbanization 

and carbon emission (Parikh and Shukla, 1995; York, 2007; Kasman and Duman, 2015; 

Sun et al., 2016; Shahbaz et al., 2016; He et al., 2017; Ding and Li, 2017; Khoshnevis et 

al., 2018; Dai et al., 2018), the results have confirmed the role of urbanization in carbon 

emission. Several types of research have documented a positive relationship between 

urbanization and carbon emission (Parshall et al., 2010; Zhang and Lin, 2012; Fang et 

al., 2015; Hao et al., 2016; He et al., 2017; Ding and Li, 2017). On contrary, a number 

of researches have put forward the statement that the urbanization can be a reason for 

the decrease in carbon emission (Liddle, 2004; Mishra et al., 2009). Moreover, 

Martínez-Zarzoso and Maruotti (2011) confirmed a U-shaped association between 

urbanization and carbon emission. 

Moreover, Xu and Lin (2015) have worked upon the effects of urbanization and 

industrialization on carbon emissions in China over the period of 1990-2011. The 
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regression estimations have reported U-shaped relationship. Likewise, a large number 

of studies has analyzed the relationship of urbanization and carbon emissions in 

accordance with Environmental Kuznets Curve (EKC). The study concluded that 

urbanization is in the favor of environmental development only if the economic 

development reached at a specific level (Martínez-Zarzoso and Maruotti, 2011; Hao and 

Peng, 2017; Yao et al., 2018). Recently, Chikaraishi et al. (2015) analyzed different 

factors that are responsible for urban-based carbon emission. For instance, the country’s 

per capita gross domestic product and the ratio of service industries are one of the most 

important factors that influence the relationship between the urbanization and carbon 

emissions. Beside this, there are various factors that affect carbon emissions (such as, 

technological progress, energy consumption structure, economic development, and 

industrial structure (Jiang and Lin, 2012; Shahbaz et al., 2016; Waheed et al., 2018; 

Song and Wang, 2018). 

Alkhathlan and Javid (2015) reported a non- linear trend between carbon emission 

and economic growth of Saudi Arabia, the reason for the positive relationship is the 

dependence on oil for energy, transportation and industrial activities. Kumar and 

Madlener (2016) confirmed that higher economic growth is among the major causes of 

carbon emission in India. Adewuyi and Awodumi (2017) reported that oil consumption 

and energy consumption have a significant impact on economic growth which further 

boosts the carbon emission. Previous studies have affirmed that industrialization is also 

a source of carbon emission (Sadorsky, 2013; Yuan et al., 2014; Lin et al., 2015; Zhu et 

al., 2017; Ding and Li, 2017; Liu and Bae, 2018). 

In addition, the role of coal and oil consumption is considered as the main 

contributor to carbon emission in China (IPCC, 2014). As China is among the fastest 

growing economy as well as the biggest carbon emitter of the world (WDI, World 

Development Indicator, 2017); that is responsible for the around 30% of global carbon 

emission. According to the Information Energy Administration (2014), China is the 

second largest oil consumer in the world, the oil consumption of China 11.96 million 

bpd in 2015. Hence, on one side, the oil is important for economic growth, but, on the 

other side, the oil consumption has an adverse impact on the environment. The oil 

consumption, in form of industrial process, transportation, energy generation etc., is one 

of the main contributors of carbon emission. According to a recent statistics, the 

demand for oil will increase in the next few decades (Cook and Cherney, 2017). Coal is 

the main element of energy generation in China which contains around 65% of total 

energy mix (China Electric Council, 2016). 

Previously, the studies have investigated the impact of economic growth, 

urbanization, industrialization, coal and oil consumption in carbon emission. However, 

after identifying the role of economic growth, urbanization, industrialization in carbon 

emission, current paper contributes to the existing literature through analyses the role of 

urban income to control the carbon emission, which is missed by the previous 

researches. 

