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ABSTRACT 

 
Debate on the relationship between economic growth and environmental quality has 

centered on whether higher per-capita income is a panacea for all environmental “diseases.” The 
Environmental Kuznets Curve (EKC), borrowed from Kuznets’ inverted-U curve of the 
relationship between economic growth and the income distribution, shows that the relationship is 
nonlinear and depends on a country’s level of income. EKC has been widely used for income-
pollution analyses. However, EKC studies vary in functional form, specification, study level, and 
data type, producing conflicting results. Using He and Wang’s (2012) height-adjustment EKC 
model, this study estimates the relationship between China’s economic growth and environmental 
quality from 1990 to 2015. Following He and Wang, instead of employing a single standard EKC 
model, the study compares standard and dynamic models, considering China’s unique 
administrative structure and environmental policies. The results show that controlling for policy 
variables improves the standard model’s explanatory power, but only a little. Two pollutants, 
industrial wastewater, and waste gas have an inverted-N curve relationship to economic growth, 
while the rest all show a consistent decreasing trend in recent years. Considering the vast 
disparities in economic development across China’s provinces, policymakers would do well to 
consider each province’s specific situation and use the EKC model as a macro level reference, 
rather than a fixed standard, when designing environmental policy. 
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I. INTRODUCTION 

Debate on the relationship between economic growth and environmental quality has 

centered on whether higher per-capita income is a panacea for all environmental “diseases.” The 

Environmental Kuznets Curve (EKC), borrowed from Kuznets’ inverted-U curve of the income 

distribution (Kuznets, 1955), shows that the relationship is nonlinear and depends on the level of 

income in the country. At low levels of per-capita income, environmental quality deteriorates as 

economies grow. But above a threshold, income growth goes hand in hand with improvements in 

the environment. Policymakers in developing countries, therefore, rightfully worry about 

balancing economic growth and environmental governance. 

Early empirical analysis using cross-country panel data and conventional pollutants found 

an inverted-U curve. Different approaches, perspectives, and measurements, however, showed 

conflicting results and led to a strong challenge to the EKC model.1 One key challenge in the 

empirical literature is that the type of economic growth needed to move a country from one side 

of the Kuznets Curve to the other takes generations; and comparing countries at different 

development levels raises many issues that conflate the interpretation of the findings. Moreover, 

cross-country analyses yield a wide range of estimates of the turning point and inconsistent results, 

which further indicates no single model can fit all.     

This thesis aims at addressing these concerns by focusing on a single country with an 

unprecedented rate of economic growth over a relatively short period: China. In addition to the 

 
1 Empirical research using different study periods on local pollutants that affect ambient air quality including SO2, SPM, nitrogen 
oxides have confirmed the EKC theory (see Panayotou 1993, 1997 &2000; Kruger & Grossman, 1991; Shafik, 1994; Stern & 
Common, 2001; Galeotti, 2007). However, international-level studies are not consistent with domestic municipal-level findings 
(see He & Wang, 2012). Estimations of pollutants that have global, long-term effects, such as CO2, are almost dichotomized into 
monotonically increasing curves and EKC curves, varying across countries (see Kunnas & Myllyntaus, 2009; Soytas et al., 2007; 
He & Richard, 2010; Iwata et al. 2010 & 2012; Jayanthakumaran et al., 2013; Alam, 2014; Lau et al., 2014; Dogan & Turkekul, 
2016)  In terms of turning point, while a large literature could not locate it, the level of income varies greatly depending on the 
composition of developing and developed countries in the data set and the specification used in the regression. Higher 
proportions of developing countries may yield higher income thresholds (Copper & Griffiths, 1994; Panayotou, 2000). 
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large size of change in its economic growth, vast variances among provinces in population, 

economic structure and development provide excellent materials for panel data analysis. 

Furthermore, China’s unique environmental administrative structure allows this study to compare 

the standard EKC model and dynamic models imposing assumptions in this specific context. Data 

from 1990 to 2015 from the China Statistical Yearbook and China Environmental Yearbook show 

that, at the national level, the relationship between major industrial pollutions (industrial 

wastewater and waste gas) are nonlinear, and that the wastewater is likely following an EKC 

pattern of development in China (see Figure 1).2 

 

Figure 1. The Income-Pollution Relationship on National Level, 1990-2015 

 
2 Real GDP per capita is increasing monotonically over the period 1990 to 2015. So the 26 discreet points of values of each 
pollutant are also showing the time series from the left side to the right side of the figure.    
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This thesis estimates China’s industrial pollution EKC using He and Wang’s (2012) 

framework and provincial level (rather than municipal level) data. In this way, it is possible to 

examine China’s industrial pollution EKC on an aggregate level and to determine which channels, 

such as public feedbacks and the size of environmental agencies, explain the estimated relationship.  

The analysis focuses on industrial wastewater and waste gas for four distinct reasons. First, 

industrial pollution makes up a significant share of total pollution and is most responsible for 

environmental deterioration. Second, it exhibits substantial variation across regions and can 

provide more insights into macro-level economic policy. Third, consistent data are available for 

the period of interest. Finally, China’s environmental policies mostly focused on industrial 

enterprises and reducing industrial pollution during the study period.  
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II. BACKGROUND 

Over the past twenty years, the world has witnessed China’s dramatic economic growth. 

In 2019, according to the International Monetary Fund, as the second-largest economy in the world, 

China’s GDP was estimated to be more than $14 trillion, 47 times more than 29 years ago. From 

1990 to 2015, China’s GDP growth rate increased from 3.91 percent in the early stage to an 

exceptionally high rate of 14.23 percent in 2007, and then gradually declined to around 6.9% in 

2015.3 In constant 2010 USD, China’s real GDP per capita in 2015 is approximately 11 times 

higher than in 1990. Nonetheless, an alarming increase in the number of events across the country 

indicates a cost for economic growth. 

 

China’s Environmental Protection Efforts  

In 1972, the United Nations Conference on the Human Environment brought 

environmental issues to the Chinese government’s attention and led to China’s 1973 National 

Environmental Protection Conference, where the first country’s legal document for protecting and 

improving environmental quality was born (Li, 2014). This landmark event even occurred before 

the epoch-making economic Reform and Opening up of China. Between 1972 and 1989, global 

environmental movements were mushrooming, leading to the rise of environmental diplomacy. 

Therefore, the international setting at that time stimulated China’s domestic environmental reform. 

The country’s national development strategy, which since the 1950s had prioritized heavy industry, 

was phased out. China’s environmental protection efforts can be generally considered from four 

perspectives: legislation, administrative structure, monitoring and evaluation, and environmental 

policies. 

 
3 Data are from the World Bank, retrieved 7 March 2020 from: 
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=CN 

https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG?locations=CN
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Developments in Environmental Legislation 

The timeline of the development of China’s environmental legislation starts in 1978 and 

proceeds three stages. The Constitution of the People’s Republic of China was amended in 1978 

when environmental protection became constitutional for the first time. It stipulated 

constitutionally that “the state protects the environment and natural resources and prevents and 

eliminates pollution and other hazards to the public.”4 From 1978 to 1992, the first stage of 

Chinese environmental legislation, the Chinese government, mainly focused on establishing and 

improving national environmental protection and monitoring systems. By 1991, a large number of 

laws and regulations or other relevant documents had been created: 12 environmental and 

resources laws, more than 20 administrative regulations, 127 regional laws and regulations, 733 

regional rules and countless regulatory documents, which laid the foundation for enhancing 

environmental governance (Li, 2014). One major law is Environmental Protection Law (trial), 

which established three policy pillars: pre-construction environmental evaluation, three 

simultaneities,5 and a pollution discharge fee. These policies are still effective today. The 1979 

law was nullified in 1989 when its official version — the Environmental Protection Law of the 

People’s Republic of China (the Law) — was passed during the eleventh conference of the 

Standing Committee of the seventh National People’s Congress.6  

During the second stage, from 1992 to 2014, new laws and regulations coming into effect, 

the legal framework of China’s environmental protection started to take shape. In this stage, 

 
4 Retrieved 7 March 2020, from 
https://upload.wikimedia.org/wikipedia/commons/4/4e/People's_Republic_of_China_1978_Constitution.pdf 
5 A major environmental regulatory policy in China. It requires that a construction project’s infrastructure or facilities for 
pollution prevention need to be 1) simultaneously designed 2) simultaneously constructed and 3) placed into production 
simultaneously with the construction project itself. 
6 Retrieved 28 March 2020, from http://www.gov.cn/bumenfuwu/2012-11/13/content_2601277.htm 

http://www.gov.cn/bumenfuwu/2012-11/13/content_2601277.htm
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instead of making more laws, organizational adjustments in administrative branches took place to 

match the legal framework.  

During the third stage, from 2014 until the present, the laws and regulations made in the 

first stage have been revised, and several new laws have appeared to elevate the country’s 

environmental governance to a new level. One crucial action is that the Law was revised for the 

first time since its passage in 1989. The revision is substantial. According to the present deputy 

minister of the Development Research Center of the State Council of China (DRC), it has made 

the Law “the strictest … and the hardest law on enforcement in Chinese legislative history” (Chang, 

2014, p.23). Major changes contributing to the Law’s increased restrictiveness include 1) total 

emission control (TEC) combined with environmental standards, 2) an environmental credit 

system that works with emission permits, 3) allowing environmental groups to file public interest 

lawsuits, and 4) incorporating environmental quality into government officials’ performance 

evaluations (Chang, 2014). In addition, these developments were followed, in 1992, by 

amendments to the national action plans on water and soil pollution, as well as changes in the 

Environmental Impact Assessment Law.  

 

Development in Administrative Structure 

 From 1974 to 2008, seven reforms took place in the administrative structure of China’s 

environmental agencies. All seven reforms aim at centralizing power and enhancing the capability 

of departments at the central level to monitor, inspect, and acquire information from regional level 

agencies. Hence, command-and-control with a top-down approach to governance is the main 

feature of China’s environmental administration.  
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In the 1970s, the central environmental administration department was only a temporary 

institution that was not even counted as part of the governmental apparatus. Not until 1988, was 

the State Environmental Protection Agency (SEPA) separated from the Ministry of Urban-Rural 

Development, and made a single department directly under the State Council’s leadership. This 

adjustment upgraded SEPA to the second-highest level in China’s governmental hierarchy, aiming 

at strengthening central leadership and integrating regional efforts.  

As the number of major environmental incidents increased across the country (i.e., severe 

water pollution of the Yangtze River killing tons of fish in 2002), the government and public have 

realized the urgency and gravity of the country’s environmental situation. In these circumstances, 

in 2003, then-President Hu Jintao established the Scientific Outlook on Development (hereinafter 

referred to as “the Outlook”). The key objective embodied in the Outlook is sustainable 

development, which has become the country’s leading development strategy. Sustainable 

development was a milestone because it resulted in a series of major administrative reforms and 

prompted the creation of several policy instruments that make up the core of the government’s 

environmental policy intervention. In 2005, the State Council issued No. 39 document, enforcing 

implementation of the Outlook and strengthening environmental protection through adjustments 

in industrial structure. Three years later, in 2008, SEPA was upgraded to the ministry-level. Then, 

in 2018, SEPA was superseded by the Ministry of Ecology and Environment (MEE) which is now 

the national environmental protection department. MEE is responsible for all-round environmental 

protection, including air, water, land protection and nuclear safety. The department is vested with 

power to enforce environmental laws and regulations and to inspect provincial-level agencies’ 

implementation efforts. However, because its authority is highly centralized in Beijing, some 

observers worry that coordination between the central government and lower-level agencies 
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vertically, as well as between different functional divisions horizontally, are largely lacking (Yin, 

2016).    

