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Abstract: Currently, China is facing a challenge of sustainable development. The 

worsening air quality and increasing haze days in Beijing and many other cities in China 

have exerted serious health impacts and an economic toll. Pollution control and emission 

reduction have become an urgent issue that Chinese governments need to tackle. Hence, 

stricter Environmental laws and Clean Air Plans have been published and implemented in 

recent years in China. The developed countries had experienced the similar industrial 

development accompanying by air pollution problem during the middle of last century. 

Environmental legislating against helped many developed countries solve the pollution and 

achieved a positive EKC trend – air quality improvements along with continuous economic 

growth. The thesis tries to study the previous lessons and experiences on pollution 

abatement from some developed countries and find what lesson‘s China can draw from 

them on pollution control and changing towards a sustainable development. The thesis 

adopts a multi-scientific study method including case studies, economic, technological, 

legal and institutional analysis. The pollution abatement cases are from the US and the UK, 

because historically the serious air smog episodes due to industrialization had happened in 

many cities of the two countries, which are like what is happening in China now. Case 

studies compare the pollution problem in Beijing, Los Angeles and London, and focus on 

how environmental laws work for emission reduction. The study results show that the 

economic phase in China now is close to the EKC turning point and is at similar phase 

comparing to the historical pollution treatment stages during the middle of last century in 

the US and the UK. However, the positive EKC trend does not inevitably come without 

strong environmental legislation, technological development and economic-social 

institution sustainability transformation. The implication for China is that the current 

pollution control laws and its implementation in China at the crucial moment would most 

likely decide the future environmental, economic, and social situation in China. Loose 

environmental laws might cause environmental indulgence, while implementation of 

scientific environmental laws and standards can work effectively on emission reduction and 

enhancing technology and economic development at the same time. And the scientific 

based legislation skills from developed countries provide a good lesson to be drawn for 

China on how to make the laws and standards.  
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Summary: For the past three decades, fast industrialization in China has produced great 

social and economic development but has caused serious environmental problems. Air 

pollution is increasingly damageable in long term economic growth and hazardous to public 

health. In order to solve the problem, China released strict environmental laws and 

regulations, and has taken many measures. The similar air pollution problem had happened 

in developed countries before. And the environmental laws used to work for solving it. 

Therefore, the thesis tries to study and learn lessons from past air pollution control cases in 

developed countries in the last century and to provide useful experiences for China to curb 

pollution. 

 

The thesis focuses on studying and comparing the Los Angeles‘ photochemical air smog in 

the 1940‘s and the London‘s coal burning smog in the 1950‘s with Beijing haze day. The 

vehicle emission and oil refinery led the photochemical smog in Los Angele. The large 

dependence on coal burning in London induced the killing smog in 1952 in London. But 

now, both in Los Angeles and London and many other cities in the two countries, the severe 

air smog has no longer existed. Currently, vehicle emissions and coal burning pollutants are 

the main sources of Beijing haze days. Beijing crucially needs to reduce the emission from 

vehicle and coal burning. Learning from previous good examples can provide useful 

experiences and implications for Beijing and China.  

 

There were many factors contributing to the air quality improvements accompanying with 

economic growth. One of the most important measures to curb pollution was environmental 

legislation. Through studying the legislation methods in the US and the UK on pollution 

control, it can be learnt that the scientific based legislation and standards produced 

effectively curbed the pollution. And the environmental legislation and its implementation 

promoted the green technology and economy development and the sustainable institutional 

changing in the US and the UK. China is trying to legislate against the pollution, there are 

much in the developed countries‘ pollution control methods that China can make use of.  
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1. Introduction 

When entering into the 21
st
 century, environmental problems were getting more and more 

serious in China. Especially, the air pollution causes severe health impacts and economic loss 

in agriculture and materials because of the high concentration of toxic pollutants in the air. 

Based on a study by the Organization for Economic Cooperation and Development (OECD), 

the economic cost of air pollution to society in China was estimated at 1.4 trillion dollars in 

the year of 2010 (UNEP, 2014). This is a striking warning to China that the fast economic 

growth at the expense of environmental cost cannot contribute to a longtime sustainable 

economic prosperity. At the same time, the public complain a lot about the bad air quality. 

Pushed by the economic loss as well as the public pressure, the central government released a 

new and stricter ―Environmental Protection Law‖ in 2014 and a draft amendment of 

―Prevention and Control of Atmospheric Pollution Law‖ in 2015. Correspondingly, the new 

national air pollution control plans were made to require the local governments to implement 

the laws and take measures to tackle the pollution issues.  

 

Beijing, the capital city of China, is also one of the cities with most protruding air smog 

problem around the country. Between 2012 and 2014, Beijing was covered by smog almost 

half of the whole year. The haze days became an urgent problem that needs to be solved by 

the government. In these years, particularly, Beijing government adopted stringent pollution 

control regulations and made the local ―Clean Air Plan 2011-2015‖ and ―Plan 2013-2017‖. 

Both the central and Beijing Municipal government have showed the determination to 

addressing the issue and tried to use the environmental legislation to curb the pollution. But it 

is not without difficulties. The fast economic growth and industrialization in Beijing as well 

as around China is driven by the high energy consumption, especially coal and petroleum, 

while whose combustion emissions cause the haze days. Along with the improved living 

standards, people‘s lifestyles become increasingly dependent on energy supply, such as using 

private vehicles and high demand on electricity and winter heating. One of the important 

ways of tackling the air smog problem requires cutting the emission from coal and petroleum, 

which might result in a decrease of using the coal or even petroleum. Hence, whether the 

pollution control would conflict with economic growth is not without doubts. 