The current study has following objectives: the study analyzes the role of 

urbanization in carbon emission. Furthermore, the role of urban income to control the 

urban-based carbon emission is another objective. The main contribution of given study 

is to examine the role of annual average urban income to control the urban based carbon 

emission. It is known that the higher urbanization tends to boost the carbon emission by 

different channels: (i) forest need to cut down to extend the urban lands which causes to 

increase the carbon emission; (ii) higher urbanization triggers the industrialization, 
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transportation and energy consumption etc. which are the major carbon emitters 

(Shahbaz et al., 2016; Ding and Li, 2017)1. In concise, higher urbanization directly or 

indirectly boost the carbon emission. On the other side, the urbanization trend is 

increasing since few decades and it will be higher in upcoming decades, as mentioned in 

Figure 1. However, it is required to explore the counter measures that support to reduce 

carbon emission that is caused by urbanization. On this basis, this study assumes that 

higher urban income enables the urban population to invest in eco-friendly products that 

require less energy (e.g. advanced energy efficient home appliances, hybrid or 

electricity vehicles etc.) that assist to control the environmental degradation process. 

However, it is clear that urbanization increases the rate of carbon emission as well as it 

can also contribute to the green technology and its innovation (Martínez-Zarzoso and 

Maruotti, 2011). Finally, the regional based analysis is used to examine the carbon 

contributors and the role of higher urban income to mitigate the carbon emission. The 

findings can assist the policy maker to define the environmental policies to control the 

carbon emission. 

 

 

Figure 1. Urbanization population and percentage of world population living in urban areas. 

(Source: UN, Department of Economic & Social Affairs, Population Division) 

Materials and methods 

Current study investigates the urbanization, urban income, economic growth, 

industrialization, coal consumption and oil consumption on carbon emission. For 

empirical estimations, panel data of 30 Chinese provinces are collected over the period 

1998 to 2016. Mainly, the paper concerns the role of urbanization on carbon emission 

and the corrective measures to reduce the urbanization based carbon emission in China. 

The bulk literature has confirmed the adverse effect of urbanization on carbon emission; 

 
1Industrialization requires higher energy for operational activities that contribute in carbon emission, 

similarly, the waste of industries is also a source of carbon emission. The higher urbanization trend 

stimulates the buying of cars and the use of other transportation mean (Zhang, 2014), which use the fossil 

fuels and in turn increase the carbon level. Similarly, the urbanization increases the electricity 

consumption by city authorities for street lights, electricity sign boards and households (Shahbaz et al., 

2016). 
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higher urbanization leads to increase the carbon emission (York, 2007; Wang et al., 

2016; Kasman and Duman, 2015; Shahbaz et al., 2016; He et al., 2017; Zhu et al., 2017; 

Yao et al., 2018). This adverse relationship can be due to multiple reasons: firstly, there 

is a need to cut down the forests to increase the urban land which reduces the carbon 

balance. Secondly, higher urbanization requires the higher energy to meet the electricity 

demands, for transportation etc., however, this higher energy consumption causes to 

boost the carbon emission. It is necessary to find practicable solutions to control the 

urban based carbon emission. In light of this, we propose that the government should 

increase the per capita income of urban people and motivate them to buy energy 

efficient and environmental friendly products. In such domain, we use two assumptions: 

firstly, the industries are producing green and energy efficient equipment for industrial 

and household uses. Secondly, the urban population are motivated to purchase latest 

green technology household items; meaning that higher per capital income enables them 

to have environmental friendly items. The general form of studied model is given 

below: 

 

 2 ( , , )CO f U UI EG,I,C,O=   
 

The log form of model is below: 

 

2 0 1 2 , 1 2 3 4 5 6 7ln it i t it it it it it it itCO CO U UI EG + I + C + O +        −= + + + +
  

 

where 2 tiCO  and 2 ,t 1iCO −  is current carbon emission and lagged carbon emission in 

million tons (Mt), respectively, which is calculated by using energy consumption based 

methodology. Energy consumption based carbon emission follows Intergovernmental 

Panel on Climate Change (IPCC, 2006). itU is the urbanization (10,000 people) and itUI  

is the proxy of urban income which measured as per capita income in Yuan. itEG  is the 

economic growth measured as gross regional product for each province (100 million 

Yuan). itI  represents the industrialization measured in 100 million Yuan. itC  and itO  

presents the coal consumption and oil consumption (10,000 tons). 