 

Monitoring and Evaluation Systems in Environmental Protection 

The monitoring and evaluation system in China’s environmental protection efforts 

comprises two aspects: monitoring environmental quality and evaluating government officials’ 

performance based on environmental quality. In other words, on one hand, MEE can access real 

time data from thousands of monitoring stations to assess ambient air and water quality throughout 

the country; on the other, the system’s accountability mechanism ties environmental quality to 

officials’ performance evaluations. Furthermore, the system provides for several kinds of 

punishment for provincial governments that fail to meet emissions standards. A “one-vote veto” 

rule was introduced to the system during the twelfth Five-Year Plan. The rule stipulates that failing 

one environmental performance evaluation by itself is equivalent to failing the overall official 

performance evaluation, which instantly makes the official ineligible for any awards, honors, or 

promotion opportunities for the year.  

The criteria for evaluating environmental performance is based mainly on the total 

emissions of several major pollutants, such as SO2, carbon dioxide, PM 2.5, nitrogen oxides, and 

suspended particulate matter (SPM). At the regional level, failing one environmental performance 

evaluation effectively jeopardizes the department’s ability to apply for more funds from the MEE. 

In addition, since the 2014 amendment to the Law requires that environmental evaluation results 

will be open to society, naming and shaming is a further kind of punishment.  
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Development in Environmental Policies 

China’s environmental policies can be summarized as eight regulations and two broad 

categories of policy tools (Chen, 2018). Of the eight regulations, three are old regulations first 

promulgated in the 1979 Environmental Protection Law — pre-construction environmental 

evaluation, three simultaneities, and a pollution discharge fee. Pre-construction environmental 

evaluation is a mandatory requirement as well as a prerequisite for starting any construction project; 

three simultaneities means that a construction project’s infrastructure or facilities for pollution 

prevention need to be 1) simultaneously designed 2) simultaneously constructed and 3) placed into 

production simultaneously with the construction project itself. 

The pollution discharge fee is based on the idea of “the Polluter Pays Principle” proposed 

by the Organization for Economic Cooperation and Development in 1972 (Bai, Wang, 2011). The 

fee is collected by local environmental agencies and controlled by MEE rather than the treasury 

department. The fee is set at 50 percent of the enterprise’s marginal abatement cost. In 2016, 

accordingly, the minimum amount was 1.2 yuan and 1.4 yuan for atmospheric and water pollutants, 

respectively. 7  Many scholars and specialists argued that this standard was too low to curb 

emissions since many enterprises would be willing to pay the fee rather than abating pollution 

(Guo et al. 2019; Bai, Wang, 2011; Chen, 2018). Nevertheless, a recent empirical study by Guo 

and coauthors (2019) on industrial SO2 emissions from 2007 to 2014 shows that this policy has 

resulted in about a 14 percent reduction in emission intensity. Due to conflicts with other new laws, 

this regulation was annulled in 2018, which is after my paper’s study period, and thus it will not 

be a concern to my study.  

 
7 Retrieved 28 March 2020, from: http://npc.people.com.cn/n1/2016/1225/c14576-28975008.html 

http://npc.people.com.cn/n1/2016/1225/c14576-28975008.html
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In addition to these three regulations, the other five include a target-oriented accountability 

mechanism, issuing emission permits, and setting time limits on completing pollution control tasks 

for heavily polluting projects.  

The two categories of policy tools are command-and-control type interventions and market 

tools that create economic incentives. The former has been at the core of China’s environmental 

policy for decades. The Communist Party of China (CPC), State of Council, and MEE are decision-

makers. Their decisions are usually passed down in the form of official documents or 

announcements from tier to tier until they reach each county. As mentioned earlier, one crucial 

command-and-control policy is TEC. This policy, which set a goal of 10 percent reduction 

nationwide, was first tested locally in 1988 and then scaled up to the whole country in 1996. The 

TEC system is mainly implemented through MEE’s allocating quotas to provinces based on their 

emission records, emission reduction capabilities, and levels of industrialization (Hu et al. 2018). 

Provincial departments further allocate the total quota they receive to cities, which repeat the 

process for counties, based on the same criteria. In spite of its poor performance controlling 

industrial pollution in the prior five years, this policy instrument successfully controlled pollution 

emissions on a national level, especially in recent years. However, it still has many problems. 

One major concern is that even though the TEC results seem promising in terms of sheer 

numbers, people’s perceptions are that the quality of their environment is, in fact, worsening (Jiang 

et al. 2015). Another concern about this policy design is that it lacks a set of scientific and feasible 

standards to quantify reduction capabilities and environmental capacity reasonably and precisely 

(Hu et al. 2018).  

The second category of tools, market tools, is developing slowly in China. The pollution 

discharge fee was the earliest and longest-lived effort, and it has been superseded by a new “green 
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tax” that was put into effect in 2018. With only two years of implementation, the tax’s impact on 

pollution control is not yet clear. Other potential policy tools include a carbon trading system or 

other similar pollution permit trading systems. However, these schemes are still on trial and only 

implemented on a very small scale. 

In addition to the eight regulations and two policy instruments, China’s environmental 

petition system is also playing an important role in environmental public administration. It is also 

one of the core policy explanatory variables in my study, and it will be explained in greater detail 

in the Data Description section below. China has a long history of using petition systems that can 

be traced back even to ancient times. After the founding of the People’s Republic of China in 1949, 

then Chairman Mao gave a speech stressing the importance of valuing people’s petitions through 

letters and visits (Kong, 2019). Since then, the petition system has been an essential way to 

maintain communication between decisionmakers and the public and has been widely used in all 

kinds of public business. Although the legal foundation for the environmental petition system in 

operation today is the Environmental Petition Measures promulgated in 2006, local governments 

have been using environmental petition systems and recording data for decades. As Chinese 

internet use skyrocket in the 21st century, petition methods have expanded from letters, interviews, 

and hotlines, to faxes, email, and government portals. And in recent years, the idea of public 

supervision has rooted much deeper in Chinese citizens’ minds.  

The environmental petition system has provided enormous help in identifying loopholes in 

law enforcement and illegal activities. Nonetheless, problems such as corruption and low 

efficiency are also prevalent in the system. Businesses sometimes bribe officials to remove records 

of complaints, officials “add water” to the number of complaints they have solved so as to get 
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better performance evaluations, and because of government’s low efficiency, multiple complaints 

are often from the same person about the same matter.  
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III. LITERATURE REVIEW 

 
Early EKC Studies 
 

Studies of the EKC date back to the beginning of the 1990s, when Grossman and Krueger 

(1991) and Shafik and Bandyopadhyay (1992), seeking insights into policy issues in the real world, 

discovered the inverse U-shaped curve of the relationship between economic growth and pollution. 

Grossman and Krueger sought to determine whether the NAFTA agreement would accelerate 

environmental degradation in Mexico. They used cross-country data from the Global 

Environmental Monitoring System on urban areas in 42 countries, taking SO2, dark matter, and 

suspended particles as the three indicators of pollutions. They discovered that SO2 and dark matter 

show a characteristic of the EKC, increasing initially and decreasing as the country gets wealthier 

and per capita income reaches a threshold between $4,000 and $5,000. In contrast, they found that 

suspended particles decrease monotonically with increases in GDP.  

Shafik and Bandyopadhyay tried to answer the question “can countries grow out of 

environmental problems” using a panel data set covering 149 countries for the period 1960 to 1990. 

They focused on clean water accessibility, deforestation, air quality, and urban waste. In addition 

to economic growth, they also considered several policies that might have impacts on the 

environment, including energy pricing, trade policy, debt, and political and civil liberties. Their 

empirical results show that most of the pollutants, including SPM and SO2, follow a bell-shaped 

curve, while municipal solid waste, carbon emissions worsen as the economy grows. By contrast, 

they found that variables of urban sanitation and safe water tend to improve as countries achieve 

higher income levels. Therefore, they conclude, countries can “grow out of some environmental 

problems,” but environmental policy instruments are necessary to facilitate this improvement 

(Shafik, 1994). Shafik and Bandyopadhyay’s results also seem to support their claim that economic 
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growth is more likely to address environmental problems that are directly related to people’s health 

conditions, for instance, water safety and urban sanitation, for instance. One reason may be that, 

if their lives are at stake, people’s willingness to pay to minimize damage is close to infinity. Thus, 

a country’s investment in minimizing such damage tends to be linearly and positively associated 

with its economic growth.  

 

Standard EKC Approach 
 

The choice of whether to control for policy effects and mechanism characteristics when 

estimating the environmental Kuznets curve remains debatable. Moreover, it is meaningful 

because it directly affects the interpretation of the shape of the EKC. Researchers who prefer the 

standard EKC approach (or static model, Stern 2017) posit that the overall EKC shape reflects the 

evolution from clean economic activities like agriculture to dirty, heavy industries, and eventually 

to clean service industries (Arrow et al., 1995). Because this transformation is structural and only 

driven endogenously by expansion in economic scale endogenously, it is independent of any other 

external factors. Hence, the standard EKC approach uses only an income variable to explain 

variations in pollution emissions.8 Although non-income factors occur during this transformation, 

many researchers believe that these factors are highly correlated with income (i.e., increasing 

demand for a cleaner environment is induced by a higher income), which makes income a “catch-

all variable.” Furthermore, using the standard EKC model avoids an exhaustive list of explanatory 

variables and has strength when studying the net effect of GDP, including all indirect effects from 

 
8 Some standard EKC studies, such as Cropper and Griffiths (1994), Panayotou (1993), and Stern and Common (2001), also 
added population density as a control variable, but these studies are still considered standard EKC models. Because controlling 
for population density is not controlling for other policy or mechanism effects on pollutions.    
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omitted variables (Atwi, Barberán, Mur & Angulo, 2018). Since there is yet no consensus on 

adding other control variables, the simplicity of the standard EKC model is a major strength. 

In an attempt to prove the validity of the standard EKC approach, Andreoni and Levinson 

(2000) developed a theoretical framework using a simplified economic model with only one 

consumer and then generalized the model to include multiple consumers. They reasoned that the 

inverse U-shaped curve could be derived without controlling for any external elements, such as 

political institutions, other than economic growth. The sole determining variable of the curve, they 

argued, is the increasing returns to abating pollution. This conclusion is consistent with several 

other plausible explanations, such as high fixed costs of political institutions.  

In addition to theoretical analysis, a rich literature focuses on empirical analysis using the 

standard EKC model. For example, Selden and Song (1993), using the same data source as 

Grossman and Krueger, but conducting their research on cross-national data, confirmed the 

existence of an inverted-U-shaped curve. However, their turning point estimates for SO2 were 

above $8,000, almost double the turning point estimates in 1991 by Grossman and Krueger. The 

authors reasoned that their difference was due to the difference in study levels. Cropper and 

Griffiths (1994), using panel data from the Food and Agriculture Organization over the period 

1961 to 1991, found that deforestation has the EKC characteristic in Africa and Latin America, 

but not in Asia. Stern and Common (2001), conducting the standard EKC analysis of sulphur 

emissions, using data from the Penn World Table, which covered 81 percent of the population in 

the world at that time, found that sulphur emissions per capita are a monotonic function of income. 

However, they also found that sulphur emissions have the EKC characteristic when using data 

from only developed countries, which also indicates that differences in study level lead to different 

conclusions. 
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Dynamic EKC Approach 
 

As EKC studies evolved, criticisms of the standard EKC approach, such as omitted variable 

bias and incapacity to disentangle the mixed effects of income growth on pollution abatement 

efforts (Panayotou, 1997), led researchers to seek a theoretical structure which could include other 

variables. As summarized by Stern, to conclude that economic growth is inevitably accompanied 

by environmental degradation, one needs to make “static assumptions about technology, tastes, 

and environmental investments” (2017). However, technology, tastes, and environmental 

degradation are unlikely to stay still. Thus, Stern (2017, p.9) named another type of EKC model, 

one that includes other control variables as dynamic EKC models. 

