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Abstract 

Rapid economic growth has historically been accompanied by a large amount 

of resources consumed and high environmental costs. Following rapid 

economic growth, China in recent years has made an increasing number of 

achievements in pollution treatment and environmental governance, and is 

likely to need to continue to promote high quality economic development with 

high-level protection of the environment in the next decades. This thesis 

explores the efforts on pollution controls and green economy development in 

China, as well as conducting policy evaluation to see the effects of the 

government actions.   

 

Chapter 2 tests the existence of the Environmental Kuznets Curve Hypothesis 

in China - the relationship between environmental degradation and economic 

development - at the provincial level. This chapter therefore investigates 

whether economic development can bring a positive effect on environmental 

improvement, utilizing a greater range of pollutants at a higher degree of 

disaggregation than previous analysis. Also, green investment were introduced 

to analyze the effect to pollution reduction. The results indicate that an inverted 

U-shaped curve between SO2, NOx and income per capita exists, whilst such a 

relationship is less clear for other pollutants including COD and particulates.  

 

Chapter 3 investigates the relationship between corporate environmental 

performance and financial performance. Specifically, it aims to provide 

evidence of the efforts of Chinese corporations on environmental improvement 

and the potential trade-off with profitability. The chapter captures the longer time 

period and includes multi-perspectives of environmental performance 

expression. The results illustrate that environmental performance is positively 

associated with the financial performance at the corporate level. It therefore 

indicates that private sector companies should not expect that improving their 
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environmental management will have a detrimental effect on economic 

performance.  

 

In Chapter 4, the objective of research is to analyze the current green 

investment development in China, and the green bond is chosen in this chapter 

as the representative financing method of green investment. This paper is to 

evaluate the determinants of green bond yields and conduct a comparison 

between green bond and ordinary bond. The influencing factors of green bond 

consider bond characteristics and issuer characteristics, and the comparison 

shows the lower yields of green bond.  The results illustrate the rapid expansion 

of green bond market, and the government should improve the regulation and 

oversight of the market scheme.  

 

Chapter 5 uses cost benefit analysis to assess the environmental policy at both 

national and provincial level. It finds that the health benefits – including declines 

in both morbidity and mortality risks - from actual emissions reduction are 

significantly greater than the air pollution mitigation costs over the period of 

2011-2025, based on the actual emission reduction and estimated reduction 

using historical data. The scenario results are compared under the business-

as-usual scenario and policy implemented scenario. In addition, the provincial 

results demonstrate the regional differences in China due to regional economic 

development, climate condition, primary industry and suggest that economic 

efficiency objectives should be pursued at a provincial rather than national level.  

 

To summarise, this paper gives a landscape of progress on environmental 

improvement in China based on the results. The results of these chapters 

demonstrate the common results of that China has stepped into the sustainable 

development path, including the continuous pollutants reduction, green finance 

market expansion, and more effective policies launched. The considerable 

industrial pollutants reduction have been demonstrated with empirical studies, 
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and environmental policy emphasizes environmental improvement and energy 

efficiency instead of the pollution controls. Combining with updated policies, this 

paper could be a reference of policy implementation and provide the 

suggestions to related policy advisors.  
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Chapter 1 - Introduction 

 

Green finance represents a new direction for financial development. Over the 

last decade, China has been at the forefront of its advancement; their rapid 

economic development has resulted in increasingly severe environmental 

degradation that is now reducing human well-being. Nevertheless, green 

finance remains in its early stages with effectiveness depending largely on 

raising environmental awareness and building sufficient legal back-ups. From 

2015 onwards, China formally entered the implementation stage of green 

development as part of the strategy to “establish the green financial system”, 

including new effective policies, more financial inputs and green finance market 

expansion. This research starts with the current environmental problems and 

critically assesses their corresponding policies. 

 

Quality of living is closely related to environmental quality. Economic growth is 

often accompanied by environmental deterioration, although the extent varies 

between countries. Balancing the trade-off between healthy living environments 

and stable economic growth is the main aim of green finance.  Because the 

environmental impact of an increase in production is rarely known at the time, 

there often exists a time lag within a country’s economic lifecycle between 

pursuing economic development and considering questions relating to 

environmental protection. Green finance advocates that environmental factors 

should be considered before economic activities to avoid the possible 

environmental degradation which occurs through non-green production. 

However, another problem arises from this. There are often high short-run costs 

associated with ecosystem protection in terms of economic development, which 

negatively impact investors’ financial returns. However, the returns from green 

products are generally gained over a significantly longer timeline than is 

acceptable to most investors and are likely to be in the form of social (rather 
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than private) benefits.            

 

Overview of the Environmental Problems 

 

Uncontrolled human activities create excess waste and impose a large burden 

on the ecosystem and then the unbalanced ecosystem affects life quality, this 

is the vicious circle of environmental problems. Environmental issues affect all 

economic agents and systems and therefore can only be resolved with an 

international effort. Chasing the sustainable development is the way to find the 

balance between human activities and nature. 

 

We firstly focus on the current environmental issues faced by China and the 

international community: pollution, global warming, overpopulation, natural 

resource depletion, waste disposal, climate change, loss of biodiversity, 

deforestation, ocean acidification, ozone layer depletion, acid rain, water 

pollution, urban sprawl, public health issues and genetic engineering. Given 

they are so highly interconnected, I select air and water pollution to be analysed 

in this thesis. 

 

Global warming 

Global warming is caused by greenhouse gas (GHG) emissions produced from 

daily human activities, including electricity and heat production, industry, 

agriculture, forestry and other land use, transportation, buildings and other 

possible energy uses (IPCC, 2014a). Since the 1950s, we have seen 

significantly increasing trends in average greenhouse gas concentrations and 

anthropogenic CO2 emissions accompanied by rising sea levels and an 

increased prevalence of extreme weather and climate events (IPCC, 2014b). 

Overall, global average temperatures have risen 2 degrees Fahrenheit within 

the last two decades and NASA scientists predict that temperatures will 

continue to increase into the future (NASA, 2018). 
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Air Pollution 

The World Health Organization lists four indicators on its air quality guideline 

values, which include particulate matter (PM), Ozone (O3), Nitrogen dioxide 

(NO2) and Sulphur dioxide (SO2) (2006). Under these guidelines, lower 

concentrations of air pollution can decrease the rate of air pollution-related 

health risks and contribute to longer life expectancy.  

 

Water pollution  

Water is a necessary resource in daily life, especially drinking water. Human 

waste and chemical pollution release toxic pollutants into clean water which 

causes negative effects on public health (UNEP, 2017). 

   

Overpopulation 

Population expansion leads to the faster depletion of finite non-renewable 

natural resources (since land carry capacity is limited) and accelerates climate 

change and global warming. The excessive human activities, including 

development of agriculture and industry without pollution control and 

overexploitation of natural resources, lead to an increase of environmental 

pollution (such as CO2, NOx and SO2 emissions from burning of fossil fuel and 

industry) and globally rising temperatures.  

 

Environmental Problems in China 

Urbanization has been the key catalyst for the environmental degradation in 

China. Firstly, China has approximately 22% of the world population and is the 

most populous country in the world. The rapid urbanization has stimulated over- 

population in urban areas, and 63.9% of the total population in China was urban. 

The increase in human activity has caused massive environmental degradation 

in these areas; for example, 35%-50% of urban air pollution (most particularly 

sulphur dioxide and dust pollution) in Chinese city comes from car exhausts, 
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and the urban heat island effect associated with dense buildings increases 

average city temperatures (Li and Qiao, 2015). Moreover, unequal economic 

development has limited the development of Western China and caused a 

higher population density in Eastern China, facilitating greater environmental 

pressure and natural resource depletion in these areas  

 

China is deeply affected by severe air pollution. Of the 338 cities in the air 

pollution monitoring sample, 70.7% exceeded the standard for air quality (MEE, 

2018). The major harmful emissions include carbon emissions, sulphur dioxides 

emissions (SO2), nitrogen oxides (NOx), smoke and dust emissions. According 

to the statistics in 2016, SO2 emissions in the air are 11.03 million tons, NOx 

emissions take up 13.94 million tons and smoke and dust emissions are 10.11 

million tons in total (MEE, 2018). This air pollution has resulted in acid rain, 

mainly within Southern China – an estimated 0.62 million kilometres square 

was impacted in 2017. Acid rain with pH value less than 5.6, less than 5.0 and 

heavy acid rain less than 4.5 account for 18.8%, 6.7% and 0.4% of cities 

respectively (MEE, 2018).    

 

Additionally, China is the world’s largest carbon emitter and their GHG 

emissions continue to exhibit an increasing trend. As an overall carbon-

intensive country, there exists regional differences in carbon contributions. 

Developing areas and coal-rich resource regions in China have relied on heavy 

industry or energy intensive technologies, which are mainly located in Northern 

and North West China (Liu, 2016).   

 

Particular Matter (PM) pollution is one of the air pollutants, and the severe PM 

pollution in past few years in China was caused by urbanization and rapid 

economic growth. After comprehensive pollution treatments, there has been 

some improvements, although to differing levels between the main city clusters. 

In comparison with 2013, the results include reducing the average 
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concentration of PM2.5 in the Jing-Jin-Ji region, The Yangtze River Delta Region 

and Pearl River Delta Region fell by 39.6%, 34.3% and 27.7% separately, and 

especially an average decrease from 89.5 µg/m³ to 58 µg/m³ in Beijing, as well 

as average concentration of PM10 decrease of 22.7% in 338 cities (MEE, 2018). 

However, the average concentrations of PM2.5 and PM10 in 338 cities reached 

44 µg/m³ and 80 µg/m³, which are still higher than WHO standards.  

 

China has a relatively high shortage of water resources compared to the global 

average. Large total water resource usage disguises that personal average 

water resources are limited as a result of severe pollution and a large population. 

According to the Worldbank data, renewable internal freshwater resources only 

came to 2062 cubic meters per capita in 2016 which has decreased by almost 

a half compared to 1962. China has seven water basins; the Yangtze River, the 

Huai River, the Liao River and the Yellow River are the top three polluting river 

basins located in northern China. Furthermore, around 85% of the cities’ major 

rivers are undrinkable water resources. 37.5% of the main lakes or water 

reservoirs are listed in the Ⅳ grade and have High levels of multiple pollutant 

indicators, including nitrogen, phosphorous and COD (MEE, 2018).Moreover, 

66.6% of ground water suffered from pollution with mainly heavy metal 

accumulation and toxic pollutants (MEE, 2018).  

 

Overview of International policies 

Relevant policies are needed to solve the environmental problems worldwide 

and legal force can limit harmful actions and contribute to the guidance for 

environmental protection. Environmental protection awareness has happened 

at different times in different countries, depending on their stage of economic 

development, so actions in higher-income countries have begun earlier than 

relatively lower-income countries. Thus, we look through some important 

international agreements as the leading guidance to global environmental 
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improvement and compare how several developed countries or regions, who 

were generally early adopters of environmental regulation, have implemented 

their legislative methods to cut pollution. 

 

The early consensus of the international community on climate change was 

derived from the first World Climate Conference in 1979. This led to a series of 

research projects and measures for combating climate change were delivered, 

such as the establishment of the Intergovernmental Panel on Climate Change 

(IPCC). Early commitments include Vienna Convention for the Protection of 

Ozone Layer and 1987 Montreal Protocol which led to international agreements 

for protecting the ozone layer at a global level. 

 

In 1992, the United Nations Framework Convention on Climate Change 

(UNFCCC), was the first international environmental treaty, aimed at reducing 

the greenhouse effect. UNFCCC provided financial and technical support to 

developing countries from developed countries and increased pressure on 

more developed countries to reduce their harmful emissions (UNFCCC, 1992).  

   

In 1997, the Kyoto Protocol extended the UNFCCC and implemented legally-

binding measures to reduce global warming. The target was for Annex I 

countries to achieve an average 4.2 percent GHG emissions decrease for the 

first commitment period 2008-2012, but overall success against their target 

varied considerably between countries (UNFCCC, 1997). Due to different 

responsibilities in different states, a series of discussion summits aimed at 

improving international cooperation and modifying future targets related to 

Kyoto Protocol were organised.  

 

In 2015, the Paris Agreement set specific targets for climate change with the 

aim of limiting warming to less than 2 degrees Celsius, and the 

recommendation of an increase below 1.5 degrees Celsius, as a more ideal 
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level (UNFCCC, 2015). It shaped the structure for reducing climate change as 

a long-term goal from 2020.  

 

Overview of the Policies in China 

 

China’s Economic Impacts 

China is the second largest economy in the world. With an area totalling 9.6 

million kilometre squared, it is also the third-largest territorial area, ranking after 

Russia and Canada. China is the most populous country with 1.39 billion people 

in 2017, however, the land status determines that the densely populated areas 

are mainly concentrated in the East of China. Also, although natural resources 

are abundant, the per capita levels are below the world average and this is 

exacerbated by their uneven distribution.  

  

China has gradually had a remarkable economic development since economic 

reforms and the beginning of the open economy policy in 1978, leading to rapid 

growth since they joined the World Trade Organization in 2001. Environmental 

protection started to be implemented through government interventions 

following the 1972 Stockholm Conference of the United Nations on the Human 

Environment leading to the establishment of the National Environmental 

Protection Agency in 1984, which oversees environmental management. In 

1994, China’s Agenda 21 created a blueprint for environmental protection and 

sustainable development, although it was criticised for lacking in definite plans 

(Bradbury and Kirkby, 1996). 

 

Zou (2017) points out that the Chinese government has gradually changed the 

aim of environmental management from pollution control to improving 

environmental quality to safeguard public health. Since the earlier stage of 

environmental issues happened, the government mainly relied on the 

corresponding pollution treatment measures to control environmental pollution 
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rather than enhancing environmental governance before serious pollution.   

Therefore, there remains an important role for law-making in ensuring 

environmental standards are complete and comprehensive. However, much 

work remains to be done and the Chinese government estimates that it will cost 

30-50 million yuan annually to meet environmental standards.  After 2020, 

industrial pollution levels should achieve the targets set out for the 13th Five-

Year Plan (2016-2020) period.  

 

Environment improvement measures 

Due to the rapid economic development in China over recent years, the 

environmental management has developed along an effective path. ‘Air Ten’, 

‘Water Ten’ and ‘Soil Ten’ have focused on country-level of environmental 

protection and have carried out implementations in local communities.  

 

Air Pollution 

China has a grading system of air quality standards. The first class, which 

applies to nature reserves and tourist attractions, has similar criteria to more 

advanced countries and regions, whereas densely populated areas, such as 

residential areas, commercial areas, industrial areas and agricultural areas 

have implemented the much lower standards required by the second class.  

 

The action plan on air pollution (Air Ten) was launched in 2013. The government 

heavily prioritised the control of particulate matter and emissions, and within a 

year had achieved 30 percent reductions in levels of PM10 and PM2.5, bringing 

the national averages down to 47 and 82 microgram per cubic meter 

respectively, although this success was not accomplished uniformly, with 

Beijing still experiencing unsatisfactory pollution levels. The WHO guideline 

value of PM2.5 concentrations standards is 25 microgram per cubic meter below 

at 24-hour mean level, whereas this standard in China is 75 microgram per 

cubic meter. Additionally, the treatment of the ozone layer depletion and 
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sandstorms in north-western China were enhanced with government support. 

Despite the release of the first Volatile Organic Compounds (VOCs) online 

monitoring guidance in 2017, there remains a need for more efficient and 

effective measurable methods (BCAA, 2017). In 2017, the government was 

forced to implement “electricity for coal” and “gas for coal” projects for winter 

heating to reduce the individual coal use in rural areas in northern China. 

Although this resulted in some air pollution improvement, the shortage of 

natural gas and unsatisfied basic life demands limited overall progress.     

 

Water Pollution 

The water pollution control action plan (Water Ten), released in 2015, promised 

strict controls on improving water quality reducing contaminated water, avoiding 

excessive extraction of groundwater and keeping drinking water safe. 

Additionally, it implemented a long-term project to restore the ecological 

functions of water resources. Regarding surface water management, the water 

pollution prevention and control plan for the major river basins (2016-2020) was 

published in 2017 – this was the first attempt to improve the water quality at a 

national level.  

 

Management and Supervision 

More powerful and comprehensive regulations for central and local 

governments can lead to more effective environmental improvement through 

strengthened legislation and regulation systems.  

 

In 2015, the first amendment of the Environmental Protection Law was 

launched since its release in 1989. It set harsher punishments for 

environmental mismanagement and strengthened its influence on 

environmental improvement. Additionally, a vertical management framework for 

environmental protection enhanced enforcement below the provincial level, 

meaning it can better complement the national policy, as well as having dual 
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leadership through the roles of both supervisor and regulator (Ma, 2017).  

 

Regarding the pollutant emissions permit system, the General Office of the 

State Council issued an Implementation Plan for the Licensing System to 

Control Pollutant Emissions to establish pollutant discharge permits controlling 

and allowing ‘one permit for one enterprise’. This scheme had a competition 

target of 2020. 

 

Environmental Fiscal Policies 

The environmental protection is implemented through macro-control measures 

and financial support from the government and public. Firstly, environmental 

expenditure became a crucial part of the financial budget of the Ministry of 

Ecology and Environment (MEP) in recent years. In 2017, energy saving and 

environmental protection spending increased by 50% compared with 2016, 

which mainly focused on air and water pollution treatments with 39.61 and 

93.83 million yuan being spent on each respectively. Notably, pollutant 

discharge reduction expenditure took half of this government spending and was 

mainly spent on environmental information monitoring. Secondly, the total 

amount of environmental protection investments has had an increasing trend, 

the investment in 2014 was 957.6 billion yuan, but it had only been 116.7 billion 

yuan in 2001. Thirdly, fiscal subsidy reform can stabilise the pricing mechanism 

and reduce the public’s burden, for example through electricity subsidies and 

subsidies for new energy vehicles. Fourthly, China has issued environmental 

protection taxation from 2018 which is a development of the “fee to tax” reforms.  
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Articulation of the concept of green finance 

 

Sources: Linkages between climate, green and sustainable finance (UNEP, 

2016) 

Figure 1.1: How we define green finance, and the linkages with other terms 

 

Green finance can be defined from various perspectives and we do not have a 

precise definition so far. Therefore, we can discuss some points as follows. 

Figure 1.1 presents a comparable framework of how we can define green 

finance differentiated by climate and sustainable finance. The term ‘green’ in 

the context of green finance considers the environmental benefits of financial 

activities. Lindenberg (2014) summarised the three major components of green 

finance, including 1) the financing of public and private green investment, 2) the 

financing of public policies, and 3) the elements of the financial system. Fatemi 

and Fooladi (2013) attach importance to recognizing and accounting for all the 

relevant costs and benefits from an economic, social and environmental 

perspective by developing a sustainable value creation framework. Some 

indicators of greenness include qualitative and quantitative definitions, such as 

greenhouse gas emissions, energy efficiency, and waste management (Inderst, 

et al., 2012). Ambec and Lanoie (2008) discussed the expense of pollution 
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control and revealed the positive links between environmental and economic 

performance, including revenue increases and cost reductions.  

 

The development of green finance has led to new ways of international 

cooperation, so that multiple related stakeholders are involved in green projects 

against environmental degradation. Green finance is more likely to describe a 

systematic process of shifting, funds away from the pollution-intensive projects 

and into green projects. However, the participants can utilise a variety of 

dimensions, such as environmental policy, clean tech, ESG (Environmental, 

Social and Governance), and the green economy and as such green finance 

cannot be narrowly defined solely in terms of green bonds, green lending, and 

green equity investments.  

 

Research objectives 

The thesis aims to conduct research into the field of environmental degradation, 

and providing new insights into green investment, as well as finding the linkages 

with economic/financial growth. Solving environmental issues requires more 

than just technical measures to mitigate against pollution, but solutions to 

market failures such as economic externalities. The green finance market 

should therefore use market-led approaches to allocate more resources for 

developing green projects and eliminating the environmental-related risks. This 

thesis focuses on China and how China’s economy has gradually moved into 

green growth, with economic transition and upgrading as a means of facilitating 

sustainable development. Through investigating the current achievements and 

shortcomings of green finance development, the supporting results can 

contribute to the policy implications and future directions in research. The below 

conceptual diagram illustrates the framework of this thesis. 
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Figure 1.2: Framework of this thesis 

 

Structure of the thesis 

The thesis contributes to the research on China’s green finance development 

by exploring environmental pollution and green investment, with a specific focus 

on assessing the environmental benefits and evaluating its mitigating policy 

effects. The following chapter provides insights into the patterns of 

environmental pollution to provide supporting evidence for the subsequent 

research; it investigates the relationship between environmental pollution and 

economic development and considers the effects of green investment on 

pollution controls. After the research at a macro-level, I want to investigate the 

sustainability efforts of enterprises on environmental improvement, especially 

financial investment and emission reduction. Chapter 3 presents the evidence 

on the associations between environmental performance and financial 

performance in terms of a corporate-level analysis, which illustrates the drivers 

of and barriers to corporate sustainability. According to the results from first two 

chapters, I find the evidence on positive relationships between environmental 

improvement and economic development at both public and corporate sectors. 

Green investment, as a crucial influencing factor, has been introduced to 

previous empirical studies. In next chapter, it will focus on green bond, which is 

the major financial tool of green investment. Chapter 4 shows a more 
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comprehensive analysis of the green bond market including the market 

description and determinants of the bond yield, as well as identifying the 

similarities and differences with ordinary bonds. The policies are the strong 

promoters for guiding the environmental improvement actions, the final chapter 

explores the policy effectiveness in economic efficiency terms on emissions 

reduction. The mitigation policies are then evaluated in Chapter 5 by using cost-

benefit analysis, combining national and regional analysis for a comprehensive 

perspective. The thesis shows the progress on greening and draws lessons for 

future development.   

       

Chapter 2 begins with a literature review to discuss the progress made in 

environmental pollution controls and its relevance to economic development, 

building on the Environmental Kuznets Curve which shows the general trends 

between income levels and environmental degradation. Moreover, to 

understand the effect of green investment on pollutant reduction, two 

explanatory variables are introduced:1) government expenditure and 2) 

investment into pollution control. The empirical study is conducted in three parts, 

including data description, methodology and results. Finally, a conclusion and 

policy recommendations are added.  

 

Chapter 3 concentrates on the relationship between environmental 

performance and financial performance at a corporate level. It outlines the 

responses of corporate environmental management from various stakeholders 

and discusses the previous research on EP-FP analysis. To investigate the 

relationships, corporate environmental performance will consider 

environmental investment, energy efficiency and emissions.  For my empirical 

analysis, I choose China’s listed companies and find the data in their 

sustainability reports, ESG reports, and Wind database. The results are 

generated separately based on four environmental performance factors and 

three financial performance factors.      
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Chapter 4 aims at investigating green investment and focuses on green bonds, 

which are the mainstream way of financing green projects without creating 

additional financial risks. I map the development of global and domestic green 

bond markets in the first section. The empirical analysis includes two parts: first 

I demonstrate the determining factors of green bond yields, as well as 

conducting a comparison between green bonds and conventional bonds. Finally, 

I discuss the reasons for choosing green bonds and provide implications for the 

further development of green bond market.   

 

In Chapter 5, I evaluate the environmental policies in China using a cost-benefit 

approach and assess the importance of policy effectiveness. Previous studies 

have applied the cost-benefit approach to estimate monetary gains and costs 

from pollutant emission reduction. In this study, I set out the framework for 

calculating health benefits, using the method created by DEFRA. The actual 

data can only be accessed from 2011 to 2017, thus I estimate the following 

three years of the 13th Five-Year-Plan using historical data to make the 

predictions. Two scenarios are introduced to control the policy effect, which are 

the business-as-usual scenario and policy implemented scenario. Both 

national-level and regional-level analysis are conducted separately.  

 

Chapter 6 presents the connections between each of the chapters and 

summarises the results of the previous chapters. I also provide some policy 

implications for the future green finance market development in China and 

suggest possible areas for further research in the future.   
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Chapter 2 - The Implications from the Environmental Kuznets 

Curve Analysis at China’s Provincial-level 

 

Introduction 

It is well established that there is an association between economic 

development and environmental deterioration. This relationship is most 

commonly conceptualised through the Environmental Kuznets Curve (EKC), 

and there has been a wide range of methodologically diverse research 

conducted on it, with many of these studies illustrating the serious impact 

pollution has on the economy.   This chapter builds on that research by 

exploring how pollution has influenced the development of green finance in 

China and attempts to measure the significance of green economic growth in 

China.   

 

The first section is the literature review of the EKC, including its development, 

international research, and research as to how it relates specifically to China. 

The second section focuses on describing the Chinese provincial data and EU 

country-level data used in my empirical analysis, where I use the EKC 

performance in the EU (chosen to represent more developed countries) as a 

comparison with the provincial results from China. Then we discuss the 

methodology used in my dynamic panel data model with GMM analysis. Finally, 

I conclude my research and explore its policy implications. 

 

However, it should be noted that the EKC analysis in this chapter is conducted 

over a relatively short time period, owing to limited data availability. 

Consequently, there remains a need for further research to extend this analysis 

across a longer time period. The main contribution of this chapter, apart from 

using regional Chinese data, is the inclusion of the financial effects of 

government expenditure on environmental protection and investment for the 
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control of pollution.   

 

Literature Review 

The Genesis of the EKC 

The Kuznets curve initially described the relationship between income and 

income inequality as an inverted U-shaped curve (Kuznets, 1955). It shows that 

as income levels increase, inequality rises to a peak value in the early stages 

of a country’s development, but then as income rises further, the inequality level 

then begins to decrease.  

With the rise in environmental awareness in the second half of the 20th century, 

research on environmental economics began to attract more interest, leading 

to the development of the EKC hypothesis, which explores how economic 

growth can affect environmental degradation. The initial study considered the 

environmental impacts of economic growth in NAFTA and conducted an 

empirical study with reduced-form regression models between income per 

capita and air pollutant emissions (Grossman and Krueger, 1991; Grossman 

and Krueger, 1993). Panayotou (1993) linked the inverted U-shaped curve with 

the 1955 Kuznets Curve and named it the Environmental Kuznets Curve for its 

similarity- see Figure 1. The shape can be flattened if environmentally harmful 

subsidies are removed (Panayotou, 1993). More popular discussions began 

with the World Bank Development Report (IBRD, 1992) and this background 

paper verifies the existence of an inverted U-shaped relationship between 

income levels and air pollutant emissions including sulphur dioxide and 

suspended particulates emissions (Shafik and Bandyopadhyay, 1992). They 

conduct linear, quadratic and cubic these three models to explore the 

relationship between environmental degradation and economic development, 

and also test ten environmental indicators which involves lack of clean water, 

lack of urban sanitation, and change in forest area.  Moreover, Grossman and 

Krueger (1995) used a panel data model analysis with SO2, fine smoke, and 

suspended particles matter accessed from GEMS data set, and found further 
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evidence of inverted U-shaped type relationships. From this they were able to 

calculate turning points at around $4000-8000 (Sulphur dioxide at $4053, 

smoke at $6151, and COD at $7853). Other early studies on the income-

pollution relationship, mainly focused on industrial pollutants, have also found 

inverse U-shaped curves using similar methods. (Selden and Song, 1994; Cole, 

et al. 1997; Stern and Common, 2001). 

 

 

Figure 2.1: Environmental Kuznets Curve 

 

There are three mechanisms through which income can affect the environment: 

scale, composition, and technical effects (Grossman and Krueger, 1991). The 

scale effect reveals that economic growth increases with more natural resource 

inputs, resulting in higher relative environmental degradation. The EKC curve 

in Figure 2 is split into two separate periods. The scale effect influences the 

rising period at the beginning, and both composition and technical effects can 

occur in the latter declining period of the EKC curve as income levels increased. 

The composition effect leads to pollution reduction as economic improves, 

which means that technological progress and changes in the productive 

structure facilitate the transition from capital-intensive industry activities to a 

service economy. The technical effects can be interpreted as the use of clean 

technology increasing productivity and facilitating transition with the aim of 

improving the environmental quality. 
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Throughout the development of the EKC theory, several criticisms and 

alternative theories have been raised. Stern (2004) suggests the economic 

activities are disruptive to environment and the aggregate waste maintain the 

high level, because the reduction of sulphur and nitrogen oxides emissions 

transfer to carbon emissions and solid waste. Moreover, he also indicates that 

free trade shifts the pollution from developed countries to developing countries, 

which is the main theory of trade in modern economics. Therefore, regarding 

the trade theory, the turning point of inverted-U shaped curve in developed 

countries might be the pollution transfer towards developing countries rather 

than the environmental improvement due to the technical and composition 

effect.  

