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Abstract. Reducing inequalities while boosting economic growth has long been
a primary social policy objective for many countries. Human emissions of car-
bon dioxide, on the other hand, as a chief driver of global warming and other
environmental issues, are becoming an increasingly important consideration for
governments in formulating sustainable development policies. However, a con-
sensus on the relationship between achieving the two goals has yet to be reached
due to the interactive effects of the emission-reduction and income redistribution
policies. The purpose of this study is to evaluate the impacts of income inequality
on carbon emissions in China. The data of China’s Gini coefficients and the emis-
sions of carbon dioxide from 1981 to 2017 are chosen in this study to indicate the
income inequality and carbon emission levels respectively. Correlation analysis
and linear regression models are employed to examine the relationship, and the
findings suggest a positive correlation between levels of income inequality and
carbon emissions in China and that a time lag exists between the two variables. The
results are analyzed from both the consumption and production perspectives with
particular references to China’s enhancing living standards, improving productiv-
ity and technological advances. The findings offer a perspective for understanding
the synergy and conflicts between achieving both policy objectives, to preserve
the environment while increasing economic welfare for sustainable growth and
development of China’s economy.
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1 Introduction

Globally, the emissions of all main greenhouse gases (GHG) have been rising. The
emissions of carbon dioxide, in particular, have increased by more than 50 percent
between 1990 and 2018 [1]. Global warming and environmental degradation are posing
long-lasting threats to humanity and the most vulnerable groups, including the poor who
are the least responsible for greenhouse gas emissions, are the most seriously affected.
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Since household consumption is one of the primary sources of global GHG emissions
while income level affects households’ consumption behaviours which will, in turn,
affect pollution in the long run, a study on the link between individuals’ economic
wellbeing and carbon emission is crucial in understanding the quality of economic
development (including inequalities) and formulating welfare policies, not least because
CO2 contributes to around 75% of global total GHG emissions [2].

The “Environmental Kuznets Curve” hypothesizes an inverted U-shaped relation-
ship between the per-capita level of income and degree of environmental deterioration
[3]. The link between economic growth and environmental quality has been widely stud-
ied both theoretically and empirically [4–7]. Tsurumi’s study further decomposes the
factors affecting environmental quality into three dimensions (the scale effect, the tech-
nique effect, and the composition effects), finding that although the technique effect was
adequate to reduce SO2 emissions, its effect was insufficient to lower energy use and the
level of carbon dioxide emission, with the exception of the case of carbon emissions in
higher-income countries [8].

By extension, despite that numerous studies have identified a link between inequality
and consumption-based CO2 emissions, a consensus on the link has yet to be reached.
Some have found that greater inequality results in differences in consumption habits
which in turn affects energy structure and carbon emissions in the long run [9–11].
The empirical regression analysis done by Torras and Boyce in which income inequal-
ity is included as an explanatory variable shows that a more equitable distribution of
income can positively affect environmental quality, and such influence appears to be
specifically strong in low-income countries [12]. On the other hand, a separate branch of
studies suggests that greater income disparity could have a positive influence on overall
environmental quality [13, 14].

According to the China National Bureau of Statistics, the national Gini coefficient of
China was 0.288 in 1981. The figure reached 0.467 in 2017 and during the same period,
China’s carbon emission level has also been growing.

In order to understand the short-term and long-term influences of income inequality
on China’s emissions of carbon dioxide, this paper first creates scatterplots to visu-
alize the variations of China’s CO2 emission and Gini coefficients during the period
1981–2017; correlation analysis and regression analysis will then be conducted to test
the statistical relationship between the levels of carbon emission and income inequal-
ity. Sect. 2 evaluates the data and methodology used in this study and presents the results
visually. Section 3 discussed the relationship between the two variables based on statis-
tical results in the previous section. Section 4 concludes the findings and offers some
policy suggestions regarding poverty reduction and environmental preservation.