Following this dynamic approach, Panayotou decomposed the income effect into the scale 

of economic activity, the structure of economic activity, and demand for and supply of pollution 

abatement efforts (Panayotou, 1997). He argued that income-level is not the only development-

related variable that matters and that the convexity of an EKC should be a function of markets and 

policy. He reasoned that extra pollution abatement efforts and better environmental regulatory 

policy, for instance, would offset the accumulation of pollutants through enhancement of the 

environment’s absorptive capability. And in fact, some empirical research shows, income per 

capita is strongly positively associated with environmental regulation performance (Dasgupta et 

al., 2001).  

Therefore, Panayotou hypothesized that the “pure effect” of growth could be estimated 

through a “decomposition equation,” whereas the direction of this effect is correlated with the 

directions and magnitudes of the opposing effects of abatement efforts (Panayotou, 1997). 

Panayotou’s study decomposes income into four control variables — scale and composition effects, 

which are expected to impact emission levels and the demand for and supply of a clean 
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environment — which would jointly measure abatement efforts. As expected, his regressions with 

fixed effects yield positive coefficients for growth rate, but a negative coefficient for policy 

variables. His results also suggest that better policy would have a greater impact at lower-level 

income per capita. Runar and coauthors (2014) investigate CO2 convergence using panel data for 

124 countries. They use a semi-log form and an institutional quality index, accounting for 

government effectiveness. Focusing on economic and institutional determinants’ effects on CO2 

emissions pathways, they found that good institutions are likely to have positive effects on “GDP 

growth-oriented policies relative to less growth in emission.” He and Wang (2012) apply a similar 

approach to estimate China’s EKC on a municipal level, breaking down non-income effects into 

economic structure, development strategy, and environmental regulation. Their results show that 

including these three variables as height- and slope-adjustments greatly increases the explanatory 

power of the model. 

 

Recent EKC Studies on China 
 

Interest in estimating China’s EKC has increased recently due to the country’s soaring 

economic growth and worrisome environmental quality. A number of researchers have estimated 

EKC on provincial and municipal levels, and most of these studies have confirmed the existence 

of a non-linear relationship between growth and environmental quality. However, these 

researchers seem to be more interested in locating turning points than determining the driving 

forces of the curve’s shape. Chen applied Grossman and Krueger’s model with data on China’s 

ten provinces from 1998 to 2012 and concluded that SO2 and industrial solid waste abide by the 

bell shape, but wastewater follows an N-shaped curve (Chen, 2015). The authors also concluded 
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that China might reach its turning point at a lower income threshold than studies of other developed 

countries suggest.  

Empirical analysis of ambient air quality conducted on an even smaller scale (Beijing-

Tianjin-Hebei region) using data from monitor stations from 2006 to 2017, also yields an inverted-

N-shaped estimation (Li, Jin, Yuan, 2019). The authors of this analysis used log-log form and the 

standard EKC model with each economic sector’s (the primary, the secondary, and the tertiary 

sector) share of total GDP. They find that only the secondary sector has a statistically significant 

impact, but they also find a turning point of $5,114.94 in 2017, which is beyond their data’s range.  

In addition, using a dynamic model, Bao, and Peng study six industrial pollutants — 

wastewater, SO2, smoke, solid waste, chemical oxygen demand (COD), and dust —at the 

provincial level over the period 1996 to 2000. They controlled for the number of environmental 

regulations and investments, trade intensity, and share of industrial and agricultural GDP, and find 

that all the pollutants show the EKC characteristic except COD, and that the turning points of all 

pollutants are over 30,000 yuan, which is lower than developed countries’ thresholds (Bao, Peng, 

2006). However, EKC research that accounts for China’s environmental policies and institutions 

is still limited, which leaves a major caveat in estimating China’s EKC. 

 

This Thesis 

The goal of this study is to contribute to understanding the income-environmental 

relationship, by decomposing China’s economic growth’s impacts and estimating the effects of the 

major environmental policies in place from the country’s eighth till thirteen Five-Year Plan — i.e., 

waste discharge fees and the environmental petition system. The study conducts empirical analyses 

at the provincial level using a longer study period that has not yet been done. The study also 
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contributes more evidence to EKC studies from China’s unique developing economy, and attempts 

to incorporate policy-related considerations into the standard EKC model with the aim of probing 

more deeply into the usefulness of the model. 
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IV. CONCEPTUAL FRAMEWORK 

 
Kuznets Curve 

In his seminal 1955 paper, Simon Kuznets posited that the long-term trend of income 

distribution inequality would grow quickly during the early industrialization phase of economic 

development, then would be followed by a stable period, and finally decline in the late 

development stage. That is to say, income inequality followed roughly an inverted-U curve as real 

GDP per capita grow (Zhou, Xie, 2010). Kuznets’s paper has been one of the earliest and most 

renowned works on the relationship between economic growth and income distribution. Due to 

lack of data, however, Kuznets mostly speculated based on empirical evidence from the United 

States, the United Kingdom, and Germany.  

In a model with only two sectors, agriculture and non-agriculture, Kuznets argued, three 

factors are relevant to the relationship between income distribution and economic growth: 

“intersectoral differences in per capita income, intrasectoral distributions, and sector weights” 

(Kuznets, 1955, p.13). This model functions within three limits: 1) the per capita income in the 

non-agricultural sector is higher than in the agricultural sector; 2) as industrialization proceeds, the 

proportion of the agricultural sector’s share of total output declines; and 3) the income distribution 

inequality in the non-agricultural sector is always higher than that in the agricultural sector 

(Kuznets, 1955).  

During the early stage of industrialization, because of the expansion of the relatively more 

unequal non-agricultural sector, overall income inequality increases. Once the non-agricultural 

sector becomes dominant, however, its positive impact on overall inequality decreases. This 

narrowing of inequality, as conjectured in the author’s numerical demonstration, is most possibly 

caused by declining inequality in non-agricultural sector. A higher level of technology in the non-
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agricultural sector sharpens the contrast between workers in these two sectors. But as more rural 

residents migrate to urban areas, the income shares of the lower-income groups in the non-

agricultural sector increase. Even though the theory assumes that the non-agricultural sector’s 

inequality should always be higher than the agricultural sector’s and that this leads to an increase 

in overall inequality, the rise in the lower-groups’ income balances the widening income gap and 

leads to a long-term narrowing. In the long run, after several generations, the descendants of the 

initial rural population, born in the urban area, have a better chance of securing higher income 

opportunities. In addition, these new generations may seek political power and better protection 

for lower-income groups through democratic activities or legislation (Kuznets, 1955). Yet Kuznets 

was careful to note the limitations of applying the model to underdeveloped countries where 

population, societal mobility, and social policy differ. 

 

Standard Environmental Kuznets Curve  

Empirical studies that apply standard EKC models consistently use what Panayotou called 

a “reduced form single-equation specifications” (2000). Following Dinda (2004) and Kaika and 

Zervas (2012), the standard EKC model can be specified as: 

                  𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽1𝑥𝑥𝑖𝑖𝑖𝑖 +  𝛽𝛽2𝑥𝑥𝑖𝑖𝑖𝑖2 +  𝛽𝛽3𝑥𝑥𝑖𝑖𝑖𝑖3 + 𝜀𝜀𝑖𝑖𝑖𝑖                                             (1)  

where yit is emissions of a particular pollutant such as SO2, or a measure of ambient concentration 

of air pollutants. Some researchers also use other credible indicators for environmental quality 

such as the number of days rated as “good” according to a certain rating system.9 Subscripts i and 

t refer to a certain province and year respectively. x is a per capita income variable. The most 

 
9 Li et al. (2019) use the number of days rated as or higher than grad A according to China’s Air Quality Index (AQI). They 
argued that this metric is better than using ambient concentration of air pollutants or emissions in that AQI can directly reflect 
local air quality and does not have the problems of dilution or diffusion that emissions and concentration have.    
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commonly used indicator for x is real GDP per capita. β1 to β3 are estimates of each term’s effect 

on the dependent variable. α is a constant and ε is the error term. Existing studies use different 

functional specifications, including level-level, semi-log, and log-log using natural log as a base.10 

According to Stern (2017), it is appropriate to use logarithms because it “constrains projections of 

the dependent variable to be non-zero.” Most previous studies use panel data. It has been widely 

recognized that panel data are the most appropriate data type for EKC models, considering that the 

EKC curve carries both time-series and entity-level information. Hence, fixed effects are widely 

used in the EKC literature to control for perfectly invariant characteristics across entities and time. 

 

Dynamic Environmental Kuznets Curve  

Researchers have tried to extend the standard EKC model by adding other control variables. 

Based on equation (1), a dynamic EKC model can be specified as:   

                𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽1𝑥𝑥𝑖𝑖𝑖𝑖 +  𝛽𝛽2𝑥𝑥𝑖𝑖𝑖𝑖2 +  𝛽𝛽3𝑥𝑥𝑖𝑖𝑖𝑖3 +  𝛽𝛽𝑘𝑘𝑧𝑧𝑖𝑖𝑖𝑖𝑘𝑘 +  𝜀𝜀𝑖𝑖𝑖𝑖                              (2)                                                                                                                                                                         

where 𝑧𝑧𝑖𝑖𝑖𝑖𝑘𝑘  refers to a set of control variables added to the standard EKC model. Although there is 

no consensus on what control variables should be added to equation (1), several hypotheses have 

attracted researchers’ attention and been widely used in recent studies. Prevailing hypotheses and 

their explanations are well illustrated in Grossman and Kruger (1991), Dinda (2004), Panayotou 

(2000), and Stern (2017). In general, primary explanations of the EKC model include scale effect, 

composition effect, technology effect, international trade, and regulation. 

 
10 Some examples using different specifications: Panayotou (1993) uses log-quadratic specification in standard EKC models for 
SO2, NOx, SPM and deforestation. Shafik & Bandyopadhyay use log-level, log-quadratic, log-cubic for 10 different kinds of 
environmental pollution. Fakih and Marrouch (2019) use log-log specifications in standard EKC models to test the relationship 
between real GDP per capita and carbon dioxide emissions in the Middle East and North Africa. Panayotou (1997) uses level-
level for SO2. Zheng (2019) uses level-level in dynamic EKC models for industrial wastewater, atmospheric pollution, and 
industrial solid waste. Li and Zhang (2008) tests semi-log, log-log, and level-level for industrial SO2, industrial solid waste and 
industrial wastewater. Chen (2015) uses level-level for industrial SO2, industrial wastewater, and industrial solid waste. 
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According to He and Wang (2012), scale effect “is expected to be a pollution-increasing 

factor.” Holding all else fixed, as production scale expands, more natural resources are required, 

thus leading to potential resource overuse and accelerated depletion of nonrenewable resources. 

Moreover, the expanded production scale is usually associated with more pollutants and wastes as 

“by-product” (Dinda, 2004). The composition effect refers to the economic structural change that 

happens along with economic growth. In theory, as an economy grows, the share of the primary 

economic sector’s GDP decreases while the share of the secondary sector expands. In its initial 

stage, this transition is also accompanied by urbanization. As heavy energy-intensive industries 

become the driving force of economic growth, environmental quality deteriorates. But 

environmental deterioration starts to slow down as the tertiary economic sector, that is the cleaner, 

knowledge-based sector rises. Hence, the composition effect is a pollution-decreasing factor. The 

technology effect is also a pollution-decreasing factor. More economically developed economies 

have more capital to engage in technology research and development. As technology evolves, 

production efficiency improvement and “emissions specific changes in progress” tend to reduce 

pollutive wastes and emissions (Stern, 2017).  