 

In addition, some studies suggest that the EKC does not exist. Acaravci and 

Ozturk (2010) found no evidence of long-run relationships between income per 

capita and carbon emissions in Turkey over the period of 1968 – 2005. On the 

other side, the inverted U-shaped curve may not be the best fit for the 

relationship between economic development and environmental deterioration, 

with an inverse N-shaped curve perhaps being a better representation as 

shown by an increase in environmental deterioration after the initial period of 

decline.  

 

International Research 

The empirical analysis of the EKC focuses on the relationship between GDP 

per capita and various pollutant emissions. The research so far has included 

multiple comprehensive and detailed analyses, conducted across a wide range 

of explanatory variables to test the determinants of environmental degradation; 

for example, energy consumption, population characteristics, trade openness, 

foreign direct investment and policy indicators. 
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The EKC research on environmental pollutants mainly covers air pollution, 

water waste and solid waste. Research on industrial pollutant emissions 

includes sulphur dioxide emissions (Grossman and Kruger, 1995, Selden and 

Song, 1994, Taguchi, 2012), and nitrogen oxide emissions (Brajer, et al., 2011). 

Also, CO2 emissions, as the main GHG contributing to global warming, are the 

most commonly used emissions in research on the EKC and the existence of 

an inverse U-shaped EKC model with CO2 emissions is supported by a 

relatively large number of studies (Apergis and Ozturk, 2015; Lau, Choong and 

Eng, 2014; Pao and Tsai, 2011; Shahbaz et al., 2013a; Ang, 2007; Hamit-

Haggar, 2012; Rafindadi, 2016). EKC analysis has also considered various 

types of air pollution, including different types of particulate matter (such as 

smoke and dust, SPM and PM2.5) (Akbostancı, et al., 2009; Orubu and Omotor, 

2011). Panayotou (1993) also accounts for deforestation rates in his EKC 

analysis, suggesting the EKC relationship has a greater impact on more 

populous and tropical countries. However, this is contradicted by Cropper and 

Griffiths (1994) whose deforestation-specific analysis of the EKC found 

deforestation is not beneficial for increasing the income level.        

  

The ability to testing the EKC hypothesis and accurately estimating the turning 

points depend on the range and quality of the control variables used. The 

selection of explanatory variables represents the objectives of their studies.  

Regarding the EKC research, investment is more closely associated with 

energy-linked emissions, such as sulphur dioxide emissions. The investment in 

physical capital results in the pollution increase, and the investment on pollution 

treatment is beneficial for pollutant emissions reduction (Shafik and 

Bandyopadhyay, 1992).   Apergis and Ozturk (2015) considered government 

expenditure in their research, as well as four policy indicators: political indexes, 

government effectiveness, and regulatory activities and the level of corruption. 

The first three were found to have a positive relationship with pollution, while 

corruption was found to be negatively associated. Al-Mulali et al (2016) found 
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renewable energy measures to exhibit highly significant inverted-U type 

relationships with emissions. However, renewable energy sources should not 

all be treated equally; for example, although an EKC analysis based in France 

found nuclear energy can decrease carbon dioxide emissions across both the 

short and long term, the application of nuclear energy should be treated with 

caution because the potential risks are large and there are often high safety 

management costs (Iwata, et al, 2010). The impact of international trade is 

more ambiguous. On the one hand, it can increase pollution as increased 

exports lead to higher production, on the other hand, it also can bring positive 

effects to environment quality by facilitating pollution transfer through foreign 

direct investment, although this may just displace to other countries (Dinda, 

2004). Labour-intensive production in developing countries can take over the 

high burden of pollution from developed countries (Lucas et al., 1992). 

Therefore, the negative impacts of trade openness should be considered, 

especially for developing regions. Lau et al (2014) also show that FDI 

contributes to environmental degradation in their EKC analysis, although 

technology-oriented FDI should be encouraged for increasing income per 

capita.    

 

The existence of the EKC may also be affected by the levels of economic 

development across various regions. For example, A study focusing on urban 

level data, using 276 metropolitan areas, obtained a turning point ($55,102) 

considerably higher than those found in country-level studies; thus 

policymakers relying solely on country-level data may be misled (Fujii, et al, 

2008). Thus the regional factors or regional analysis can provide more accurate 

and comparable results by using cross sectional data. Most studies have 

proven the existence of an inverted U-shaped EKC in relatively well-developed 

areas, suggesting the environmental problems probably have improved or 

reduced the levels of deterioration when total income have reached a certain 

level. The EU 28 countries indicate an inverse U-shaped curve in the 
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relationship between residential energy consumption and gross domestic 

products (Pablo-Romero and Sánchez-Braza, 2017). However, Abid (2017) 

obtains a monotonically increasing trend between CO2 emissions and GDP in 

41 European countries. Acaravci and Ozturk (2010) indicate that only Denmark 

and Italy provide evidence in support of EKC. Most EKC analyses for single 

countries in the EU regions find the inverted U-shaped type relationships, for 

example, Germany exhibits a clear EKC pattern with regard to strong energy 

policies (Luzzati, et al., 2018) and a concave relationship was found to exists in 

Romania over the period 1980-2010, perhaps because environmental policies 

tend to be enacted bydemocratic regimes as they have more of an incentive to 

reduce CO2 emissions (Shahbaz, et al. 2013). Sarkodie and Strezov (2018) 

focus on the decline of electric power consumption relative to economic growth 

in four different countries (Australia, USA, China, and Ghana); their evidence 

supports the validity of the EKC in Australia and China. Furthermore, they found 

Australia and USA performed better in reducing electric power consumption. 

However, some studies indicate that the pollution-income relationships they 

tested do not satisfy the inverse U-shaped curve. Global economic recession 

and globalization causes fluctuations in the pollution-income relationship after 

2001, so only weak evidence of the inverted U shape is found from 1971 to 

2001 (Luzzati, et al., 2018). The environmental degradation levels indicate a 

monotonic and positive relationship with income levels from 1981-2011 in 

Vietnam, suggesting it may not yet have reached its turning point (Al-Mulali, et 

al., 2015). Finally, EKC evidence only exists for six African countries in a paper 

which discussed 19 African countries with around 40-year time periods relating 

to economic development (Shahbaz, et al, 2016).    

 

Across the research, there are two main methodological approaches. Some 

papers focus on single regional analysis, applying time series data to test the 

relationship between income levels and environmental degradation, whereas 

multi-regional studies must use a panel data model approach to test this 
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association. Some EKC studies aim to prove EKC hypothesis at country-level 

and table 2.1 listed several studies focusing on one country using more than 

30-year data. Therefore, they choose Autoregressive Distributed Lag (ARDL) 

cointegration analysis for testing the presence of long-run relationships with 

time-series data. On the other hand, regional EKC analysis in panel data model 

consists of data on different cross-sectional units across time, which contains 

more information and minimise estimation bias compared to time series data or 

cross-sectional data analysis. For example, GMM method suits for short time 

period. Fully Modified Ordinary Least Square (FMOLS) and Dynamic Ordinary 

Least Square examine the potential long-run relationships. 

 

Pesaran et al (2001) developed the ARDL cointegration method to examine the 

existence of long-run relationships between environmental degradation and 

economic growth; this approach can be applied to single-country time series 

analysis. Acaravci and Ozturk (2010) found evidence of long-run relationships 

in European countries data and estimated error correction models with Granger 

causality tests.  Sarkodie and Strezov (2018) conducted an EKC long-run study 

with data from Australia, China, Ghana, and the US over the period 1971 to 

2013, using the PMG estimator along with short-term equilibrium relationship 

coefficients and cointegrating terms to adjust the ARDL. The EKC hypothesis 

for Japan also has been shown to hold through the ARDL method, with energy 

consumption patterns explaining a large proportion of environmental 

deterioration (Rafindadi, A., 2016). Moreover, they used the Zivot and Andrew 

structure break unit root test to examine the stationarity of the time series, to 

account for the influences of a period of deteriorating income levels following 

the Fukushima energy disaster.  

    

But the ARDL model is not appropriate for panel data estimation because it can 

produce biased results when used with short-term data. Therefore, Arellano and 

Bond (1991) developed a dynamic panel Generalized Method of Moments 
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(GMM) approach, which is ideal for a small sample of observations and a large 

cross-section. The System GMM approach can handle the endogenous 

variable problems of having a lagged dependent variable. Taguchi (2012) tested 

the existence of the EKC in 19 Asian countries with the dynamic GMM approach, 

with their results emphasising the importance of technological advancement for 

Asia and the Pacific areas. In addition, Yin (2015) used the GLS method to 

correct autocorrelation and introduce clustered standard errors. Regarding the 

long-run panel data analysis, Farhani et al (2014) adopted the Panel FMOLS 

and DOLS estimations to correct the bias of the OLS and obtained the inverse 

U-shaped relationship in 10 MENA countries.  In this chapter, GMM approach 

is the best fit because of the relative short time period (T) and large number of 

observations (N). 
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Authors Period Region Methodology Variables EKC 

hypothesis 

Ang, 2007 1960-2000 France ADRL bounds testing and 

VECM Granger causality 

CO2, GDP, GDP2, and energy 

consumption 

Yes 

Ahmed and 

Long, 2012 

1971-2008 Pakistan ARDL bounds test CO2, GDP, GDP2 and energy 

consumption 

Yes 

Shahbaz et 

al.,2013a 

1980-2010 Romania ARDL bounds test CO2, GDP, GDP2 and energy 

consumption 

Yes 

Lau, et al., 

2014 

1970-2008 Malaysia ADRL bounds test CO2,GDP,GDP2,FDI,and trade 

openness 

Yes 

Al-Mulali, et al., 

2015 

1981-2011 Vietnam ADRL bounds test CO2, GDP, fossil fuels energy 

consumption, renewable 

energy consumption, capital, 

labour, export and imports 

No 

Rafindadi, 

2016 

1961-2012 Japan ARDL bounds test CO2, GDP, GDP2, electricity 

consumption, exports, imports.  

Yes 

Apergis and 

Ozturk, 2015 

1990-2011 14 Asian Countries GMM CO2, GDP, GDP2, population 

density, land industry share in 

GDP, and four indicators that 

measure the quality of 

Yes 
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institutions 

Ozturk and Al-

Mulali, 2015 

1996-2012 Cambodia GMM, TSLS GDP, urbanization, trade 

openness, control of corruption 

and governance  

No 

Taguchi, 2012 1950-2009 19 Asian countries GMM CO2, SO2, GDP, GDP2, LAC Yes 

Pao and Tsai, 

2011 

1980-2017  

except for 

Russia (1992-

2007) 

BRIC countries Pedroni cointegration, and 

VECM Granger Causality 

CO2, GDP, GDP2, energy 

consumption and FDI 

Yes 

Hamit-Haggar, 

2012 

1990-2007 Canada Pedroni cointegration, 

FMOLS, and VECM Granger 

causality 

CO2 emission, GDP and GDP 

square, Industrial energy 

consumption 

Yes 

Farhani, et al., 

2014 

1990-2010 10 MENA countries FMOLS, DOLS CO2, GDP, GDP2,E, Trade, 

Rule of Law, life expectancy 

and education 

Yes 

Jebli, et al.,  

2016 

1980-2010 25 OECD countries FMOLS, DOLS CO2,GDP, 

GDP2,exports,imports,renewab

le energy consumption, non-

Yes 
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renewable e 

Apergis, 2016 1960-2013 15 Countries CCE,FMOLS CO2,GDP, GDP2 Yes 

Al-Mulali, et al., 

2016 

 

1980-2010 107 Countries 

categorized by their 

regions 

DOLS, granger causality CO2,GDP, GDP2,urbanization, 

trade openness, financial 

development as economic 

indicators 

Yes with some 

Bilgili, et al., 

2016 

 

1977-2010 17 OECD countries FMOLS, DOLS CO2, GDP, GDP2, RE Yes 

Pablo-Romero 

and Sánchez-

Braza, 2017 

1990-2013 EU28 countries FGLS residential energy 

consumption, GDP,GDP2, 

GDP3,population 

Yes 

Olale, et al., 

2018 

1990-2014 Canada Pooled, Fixed effect model GHG emissions, GDP, GDP2, 

GDP3,trade 

Yes 

Table 2.1: Summary of the literature on the environmental Kuznets curve  
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Research on China 

EKC studies on China have been conducted since the beginning of the 21st 

century. During this time, China transitioned to a phase of relatively quick 

economic development, benefiting from globalisation and its stable government. 

Public environmental awareness nearly always follows from economic growth 

as once people have achieved relatively satisfactory income levels, they are 

able to pursue other means to attain higher living standards.  

 

The research has generally been conducted between the 1990s and the most 

recent year they could acquire data for, as determined by the limitations of the 

database or quality of the data. Most research has used provincial-level data 

for panel data model analysis, although some single province or country-level 

studies have used time series analysis. 

 

Table 2.2 summaries a list of literature about China. Literature on the Chinese 

EKC hypothesis focuses on three types of environmental pollutants: air 

pollutants, waste water, and solid waste discharges. The air pollution studies 

focus on the key emissions of carbon dioxides, nitrogen oxides, sulphur 

dioxides and dust emissions. Several studies about industrial pollutant 

emissions - Sulphur dioxides, nitrogen oxides and smoke and dust emissions 

have proven the validity of EKC hypothesis in China, but no paper has applied 

the dynamic GMM method and considered investments into EKC research.  

Moreover, Some EKC studies with provincial annual data and the country-level 

data for CO2 emissions have shown evidence of the inverse U-shaped curve 

(Haisheng et al, 2005; Jalil and Mahmud, 2009; Wang et al, 2011; Jalil and 

Feridun, 2011; Yang, et al., 2015; Yin et al, 2015; Riti et al, 2017). A study in 

Beijing, using monthly data from 2008M04 to 2016M12 to examine PM2.5 

emissions, found evidence supporting the existence of the EKC in China. 

Additionally, they found vehicle exhaust emissions to be a contributor to 
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emissions, whereas natural gas consumption contributes to the reduction in 

PM2.5 (Dong, et al, 2018).    

 

The large variety of data available in the China Statistical Yearbook gives 

researchers access to a variety of control variables, as required for their 

research objectives. There is little literature that demonstrates the effects from 

environmental policy spending in China. Also, several studies investigate the 

fiscal policies on environmental protection. Zheng et al. (2015) use a provincial 

panel data model from 2002 to 2011 to reveal that environmental standards and 

energy-saving policies are effective to pollutants reduction. Chen et al (2006) 

indicate the positive effect of energy policy to pollution reduction by using a 

case study in Shanghai. Shen et al. (2020) show the effects of environmental 

policy tools available to the authorities in China are positive to reducing 

environmental pollution and improve green development, and the command-

and-control type environmental policy tools worked best on green innovations.  

Yin (2015) uses environmental regulation as a control variable to account for 

the moderating effect of stricter regulations on EKC. 

 

 Some studies also use city level data to identify specific geographical factors 

in China (Brajer, et al., 2011; He, and Wang, 2012; Hao, et al., 2016). For 

example, Wang and He (2012) introduced ‘northern city” and ‘coastal city’ as 

two indicators. Technical progress has also affected the decrease of carbon 

emissions in China (Yin, et al., 2015), which was firstly considered in the World 

Bank Development Report (Shafik and Bankdyopadhyay, 1992). As the most 

populous country, the population density could be a valuable explanatory 

variable when analysing the income-pollution relationships. The EKC related 

papers with population factor in China imply that positive association between 

population expansion and pollution increase (Wang, et al., 2016).  An 

overlapping generations (OLG) model confirms the existence of the EKC 

hypothesis with 10 years of provincial-level data in China, and the population 



42 
 

growth contributes to a higher peak in this curve via simulations (Wang, et al., 

2015). Finally, policy making plays an important role in pollution control.  

 

Regarding the current studies in the EKC area, further research needs to be 

expanded to compare various pollutant emissions, rather than only putting the 

emphasis on CO2 emissions. More needs to be done on the recent severe 

environmental problems in China that are mostly influenced by industrial 

pollution, along with rapid economic growth. In this chapter, I have conducted 

the analysis with three air pollutant emissions and the COD of wastewater 

discharge, using China’s provincial-level data. In recent years, governments 

have striven to develop effective environmental policy systems, thus the effects 

of these policies need to be examined for their progress on pollution treatments 

with more empirical analyses. However, there are few EKC studies examining 

the determining factors behind financial inputs for environment improvements. 

Therefore, this chapter will use two additional governance explanatory 

variables – government expenditures on environmental protection and 

investment for pollution treatment – in order to finding the effects of green 

investment by the government on pollutant reduction in China.  
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Authors Period Region Methodology Variables EKC 

hypothesis 

Song, et at., 2008 1985-2005 29 provinces DOLS estimator and 

within OLS estimator 

Waste gas, waste water, solid 

wastes, GDP, GDP2, GDP3 

Yes 

Wang, et al., 2011 1995-2007 28 provinces Pedroni cointegration and 

VECM granger causality 

CO2, GDP, GDP square, and energy 

consumption 

Yes 

U-shaped 

Du, et al., 2012 1995-2009 Provincial and 

regional 

Fixed effects model, GMM CO2,GDP,GDP2, urbanization, 

industrial composition, energy 

consumption, technology progress, 

and trade openness 

No 

Jalil and Feridun, 

2011 

1953-2006 China country -

level 

ARDL and VECM Granger 

causality 

CO2, GDP, GDP2, energy 

consumption, financial 

development, trade openness 

Yes 

Brajer, Mead and 

Xiao(2011) 

1990-2006 China(City) Fixed and Random effect 

models 

SO2, TSP, NO2, GCP, Population 

density, Northern city, Coast 

Yes 

He, and Wang, 

2012 

1990-2001 74 cities Fixed and random effect 

models (with height- 

adjustment EKC model) 

SO2, NOX, TSP, northern city, 

coastal city, k/l, open(fk/tk), 

regulation(ratio of government 

staff), population density, city total 

land area,GDP,GDP2 

Yes 
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Yang, et al., 2015 1995-2010 29 provinces General Sensitivity test 

(Panel  

Bootstrapping method) 

CO2, SO2, Dust, Gas, Smoke, 

Water, GDP, GDP2, GDP3, export, 

FDI, import, population density, 

trade, abatement (Ratio of industrial 

pollution abatement expenditure 

over GDP), Secondary (% of 

secondary sector value added in 

total GDP) 

Yes 

Wang, et al., 2015 2001-2010 30 provinces OLG model 

Fix and Random effect 

model 

GDP, GDP2, GDP3, GDP4, waste 

gas, solid waste, population growth 

rate 

Yes 

Yin, et al., 2015 1999-2011 29 provinces Random effect with GLS CO2, GDP, GDP2, tech (regional R & 

D expenditure), environmental 

regulation (regional industrial 

pollution-elimination investment in 

the GRDP), population, energy 

efficiency (regional GDP output of 

unit energy consumption), energy 

structure (coal), industrial structure 

(secondary industry), trade, FDI 

Yes 
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Li, et al., 2016 1996-2012 28 provinces System GMM, ARDL (MG, 

PMG, DFE)  

CO2, industrial waste water, and 

industrial waste solid emissions, 

GDP, GDP2, energy consumption, 

openness, urban residents 

Yes 

Hao, et at., 2016 1995-2012 29 provinces FE RE, Spatial Durbin 

Model (SDM)  

coal consumption pc, GDP, GDP2, 

GDP3, urbanization rate, population 

density 

Yes 

Wang, et al., 2016 1990-2012 29 provinces parametric and semi- 

parametric panel fixed 

effects models 

SO2, GDP, population, energy 

use(coal), urban population rate 

Yes 

Zhang, et al., 2017 1990-2014, 

2001-2014 

27 provinces CSD test, Unit root test, 

panel cointegration, 

granger causality, panel 

fixed effect model  

COD, NH3-N, GDP, urban water 

consumption, total population  

Yes 

Riti, et al., 2017 1970-2015 country data ADRL,DOLS,FMOLS，

VECM 

CO2, GDP, GDP2, energy 

consumption 

Yes 

Zhao, et al., 2017 2003-2014 31 provinces GLS water consumption, GDP, GDP2, 

GDP3, population, affluence, 

technology, urbanization, and 

industrial structure 

Yes 

Dong, et al. 2018 2008 M04- Beijing ADRL PM2.5, GDP, GDP2, natural gas Yes 
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2016 M12 consumption, vehicle quantity, FDI, 

industrial structure 

Table 2.2: Summary of the literature on the environmental Kuznets curve in China
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Data 

The Chinese regional annual data has been accessed from the China Statistical 

Yearbook and the China Environmental Statistical Yearbook, which consists of 

31 provinces, cities, and autonomous regions from 2004 to 2017. The provinces 

are as follows: Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, 

Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, 

Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, 

Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.  

 

The environmental pollution variables include industrial pollutant emissions in 

China, which are SO2, CO2, NOx, COD and dust emissions, with all pollutant 

emission units measured in tons. SO2 emissions are the major pollutant 

emission in terms of gaseous sulphur oxides (SOx), which are mainly caused 

by industrial facilities and the burning of materials containing sulphur, bringing 

harmful effects into the air, as well as causing acid rain (EPA, 2016). Likewise, 

nitrogen dioxide (NO2) emissions can be produced from the burning of fuel in 

vehicles and through industrial development. The negative effects of nitrogen 

dioxide include acid rain and smog (EPA, 2016). For China’s statistics, Nitrogen 

Oxides and dust emissions include those from industry, household, motor 

vehicles and centralized pollution control facilities. Sulphur Dioxide (SO2) 

emissions are the total volume from industrial, household and centralised 

pollution control facilities. Chemical Oxygen Demand (COD) is chosen as the 

indicator of water waste, which exists in industry, agriculture, household and 

centralised pollution control facilities. Nitrogen Oxides and dust emissions data 

were only considered from 2011 to 2017 because of the lack of earlier data.  

 

The explanatory variables for the EKC are as follows: Gross domestic product 

per capita (GDPPC) measured with the Chinese domestic currency Yuan. 

Because of the very small price change over the period of the analysis, I use 

nominal regional GDP per capita from the data source instead of real regional 
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GDP per capita. Energy consumption of electricity (ECE) measured as kilowatts 

per hour, population density (PD) measured as number of citizens in that 

province divided by the province in square kilometres, trade openness (Trade) 

represented by total exports and imports. Local government expenditures of 

environmental protection (GovExp) represent a part of the fiscal expenditure. It 

mainly contains the financial supports on environmental management, planning 

for environmental protection, environmental monitoring and the evaluation for 

pollution treatment. Investment in the treatment of environmental pollution 

(Investment) specifies the investment in treatment of all types of industrial 

pollution. There is no total energy consumption for the provincial data and 

electricity is the most common energy source used for the basic demands in 

households and industry.   

 

  

Table 2.3: Summary statistics for China’s provinces 

 

Table 2.3 shows the descriptive statistics for provincial level original data. The 

large quantities of emission discharges can be interpreted with respect to the 

mean and maximum values at a regional level. Likewise, the large variations in 

the minimum and maximum values reveal the provinces’ differences in 

unbalanced economic growth experienced and different severe pollution levels 

in China.  

  

Methodology and Results 

 

 Mean  Maximum  Minimum  Std. Dev.  Observations

Sulfur dioxide (SO2) tonnes 662937 2002000 1000 448868 434

Chemical oxygen demand (COD) tonnes 535984 1982500 13800 402419 434

Nitrogen oxide (NOx) tonnes 624496 1801138 30154 424651 217

Smoke and dust (DUST) tonnes 409144 1797683 6570 326659 217

Regional gross domestic products per capita (GDPPC) yuan per person 36451 128994 4317 24040 434

Energy consumption of electricity (ECE) 100 million kwh 1410 5960 13 1150 432

Government expenditures on environmental protection (GOVEXP) 100 million yuan 97 458 5 71 341

Investment of pollution treatment (INVESTMENT) 10 thousand yuan 192756 1416464 129 188663 429

Population density in urban areas (PD) person per sq.km 2576 6307 186 1320 434

Total exports and imports (TRADE) 1000 US dollars 96700000 1090000000 199892 179000000 434
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Overview of Dynamic panel data GMM analysis 

 

The dynamic panel data model suits samples with a large N and small T, so I 

have chosen this approach due to only a short time period being available for 

the country and provincial data. The model for a dynamic panel data approach 

includes the lagged dependent variables as explanatory variables, but this 

lagged variable can result in a problem with endogeneity. This can be overcome 

by introducing GMM estimators for the autoregressive model, which can be 

expressed as:  

 

𝑦𝑖𝑡 =  α𝑦𝑖𝑡−1 +  𝛽𝑥𝑖𝑡 + 𝜀𝑖𝑡;     𝑖 = 1,2, … , 𝑁;     𝑡 = 2,3, … , 𝑇  (2.1) 

   

The variable 𝑦𝑖𝑡−1  is the lagged dependent variable, 𝑥𝑖𝑡  represents the other 

explanatory variables, 𝜀𝑖is the composite error term which is denoted as 𝜀𝑖𝑡 =

 𝜇𝑡 +  𝑣𝑖𝑡, containing individual effects and time varying disturbances.  

 

. Both the Arellano-Bond (1991) and Arellano-Bover (1995) GMM estimators 

can be applied with dynamic data panel models. The Arellano-Bond approach 

removes the error term’s relationship with the fixed effects through first 

difference transformations, but the transformed results cannot be obtained if 

there are some missing values. An alternative approach is the Arellano-Bover 

estimator which uses an orthogonal deviation transformation for unbalanced 

panels which considers additional moment conditions. The results with two 

transformations are robust because the dynamic panel data analysis has been 

considered with modifications compared to least squares regression. GMM 

estimators use the White period robust standard errors to adjust for serial 

correlation and time-varying variances in the standard errors. The Sargan and 

Hansen test are conducted to determine the over-identifying restrictions. Finally, 

the data for SO2 and COD are from 2004 to 2017, and the NOx and Dust 

emissions are from 2011 to 2017, thus panel unit root tests will not be applied 
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before the estimation due to the short period of the data. 

 

Equation Specification and results 

 

Regarding China’s provincial analysis, the quadratic functions of GDP per 

capita will be introduced into the EKC model in order to finding the existence of 

the turning points. The instrumental variables are lagged values of all the 

explanatory variables to eliminate the endogeneity. The lagged independent 

variables are less likely to be affected by unobserved confounders when 

examining the causal relationship (Bellemare, et al., 2017). Finally, all variables 

have been converted to the natural logarithmic form in the regression model to 

reduce the skewness of the original data. The EKC model can be specified as: 

 

ln(𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠)𝑖𝑡 = 𝛽1𝑙𝑛 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑖𝑡−1 +  𝛽2𝑙𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 +  𝛽3𝑙𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡
2 +

 β4𝑙𝑛𝐸𝐶𝐸𝑖𝑡 +  𝛽5𝑙𝑛𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖𝑡 +  𝛽6𝑙𝑛𝐺𝑜𝑣𝐸𝑥𝑝𝑖𝑡 +  𝛽7𝑙𝑛𝑇𝑟𝑎𝑑𝑒𝑖𝑡 +  𝛽8𝑙𝑛𝑃𝐷𝑖𝑡 +

 𝜀𝑖𝑡                                                                                      (2.2) 

     

Where Pollutantt represents the pollutant emissions being analysed in this study, 

GDPPCt is per capita GDP at the regional level. ECEt is energy consumption of 

electricity. Investmentt is investment in environmental pollution treatments, 

GovExpt is government expenditure on environmental protection. Tradet is trade 

openness, using the expression of total exports and imports, and PDt is 

population density. Based on the inverted U-shaped relationship between 

pollutants and per capita GDP, the expected coefficients signs are predicted 

below: 

𝛽1 > 0, 𝛽2 > 0, 𝛽3 < 0, 𝛽4 > 0, 𝛽5 < 0, 𝛽6 < 0, 𝛽7 > 0 𝑎𝑛𝑑𝛽8 > 0 

 Overall we would expect investment and expenditure on the environment to 

reduce emissions and pollutants, thus leading to the expected positive values 

of their coefficients. The pollutant emissions are the results of human activities, 

therefore, electric energy consumption, trading activities and densely populated 



51 
 

provinces can result in pollution increase. Hence the corresponding coefficients 

- 𝛽4, 𝛽7, and  𝛽8 are assumed to be the positive values. 