 

Take Beijing air pollution as an example, the main cause of Beijing haze days are high 

pollutants from vehicle emissions, coal burning, industries, city dusts as well as 

trans-boundary pollutants from neighboring cities of Hebei and Tianjing. Of which, the 

vehicle emissions and coal burning pollutants from industries accounted for most of the 

pollutants that cause the haze days. According to the stricter environmental laws and 

regulations, the high polluting factories would face harsh fines, or even be stopped running or 

closed in order to curb the pollution. The rights of using and purchasing private motor vehicle 

are also regulated and restricted so as to reduce emission and pollution. One of the delegates 

of the National People‘s Congress argues that this may affect the development of automobile 

and steel industries and even the public needs (Zhu & Zhang, 2015). 

 

Development-environment dilemma is big challenge not only for China and other developing 
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countries, but also for developed countries, especially when the industrialization revolution 

led to the rapid expansion as well as an increase in environmental pollution in the last century. 

But curbing pollution did not definitely hinder the economic growth in the developed 

countries. The historical data indicates that the air quality improved and the economy 

continuously increased. The theory of Environmental Kuznets Curve (EKC) and the 

developed countries‘ pollution control experiences have proven that environment and 

development can go hand in hand. Some western countries, such as the US and the UK, have 

benefited from the previous pollution treatment and maintained a desirable environment and 

economic, social sustainability. Therefore, the purpose of the thesis is to study the current 

China‘s economic development phase and the possibility of changing towards sustainable 

development and analyzing what would contribute to economic and environmental 

development at the same time through a study of the developed countries‘ experiences. The 

thesis will focus on analyzing the effects of environmental legislation on reducing emission, 

promoting economic and technological development and transforming institutional change 

towards sustainability, and studying the implications for Beijing, China‘s air pollution 

control through case study surveying. The first thesis question will try to answer: 

economically, has China reached or neared the EKC turning point based on historical data 

comparison with the US and the UK and the EKC theory.  

 

Historically, the similar air pollution problems had bothered the people and governments in 

developed countries before. High energy consumption and high polluting was the 

accompanying problems the current developed countries used to face during their 

industrialized period. For example, Los Angeles and London had also experienced serious air 

smog that had caused high morbidity and mortality during the 1940s and 1950s. Comparing 

Beijing today with Los Angeles and London at that time, all the three cities are high in 

population density and energy consumption. Los Angeles air smog was mainly caused by 

vehicle emissions, while the London‘s was caused by plenty of coal burning from residential 

buildings and industries. The two kinds of emission sources are what lead to the Beijing haze 

days nowadays. Interestingly, the geological feature of Los Angeles is adverse for 

contaminants diffusion, which is quite similar with Beijing‘s location characteristics. The 

situation of having industries heavily relying on coal consumption in London in the 1950s 

was a representation of the current case in Beijing and China today.  

 

Politically and strategically, both of the two industrialized countries implemented the air 

pollution control laws – the ―Clean Air Acts‖, which played an important role in curbing the 

pollution. Los Angeles and the state of California, based on the national laws and its own 

conditions, made strategic plans to reduce vehicle emissions. London, followed the ―Clean 

Air Acts‖, started on the way of reducing coal emission step by step. China adopts the similar 

way of legislating against pollution. National legislation and local air pollution control plans, 

which China and Beijing have formulated, will further take action on pollution abatement.  

 

The Beijing air pollution control has lots of similarities with Los Angeles‘ and London‘s in: 

the cause and effect of air smog, the economic background and conditions, the industry and 

energy structure, the methods to solving the pollution, etc. In addition, the historical 
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economic data has shown that air pollution control did not hinder the economic growth in the 

US and the UK, as well as in Los Angeles and London. Therefore, studying the historical 

cases in Los Angeles and London can provide valuable experiences and implications for 

Beijing and China to reduce their emissions and remain sustainable. The second subject of 
thesis is to attempt to analyze and compare the three air pollution control cases in Beijing, 

Los Angeles and London. The case study of Beijing will analyze the obstacles that hinder the 

air pollution control mainly from economic and legal perspectives. While the cases study of 

Los Angeles and London will figure out how the laws and measures effectively curb the 

pollution and also enhance the development. 

 

Beijing and China are facing the tough issue of air pollution control. The previous 

experiences on solving the same problem in the developed countries are valuable cases to 

study for Beijing and China. Specially, China also tries to use the strong environmental 

legislation to curb pollution. The Laws and regulations used to be the main strategies and 

measures adopted in developed countries to improve the air quality and to transform the 

institution to implement green and sustainable development. How did the environmental 

legislation work for reducing emission and help to solving or balancing the environment and 

development dilemma? What are the lessons Beijing and China can draw from the previous 

experience? This is the third question will be discussed in the thesis. 
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2. Theories and Method  

2.1 Theories 

2.1.1 Environmental Kuznets Curve 

The environmental Kuznets curve (EKC) shows as an inverted U-shape curve and illustrates 

a hypothesized relationship between environmental degradation and economic growth. The 

early stages of economic growth are often accompanied by the increasing environmental 

deterioration. But when development goes beyond some extent of income per capita, the 

adverse trend is reversed. Environment improvement can run parallel with economic growth 

(Stern, 2004).  

 

The economic growth accompanied with environmental degradation/improvement trend has 

been proved by Environmental Kuznets Curve (EKC) in many countries‘ development 

histories, especially for the case of air pollution treatment. Many empirical studies have 

showed the existence of an EKC for pollutants decrease, such as sulfur dioxide, nitrogen 

oxide and suspended particulate matters (Aslanidis, 2009). The contributions to emission 

decreases are such as the effects of environmental laws, the countries‘ structural changed, 

energy prices fluctuations by oil crisis, and other factors. However, the criticisms on EKC 

argue that the EKC does not fit for all environmental cases or even cannot fit for every sulfur 

reduction case. In both developed and developing countries, there were inverted U shape 

relations between some ambient concentrations of pollutants and income per capita growth; 

but it cannot be asserted that the EKC is a definite trend for emission reduction (Stern, 1998) 

(Stern, 2004). Even though there were successful cases following the EKC trend, some 

studies point out that it is uncertain that each country would move along with the estimated 

EKC paths (He J. , 2007). 