International trade may affect environmental quality in multiple ways, including foreign 

direct investment (FDI), the Pollution Haven Hypothesis (PHH) and the Displacement Hypothesis, 

technology diffusion, policy learning, and international assistance (Dinda, 2004; Carson, 2010; 

Cole et al., 2000). Researchers used different control variables to include these hypotheses into 

their EKC models. The most common of these are FDI and total trade volume as a share of GDP. 

In addition, some researchers have added “slope-adjustment” variables, interactions between FDI 

and capital-labor ratios, as well as between FDI and environmental regulation strictness to test 

PHH (He and Wang, 2012).  
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Environmental regulation is another important explanatory variable of pollution emissions. 

Panayotou (1997), for example, argues that environmental regulations such as pollution taxes, 

command-and-control policies, and well-defined property rights may change the shape of EKC, 

reducing its curvature and lowering income thresholds at the turning point. However, others argue 

that environmental regulations are dependent on other control variables, such as income-level or 

population density (Carson, 1997). For example, people with higher incomes may have higher 

demand for a cleaner living environment, requiring their governments to take stricter 

environmental protection measures. Governments in more heavily populated region may also have 

stronger regulations, since population concentration may amplify environmental deterioration’s 

negative effects on people’s health. 

In equations (1) and (2), the shape of the EKC can be determined by the sign of estimates 

of 𝛽𝛽1,  𝛽𝛽2, and 𝛽𝛽3. Rules of determination are demonstrated in Table 1 below. 

 

Table 1. Relationship Determination Rules 
 β1 β2 β3 Relationship 

1 0 0 0 No relationship 

2 > 0 0 0 Monotonic increasing 

3 < 0 0 0 Monotonic decreasing 

4 < 0 > 0 0 U-shaped relationship 

5 > 0 < 0 0 EKC relationship 

6 > 0 < 0 > 0 N-shaped relationship 

7 < 0 > 0 < 0 EKC relationship 

 

An “EKC relationship” means that environmental quality decreases first and improves 

eventually as the country’s economy develops. Therefore, even though in a cubic model there may 
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be a “trough” and a “peak”, an EKC relationship still exists as long as environmental quality 

improves in the last economic development stage. Consequently, in addition to rule 5 which shows 

a standard inverted-U curve, rule 7 also shows an EKC relationship. But in terms of the shape of 

the curve, rule 7 is expected to result in an inverted-N curve. 

In the case of China’s industrial pollution, I conclude that a dynamic EKC model is the 

best way to model the income-pollution relationship. Several reasons lie behind this conclusion. 

The first is that China’s environmental policy process has a top-down structure. Thus, the 

hypothesis that people’s increasing demand for a cleaner environment is induced by higher income 

may not explain some policy decisions that are made based mainly on the Chinese-central 

government’s judgment. Consequently, including a variable indicating the government’s major 

policy decisions may have stronger power in explaining variations in pollution, since these policy 

decisions may not reflect people’s income levels. It is certainly possible that the government 

accounts for income when making these policy changes, but the income variable in a standard 

EKC model does not differentiate between the impact of income through a demand-supply 

mechanism or through a government’s decision process. Moreover, in China’s case, other 

rationales for an environmental policy decision, such as establishing a responsible government 

image or facilitating environmental diplomacy, may also on occasion be more important and more 

directly related to a certain policy change than income.  

The second reason is that, as discussed in my background section, China’s environmental 

protection course began years earlier than the ignition in 1978 of the country’s explosive economic 

growth. Thus, the main motivation for the Chinese government to turn their attention to 

environmental protection may be to respond to the international environmental movement, rather 

than economic factors. And more importantly, since 1974, reforms in, and administrative upgrades 
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of China’s environmental protection efforts have occurred constantly, and have had substantial 

impacts on China’s environmental quality.  

Consequently, although income may be correlated with many other policy control variables, 

it fails to capture the dynamics within Chinese government’s decision-making process. Hence, this 

paper follows He and Wang’s model that also accounts for composition effect and technique effect 

(2012). Their model is specified as:  

𝐸𝐸𝑖𝑖,𝑖𝑖 =  𝛼𝛼0𝑌𝑌𝑖𝑖,𝑖𝑖 + 𝛽𝛽𝑌𝑌𝑖𝑖 ,𝑖𝑖2 + 𝑐𝑐𝑘𝑘𝑍𝑍𝑖𝑖,𝑖𝑖𝑘𝑘 + 𝑢𝑢𝑖𝑖 + 𝑒𝑒𝑖𝑖,𝑖𝑖                                                                                                          

                        +𝑐𝑐1𝑆𝑆𝑖𝑖 ,𝑖𝑖 + 𝑐𝑐2𝑅𝑅𝑖𝑖,𝑖𝑖 + 𝑐𝑐3𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖 + 𝑐𝑐4�𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖𝑆𝑆𝑖𝑖,𝑖𝑖�+ 𝑐𝑐5�𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖𝑅𝑅𝑖𝑖,𝑖𝑖� 

                        +�𝛼𝛼1𝑆𝑆𝑖𝑖,𝑖𝑖 + 𝛼𝛼2𝑅𝑅𝑖𝑖,𝑖𝑖 + 𝛼𝛼3𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖 + 𝛼𝛼4�𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖𝑆𝑆𝑖𝑖,𝑖𝑖�+ 𝛼𝛼5�𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑖𝑖,𝑖𝑖𝑅𝑅𝑖𝑖,𝑖𝑖��𝑌𝑌𝑖𝑖,𝑖𝑖                        (3)11 

 

As a result of the difference in study level and data availability, however, this paper only 

adds what He and Wang called the “height-adjustment” component to the standard EKC model. 

This component includes economic structure measured by industrial GDP share, environmental 

regulations that contain petition system, environmental staff, and pollution tax, and trade intensity 

measured by total trade volume as a share of GDP.  

Since this study focuses on industrial pollution, I hypothesize that the industry’s share of 

GDP has a positive impact on industrial pollution, meaning that industrial pollution is expected to 

be higher in provinces where the secondary economic sector is the main driver of economic growth. 

This also reflects the composition effect. Following He and Wang’s inclusion of technique effects, 

I include the share of total trade volume of exports and imports of GDP and its interaction with 

 
11 In equation (3), E represents pollutions which are SO2, NOx, and TSP in He and Wang’s study. Y is per capita 
income; 𝑍𝑍𝑖𝑖,𝑖𝑖𝑘𝑘  represents a set of controls; u and e are error terms; S is economic structure which is measured by the 
labor-capital ratio; R is environmental regulation measured by the percentage of environmental staff as a share of 
total governmental staff; Open refers to the degree of openness which is measured by the ratio of FDI to the total 
capital stock; i and t refer to municipality and time fixed effects respectively. He and Wang described this model as 
the standard EKC model with “height-adjustment” and “slope-adjustment” components added and separated in three 
lines in equation (3) in sequence. 



27 
 

industrial share. He and Wang hypothesized that international trade would impact pollution 

through economic structure and environmental regulation, considering PHH and China’s natural 

endowments of labor and capital. They use labor-capital ratio as a proxy of economic structure. 

However, this variable does not have available data on a provincial level. Therefore, I use industrial 

GDP as an indicator of economic structure as well as a proxy of labor-capital ratio. It is a 

reasonable proxy since the most polluting industrial sources are capital-intensive industries, such 

as electricity generation, metallurgy industries, and steel production.  

I use only the interaction between international trade and industrial GDP, since I do not 

consider environmental staff to be an ideal indicator of environmental regulation strictness. The 

number of personnel in environmental agencies includes different kinds of staff, including 

technicians, advanced engineers, law-enforcement personnel, and other government officials. I 

assume the number of staff reflects the CPC’s increasing attention to and investment in China’s 

environmental protection — i.e. that it is a political decision. As noted in my background section, 

seven reforms had taken place before the SEPA was transformed into the MEE. The earliest 

environmental protection agency had only about 30 staff, while now the MEE had almost 600 staff, 

not including provincial level staff. Because the number of personnel reflects changes in 

environmental protection’s priority on the CPC’s agenda, I assume it has a negative impact on 

industrial pollution. As I expect two main environmental policies, the petition system and pollution 

fee to control industrial pollution, though it may take more time for their effects to occur. Therefore, 

I also assume that they have negative impacts on industrial pollution. Figure 2 below shows the 

dynamics among different factors affecting environmental quality and their expected relationships. 
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Figure 2. Dynamics among Different Factors 
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V. DATA AND METHODOLOGY 

 
General Data Description 

This paper uses panel data from China’s 31 mainland provinces. The dataset contains 

economic indices, geographic characteristics, two major industrial hazardous emissions — 

wastewater and waste gas which includes SO2, and soot and dust — and other policy variables 

over the period 1990 to 2015. The dataset includes 806 observations, though data for certain years 

or provinces are missed. Variables fall into three categories: dependent variables, independent 

variables, and provincial characteristics. The key independent variable is real GDP per capita. But 

because no official data are available on a provincial level for real GDP per capita, deflators, or 

the method used to calculate real GDP, I estimated real GDP per capita at the province level based 

on provincial nominal GDP and annual inflation rates taken from the World Bank’s estimate of 

China’s consumer price index. Other control variables were selected based on hypotheses 

discussed in the previous section, as well as data availability and consistency. They include 

population density, industrial GDP share, degree of openness, personnel in environmental 

protection agencies, number of letters and visits from the public, and average pollution fees. 

Descriptions and data sources for all variables are summarized in Appendix 1. Provincial 

characteristics include provinces’ geographic locations, and population densities. My dependent 

variables are wastewater, waste gas, SO2, and soot and dust. Independent variables include per 

capita GDP. 

 

Source of Data 

The data were gathered, calculated, and recorded by the author from multiple sources. Two 

main sources are China Statistical Yearbook 1991 – 2018 and China Environment Yearbook 1991- 
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2018, which are accessible to the public on the official website of China’s National Bureau of 

Statistics (NBS) and the China National Knowledge Infrastructure. Other sources include 

provincial bureaus of statistics, the China Population and Employment Statistical Yearbook, the 

Forward Expert database, provincial Departments of Land and Resources, the CEInet Statistics 

database, and the World Bank. 

The China Statistical Yearbook is compiled by NBS using data reported by the regional 

bureaus of statistics and published annually in September by China Statistical Press. It is a 

comprehensive collection from the previous year of principal statistical indicators that reflect 

economic and social development at the national, provincial, and municipal levels, as well as in 

autonomous regions. The China Environment Yearbook is also an annual publication that 

comprehensively reflects China’s environmental situation and conservation efforts in the previous 

year at the national, provincial, and municipal levels. It is a compilation of environmental laws 

and policies, and an account of local enforcement, monitoring, media and social activities at 

different administrative levels. The China Environment Yearbook’s editorial board and staff 

include officials of MEE and provincial environmental protection agencies. 

To compare the results of standard EKC models and dynamic EKC models, I estimate 

Ordinary Least Squares regressions for four pollutants, using both models in conjunction with 

fixed effects. To reduce the collinearity problem that arise from the correlation between openness 

and industrial GDP share on the one hand and both economic growth and other policy controls, I 

also compare two dynamic models. The first one includes only policy controls, while the second 

controls for the full set of variables in the dataset. To allow sufficient flexibility to fit the data, I 

include cubic terms of income variables for all regressions. In addition, I conduct all regressions 

on a log-log level, which allows me to measure the relationship in terms of elasticity. Using 
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province fixed effects enables me to control for perfectly invariant unobservable characteristics of 

individual provinces over time; time effects help me control for all characteristics that are fixed 

across all provinces but vary over time. 