 

Table 2.4: Results for Sulphur dioxide emissions (SO2) 

 

Table 2.4-2.7 show the results of the dynamic panel analysis for China’s 

provincial data. Regarding the results of sulphur dioxide emissions, I estimate 

with both GMM estimators (first differences and forward orthogonal deviations), 

and from this, determine that the orthogonal deviations should be used in the 

final model, because of the significance of the coefficients and p-values of J-

statistic. As there is a positive relationship between 𝑙𝑛𝐺𝐷𝑃𝑃𝐶  and pollutant 

emissions, but a negative relationship between log form of GDP per capita 

squared and emission; based on the definitions of EKC criteria, there is an 

inverted U-shaped curve because β2>0, β3<0. The coefficients of 𝑙𝑛𝐺𝐷𝑃𝑃𝐶 has 

a correct positive value of 2.89 but 𝑙𝑛𝐺𝐷𝑃𝑃𝐶2  with -0.17 having the correct 

negative sign, so the EKC existed with sulphur dioxide emissions and income 

levels. The turning point of the income level is calculated by exp(-𝛽2 /2𝛽3), thus 

the provincial level turning point (TP) of income per capita for SO2 emissions is 

Sulfur dioxide emissions First differenced Orthogonal deviations

Estimations Coefficient Coefficient

LNSO2(-1) 0.893947*** 1.089772***

（0.101403） （0.037274）

LNGDPPC 4.642723** 2.891940***

（1.891186） （0.850642）

(LNGDPPC)2 -0.277400*** -0.171518***

（0.089545） （0.038759）

LNECE 0.398701* 0.203689**

（0.205638） （0.097686）

LNINVESTMENT -0.005898 -0.049168***

（0.011333） （0.007296）

LNGOVEXP 0.213134*** 0.072325***

（0.03118） （0.026792）

LNTRADE 0.309323*** 0.234171***

（0.041850） （0.017105）

LNPD 0.0.524385*** 0.222599***

（0.083419） （0.056106）

J-statistic 20.88678 28.00957

Prob(J-statistic) 0.588002 0.215420

Instrument rank 31 31

total panel (unbalanced) observations 244 275

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.
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4584 Chinese yuan. Additionally, the J-statistic examines the over-identifying 

restrictions of the variables, with a null hypothesis that the instruments are 

effective. The p-value of the J-statistic is 0.21542, so we cannot reject the null 

hypothesis. Moreover, the Sargan test is weak if the probabilities of the J-

statistic are outside the interval 0.1 and 0.25. Furthermore, an increase in 

investment on pollution treatment leads to a decrease of SO2 emissions and 

the estimator’s coefficient is statistically significant. However, local government 

expenditure has a positive relationship, indicating higher government spending 

would increase SO2 emissions. The reverse effect of investment on pollution 

treatment refers to the investment being effective in terms of SO2 emissions 

reduction. Besides, regarding the results of positive relationship between SO2 

and government expenditures, the Chinese government were continuing to 

carry out the projects on environmental protection with certain financial inputs, 

which aims to reduce the pollutants and improve environmental quality. The 

results find a positive impact of population density on SO2 pollutants, and the 

areas with high population density tend to be more polluted than low density 

areas.  

The estimation results with COD, the indicator for waste-water discharge, are 

similar when the regression model was run with two transformations. Most 

coefficients are statistically significant, except for electric energy consumption 

and population density, and the probabilities of the J-statistic also suggest there 

is no over-identification for the instruments. The results indicate an inverted U-

shaped curve relationship between COD pollutants and income level for China 

provincial data with β2>0, β3<0. According to the GMM estimators with first 

difference transformation, the GDP per capita at the turning point (TP) is 10296 

yuan, whereas the panel data analysis with orthogonal deviations 

transformation can be obtained the GDP per capita at the TP is 4930 yuan. 

Furthermore, the inputs of investment in pollution treatment have a negative 

association with COD emissions, whereas the government expenditures on 

environmental protection are positively associated with COD pollutants. This is 
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the same impact observed on SO2, indicating that the green inputs have the 

same effect on both.  

 

Table 2.5: Results for Chemical Oxygen Demand (COD) 

 

Due to several unrecorded years for NOx and Smoke and dust emissions data, 

the regression models for these two pollutant emissions only can be estimated 

from 2011 to 2017, including 6 time series and 155 observations. Obviously, the 

data sample is relatively small for the panel data model analysis. Smoke and 

dust emissions and economic growth can be verified as having an inverse U-

shaped curve but there is an absence of the EKC between NOx emissions and 

income levels. Regarding the smoke and dust emissions, GDP per capita at the 

turning point is 50507 Chinese yuan under the orthogonal deviations 

transformation. Although the relationship between investment on pollution 

treatment and NOx emissions remained negative (in keeping with other types 

of pollution), the U-shaped curve between NOx and income per capita indicate 

that increasing NOx emissions was accompanied with a reduction in investment. 

Regarding the smoke and dust emissions, the significant coefficient indicates a 

positive effect from investment on pollution treatment. The government 

COD First differenced Orthogonal deviations

Estimations Coefficient Coefficient

LNCOD(-1) 0.596423*** 0.656329***

(0.019817) (0.014102)

LNGDPPC 10.43727*** 3.470038**

(2.12793) (1.627300)

(LNGDPPC)2 -0.564817*** -0.204047**

(0.098651) (0.079156)

LNECE -0.0000309 0.075406

(0.213507) (0.123197)

LNINVESTMENT -0.108388*** -0.048784***

(0.017088) (0.008182)

LNGOVEXP 0.429500*** 0.155677***

(0.075909) (0.044857)

LNTRADE 0.803316*** 0.461825***

(0.059645) (0.034739)

LNPD 0.04031 0.016145

(0.140487) (0.049193)

J-statistic 30.03132 31.00525

Prob(J-statistic) 0.1485 0.122664

Instrument rank 31 31

Total panel (unbalanced) observations 275 275

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.
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expenditure on environmental protection has the negative relationship with dust 

and smoke emissions, but there is a positive sign obtained in the estimated 

coefficient of 𝑙𝑛𝐺𝑜𝑣𝐸𝑥𝑝  for NOx emissions. Likewise, the National database 

records that the government expenditure on environment protection has an 

increasing trend for the most recent seven years, but the investment on 

pollution treatment with just seven years of data fail to capture the trend for 

each province. Therefore, the changes can affect how the environmental 

protection inputs are related to emissions reduction. Moreover, different 

pollutant emissions experienced different trends over the sample period. The 

results illustrate that the amount of the investment is determined by the current 

pollution situation. 

 

Table 2.6: Results for Nitrogen oxides emissions (NOx) 

NOx First differenced Orthogonal deviations

Estimations Coefficient Coefficient

LNNOx(-1) 0.802513*** 1.197117***

(0.094122) (0.06386)

LNGDPPC -0.895257 -7.312568***

(3.968939) (2.747831)

(LNGDPPC)2 -0.027924 0.304749**

(0.184678) (0.125973)

LNECE 0.545549** 0.158489

(0.27008) (0.173872)

LNINVESTMENT -0.058172** -0.108903***

(0.023296) (0.035571)

LNGOVEXP 0.237111*** 0.35018***

(0.077297) (0.065213)

LNTRADE 0.601684*** 0.49128***

(0.112262) (0.095597)

LNPD 0.472162*** 0.182786

(0.115189) (0.178512)

J-statistic 20.75397 18.30906

Prob(J-statistic) 0.108106 0.193065

Instrument rank 22 22

total panel (unbalanced) observations 155 155

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.
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Table 2.7: Results for Smoke and dust emissions 

 

Additionally, other control variables produce some interesting findings. Firstly, 

the energy consumption of electricity has the expected positive relationship with 

SO2 and NOx emissions, which illustrates its relevance regarding increases in 

pollutant emissions. Increasing demand for electricity by the public can lead to 

SO2 emissions increase. Nevertheless, the results are not conclusive; electric 

energy consumption is insignificant to COD and smoke and dust emissions. 

This may be due to the less influence from the sources of COD and smoke and 

dust emissions. COD represents the concentration of organic material and the 

smoke and dust emissions are emitted from constructions sites or fires.  In 

addition, the mixed results are obtained due to the regional differences in both 

electric energy consumption and pollutant emissions. Secondly, environmental 

deterioration can be affected by trade openness in China, which shows all 

pollutant emissions have the expected, statistically significant, positive 

relationship with total exports and imports. Thirdly, the results of population 

density in China are positively associated with all emissions and statistically 

significant to SO2 and NOx emissions, which indicate that higher population 

Smoke and dust emissions First differenced Orthogonal deviations

Estimations Coefficient Coefficient

LNDUST(-1) 0.933217*** 0.629759***

（0.096726） （0.065283）

LNGDPPC -0.673204 15.13623***

（7.993000） （3.212585）

(LNGDPPC)2 0.077315 -0.698819***

（0.390164） （0.159212）

LNECE -0.658723 -0.344198

（0.630877） （0.247496）

LNINVESTMENT -0.061134 0.310615***

（0.059565） （0.055143）

LNGOVEXP -1.047066 -0.524304***

（0.324281） （0.136810）

LNTRADE 1.570275*** -0.022842

（0.248605） （0.168745）

LNPD 0.358891 0.218588

（0.381041） （0.215604）

J-statistic 18.6086 24.25435

Prob(J-statistic) 0.18045 0.042683

Instrument rank 22 22

total panel (unbalanced) observations 155 155

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.



56 
 

density can lead to an increase in pollutant emissions.  

 

Conclusions and Policy implications 

 

In conclusion, this chapter has conducted an empirical study of the relationships 

between pollutant emissions and income per capita. My results somewhat 

support the EKC hypothesis, finding inverse U-shaped curves between income 

per capita and three pollutant emissions (SO2, COD, and Smoke and Dust 

emissions). Moreover, the results reveal that the green financial inputs 

(investment on pollution treatment and government expenditures on 

environmental protection) can be positively effective in terms of pollution control 

and environmental improvement.  

   

Regarding the existence of the EKC with sulphur emissions in China, the 

turning point has been passed the initial stages of EKC curve with sulphur 

pollution then decreasing after the peak point. Across the eleven-year period, 

COD emissions and income levels show an inverse U-shaped relationship. This 

can be compared with previous research; Shen (2006), found the existence of 

an inverted U-shaped curve with a peak value at 6547 yuan for COD emissions 

during the period of 1993-2002, whilst Jayanthakumaran and Liu (2012) 

obtained a turning point at 6859 yuan within the time period 1990-2007. These 

two results were obtained with only quadratic forms of the estimation models, 

so they only provide one turning point. Therefore, COD discharge became more 

severe with the upward trend of the economy in these sample years. To capture 

the benefits of environmental support in China, I have included the measures 

of government expenditure on environmental protection and investment on 

pollution treatment. Investment in pollution treatments had a negative 

relationship with SO2 and COD emissions. This provides evidence that the 

investment and government expenditure on the environment supported 

environmental improvements over the period of 2004-2017.  



57 
 

 

The U-shape curve exists in the relationship between NOx emissions and GDP 

per capita. China’s Environmental Statistical Yearbook shows high levels of 

pollution from NOx emissions which are produced mainly from industrial 

development and increasing ownership of motor vehicles. The results indicate 

green inputs are not enough for reducing NOx emissions in industrial sewage 

treatment, and green electric cars have only a small share of China’s vehicle 

market.   

 

The relationship between smoke and dust emissions and economic 

development also indicates an inverted U-shaped curve. Nevertheless, 

government expenditure on environmental protection produced positive effects 

in reducing smoke and dust emissions, suggesting the government should 

enhance its air pollution regulatory system and continue with financial support 

for the environmental management.   

 

Additionally, trade openness affects pollution levels, with the results showing a 

positive relationship with SO2, NOx, COD and smoke and dust emission, 

implying that trade has had negative effect in terms of water pollution and air 

pollution. Moreover, population density has a very similar effects on emissions 

changes, suggesting that an increasingly heavy population burden could lead 

to a rise in SO2 and NOx emissions.   

 

Policy implications 

The Chinese government is working on promoting green economic growth and 

strives to reduce pollutant emissions with increasing environmental policies. In 

2016, the 13th Five Year Plan (FYP) proposed plans for more strict targets for 

the eco-environmental quality, pollution discharges and ecological restoration 

by 2020. For example, air quality among 338 cities needs to reach more than 

80% of days with good air quality and ground water  should increase by more 
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than 70% to reach the Ⅲ or better level by 2020. Although the targets being set 

by the central and local government appear ambitious, environmental 

improvement cannot be completely achieved rapidly, and must be viewed as a 

global long-term task.  

 

The results have several implications. Firstly, spending on environmental 

protection and energy-saving should be encouraged by both the government 

and the public. Therefore, methods to increase financial inputs to encourage 

green growth, as well as the most effective ways to utilise the money, will be 

discussed in the subsequent chapters of this thesis. Secondly, the sources of 

air and water pollution should continue to be controlled as alternative methods 

of production, which are more environmental-friendly, can lead to decreases in 

pollutant emissions. Regarding reducing vehicle exhausts, the government 

should encourage electric cars and invest in the research and development of 

new-energy vehicles and enhance its related policies, such as increasing the 

number of charging stations. Likewise, alternative forms of transportation can 

reduce the public transport burden. For example, bicycle sharing and APP-

based ride hailing services are popular in both metropolitans and small cities in 

China. These new means of transportation can reduce the rate of private car 

ownership and consequently reduce vehicle exhausts; however, related laws 

and policies should be developed with these new forms of transport to make 

sure of their effectiveness and the public safety. Thirdly, environmental trade 

barriers need to be investigated to reduce the pollution from trade. Fourthly, the 

government should use its industrial strategy to support the transition to cleaner 

energy sources, such as natural gas or renewable energy.  

 

Further EKC research in China could use a longer time period to analyse the 

regional effects (e.g. the separate economic regions of the east coast, western 

central and northeast). Regional factors could provide better estimations to test 
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the existence of the EKC in different economic regions and find the evidence of 

regional contributions on pollution reduction. Additionally, if the government can 

disclose more detailed environmental information data, the existence of EKC 

hypothesis in China can be examined with more precisely results. 

 

In conclusion, this analysis reveals the inverted U-shaped curve between 

pollutant emissions and economic growth using provincial data in China, the 

extent of the current severe environmental pollution, and its negative effects 

economic growth and quality of life. Hence we establish the need for better the 

pollution control methods and more sustainable development to achieve a 

better environment. This chapter also suggests that government expenditure 

and investments can contribute to lower pollutant emissions, which indicates 

that financial supports are effective in enhancing the sustainable development. 

Therefore, there is a strong impetus reason for developing green finance 

markets in China.  

 

Because of the existence of the EKC in China, the composition and technical 

effects will likely play an important role in the future of economic development, 

which corresponds with the economic structural transformation and energy-

saving technical methods needed to achieve a green economy. In terms of 

green finance, it means the financial methods should focus on financial services 

and products to support rising incomes but falling environmental degradation, 

per the decreasing section of the EKC Therefore, this thesis focuses on 

researching ways to increase the green market share in financial instruments 

and financial innovation. 
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Chapter 3 – The relationship between environmental 

performance and financial performance at the corporate level 

in China 

 

Introduction 

 

Whilst the need for sustainable growth is widely recognised to be an 

increasingly important consideration in determining future enterprise 

development, analysis of the relationship between corporate environmental 

impact and financial performance has been limited to date. A key constraint has 

been that corporate social responsibility (CSR) measures have traditionally 

placed relatively little weight on environmental issues, perhaps owing to the 

lack of a clear, usable definition. CSR represented the first time that major 

companies recognised that their social impact affects their enterprise 

development, and successfully managing this impact can produce long-term 

benefits. For example, Harrison and Freeman (1999) show that analysing social 

and financial performance separately is arbitrary, using a variety of case studies 

and event research to show that business organizations are impacted by a 

range of factors, including different stakeholders, wider economic performance, 

and societal values.  

 

As our understanding of sustainability continues to evolve, so has the 

development of corporate environmental awareness. As the definition of CSR 

has matured, the environmental dimension has been given increased 

importance (Dahlsrud, 2008). More recently, we have seen CSR transition into 

the concept of environmental social governance (ESG) standards, which 

represents a corporation’s performance directly in relation to social 

responsibility (Alva, 2020), by building a set of criteria to help socially conscious 

investors screen the sustainability and social impacts of potential investments. 
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ESG criteria generally have much stronger environmental considerations, in 

keeping with our more comprehensive understanding on how environmental 

risks can threaten economic growth (e.g. climate risk, water scarcity, extreme 

temperature, and pollutant emissions) (S&P Global, 2019). 

 

Companies disclose information relating to environmental protection on their 

CSR/ESG or sustainability reports. Several reporting standards exist, such as 

the Global Reporting Initiative (GRI), Task Force on Climate-related Financial 

Disclosures (TCFD) and Climate Disclosure Standards Board (CDSB). These 

have promoted greater consistency in reporting; for example, the universal 

standards for the sustainability disclosure outlined in the GRI have been 

adopted by 74% of the world’s largest 250 enterprises (Circle, 2021). In 

developed countries, authorities have well-developed regulations for corporate 

social and environmental responsibility (CSER), which have led to restrictions 

on certain corporate activities to limit their negative social impact This is 

accompanied by very high reporting rates; in 2017, over 90% of all companies 

in 9 countries (e.g. UK, Japan, France, and US) published CSR data (KPMG, 

2017).  

 

Lynes and Andrachuk (2008) created a framework to conceptualise the 

motivations for combining social and environmental responsibility at a corporate 

level, which include long-term financial strategy, eco-efficiencies, competitive 

advantages, good corporate citizenship, image enhancement, stakeholder 

pressures and regulation actions. There are many studies which attempt to 

investigate the relationship of corporate financial performance (CFP) and CSR. 

Most of this research does not distinguish between CSR and ESG since they 

both refer to sustainability efforts and social impacts at a corporate level. 

Margolis et al (2009) conducted a meta-analysis across thirty-five years, 

obtaining a positive but small link between corporate social and financial 

performance. Friede et al (2015) reviewed approximately 2200 individual ESG-
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CFP studies over the period 1970-2015and found that 90% of studies suggest 

a non-negative relationship and 62.6% studies specifically found the 

association to be positive. However, there were regional differences within this, 

with North America containing a larger proportion of the positive relationships 

than Europe, Asia or Australia. 

 

It is crucial to investigate these practical issues involved in the trade-offs 

between the dual objectives of maximising both social benefit and market 

benefit. Ultimately, when considering green products and green projects, 

corporate decision making will be driven by the relative costs and benefits. 

Although early literature indicated social responsibility may have a negative 

effect on corporate profits as a result of increased costs, the majority of more 

recent literature reveals that the development of CSR is beneficial for long-term 

financial payback for enterprises (Cordeiro and Sarkis, 1997; Brammer et al., 

2006; Roy and Ghosh, 2017). This research has also emphasized the 

importance of environmental protection within CSR, particularly using pollution 

to measure environmental performance. However, Jaffe et al. (1995) highlights 

that it is not straightforward to estimate the full cost of pollution from corporate 

actions. Therefore, this chapter uses four indicators of environmental 

performance to investigate how corporate sustainability efforts affect financial 

returns.   

 

In China, rapid economic development means that corporate environmental 

management cannot be ignored, so researchers also begun to investigate how 

environmental performance can affect the financial performance under the 

China’s national situation. So far, it has been found that polluting companies 

have less option when trying to attract funds from many investment companies 

or financial institutions (Wang and Zhi, 2016). Therefore, sustainable growth is 

conductive to long-term development of corporations. Furthermore, in China, 

government regulation is the leading force in promoting environmental 
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protection and sustainable activities to companies, through their use of 

environmental law and policies, thus we also want to investigate if these policies 

affect corporate financial performance. 

 

This chapter contributes to EP-FP (environmental performance and financial 

performance) analysis in four aspects. Firstly, this study aims to examine 

corporate environmental performance from multiple perspectives, including 

emissions (CO2 and SO2 emissions), green investment and energy intensity. 

This allows us to generate more detailed insight than just relying on ratings 

scores as a proxy measure; currently, no research in China includes these three 

perspectives for representing corporate environmental performance and no 

literature mentions the environmental investment by each company. Clarkson 

et al (2008) investigated the positive relationship between environmental 

performance and the level of discretionary environmental disclosures, 

illustrating that greater transparency in environmental protection information 

can lead to better environmental management. Therefore, in order to acquiring 

more data in sample, only companies which provide data for more than one 

environmental performance indicators are chosen for this research since they 

have made more progress in environmental reporting and sustainability than 

other companies that simply report rating scores. On the other hand, very 

limited and ambiguous environmental information disclosure are the other 

reasons for the data selection currently.  

 

The company selection comprises the second contribution of this study. The 

company selection is based on the Environment, Social, and Governance (ESG) 

rating from the Wind database and report disclosures on the Shanghai Stock 

Exchange (SSE) and Shenzhen Stock Exchange (SZSE) website. I reviewed 

all the rated companies and companies providing ESG reports, then selected 

the 61 companies which have relatively better environmental data disclosure. 

The standard of chosen companies either provide more than two environmental 
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indicators required in this study or disclose the continuous annual data for each 

indicator. 

 

Thirdly, this analysis selects the time period 2010-2018 in order to capture the 

relationship across more data. China is still at a fairly early stage in its 

environmental protection management, so to date, academic research on EP-

FP analysis is limited in China due to insufficient data.  

 

Finally, I use 10-year data across specific indicators (e.g., emissions data, 

amount of investment on environmental protection, and energy intensity) to 

obtain evidence of a positive relationship between corporate environmental 

performance and financial performance, which supports the conclusion that 

sustainable development is the right direction for listed companies.   

 

The remainder of this chapter is organized as follows. First, it discusses the 

literature review, covering both the theoretical and empirical aspects. Second, 

data description lists the proxies for environmental performance and financial 

performance separately. Third, the following section presents the methodology 

and results. The final section summarises the positive relationship between 

corporate environmental performance and financial performance and provides 

the possibilities of further research.  

 

Literature review 

 

Theoretical background and main findings from previous studies 

The theoretical arguments of exploring the relationship between environmental 

and financial performance are relied on various perspectives from previous 

studies. The findings on the relationship between environmental performance 

and financial performance are controversial. Horváthová (2010) conduct a 

meta-analysis which indicates three type of results among the studies they 
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obtain – positive relationship, negative relationship, and no relationship, with 

the majority of studies supporting a positive association between environmental 

and financial performance (Fan et al., 2017).  

 

One argument suggests that the improvement of environmental performance 

have a positive effect on financial performance. Ganda and Milondzo (2018) 

use carbon emissions to investigate the impact on financial performance, 

generally finding the relationship to be negative relationships, although their 

analysis did contain some mixed results. They also demonstrated a negative 

partial effect of carbon emissions intensity on financial performance, which 

indicates that lower emissions intensity may lead to a higher corporate growth 

rate.  

The improvement of environmental performance in firms will lead to the extra 

costs, therefore, the positive effect on financial performance will be proved if 

the spending on environmental performance can create enough profits to cover 

the adding costs. Dwyer et al (2009) used a case study with Korean SMEs in 

manufacturing to reveal that green management is potentially an effective 

method to reduce costs and increase revenues. Muhammad et al. (2015) found 

that a firm’s environmental performance has a positive effect on its financial 

performance during periods of economic growth. Therefore, green investment 

and regulation on corporate environmental protection should be encouraged 

and we can reasonably expect that with the increase of green inputs, carbon 

emissions will probably decrease in the future. To summarise, the cost offsetting 

is based on the economic development and regulation supports. Environmental 

Kuznets Curve hypothesis also can explain that the improvement of 

environmental performance is supported by the industrial transition and 

technical innovation as the economic growth.  

 

However, some literature cannot prove the positive association between 

corporate environmental improvement and financial performance. Gilley et al. 
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(2000) indicate no relationships between announced environmental initiatives 

and anticipated firm economic performance. The number of projects targeting 

CEP decreased during the global financial crisis period 2008-2010, which is 

perhaps the reason no relationship can be established between CEP and CFP 

(Karaibrahimoglu, 2010; Muhammad et al., 2015). Some studies indicate the 

negative relationships between EP and FP (Ganda and Milondzo, 2018).   

 

According to stakeholder theory of the modern corporations, the stakeholders 

of companies will pay close attention to the socially responsible activities, 

including bankers, government official and investors (Jean et al, 1988). 

Business operations of the company should be constrained by the need for non-

financial metrics, such as environmental protection to support sustainable 

growth, rather than focusing on basic financial data. Similarly, it is valuable to 

analyse the motivations and responses of various stakeholders as their 

behaviours could influence the corporate environmental management. For 

example, the voluntary environment disclosure is imposed by stakeholders’ 

pressures, which is the core of legitimacy theory. As different stakeholders have 

different characteristics, we individually review their preferences on 

environmental performance, and how this will influence corporate performance. 

 

Government and policy impact 

The authorities provide environmental policy guidance to enterprises, with the 

intensity of the policy affecting how it is implemented in these companies. This 

study focuses on two perspectives for policy implementations: policies on 

environmental protection and policies on environmental information disclosure.  

 

Several developed countries have implemented policies on environmental 

protection, some of which have achieved remarkable impacts. For example, in 

the UK, in 2006-2007, Environment Agency penalised 6,773 pounds as the 

average fines from 736 prosecutions under the Environmental Protection Act 
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1990 (Environment Agency, 2007). The UK’s 2008 Climate Change Act had, by 

2018, achieved a 44% reduction in GHG emissions compared to 1990 levels 

(Climate Change Committee, 2021). Moreover, the EP-FP studies in common 

law country usually obtain better results than in civil law countries, as the 

common law system can bring more benefits for creditors and investors, 

although it should be noted that the environmental pollution is more severe in 

civil law countries (Di Vita, 2009; Horvathova, 2010).  

 

The Chinese government has modified its law for corporate environmental 

protection in recent years. Table 3.1 shows the environmental-related policy 

evolution at the corporate-level in over the last 10 years. In 2015, the first 

amendment to the environmental protection law set protection as the priority 

aim rather than end-of-pipe treatment, which marks the beginning of mature 

legislation. The new polices became stricter and more detailed, as well as 

facilitating greater information transparency for the public. The policy enhances 

the enforcement mechanisms for both local government and companies, and 

firms will have to pay a daily penalty for illegal emissions discharge. 

 

Law of the People's Republic of China on Environmental 
Protection 01/01/2015 

Law of the People's Republic of China on the 
Prevention and Control of Solid Waste Pollution 

07/11/2016 
05/06/2019 

Environmental Protection Tax Law of the People's 
Republic of China 4th 01/01/2018 

Law of the People's Republic of China on the 
Prevention and Control of Water Pollution 01/06/2018 

Law of the People's Republic of China on the 
Prevention and Control of Atmospheric Pollution 26/10/2018 

The environmental impact assessment law of the 
People's Republic of China 29/12/2018 

Law of the People's Republic of China on Conserving 
Energy 26/10/2018 

Interim Measures for the Supervision and Administration 
of Energy Conservation and Emission Reduction at 

Central Enterprises 12/04/2010 

Integrated emission standard of air pollutants

（GB16297-1996） 01/01/1997 

Table 3.1: Summary of main policies of environmental protection in China 
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Many studies provide evidence that better environmental information disclosure 

brings positive effect on corporate financial performance. For some developed 

countries, the Bloomberg ESG rating will penalize companies for ‘missing data’ 

(Huber et al., 2017). The overall lack of data and missing data problem could 

be the reasons why there is currently very little literature on this research area 

in China, who until 2017, had no compulsory environmental disclosures 

required in CSR or annual reports. Mandatory environmental disclosures were 

imposed for heavily polluting companies in 2017, but otherwise remained 

voluntary. Other listed companies were required to accept semi-mandatory 

disclosure in 2018, which meant firms should explain why environmental 

information is hidden. Therefore, it is anticipated that mandatory environmental 

reporting will be required by the end of 2020. This is very promising; Clarkson 

et al. (2008) use toxics release inventory (TRI) emissions and the toxic waste 

usage as environmental performance proxies to conclude that a high level of 

discretionary environmental disclosure can improve the corporate 

environmental performance. Furthermore, the companies were not very 

positive to the disclosure of CSR report in China and the main reason was less 

compulsory forces on the disclosure. In addition, some companies did not 

provide comprehensive CSR reporting because of the sensitivity of the 

information or incomplete statistics. 