 

However, it is worthy to learn from good examples to choose the right path and avoid the 

wrong one. The thesis will analyze the EKC turning point in the UK and the US for air 

pollution mitigation, and afterwards economic growth. Through comparing previous GDP 

per capita in the US /UK and the EKC turning point with China‘s economic situation, the 

thesis will answer the development phase that China currently lies in and analyze what would 

contribute to the trend of economic growth and environmental improvement working at the 

same time after the turning point in EKC.  

 

2.1.2 Institutional Changes and Path Dependence  

Institution is a social structure that human interacts within the structure and motivates to 

make choices that gradually shape the performance of societies and economics over time 

(North, 1994). Institution affects economics by rules and enforcement of the rules that 

determining the transaction and transformation costs (also determined by technology) (ibid). 

At the same time, the economic scale, complementarities, externality of the institutional 

matrix also make the institutional change incremental and path dependent (ibid). The 

institutions are always changing, while the direction of change is determined by path 

dependence (ibid). Path dependence means a dynamic process whose evolution is governed 
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by or is a carrier of its own history (David, 2000). That means the current institution and 

circumstances are highly affected by the initial conditions, historical events, and previous 

decisions, while the future institution would be dependent on decisions made in history and 

today. Path dependence exists in a wide variety of social phenomena, such as in institution, 

economy, governance, technology, and enterprise choices (Vergne & Durand, 2010).  

 

Path dependence works in social dynamic changes of the social interactions between 

economic or political agents, which is characterized by positive feedback and 

self-reinforcing dynamics (David, 2006). The dynamic institutional change may produce 

virtuous circle in the society. For example, when economic or other disadvantages arising 

from past actions come to be perceived in society, the self-interest actors may try to find 

satisfactory solutions, such as the efficient technology, the reformed legislation, and the new 

organizational structure (ibid). However, the institution also shows stability and inertia of 

preferring the existing institution, which may result in the inefficient equilibrium in society 

and economy arise and persist (Kinston & Caballero, 2008). For example, an institutional 

structure which used to be optimal might become sub-optimal in a changing situation, while 

without proper changes, the economy might lock-in the old inferior equilibrium (ibid). The 

air smog happened in developed countries in the last century and current China show as a 

bad lock in high pollution system. Although the previous energy structure, such as the coal 

dependent, had contributed to the rapid industrialization progress and economic growth, it no 

longer fits the current social mode characterized by low emissions and high productivity.  

 

Rules, including formal rules and informal rules, play an important role in the institutional 

change. The formal rules are legislation, judicial decisions, regulations, etc., while the 

informal are such as norms, conventions, self-imposed codes of conducts, and so on (North, 

1994). The change of the rules may lead to the institutional incremental change (ibid). As 

above mentioned, the institutional change may result in a virtuous circle or an adverse lock-in. 

The thesis will analyze the effects of air pollution control laws worked in the US and the UK 

to curb pollution which helps the countries get out of the lock in and lead to green economic 

growth. Beijing and China are trying to legislate against air pollution and environmental 

deterioration. Learning from past developed countries‘ experiences can provide valuable 

implications for China to know how to use legislation to improve air quality, stop locking in 

high pollution systems and create virtuous institutional and economic circles.  

2.2 Method 

Sustainable development is related with economic, environmental and social developments, 

which are interlinked and interact with each other. China is facing the challenge of the three 

aspects‘ sustainable development. Economic growth at the expense of serious environmental 

deterioration is not sustainable. However, it is also undesirable to solve the pollution problem 

by not using resources or causing an economic recession. A good way is to attain the 

environmental and economic improvement at the same time, which is possible and have been 

proven by some developed countries‘ pollution controls and the EKC. Hence, the main 

purpose of the thesis is what Beijing and China can learn from past the experiences of 

pollution control from the developed countries to gain the air quality improvement and solve 
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the environmental and development dilemma to some extent. Therefore, the thesis uses a 

multi-scientific method to study the question, which is including the historical, economic, 

environmental, technological and institutional analysis and discussion.  

 

Because a country‘s economic capacity is quite important in tackling the pollution problem, 

the thesis firstly studies the environmental-economic changing relationship based on 

historical economic data and the EKC turning point. The thesis tries to make an economic 

phase comparison during the pollution period and controlling period between the US, UK 

and China based on historical and current national economic growth data. This is a 

multi-national and a cross year comparison. The thesis uses a deflated GDP per capita data to 

compare the different economic phases from Maddison report, which is the only available 

world long time economic data and based on professional economic scholars‘ studies
1
. The 

comparison shows that: (1) firstly, a general trend of the economic growth through 

industrialization followed by an environmental deterioration; (2) and then, gradually the 

pollution control measures contributed to the environment improvement and economic 

increase in the US and the UK. By comparison of the current economic phase and 

environmental pollution of China with the two countries, it can be seen that China followed 

the same trend of the economic growth with an environmental deterioration now, and its 

economic phase lies at similar phases when the developed countries began to control the 

pollution and got improvement in the past.  

 

Moreover, based on the empirical EKC studies and the EKC turning point, many countries‘ 

air pollution got improved while maintaining economic growth after a certain income per 

capita point. The EKC and past countries‘ cases prove that these countries had certain 

economic capabilities to control pollution at this turning point. The thesis tries to collect the 

current Chinese income per capita data to compare with the historical EKC turning point to 

see if China‘s economic situation has reached the turning point and if the environmental 

improved in China at this point. Through studying the previous pollution control experiences 

from developed countries, the thesis try to analyze how could contribute to the positive EKC 

trend to happened in China. 