My dynamic EKC model with fixed effects is specified as: 

𝐿𝐿𝑂𝑂(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂𝑒𝑒)𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝐿𝐿𝑂𝑂(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)𝑖𝑖𝑖𝑖 +  𝛽𝛽2𝐿𝐿𝑂𝑂(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)𝑖𝑖𝑖𝑖2 + 𝛽𝛽3𝐿𝐿𝑂𝑂(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)𝑖𝑖𝑖𝑖3        

                                                                 +𝛽𝛽4𝑂𝑂𝑒𝑒𝑂𝑂𝑝𝑝𝑒𝑒𝑂𝑂𝑒𝑒𝑖𝑖𝑖𝑖  + 𝛽𝛽5𝑒𝑒𝑂𝑂𝑝𝑝𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖  + 𝛽𝛽6𝑒𝑒𝑂𝑂𝑒𝑒𝑂𝑂𝑂𝑂𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖 + 𝛽𝛽7𝑂𝑂𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑂𝑂𝑂𝑂𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖  

                                                                 + 𝛽𝛽8𝑜𝑜𝑒𝑒𝑙𝑙𝑙𝑙𝑒𝑒𝑝𝑝𝑖𝑖𝑖𝑖 + 𝛽𝛽9𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝑓𝑓𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖 + 𝛽𝛽11𝑒𝑒𝑂𝑂𝑒𝑒𝑂𝑂𝑂𝑂𝑒𝑒𝑒𝑒𝑒𝑒′𝑒𝑒𝑂𝑂𝑝𝑝𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖  

                                                                 +𝛽𝛽0 + 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                                                                                 (4) 

where i is the province and t is the year index, 𝛽𝛽0 is a constant, 𝛼𝛼𝑖𝑖 represents a set of province 

dummy variables，  𝛾𝛾𝑖𝑖  is a set of year dummy variables, and 𝜀𝜀𝑖𝑖𝑖𝑖  is the error term. The key 

independent variable is Ln (RGDP)， and because it has two other polynomials, whether it has a 

statistically significant effect on pollution depends on a joint significance test of 𝛽𝛽1, 𝛽𝛽2, and 𝛽𝛽3. In 

the same sense, to test whether the petition system has a statistically significant effect on pollution 

requires a joint significance test of 𝛽𝛽8 and 𝛽𝛽9. In addition, I interpret income effects on pollution 

as net marginal effects using a derivative of pollution with regards to Ln (RGDP). 

 
Descriptive Findings 

Table 2 reports the mean and standard deviation for each of my variables by their 

geographic locations — Eastern Coastal provinces and non-Eastern Coastal provinces (see the map 

of China’s provinces). Eastern coastal provinces account for 10 of China’s 31 provinces. Based on 

the summary statistics, Eastern Coastal provinces are more densely populated than non-Eastern 

Coastal provinces by about 4.3 million people per km2
,
 on average. But Eastern Coastal provinces 

also have higher degrees of openness and per capita income compared to non-Eastern Coastal 

provinces. On average, total trade value, including imports and exports, equals more than 50 
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percent of Eastern Coastal provinces’ GDP, whereas the volume of international trade equals only 

17 percent of non-Eastern Coastal provinces’ GDP. The average per capita income of Eastern 

Coastal provinces is approximately 30,000 yuan, compared to 16,600 yuan in other provinces. The 

secondary economic sector is also more developed in Eastern Coastal provinces, with more than 

40 percent of GDP on average contributed by this sector. Accordingly, these provinces also have 

higher levels of industrial pollution. The means of both wastewater and waste gas in Eastern 

Coastal provinces are almost double those in other provinces. However, the average pollution fee 

in Eastern Coastal provinces is approximately 4,000 yuan less than in non-Eastern Coastal 

provinces, and with a smaller standard deviation. This may be a result of higher thresholds for 

companies to discharge industrial wastes or a result of less strict environmental regulations in these 

provinces. 

Table 3 presents the correlation matrix of all independent variables. The degree of openness 

and industrial GDP share are positively correlated with GDP per capita, but the correlation is weak. 

Population density and average pollution fee also have strong, positive, and statistically significant 

correlations with my income variable. Moreover, the correlation between population density and 

the degree of openness is positive, high, and statistically significant. Therefore, in addition to the 

dynamic EKC model with all variables, I include a second dynamic EKC model that drops control 

variables that are likely to cause multicollinearity issues.   
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Figure 3. Geographic Location of Eastern Coastal Provinces 

Table 2. Summary Statistics 
Region Eastern Coastal  Non-Eastern Coastal 
Variable Mean  Std Dev Mean  Std Dev 
Wastewater (10,000 tons) 107,001.00 69,703.96 52,430.64 41,843.58 

Waste Gas (100 million m3) 14,274.55 15,512.04 7,902.97 8,297.74 

Sulphur Dioxide (10,000 tons) 67.27 54.38 47.42 31.77 

Soot and Dust (10,000 tons) 51.01 43.22 46.74 45.59 

GDP (yuan/person) 29,402.75 27,968.48 16,633.57 18,235.24 

Industrial GDP Share (%) 41.13 9.87 35.34 9.17 

Openness (%) 0.55 0.43 0.17 0.29 

Population Density (1 million/km2) 6.57 5.90 2.22 2.25 

Personnel (1000 people) 5.76 4.26 4.19 3.77 

Letter (1000 letters) 15.18 20.00 5.76 8.34 

Visit (1000 visits) 3.77 2.54 2.80 2.54 

Pollution Fee (10,000 yuan/unit) 3.11 3.36 3.54 4.79 

Number of observations 10 21 
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Table 3. Correlations Matrix, All Independent Variables 

 Real GDP  
per capita 

Real GDP  
per capita2 

Real GDP 
per capita3 Openness 

Industrial  
GDP 
Share 

Population 
Density Personnel Letter Visit Average 

Fee 

Real GDP  
per capita 1.0000          

           
Real GDP  
per capita2 

 
0.9236*** 1.0000         

           
Real GDP  
per capita3 

 
0.8015*** 0.9647*** 1.0000        

           
Openness 0.2061***  0.1388*** 0.0868* 1.0000       

           
Industrial  

GDP 
Share 

0.1030** -0.0008 -0.0552 0.0968** 1.0000      

           
Population  

Density 
 
0.4904***  0.5368***  0.5225*** 0.5753*** 0.1906*** 1.0000     

           

Personnel 0.2481***  0.1202*** 0.0423 -0.0753*  
0.4581*** 0.0819* 1.0000    

           
Letter 0.1779*** 0.0567 -0.0049 0.3824*** 0.2852*** 0.2420*** 0.2667*** 1.0000   

           

Visit -0.0021 -0.0373 -0.0571 -0.0276 0.2955*** 0.0385  
0.4283*** 0.2741*** 1.0000  

           
Average 

Fee 0.5981*** 0.4762*** 0.3727*** -0.0850* 0.1688*** 0.0820* 0.2782*** -0.0057 -
0.0686 1.0000 

*Indicates coefficient is significant at the p<.05 level. 
**Indicates coefficient is significant at the p<.01 level. 

***Indicates coefficient is significant at the p<.001 level. 
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VI. REGRESSION RESULTS 

The main regression results are presented in Tables 4 to Table 7. Table 4 displays results 

of industrial wastewater and Tables 5 to Table 7 display results of industrial waste gas, which 

includes SO2 and soot and dust. In Table 4, column (1) is the standard EKC model that uses only 

real GDP per capita and its polynomials as independent variables. Column (2) to (3) in Table 4 are 

dynamic models with policy variables or the interaction term. To check if multicollinearity 

concerns affect estimates, column (2) is an intermediary model that excludes population density, 

industrial GDP share, openness, and the interaction between openness and industrial GDP share. 

This thesis is most interested in the estimates and explanatory power of the dynamic EKC 2 in 

column (3). All subsequent tables are organized in the same way as Table 4. 

For industrial wastewater, in all three columns of Table 4, the effect of economic growth 

is statistically significant at the 1 percent significance level. An F-test of the joint significance of 

the three regressors yields a P-value that is statistically significant at the 1 percent level. A closer 

look at all coefficients in column (1) of Table 4 indicates consistence with the other two columns. 

According to their signs, they all estimate an inversed-N shape curve (see Figure 4). From column 

(1) to column (3), magnitude of each key independent variable is gradually decreasing, which 

suggests that part of variations in wastewater emissions are explained by other control variables 

other than the income variables. Moreover, all control variables added in column (3) are 

statistically significant at the 1 percent level, except for visit. Accordingly, the adjusted R-squared 

is also increasing gradually from the standard model to dynamic model 2. An adjusted R-squared 

of 0.953 suggests that 95.3 percent of variations in wastewater emissions are explained by dynamic 

model 2, which is approximately 1.3 percentage points higher than that of the standard EKC model.   
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Because income variables have nonlinear effects on wastewater pollution, their effects 

cannot be interpreted directly from the estimates of their coefficients. Thus, I use income’s 

marginal effect which is the derivative of the function at its mean level. With the level of income, 

the marginal effect would amount to:  

∆𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑂𝑂𝑒𝑒
∆ (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)� = 𝛽𝛽1�  +  2𝛽𝛽2� 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�������� +  3𝛽𝛽3� 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅��������2      

 

In the case of log income, the marginal impact is slightly more involved, but conceptually 

similar. Note that because of the interaction term for Openness and industrial GDP share, their 

respective coefficients cannot be interpreted as marginal impact.  

Column (3) in Table 4 shows that the marginal effect of economic growth on wastewater 

emissions is that, on average, 1 percent increase in real GDP per capita is associated with about 

0.31 percent of decrease in pollution emission, controlling for all other variables in the model. In 

2015, average real GDP per capita for all provinces is $6,484.4 (constant 2011 USD),12 and the 

mean of wastewater is about 643.1 million tons. The result indicates that, when GDP goes up by 

$64.84 in 2015, industrial wastewater is estimated to go down by about 2 million tons. However, 

China’s GDP per capita has been increasing at an annual rate around 6 percent, which will produce 

larger reduction impact on industrial wastewater. Examining other control variables in the column 

(3) of Table 4, visit is the only statistically insignificant variable while all others are significant at 

the 1 percent level. But an F-test of joint significance shows that letter and visit are jointly 

significant at the 1 percent significance level, which means that petition system has an effect that 

is statistically significantly different from zero. Nonetheless, the magnitude of letter’s effect on 

wastewater is positive yet negligibly small. This may reflect a reversed causality that as the 

 
12 Retrieved March 31st , 2020 from: https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=CN 

https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=CN
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pollution increases, the number of letters complaining about pollution also increases. Personnel 

and average pollution fees have similar results.  

The results indicate a one percentage point increase in the industrial share is associated 

with 2.8 percent increase in wastewater emission at the mean level, holding fixed other controls in 

the model. From 1990 to 2015, the mean of industrial GDP share for all provinces reaches peak in 

2011 and goes down to 35.4 percent in 2015. The difference is about 6.5 percentage points, which 

suggests that an approximate 18.2 percent reduction in wastewater. Population density has a 

negative estimate which is statistically significant at the 1 percent level. The result translates into 

an additional 1 million people per km2 is accompanied by 4.5 percent decrease in emission. I 

hypothesize ex ante that population density’s effects on pollution is twofold: one is that in more 

densely populated provinces, people may be more sensitive to the negative impacts of 

environmental pollution on health and thus they more frequently report to local governments 

through the petition system. This will attract more government’s attention to the issue; the other is 

that higher population density is associated with higher industrial pollution, considering more 

demands of products, which generates more wastewater. In this case, the negative coefficient of 

population density may indicate that the two contrary forces balance each other but the petition 

system may have larger magnitude in effect.  

It is worth noting that while the key dynamic model has the highest adjusted R-squared, 

the improvement in explanatory power (relative to the standard EKC model in the column (1) of 

Table 4) is very small. Adding control variables helps explain part of the variations, but their 

usefulness is very limited. In fact, this conclusion can be gleaned from the minute impact of the 

control variables. 
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Regarding the shape of the curve, as shown in the Figure 4, wastewater has been decreasing 

during this study period, and the curve shows the EKC characteristic. Furthermore, this result 

seems to be consistent with national level total emissions. As shown in Figure 5 below, national 

average industrial wastewater emissions have been decreasing steadily after GDP reaches 20,000 

yuan per capita, which approximately occurred between 2003 and 2004. An estimate of turning 

point is meaningless in this case because it is not contained within the income range, which also 

means that the turning point is higher than current income level. 