 

Investors 

Corporate social responsibility can affect the investment preference from 

potential investors and this is not limited to only environmentally sensitive 

investors. Frooman (1997) indicates that shareholders’ wealth will decrease if 

firms act in a socially irresponsible manner. Also, investors respond positively 

to voluntary disclosures of a green investment, and the disclosures on societal 

benefits of the investment makes the company more attractive to potential 

investment due to the green credits, which mean less restrictions on loans for 
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financing environmental-friendly projects. (Social investment Forum 

Foundation, 2012; Moser and Martin, 2012). CSR disclosure could also be a 

measurement to help predict future earnings and cash flows for Investors 

(Moser and Martin, 2012). For example, the Domini 400 social index was 

designed by 400 top ESG scores companies to offers indicators for 

environmental conscious investors to help them make the right investment 

decisions with higher efficiency.  

 

Customers 

The improvement of corporate environmental performance can retain the loyal 

customers and they are more profitable than the new customers (Yeung and 

Ennew, 2001). An enterprise becoming more socially responsible can help 

facilitate the establishment of trust and increase customers, and hence sales, 

as well as improve pricing power (Lev et al, 2011). Green initiatives enhance 

the reputation of a company, helping them attract more potential customers, 

and their products possess competitive advantages due to this social approval 

(Molina-Azorin et al, 2009).  

 

Bankers 

Bankers and financial institutions, as potential stakeholders in a company, 

would consider its rating when making loans. Currently, commercial banks in 

China have started to implement environmental tools as part of their decision 

factors, such as climate change stress testing, and strategic environmental 

assessment. As discussed, good environmental performance helps corporate 

reputation-building which can contribute to positive attitudes amongst 

stakeholders, including stronger banking relationships (Orlitzky et al, 2003). 

 

Financial performance measures 

 

The common measures of financial performance can be classified into two 
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categories: accounting-based performance indicators and market-based 

indicators. Earnings per share (EPS), total return on asset (ROA), and total 

return on equity (ROE) are the common indicators of accounting-based 

performance measures (Lioui and Sharma, 2012; Fan et al., 2017). Additionally, 

Tobin’s q is the measure of assets’ market value divided by the replacement 

value of those assets, which can represent the market-based financial 

performance (King and Lenox, 2001).  

 

Environmental performance measures 

Environmental performance can be represented by various proxies. Firstly, the 

amount of emissions can reflect the environmental management directly at the 

corporate level. For example, SO2, NOx, COD are the representative indicators 

of industrial emissions. Additionally, Chariri et al (2018) select 172 companies 

listed on the Indonesia Stock Exchanges from 2009 to 2014, and reveal green 

investment is beneficial for firm financial performance, as well as that large-

scale companies have better green investment performance due to well-

developed environmental management. Nevertheless, they classify the 

companies into five levels of green investment and the results showed only 54.8% 

companies satisfy the minimum level of green investment specified by the 

Indonesian authorities. Therefore, improving the motivations in green activities 

could be the goal for sustainable growth in the future. Thirdly, energy efficiency 

is also an important indicator that has been found to have a positive effect on 

financial performance (Fan et al, 2017; Coban and Topcu, 2013). Lower energy 

intensity represents the optimization of resource allocation and can therefore 

increase the financial output. Fourthly, some papers adopt environmental 

performance indexes which are based on various industrial emissions such as 

SO2, NOx, and COD emissions (Wagner et al, 2002). These kinds of indices are 

obtained by combining a range of environmental management indicators and 

then employing clear guidelines on how to rate the scores. For example, 

Muhammad et al. (2015) employ toxicity weighting scores to obtain weighted 
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average risks for each chemical to account for their toxicity, instead of merely 

aggregating all different chemicals, so that the health effects can be considered 

into the scores.  

 

Methodology 

 

Ambec and Lanoie (2008) have identified three main approaches for 

investigating the financial reactions on environmental performance: portfolio 

analyses, event studies, and long-term studies using regression analysis. 

Portfolio analysis refers to the evaluation of SRI funds (or indices); event study 

measures the corporate financial reaction to the new information; long-term 

studies rely on the use of regressions to analyse the specific characteristics of 

corporate environmental performance. Some papers conduct fixed effect model 

analysis with unbalanced panel data to cope with the endogeneity problems 

and to avoid unobserved industry-specific effects (Iwata and Okada, 2011). Liu 

(2020) decomposed the variance of observations into a multilevel framework 

and their results suggest an  overall positive trend between EP and FP. King 

and Lenox (2001) used two variables as the explanatory variables of emission 

discharges which can diminish the error signal due to environmental 

management and industry difference, noting that “Relative emissions are 

represented by average emissions based on sector and size, and industry 

emission is average total emissions per employee of sectors in which the firm 

operates”. Karagiorgos (2010) conducted a content analysis and create a CSR 

index based on the GRI guidelines to investigate the relationship between CSR 

and firm performance for Greek listed companies.  Finally, a few studies use 

the number of sentences in CSR reporting to conduct the content analysis, 

which can reflect the CSR development in these corporations (Thompson, et 

al., 2004, Shirley, et al., 2009). 

 



72 
 

Corporate EP-FP analysis in China 

 

EP-FP analysis in China is still very much in its infancy, due to limited data. 

However, as the foreign trade market in China enlarges, more standardised 

ESG data becomes available. Thus, there are a few studies focusing on how 

environmental management affects financial performance. Fan et al. (2017) 

Chinese-based study found higher energy efficiency leads to better financial 

performance across four financial indicators, except Tobin’s q. Song et al (2017) 

use an index created by the Shanghai National Accounting Institute. This index 

represents the environmental management review as a weighted average 

score from four aspects: the contaminated environment, environmentally 

hazardous material, environmentally friendly products and adopt other methods 

to control pollution. Additionally, they find evidence that corporate 

environmental performance has a significant positive effect on future financial 

performance from 2007 to 2011, rather than current financial performance. We 

may consider that the corporate environmental management is still at the initial 

stage and requires longer time to gain benefits.   

 

Hypotheses 

Hypothesis H1.  

Corporate environmental performance will positively influence corporate 

financial performance.  

The first hypothesis is in accordance with the results from the majority of 

previous studies. However, currently there is no literature to investigate the 

relationship between environmental performance and financial performance 

using same environmental performance indicators and time period as this study. 

Additionally, this study has traced back to more than ten years ago, and the 

sample period is from 2008 to 2018. 

 

Hypothesis H2. 
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Improved environmental policy will have a positive effect on the corporate 

financial performance.  

 

This study introduces the policy dummy variable to investigate how the 2015 

amendment of environmental law can affect financial performance. In addition, 

the interaction terms aim to establish the linkage between the policy dummy 

and other environmental performance indicators. Although environmental 

improvement entails strong supports from authorities and large amount of 

financial costs, the low-carbon economy is the long-run trend supported by 

global consensus.  

 

Data description 

This study selected listed companies which trade on either the Shanghai Stock 

Exchange or Shenzhen Stock Exchange from 2008 to 2018. This sample of 61 

listed companies was then analysed using the unbalanced panel data model. 

The selected companies were categorised into 9 industries (note that financial 

companies were excluded owing to their limited comparability with other 

businesses). I collected data on the four environmental indicators -CO2 

emissions (CO2), SO2 emissions (SO2), green investment (ENVINV), and 

energy intensity (EI) from the companies’ ESG/CSR/sustainability reports. The 

financial performance indicators – Return on Asset (ROA), Return on Equity 

(ROE), and Return on Invested Capital (ROIC) and other company data - 

number of employees (EMPLOYEES), and leverage ratio (LEVERAGE) were 

accessed from the Wind database. Regarding the standard of ESG reports, 

most of the listed companies reported their sustainable performance but few 

companies followed the GRI sustainability reporting standards with fully 

disclosed. Table 9 presents the basic descriptive statistics for the panel data of 

these chosen companies.  

 



74 
 

 

Table 3.2: Summary statistics for sample companies 

 

Measures 

Financial performance 

For the dependent variable, we use three measures of financial performance: 

ROA, ROE, and ROIC. By focusing on a firm’s profitability from capital, we are 

better able evaluate investment actions. ROA represents asset efficiency, ROE 

focuses on the equity investors, and ROIC considers all investors in a company. 

Return on assets (ROA) is measured by dividing a company’s earnings before 

interest and tax (EBIT) by total assets. Return on equity (ROE) indicates 

effective use of company’s equity capital and is calculated by dividing net 

income by shareholders’ equity. Return on invested capital (ROIC) measures 

profitability that invested by firm’s bondholders and stockholders.  

 

Environmental performance 

Four indicators are chosen for measuring the corporate environmental 

performance from different perspectives: total investment in environmental 

protection (green investment), energy intensity, greenhouse gas emissions in 

total, and sulphur dioxide emissions. Unlike most of the literature, this study 

considers multiple indictors to describe the corporate sustainable actions rather 

than focusing on single indicator. Thus, these indicators aim to assess both 

effort and achievement on environmental protection at the corporate level. 

Environmental investments reflect how much direct efforts the company has 

made, including investments on technological upgrades, energy conservation, 

and pollution reduction. However, the environmental investments are 

 Mean  Median  Max.  Min.  Std. Dev.  Obs.

SO2 tonnes 31107 5556 308969 0.010 64972 136

CO2 tonnes 10748812 2900592 172000000 159 23519485 136

EI tonnes of standard coal/10,000 yuan 0.557 0.134 6.120 0.007 0.855 226

ENVINV 100 million yuan 4.853 1.052 94.100 0.008 12.560 272

ROA % 6.109 5.190 42.114 -25.678 5.931 660

ROE % 9.666 10.056 87.005 -70.590 12.985 658

ROIC % 7.416 6.423 42.442 -34.086 7.432 660

EMPLOYEES number of person 57759 28044 451611 40 77633 647

LEVERAGE % 2.406 1.844 45.354 -7.263 2.716 660
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associated with the scale of company and the nature of business. Large 

enterprises are likely to be more able to invest in environmental protection, and 

companies in heavy industry require energy transitions and upgrading with high 

environmental costs. Energy intensity measures the amount of energy 

consumed (in the unit of tonnes of standard coal) for every unit of operating 

revenue (10,000 yuan) of a firm.   

 

Controls 

A series of control variables have been chosen, which include firm size, 

leverage ratio, environmental policy, and an interaction term between 

environmental policy and environmental performance. The environmental 

policy control is a dummy variable to control for the effect of modifications to 

Chinese environmental laws in 2015, with the time period pre-2015 coded used 

as the baseline, and post-2015 being coded with value 1. This allows us to 

identify the effectiveness of the policy in delivering environmental protection. 

This is further supported by the interaction term between policy and 

environmental performance. Interaction terms can explain if a third explanatory 

variable can influence the relationship between one independent variable and 

dependent variable, thus allowing us to capture the role of environmental 

protection law in the relationship between financial performance and 

environmental performance. Financial leverage is calculated as ratio of total 

debt divided by total assets. We would expect a higher leverage ratio to 

represent a higher financial risk to the company. To measure firm size, we use 

the proxy variable of the natural logarithm of the total number of employees. 

Generally, larger-scaled companies acquire more employees to satisfy the 

relatively broader nature of their business activities. Meanwhile, a larger size 

company may have superior profitability due to more advanced technology and 

better cost-savings from economies of scales (Rokhmawati and Gunardi, 2017), 

as well as showing a positive association with a company’s sustainability 

(Drempetic, et al., 2019).  
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Methodology and results 

Model specification 

For the unbalanced panel dataset created for this analysis, for the fixed effects 

model is applied as this allows for the control of unidentified factors in the 

estimation. Additionally, it makes weaker assumptions than required for the 

fixed effect method. The basic model is expressed as below: 

 

Financial performance𝑖𝑡

= 𝛽0 + 𝛽1𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖𝑡 + 𝛽2𝑆𝑖𝑧𝑒𝑖𝑡

+ 𝛽3𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝛽5𝐸𝑛𝑣𝑖𝑜𝑟𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖𝑡

∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝜀𝑖𝑡                                                      (3.1) 

 

Where Financial performance𝑖𝑡  denotes the measures of corporate financial 

performances (i.e. ROA, ROE, or ROIC), and 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖𝑡 

denotes corporate environmental-related actions (i.e. green investment, energy 

intensity, greenhouse gas emissions, or sulphur dioxide emissions) of firm 𝑖 in 

year 𝑡 . Regarding the other explanatory variables, 𝑆𝑖𝑧𝑒𝑖𝑡  represents the firm 

size, 𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 is financial leverage ratio, 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 is a policy dummy variable 

which is defined as 1 if the modified environmental protection law launched in 

year 𝑡 , and 𝐸𝑛𝑣𝑖𝑜𝑟𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖𝑡 ∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡  is the interaction term. 

The error term 𝜀𝑖𝑡  refers to the uncertainties in the model. The independent 

variables of green investments, carbon emissions, and sulphur dioxide 

emissions will be used with a logarithmic transformation for convenient 

calculation. Firm size is represented by the total numbers of employees, which 

is also transforming into logarithmic form. Therefore, the specific models are 

written as follows: 

Financial performance𝑖𝑡

= 𝛽0 + 𝛽1𝑙𝑛𝐶𝑂2𝑖𝑡 + 𝛽2𝑆𝑖𝑧𝑒𝑖𝑡 + 𝛽3𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝐸𝑃𝐿𝑎𝑤𝑖𝑡

+ 𝛽5𝑙𝑛𝐶𝑂2𝑖𝑡 ∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝜀𝑖𝑡                             (3.2) 
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Financial performance𝑖𝑡

= 𝛽0 + 𝛽1𝐸𝐼𝑖𝑡 + 𝛽2𝑆𝑖𝑧𝑒𝑖𝑡 + 𝛽3𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝛽5𝐸𝐼𝑖𝑡

∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝜀𝑖𝑡                                                          (3.3) 

Financial performance𝑖𝑡

= 𝛽0 + 𝛽1𝑙𝑛𝑒𝑛𝑣𝑖𝑛𝑣𝑖𝑡 + 𝛽2𝑆𝑖𝑧𝑒𝑖𝑡 + 𝛽3𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝐸𝑃𝐿𝑎𝑤𝑖𝑡

+ 𝛽5𝑙𝑛𝑒𝑛𝑣𝑖𝑛𝑣𝑖𝑡 ∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝜀𝑖𝑡                          (3.4) 

Financial performance𝑖𝑡

= 𝛽0 + 𝛽1𝑙𝑛𝑆𝑂2𝑖𝑡 + 𝛽2𝑆𝑖𝑧𝑒𝑖𝑡 + 𝛽3𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝐸𝑃𝐿𝑎𝑤𝑖𝑡

+ 𝛽5𝑙𝑛𝑆𝑂2𝑖𝑡 ∗ 𝐸𝑃𝐿𝑎𝑤𝑖𝑡 + 𝜀𝑖𝑡                                (3.5)  

 

Results of EP-FP analysis 

 

All results reflect a positive relationship between financial performance and 

environmental performance, meaning we can conclude that the development 

of environmental protection is likely to boost financial performance. Most 

independent variables have a statistically significant effect on the dependent 

variables, which reveals a good identification of the factors affecting the 

association between corporate environmental performance and financial 

performance. In addition, the below tables show the adjusted R-squared is 

within the range of 0.2176 and 0.6173. Most of the adjusted R-squared values 

are around 0.5 which suggests the model is a good fit for our empirical analyses. 

The different characteristics of the environmental indicators used show that 

firms put in effort across a range of sustainability perspectives.  

 

The parameter estimates of carbon dioxide emissions are statistically 

significant with the three financial performance indicators (ROA, ROE, and 

ROIC) at the 5% significant level. The negative signs of the coefficients indicate 

the carbon emissions reductions lead to the increase in financial performance 

for the sample corporations. The best result is the relationship between ROIC 

and CO2, which achieves a relatively high adjusted R-squared (0.6173) and 
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small p-value (0.0209). The effect of carbon emissions on ROE is relatively 

large (-6.9414) and statistically significant. There is no linkage between 

modified environmental law and CO2 emissions as shown by the insignificant 

coefficients of the three policy dummy variables. Also, the coefficients of the 

interaction term between carbon emissions and environmental law are not 

significant to the financial performance.  

 

 

*, **, and *** denote asymptotic statistical significance at the 10%, 5%, and 

1% levels respectively. The standard errors are listed in brackets. 

Table 3.3: Carbon emissions and its impacts on financial performance 

 

The finding of a negative relationship is consistent with earlier research that 

found carbon emissions are negatively related to the corporate financial 

performance (Matsumura et al., 2013; Saka and Oshika, 2014; Liu et al., 2017). 

Matsumura et al. (2014) calculate the firm values will decrease $212,000 per 

every extra thousand metric tons of carbon emissions. Additionally, Liu et al. 

(2017) selected 62 carbon-sensitive UK firms (firms with Carbon Trading 

Account Holders), and concluded that the decrease in carbon emissions in the 

UK is beneficial to increase the financial profits on firms’ tangible assets. The 

carbon trading market facilitates the significant negative association between 

carbon emissions and financial performance. The trade of emissions 

ROA ROE ROIC

lnCO2 -2.0439** -6.9414** -2.4613**

(0.9433) (3.1746) (1.0475)

Size -0.3327 0.3131 -0.2673

(1.1465) (4.7694) (1.2779)

leverage -0.8423** -4.2438* -1.0183*

(0.4119) (2.5391) (0.5295)

EP_Law -13.0815 -24.7895 -16.8038

(9.3491) (22.9157) (10.4542)

lnCO2*Law 0.7935 1.5042 1.0248

(0.5910) (1.5976) (0.6674)

Constant 41.6124** 118.4842* 48.8309**

(17.6921) (64.4195) (19.9364)

Adjusted R2 0.5652 0.3142 0.6173
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allowances acts as an effective incentive to improve carbon efficiency. 

Otherwise, if they produce emissions beyond the allowances, the company 

must pay heavy fines. The trend of carbon emissions change in sample 

companies are different and the expectation of future trend should be 

decreased. Therefore, the development of carbon market is needed at the 

national level instead of the pilot programs1 in order to seeing the effectiveness 

of environmental policy on financial performance.    

 

The energy intensity has a negative effect on ROA and ROIC which is 

significant with the 99% confidence interval, although the effect on ROE is 

insignificant. Thus, the results indicate that the lower energy intensity can 

increase the ROA or ROIC. Fan et al. (2017) also indicate the positive 

relationship between energy intensity and financial performance in China for 

the period 2010-2014, with the improvement of energy efficiency and reduction 

in energy consumption being compulsory for energy-intensive firms. Lower 

energy intensity means energy consumption is more productive; hence the 

stakeholders expect that the lower energy consumed could create monetary 

benefits. In addition, this trend holds for all companies, irrespective of their 

absolute energy-intensity. The coefficients of EP_Law are statistically 

significant and negative, which suggests the amendment of the environmental 

protection law has been negatively associated with financial growth, as well as 

indicating its significant binding force since the amended law launched in 2015.  

                                            
1 Chinese government had launched the pilot emissions trading programs in eight cities and provinces 
since 2013, including Shenzhen, Beijing, Shanghai, Guangdong, Tianjin, Hubei, Chongqing, and Fujian. 
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Table 3.4: Energy intensity and its impacts on financial performance 

 

Table 3.5 indicates that investment on environmental protection has a negative 

relationship with ROIC which is significant at the 10% level. The coefficient is -

0.69, which means the negative effect is relatively small. Although we have 

more data on environmental investments, the negative coefficients of 

environmental investments are insignificant to ROA and ROE. The coefficients 

of the policy dummy are statistically significant to ROA, ROE, and ROIC. The 

negative relationships between the modified environmental law and financial 

performance imply the environmental protection slowed down the growth of 

financial performance during the sample period. However, the interaction term 

combines the effects of environmental investments and modified environmental 

law implementation to financial performance, and the coefficients of interaction 

terms are positive and significant to ROA, ROE, and ROIC. This positive 

relationship indicates that corporate financial performance can benefit when 

environmental investment is combined with environmental protection policy. 

The results reflect the relative policy is the guidance for environmental 

investment. 

 

Therefore, two reasons are conducted for the results. Firstly, most chosen 

companies belong to energy-intensive industry, including energy, 

ROA ROE ROIC

EI -2.6179*** -2.8560 -2.9436***

(0.9711) (2.6068) (1.1106)

Size -0.1515 -0.0312 0.0230

(0.7056) (1.4272) (1.0156)

leverage -0.4809* -4.0316* -0.4947

(0.2867) (2.1670) (0.3227)

EP_Law -2.5900*** -5.1425*** -4.6964***

(0.6532) (1.5537) (0.9573)

EI*Law 0.5826 -0.0322 1.5871**

(0.5827) (1.5292) (0.7339)

Constant 11.7220 25.8889* 13.0319

(7.2883) (14.6408) (10.5061)

Adjusted R2 0.4521 0.2853 0.4532
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manufacturing, and materials. Those companies have stronger environmental 

concerns. Sueyoshi and Goto (2009) found that environmental protection 

expenditure reduced the ROA in the US electric utility industry from 1989 to 

2001, and the negative impacts were greater after the implementation of the 

Title IV Program of the US Clean Air Act in 1995. They indicate that their findings 

were inconsistent with many previous studies due to the presence of industry-

specific characteristics. Thus, there is a strong potential argument that the 

government should give financial support or incentives to reduce the burden for 

these energy-intensive companies. Secondly, it is hard to capture the total trend 

of green investment according to the sample data, which means different firms 

demonstrated the inconsistent trends. Therefore, we cannot satisfactorily 

identify whether environmental investment exhibits an increasing or decreasing 

trend. Green investment policies are affected by multiple factors, including 

industry, enterprise transformation, and policy guidance. Different companies 

may vary their investment on environmental protection annually, depending on 

their company’s situation each year. Additionally, if a company completes a 

large upgrade to support greener manufacturing, their green investment in 

subsequent years may be lower, until further upgrades are required. This 

fluctuating trend of green investment is mostly seen in companies with fast-

paced development.  

 

Table 3.5: Environmental investments and its impacts on financial performance 

ROA ROE ROIC

lnEnvinv -0.4195 -0.9523 -0.6963*

(0.2897) (0.6438) (0.3838)

Size -0.4239 -1.2838 -0.8825

(1.0156) (1.8938) (1.4244)

leverage -0.7758** -2.7965* -0.8917**

(0.3458) (1.4528) (0.4022)

EP_Law -18.4559*** -33.0375** -28.5831***

(5.5112) (12.8175) (7.6158)

lnEnvinv*Law 0.9443*** 1.6792** 1.4715***

(0.3003) (0.7121) (0.4130)

Constant 20.5768* 48.0098** 32.1963**

(11.7045) (21.0349) (16.1732)

Adjusted R2 0.4124 0.3479 0.4233
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Sulphur dioxide emissions are a good representative industrial emission. The 

results show the effects of sulphur dioxide emissions are negatively related on 

the three financial performance indicators - ROA, ROE, and ROIC, with p-value 

0.0067, 0.0105, 0.0056 respectively. Most chosen companies had decreasing 

trends of sulphur dioxides emissions, demonstrating the effectiveness of efforts 

on pollution control within those companies. Similarly, the parameter estimates 

of the environmental law dummy are negative and significant to ROA and ROIC 

but have no significant relationship with ROE. This suggests that modified 

environmental law can decrease financial profits. However, the parameter 

estimates of the interaction terms are positive and significant to ROA and ROIC, 

indicating that the combination of stronger environmental law and reduced SO2 

emissions can increase the financial profits. The law force and SO2 emissions 

reduction can reflect that the corporations in China have implemented the SO2 

controls relied on the strict policies in order to achieving the target of green 

growth. For the companies with lower emission discharge, the government and 

the market usually provide more attractive and convenient way to carry out the 

business with preferential policies and less market-entry requirements in China. 

 

Table 3.6: Sulphur dioxides emissions and its impacts on financial performance 

 

ROA ROE ROIC

lnSO2 -1.5430** -3.6299** -2.0201***

(0.5572) (1.3925) (0.7130)

Size -2.3966 -6.1513 -3.1787

(1.7652) (4.8378) (2.3409)

leverage -1.3403*** -3.8676** -1.5583**

(0.4654) (1.7190) (0.6161)

EP_Law -10.4292** -16.7595 -14.5224**

(4.9041) (11.4490) (6.7483)

lnSO2*Law 0.9794* 1.5581 1.4327**

(0.5392) (1.3664) (0.7218)

Constant 48.1032** 111.9675** 61.4734**

(18.8142) (55.2966) (25.2099)

Adjusted R2 0.4523 0.2176 0.3874
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Robustness check 

The robustness checks in this chapter involve using alternative models and 

variables to estimate the sensitivity of the results. Table 3.7 presents the results 

of the two changes made to the model specifications. Firstly, I use an alternative 

measurement for company size, replacing the natural logarithm transformation 

of total employees with a variable for total assets. Additionally, I use the OLS 

model as the other method to conduct the robustness testing. The results show 

that these changes do not change the relationship (or its statistical significance) 

between environmental performance and financial performance. Thus, we 

believe the positive effects of environmental protection are robust to changes 

in the specification.  

 

Table 3.7: Robustness check of EP-FP analysis 

 

Variable Alternative variable OLS Alternative variable OLS Alternative variable OLS

LnCO2 -1.893549** -0.587672* -6.346839** -2.098508*** -2.281756** -1.116874***

LnAsset 3.052522* 11.85196 3.616436*

LnEmp 0.302781 1.861238* 0.805709**

Leverage -0.81065** -1.203132*** -4.151745* -2.405511*** -0.978743** -1.382103***

EP_Law -13.16711 -3.526985 -25.20674 -23.93872** -16.94266* -10.81903**

CO2*Law 0.740062 0.226669 1.302644 1.557288* 0.964061 0.699013**

Constant -41.4042 13.93218** -186.8696 26.71488** -48.17546 18.23087***

Variable Alternative variable OLS Alternative variable OLS Alternative variable OLS

Energy Intensity -2.636391*** 0.726662 -2.451793 0.551931 -2.964003*** -0.951561

LnAsset -0.374502 2.969256 -0.400341

LnEmp 0.422579* 1.878743*** 0.808928**

Leverage -0.480137* -0.99738*** -4.244495** -1.558641* -0.498141 -0.899002***

EP_Law -2.426082*** -2.779213*** -6.980737*** -5.797646*** -4.385808*** -4.427148***

EI*Law 0.571683 -0.403427 0.200224 -1.120245 1.51423** 0.230639

Constant 19.5704 5.74043 -47.74932 -1.042802 23.22765 5.181158

Variable Alternative variable OLS Alternative variable OLS Alternative variable OLS

LnSO2 -1.672991*** -1.176656*** -3.839173** -2.121418** -2.190997*** -1.980207***

LnAsset -2.961971 -3.535411 -3.878408

LnEmp 0.864709** 0.004090 0.691200

Leverage -1.326253*** -0.804764*** -3.730410** -1.966783** -1.538442** -0.885729***

EP_Law -10.13157** -9.683218** -18.12859 -15.52437** -14.15393** -16.30848***

SO2*Law 1.034874* 0.914064** 1.858655 1.461272 1.508149** 1.590085***

Constant 98.82225 -2.287086 139.4920 32.42416*** 127.4777 10.39543

Variable Alternative variable OLS Alternative variable OLS Alternative variable OLS

LnInv -0.395298 -0.246144 -0.986868 -1.433887*** -0.626537 -0.939880***

LnAsset -0.471881 -0.016454 -1.236072

LnEmp -0.165631 1.487130*** 0.272784

Leverage -0.754912** -0.769277*** -2.783453** -1.563480** -0.839252** -0.863017***

EP_Law -17.85233*** -19.08259*** -33.14951*** -39.40978*** -26.97821*** -30.13502***

Inv*Law 0.920077*** 0.975633*** 1.682472** 2.002336*** 1.407382*** 1.549897***

Constant 27.44915 14.78068*** 35.93479 25.61410*** 52.40890 24.83370***

ROA ROE ROIC

ROA ROE ROIC

ROA ROE ROIC

ROA ROE ROIC
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Conclusion 

The aim of the research was not to encourage the sacrifice of profits for 

environmental protection; indeed, we expected that environmental protection 

action in corporations would have a positive effect on monetary returns. 

Chinese authorities facilitate the improvement of environmental quality and the 

mechanisms for environmental law enforcement. The necessity of 

environmental protection motivates corporate transformation, thus the firms 

become more efficient to achieve the near-term targets and create long-term 

value. In summary, this study has proved the positive relationships between 

corporate environmental performance (measured both by effort and 

achievement) and corporate financial performance, which is in line with most 

previous research. The results indicate that the Chinese market does respond 

to environmental performance, which means that stakeholders’ wealth is 

associated with environmental management in corporations. In addition, the 

research findings could provide the evidence for policy improvement. First, 

government should promote further legislation to improve corporate 

environmental protection according to the positive EP-FP relations and 

significant results of policy dummy variables. Second, the policy has a crucial 

role in disclosing environmental information, which reduced information 

asymmetry between corporations and investors. 