 

The thesis narrows the studies on the Beijing, Los Angeles and London‘s air pollution control 

cases for comparison and analysis, because there are lots of similarities between the three 

cities in the population density, the cause and effect of air smog, and the geological and 

meteorological situation. And environmental laws and regulation were the effective 

measures that the US and the UK adopted to control pollution, and also are those that China 

currently want to use for solving the issue. Firstly, the air pollution case study of Beijing 

proves the correlation between air pollution and fast and polluting based economic growth in 

                                                 
1 Maddison project was initiated by Angus Maddison, who was a world renowned scholar on quantitative macroeconomic 

history, including the measurement and analysis of economic growth and development (Maddison Project, 2013). The 

current project was contributed by him and his professional colleagues. From the latest Maddison project database published 

in 2013, the new estimates of economic growth in the world economic between AD 1 and 2010 can be found. The report 

includes almost all the countries in the world and uses a deflated measure. Hence, the thesis chooses the US, UK, and 

China‘s historical data from the period of 1940 to 2010 to make the comparison. Another similar world countries‘ economic 

comparison is from the World Bank. However, the World Bank‘s historical data can only traced back to the 1980s. Therefore, 

the thesis uses Maddison project‘s long term data. 
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Beijing through data relating to economic growth, population expansion, vehicle increase, 

energy consumption and haze days. These comparisons are made by Figures and Tables. The 

data is collected from Beijing municipal statistical bureau, National statistical bureau and 

Beijing Municipal Meteorology Bureau, because usually only the country‘s official statistic 

departments have the ability to access details and have the long time records. There is relative 

data measured by other countries or organizations, but it might not be comprehensive enough. 

For example, the US embassy in Beijing also monitors the particulate matters that cause the 

smog, but only based on one location‘s data in the Chaoyang district. The data from Beijing 

Municipal Meteorology Bureau covers the whole area of Beijing with 20 monitoring sites in 

different districts and counties. Hence, the thesis mostly uses the Chinese official data. For 

the case study of Beijing, it focuses on analyzing and discussing the obstacles that caused the 

haze days and hindered the pollution control from a legal perspective.  

 

The case studies of Los Angeles and London basically are based on the previous academic 

study results to prove that Los Angeles smog was caused by vehicle and oil emission 

combustion, while the London smog was made by coal burning. And the thesis use the 

historical economic and air quality data to prove the pollution control, air quality 

improvement and the continuous economic growth. This data was received from the cities 

and the countries‘ government websites. The case studies of Los Angeles and London focus 

on analyzing the environmental laws used in the countries and cities to solve the pollution 

problem and promote technological and economic development from the historical events 

and progress perspectives. In the case study of Los Angeles, it mainly analyzes the 

environmental laws and standards that promote science and technology research on vehicle 

emission reduction and contribute to economic development. In the case of London, it studies 

the effects of ―Clean Air Acts‖ to cut down the coal burning pollutants and enhance the clean 

energy use and economic structural change.  

 

From the three case studies, we can see the weakness of the previous environmental laws 

adopted in China, and how the environmental laws worked in the US and the UK to curb the 

pollution and gain the economic growth. However, by studying the pollution emergence and 

improvement chronologies in the US and the UK, it can be found that the improved change 

took a long time. The hindrances for pollutants reduction used to be existed in the developed 

countries too and could be hindered by industries, business, government as well as the public. 

The thesis uses the theory of path dependence in institutional change to elaborate the reasons 

and results, and the difficulties in the changes that showed both in developed countries and 

developing countries. However, the path dependence could lead to pollution system lock-in, 

but also can create the positive sustainable circle. The thesis focuses on what can be learnt 

from developed countries‘ pollution experience and the promotion effects of the 

environmental law. In the implication parts, the thesis tries to discuss this through analyzing 

the historical results provided from developed countries and what China can learn from this. 

2.3 Limitations 

The thesis chooses the data that are collected and analyzed by official authorities and 

professional economic scholars, hence the data should at least partly reflect the real situation 
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in past and now and can be trustworthy. However this, the data may not 100% accurate and 

reliable. Especially for the historical data, the past measure methods and the techniques for 

getting and calculating the data would be not as accurate and scientific as it is now. And in 

order to compare the historical data and current one, the Maddison scholars adopt some 

methods to deflate the economic change over time. But the estimated data might not be 

agreed or confirmed by some scholars. Therefore, the thesis‘s study results based on the data 

could be arguable.  

 

The economic comparisons between China, the UK and the US are a cross years‘ comparison, 

the Maddison report provides the historical GDP per capita which is a re-estimated growth 

with a deflated measure from past till present. The economic contexts in history in the UK 

and the US are also different from what it is now and what it is in China today. Hence, the 

comparison is for the overall economic trends and general development phases among the 

countries. Because of the limitation of data and the cross years‘ comparison and among 

different countries, the comparison may not 100% accurate, although the thesis has tried to 

find the most reliable economic indicators and figures and make the comparison feasible.  

 

The air pollution analogies among the three cities – Beijing, Los Angeles, and London are 

naturally with geological, meteorological, historical differences. Although with lots of 

similarities, the natural, meteorological, economic and background conditions cannot be the 

same. Hence, the comparison of the cause and effects of the air smog would not be exactly 

same. Instead of a comprehensive comparison, the thesis focuses on the vehicle emission 

reduction in Los Angeles and coal smoke decrease in London, which could provide valuable 

implication for Beijing to reduce the two kinds of emission. This is also mentioned in the 

case study parts. 