 

Figure 4. Industrial Wastewater Discharge Prediction of the Log-Log Dynamic Model 
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Figure 5. National Average Wastewater Discharge and Economic Growth, 1990-2015 

 
Industrial waste gas, including SO2 and soot and dust, also shows an inversed-N shape (see 

Figure 6). 13  In Tables 5 to Table 7, coefficients of real GDP and their polynomials are all 

statistically significant at the 1 percent significance level, regardless of the type of EKC model. In 

Table 5, the standard EKC model yields a marginal effect of GDP of about 0.4, meaning 1 percent 

increase in GDP is associated with 0.4 percent reduction in industrial waste gas, holding fixed 

other variables in the model. However, dynamic model 2 has an estimate of - 0.46 of the income 

variable. But this estimate is not statistically significant at any conventional significance level. 

Based on the average waste gas discharge for all provinces in 2015, a 0.4 percent reduction is 

 
13 Models of soot and dust do not include a cubic term of GDP. I started with cubic terms in all models but found that adding a 
cubic term does not actually add any extra value to the model: adjusted R-squared is the same for standard EKC model whereas 
adjusted R-squared dropped in dynamic models. Furthermore, cubic terms are not statistically significant. Regression results of 
these tests are shown in Appendix 3. 
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roughly 838.8 million m3, which is almost 7 times of the industrial waste gas emissions in Tibet 

in 2006.  

In the column (3) of Table 5, marginal effect of industrial GDP share is 0.2 and it is 

statistically significant at the 1 percent significance level, which translates into an average 1 

percentage point increase in industrial GDP share is associated with 2 percent increase in waste 

gas emissions. According to the average industrial waste gas emissions in 2015, this estimated 

reduction magnitude is almost equal to 44.2 billion m3, which is about 2.4 times more than Tibet’s 

waste gas emissions in 2015. The coefficient of personnel is consistent with expectation yet with 

a small size of effect. It is estimated that on average, adding 1,000 more staff to environmental 

protection agencies would lower waste gas by 0.86 percent, holding constant other controls in the 

regression. On average, the size of personnel’s effect is about an 8.57 billion m3 reduction in waste 

gas emissions.  

Letter and visit are jointly significant at the 5 percent significance level. Individually, letter 

is more significant than visit but the difference is minor. The positive sign of letter’s coefficient 

suggests a reversed causality where residents in provinces with heavy emissions push to have an 

institutional means of voicing their objections. Marginal effect of average pollution fee is still 

positive and significant. But still it should be reflecting the reversed causality that as the more 

pollution a province has, the more pollution fee to be collected. 

The major components of industrial waste gas, SO2 and soot and dust, show consistent and 

similar results to each other as well as to the results of waste gas. They both estimate a decline in 

pollution emissions eventually, although soot and dust has a quadratic function whereas SO2 has a 

cubic function. Coefficient estimates of personnel, visit, and letter are not statistically significant 

at conventional significance level. This result may indicate that the scale of environmental 
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department only affects the aggregate level of industrial pollution, such as waste gas overall rather 

than a specific kind of a pollutant. On the other hand, it is likely that people use the petition system 

to complain about a pollution phenomenon that is common and close to their day-to-day lives, 

such as worsened water quality for consumption or a visible decrease in air quality. Hence, the 

environmental petition system has a weak effect on SO2 emissions and soot and dust pollution. 

The share of industrial GDP is statistically significant at the 1 percent significance level for SO2 

emissions while it is significant at the 10 percent level for soot and dust emissions. Since SO2 

accounts for more than half of total industrial gas pollution, this result is consistent with 

expectation. The dynamic model in the column (3) of Table 6 estimates that a 1 percentage point 

increase in industrial GDP share is associated with an average 2.5 percent increase in SO2 

emissions.  

Openness and its interaction are not statistically significant for SO2 emissions while they 

are significant for soot and dust. Moreover, openness has a negative impact on emissions of soot 

and dust. A 1 percentage point increase in the share of total trade volume of GDP is associated 

with 28 percent reduction in soot and dust emissions, holding other variables constant. This result 

is opposite to the PHH. Furthermore, this result is consistent with Bao and Peng’s study in which 

they found negative and significant estimations for openness for industrial wastewater and soot 

and dust (2006).  

In Table 5, 6, and 7, the model of dynamic EKC 2 has the highest explanatory power. 

However, improvement in explanatory power is very small in size, from 0.5 percentage points for 

waste gas to 0.8 for soot and dust. This result is similar to wastewater’s. There is no major change 

in sign, significance or magnitude in income variables’ coefficients when switching from the 

standard EKC model to the dynamic EKC models. In addition, comparing the column (2) and the 



 

42 
 

column (3) in Table 5, 6, and 7 reveals that multi-collinearity should not be a concern, since 

estimates of policy variables almost stay the same regardless of the kind of pollutants. 

In Figure 6 below, from 1990 to 2015, prediction shows that industrial waste gas emissions 

go through a trough between per capita income of 1,808 yuan and 2,981 yuan, which occurs 

between 1994 and 1995. Then emissions go up until it hits an income threshold between 22,027 

and 36,315 yuan per capita, which occurs after 2007. Eventually, it begins to go down. Nonetheless, 

large heterogeneity exists among China’s provinces. Even until 2017, some less-developed 

provinces, such as Yunnan and Gansu, are still below this threshold, where Beijing and Shanghai 

have jumped over this hurdle as early as in 2003 and 2002 respectively. Same as wastewater, no 

turning point is within the income range in the data set. The standard EKC model estimates a 

negative turning point and thus it is nonapplicable. The dynamic model estimates a turning point 

at an extremely high-income level, 589,305.5 yuan, roughly $93,838.5 using the average exchange 

rate in 2015. This is much higher than existing literature that mainly proposes a turning point 

ranging from 8,000 yuan to 30,000 yuan. This finding is also inconsistent with the official 

statement from DRC who claimed that China will pass the turning point at a lower threshold than 

western countries. However, several reasons may account for this divergence, which will be 

discussed in the following section. 
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Figure 6. Industrial Waste Gas Emission Prediction of the Dynamic Model 

 

Figure 7 and Figure 8 show the predicted curves of SO2 and soot and dust emissions 

respectively. In Figure 7, SO2 is estimated to decrease within the whole study period. But the 

decreasing rate is changing. Between per capita GDP of 8,103 yuan and 22,027 yuan, which is 

roughly between 2000 and 2004, the decreasing rate slows down. But it begins to decrease 

increasingly since then. Soot and dust also decreases over the period. In more recent years, the 

decreasing rate is higher compared with earlier years before 2000. But overall, they both contribute 

to the decreasing trend of waste gas. There are other waste gas components, such as nitrogen oxides 

that are adding variations to waste gas’s shape, which are not the focus of this paper. 
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Figure 7. Industrial SO2 Emission Prediction of the Dynamic Model  
 

Figure 8. Industrial Soot and Dust Emission Prediction of the Dynamic Model  
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Table 4. Regression Results of Industrial Wastewater 
 (1) (2) (3) 

VARIABLES Standard EKC Dynamic EKC 1 Dynamic EKC 2 
    

Ln (Real GDP) -8.537*** -7.469*** -5.335*** 
 (2.828) (2.361) (1.616) 

Ln (Real GDP)2 0.999*** 0.855*** 0.489*** 
 (0.293) (0.243) (0.171) 

Ln (Real GDP)3 -0.037*** -0.032*** -0.015** 
 (0.010) (0.009) (0.006) 

Population Density   -0.045*** 
   (0.012) 

Industrial GDP Share   0.024*** 
   (0.004) 

Openness   -0.584*** 
   (0.141) 

Personnel  0.025*** 0.017*** 
  (0.005) (0.005) 

Letter  0.004*** 0.004*** 
  (0.001) (0.001) 

Visit  -0.009 -0.004 
  (0.006) (0.006) 

Pollution Fee  0.022*** 0.017*** 
  (0.005) (0.006) 

Openness # Industrial GDP   0.012*** 
   (0.003) 

Constant 31.969* 30.574*** 29.710*** 
 (9.303) (7.898) (5.477) 
    

GDP Marginal Effects 0.378*** 0.103 -0.313** 
 (0.117) (0.136) (0.142) 
    

Industrial GDP Marginal Effects   0.028*** 
(0.004) 

    
Openness Marginal Effects   -0.137 

   (0.084) 
    

Observations 788 788 788 
R-squared 0.941 0.945 0.955 

Adj. R-squared 0.939 0.942 0.953 
Number of year 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 5. Regression Results of Industrial Waste Gas 
 (1) (2) (3) 

VARIABLES Standard EKC Dynamic EKC 1 Dynamic EKC 
2 

    
Ln (Real GDP) -8.390*** -8.247*** -7.133*** 

 (2.441) (2.390) (1.354) 
Ln (Real GDP)2 1.038*** 1.012*** 0.814*** 

 (0.252) (0.246) (0.142) 
Ln (Real GDP)3 -0.040*** -0.039*** -0.031*** 

 (0.009) (0.009) (0.005) 
Population Density   0.003 

   (0.016) 
Industrial GDP Share   0.019*** 

   (0.002) 
Openness   -0.083 

   (0.187) 
Personnel  -0.005 -0.009** 

  (0.003) (0.004) 
Letter  0.002*** 0.002** 

  (0.001) (0.001) 
Visit  -0.015** -0.013* 

  (0.007) (0.007) 
Pollution Fee  0.016*** 0.012*** 

  (0.003) (0.002) 
Openness # Industrial GDP   0.005 

   (0.004) 
Constant 31.969*** 28.800*** 28.176*** 

 (9.303) (7.844) (4.423) 
    

GDP Marginal Effects 0.397*** 0.239** -0.464 
 (0.082) (0.096) (0.079) 
    

Industrial GDP Marginal Effects   0.020*** 
0.003 

    
Openness Marginal Effects   0.102 

   (0.090) 
 

 788 788 788 
R-squared 0.957 0.958 0.962 

Adj. R-squared 0.955 0.956 0.960 
Number of year 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 6. Regression Results of Industrial SO2 
 (1) (2) (3) 

VARIABLES Standard EKC 1 Dynamic EKC 1 Dynamic EKC 2 
    

Ln (Real GDP) -12.312*** -11.830*** -9.418*** 
 (2.183) (2.188) (1.072) 

Ln (Real GDP)2 1.467*** 1.416*** 1.007*** 
 (0.226) (0.227) (0.117) 

Ln (Real GDP)3 -0.057*** -0.055*** -0.037*** 
 (0.008) (0.009) (0.004) 

Population Density   -0.049* 
   (0.027) 

Industrial GDP Share   0.023*** 
   (0.003) 

Openness   -0.231 
   (0.171) 

Personnel  -0.003 -0.009 
  (0.006) (0.006) 

Letter  0.001* 0.001 
  (0.000) (0.001) 

Visit  0.006 0.011* 
  (0.006) (0.006) 

Average Pollution Fee   0.013*** 
   (0.005) 

Openness # Industrial GDP   0.006 
   (0.005) 

Constant 35.718*** 34.196*** 33.231*** 
 (7.021) (7.011) (3.508) 
    

GDP Marginal Effects 0.069 0.073 -0.494** 
 (0.060) (0.063) (0.085) 
    

Industrial GDP Marginal 
Effects 

  0.025*** 
(0.004) 

    
Openness Marginal Effects   -0.004 

   (0.051) 
 

Observations 788 788 788 
R-squared 0.958 0.958 0.965 

Adj. R-squared 0.956 0.956 0.963 
Number of year 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 7. Regression Results of Industrial Soot and Dust 
 (1) (2) (3) 

VARIABLES Standard EKC Dynamic EKC 1 Dynamic EKC 2 
    

Ln (Real GDP) 2.081*** 1.279** 1.035** 
 (0.357) (0.474) (0.442) 

Ln (Real GDP)2 -0.112*** -0.090*** -0.080*** 
 (0.019) (0.023) (0.022) 

Population Density   -0.010 
   (0.018) 

Industrial GDP Share   0.009* 
   (0.005) 

Openness   -0.903*** 
   (0.155) 

Personnel  0.010 0.004 
  (0.010) (0.010) 

Letter  0.003** 0.002 
  (0.001) (0.002) 

Visit  0.006 0.008 
  (0.010) (0.010) 

Average Pollution Fee  0.029*** 0.028*** 
  (0.007) (0.007) 

Openness # Industrial GDP   0.016*** 
   (0.003) 

Constant -7.262*** -1.117 0.386 
 (1.792) (2.699) (2.393) 
    

GDP Marginal Effects -0.005 - 0.388*** - 0.446** 
 (0.088) (0.126) (0.106) 
    

Industrial GDP 
Marginal Effects 

  0.014*** 
(0.005) 

    
Openness Marginal Effects   -0.281*** 

(0.072) 
    

Observations 788 788 788 
R-squared 0.894 0.898 0.902 

Adj. R-squared 0.889 0.893 0.897 
Number of year 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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VII. ROBUSTNESS CHECKS 

 
This section considers two significant concerns about the empirical analysis: reversed 

causality and heterogeneity in preferences and underlying economic conditions across regions. 