 

In this study, the company size is insignificant to corporate financial 

performance, although this could be because all companies in the sample are 

large-scale listed companies. Therefore, further studies might include SMEs to 

better investigate this. Given that the scale of the companies determines the 

investment scale, we might expect larger-scale companies to have higher 

environmental protection input in keeping with their larger energy consumption 

and production. Similarly, large-scaled companies may take more 

responsibilities on environmental protection compared with SMEs as green 

investment may be an effective method of maintain corporate legitimacy and 
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enhancing firm value (Chariri et al., 2018). There are now in excess of 30 million 

Chinese SMEs, which contribute more than 60% of GDP, 50% of the tax 

revenues, 70% of R&D achievements, and 80% of labour employments (Lu, 

2020). Therefore, the environmental protection in SMEs is of tremendous 

importance for sustainable development and is an important area for future 

research.   

 

Regarding the limited data, the new rules around ESG mandatory disclosures 

for all Chinese listed companies were expected to be implemented at the end 

of 2020, but this been delayed until 2021 due to the Covid-19 pandemic. Thus 

there is a role for further studies to extend this study with more data. In terms 

of the policy trends on environmental disclosure, Tang (2020) notes three 

dimensions – 1) Voluntary to mandatory reporting, 2) Broader scope and new 

markets, 3) international alignment. Mandatory disclosures enhance firms’ 

sustainability responsibility, which provide the accountable information to 

stakeholders for evaluating firms. As previously discussed, many studies show 

that environmental disclosures are beneficial for financial performance. 

Matsumura et al. (2014) indicate that firms who release carbon emissions 

disclosures gains more $2.3 billion total firm values than non-reporting firms, 

and both firms with high carbon emissions and firms without environmental 

disclosures are penalised by the market. Therefore, the environment 

disclosures are an important contribution to building corporate social 

responsibility, which could improve a firm’s reputation and help it retain existing 

customers and attract new customers. Furthermore, the creation of the 

composite index for environmental performance at the firm level should be a 

future research priority.   
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Chapter 4 -The determinants of green bond market growth: 

Evidence from China’s Green bond market and green bond 

initiatives in China  

 

Introduction  

 

The EKC based study in Chapter 2 considered how government expenditure 

on environmental protection, and investment on pollution treatment can affect 

the pollutant emissions at the macro level. Moreover, Chapter 3 discussed the 

relationship between environmental performance and financial performance at 

the corporate level, and green investment as a proxy for environmental 

performance is introduced into the research. The results show that green 

investment is not significant for all financial performance indicators, therefore, 

the effectiveness of green investment in the recent three years might be in 

doubt according to these inconsistent findings. Consequently, the pace of 

developing environmental-friendly investment is worth studying to analyse its 

efficiency and effectiveness. The aim of this chapter is to identify the most 

influential determinants of green bond returns and compare Chinese green 

bonds with global green bonds. Through this analysis, we can consider the 

types of social value that can be created through green bonds and how we can 

scale-up the market share of green investment.  

 

The Market Highlights 

Growing climate concerns have facilitated the formation of international green 

bond markets. Green bonds affect the environmental preferences of some 

environmental conscious investors and their investment behaviour; people are 

paying more attention to green investments in accordance with the trend for 

greater environmental protection and the transition to a low-carbon economy. 

The timeline in Figure 4.1 illustrates the evolution of the green bond’ 
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development. In 2007, the European Investment Bank (EIB) issued the Global 

Climate Awareness Bond to support renewable energy and energy efficiency 

projects. Meanwhile, the socio-economic impacts from climate change have 

triggered the 2007 Intergovernmental Panel for Climate Change to act, and the 

first labelled green bonds raised by the World Bank were one of the proposed 

solutions for addressing environmental risks in the coming years (World Bank, 

2019). The International Capital Market Association published the Green Bond 

Principles (GBP) for the issuance of green bonds and information disclosure in 

2014. The green bond market has shown fast-paced growth after the signing of 

the Paris Climate Agreement in 2015. In December 2015, the Climate Bonds 

Initiative (CBI) launched the Climate Bond Standard and Certification Scheme, 

a scientific criterion for labelling climate bonds, which has been widely used by 

bond issuers, governments, and investors. The Green Bond Principles and the 

Climate Bond Standards are the two main global standard frameworks in the 

international green bond market.   

 

Figure 4.1: Green Bond market development timeline 

 

Green Bond Basics 

The green bond is a mainstream financing method for stimulating green 

investment and supporting green projects such that “green” is a specific feature 
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of the bond. The definition of a green bond has developed gradually over the 

last few years, but in the broadest sense can be considered as bonds that aim 

to promote a more sustainable future. Moreover, several nations have also set 

up various specific guidelines to classify green bonds to help realise their own 

fundraising targets. The international green bond guidelines emphasise more 

about climate change mitigation and adaptation with the aim of achieving the 

goals of the Paris Agreement, while China‘s definition pays more attention to 

solving their current challenges, such as severe environmental pollution, 

resource shortages, and ecological degradation (CBI, 2019), with a particular 

focus on pollution treatment over the last few years.  

 

In general, the issuers raise funds through green bonds to support the 

development of green projects, including renewable energy, low-carbon 

transportation, sustainable water and wastewater management. The Green 

Finance Committee (2015) has divided the uses of the funds into six main 

sections: pollution treatment, energy savings, resource conservation and 

recycling, clean transportation, clean energy, ecological protection, and climate 

change adaptation. The largest proportion of investment is for clean energy, 

which takes 39% of funds in 2019, and green transport which takes 14% as the 

second largest investment (The Green Finance Committee, 2015). Green 

bonds in China, are aligned with the definition of the Climate Bond Initiative, 

which defines the use of proceeds (UOP) category to represent international 

standards, including transport, water, energy, buildings, waste, land use and 

industry (CBI,2019).  

 

The issuers of green bonds consist of financial institutions, enterprises, 

development banks, governments, and trusts. Figure 4.2 shows the increasing 

variety of green bond issuer types from 2013 to 2018. In 2013, development 

banks and governments account for the majority of green bond issuance. 

However, the largest green bond issuers in 2018 were financial corporations 
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and, overall, the distribution of green bond issuers has become more even. 

Furthermore, this increase in variety is matched by an increase in the number 

of issuers; the global green bond market recorded 204 new issuers in 2018 and 

250 new issuers in 2019 (CBI, 2019; CBI, 2020). Deschryver and De Mariz 

(2020) have interviewed the issuers regarding their preference for green bond 

issuance, the survey shows that more than half of the issuers have experience 

in issuing green bonds and 67% of them are willing to issue green bonds within 

one year.  

 

 

Note: ABS is Asset-Backed Security. 

Sources: Climate Bonds Initiatives, 2019 

Figure 4.2: Green bond issuer types 

 

The transparency of the green bond market is crucial to its development, 

requiring symmetric information among investors, issuers, and intermediaries. 

Exchanges are not only where financial instruments are traded, a means of 

establishing a product’s market integrity (CBI, 2017). Several exchanges have 

established dedicated green bond lists/segments, such as Oslo, Stockholm, 
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London, Mexico, Luxemburg, and Italy. The Shanghai and Shenzhen Stock 

Exchanges also have set up a green bond listing in 2016 by launching the 

guidelines for the pilot programme.  

 

Green bonds use external reviews to disclose the information and evaluate the 

greenness of the funded projects. External reviews are commonly divided into 

four types, including a Second Party Opinion (SPO), Verification, Certification, 

and Green, Social and Sustainability Bond Scoring/Rating (ICMA, 2020). The 

representative SPOs commonly include service providers (e.g. Oekom, 

Sustainalytics) and scientific experts (e.g. CICERO, CECEP), who offer the 

assessment of eligible green projects and the evaluation of their ESG features 

(ICMA, 2020; CBI, 2021). The green bond rating, which represents the 

evaluation of the green bond, can allow the investors to identify potential 

investment opportunities or risks, such as the classic credit rating and ESG 

rating. Azonos et al (2017) summarised two main stages for rating the green 

bonds; 1) environmental analysis and green bond principles compliance and 2) 

environmental analysis focuses on the measures of environmental impacts 

from the projects by using technical, qualitative, or contextual analysis. The 

Green Bond Principles Compliance indicates four aspects of the principles such 

as use of proceeds, process for project evaluation and selection, management 

of proceeds, and reporting. In China, all onshore green bonds were rated above 

or at least equal to A until 2019, and 73% of them obtained the AAA-rated level 

(CBI, 2019).  

 

Green bond benefits 

The green bond is beneficial for improving both financial performance and 

environmental performance, both of which could attract potential green 

investors (Flammer, 2021). Moreover, companies receiving environmental 

performance awards often experience a positive effect on their financial returns, 

with first-time awards usually lead to the greatest market valuation increases 
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(Klassen and McLaughlin, 1996). Tang and Zhang (2020) conducted an 

empirical analysis of all corporate green bonds worldwide and found 

shareholders can benefit from the green bond issuances. For example, they 

found that the new green bond issuances can directly lead to an increase in the 

stock price and this positive market reaction can result in a larger investor base, 

an increase in institutional ownership and overall higher stock liquidity. Flammer 

(2021) also found a similar conclusion that the stock market reacts positively to 

announcement of green bond issuance, especially green bonds that are 

certified by third-party verifiers and first-time issuers. Dimson et al. (2015) also 

investigate the US public companies covering the period of 1999-2009, find that 

successful ESG engagements improved both financial performance and 

governance, as well as resulting in increased institutional ownership. Maltais 

and Nykvist (2020) summarise that the incentives to issue green bonds includes 

expanding their investor base (especially by attracting green investors) and 

reduced capital costs. These findings illustrate that green bonds are beneficial 

for the green credentials of all stakeholders, as not only are the issuances 

attractive to environmentally-conscious investors, but the stock price increases 

can also help attract attention from non-green investors.  

  

The Development of China’s green bond market 

Since the China Industrial Bank and Shanghai Pudong Development Bank first 

issued green bonds in 2016, China’s green bond market has expanded rapidly 

along with the policy reform and relaxation – this is shown in Figure 4.3. The 

size of issuances in 2016 was 231 billion Chinese yuan (CNY) with 59 green 

bond issuances. With the booming green bond market, both issuances and total 

volume of green bonds increased dramatically such that in 2019, there were 

USD257.7 billion (equivalent to CNY 1628.1 billion) total green bond issuances 

at the global level and the main use of green investment are still dominated by 

energy, buildings and transports these three sectors (CBI, 2019). Under the 

Climate Bond Initiative (CBI) definition of green bonds, China was the second-
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largest country of global issuance in 2019, contributing USD 31.3 billion 

(equivalent to CNY 197.7 billion) to market. The differences in the total amounts 

issued also indicates that there are green label differences between China’s 

standard and the international standard. The major difference in the definition 

of green bonds is that China’s green bonds allow investment in clean coal 

projects, but in 2020, the PBoC announced fossil fuels would be excluded from 

the list of investments allowed under green bond financing.    

 

 

Figure 4.3: Green bond issuance over the period of 2016-2019 

 

Green Bond Policy evolution in China 

Government and global financial institutions have supported and helped 

popularize the green bond by acting as its main promoters. Specifically, the 

rapid development of the green bond market relied on strong policy support 

from China. In line with China’s top-down bureaucratic structure, the green 

bond market’s development was very much led by the authorities’ guidelines. 

Hence, most green bond issuers are state-owned corporations. In 2019, 95% 

of Chinese green bonds were issued by state-owned corporations with 

CNY231.7billion outstanding, including 28% of central state-owned enterprises 

and 67% of local state-owned enterprises (Xinhua Finance, 2020).       
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The Chinese government has specific regulations for the green bond market, 

and continuously revisits the guidelines of green bond issuance to adapt them 

as the market develops. In 2015, the People’s Bank of China (PBOC) issued 

an Announcement that defined the green financial bond in China, and the Green 

Bond Endorsed Project laid out detailed eligible use of the proceeds and 

approval requirements, as well as the regulations regarding the bond issuance 

from financial institutions and corporations. Also, China’s National Development 

and Reform Commission (NDRC) issued guidelines for green enterprise bond 

issuance, including issue requirements and eligible projects for non-listed 

companies. In 2016, the launch of the Notice on the Green Bond Pilot Program 

allowed green bonds to begin trading through both the Shanghai Stock 

Exchange and the Shenzhen Stock Exchange. Additionally, the CSRC 

Guidelines contain the regulatory framework for the green bond issuance for 

stock exchange-listed companies in 2017. In 2019, the Guiding Catalogue for 

the Green Industry listed the six categories which aim to clarify the standards 

required to be a green industry, covering the energy-saving and environmental 

protection industry, cleaner production industry, clean energy industry, eco-

environmental industry, green upgrading of infrastructure industry, and green 

service industry. The 2020 version of the Green Bond Endorsed Project 

Catalogue was applied to this structure of the green industry. These guidelines 

also set out the different requirements for disclosure in order to improving the 

development of green bond policies. To reach the goal of the Paris Agreement, 

China should satisfy the criteria for the eligible projects related to green bond 

issuance to financial entities. 
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Table 4.1: Main policy evolution of green bonds  

 

Chinese regulators are encouraging the diversity of green bond issuance. Many 

types of green bonds have developed due to the different issuers and 

investment targets.  In 2016, green financial bonds, issued by financial 

institutions, represented the largest proportion of issuances. In recent years, 

green enterprise bonds, green corporate bonds, green Medium-term notes, and 

green short-term bonds, the proportion of other types have growing as the 

market requirements.  

 

Having just started in recent decades, the green bond market is a relatively 

emerging market, with very limited literature dedicated to green bond analysis. 

Although the prevailing literature has focused heavily on ordinary bonds, the 

specific characteristics of green bonds are worth investigating whether they 

behave differently to ordinary bonds, and thus more research is needed. 

Currently green bonds represent a very small proportion of the whole bond 

market, but with the rise in sustainable development, the potential for growth is 

strong. Therefore, there is a need to identify the drivers of green bond market 

growth to help maximise the market size in the future. This chapter will explore 

the determinant factors of green bond yields from various perspectives, such 

as total issuance, the maturity, coupon rate, the bond rating and the financial 

performance of the issuers. Likewise, the comparison between green bonds 

and ordinary bonds can be used to investigate investors’ preference. This study 

contributes to the research on China’s green bond market (which is relatively 

2015 PBOC Green financial bond directive and green bond-endorsed project

2015 NDRC and Shanghai stock exchange: green bond guidelines

2015 China bond green and climate-aligned bond index

2016 SSE SSZE Notice on Green Bond Pilot Program

2017 CSRC Guidelines for green bond issuance by listed companies

2019 Guiding Catalogue for the Green Industry

2020 Green Bond Endorsed Project Catalogue (2020 version)
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new, given the first green bond was issued in 2016). The findings support the 

hypothesis that China has developed its green bond market successfully, 

although there are some areas for improvement (e.g., around rating and 

evaluation). 

 

This chapter is structured as follows. Section 1 has summarised the 

fundamental components of green bonds and the development of the green 

bond market in China. The next section reviews the previous literature related 

to this topic. Section 3 presents the results for the determinants of green bond 

yields and the comparisons between green bonds and ordinary bonds. The 

conclusion and recommendations are discussed in the final section.   

 

Literature review 

Theoretical framework 

The rapid growing green bond market reflect the market demand. The 

motivations can be analysed by the view from investors’ preference and issuers’ 

benefits. Banga (2019) mentioned the concept of “unconventional monetary 

policies” was put forward after post 2008 financial crisis for the economic 

recovery, thus the institutional investors had found new and reliable investment 

opportunities with low interest rates and expecting high yields - sustainable 

investing - under the accommodative monetary policies. Therefore, the market 

conditions and bond profitability are the essentials for considering green bond 

issuance. There is a vibrant green bond market in recent years in China, and 

the analysis in green bond determinants and comparison between green bond 

and conventional bond can be verified whether the green bond is profitable.  

 

Tracing back to the origins of green bond, the aim of green bond issuance is to 

support environmental or climate-related projects for sustainable economic 

growth. Green bond and conventional bond have the similar bond 

characteristics except for the use of proceeds of green bond. With the supports 
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of stakeholder theory and corporate social responsibility, green bond issuers 

can acquire social benefits from issuing green bond.  Besides, green bond is a 

green-washing method to label the environmental-friendly corporations rather 

than take actions in environmental improvement (Lyon, et al., 2015 Sheng, et 

al., 2021). 

 

Basic determinants 

The basic features of the bond affect the yield, such as issue size, bond age, 

coupon rate. The liquidity preference hypothesis indicates that investors usually 

prefer more liquid assets (such as cash), as the securities with longer-term 

maturities are accompanied with higher risks (Keynes, 1936). Therefore, 

investors expect to be compensated through higher premiums or interest rates 

to offset the potential risks they might meet. Thus, the relationship between 

maturity and returns are worth investigating in order to comparing the yields 

against their time to maturity. Some studies indicate larger issue sizes generally 

offer lower bond yields (Tang and Zhang, 2020), whereas other studies find 

evidence to suggest that the size of an issue is not linked with its bond yields 

(Blackwell and Kidwell, 1988; Crabbe and Turner, 1995).  

 

According to the literature on corporate financial performance, some literature 

finds an association between financial returns and green bond characteristics 

(Maltais and Nykvist, 2020). For example, some studies investigate how finance 

information directly impacts on the bond rating, and how the ratings also affect 

the bond yields. Ziebart and Reiter (1992) set up two simultaneous models to 

measure the indirect and direct effects of financial information on bond ratings 

and yields separately, and the results indicate that accounting information also 

can explain the yield differences. 

 

Green bond vs. ordinary bond 

Green bonds are best thought of as a sub-set of ordinary bonds, in that they 
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behave very similarly – they both raise capital used to finance projects – but 

green bonds have a unique specification, such as the purpose of the raised 

funds, evaluation and selection procedures of invested green projects, tracking 

the management of the raised funds, and the annual reporting of green bonds. 

So far, the findings on whether a premium exists for issuing green bonds is very 

inconsistent. Some literature argues that there is a lower yield from issuing 

green bonds compared with ordinary bonds from the same issuers (Baker et 

al., 2018; Zerbib, 2019; Gianfrate and Peri, 2019, Kapraun and Scheins, 2019; 

Tang and Zhang, 2020). Flammer (2021) used a tight matching method 

designed by Larcker and Watts (2020) to compare corporate green bonds and 

similar brown bonds and found no evidence of a green premium, with the 

difference instead coming from the more competitive returns from green 

projects. Finally, Karpf and Mandel (2017) found green bonds were traded at 

higher yields than brown bonds in the US American municipal bonds market. 

Different methodologies can lead to biased results and this could contribute to 

the inconsistent results (Larcker and Watts, 2020). However, Baker et al (2018) 

found a green bond premium rather than a green bond discount on bond yields 

when focusing on the US bond market, using a larger dataset and different 

methods to the study by Karpf and Mandel (2017).   

 

Few researchers have investigated the green bond market in China so far. 

Wang et al. (2020) firstly investigate the green bond issuance in China, and 

reveal that the pricing effect of green bond through the comparison between 

green bond and ordinary bond, which attracted by the environmentally 

conscious investors. Also, they suggest that the stock market investors have 

positive reaction on the announcement of green bond issuance. This chapter 

contributes to the literature on exploring the green bond market and green bond 

initiatives in China.  
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Data 

This study is built on a data set on green bonds and ordinary bonds. The bond 

issuing characteristics are collected from the Refinitiv and Xinhua Green Bond 

database for green bonds and the Wind database for normal bonds, as well as 

providing data on all issuer characteristics (e.g., total asset, net profit growth 

rate, and return on equity). The study selects 153 green bonds issued between 

2016 and 2019, spread across three categories (financial, enterprise and 

corporate) to build a cross-sectional database. These green bond data are all 

disclosed in this data source unless the yield data is not available in Refinitiv. 

The ordinary bonds are chosen with similar bond characteristics with green 

bond as possible, such as same issuers and similar maturity Table 4.2 presents 

the basic features of the green bond, breaking it down into bond characteristics 

and issuer characteristics for clarity. The dependent variable is the estimation 

of the bond yield, which is based on the average level of previous yield data 

collected from Refinitiv database. 

 

Previous studies have widely used both issue and issuer characteristics to 

investigate the bond yield determinants (Ogden, 1987; Amihud and Mendelton, 

1991; Alexander et al., 2000; Landschoot, 2008; Che-Yahya et al., 2016). The 

finite maturity will incur transaction costs, and the holding periods differentiated 

the liquidation costs and yield to maturity (Amihud and Mendelton, 1991). Some 

literature also reveals that high bond coupons can cause high bond yields, 

which may be to offset by the taxes incurred from high coupon payments (Lu et 

al., 2010; Megananda et al., 2021). The bond returns can be affected by 

announcements of ratings’ downgrades and upgrades, suggesting that rating 

changes were positively associated with the bond values (Hand et al., 1992). 

Thus, green bond ratings are introduced into the study to evaluate the impacts 

on the yield of bonds. Khurana and Raman (2003) investigate the fundamentals 

of new corporate bonds, considering as controls, bond issue size, bond ratings, 

firm size and margin ratios. This empirical study considers the shareholders’ 
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equity returns to identify corporate profitability by using the return on equity, 

which represents the perspective of the company’s existing investors.   

 

 

Table 4.2: Descriptive statistics of the green bonds 

 

Model specification and results 

Determinants of green bonds 

𝑌𝑖𝑒𝑙𝑑𝑖 = 𝛼0 + 𝛽1𝐼𝑠𝑠𝑢𝑒𝑠𝑖𝑧𝑒 + 𝛽2𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦 + 𝛽3𝐶𝑜𝑢𝑝𝑜𝑛 + 𝛽4𝐺𝑟𝑒𝑒𝑛 + 𝛽5𝑅𝑎𝑡𝑖𝑛𝑔

+ 𝛽6𝑆𝑖𝑧𝑒 + 𝛽7𝐺𝑟𝑜𝑤𝑡ℎ + 𝛽8𝑅𝑂𝐸 + +𝛽9𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙𝑑𝑢𝑚𝑚𝑦

+ 𝛽10𝐶𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑒𝑑𝑢𝑚𝑚𝑦 + 𝜑𝑗

+ 𝜀𝑖                                                                          (4.1) 

 

Yield refers to the current average bid yield of bond i. Issuesize is the size 

amount of green bond in Chinese Yuan. Maturity represents the difference 

between bond issue date and maturity date. Coupon is the bond’s coupon rate. 

Green is a dummy variable to describe if the Chinese green bond meets the 

Refinitiv standard for the green bond criteria. Otherwise, the bond will be 

classified as an ESG bond. Rating represents the rating score for Chinese 

green bonds. Across the sample, there are four bond rating levels – AAA, AA+, 

AA, and AA-, which are converted for modelling purposes into the numerical 

form of 4, 3, 2, and 1 respectively. Size is a proxy variable for the size of the 

company, which is calculated by the natural logarithm of total assets. Growth 

Variable Observations Mean Std.Dev. Min. Max.

Bond characteristics

Issue size (100 million yuan) 153 29.1326 51.1860 1 300

Maturity 153 4.5033 2.2283 3 15

Coupon 153 4.5693 1.0663 2 7.76

Rating 153 3.5359 0.7257 1 4

Yield 153 3.5310 1.0170 1.67 7.713

Issuer characteristics

Asset (100 million yuan) 153 6810 15700 13.77 84000

Total net profit(100 million yuan) 153 76.9156 154 0.2544 672

Net profit growth rate 144 37.3390 264.0880 -90.61 3151.72

ROE 147 10.0691 5.9824 0.46 36.09
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describes the annual growth rate of net profit, which represents corporate 

growth. Return on Equity (ROE) represents the profitability of the company, 

defined as net income scaled by shareholders’ equity. Also, there are two 

dummy variables – financialdummy and Corporatedummy to classify the type 

of bond as either financial, corporate or enterprise.  

 

 

Table 4.3: The regression results of determinants of green bond yields 

 

Table 4.3 presents the cross-sectional regression results and robustness 

checks, which explains how the bond performance and financial performance 

can affect the bond yields. In equation 2, the adjusted R2 statistic indicates that 

this model explains 62% of the variation of bond yields. Compared with the 

adjusted R2 in equation 1, the similar values from two models indicate that to 

the similar extents the observed variation of bond yields can be explained by 

Equation 1 Equation 2 

coefficients t-stats coefficients t-stats

Issuesize 0.0049043*** 3.67 0.0046933*** 3.67

(0.0013362) (0.0012785)

Maturity 0.106052*** 3.36 0.1136423*** 3.78

(0.0316085) (0.0300602)

Coupon 0.2294865*** 3.00 0.3168889*** 4.03

(0.0763686) (0.0787297)

Green -0.0321263 -0.27 0.0003332 0.00

(0.1210317) (0.1185331)

Rating 0.0889158 0.93 0.0018829 0.02

(0.0954285) (0.1012849)

Size(lnasset) -0.3660277*** -3.74 -0.4838482*** -3.76

(0.097755) (0.1286563)

Growth(netprofitgrowthrate) 0.0008081*** 5.11

(0.0001583)

Growth(lnnetprofit) 0.1495074* 1.72

(0.0867128)

ROE -0.0118149 -0.89 0.0009684 0.05

(0.013206) (0.0200196)

Financialbond 0.0506208 0.18 0.0799888 0.27

(0.2758121) (0.2947311)

Corporatebond 0.3047935 1.21 0.3293851 1.36

(0.2523339) (0.2417348)

Cons. 8.456991*** 5.33 8.250762*** 5.40

(1.585418) (1.527123)

R2 0.6477 0.6187

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.
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the independent variables in two regression models. The robustness check is 

conducted by using an alternative specification, where we replace the net profit 

growth rate with the company’s net profits. Both net profit and net profit growth 

rate represent firm’s profitability, and net profit growth rate measures the ability 

of enterprise development. This alternative variable has not influenced the 

results or significance of the other explanatory variables, suggesting that the 

results are robust. 

 

Regarding the issue characteristics, the bond yields are positively associated 

with the issue size, maturity, and coupon rate. The large-scaled issuances were 

dominated by the financial institutions amounting to above 10 billion Chinese 

yuan, and these raised green funds can benefit the state-dominated projects. 

For example, the Industrial Bank, as the largest issuer in 2018, supported two 

onshore wind power projects and three metro construction projects. The bank 

also estimated that CO2 reduction can reach 60,133 tonnes per year in the short 

term (by 2020) and 72,948 tonnes per year in the long term (by 2045) with the 

support of green bonds. Therefore, the environmental benefits can be foreseen 

and guaranteed by the government’s credibility. The coefficient on the maturity 

reacts positively to the bond yield, which means the longer the bond’s maturity 

the higher the return, as predicted by the theory.   60% of onshore green bonds 

have a maturity of less than 5 years and are dominated by the financial 

institutions; the bonds with maturity terms above 15 years are mainly invested 

in the transport infrastructure such as the Wuhan Metro or Daxing airport (CBI, 

2019). Regarding the coupon rate, the higher the coupon rate means the lower 

the interest rate risk and the higher the bond yield. The positive coefficient for 

the coupon rate in this study is consistent with this argument.  

 

The Refinitiv database categorised these chosen bonds into green bonds and 

ESG bonds in accordance with the international standards on green bonds. 

This study introduces this measure as a dummy variable to investigate the 



102 
 

impact of these different definitions. However, Table 4.3. shows that the dummy 

variable Green has an insignificant effect on the yields. Hence there is no 

evidence that this distinction in classification affects the bond yields. The results 

highlight the inconsistent definitions of green bonds currently, and there 

remains a need to produce a unified and precise green bond definition, such as 

the specific use of the proceeds, the entry requirements, and the rating 

standards that are used to consistently fund environmental-friendly investments 

to benefit stakeholders.  

 

Table 4.3 shows that the bond yield does not seem to be affected by the bond 

rating, which does not match with our expectation. The insignificant observation 

could be a result of the fact that most green bonds in China were AAA-rated, 

leading to a lack of variability in the sample (with 103 AAA-rated bonds of the 

153 total). The generally high ratings across the green bonds could reflect how 

the bond yields have remained steady over time as they tend towards maturity.  