 

Data limitation is one obstacle for the thesis to make accurate and thorough comparisons 

among the three cities. It was not possible to acquire specific historical GDP growth data for 

Los Angeles. Because Los Angeles is a city that plays an important economic role in 

California State, and California also meets serious air smog problem at that time. The case 

study of Los Angeles also includes California‘s data, pollution control measures, and 

economic situation. The same for London, the thesis cannot get specific historical GDP 

growth data of London. Hence, the economic growth, during the pollution control period and 

air quality improvement period, is based on the UK‘s economic growth. Because generally 

speaking, London‘s GDP growth rate has been higher than the UK‘s rate.  
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3. Economic Analysis of China under the EKC 

3.1 Current China Development Phase 

According to the Maddison Project Database (2013), China‘s per capita GDP was only $448 

in 1950, and the average increasing rate of GDP per capita was only 3% from 1950-1980 (Fig. 

1). The fast development period for China begun in the early 1980s, guiding by the ‗reform 

and opening policy‘ started in 1979. From 1980, although with a low baseline (about $1,110), 

the average per capita GDP growth rate was relatively high at 7%. China has benefited from 

the fast economic growth and has been able to reduce poverty, build infrastructure and 

improve living standards. Between 1981 and 2010, China had lifted 680 million people out of 

extreme poverty (below $1.25 per day), which is the most successful country in poverty 

reduction around the world. The economic growing speed soared even higher in China when 

entering into the new century. China‘s GDP was $ 9,240,270 million in 2013, ranking at the 

second after the US‘s $ 16,768,100 million around the world (World Bank, 2014).  

 

 

Fig. 1. GDP per capital growth in China from 1950 to 2010 

Source: Maddison Project. 2013. New Maddison Project Database (Maddison Project, 2013). 

 

However, with the largest population in the world (1,360 million), China‘s gross national 

income per capita was only $6,560 in 2013, ranking 109 among 214 World Bank Atlas 

economies (World Bank, 2015). Rather than the GDP figure, the per capita income indicator 

can truly reflect a countries‘ real development phase and social-economic situation. 

According to World Bank‘s upper middle income countries level $7,598, China can nearly be 

called as a middle income country by the year 2013. But the current social welfare in China 

still lags behind the average world national income per capita $10,679, and far from the 

average high income countries‘ $39,820 (ibid). By the year of 2012, still 10% of the 

population (about 136 million) lived in misery in China (The Economist, 2013). China has 

committed to keep on reducing poverty and increasing living standards. Hence, economic 

growth would still be one of China‘s main goals in future.  

 

But, accompanying with rapid development, China experienced continuous environmental 

degradation. The bad situation became more prominent in recent years. One of the most 
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serious ones is the air pollution. The worsening environmental degradation warns China that 

pursing economic growth at the expense of environmental deterioration might not be a right 

way. Based on a 2012 Asian Development Bank report, more than 99% of China's 500 largest 

cities cannot meet the WHO's air quality standards (Xu, 2014). The OECD estimates that the 

economic cost of air pollution to China society was $1.4 trillion in 2010 (UNEP, 2014). Haze 

day and air smog have badly affected people‘s daily life and have become an issue of 

paramount concern to Chinese people (Wong, 2013) (Zhang, 2013).  

 

The past and present lessons have taught China that the country cannot reach long term 

development at the expense of continuous environmental deterioration. And the later 

pollution treatment costs a lot and even undermines the GDP growth ability. Therefore, China 

has a strong willingness to turn towards sustainable development, but still faces the big 

dilemma between development and environment. The most concerning issue is if the 

environmental governance would affect the economic growth (Economy, 2003).  

3.2 Comparison of the Economic Phase of Pollution Episodes 

Looking back at the history, during the developed countries‘ industrialization process, the 

industrial pollution become serious in the middle of 20
th

 century and attracted a wide public 

and governmental concern because of some shocking air pollution accident, such as the ‗bad 

air smog in Los Angeles in 1940s‘ and ‗killing smog in London 1952‘. These accidents had 

urged the countries to take various measures to combat the air pollution since 1950s.  

 

Through comparing the historical data (Tab. 1), it is interesting to notice that between 2010 

and 2011, China‘s GDP per capita reached over $8,000, which is equivalent with the level in 

the US‘s around 19472 and in the UK‘s around 1957. The time periods between1947 and 

1956 were exactly when the heavy air smog emergence in large cities in the two developed 

countries. While, in China, the air pollution started to exert severe health impacts and the 

issue began to gain a wide public concern also starting from 2010 and 2011. China, the US 

and the UK, are three different countries in different time periods, but the pollution episodes 

co-occurred among them at a similar economic point when the GDP per capita reached the 

$8000 level. This is not just coincidence of time and pollution issues. This may partly 

explained as to when the national economy develops to this phase, it might cause air 

pollution because of the industrialization fueled by high pollution energies in some countries. 

 

 

Tab. 1. A cross years' comparison of GDP per capita between China, and the US and the UK (1990 Int. GK$) 

Source：Maddison Project. 2013. New Maddison Project Database.  

                                                 
2 The US‘s GDP per capital firstly reached $8000 in 1941, and then increased rapidly. But this period of increasing was 

because of the war production during World War II. After that, it went down to $8886 in 1947, when was the normal 

production created GDP per capital. 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

3,162 3,421 3,759 4,197 4,803 5,169 5,575 6,048 6,303 6,725 7,308 8,032 8,739 9,359 10,024

1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954

7,010 8,206 9,741 11,518 12,333 11,709 9,197 8,886 9,065 8,944 9,561 10,116 10,316 10,613 10,359

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964

6,939 7,123 7,091 7,346 7,619 7,868 7,929 8,017 7,966 8,240 8,645 8,857 8,865 9,149 9,568

China
(1999-2013)

US
(1940-1954)

UK
(1950-1964)
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Due to rapid growth, China‘s GDP per capita reached $10,024 in 2013 from the $8,000 in 

2010, that just took four years. Historically, the US took eight years to gain the same level 

around 1954 and the UK spent about ten years to attain this in the middle of 1960s. 