The second question emerges in China’s case, considering the vast disparity in economic 

development between the Eastern Coastal and non-Eastern Coastal provinces. 

 To address the bias from reverse causality, I follow Panayotou (2000) approach of 

controlling for lagged variables.14 Specifically, I use the second lag of three explanatory variables 

— letter, visit, and average pollution fees. The choice of three variables is based on several reasons. 

First, the low efficiency in China’s environmental agencies (driven by a massive bureaucracy and 

a top-down approach) means the petition system is slow to convey public feedback to decision-

making bodies. Pollution fees also take time because companies that over-polluted in the first year 

may take action to reduce their pollution in the next one or two years. The second reason to not 

lag income variable is that I focus on the dynamic EKC model and, thus, I assume that the partial 

income effects that should be lagged affect pollution through policy controls. In other words, 

income itself does not have a lagged effect on pollution. The third reason is that lagging more 

variables would reduce sample size substantially, meaning lags should be used only when 

necessary. Therefore, following Serena and Perron (2001), I choose the second lag recommended 

as the most appropriate level of lag based on the MAIC criterion.  

Table 8 reports the regression results. For each pollutant, I run dynamic EKC models with 

and without population density, industrial GDP share, openness, and the interaction term 

 
14 Most of studies that use lagged variables choose the second lag. Zheng (2019) lagged emissions for 2 years when studying 
China’s industrial pollutions. Auffhammer and Carson (2008) lagged China’s carbon dioxide emissions for one and two years. 
Runar et al. (2017) used the second lag of their instrumental variables when studying convergence of per capita carbon dioxide. 
However, some researcher also found that the best lag is zero for China’s industrial pollution study, such as Hu (2015). 
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separately. Letter is only statistically significant in the column (1) and (2) of Table 8, at the 1 

percent significance level. However, comparing results in Table 4 and Table 8 reveals that both 

coefficient estimates and their standard errors remain unchanged. Visit is statistically significant 

in column (6), (7), and (8), at the 5 percent significance level. But visit’s estimates only changed 

very little, which does not yield any meaningful implications on the relationship of interest. 

Pollution fee is statistically significant for wastewater and waste gas in column (1) to column (4), 

at the 1 percent significance level. But, still, the changes are so minor that they do not provide 

useful indication. More importantly, all significant estimates in Table 8 are positive values, 

meaning that they are still reflecting the reversed causality. One possible explanation for this result 

may be that the three policy variables need more than two years to have impacts on pollutions. But 

since trading observation loss for higher lags is not a feasible alternative, this paper is not able to 

prove this assumption. Another explanation may be that they have very weak impacts on pollutions. 

Therefore, neither the original regressions nor the lagged regressions capture the effects from the 

three policy variables.   

To answer the second question, the standard and dynamic EKC models are estimated 

separately for Eastern Coastal and non-Eastern Coastal regions (Appendix Table A3 and Table 

A4). Recall that the differences between the two regions is dramatic: per capita income in Eastern 

Costal provinces is almost double that in non-Eastern Coastal provinces, driven by the rich natural 

endowments and geographic advantages that further lead to more openness and solid industrial 

bases. Eastern Coastal provinces also take the leads in the economic structure transformation, from 

dirtier heavy industry to a cleaner service economy. However, on the other hand, industrial 

pollution level is also higher in Eastern Coastal provinces. Therefore, I hypothesize that income 

and industrial GDP share have larger positive impacts on pollutions in Eastern Coastal provinces, 
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but the overall net marginal effects are negative, since these provinces probably have already 

passed their turning points.  

Despite the reasoning above, sample size is a major challenge to splitting the overall data 

set and conducting regressions by groups. Because Eastern Coastal provinces only account for 10 

of China’s 31 provinces, observations for Eastern Coastal provinces are only 260, which 

significantly increases difficulty in estimating the true relationship of interest. As shown in Table 

A3 and Table A4 in the Appendix, nearly no variable is statistically significant in Eastern Coastal 

provinces’ models. Thus, the results should be interpreted with caution. 

Nonetheless, the findings for non-Eastern Coastal provinces may shed light on the EKC 

hypothesis. Here, the results are not sensitive to the model and still show an inverted-N curve. The 

marginal effect of GDP in non-Eastern Coastal area is larger than that of the overall dataset. In the 

column (4) of Table A4, the dynamic model estimates that a 1 percent increase in per capita GDP 

is associated with a 0.62 percent reduction in wastewater pollutions, compared to a 0.31 percent 

reduction in Table 4, holding other variables fixed in the model. The income marginal effect on 

waste gas in non-Eastern Coastal provinces is not statistically significant using dynamic model, 

but the standard EKC model has a statistically significant estimate which predicts a 0.61 percent 

increase in waste gas emissions per 1 percent increase in per capita income, compared to a 0.4 

percent increase in Table 5.    

While this analysis cannot provide further implications on the difference between the two 

groups of provinces, income marginal effects in non-Eastern Coastal provinces indicate that the 

impact of GDP on industrial pollution is quite uneven across provinces and depends on their 

economic development level. For non-Eastern Coastal provinces, income increase is likely to have 

bigger positive impacts on industrial pollution, since these provinces are still in the middle of 
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developing their secondary economic sectors. In other words, they are farther away from the 

turning point than Eastern Coastal provinces are.   
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Table 8. Regression Results with Lagged Policy Variables 

VARIABLES 
Wastewater Waste Gas SO2 Soot and Dust 

(1) (2) (3) (4) (5) (6) (7) (8) 
        

Ln (Real GDP) -11.250*** -7.754*** -12.451*** -9.169*** -16.186*** -10.836*** 1.519*** 0.628 
 (3.057) (2.594) (2.428) (2.320) (2.486) (1.724) (0.385) (0.519) 

Ln (Real GDP)2 1.238*** 0.737** 1.444*** 1.017*** 1.852*** 1.152*** -0.089*** -0.052** 
 (0.317) (0.279) (0.252) (0.255) (0.257) (0.183) (0.021) (0.024) 

Ln (Real GDP)3 -0.044*** -0.024** -0.054*** -0.037*** -0.070*** -0.042***   
 (0.011) (0.010) (0.009) (0.009) (0.009) (0.006)   

Population Density  -0.055***  -0.016  -0.068***  -0.017 
  (0.011)  (0.013)  (0.023)  (0.016) 

Industrial GDP 
Share 

 0.025***  0.018***  0.022***  0.010* 

  (0.004)  (0.002)  (0.003)  (0.006) 
Openness  -0.574**  0.011  -0.066  -0.925*** 

  (0.216)  (0.243)  (0.176)  (0.175) 
Personnel 0.028*** 0.021*** -0.002 -0.004 -0.004 -0.008 0.016 0.009 

 (0.005) (0.005) (0.004) (0.004) (0.008) (0.008) (0.013) (0.013) 
L2 Letter 0.004*** 0.004*** 0.001 0.001 -0.001 -0.001 -0.001 -0.002 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002) 
L2 Visit -0.002 0.002 -0.003 0.000 0.010 0.014** 0.021** 0.023** 

 (0.005) (0.004) (0.007) (0.006) (0.007) (0.007) (0.009) (0.009) 
L2 Average 

Pollution Fee 0.017*** 0.016*** 0.011*** 0.010** 0.009 0.006 0.011 0.012 
 (0.006) (0.005) (0.004) (0.004) (0.007) (0.006) (0.010) (0.009) 

Openness # 
Industrial GDP  0.009*  0.001  0.001  0.018*** 

  (0.005)  (0.006)  (0.005)  (0.004) 
         

Constant 42.727*** 37.733*** 42.169*** 35.066*** 48.778*** 37.808*** -4.137** 1.593 
 (9.973) (8.380) (7.739) (6.945) (7.939) (5.646) (1.945) (2.955) 
         

Observations 730 730 730 730 730 730 730 730 
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R-squared 0.947 0.957 0.960 0.963 0.959 0.964 0.889 0.894 
Adj. R-squared 0.944 0.954 0.958 0.960 0.957 0.962 0.884 0.888 
Number of year 26 26 26 26 26 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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VIII. DISCUSSION 

 
This study is motivated by the question of whether countries can “grow out” of 

environmental problems. The hypothesis that economic growth only tells parts of the story of 

industrial pollution. Using data on emissions, real GDP and environmental policy at the provincial 

level over a period of rapid economic growth and estimating EKC models yields rich insights. My 

results can be viewed from two aspects: for the EKC study overall, and for domestic policy 

implications in China. 

This thesis examines if China’s economic growth path and emissions are consistent with 

the environmental Kuznets hypothesis. And this study shows that industrial water and gas 

pollutions both show the EKC characteristic, which means that they have nonlinear relationship 

with economic growth, and pollutions tend to decrease in the end as the economy develops to a 

high level and passes a certain income threshold. Within each pollution category, the standard and 

dynamic EKC models also yield consistent results in terms of the sign and the magnitude of the 

coefficients, which reinforces the conclusion that data of China’s industrial pollution support the 

environmental Kuznets hypothesis.  

An equally relevant question in this theme is whether dynamic models of emissions 

perform better than the standard EKC model? On at least one metric (adjusted R-squared statistics), 

the dynamic models in this paper performed better than the standard EKC model. However, it is 

necessary to comment on the improvement of dynamic models with caution, since improvement 

in the R-statistics is small and varies across different pollutants.  

A key question in the Environmental Kuznets curve discussion centers on the turning point. 

Empirically, however, not all turning points are meaningful because of their extremely high values 

that are out of the range of data. This result is also prevalent in EKC literature. But on the other 
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hand, according to Stern, large variances in sample’s income data usually push up the turning point 

(2017).  

Furthermore, this study provides insights regarding choosing control variables using China 

as an example. In addition to the scale effect, this paper focuses on economic structure, trade 

intensity, demand for pollution abatement, environmental policy, and administrative change. 

Economic structure, openness, and demand are widely used by other EKC studies while variable 

choice and quantification methods of environmental policy vary greatly depending on the specific 

context. I added administrative change because it may impact Chinese government’s capacity to 

address environmental issues over the course of 26 years. The administrative change also reflects 

that the priority of environmental issues has been raised dramatically on the CPC’s agenda. 