2 Methodology

2.1 Data

The data used in this research is a fusion of statistics extracted from the China Statistical
Yearbook. The Gini coefficient is utilized to measure China’s income inequality and the
volume of total apparent CO2 emission is used to represent the CO2 emission level. The
panel study includes annual data points for China’s 30 provinces, autonomous regions
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Fig. 1. China’s Gini coefficient from 1981 to 2017

Fig. 2. China’s CO2 emissions from 1981 to 2017

and municipalities (Taiwan, Tibet, and two special administrative regions Macau and
Hong Kong are excluded due to the inadequacy of reliable data sources), the national
average of theGini coefficient, and China’s overall total amount of CO2 emitted through-
out the period 1981–2017. Figure 1 and Fig. 2 visualize the variations of China’s Gini
coefficients and CO2 emission throughout the period 1981–2017. Graphically, it can



998 Z. Li et al.

Fig. 3. The scatterplot of China’s Gini coefficient and carbon emissions.

Table 1. Correlation coefficient

be seen that China has reached the “turning point” of the traditional income inequality
Kuznets curve, while it is still on its path to the point on the Environmental Kuznets
Curve for the pollution to start decreasing.

2.2 Correlation Analysis

China’s national Gini coefficient and the total amount of CO2 emitted are used in cor-
relation analysis to assess the overall relationship between the two variables. Figure 3
shows a non-linear relationship between the levels of the Gini coefficient and carbon
emissions during the period 1981–2017. The curve estimation model therefore is first
applied in this regression analysis. Due to the limited size of the data sample, we assume
the normality of the distribution of the two variables. The result of the Pearson correla-
tion analysis in Table 1 shows that the carbon emission level is in strong correlation with
the Gini coefficient at a 1% significance level, where the Pearson correlation coefficient
is 0.715 (> 0.7) and the p-value for the two-tailed significance test is 0.000 (< 0.01).

2.3 Regression Analysis and Results

To further explore the statistical relationship between the two variables, regression anal-
ysis of the levels of Gini coefficient and carbon emission is performed. The hypothesis
proposed in this analysis is as follows:
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Table 2. Curve Estimation Model Summary and Parameter Estimates

H0: Gini coefficient has a negative influence on China’s CO2 emission levels.
H1: Gini coefficient has a positive influence on China’s CO2 emission levels.

Table 2 shows the summary of the curve estimationmodel. The three equations of the
highest R2 value are the compound equation, the growth equation and the exponential
equation all with R2 equal to 0.695. The low R2 value indicates that the independent
variable, the Gini coefficient value, is not explaining much of the change in China’s
carbon emission levels.

Table 1 shows the coefficient of correlation between China’s levels of carbon emis-
sion, Gini coefficient, and per-capita GDP. Including the levels of GDP per capita
which is highly correlated to the carbon emission level in the analysis, the results of
the multi-linear regression analysis are shown in Table 3(3.1–3.5).

As shown in Table 3(3.2), the values of the coefficient of determination of (R2) in
Model 1 and Model 2 are 0.921 and 0.961 respectively, indicating small differences
between the observed annual data and the fitted values and that the majority of variation
in Carbon emission level can be explained by changes in Gini coefficient in our model.

The results of the analysis of variance (ANOVA) are visible in Table 3(3.3). The
F-test statistics in the two models are 409.300 and 423.697, and the p-values are both
0.000. Therefore, there is significant evidence that a difference exists between the group
means. Since the p-value is lower than 0.005, the null hypothesis of ANOVA is rejected
and hence there is a statistically significant difference between the group means.

As shown in Table 3(3.4), in Model 2, the p-values of the three variables are 0.046,
0.000, and 0.000, all smaller than 0.05, and the corresponding t-values are all greater
than 1.96. Both of these indicate that the three variables have statistically significant
impacts on the carbon emission levels.

Equation (1) shows the results of the multi-linear regression, where X1 and X2 stand
for China’s national Gini coefficient and GDP per capita in US dollars respectively, and
Y represents the overall national carbon emission volume in metric tons (mt).