 

For the issuer characteristics, the results indicate the corporate financial 

performance affects the bond yield. The negative sign on the coefficient on 

lnasset shows that the size of the issuers has a negative relationship with the 

green bond yields, suggesting that green bonds from smaller companies 

generally offer higher yields than those issued by larger companies. This could 

be because small-sized companies usually have a higher demand for cash to 

finance their current projects. Zhao et al (2002) also produced the same results 

through their analysis of A-shares listed on the Shanghai Stock Exchange from 

1998 to 2001. They also indicate that the weaker liquidity with small size issuers 

usually results in larger bid-ask spreads, and the higher yields compensated for 

the relatively high trading costs.   

 

We only consider three types of green bonds to examine the effects of issuer 

types, and use two dummy variables (financial bonds and corporate bonds) 
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avoiding the dummy variable trap. The insignificant coefficients indicate the 

types of green bond does not affect the bond yield. Furthermore, the results 

also suggest that the company listing has an insignificant effect on the green 

bond yields, because green corporate bonds are issued by listed companies 

and enterprise bonds are issued by non-listed corporations.  

 

The choice between green or conventional bonds 

In this part, there is a comparison between green bonds and conventional 

bonds to try and explore investors’ preferences. We compare the entire sample 

of 153 green bonds with a sample of 619 ordinary bonds over the period of 

2016-2019. Firstly, the binomial logistic regression model is shown as follow: 

g(Green ) = ln (
𝑝

1 − 𝑝
)

= 𝛼0 + 𝛽1𝑌𝑖𝑒𝑙𝑑 + 𝛽2𝐼𝑠𝑠𝑢𝑒𝑠𝑖𝑧𝑒 + 𝛽3𝐶𝑜𝑢𝑝𝑜𝑛 + 𝛽5𝑅𝑎𝑡𝑖𝑛𝑔 + 𝛽6𝑆𝑖𝑧𝑒

+ 𝛽7𝐺𝑟𝑜𝑤𝑡ℎ + 𝛽8𝑅𝑂𝐸                                       (4.2) 

 

𝑝

1−𝑝
 is the odds of being green bond, p is the probability of the bond being green, 

and the logarithm of the odds is the logit of the probability. The logit form creates 

a continuous variable to link the probability and generalized linear regression. 

In this regression, the dependent variable Green is a dummy variable, with a 

value of 0 for ordinary bonds and 1 for green bonds. The results in table 4.4 

indicate that the investors’ likelihood to buy green bonds increases as the bond 

yield decreases, which is in line with most arguments (Baker et al., 2018; Zerbib, 

2019; Gianfrate and Peri, 2019, Kapraun and Scheins, 2019; Tang and Zhang, 

2020).  

I also find that green bond issuance is of a smaller size and has a lower coupon 

rate compared with conventional bonds, which is in accordance with my 

expectations. Regarding the positive sign of the coefficient on ROE, the 

stronger levels of the firm’s profitability increase the likelihood of green bond 

issuance. Although the coefficient of the net profit growth rate is opposite to that 
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on ROE, the value of -0.0017 is relatively small which represents only a 

marginal impact from the net profit growth rate in determining the bond type. 

Overall green bond issuers tend to provide a higher return on the equity of the 

company to investors compared with the ordinary bonds. Unfortunately, we 

cannot find a statistically significant effect from the bond rating through this 

comparison, this could be due to a failure of the ratings to accurately reflect the 

risk of both ordinary and green bonds.   

 

     

Table 4.4: The logit model on bond types 

 

The discussion on green bond choice 

 

Anderson and Juvyns (2019) indicate the total outstanding value of Chinese 

bonds was 13.5 trillion Chinese yuan, making it the world’s second largest 

green bond market in 2019, and China’s long-term credit rating illustrates that 

Chinese debt sustainability performed better than other Asian EMs and that in 

developed markets. This reflects the credibility of the Chinese government. 

Meanwhile, total outstanding Chinese green bonds was USD140billion 

(RMB977.2bn) by the end of 2019 (CBI, 2020). In 2019, the green bond market 

Dependent variable: Green

Variable Coefficient Std. Error z-Statistic Prob.  

Yield -0.144** 0.069 -2.110 0.035

Issue size -0.007** 0.003 -2.223 0.026

Coupon -0.432*** 0.138 -3.139 0.002

Rating 0.145 0.176 0.821 0.411

Lnasset -0.096 0.107 -0.900 0.368

Net profit growth rate -0.002*** 0.000 -4.074 0.000

ROE 0.361*** 0.033 10.880 0.000

Constant 0.906 2.283 0.397 0.692

Obs with Dep=0 619 760

Obs with Dep=1 141

     Total obs

 *, ** and *** denote asymptotic statistical significance at the 10%, 5% and 1% levels respectively.
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accounted for approximately 1% of China’s total domestic bond market. The 

small market size creates a liquidity problem, exacerbated by the fact that the 

green bond definitions also limit the purpose of the raised funds.  

 

The low financial risk and environmental benefits could be the main reasons for 

attracting investors to green bonds along with the improvements in green bond 

standards. Maltais and Nykvist (2020) interviewed investors in the Swedish 

green bond market to investigate their preference for investing in green bonds 

versus non-green bonds, finding some respondents valued green bonds for the 

risk reduction in terms of sustainability mandates over the business-case 

incentives. Therefore, all stakeholders engaged in the sustainable growth of a 

company need to facilitate the establishment of the corporation’s green 

credentials. In particular, the government guarantees the green bond market’s 

development with policy support and financial measures, which also reduces 

the investment risks. In addition, a greater number of companies are seeking 

to develop environmentally friendly projects to help realise long term 

development goals, hence green bonds could be a useful financing tool to 

support their projects.   

 

Conclusion 

This chapter explores the green bond market in China, conducting analysis 

from two perspectives. Firstly, it considered the determinants of green bond 

yields, including both the bond and issuer characteristics, over the period 2016-

2019. The results support the positive relationship between bond yields and 

three basic factors - issue size, maturity, and coupon rate. Likewise, the results 

showed that larger-scaled issuers generally issued lower yield bonds. Secondly, 

we investigated the comparison between green bonds and ordinary bonds. My 

analysis found that the green bonds were generally traded at lower yields than 

the ordinary bonds. These findings suggest that green bonds don’t necessarily 

benefit investors possibly due to insufficient government support for green 
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bonds and the risks of green investment.  Febi (2018) indicates that green bond 

demand outstrips the supply, and the reasons for the liquidity risks in the green 

bond market include the lack of fiscal incentives, and the lack of an official 

universal classification system.  Also, the green bonds do not have a strong 

comparative advantage in the US and Europe either, this is despite being 

climate-friendly investments. This could be because of some unknown risks 

from the new technology, although the green bond markets are in these 

countries are mature (CBI, 2015).    

 

Since the first issuance of green bonds in 2016, the market has grown 

massively, as shown by the increasing size of issuances and as more issuers 

and investors entering the market. This is extremely promising; a greater 

diversity of green bond products helps develop the market. However, green 

bonds in China are still dominated by government guidance, thus, we highlight 

three areas for improvement 1) A more reasonable rating distribution, avoiding 

overestimation of bond ratings; 2) getting SMEs and private enterprises more 

involved; 3) The Chinese green bond definitions could be improved with 

reference to international standards. To scale up the green bond issuance in 

China, a unified green bond definition would be more transparent for local 

investors and investors from outside of the Chinese mainland.  

 

The future development of the green bond market in China requires the joint 

efforts of regulators, issuers, and investors to increase the market share of 

green bonds. The Pension Fund Service (2017) indicates that the increasing 

number of green bond investors are the major promoters driving market growth, 

while issuers can have a guiding effect on investors’ preferences. They also 

noted that transparency is vital for the success of future developments by 

guaranteeing that green investors can check on a projects’ information. In 

China, the governments are the leading force that is pushing for greater 

transparency, and they should establish a specific platform for green bond 
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disclosure. Furthermore, the bond rating approach should be improved, 

particularly through the establishment of a unified green bond rating system. 

The integrated rating system could avoid the possible inflated bond ratings and 

biased rating levels from different rating agencies. All these efforts aim to 

broaden the participation base to expand the green bond market, which could 

facilitate a more rational distribution of green bonds, with a wider variety of 

ratings, issuers and bond types.  

 

The green bond market in China has great potential for satisfying future climate 

investment needs. The green economy requires an effort for industrial 

transformation from various sectors, especially the energy industry; in 2021, 

14th FYP mentioned green power and clean tech are two important sectors to 

help China become greener and move to a more sustainable future. 

Furthermore, the promotion of clean tech development helps improve energy 

efficiency and is therefore beneficial for supporting emissions reduction. Green 

bonds can provide financial support for this energy transition and the required 

carbon-neutral technologies, ultimately helping to facilitate a green and low-

carbon economy. PBOC drafted the new green bond catalogue in 2020 and it 

will be started on 1 July 2021. The Catalogue 2021 includes rules preventing 

the financing of coal and other fossil fuels through green bonds, a specific focus 

on encouraging green projects with positive environmental impacts, and an 

emphasis on the mainstream international green finance framework. The 14th 

five-year plan also emphasises that innovation and advanced manufacturing 

are the top national priorities over the next five-year period (2020-2025). We 

can see the next five-year goals in China aim to contribute to the realization of 

the sustainable development goals (SDGs). These policy guidelines will notably 

support the expansion of green investments for financing low carbon projects 

and promote the development of the green bond market in China.     
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Chapter 5 - Cost-benefit analysis and environmental 

policymaking 

 

Introduction  

The implementation of environmental policies has been developed under 

conditions of severe environmental pollution in China. The Centre for Disease 

Control and Prevention (CDC) has highlighted that air quality deterioration has 

increased social concerns and health risks, such as increased hospital 

admissions and possible severe allergic reactions. Particulate air pollution is 

associated with mortality caused by lung cancer and cardiopulmonary disease 

(Dockery et al., 1993). Therefore, the improvement of air quality is beneficial for 

human wellbeing. The rapid development of industrial productivity in China’s 

economy had been accompanied with a substantial increase in energy 

consumption, while the lack of measures for pollution control and pollutant 

emissions reduction has resulted in environmental deterioration. Therefore, the 

government faces increasing pressures on bringing about environmental 

pollution treatment in order to take relative social responsibility for its impact on 

the environment.  

 

The government has improved environmental policies to protect the 

environment, and the goals of improved air quality are a crucial part in each 

Five-Year Plans (FYP) in recent periods. However, it is recognised that if the 

air pollution mitigation policy remains unchanged from current situation 

stipulations, the various air pollutant emissions will increase over time as 

economic development and population growth continues (Vandyck et al., 2018). 

Therefore, the policies require constant changes regarding pollution treatment 

in order to address the current environmental problems. Regarding the 11th 

Five Year Plan, China’s government established the targets for energy intensity 

which is 20% reduction from 2006 to 2010.  In order to promote clean heating, 
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China government launched coal-to-gas and coal-to-electricity policies in 

2017.Du (2018) investigates the effect of coal-to-gas and coal-to-electricity 

policies and shows that Beijing has gained the highest environmental net 

benefits within the Jing-Jin-Ji Metropolitan region (known as Beijing-Tianjin-

Hebei). However, the implementation of coal-to-electricity policy has increased 

the levels of nitrogen dioxides and VOC emissions in both Beijing and Tianjin 

provinces, as well as an increase of sulphur dioxides emission in Beijing. 

Meanwhile, the 12th FYP had set specific targets for major pollutants and 

classified guidance with graded management. The goal of 12th FYP was 10% 

and 8% reductions of total discharge of nitrogen oxides and sulphur dioxide 

emissions respectively from 2011 to 2015. In the 13th FYP period, 15% was the 

target reduction for all industrial air pollutants from 2016 to 2020.  

 

MacRae (1985) shows that the indicators for measuring policy should – at a 

minimum - include net economic benefit, subjective well-being and 

distributional equity. In this chapter, cost-benefit analysis will be adopted to 

measure net economic benefit that indicates social welfare maximization in 

policymaking. Whilst many studies have conducted cost benefit analysis for air 

pollution regulation, this study aims to quantify health benefits from improving 

air quality against costs on pollution treatment at both national and provincial 

level under the new, projected, Five Year Plan over the period of 2011-2025 at 

both national and provincial level in China. This chapter focuses on SO2, NOx, 

and smoke and dust these three types of industrial pollutant emissions to 

investigate the health benefits, as well as measuring policy effects according to 

the benefit-cost ratios. 

 

This chapter is organised as follows. Following the introduction, the literature 

review will be presented, focussing particularly on previous applications of the 

cost benefit approach. Section 3 outlines the methodology which illustrates how 

we conduct cost benefit analysis at both national and provincial level in China. 
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Results are presented in section 4 including sensitivity analysis of the measures 

of cost-efficiency that are estimated. Finally, our conclusions and 

recommendations are summarized in section 5.  

 

Literature review 

Public investment projects and policies often require a long time period to obtain 

a positive payback, and the prediction of future effects can be estimated and 

evaluated within the cost benefit approach (Trumbull, 1990). Environmental 

protection constitutes an example of these kind of public investment projects 

because it contributes to public benefits and social impacts. Policies or actions 

in environmental protection are distinctive to the degree that the effects may 

not be manifest immediately, either because the environment has a long 

recovery time or the investment infrastructure needs a long time to complete 

the transition. Hence the design of the environmental-related projects usually 

should consider a reasonable payback period (Feuillette, et al., 2016). As a 

result, I use a 15-year data period to investigate the medium-term policy effects 

on pollutant emission reduction whilst avoiding the prediction biases associated 

with a longer-term period.    

 

Brief description of Cost benefit approach (CBA) 

In the application of cost-benefit analysis, the benefits and costs represent the 

monetary gains and losses in wellbeing respectively (Pearce, 1998). Cost 

benefit analysis is often measured by the benefit-cost ratio in order to evaluate 

the economic value of the projects, programmes and policies (Pearce, 1998). 

Benefit-cost ratio is generated from the total environmental benefits divided by 

the total costs. The formula presents below, where CF represents cash flow 

(non-market values in this chapter), i is discount rate, n is number of periods, 

and t represents period that the cash flow occurs. An economically efficient 

outcome would expect that the benefit-cost ratio is greater than 1 indicating that 

the gain in wellbeing exceeds losses. Each investment in environmental 
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protection is therefore expected to demonstrate that the investment from 

government will bring greater net benefits derived from the green projects.    

Benefit Cost Ratio =

∑
𝐶𝐹𝑡(𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠)

(1 + 𝑖)𝑡
𝑛
𝑡=0

∑
𝐶𝐹𝑡(𝐶𝑜𝑠𝑡𝑠)

(1 + 𝑖)𝑡
𝑛
𝑡=0

                  (5.1) 

Use of Cost-Benefit Analysis 

Cost benefit analysis is widely used to evaluate the effect of pollution mitigation 

policies and the associated changes of pollutant emissions. Indeed, through 

comparison between costs and benefits, many studies indicate that co-benefits 

of mitigation measures are significantly greater than economic costs of pollution 

control. For example, Vandyck et al. (2018) investigate the air quality co-

benefits with Paris Agreement targets and prove that the costs of mitigation 

policy are less than the co-benefits of the Nationally Determined Contributions 

(NDC) and 2 ℃-consistent climate policies. With regard to the project of health 

impacts in 25 European cities, the health impacts are including approximately 

19,000 deaths delayed and 31 billion euros annual gains as a result of the air 

pollutant reductions measures followed by World Health Organization (WHO) 

air quality guidelines (Pascal et al., 2013). 

 

CBA is a common procedure which is adopted by governments, environment 

agencies and related organisations towards decision-making on policies or 

projects. Since 1981, cost benefit analysis was introduced for regulatory impact 

analysis in the United States and supports the U.S. Environmental Protection 

Agency in the environmental-related decision-making starting from 1993 

(Kotchen, 2010). In the UK, HM Treasury (2020) outlines methods for policy 

appraisal and valuation of costs and benefits in the Green Book. CBA was 

introduced for landfill tax implementation in the UK in 1996, which estimates the 

environmental costs of landfilling relative to incineration (Hanley, 2001). 

Furthermore, environmental agencies have carried out the CBA as the 

guidance on valuations for costs and benefits estimations, such as the Health 
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and Safety Executive, Forestry Commission (Pearce, 1998). Also, the utilization 

of CBA varies across different environmental sectors for measuring the 

pollutants reduction, including air quality, water, agricultural externalities, solid 

waste and minerals, energy pricing and chemicals, etc. (Pearce, 1998; OECD, 

2018).  

 

Geographical factors affect pollutant emissions concentrations. The regions 

with comparatively high pollutants concentrations have greater potential for 

achieving GHG reductions over the long run (2050), and include China, India 

and the Middle East where clean technologies have not been so widely adopted 

(Vandyck et al., 2018). Lee and Van de Meene (2013) conduct a co-benefits 

analysis in 22 Asian cities that relied on the evidence of CO2 per capita 

emissions which are 6.1, 9.7, 8.2 tonnes per person annually in Bangkok, 

Shanghai and Beijing separately (EIU, 2011). The co-benefits in this study 

mean the indirect benefits related with climate mitigations and adaptation from 

climate policies. They indicate that the less developed countries set the lower 

targets on CO2 emissions reduction because poorer cities generate less CO2 

emissions than wealthier cities (Lee and Van de Meene, 2013). Regarding the 

large territory of United States, the regional differences of PM2.5 concentrations 

is approximately 5-30 micrograms/cubic meter (US EPA, 2011). Bruvoll and 

Faehn (2006) investigate the carbon tax policy in Norway, and they prove that 

both environmental and economic costs will be increased with the global 

unilateral climate policy instead of a national perspective. Due to the foreign 

trade impacts for the open countries, they advise to find the trade partners with 

similar level of economic growth. Therefore, the geographic factors also can 

represent the differences of economic development in general. Moreover, the 

effects of air pollution mitigation policy are various towards the level of the 

economic development in different regions. The regional difference cannot be 

ignored in the study of a large country or region.     
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Research focuses on pollution-related health impacts because of the 

importance of the health problems to human beings (OECD, 2014). Moreover, 

the positive economic impacts can be affected by reducing health problems 

from controlling air pollution, including increase in disposable income due to 

less health treatment spending and labour productivity (Xie et al., 2016, 

Williams 2002). The adverse health effect included lung carcer and 

cardiopulmonary mortality are associated with the long-term exposure to fine 

particulate air pollution; and the risk of all-cause, cardiopulmonary, and lung 

cancer mortality can rise by 4%, 6%, and 8% respectively if the fine particulate 

air pollution increases by 10 μg/m3 (Pope Iii et al.,2002).    

 

Researchers use various methodologies to quantify the health effects of 

pollution, based on concentration-response (C-R) functions to estimate the 

health effects from pollutant emissions reduction, which captures the exposure 

to the concentrations of pollutants directly (Hasanbeigi, et al. 2013). GAINS 

(Greenhouse gas and air pollution interactions and synergies) and CGE 

(Computable general equilibrium) models are commonly used for health and 

economic impacts of air pollutants. For example, Tian et al. (2018) estimate 

PM2.5 concentration and control costs with the GAINS model; then work time 

loss medical expenditures and the willingness to pay to avoid risks of premature 

mortality related to PM2.5 are conducted with linear exposure-response 

functions. They then estimate macroeconomic impacts through CGE model, 

including GDP loss and welfare loss.   

 

Advantages 

CBA has been demonstrated to support decision-making and economic 

efficiency improvement through the transparency of assumptions that it 

requires (Feuillette, et al., 2016). Furthermore, CBA requires researchers to 

identify and quantify all possible costs and benefits, leading to more accurate 

results. Thus, economic appraisal of this sort takes into consideration for 
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decision-making the preferences of the general public as well as the financial 

costs to industrial sectors (Hanley, 2001). CBA also considers predictive factors 

which can test the responses from relative changes on customers or producers 

(Hanley, 2001). For instant, the changing of energy price can be reflected on 

environmental cost calculation that can provide direct information to decision-

makers.    

 

Limitations and concerns 

Some limitations exist in cost benefit analysis. Non-market effects are often 

difficult to measure and incorporate in valuation that CBA requires (Kotchen, 

2010). For example, the complexity of ecosystem might result in a lack of the 

data and information on interactions in ecological systems, which could 

influence the accuracy of the results. Moreover, non-market values incur 

methodological biases, including lack of robustness and inaccuracy (Feuillette, 

et al., 2016).  

 

China’s studies 

Some literature has discussed the cost-benefit analysis of air pollutants in 

China. In China, the provincial level analysis is worthwhile to be considered due 

to the geographical situation. Xie et al (2016) indicate that PM2.5 pollution 

control policy will bring the positive effect to economic impacts, two-thirds of 

provinces have gained environmental benefits from pollution control, but 

several developing provinces need higher control investment in line with their 

GDP gain. Additionally, the co-benefits give supports to policy guidance on 

environmental pollution mitigations. Dong et al (2015) use CGE and GAINS 

model to evaluate co-benefit analysis on China’s air pollution mitigation policy, 

and the results indicate that investment on CO2 or air pollutants emissions 

reduction in developed eastern provinces is more difficult and less cost-

effective than underdeveloped western provinces. Because the improvement 

of industry structure and energy structure are crucial to energy policies which 
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are effective to reduce air pollutant concentrations and CO2 emissions (He, et 

al., 2010). Regarding the cost benefit analysis in the study of road transport 

sector, the work time loss is the factor that could result in GDP loss from PM2.5 

pollution, and the improvement of technology vehicle standards could lead to 

the decrease in health problems and GDP loss, including mortality, morbidity 

risk, health expenditures, value of statistical life (VSL) loss and work time loss 

in 2030 (Tian et al., 2018).    

 

Also, some studies focus on single province or industry analysis. Zhang et al 

(2010) estimate health damage from air pollution and suggest the low-and-

medium-stack pollution sources could decrease PM10-related premature 

deaths in Taiyuan, one of China’s most polluted cities. To quantify the co-

benefits of energy-efficiency in Shandong Province’s cement industry, both 

fuel-saving and electricity measures can reduce the cost of conserved energy, 

as well as have positive effect on PM and SO2 emissions reduction (Hasanbeigi, 

et al. 2013).  

 

This chapter assesses the costs and benefits caused by three pollutant 

emissions at both national and provincial levels by using monetary expression. 

The national results can demonstrate the overall performance by using benefit-

cost ratios, thus the provincial results can show the regional differences with 

health benefits and mitigation costs. These two perspectives can show a 

comprehensive result of policy implementation and fill a blank of the literature 

in China’s analysis by considering a wider range of air pollutants than has 

previously been undertaken. Moreover, there is no literature to use the cost 

benefit analysis to test the environmental policy effect on these three pollutant 

emissions reduction over the period of 2011 – 2025 in China. I conduct two 

scenarios to make the comparison of business-as-usual and the scenario with 

updated policies. 
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Methodology 

Data collection 

In this chapter, two main parts of cost benefit analysis need to be processed 

separately which are health benefits and mitigation costs on pollution treatment. 

For the calculation of health benefits, we need the data of emissions reduction 

and damage costs. We could get access to the public data on National Bureau 

of Statistics of China (NBS) database, including SO2 emissions, NOx emissions, 

smoke and dust emissions, (i.e. particulates), and mitigation costs on pollution 

treatment. The values of damage costs of these three pollutants are collected 

from Parry et al.’s study (Parry et al., 2014). In Parry’s study, they provide the 

damage costs specific to China in 2010, which can be used as the base year 

value of damage cost. The details of the application are discussed in following 

sections. 

 

Scenarios setting 

Research on cost benefit analysis usually implement two types of scenarios for 

comparison, which are base case scenario and policy control scenario 

(Hasanbeigi, et al. 2013). Two scenarios are constructed in this study, 

business-as-usual (BAU) scenario and policy-applied (PA) scenario.  

 

BAU scenario represents that there is no further mitigation action against air 

pollution after 2011. To set the year 2010 (the final year of 11th FYP) as the 

base year in this study, hence in BAU scenario, the emissions discharge for 

following years are keeping in line with previous status, which considers that 

the pollutant emissions from 2011 will follow the performances within last five 

years (2006-2010). Under the base case scenario, there is no new intervention 

policies after 2011. SO2 emissions and dust emissions follow the average 

decreasing rates from 2006 to 2010, which are 0.041 and 0.094 separately. 

However, NOx emissions had an increasing trend between 2006 and 2010, 
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therefore, the estimates of NOx emissions for following years use the average 

increasing rate, which is 0.051.  

 

The scenario of actual emission reduction (PA scenario) represents the reality 

which are reflected by the pollution control policies. Regarding the actual data 

with the period of 2011-2017, emissions reduction per year is calculated with 

the difference between emissions in current year and emissions in previous 

year. Starting from year 2018, the forecasting values of emissions set in accord 

with the targets from corresponding FYP because there is no updated data after 

2018. These predictions might result in underestimates of emissions reduction 

because historical data presented that China was ahead of the targets in recent 

decade.     

 

Health benefits estimations 

Figure 5.1: health benefits estimations framework 

 

Figure 5.1 illustrates the steps of health benefits calculation from the base year 

value, and this method is provided by the UK Department for Environment, 

Step 1: Identify and quantify the change in emissions 

Step 4: Calculate benefits for each year 

Step 2: Identify which damage cost values to use 

Step 3: Uplift damage costs by 8% year-on-year 

Step 5: Discount benefits across the period of the policy appraisal and 

calculate total present value 
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Food and Rural Affairs (DEFRA). DEFRA has constructed the impact pathways 

approach (IPA) to estimate the air quality appraisal (DEFRA, 2020).  

 

In China, the average real per capita annual GDP growth rate is 8% between 

2011 and 2017. Therefore, the damage costs are uplifted in line with cumulative 

real per capita GDP growth rate annually (DEFRA, 2020). The annual health 

benefits are obtained with the product of uplifted damage costs and the change 

in emissions. For step 5, the undiscounted value of health effect should be 

transferred to the present value that the method is the product of undiscounted 

value of impacts and the corresponding annual discount factors. Discount rate 

in China generally takes 4% for calculating discount factors （Zhang, et al., 

2004）. The expressions of discount factor and present value are shown as 

below: 

𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 =  
1

(1 + 0.04)𝑡
                            (5.2) 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 = 𝑣𝑎𝑙𝑢𝑒𝑑 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 ×  𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟              (5.3) 

 

The following sub-sections describe how these steps are interpreted in our 

analysis. 

 

Air pollutant emissions - quantification 

This chapter focuses on regulation of air pollution in China. Three major 

pollutant emissions are selected for the study - sulphur dioxide, nitrogen oxide 

and dust emissions. Figure 5.2 shows the trend of these three pollutant 

emissions from 2011 to 2017 at the national level in China. Both SO2 and NOx 

emissions have a similar decreasing trend during the sample period. However, 

smoke and dust emissions have an increasing trend towards the peak point in 

2014 and then decrease until the current year. Rohde and Muller (2015) report 

that environmental pollution had led to 1.8 million Chinese deaths in 2015. 

China government had released the Air Pollution Action Plan in September 
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2013 which set specific PM 2.5 targets for key regions in order to encourage 

actions for air pollution control between 2013 and 2017. Figure 5.2 also reflects 

the effect of this policy which has a significant reduction with national values 

during that period.  

 

 

 

Figure 5.2: Air pollutant emissions from 2011 to 2017: China 

 

 

 

Figure 5.3: Air pollutant emissions reduction rate from 2011 to 2017: China 
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The policy impacts on air pollution treatment can be shown by the change in 

emissions in figure 5.3. With respect to these seven years, both SO2 and NOx 

emissions reduction were increasing from 2011 until 2016 and then fell in 2017. 

Regarding the dust emissions, there was a fluctuation between 2011 and 2017. 

The severe air pollution and historical policies had caused a dust emission 

reduction decline (so that emissions were actually rising between 2012 and 

2014), before the launch of a new policy - Air Ten - improved the air quality, 

leading to a dust emissions reduction between 2014 and 2016. All these 

pollutant emissions reductions have subsequently decreased since 2016, 

which suggests the need for stronger policies and actions; we evaluate these.  

 

Damage costs 

Damage costs using monetary valuations primarily estimate mortality impacts 

that result from average population exposure to the air pollutant emissions 

(Parry et al., 2014). They calculate the health damage per ton from local air 

pollution in 2010 prices, considering the sources of pollution including coal 

combustion, natural gas combustion at power plants, and natural gas and motor 

fuel consumption at ground level. The detailed steps are as follows. The first 

step is to identify the amount of the pollution that is inhaled by exposed 

populations. The second step is to calculate the mortality risk assessment with 

regard to vulnerability to pollution-related illness. In the final step, the health 

effect is estimated and the results expressed in terms of the damage per unit 

of fuels. Parry et al (2014) use the local emissions factors for different fuels that 

are applied to the calculation of environmental damage with regard to the 

various use of control technologies. Table 5.1 shows the damage costs per 

tonnes in China in 2010.   