Therefore, this study suggests that reviewing the path or the development of a country’s approach 

to addressing environmental issues in detail may provide new alternatives for control variables.   

Secondly, this study aims at connecting empirical evidence to policy decisions in China, 

and hopes to provide implications on policy design in the future. Broadly speaking, all regression 

analyses indicate that industrial wastewater and waste gas have been decreasing from 1990 to 2015, 

and the decreasing rates began to increase after 2005 for all pollutants. These results are generally 

consistent with DRC’s claim that on national level, total waste gas emissions have been decreasing 

since 2006 and especially, SO2 has already decoupled with China’s economic growth (Chen, Gao, 

Li, 2014). This study suggests that industrial water and gas pollution might have entered 

decreasing stage earlier than residential pollution and are driving the overall pollution to go down.  

Moreover, due to the great heterogeneity in economic development, economic structure 

and other characteristics of China’s provinces, impacts of economic growth in different regions 

vary greatly. This divergence indicates that even though, as claimed by DRC, the general trend of 
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pollution is promising, it is not possible for all provinces to pass the threshold simultaneously. 

Provinces experience different changes in industrial pollution depending on their starting levels of 

pollutions and economic development. Therefore, it is important for decision makers to bear in 

mind that the EKC model can only provide a macro relationship between economic growth and 

environmental deterioration, and the usefulness of it for specific policy guidance may be 

exaggerated sometimes, especially in a country with great disparity among provinces. The EKC 

model sometimes tends to encourage decision makers to underestimate the importance of 

strengthening environmental protection measures after knowing that the country has already 

passed the turning point. It should be pointed out that the turning point can provide guidance on 

where the country situates on the curve, but it does not indicate that the scale effect alone can 

maintain the decreasing trend in the long run.  

Another important policy implication is that even after passing the turning point, stringent 

environmental protection measures still should be implemented because China’s current pollution 

level has already exceeded the environmental carrying capacity. Relying on the scale and 

technology effects to reduce pollution is not only impractical, but also inefficient.  

Although this paper is not an impact evaluation nor is EKC model itself, regression results 

and robustness checks shed light on the environmental petition system and pollution discharge 

fees. Even though the petition system and pollution tax are significant in most of regressions, 

estimations suffer from the reversed causality. A robustness check to lag these variables for 2 years 

does not change the coefficients. This check indicates that the two policies may have very minor 

impacts on pollution control, or that it takes more than two years for them to impact pollution 

emissions because of their inefficiency. 
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It is worth noting that while the analysis yields several meaningful findings, it still suffers 

from critical limitations. The technology effect is not included in this paper because of data quality 

concerns, which may lead to omitted variable bias. Another limitation is the indicator of the 

environmental petition system, letter and visit, which may not be representative in the later years 

of the study period as other methods become available.   

This thesis has provided evidence to show that China’s industrial water and gas pollution 

adheres to the environmental Kuznets hypothesis and that domestic policies matter in shaping the 

relationship between economic growth and pollution. 2020 is the last year of China’s thirteenth 

Five-Year plan. It is recognized as the crucial year to reach and pass the income threshold. 

Regardless, it is of great importance that policymakers are fully aware of the limitations of the 

EKC theory and maintain their endeavor to enhance environmental policies. 
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APPENDIX 

Table A1. Variable Description and Data Source 
Variable Description Data Source 
Dependent Variables (industrial pollutants) 

Wastewater 

A continuous variable measuring total 
yearly amount of industrial wastewater 
discharged in each province. The unit of 
wastewater is 10,000 tons.  

China Environmental 
Yearbook Provincial 
bureaus of statistics 

Waste Gas 

A continuous variable measuring total 
yearly amount of industrial waste gas 
emissions of the province. The unit of 
waste gas is 100 million m3.  

SO2 

A continuous variable measuring total 
yearly amount of industrial Sulphur 
dioxide emissions of the province. The 
unit of SO2 is 10,000 tons.  

Soot and Dust 

A continuous variable measuring total 
yearly amount of industrial soot and dust 
emissions of the province. The unit of 
soot and dust is 10,000 tons. 

Independent Variables 

Ln (RGDP) 

Provincial real GDP per capita in a log 
form using the natural log as its base. 
Real GDP per capita has a unit of 
(yuan/person).  

It is calculated by the 
author based on nominal 
GDP per capita data from 
China Statistical 
Yearbook and deflator 
from the World Bank 
measured by the 
consumer price index 
reflecting the annual 
percentage change in the 
cost to the average 
consumer of acquiring a 
basket of goods and 
services. 

Industrial GDP 
Share 

The percentage of industrial GDP of the 
province’s total GDP.  

Data are from Forward 
Expert database and 
provincial bureaus of 
statistics. 
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Table A1. Continued 

Population 
Density15 

The unit of population density is 
10,000/km2.   

It is calculated by the 
author using population 
data from China Population 
and Employment Statistics 
Yearbook and area data 
from provincial bureaus of 
statistics. 

Openness 
The percentage of total trade value of 
imports and exports of the province’s 
total GDP.  

Provincial bureaus of 
statistics 

Personnel 

Total number of people in the province’s 
environmental protection agencies at the 
end of the year. The unit of personnel is 
person.  

China Statistical Yearbook 

Letter 

The number of letters from the public 
complaining about environmental 
pollutions received by provincial 
departments. The unit of letter is 1,000 
letters. 

China Statistical Yearbook 
and China Environmental 
Yearbook 

Visit 

The number of in-person visits from the 
public reporting environmental pollutions 
received by provincial departments. The 
unit of visit is 1,000 times of visits.  

Pollution Fee 
The average pollution fee discharged per 
unit. The unit of pollution fee is 10,000 
yuan per polluting unit.  

It is calculated by the 
author using total pollution 
fee discharged by law-
enforcement department 
and the number of 
enterprises that are 
discharged from China 
Environmental Yearbook. 

 

 

 

 

 
15 Due to changes in data collection method, data of population from NBS are collected based on different standards before and 
after 2005. Before 2005, population data reflect total residents in the province at the end of each year; since 2005, population data 
reflect the number of permanent residents. Population in 1990, 2000, and 2010 are the census year estimates, and the rest are the 
estimates from the annual national sample survey of population. Area data are from the second land resources survey conducted 
by regional Departments of Land and Resources. 
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Table A2. F-Statistics of Joint Significance Test 

  
GDP Petition System 

Dynamic EKC 1 Dynamic EKC 2 Dynamic EKC 1 Dynamic EKC 2 

Wastewater 8.19*** 8.11*** 14.02*** 9.57*** 

Waste Gas 108.59*** 74.35*** 6.21*** 3.79** 

SO2 112.66*** 52.92*** 3.55** 2.73* 

Soot and 
Dust 17.53*** 18.72*** 3.14* 1.87 

*Indicates coefficient is significant at the p<.05 level. 
**Indicates coefficient is significant at the p<.01 level. 

***Indicates coefficient is significant at the p<.001 level.
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Table A3. Regression Results of Soot and Dust, Functional Form Test 
 (1) (2) (3) (4) 

VARIABLES Standard EKC1 Standard EKC 2 Dynamic EKC 1 Dynamic EKC 2 
     

Ln (Real GDP) 2.081*** 0.269 1.035** -0.410 
 (0.357) (2.618) (0.442) (1.737) 

Ln (Real GDP)2 -0.112*** 0.083 -0.080*** 0.081 
 (0.019) (0.285) (0.022) (0.189) 

Ln (Real GDP)3  -0.007  -0.006 
  (0.010)  (0.007) 

Population Density   -0.010 -0.005 
   (0.018) (0.016) 

Industrial GDP Share   0.009* 0.008* 
   (0.005) (0.005) 

Openness   -0.903*** -0.924*** 
   (0.155) (0.157) 

Personnel   0.004 0.004 
   (0.010) (0.010) 

Letter   0.002 0.002 
   (0.002) (0.002) 

Visit   0.008 0.008 
   (0.010) (0.010) 

Pollution Fee   0.028*** 0.028*** 
   (0.007) (0.007) 

Openness # Industrial GDP   0.016*** 0.017*** 
   (0.003) (0.003) 

Constant -7.262*** -1.593 0.386 4.672 
 (1.792) (8.142) (2.393) (5.588) 
     

Observations 788 788 788 788 
R-squared 0.894 0.894 0.902 0.902 

Adj. R-squared 0.889 0.889 0.897 0.897 
Number of year 26 26 26 26 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table A4. Regression Results of Wastewater and Waste Gas by Region, Standard Model 

 Wastewater Waste Gas 
 (1) (2) (3) (4) 

VARIABLES Eastern Coastal Non-Eastern Coastal Eastern Coastal Non-Eastern 
Coastal 

     
Ln (Real GDP) 0.285 -12.591*** 1.061 -9.352*** 

 (2.859) (3.130) (4.053) (2.737) 
Ln (Real GDP)2 0.235 1.513*** 0.114 1.246*** 

 (0.305) (0.331) (0.423) (0.293) 
Ln (Real GDP)3 -0.013 -0.058*** -0.010 -0.051*** 

 (0.011) (0.012) (0.015) (0.011) 
Constant -0.428 43.516*** -3.488 28.181*** 

 (8.905) (9.879) (12.865) (8.526) 
     

GDP Marginal Effects  0.338**  0.610 *** 
  (0.137)  (0.122) 
     

Observations 260 528 260 528 
Adj. R-squared 0.959 0.931 0.981 0.965 

R-squared 0.965 0.938 0.984 0.968 
Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table A5. Regression Results of Wastewater and Waste Gas by Region, Dynamic Model 
 Wastewater Waste Gas 
 (1) (2) (3) (4) 

VARIABLES Eastern Coastal Non-Eastern Coastal Eastern Coastal Non-Eastern Coastal 
     

Ln (Real GDP) -2.435 -13.087*** 5.354 -13.326*** 
 (3.115) (3.326) (4.142) (3.250) 

Ln (Real GDP)2 0.408 1.437*** -0.384 1.656*** 
 (0.350) (0.370) (0.428) (0.363) 

Ln (Real GDP)3 -0.016 -0.054*** 0.008 -0.067*** 
 (0.013) (0.014) (0.015) (0.013) 

Population Density -0.010 -0.021 -0.033* 0.090* 
 (0.019) (0.048) (0.020) (0.049) 

Industrial GDP Share 0.014** 0.032*** 0.005 0.025*** 
 (0.006) (0.004) (0.008) (0.004) 

Openness -0.404** -0.598** 0.256 0.089 
 (0.158) (0.277) (0.258) (0.373) 

Personnel 0.008 0.007 -0.023* -0.021*** 
 (0.009) (0.009) (0.012) (0.006) 

Letter 0.001 0.007*** -0.000 0.004** 
 (0.001) (0.002) (0.001) (0.002) 

Visit 0.002 -0.001 -0.003 -0.011* 
 (0.011) (0.006) (0.008) (0.007) 

Average Pollution Fee -0.006 0.030*** 0.003 0.024*** 
 (0.010) (0.005) (0.009) (0.005) 

Openness # Industrial 
GDP 

0.007* 0.002 -0.004 -0.005 

 (0.004) (0.008) (0.005) (0.009) 
Constant 11.192 50.969*** -15.376 41.066*** 

 (9.230) (9.724) (13.250) (9.442) 
GDP Marginal Effects  -0.622***  0.000 

  (0.161)  (0.147) 
Industrial GDP 

Marginal Effects 
 0.032*** 

(0.004) 
 0.024*** 

(0.003) 
Openness Marginal 

Effects 
 -0.513*** 

(0.095) 
 
 

-0.097 
(0.101) 
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Observations 260 528 260 528 

R-squared 0.970 0.955 0.985 0.973 
Adj. R-squared 0.964 0.950 0.982 0.970 

 Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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