Y = −12.565+ 94.289X1 + 0.009X2 (1)
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Table 3. Multi-linear regression

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

3 Discussion

Several patterns have been found from the results of this empirical analysis.

3.1 Increasing Income Level and Improving Productivity

Analysis in Sect. 2 shows that reduced income inequality decreases carbon emissions in
China. Such a positive correlation has also been verified by Golley andMeng [9], Zhang
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and Zhao [10], and Jorgenson et al. [11]. A study by Clarke-Sather et al. on China’s
inequality in CO2 emissions further explains the differences between interprovincial
GDP inequality and CO2 inequality based on a sub-national scale by highlighting the
critical role of carbon intensity [15]. This result is consonant withMeng et al.’s argument
that reduced unbalanced cross-regional income growth may help reduce the emission
level [16]. Based on a fixed-effect panel datamodel, these authors also show that there are
significant disparities among the western, central, and eastern regions in China, as well
as sub-national elasticity of per-capita income and energy intensity in carbon dioxide
emissions, which reflects the differences in regional economic development and has
diverse impacts on regional emission.

Economic growth has been found to be the primary driver of rising CO2 emissions
in many emerging economies. A study on the Next Eleven economies has found the
link between energy consumption, economic growth, and the level of CO2 emission
levels using the time-varyingGranger causality approach, showing that economic growth
results in greater energy consumption in the Philippines, Vietnam, and Turkey [17].
Increasing income levels as a result of improvement in living standards and economic
growth has increased household consumption, which is a major source of global GHGs
emissions [2].

As the country develops, China’s improving productivity and technological progress
is another factor affecting carbon emission. Technology spillovers have been found
to have a significant threshold effect on energy intensity and CO2 emissions, and the
impacts vary differently in different regions in China [18]. Both the consumption-led and
production-led emissions as China’s economy grows offer explanations for the positive
correlation found in this study.

Fig. 4. China’s Gini coefficient from 1981 to 2017
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Fig. 5. China’s carbon emissions from 1981 to 2017

3.2 Time Lag

Atime lag is visible between the variation ofChina’sGini coefficients and the level of car-
bon emissions. As illustrated in Fig. 4 and Fig. 5, theGini coefficient decreased gradually
throughout 2008–2017; while it was not until 2013 that carbon emissions in China began
to decline. The reduction in theGini coefficient figure over the period is attributedmainly
to the government’s poverty reduction policies including the Development-oriented
Poverty Reduction Program for China’s rural regions and the Targeted Measures in
Poverty Alleviation and Poverty Alleviation through Tourism. The implementation of
these policies has increased the income level of the disadvantaged and narrowed the
wealth gap.

4 Conclusion and Policy Implications

Through analysis of data from 1981 to 2017, this paper analyzes the influence of income
inequality on China’s emissions of carbon dioxide with explanations based on exist-
ing theories and research. Our results show that income inequality is positively corre-
lated with the level of CO2 emissions in China. The results offer potential implications
for future policy-making. Firstly, environmental policies to reduce pollutant emissions
should take into account regional disparities. The substantial differences in regional
income levels, energy efficiencies, and availability of green production technologies
between China’s Eastern, Central, and Western regions generate inconsistent counter-
balancing impacts on CO2 emissions. Policies such as tradable pollution permits and
green taxation could be practised in regions with limited access to clean energy and low
energy efficiency. Secondly, efforts to redistribute income should be more detailedly
customized to bring environmental benefits considering the positive correlation between
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levels of carbon emission and income inequality. The results of this paper’s analysis show
that reduced income disparity has a significant impact on carbon dioxide emission lev-
els. Therefore, achieving greater equality in income distribution potentially contributes
to environmental improvement. Sustainable industries could be established in poverty-
stricken areas to create new job opportunities and boost the local economy, while simul-
taneously reducing carbon emissions by adopting new and renewable energy and greener
production technologies.

The main limitations of this paper are that only a limited number of variables are
included in the analysis and a specific time lag between the two variables is not identified.
Future research should take in more factors that could affect regional inequality levels
and carbon emissions.
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