Comparing with the first developed countries‘ history, China selected the same process of 

industrialization, but choosing a faster growth rate with traditional pollution intensive 

techniques because of starting at a low level. Hence, it is no surprise that China encountered 

the environmental problems at this phase presently. The data comparison also indicates that 

the current development phase in China is similar with the developed countries‘ in 

1950-1960s. At that time, the developed countries had tried to apply a series of air pollution 

control measures. Therefore, for China, choosing to solve the pollution problem at this phase 

might be economically feasible. 

3.3 Comparison of the Economic Phase of the EKC Turning Point 

From the theory of EKC point of view, China should consider to change towards 

sustainability based on some EKC turning points on air pollution. And the result of changing 

would not definitely affect economic growth based on previous development countries‘ 

pollution control experiences. There were the proven EKC related to air pollution treatment 

in many first developed countries, such as in the US and the UK. Scientific studies have 

estimated the EKC for four kinds of emissions – SO2, NOX, Small Particulate Matters (SPM) 

and CO, which are the main sources of air pollution. The result shows that the turning points 

were: SO2, $10,391; NOX, $13,383; and SPM, $12,275 (1990 US dollars) (Stern, 2004). 

Based on the World Bank data, in 2013 China‘s income per capita is $11.850 (current 

international dollar), which is about $10,576 converted to the 1990 US dollars. Hence, the 

current income per capita in China is already beyond the SO2 EKC turning points and is close 

to the NOX and SPM turning points.  

 

By looking back at China‘s air pollution history, it can be seen that China controls SO2 and 

NO2 at an earlier stage (Wang, 2013). The SO2 pollutants reduction comparatively goes well. 

But the NOX and SPM pollution treatment starts late and does not control very well. 

According to the EKC theory, ideally the air pollution problem might decrease after the 

turning point. But this idealistic trend does inevitably arise without effective pollution 

treatment measures. It is true that current China‘s income per capita is close to the EKC air 

pollution turning point. But the reality air pollution situation is not optimistic for the EKC‘s 

pollution decreasing trend. Hence, at this crucial stage, it is important for China to study the 

pollution problem and take useful measures, also learn from past pollution control 

experiences.   

 

Moreover, beyond the turning point, the following EKC would be a paralleled progress trend 

with economic growth and environmental improvement. The positive EKC trend also has 

been proven by the US‘s and the UK‘s development history. The long range GDP per capita 

growth lines for the US and the UK show that their economic growth did not slow down after 

implementing environmental protection policies since 1960s (Fig. 2). On the contrary, by 

comparing both the US‘s and the UK‘s GDP per capita increasing rate, it can be seen that the 
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rate during pollution treatment period (1960-1980) was much higher than polluting period 

(1940-1960). Furthermore, the rate during notable environmental improvement period 

(1980-2010) was even greater than the pollution treatment periods (1960-1980). From 1940 

to 2010, both the US and the UK experienced several economic recessions almost at the same 

period. According to the data from Maddison report, one big economic declining was during 

WWII in the UK and after WWII in the US, another one is around 2008 because of the global 

economic crisis. Other several decreasing trends happened around 1973, 1979 and 1991, 

which were mainly influenced by the rising oil prices. Hence, the economic growth actually 

might more likely be impacted by the natural economic circle or other external factors. 

Whereas, the environment protection measure would not affect the economic growth, but 

rather than contribute to its progress because of the promoting technical development.  

 

 

Fig. 2. GDP per capital growth in the US and the UK from 1940 to 2010 

Source: Maddison Project. 2013. New Maddison Project Database. 

 

From the beginning of 1960s, the environmental movement widely spread around the US and 

European regions, the movement with green parties and NGOs put pressures on governments. 

Not only in the US and the UK, many other developed countries had also begun to adopt 

environmental strategies to control the air pollution, by making environmental laws and 

policies. On one hand, it was because of the pollution was so bad that was hazardous to public 

health. On the other hand, the countries had promoted to a comparatively higher development 

phase at that time, they could deal with the pollution issue. But these were external factors 

and good conditions for pollution control, the significant inner motivation was that the 

governments and publics chose to solve environmental problems. As first solvers, the 

countries experienced many unexpected problems that they had never faced before and had 

to reinvent the wheel for development. But, finally, those countries benefited from the 

inventions and innovations.  

 

Although the current development phase of China and the EKC turning points indicate that 

China might be able to tackle environmental problems and at the same time gain economic 

growth. It is not natural that China‘s future environment-economic development trend will 

move along with the EKC that the pollution problem will be solved. During the period of 
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pollution control in the first-developed countries, financial support and technical 

improvement were crucial in controlling pollution from old factories, changing industrial and 

energy structures, as well as promoting energy efficiency. More importantly, the 

environmental laws and policies worked effectively in curbing the pollution and enhancing 

technical and institutional innovations to save energy and reducing pollutions. 

 

Presently in China, an updated and stricter Environmental Protection Law began 

implemented in 2015. Beijing, has experienced severe air pollution for years, has already 

taken treatment strategies and formulated a ―Clean Air Plan for 2017‖ since 2012. However, 

compared to what the developed countries used to do, this is far more than enough. The 

environmental laws and policies should not just work on paper or just for fining and closing 

the polluting factories. But the laws should work as a spur to promoting technology 

innovation, energy efficiency, and clean energy development. The developed countries really 

got benefit from the environmental laws and that was what actually led to the pollution 

reduction. The following thesis will try to analyze the air pollution case in Beijing, Los 

Angeles and London, study how the air pollution control laws assisted the developed 

countries work effectively to reduce the emission, and its implications for Beijing and China. 
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4. Case Studies on Air Pollution Control 