 

 

Country

coal natual gas ground level coal natual gas ground level coal natual gas ground level

China 22,045       25,577       4,422             15,530       16,605       920                27,609       32,238       124,441         

Damage from Local Air Pollution, China,$/ton of Emissions,2010

Sulfur dioxide

$ per ton

Nitrogen oxides

$ per ton

Primary fine particulate matter

$ per ton
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Source: Parry, et al. (2014). Getting energy prices right: From principle to 

practice. 

Table 5.1: Pollutant Damage costs 

 

This chapter estimates the damage costs caused by air pollution at both 

national-level and regional-level. The uplift factors will be applied to the 

calculation of damage costs of following years, which represent the damage 

costs change as a result of economic growth. The country with lower population 

exposure and lower mortality risk values generally can obtain relative lower 

damage costs (Parry et al, 2014). Therefore, the provincial damage costs will 

be estimated according to the regional population. Furthermore, the uplifted 

damage costs also should consider the morbidity risks, OECD (2014) suggest 

10% a mark-up of VSL-based damage costs each year to represent morbidity 

measures. The uplifted factors in this chapter include both economic growth 

and the morbidity risks.  

 

Air pollutant emissions reduction costs 

The costs on air pollution control need to be considered in order to measure the 

effects of pollution control, including the cost of avoiding environmental pollution 

hazards and the spending on pollution treatment. Meanwhile, technology and 

policies will be updated periodically in order to maintaining efficiency on 

pollution treatment measures. The total investments in treatment of 

environmental pollution can be acquired from China Environmental Statistical 

Yearbook, including investment on urban environment infrastructure facilities, 

the treatment of industrial pollution sources, and the investment on 

environmental protection projects three sections. This study focuses on the air 

pollution related investments. According to the investment on environmental 

protection projects, there is no clear illustration on how large the proportion of 

waste gas is, thus equal proportions are distributed to waste gas, waste-water 

and other wastes (solid waste, noise pollution etc.) separately.  
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Figure 5.4: Air pollution mitigation costs: China 

 

The costs of air pollutant emissions reduction in Figure 5.4 include investment 

in the treatment of waste gas, investment in gas supply and investment in 

centralized heating, as well as investment in the environmental protection 

acceptance projects (refer to the environmental protection projects that have 

been checked and accepted) in each year. The figure indicates the overall 

increasing trend of costs on pollution treatment from 2010 to 2017. In 2013 and 

2014, the investments in air pollution control are relative higher than other years. 

From 2014 to 2015, costs declined as a response to the significant 

improvement due to the investment on pollution treatment over previous period. 

Compared with these four types of investments, the investment in 

environmental protection projects took the largest proportion, which marks the 

high demand of green projects for pollution treatment and environmental 

protection. The air pollution mitigation investments on Centralized heating and 

gas supply are two main parts of urban environmental infrastructure facilities.   
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The process of energy consumption leads to the large amount of extensive 

emissions of local air pollutants, including sulphur dioxide, nitrogen oxide, and 

dust emissions as the major three pollutants (He et al, 2010). The government 

official database only provides these three type waste gas emissions on air 

pollution. Therefore, the costs on air pollution reduction can be treated as the 

costs for these three pollutants.   

 

Benefit cost ratio 

For conducting the cost benefit analysis in a project, the relationship between 

costs and benefits can be described with the benefit cost ratio. After obtaining 

the health benefits and costs of pollution treatment, the benefit-cost ratio can 

be derived throughout the benefits divided by costs. A ratio greater than 1, 

therefore identifies the projects or actions that can be considered to be 

economically efficient. However, due to the possible lags and biases, if the ratio 

is less than 1 it does not necessarily mean that it fails the test of economic 

efficiency. Both benefits and costs suffer from uncertainties which are hard to 

estimate and predict. Also, some green investment on environmental protection 

probably need longer payback periods. 

 

Overview of the calculation steps for cost-benefit analysis 

To summarise, the below diagram illustrates the steps taken for cost-benefit 

analysis. The overall steps can be concluded with four sections, including 

health benefits, air pollution mitigation costs, benefit-cost ratios, and sensitivity 

analysis. First, the total benefits are equal to the product of damage cost per 

tonnes and emissions reduction.  Second, the mitigation costs are the actual 

values from 2011 to 2017, the remaining eight years will be estimated by using 

previous data. Third, the benefit-cost ratios measure as total benefits divided 

by total costs. Finally, the sensitivity analyses will be introduced to check the 

variations and boundaries of these three values.  
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Figure 5.5: The steps taken for Cost-benefit analysis  

 

National-level cost-benefit analysis 

The damage cost in Parry et al (2014)’s study will be applied directly as the 

baseline value. Then the damage cost will be adjusted by uplifted factor. Air 

pollutant emissions reduction are based on the actual data at the national level. 

Finally, the products of uplifted damage costs and emissions reduction are the 

total benefits, which discounted using discount factors to obtain the total 

present value benefits at national level.  

 

The mitigation costs are actual data and discounted to get the total present 

value of costs. Having the values of both total benefits and costs, the benefit 

cost ratios can be calculated.  

 

The sensitivity analysis is to test how different factors affect the benefit-cost 

ratios by certain level changes. In addition, the settings of lower bound and 

upper bound limits consider the extreme values.  

 

Provincial-level cost-benefit analysis 
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The process of provincial level analysis is similar to the national level. 

Regarding the total benefits, two types of total benefits will be calculated for 

comparison. The first is to use same damage costs with the national level, 

which represents the provincial benefits under the assumption of average 

damage costs. The second is that the damage per tons will be weighted by the 

variation of regional per capita GDP.   

 

The three air pollutant emissions and mitigation costs are based on the 

provincial-level data. Therefore, the benefit-cost ratios are supported by the 

regional data.  

 

In addition, the sensitivity analysis also considers the changes on influencing 

factors and creating bound limits with extreme values. 

 

National level Results 

Trends of emissions 

The air pollution mitigation policies will lead to the pollutant reductions and air 

quality improvement in China. Figure 5.6 shows the past and future SO2, NOx 

and smoke and dust emissions with the mitigation policies until 2025. The 

emissions reduction target of 13th Five-Year-Plan (2016-2020) is 15% reduction 

for the major air pollutants at national level. Therefore, our projection of 

emissions for next five year is 15% reduction within five-year period as the 

conservative reduction rate. Therefore, SO2, NOx, and smoke and dust 

emissions will decline to 6.02, 9.28 and 5.98 million tonnes respectively by 2025. 

Comparing with the BAU scenario, SO2 and NOx emissions perform better with 

the policies of 12th FYP and 13th FYP. Although the estimates of BAU scenario 

demonstrated a relative lower level of smoke and dust emissions than PA 

scenario, PA scenario conducted the better trend of emissions reduction than 

the BAU scenario because the policy implementation had brought larger drop 

of smoke and dust emissions from 2014 than BAU scenario in terms of the 
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dramatic results of reduction This is due to the massive fog and haze outbreak 

starting from 2013 in China, the amount of smoke and dust emissions was 

affected by severe air pollution which lead to the peak in 2014. Likewise, 

Chinese authorities adopted the effective measures (Air Pollution Prevention 

Plan) for controlling air pollution, and there is a dramatic decline of smoke and 

dust from 2015 to 2016, which can reflect the timeliness of these measures. All 

these three pollutants emissions under the policy implementation scenario have 

decreasing trends, which confirm that current policies are effective to the 

emissions reduction during the predicted-year period.            

 

Figure 5.6: Total trend of air pollutant emissions with policy controls 
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Figure 5.7: Air pollutant emissions with the comparison of two scenarios 

 

Monetary health benefits 

The below tables present the results of discounted benefits of three air pollutant 

emissions across China, and the total present value benefits are the summation 

of present values across 15 years. The approach of benefits calculation (Figure 

5.1) is followed using the air quality appraisal provided by DEFRA (2020). 

Smoke and dust emissions take the highest present value of air quality impacts, 

which is 11,432,297 million yuan (1.763 trillion U.S. Dollar Equivalent), followed 

by the impact of SO2 emissions (6,948,362 million yuan, equivalent to 1.072 

trillion U.S. Dollar) and NOx emissions (2,692,298 million yuan, equivalent to 

0.415 trillion U.S. Dollar). Therefore, the total benefits combine these three 

items together to get 21,072,957 million yuan (3.250 trillion U.S. Dollar 

Equivalent) with the policy implementation scenario.  

 

As we can see in the below tables, the trends of damage costs have an 

increasing trend because of the GDP growth. Therefore, people would like to 

increase their health budget to reduce the mortality and morbidity risks caused 

by air pollution. Furthermore, although these three air pollutant emissions 

decline in total over 15-year period, the trend of emissions reduction is 

determined by the efforts from government and publics from past to the future. 

Hence the future policies and actions on environmental protection and pollution 

treatments are crucial to determine the health benefits.  
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The trends of health benefits change are hard to capture separately in this 

research. In the recent decade, China faces the fast-paced economic 

development, which brought the inevitable large amount of energy consumption 

that could result in the increase of air pollution. Moreover, China also has 

launched several aggressive mitigation policies for pollution treatment. Both 

severe air pollution and policymaking lead to the fluctuation trend of emissions 

reduction base on the actual data from 2011 to 2017. In 2011, climate drought 

had led to the concentrated outbreak of environmental pollution and ecological 

deterioration which resulted the policies and targets were hard to be effective. 

Table 5.2 and 5.3 show the increased of SO2 and NOx emissions in 2011 which 

prove the relative larger pressure to reduce emissions in next following years. 

Nevertheless, the decline in air pollutant emissions and positive benefits after 

2011 prove the effectiveness of the Five-Year-Plan guidance. Furthermore, this 

study uses the targets of Five-Year-Plans to predict the average emissions 

reductions from 2018, therefore, the trend of benefits after 2018 is gradually 

becoming stable. The sensitivity analysis will conduct later with regard to 

considering of uncertainties in these projected emission trends.  

 

 

Table 5.2: Estimates of total benefits with policy controls: SO2 emissions 

Year

Sulphur dioxide

emission in

waste gas(ton)

SO2 actual

reduction in

each year

(ton)

Damage

costs

(yuan/ton)

Uplift

factors

Damage

costs

uplifted

Discount

factor

Total benefit with

actual reduction

(100 million

yuan)

Total discounted

benefit

(100 million yuan)

2011 22179082 -329082 352312 1.18 415762 0.9615 -1368 -1316

2012 21180000 999082 352312 1.26 443982 0.9246 4436 4101

2013 20439000 741000 352312 1.34 472201 0.8890 3499 3111

2014 19744000 695000 352312 1.42 500420 0.8548 3478 2973

2015 18591000 1153000 352312 1.50 528640 0.8219 6095 5010

2016 11028643 7562357 352312 1.58 556859 0.7903 42112 33281

2017 8753976 2274667 352312 1.66 585078 0.7599 13309 10113

2018 8196246 557730 352312 1.74 613297 0.7307 3421 2499

2019 7638516 557730 352312 1.82 641517 0.7026 3578 2514

2020 7080786 557730 352312 1.90 669736 0.6756 3735 2523

2021 6868362 212424 352312 1.96 690875 0.6496 1468 953

2022 6655939 212424 352312 2.02 712013 0.6246 1512 945

2023 6443515 212424 352312 2.08 733152 0.6006 1557 935

2024 6231091 212424 352312 2.14 754291 0.5775 1602 925

2025 6018668 212424 352312 2.20 775430 0.5553 1647 915

Total present value benefit 69484
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The tables list the specific calculations for estimating total environmental 

benefits under the policy controls to SO2 emissions, NOx emissions and smoke 

and dust emissions. In general, total benefit is equal to the product of unit 

damage cost and emissions reduction. For the first step, the emission reduction 

can be gained from the emission in current year minus the emission in last year. 

Second, the damage cost will be adjusted with the uplifted factor to obtain the 

uplifted damage cost. The uplifted factor combines cumulative GDP growth rate 

with a morbidity measure provided by OECD (2014) approach. The real 

average GDP growth rate is 8% from 2011 to 2017 in China, thus 8% is applied 

to the period of 2011 to 2020, considering the Five-Year-Plan – the method of 

planning economic growth in China. From 2021 to 2025, the growth rate is 

chosen as 6% because of another five-year period and the slowdown of 

economic growth in China. Morbidity is suggested by OECD as being 

equivalent to approximately 10% of VSL-based damage costs and so the 

aggregates are supplemented by this morbidity factor.   Third, the total benefit 

with actual emission reduction is the product of pollutant emission in each year 

and uplifted damage cost. Finally, the total benefits had been discounted by 

discount factors to reflect present values. 

 

Table 5.3: Estimates of total benefits with policy controls: NOx emissions 

Year

Nitrogen

Oxides

Emission in

Waste Gas(ton)

NOx actual

reduction in

each year

(ton)

Damage

costs

(yuan/ton)

Uplift

factors

Damage

costs

uplifted

Discount

factor

Total benefit with

actual reduction

(100 million

yuan)

Total discounted

benefit

(100 million yuan)

2011 24042745 -5518745 223766 1.18 264065 0.9615 -14573 -14013

2012 23377617 665128 223766 1.26 281989 0.9246 1876 1734

2013 22273587 1104030 223766 1.34 299912 0.8890 3311 2944

2014 20780015 1493572 223766 1.42 317835 0.8548 4747 4058

2015 18510242 2269773 223766 1.50 335758 0.8219 7621 6264

2016 13943109 4567133 223766 1.58 353681 0.7903 16153 12766

2017 12588324 1354785 223766 1.66 371604 0.7599 5034 3826

2018 12033016 555307 223766 1.74 389527 0.7307 2163 1581

2019 11477709 555307 223766 1.82 407450 0.7026 2263 1590

2020 10922402 555307 223766 1.90 425373 0.6756 2362 1596

2021 10594730 327672 223766 1.96 438799 0.6496 1438 934

2022 10267058 327672 223766 2.02 452225 0.6246 1482 926

2023 9939386 327672 223766 2.08 465651 0.6006 1526 916

2024 9611714 327672 223766 2.14 479077 0.5775 1570 907

2025 9284042 327672 223766 2.20 492503 0.5553 1614 896

Total present value benefit 26923
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Table 5.4: Estimates of total benefits with policy controls: Smoke and dust 

emissions 

 

Figure 5.8 presents the comparison of total benefits between business-as-usual 

scenario (BAU) and policy implementation scenario (PA). The total benefits 

from the BAU retain the policies in the period of 11th Five-Year-Plan (2006-

2010). BAU scenario assume that emissions discharge maintains the average 

change rates within year 2006 to 2010.  The total benefits with PA scenario 

performs better than BAU scenario, which is 21,072,957 and 13,803,586 million 

Chinese yuan respectively. With the updated air pollution mitigation measures 

starting from 2011, the benefits from NOx and SO2 emissions reduction obtain 

greater and positive values for these 15 years. The reason of negative NOx 

emissions reduction benefits is that NOx emissions had an increasing trend 

from 2016 to 2020, thus there is no benefits from NOx emissions reduction. 

Regarding smoke and dust emissions, figure 5.8 shows that smoke and dust 

emissions with BAU scenario are less than the emissions with PA scenario, 

which lead to the same results of benefits.         

Year

Smoke and

dust emission

in waste

gas(ton)

Dust actual

reduction in

each year

(ton)

Damage

costs

(yuan/ton)

Uplift

factors

Damage

costs

uplifted

Discount

factor

Total benefit with

actual reduction

(100 million

yuan)

Total discounted

benefit

(100 million yuan)

2011 12788255 -10255 1247538 1.18 1472216 0.9615 -151 -145

2012 12357748 430508 1247538 1.26 1572141 0.9246 6768 6258

2013 12781411 -423663 1247538 1.34 1672065 0.8890 -7084 -6298

2014 17407508 -4626097 1247538 1.42 1771990 0.8548 -81974 -70072

2015 15380133 2027375 1247538 1.50 1871915 0.8219 37951 31193

2016 10106627 5273506 1247538 1.58 1971839 0.7903 103985 82181

2017 7962643 2143984 1247538 1.66 2071764 0.7599 44418 33754

2018 7501239 461404 1247538 1.74 2171689 0.7307 10020 7322

2019 7039835 461404 1247538 1.82 2271613 0.7026 10481 7364

2020 6578431 461404 1247538 1.90 2371538 0.6756 10942 7392

2021 6381078 197353 1247538 1.96 2446390 0.6496 4828 3136

2022 6183725 197353 1247538 2.02 2521242 0.6246 4976 3108

2023 5986372 197353 1247538 2.08 2596095 0.6006 5123 3077

2024 5789019 197353 1247538 2.14 2670947 0.5775 5271 3044

2025 5591666 197353 1247538 2.20 2745799 0.5553 5419 3009

Total present value benefit 114323
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Figure 5.8: Benefits comparison (2011-2025) 

 

The mitigation costs of air pollution treatments 

 

Table 5.5 summarizes the consistent of mitigation costs of air pollution 

treatment over the 15-year period, which indicate an increasing trend until 2025 

(see Figure 5.9). The actual data only can be accessed from 2011 to 2017, the 

mitigation costs in 2014 have reached a peak because of the immediate 

response to the severe air pollution in 2013. The values between 2018 and 

2025 are assumed on the basis of the linear trend of past investments (2011-

2017), and the estimate of total undiscounted cost is 4,465,467 million yuan. 

The stable trend between 2018 and 2025 shows that the mitigation policies still 

have potentials to improve in the future. The calculations of present value 

mitigation costs follow the same step as present value benefits and the 

discounted cost is 3,252,187 million yuan, which is less than the total benefits.  
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Table 5.5: Mitigation costs of air pollution treatment 

 

The trends of costs in all four categories increase across the whole period. 

Waste gas treatment in 2025 reaches 818 million yuan, which almost 

quadruples the amount invested in 2011 (212 million yuan). The investment on 

environmental protection projects also doubles the amount in 2011. Meanwhile, 

the costs on centralised heating and gas supply have stable increase in total.  

 

Figure 5.9: Air pollution mitigation costs (2011-2025) 

 

Year

Investment in the

Environmental

Protection

Acceptance

Projects in the

Year(100 million

yuan)

Investment in

Gas Supply(100

million yuan)

Investment in

Centralized

Heating(100

million yuan)

Investment in the

Treatment of

Waste Gas(100

million yuan)

Mitigation

costs on

pollution

treatment(100

million yuan)

Dicount

factor

Total discounted

costs

(100 million

yuan)

2011 697.09 444.09 593.34 212.00 1946.52 0.9615 1871.66

2012 887.83 551.81 798.07 258.00 2495.71 0.9246 2307.43

2013 978.29 607.90 819.48 641.00 3046.67 0.8890 2708.47

2014 1027.59 574.00 763.00 789.00 3153.59 0.8548 2695.70

2015 1018.31 463.10 687.80 522.00 2691.21 0.8219 2211.98

2016 986.30 532.02 662.52 561.00 2741.84 0.7903 2166.92

2017 914.65 566.67 778.33 446.00 2705.65 0.7599 2056.07

2018 1090.11 597.95 788.11 692.71 3168.88 0.7307 2315.47

2019 1105.38 585.73 774.83 718.68 3184.62 0.7026 2237.47

2020 1092.73 572.47 743.01 712.12 3120.32 0.6756 2107.97

2021 1098.12 575.86 748.95 664.42 3087.36 0.6496 2005.49

2022 1116.57 598.78 771.41 681.01 3167.76 0.6246 1978.57

2023 1149.00 624.47 792.48 756.23 3322.19 0.6006 1995.22

2024 1184.81 620.75 796.34 785.29 3387.19 0.5775 1956.02

2025 1213.10 622.50 781.88 817.70 3435.17 0.5553 1907.43

Total cost 44654.67 32521.87
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Benefit-cost ratio 

 

The environmental-related policies facilitate the high environmental benefits 

against the costs, which prove the effectiveness of pollution treatment and 

environmental protection. The ratio of benefits to costs will be estimated with 

the above results. National total present value benefits of emissions reduction 

combine with SO2, NOx, and smoke and dust emissions, which is 21,072,957 

million yuan. The present value of air pollution mitigation cost is 3,252,187 

million yuan. Hence the result of benefit-cost ratio can be generated, which is 

6.480.  

 

Sensitivity analysis 

 

The sensitivity analysis considers the uncertainties of estimates in order to test 

how the factors could affect the results for a robustness check (Kotchen, 2010). 

Two methods of sensitivity analysis are used, first is to change affecting factors 

(uplifted factor and discount factor), and second is to set up the upper and lower 

limits to key parameter values. Both benefits and costs are applied the different 

influenced factors: First, two parameters - the GDP uplift factor and the discount 

factor - are chosen to change the benefits in order to apply the smaller and 

greater values for those sensitivities. Second, the costs can be adjusted directly 

with different average increasing rate of mitigation costs change.  

 

The uplift factor is in line with the annual increase of GDP growth, therefore, 

with regard to the decrease in uplift factors, we keep the same rate (6%) from 

2018 to 2020 and reduce 2% after 2020 to get the 4% as the growth rate of 

smaller values. According to the rise in uplift factors, real per capita GDP growth 

rate is assumed to increase 2%, thus upper bound uplift factor is 8% 

cumulatively increase from 2018. These adjustments simply try to reflect the 

uncertainty in projected national economic growth rates in China. Discount 
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factors can be generated throughout the adjustment of discount rates. To get 

the smaller and greater values of discount rates, we use 2% as the lower 

discount rate and 6% as the higher discount rate instead of 4%. Furthermore, 

the average increasing rate of air pollution mitigation costs is approximately 

equal to 5% - 2% differences are given to obtain potential lower and upper 

bounds of costs increase, which are 3% and 7% respectively, reflecting 

economic growth rate uncertainties.  

 

Table 5.6 and table 5.7 present the results of sensitivity analysis with the 

different factors applied. The sensitivity analysis conduct into two parts which 

use the lower values and higher values separately. For benefits, there are three 

different scenarios, including change uplift and discount factors together, uplift 

factors change separately, and discount factors change separately. The results 

of two factors change and discount factors change only are similar, the benefits 

went up to 24 trillion yuan with factors in lower values and 18 trillion yuan with 

factors in higher values. If uplift factors change only, both sensitivity analyses 

with upper and lower values of factors obtain 20 trillion-yuan total benefits which 

are similar with the original PA scenario. Also, the benefit-cost ratios with 

changing uplift factors only (6.309 and 6.157) are similar to PA scenario (6.480) 

as well. The uplift factors reflect the willingness to pay for health which 

determine the trend of damage costs (DEFRA, 2020), and the willingness to 

pay for health is improved as the economic development proceeds. The results 

show that we do not find that the changes of uplift factors lead to significant 

impacts on benefits and benefit-cost ratios. The discount factors and the 

combination of the two factors could result in the relative larger changes of 

benefits, which represent the depreciation or even various uncertainties can 

affect the benefits of emissions reduction. Therefore, the any policies and 

actions on air pollution mitigation should consider the risk assessment and 

control against the uncertainties. In addition, updating and upgrading of 

technology can increase the efficiency in order to slow down the depreciation. 
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Table 5.6: Sensitivity analysis with influencing factors decreased (100 million 

yuan) 

 

 

Table 5.7: Sensitivity analysis with influencing factors increased (100 million 

yuan) 

 

Besides conducting the above sensitivity analyse, we also consider the possible 

wider boundaries of the benefit estimates defined by OECD (2012). The lower 

limit set up with half central value of damage costs, and the upper limit is used 

in 100% more than the central value of damage costs – these bounds being 

determined by the uncertainty ranges typically found within the literature on 

willingness to pay to avoid premature mortality reviewed by OECD (2012). In 

that case the lower bound of benefit-cost ratios with 50% reduction of damage 

costs are shown in table 5.8 and 5.9, and they highlight different influencing 

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 78382.635 78925.426 69052.015

Benefits(NOx) 31756.768 32220.133 26557.221

Benefits(Smoke and dust) 126435.099 128037.228 106780.150

Total benefits 236574.502 239182.786 202389.387

Costs Total costs 32077.303 32077.303 32077.303

B/C Benefit-cost ratio 7.375 7.456 6.309

Benefits

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 61543.358 61443.017 69613.684

Benefits(NOx) 22582.365 22483.827 27050.680

Benefits(Smoke and dust) 91815.515 91461.215 108501.088

Total benefits 175941.237 175388.059 205165.452

Costs Total costs 33323.024 33323.024 33323.024

B/C Benefit-cost ratio 5.280 5.263 6.157

Benefits
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factors separately. Similarly, the ratios with doubled damage costs are listed in 

Table 5.10 and 5.11. Tables 5.8-5.11 present the lower bound and upper bound 

values with different influencing factors, indicating the range of national-level 

benefit-cost ratios between 3.155 and 14.913. The results have taken the 

consideration of large change on total benefits, whilst the positive values of 

benefit-cost ratios can reflect the enduring cost efficiency.  

 

 

Table 5.8: The lower bound with influencing factors decreased 

 

 

Table 5.9: The lower bound with influencing factors increased 

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 39191.317 39462.713 34526.008

Benefits(NOx) 15878.384 16110.066 13278.611

Benefits(Smoke and dust) 63217.550 64018.614 53390.075

Total benefits 118287.251 119591.393 101194.693

Costs Total costs 32077.303 32077.303 32077.303

B/C Benefit-cost ratio 3.688 3.728 3.155

Benefits

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 30771.679 30721.508 34806.842

Benefits(NOx) 11291.182 11241.913 13525.340

Benefits(Smoke and dust) 45907.757 45730.608 54250.544

Total benefits 87970.618 87694.029 102582.726

Costs Total costs 33323.024 33323.024 33323.024

B/C Benefit-cost ratio 2.640 2.632 3.078

Benefits
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Table 5.10: The upper bound with influencing factors decreased 

 

 

Table 5.11: The upper bound with influencing factors increased 

 

Provincial results 

 

The provincial level analysis in China is useful to investigate in order to reveal 

the regional differences that may result from varying degrees of industrialisation, 

population density, etc. This section conducts the provincial analysis with 31 

provinces of mainland China due to data availability. All data after 2018 are 

predicted with values from previous years. Wang et al (2019) reveal that China 

faces unbalanced development across different regions with regard to data 

from 2010 to 2017, with the four municipalities and eastern coastal provinces 

ranking relatively high in economic development terms. Therefore, the regional 

differences might lead to various benefit-cost ratios because of the differences 

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 156765.269 157850.851 138104.031

Benefits(NOx) 63513.537 64440.265 53114.443

Benefits(Smoke and dust) 252870.199 256074.455 213560.300

Total benefits 473149.005 478365.572 404778.774

Costs Total costs 32077.303 32077.303 32077.303

B/C Benefit-cost ratio 14.750 14.913 12.619

Benefits

Both uplift

factors and

discount

factors change

Only

discount

factors

change

Only uplift

factors

change

Benefits(SO2) 123086.715 122886.033 139227.368

Benefits(NOx) 45164.729 44967.653 54101.361

Benefits(Smoke and dust) 183631.029 182922.431 217002.176

Total benefits 351882.474 350776.117 410330.904

Costs Total costs 33323.024 33323.024 33323.024

B/C Benefit-cost ratio 10.560 10.527 12.314

Benefits
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in human exposures - and hence benefits – and industrial development, and 

hence costs.   

 

Air pollution and Benefits 

All provinces have similar decreasing trends of air pollution as the country-level 

trend. But deceleration of emissions depends on baseline of pollutant emissions 

and local differences. Some provinces located in Eastern and Central China 

have more severe air pollution and face a heavier burden of emissions 

reduction, such as Shandong, Henan, Hebei, Shanxi, Inner Mongolia and 

Liaoning provinces. In addition, the provinces with high total GDP or large 

population can result in large air pollutant emissions, such as Guangdong, 

Jiangsu, Shandong, Henan and Hebei.   

 

 

Figure 5.10: Total benefits (damage costs and uplift factors at national level) 

 

According to the calculation method above, we first introduce the provincial 

emissions generation whilst the damage costs keep the same air pollution 

damage per ton of emissions at national level from Parry’s (2014) results to 



139 
 

obtain the results in Figure 5.10. The national-level values represent an 

average level of damage costs in China. Therefore, the provincial health 

benefits will be closely associated with the local emissions reduction ranking, 

and the higher pollutant emissions reduction can lead to higher total benefits. 