Difference-GMM, system-GMM and dynamic mean group (DMG) are employed for 

econometric estimations. We emphasize on panel data estimations due to following 

reasons: firstly, it assists to control the heterogeneity issues; secondly, is deals with the 

increase in degree of freedom. Thirdly, it is useful to control the multicollinearity 

issues. 

Results and discussion 

Table 1 reports the empirical estimations of difference-GMM, system-GMM and 

dynamic mean group (DMG). The findings of difference-GMM confirm the significant 

and positive coefficients of lagged carbon emission, urbanization, economic growth 

industrialization, coal, and oil consumption. These findings imply that higher 

urbanization trend, economic and industrialization activities, coal and oil consumption 

in different economic sectors are the main culprits of environmental degradation in 

China. On contrary, the coefficient of urban income has reported statistically significant 

and negative coefficient, which validates our hypothesis that higher urban income 

causes to reduce the carbon emission. The reason for this relationship is that the higher 
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urbanization leads to the advance and green technology innovation (Mishra et al., 2009; 

Martínez-Zarzoso and Maruotti, 2011). However, the increase in urban income raises 

the chances that urban population buys advanced green technologies that are useful to 

control the carbon emission from urbanization. 

 
Table 1. Econometric estimations 

 Difference-GMM System-GMM DMG 

Coefficient p-value Coefficient p-value Coefficient p-value 

2 ,t 1iCO −
 

0.415 0.000 0.348 0.000 0.366 0.000 

itU
 

0.035 0.000 0.041 0.000 0.055 0.000 

itUI
 

-0.631 0.000 -0.230 0.001 -0.278 0.000 

itEG
 

0.051 0.015 0.024 0.000 0.132 0.022 

itI
 

0.136 0.001 0.097 0.038 0.110 0.061 

itC
 

0.302 0.000 0.311 0.000 0.229 0.000 

itO
 

0.106 0.010 0.086 0.041 0.081 0.039 

CO2 is lagged carbon emission, U represents the urbanization and UI is the urban income. EG mentions 

the economic growth, whereas, I is the industrialization. And C and U are the coal and oil consumption, 

respectively 

 

 

System-GMM has reported similar results; the positive relationship of lagged carbon 

emission, urbanization, economic growth, industrialization, coal consumption and oil 

consumption (there is a slight difference; the coefficients of industrialization and oil 

consumption are statistically significant at 5% level). The coefficient of urban income is 

statistically significant and negative, at 1% level, which illustrates that higher carbon 

emission can be managed by increasing the urban income. The estimations of the 

dynamic mean group present the positive coefficient of urbanization, economic growth, 

coal consumption and oil consumption, whereas, industrialization turns out to be 

insignificant. The coefficient of urban income is still significant and negative. 

 

Regional analysis 

Empirical results of the regional analysis provide more insight that is useful for 

environmental policymakers, as the factors of carbon emission vary across different 

economic and geographical basis. The Chinese provinces are divided into six 

geographical regions to estimate the regional analysis. In Table 2, the coefficient of 

urbanization has reported significant and positive coefficients in five out of six regions, 

Southwest region reports insignificant coefficient. These significance and positive 

coefficients of urbanization exhibit that higher urbanization movement induces the 

carbon emission in most of the Chinese provinces. In case of urban income, the results 

are statistically significant and negative in five out of six provinces. The results confirm 

the role of urban income in carbon mitigation in most of the regions, however, it is 

suggested that urban-based carbon emission can be managed by increasing the per 

capita income of urban population. Moreover, motivate the urban population to have 

eco-friendly home appliances and vehicles. 