4.1 Beijing Air Pollution Study 

4.1.1 Beijing Air Pollution Introduction  

Beijing is in the north of the North China Plain, at 39°56′N and 116°20′E, belongs to a warm 

temperate zone with a semi-humid climate and annual precipitation of about 410.7mm 

(Beijing Municipal Statistics Bureau, 2014). The whole area is surrounded by mountains 

from three directions and formed an U shape topography (Environmental Protection Bureau 

Beijing Municipal, 2013). The atmospheric and geographic characters of the city are not 

favorable for the natural dispersion of pollutants. Beijing has a total area of 16410.54 km
2
, 

which is constituted by 14 districts and 2 counties and can be divided into 4 function zoning 

(Fig. 3, Tab. 2). The total population of Beijing is about 21.148 million, and with an average 

population density of 1289/ km
2
. However, nearly 60% of people residing in about 8.3% of 

the land in city central, and this creates a very high population density in the central areas, 

about 9160 person/km
2
 (Beijing Municipal Statistics Bureau, 2014). The population density 

in the 2 districts of core area is extremely high at 23942 person/km
2
. Large population in 

Beijing causes high demands for various energies. Utmost high population density in the 

central area leads to heavy traffic congestion that aggravates the vehicle emissions and air 

pollution. 

 

 
Fig. 3. Beijing administrative division map 

Source: Beijing Municipal Bureau of Statistics, 2014; Wikipedia – Beijing administrative division, 2014. 
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Tab. 2. Beijing divisions and population 

Source: Beijing Municipal Bureau of Statistics, 2014. 

 

Air quality standards are measured by the mass of particulate matters (µm/m
3
). Particulate 

matters (PM), is microscopic solid or liquid matter suspended in the Earth's atmosphere. 

Initially, air quality standards only valued by total suspended particles (TSP, particle diameter 

≤ 100 µm). Later scientific studies found that the tiny particles can travel into people‘s 

airways and lungs and cause respiratory system and lung diseases, then the air quality 

standards changed to PM10 measurement (diameter ≤ 10 µm), and then PM2.5 (diameter ≤ 

2.5 µm) (Alfarra, 2004). According to the World Health Organization (WHO) Air quality 

guidelines, the outdoor concentrations of PM2.5, PM10, NO2, and SO2 are healthy for people 

at or below the values of 10, 20, 40, and 20 μg/m
3
 respectively (World Health Organization, 

2014) (Tab. 3). When the PM2.5 and PM10 reach or are higher than the level of 35 and 70 

μg/m
3
 respectively, they are associated with about a 15% higher long-term mortality risk 

(World Health Organization, 2005). However, from 2011 to 2013, when air quality was 

worse most seriously in Beijing, both the annual PM2.5 and PM10 concentration were much 

higher than the WHO‘s alarm values (Tab. 3). It is the high concentration of PM2.5 as well as 

PM10 directly and indirectly that causes hazes in Beijing. 

 

 PM2.5 annual mean PM10 annual NO2 annual mean SO2 24-hour mean 

WHO alarm line 10 20 40 20 

Beijing 2011 - 108 56 28 

Beijing 2012 90 109 52 29 

Beijing 2013 106 113 56 26 

Tab. 3. Comparison of current air quality index in Beijing and WHO standards (μg/m3) 

Source: World Health Organization Standards; Beijing Municipal Bureau of Environmental Protection. 

 

The air pollution problems in Beijing are seen mainly by the increasing annual fog-haze days. 

Haze in meteorological term, is an atmospheric phenomenon when dust, sulfuric acid, nitric 

acid, organic hydrocarbons and these fine dust particles accumulated in the air which obscure 

the clear sky and lead to horizontal visibility less than 10 km (Liu, et al., 2013). While fog 

consists of cloud water droplets suspended in the air or near the Earth‘s surface. When 

humidity decreases and the dust or aerosol particles increase in the air, the fog may change to 

haze in certain conditions (Ma, Gan, Zhang, Li, & Zhang, 2013). Haze, containing lots of 

toxic pollutants, are harmful to human health, while the fogs are normally less harm to people. 

Hence, the main task of air quality improvement in Beijing is to control haze days and reduce 

the emissions that cause haze. From 1980 to 2014, the annual hazes days have shown a 

Beijing 14 Districts and 2 Counties 16410.54 100.00% 21.148 100.00% 1289

Core Function Area Dongcheng, Xicheng Districts 92.39 0.56% 2.212 10.46% 23942

Expansion Function Area Chaoyang, Fengtai, Shijingshan, Haidian Districts 1275.93 7.78% 10.322 48.81% 8090

New Development Area Fangshan, Tongzhou, Shunyi, Changping, Daxing Districts 6295.57 38.36% 6.715 31.75% 1067

Eco-Conservation Area Mentougou, Huairou, Pinggu Districts; Miyun, Yanqing Counties 8746.65 53.30% 1.899 8.98% 217

Density
(person/km2)

Beijing Function Zoning Districts and Counties
Land Area

(km2)
%  of total

Area
Population
(million)

%  of total
Population
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constant increasing trend with some small fluctuations during the longtime range in Beijing. 

But since 2010, the number of hazes days has demonstrated a dramatic growth (Fig. 4).  

 

 

Fig. 4. Beijing annual haze days trends from 1980 to 2014 

Source: Beijing Municipal Meteorology Bureau. 

 

High concentration of hazardous particulate matters can damage human health. Many 

epidemiological studies have shown the correlation between particulate air pollution and 

human health (Dockery, et al., 1993) (Pope, et al., 1995). According to Chinese studies, the 

hospital visits for respiratory diseases show positive correlations with air pollutant 

concentration of PM2.5, PM10, NO2 and SO2. When SO2 and NO2 increased by 10 μg/m
3
, 

the daily hospital visits increased by 3% (Li, Peng, & Zhang, 2009). The mortality and 

morbidity rate of cardiovascular disease associate with the increase of PM2.5 and PM10 

(Guo, 2007). According to an estimation leading by the World Health Organization, World 

Bank, and the Chinese Academy, the air pollution causes 350,000 to 500,000 permanent 

deaths in China each year (Moore, 2014). A study shows that in Beijing there is a significant 

positive correlation between the concentration of CO, SO2, NOX, TSP and the mortality rate. 