Henan and Shanxi are referred to the similar highest levels of total benefits and 

are reflected in relative higher benefits of air pollution reductions. Shandong 

and Henan provinces have the similar characteristics - of large populations and 

high GDP, as well as close proximity to each other. Hence the air pollution 

situations are also similar at the relatively high levels from SO2, NOx and smoke 

and dust emissions (see Appendix). However, Shandong had the most 

significant increases on air pollutants in 2011 and 2014 which had brought the 

decrease to total benefits from these two years. That is the reason for benefit 

differences between Henan and Shandong provinces. Overall, the cumulative 

emissions reduction in northern China are higher than southern China.  

 

Figure 5.11: Total benefits (damage costs and uplift factors at provincial level) 

 

Considering the differences in regional economic development, the provincial-

level damage costs and uplift factors should be estimated instead of the 

national average level. The damage costs are weighted according to the 

variation from the GDP per capita for each province from 2011 to 2017, and 
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predicted the variation using previous GDP per capita in each region for the 

period of 2018 – 2025. The provincial uplift factors are determined by the 

different per capita GDP growth rates. Therefore, the new ranking of total 

benefits can be generated in Figure 5.11.  

 

Figure 5.11 indicates that the per capita GDP can affect the total benefits, 

people living in the developed provinces probably have higher willingness-to-

pay for health against the harm from air pollution. Compared with figure 5.10, 

several provinces with high per capita GDP ranking improve their ranking in 

total benefits, such as Jiangsu, Guangdong, Zhejiang, Shandong provinces. 

Guangdong province is the most populous province and has the largest GDP 

in China, which is located in the southern coastal China. As a developed 

province, the key industries in Guangdong include modern service industries, 

high-tech industries, advanced manufacturing industries, strategic emerging 

industries and new industries. The secondary industry also takes a certain 

amount in industrial structure of Guangdong province, which can lead to large 

emissions discharge and high benefits as well. However, although some 

provinces have high emissions reductions, the benefits rankings of the 

provinces with relative lower GDP fall behind compared between two figures, 

such as Shanxi, Liaoning, Hebei provinces.  
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Figure 5.12: Total air pollution mitigation cost at the provincial level 

 

Mitigation costs 

Additionally, the air pollution mitigation costs also should be considered the 

same perspectives to maintain consistency with national level analysis, which 

include investments on environmental protection projects, gas supply, 

centralized heating and air pollution treatments. The development of heavy 

industry boosts the pollutant emissions increase (Wang et al., 2011).  Therefore, 

the provinces with larger proportion of heavy-polluting industries need greater 

inputs of pollution treatment in order to de-couple the air pollution burden from 

economic development. The regional difference of spending on pollution 

treatment can be apparently reflected across various provinces. Therefore, the 

mitigation costs on Shandong, Henan, Hebei and Jiangsu rank in top 5 

provinces during the 15-year period, which are also taken more than 4% of 

national total heavy industry separately (see Figure 5.12 and 5.13). Figure 5.13 

shows the distribution of heavy industry in 2016, the heavy industry mainly 

located in northeast China, five provinces in central China and Xinjiang take 

around 2-4% of national total heavy industry, and the western China have less 

proportion of heavy industry. Therefore, the industrial distributions are 
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associated with costs on pollution treatment through the comparisons. 

Furthermore, the climate difference also affects the costs because of the wide 

latitude in China. In winter, urban centralized heating is essential for northern 

China from the middle of November to March, thus the air pollution mitigation 

costs from heating in the north are greater than southern China.      

 

 

Sources: Moody’s Analytics, Northeast industries pack heavy 

Figure 5.13: The volume of heavy industry distribution in 2016 

 

Benefit-cost ratio 

 

Figures 5.14 and 5.15 show benefit-cost ratios with different total benefits 

according to figure 5.10 and 5.11. Figure 5.15 is perhaps more representative 

because provincial damage costs and uplift factors are introduced instead of 

the average values at the national level. Hence the benefit-cost ratios lie in the 

range between 1.53 (Xinjiang) and 23.16 (Hunan) at the provincial level. The 

ranking differences between total benefits and benefit-cost ratios are due to the 

various mitigation costs. Some provinces with relative low mitigation costs are 

likely obtained higher benefit-cost ratio. For instant, the low costs lead to high 

benefit-cost ratio in several provinces which located in southern China, 
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including the provinces listed in top 5 benefit-cost ratio ranking - Hunan, 

Guangxi, Fujian, Chongqing and Guizhou.  The reasons for lower mitigation 

costs include the high-cost efficiency of this province, insufficient fiscal inputs 

on environmental quality improvement, or smaller demand on pollution 

treatment due to the scale of the economy.  

 

 

 

Figure 5.14: Benefit-Cost Ratios (damage costs and uplift factors at national 

level) 
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Figure 5.15: Benefit-Cost Ratios (damage costs and uplift factors at provincial 

level) 

 

Sensitivity analysis 

The provincial results conduct the sensitivity with two methods as well, which 

refer to the changing of influencing factors and create the limit values. First, the 

sensitivity analysis keeps the same change rates for measuring the 

uncertainties from provincial-level results. Regarding the benefits, both uplift 

factors and discount rates have ±2% changes for the lower and upper values. 

The costs are given ±2% changes within each category and varied across 

different provinces. Therefore, the ranges of benefit-cost ratios can be 

generated according to the lower and upper values, which indicate the intervals 

are between 0.81 (Beijing) and 5.85 (Hunan) (see Figure 5.16). The results 

indicate the provinces with relatively small (large) benefit-cost ratios have 

smaller (larger) fluctuations.  In addition, figure 5.17 presents the greater ranges 

of benefit-cost ratios compared with the above figure. I construct the lower and 

upper limit with the 50% mark-down and 100% mark-up for the uplifted factors 

(OECD, 2014) (keep the same method with the sensitivity analysis at national-

level). The results show that the provinces with higher benefit-cost ratio have 

relative great ranges. Overall, all provinces insist with the positive values of 

benefit-cost ratios, indicating the cost efficiency in all regions.    
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Figure 5.16: Sensitivity analysis with ±2% changes of both uplift factors and 

discount rates 

 

 

Figure 5.17: Sensitivity analysis with the 50% mark-down and 100% mark-up 

for the uplifted factors 

 

Limitations and uncertainties 
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This calculation of damage costs in this study relies on Parry’s results in 2010 

and estimate the damage costs in next following years with the GDP growth 

rate. Therefore, the monetary value of health effect might suffer from biases 

compared to the actual data.  

 

In addition, Parry (2014) estimate the population exposure to pollution mainly 

include particular matter, sulphur dioxide and nitrogen dioxide emissions, which 

are emitted from fuel combustion. However, further research should be 

considered pollutants from soiling of buildings, acidifications of soils, etc., which 

are not quantified in Parry’s study. 

 

Conclusion 

 

This chapter conduct the cost benefit analysis of air pollution mitigation policies 

at both national and provincial level. Regarding the national-level results, this 

analysis provides that the benefits are 6 times more than the mitigation costs 

during the 15-year period. The total health benefits reach to 21,072,957 million 

yuan from air pollutants reduction and the costs of air pollution treatments are 

3,252,187 million yuan. The impacts of air pollution are province-specific, hence 

the benefit-cost ratios vary across different provinces from 1.53 to 23.16. 

Jiangsu province possess the largest total health benefits (1,742,078 million 

yuan) and the largest mitigation cost is in Shandong province (537,735 million 

yuan). Combined with the national-level and provincial-level benefit-cost ratios, 

it can be concluded that the investments on air pollution control can gain high 

health benefits and the policies are cost-efficient in reducing the air pollution 

over the 15-year period.   

 

In China, although the air pollutant emissions have declined substantially in 

recent years, the citizens are still exposed to air pollution at a comparably high 

level. The latest data of SO2, NOx, and smoke and dust emissions in 2017 can 
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be accessed and the comparisons with other countries can be conducted. SO2 

emissions in China had reached 8753.98 thousand tons in 2017, a level similar 

to the total amount from OECD countries (about 8788.54 thousand tons). In 

2017, NOx emissions in China (12588.32 thousand tons) are less than total 

OECD countries (15417.2 thousand tons), but still greater than US (9667.77 

thousand) and European OECD countries (8183.06 thousand). Total smoke 

and dust emissions are 7962.64 thousand tons in China. This study estimates 

that SO2, NOx, and smoke and dust emissions will decline to 6.02, 9.28 and 

5.98 million tonnes by 2025, which applied the same goals of 15% emissions 

reduction from 13th Five-Year-Plan (2016-2020). Therefore, with the policy 

implementation until 2025, the total reductions of SO2, NOx, and smoke and 

dust emissions are 15.83 (72%), 9.24 (50%), 7.19 (56%) million tons in 

comparison with the base year 2010, leading to $1.072 trillion, $0.415 trillion, 

and $1.762 trillion present value benefits separately.   

 

The increasing air pollution reduction and health damage determine the rise in 

total benefits during the 15-year period. The increasing trend of real per capita 

GDP growth can affect the damage cost increase, thus people would like to 

increase their willingness to pay for health in order to avoiding the potential risks 

of air pollution. In recent decade, per capita GDP growth rates keep the relative 

high level and steadily decreasing trend in total in China, which can be revealed 

with 8% as the average increasing rate from 2011 to 2017 and 6% from 2018 

to 2020.  

 

The basic benefits for controlling air pollution are the reduction of premature 

death caused by various air pollutants. The improvement of environmental 

quality has positive effect on economic impacts, including the decrease in the 

morbidity and mortality risks. These benefits need the supports from integrated 

policy. 
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The provincial analysis aims to reveal the regional differences on air pollution 

and the treatments. Reasons include geographic location, population, 

economic development, industrial structure, climate difference and policy guide, 

etc. The high GDP and large population are accompanied with the higher 

disposable income and rich labour resources. The improvement of economic 

growth will bring the large amount of air pollutant emissions. Likewise, people 

living in developed provinces are likely to pay more against air pollution.  

 

Policy discussion 

Overall, ambitious mitigation policies in pollution treatments have brought 

positive impacts on environment improvement recently in China. This chapter 

can find the evidence on policy effectiveness of air pollution mitigation with 

three pollutant emissions. Both SO2 and NOx emissions decrease every year, 

reflecting the efforts on industrial pollution control over that period. Smoke and 

dust emissions have a pattern of fluctuation associated with PM2.5 pollution, 

Chinese government also had quick response to release the air pollution 

pressure such as the Air Ten policy in 2013. The decline in smoke and dust 

emissions started from 2014 can prove the policy effectiveness. The 

comparison of two scenarios also supports that the updated policies were 

effective to emissions reduction and reduction targets were able to be met at 

the end of each FYP. The national-level results indicate China has achieved 

the goals in two FYPs, and the provincial-level results show the different 

contributions from each province. 

 

Regarding the policies on air pollution prevention, the pollution reduction should 

clarify the shortcomings in each province and set the goals combining with 

various factors such as economic and social impacts. For example, considering 

the regional economic development, Beijing and Shandong have relative low 

benefit-cost ratios. These two provinces are ranked into the last ten provinces 

of benefit-cost ratios, but Shandong and Beijing cost large amount on air 
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pollution mitigation. The specific targets should be made in different provinces 

in order to improving the cost efficiency and improving air quality. Policies with 

joint regional control should be continuously implemented and improved in 

order to make the cost-effective way for air pollution control, such as the 

pollution treatment in Beijing-Tianjin-Hebei region (Wu, et al., 2015). Likewise, 

neighbouring provinces can enhance the cooperation and share the costs and 

resources. Furthermore, the cost-saving can be achieved from improve the 

efficient resources allocation. The less developed countries should enhance the 

energy efficiency and waste management towards the air pollutant treatments, 

which can be beneficial to emissions reduction, fossil fuel being replaced and 

energy consumption decline (Lee and Van de Meene, 2013). The government 

in the coming decades should maintain with feasible target-setting and effective 

policymaking, which lead to the higher benefit-cost ratios.   
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Chapter 6 - Conclusions chapter 

 

This dissertation provides insightful empirical evidence on how much efforts 

public and corporate sectors have made to bring about environmental 

improvements and related green finance development in China. The full thesis 

contains four main empirical chapters, including the testing of the EKC 

hypothesis in China, the analysis of the relationship between environmental 

performance and financial performance at the corporate level, green bond 

development, and the cost-benefit analysis of air pollution mitigation policies. 

By analysing both pollution treatment and green investments in recent years, it 

can inspire policy future policy implementations for a low carbon economy. The 

below diagram shows the how the thesis works to explore these interactions:   

 

 

Figure 6.1: Framework of the thesis 

 

Economic development has historically caused environmental degradation. 

Chapter 2 investigates the relationship between economic development and 

environmental pollution, aiming to explore the evidence relating to whether the 

increasing GDP growth also can bring harm to the environment at early stages 

of economic development. This research belongs to a macro-level perspective, 

and the significant results in Chapter 2 has been illustrated that SO2 and NOx 
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emissions had stepped into the second stage of EKC hypothesis, indicating the 

pollutants decrease as the income per capita increases, whereas COD and 

smoke and dust were showing U-shaped relationships. We should therefore 

seek for a balance between economic growth and environmental protection to 

maintain negative relationships between emissions and economic development. 

That also motivates the sustainable development.  

 

Enterprises play a vital role in economic development. Our research has been 

focused on environmental actions in corporations with regards to the 

environmentally sustainable long-term goals. We find that corporate 

environmental performances are positively associated with financial 

performances which indicates that good environmental performance is valuable 

to the development of enterprises. The findings also highlight to the regulators 

and company itself the value of current disclosure of environmental 

management, the lack of such disclosure could lead to the missing evaluation 

from stakeholders.    

 

Chapter 2 introduces two explanatory variables to explore the effects on air 

pollution mitigations, including government expenditures on environmental 

protection and investments for pollution treatment. Chapter 3 uses the company 

data of environmental protection investments as one of environmental 

performance indicators, measuring its relations on financial performance. The 

estimates of green investments in these two chapters considers investments 

from public and corporate sectors, whilst Chapter 4 has focused on green 

bonds. Green bonds can mobilise funds for addressing environmental 

challenges, offering social impact benefits to the stakeholders. Chapter 4 

therefore investigates the determinants of green bonds including bond and 

issuer characteristics. Furthermore, the chapter makes comparison between 

green bond and conventional bond.  
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Chapter 5 moves to the policy investigations and focuses on the environmental 

improvements within two FYP periods. This study estimates how much 

environmental benefits were gained from the emission reduction, and amount 

of the costs consumed by mitigating waste gas. The two scenarios (Business-

as-usual scenario and policy implemented scenario) aims to find the evidence 

of effectiveness of current environmental policy. In China, the government 

possesses the leading force of pollution treatment and environmental 

improvement; therefore, the estimates of environmental benefits and mitigation 

costs account for the evaluation of public policy implementation. The results 

approved the policy effects from the perspective of economic efficiency whilst 

– though the analysis at provincial level also give suggestions to regulators for 

future policy developments that allow for regional differences in population and 

economic structure.    

 

Overall, this thesis provides empirical analyses on environmental pollution 

(particular of air pollution) and environmental protection inputs, showing the 

evidence of sustainable development in various aspects, such as government, 

enterprises, and financial corporations. We can find the achievements of 

China’s green growth from the empirical results and learn lessons for guiding 

the future developments towards sustainable economy.    

 

Key research questions and answers – by Chapter 

Can we find evidence of income per capita having effects on pollutant 

emissions in China? Does green investment matter? (Chapter 2) 

 

Chapter 2 reveals that the environmental Kuznets curves exist in China - SO2 

and NOx emissions have the inverted U-shaped relationships with GDP per 

capita, and show the turning points of income per capita are 4,510 yuan and 

32,237 yuan respectively. By way of contrast, both COD and smoke and dust 

emissions show the U shape curve with income per capita, indicating the water 
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pollution and particulate matters had not been alleviated so far. Furthermore, 

the mixed results of green investments reveal the effects of financial supports 

on environmental improvements had not been shown yet, the environmental 

protection is still at the initial stage until 2016. The dynamic panel GMM 

approach is applied with two transformations in this chapter.   

 

Does corporate environmental performance affect the corporate financial 

performance? (Chapter 3) 

 

In chapter 3, the majority of our results reflect the finding that the corporate 

environmental performance is positively associated with the financial 

performance. Both results on carbon emissions and sulphur dioxide emissions 

are significant to ROA, ROE, and ROIC, with the negative signs indicating that 

reducing pollutant emissions can increase the financial benefits. Energy 

intensity also has the negative relationships with ROA and ROIC, confirming 

the positive effects of high energy efficiency. The green investment in this 

chapter is only significant to the ROIC and shows a positive effect on financial 

performance in the private sector. Furthermore, throughout testing the effects 

of new environmental law, the negative results for financial performance 

indicate the significant binding force starting from the modified version issued 

in 2015.      

  

Which influencing factors can affect the green bond yield? How the comparison 

looks like between green bond and conventional bond? (Chapter 4) 

 

Chapter 4 focuses on China’s green bond market in order to investigate how 

the future sustainable economic development can be incentivised using 

corporate finance. This study considers various affecting factors of green bond 

yield, including bond characteristics (e.g. issue size, maturity, and coupon rate) 

and issuer characteristics (e.g. company size, net profit growth rate, and ROE). 
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Issue size, maturity, and coupon rate have positive relationships with green 

bond yields, whereas the large-sized company is accompanied with low green 

bond yield. I also test the green classification and bond rating as the 

explanatory variables, but the results are insignificant, which indicate green 

bond definitions and bond ratings need to be improved. Furthermore, I find the 

green bond is relevant to lower yield, smaller issue size, and lower coupon rate 

in comparison with the conventional bond. The companies with high profitability 

are more likely to be attracted by green bonds.   

 

How does the air pollution mitigation policies contribute to the environmental 

improvement? (Chapter 5) 

 

Chapter 5 has evaluated the target-settings of air pollution mitigation in China 

over the period of 12th FYP and 13th FYP and forecast the future until 2025. This 

study presents the decreasing trends of waste gas includes SO2, NOx, and 

smoke and dust emissions, as well as the increasing trend of air pollution 

mitigation costs in total according to the original data. The national-level results 

provide comparative analysis based on the two scenarios, the environmental 

benefits with actual emissions reduction as a result of mitigation policies are 

higher than the BAU scenario. Also, the central benefit-cost ratio is found to be 

equal to 6, proving the economic efficiency of mitigation policy at the national 

level. The provincial-level results reveal the regional differences on air pollution 

mitigations in terms of the range of benefit-cost ratios from 1.48 (Xinjiang) to 

21.69 (Hunan). The regional differences are affected by geographic location, 

population, economic development, industrial structure, climate differences, 

policy guidance and etc. All results are robust to the sensitivity analysis.    

 

Main Contributions 

1) Throughout the testing of EKC hypothesis in China, Chapter 2 conducts the 

provincial-level analysis with four types of pollutant emissions – a wider 
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spread than previous papers. In addition, by introducing two variables of 

green investment, this chapter also investigates the effect of green 

investment on pollutant emissions. Furthermore, the dynamic panel 

approach measures how the lagged dependent variables affect the 

dependent variable and so adds greater econometric sophistication than 

previous analyses.  

 

2) Chapter 3 fill the blank on EP-FP study at the corporate-level in China. All 

environmental performance indicators are manually collected from ESG 

reports (also included sustainability report or CSR report). This study 

contains four different perspectives to represent the corporate 

environmental performance, and the positive effects on financial 

performance support the importance of sustainable development. Moreover, 

lessons were drawn from lack of data about the improvement of regulating 

environmental information disclosure.   

     

3) Chapter 4 shows the first evidence on the investigation of the determinants 

of green bond yields in China’s green bond market, and the comparisons 

between green bonds and ordinary bonds provided additional support on 

investment choice of green bond. Both results and green bond market 

summary give a better understanding of green bond market growth in China. 

 

4) The cost-benefits approach was applied in Chapter 5 for evaluating air 

pollution mitigation policies in China. This chapter utilises the approach 

applied by the UK Government (DEFRA, 2020) to calculate the 

environmental benefits, which refers to the product of damage costs and 

emission reduction. We use complementary estimates of mortality values 

and morbidity values; previous analyses have considered mortality only. The 

policy implementation scenario has fully reflected existing emission 

reduction targets and extends these to future time periods, whilst the BAU 
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scenario provided the assumptions for there is no new policy targets and 

pressure. Both national-level and provincial-level analysis were conducted 

in this chapter, which identify the integrated situation and regional 

differences. The regional-scale analysis adds a further dimension to the 

analyses previously published.      

 

 

Policy Recommendations 

 

Policy intervention is usually a response to market failure and performance. In 

China, the top-down approach to policymaking leads to setting of targets for 

future economic development plans to address the current environmental 

problems identified by officials. In recent decades, the improvement of 

environmental protection reflects the effectiveness of environmental policies, 

including emissions reductions (e.g. CO2, SO2, NOx, and smoke and dust 

emissions), green investment increases, and green market expansion.  

1. Pollution treatment 

Regulations 

China’s air pollution prevention and control has achieved remarkable results 

(Chapter 2, Chapter 3, and Chapter 5), but the following work would be more 

difficult to continue reducing the emissions with large drops. The first is 

strengthening the law force for pollution control. Both central and provincial 

governments should set out specific targets and make plans for project 

implementation and evaluation. The specific measures should match with the 

targets and transform the overall targets to implementing strategies by various 

organisational units such as provinces, sectors, and business units. Moreover, 

Chapter 5 highlights that regional actions should enhance cooperation with 

adjacent provinces to prevent damage to nearby regions, such as the pollution 

transfer or population burden. The government can offer more supports to 

environmental-friendly industry and help the industry upgrading of heavy-
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polluted industry. The current issues on environmental protection and energy-

saving need to be improved including weak independent innovation capabilities, 

shortage of high-end technologies, insufficient funds and the irregular market. 

The future regulation should consider broader aspects of environmental-related 

risks and have the ability to address the risks. For example, the government 

and corporations might place higher and uncertain cost burden due to climate 

change. 

 

Resources-saving 

Improving energy efficiency is effective in saving resources and improving the 

green credentials of organisations. The samples in Chapter 3 indicate the 

decreasing trend of energy consumption and energy intensity. Companies are 

striving to consume less energy to produce products or provide services. The 

economic transitions develop the low carbon industries with financial support 

and technologies. High energy and carbon-intensive industries are taking large 

proportion of the real economy, and the energy transition for these companies 

is crucial for realising sustainable development goals in China. In Chapter 3, 

most chosen companies belong to energy intensive industries, such as energy, 

industrials, and materials. They should seek for less polluting and efficient 

productions for structural adjustment of energy consumption. For example, 

renewable energy and new energy can be promoted instead of fossil fuels such 

as solar, wind, hydroelectricity, and biomass.  

 

2. Green investment 

The market-oriented policy changes are the future trend in environmental policy. 

Although the mandatory strategies for environmental protection are dominated 

in China, environmental policies have started to use financial tools to establish 

the modern environmental management approaches. The 2015 version 

Environmental law provided the guidelines for the market-oriented 

policymaking, including fiscal policy, taxation, pricing, and government 
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procurement.  

 

Considering the emission reduction targets and energy efficiency improvement, 

green finance market expands and aligns capital market with sustainable 

development. The substantial demand of green financing facilitates the growth 

of green bond market. Discrepancies in China’s local green bond guidelines is 

different with the international guidelines, such as the use of proceeds, eligibility 

of green projects and disclosure. Therefore, the future regulations should be 

considered into several aspects. First, it is necessary to establish a 

standardised green bond certification and rating system in order to realise a 

uniform standard for defining green bond, as well as increasing rating scale 

category effectiveness. Second, regulating the green bond information 

disclosure and refining the green bond definition can promote the international 

cooperation rather than focus on the local development. The purpose of the 

raised funds is not entirely invested on green projects, and we should 

investigate if the funds from green bond can be truly invested in green industries 

through disclosure transparency against with greening-wash. Furthermore, the 

green projects are hard to confirm they can produce environmental benefits and 

identify if the green projects exist the potential environmental risks. China 

should improve the green bond evaluation methods such as specific indicators 

and calculation methods. Third, green bond should combine sustainable growth 

with financial technology for pursuing sustainable development goals, as well 

as the new business and products are created by using digital technology in 

order to improving efficiency and security. In addition, the SMEs should be 

encouraged to participate in greening transition. SMEs in China contributing 

over 60% of total GDP, for the reason that environmental protection should be 

enhanced in SMEs, including more supports on environmentally friendly 

projects, and promoting environmental information disclosure, The EP-FP 

analysis with more diverse sample can lead to a more accurate result to see 

their relevance.  
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3. Latest policies 

In March 2021, the National People’s Congress (NPC) of China released the 

outline of the 14th Five-Year-Plan (FYP) (2021-2025), along with a mid-term 

2035 vision to focus on ‘socialist modernization’. It focuses on the policymaking 

for tackling climate change in accord with the thematic topic of this thesis. Firstly, 

the 14th Five-Year-Plan outlines main indicators of green ecology, which include: 

1) 13.5% of reduction in energy consumption per unit of GDP, 2) 18% of CO2 

emissions reduction per unit of GDP, 3) 87.5% of days with good air quality in 

cities at prefecture level and above, 4) 85% of surface water at or better than 

class III, and 5) 24.1% of forest coverage rate. All these five targets are binding 

targets with the strict constraints by central government. The policy trend in next 

five years focuses on environmental quality improvement and energy efficiency 

rather than pollution treatment. The results in Chapter 2 have been proved that 

the industrial pollutant emissions reduction had made significant progress and 

the existence of EKC also illustrated economic development can be beneficial 

to pollution reduction with technical and composition effects. The policy 

evaluation in Chapter 5 finds the evidence of policy effectiveness on industrial 

pollution treatment during 12th and 13th FYPs periods. Therefore, 14th FYP 

marks the transition of policy direction towards green development. 

Furthermore, the pollution control will maintain the continuous pollutants 

reduction, it focuses on the simultaneously reduction on PM2.5 and Ozone, in 

order to eliminating heavy pollution days within the next five years. The smoke 

and dust pollutants have seen large drop since 2014 with the supports of strict 

policies, and the following targets reflect the plans of continual improvements 

to air quality.  Also, the reduction targets are set as 10% of total reduction which 

are lower than the targets of 15% in 13th FYP, particularly on NOx emissions. 

The target setting shift from quantity of growth to quality of growth, and the 

gradually slow emission reduction also match with the prediction in Chapter 5. 
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Regarding the recent policies, China has been striving for the transition from 

pollution treatment to environment improvement, and the overall environmental 

quality keeps improving. Also, the environmental targets are shifted from 

pollution-centred to carbon-centred. The 13th FYP focused on greener 

production and environment, including less pollution and stable biological 

diversity; as well as firstly mentioned ‘promoting ecological progress and 

building a beautiful China’ (CGTN, 2020). Along with the environmental and 

ecological protection, outline of 14th FYP emphasis energy intensity and CO2 

emissions intensity, in order to establish a modern energy system and peak 

CO2 emission before 2030, towards 2060 carbon neutrality.  

 

Future work 

The future research can capture a longer time period of green finance 

involvement in China. Moreover, more disclosure in both public and corporate 

sector can contribute to database, the empirical analysis based on larger data 

can provide more accurate conclusions. Furthermore, industry analysis can be 

introduced into the chapter 3 with more data provided in the future. It is 

worthwhile to investigate the relationships between corporate financial 

performance and environmental performance in different specific industry or 

construct the industry dummy variables to control for industry specific effects. 

Chapter 4 refers to the insignificant results of green bond rating which means 

this study cannot provide answers on how the bond rating can affect the bond 

yields. The green bond rating needs to be investigated with an in-depth analysis 

which possibly aims to improving green bond assessment and standards in 

China. Regarding the Chapter 5, first is to conduct the more accurate cost-

benefit analysis with more disaggregated air pollution-related cost and benefit 

data instead of the general estimated values. The second way for further cost 

benefit research can be applied with other environmental media, such as water 

quality and contaminated land.  
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In addition, the thesis contains lack of carbon emissions in two main chapters 

due to the limited data sources. The thesis provides answers using industrial 

waste gas reduction for environment improvement and sustainable economic 

growth. The 2060 carbon neutrality target indicates the importance of 

decarbonisation, thus future studies should focus on analyses with carbon 

emission reduction in order to supporting the policymaking and actions with the 

aim of zero-carbon future. This thesis attempts to reveal pollution controls, 

green investment, as well as discovers the insights of environmental policies. 

Sustainable development is just starting a boom period in China, and the future 

research will be inspired as the development of green finance market.      
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