Economic growth is a source of carbon emission in all six regions of China, as 

mentioned by the positive coefficients. The coefficients of industrialization are 

significant and positive in four out of six regions (North, Northeast, East and 
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Southcentral), whereas, insignificant in two regions (Southwest and Northwest). It is not 

hard to conclude that industry is also responsible for higher carbon emission in China. 

Estimated results of coal and oil consumption mentioned statistically significant and 

positive coefficients in all six regions, which indicate that fossil fuels are among the 

main sources of carbon emission. As China is a developing economy that requires fossil 

fuels (coal and oil) for industrial process, transportation, electricity generation etc., 

however, it is quite difficult for China to suddenly replace the fossil fuels with 

renewable energy. 

 
Table 2. Regional analysis 

 North Northeast East South Central Southwest Northwest 

2LagCO
 

0.162*** 0.041*** 0.167*** 0.513** 0.527*** 0.014*** 

U
 

0.061** 0.042*** 0.031*** 0.052*** 0.033 0.142** 

UI
 

-0.131*** -0.204*** -0.092*** -0.105 -0.117*** -0.032*** 

EG
 

0.010** 0.025*** 0.031*** 0.064*** 0.462*** 0.140*** 

I
 

0.016*** 0.008** 0.067*** 0.105** 0.019 0.062 

C
 

0.257*** 0.634*** 0.138*** 0.335*** 0.614*** 0.556*** 

O
 

0.082*** 0.034** 0.415*** 0.320*** 0.014** 0.185*** 

CO2 is lagged carbon emission, U represents the urbanization and UI is the urban income. EG mentions 

the economic growth, whereas, I is the industrialization. And C and U are the coal and oil consumption, 

respectively. 

***, ** represents the significance level of 1% and 5%, respectively 

Conclusion 

There are two main objectives of given study: firstly, investigate the role of 

urbanization in carbon emission; secondly, examines the role of the urban income in 

carbon mitigation. The data from 30 Chinese provinces are used for empirical 

estimations that cover the time period of 1998-2016. Estimated findings have validated 

that higher urbanization causes the environmental degradation in China. In case of 

urban income, the coefficients present significant and negative results, which affirm our 

hypothesis that higher urban income likely to reduce the carbon emission by changing 

the buying behavior of urban population. The increase in income enables the urban 

population to have advance and green technology that uses less energy and have lesser 

emission than conventional technologies. The findings of economic growth, 

industrialization, coal and oil consumption are responsible for carbon emission in 

China. Similar findings are confirmed by regional based analysis; the higher per capita 

urban income assists to control the role of urbanization in carbon emission. 

On the basis of above results, the study proposes significant policy implications that 

are useful to control the environmental degradation process. The study examines, the 

urban and central authorities should increase the urban income and motivate the urban 

population to acquire green technologies. The studies proposed that the government 

should impose the carbon tax on industries that force them to install carbon treatment 

plants. Lastly, the Chinese government needs to replace the non-renewable source of 

energy (coal and oil) to renewable energy (e.g. water, solar, wind, biomass etc.). 

The authors have faced some limitations during the data collection and assigning the 

proxies; such as, the data before 1998 is missing in China statistical database which 

forces to limit the time series. For future studies, the authors can gather the previous 
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data by using some other available sources, to examine the robustness of results. 

Another limitation of current study is the base of two assumptions; firstly, the industries 

have to produce green and energy efficient equipment for industrial and household uses. 

Secondly, the urban population are motivated to purchase latest green technology 

household items; proposing that higher per capital income enables them to have 

environmental friendly items. However, for future direction, there is a strong need to 

find some alternate proxies to examine the role of urban income. 
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