When SO2 increased by 100 μg/m
3
, the death rates because of the diseases of respiratory, 

cerebrovascular and cardiovascular, coronary heart and chronic obstructive pulmonary, 

increase by 4.21%, 3.97%, 10.68% and 19.21% respectively. When TSP increased by 100 

μg/m
3
, respiratory death increases by 3.19%, and cerebrovascular and cardiovascular death 

increases by 0.62% (Chang, Pan, Xie, & Gao, 2003). 

 

4.1.2 The Formation and Sources of Beijing Haze Days 

Haze formation and evolution in Beijing are affected by meteorological conditions and 

emission intensities. High pressure and calm weather result in a stagnant condition and 

restricts the diffusion of contaminants (Ma, Gan, Zhang, Li, & Zhang, 2013). The air 

pollutants are compound pollution, including primary particulate matter and secondary 

particulate matter emissions (He, Wang, Wang, Wang, Liu, & Chen, 2013). Studies show 

that primary particulate matters, such as PM2.5 and PM10, and pollutant gases such as NOX, 

SO2, VOCs, NH3 are the main pollutants to form haze (Zhao, Pu, Meng, Ma, Dong, & He, 

2013) (Bai, 2015). Among them, PM 2.5 is essential in leading to haze effects (Bai, 2015). 
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Additionally, the formation of secondary particulate matter increases the total PM2.5 

concentration in the air and exacerbates the haze level and duration. The secondary particles‘ 

formation mechanism is also the secondary aerosol formation process. When particulate 

matter and gases, especially PM2.5, SO2, and NOX, overly accumulated in the atmosphere 

and meet stagnant weather conditions and cannot diffuse, the chemical reactions work to 

form the secondary particles by the oxidation of precursor gases. For example, particulate 

matter sulfate and nitrate may form from gas-to-particle conversion of SO2 and NOX (ETH, 

2012) (Bai, 2015) (He, Wang, Wang, Wang, Liu, & Chen, 2013). Sulfates are main particles 

in PM2.5 and are directly linked to haze formation because of its strong light scattering 

effects. Scientific experiments have demonstrated that when SOX and NOX coexist in the 

atmosphere, NOX promote SO2 converting to sulfate (Bai, 2015). 

 

The secondary particles, mainly showing as ammonium sulfate and ammonium nitrate, are 

the most abundant particles in PM2.5 in haze days in Beijing (Sun, Zhuang, Tang, Wang, & 

An, 2006). The secondary particles added with primary particles, lead to high concentration 

of particulate matters in the air (He, Wang, Wang, Wang, Liu, & Chen, 2013). All the 

particles mix with gas and air and form aerosols which have scattering effects. The heavy 

pollution emission, number and size evolution of aerosols and hygroscopic growth for 

aerosol scattering directly causes the haze pollutants (Ma, Gan, Zhang, Li, & Zhang, 2013).  

 

Targeting and cutting the source of PM2.5 is of the utmost importance to reduce particulate 

matters and the formation of secondary particles. Although the sources of PM2.5 come both 

from nature and anthropogenic emission, it is human-made emissions that cause the total 

emissions excessing to the local environmental capacity and which lead to haze. Hence, the 

key issue in air pollution control is to control the human emissions. Studies have shown that 

the sources of PM2.5 are secondary sulfur, vehicle exhaust, fossil fuel combustion, road dust, 

biomass burning, soil dust, and metal processing (Yu, et al., 2013). According to the Beijing 

official information, the component of PM2.5 in Beijing are organic pollutants 26%, nitrate 

17%, sulfate 16%, Ammonium salt 11%, others 30% in which 12% are crustal elements (Fig. 

5) (Luo, 2014). Among all the PM2.5, 70% come from human-made emissions. The total 

PM2.5 in Beijing is consisted by local and trans-boundary pollutions, accounting for 64-72% 

and 28-36% respectively. The local pollution sources are contributed by vehicle emission 

31.1%, coal burning 22.4%, industries 18.1%, dust 14.3% and others 14.1% including 

restaurant, auto repair, construction painting, livestock and so on (Fig. 5) (Luo, 2014). 

Further studies show that in heavy haze days, the percentage of pollution sources are 42% 

from vehicle emission, 28% from coal burning, 13% from industries, 12% from dust, and 5% 

from others (Fig. 5) (Bai, 2015). The main sources of NOX and PM2.5 come from the coal 

burning and vehicle emission (Bai, 2015).  
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Fig. 5. Analysis of the components and sources of PM2.5 in Beijing haze days 

Sources: Luo, 2014, The latest study of the source of PM2.5 shows that 1/3 of the pollution came from vehicle emission; 

Bai, 2015, The progress and perspective of the study of haze from China Science Academy. 

 

4.1.3 Economic Development and Air Pollution in Beijing 

The air pollution and escalation of anthropogenic emissions comes along with the fast 

economic development, urban expansion, population and vehicles increasing in Beijing. 

From 2001 to 2013, GDP increased by 525.91% and GDP per capita increased by 345.49% in 

Beijing (Fig. 6). At the same time, people‘s living standards increased and is evident by the 

fact that the annual disposable income increased by 348.26%. Beijing‘s population kept on 

increasing by 152.68% and the number of vehicles soaring fast to more than three times 

comparing to the numbers in 2001. The economic growth and increasing industries and 

households demand lead to the total energy consumption increased by 173.89%. Although 

the growth rate of energy consumption is much lower than GDP growth rate, because of the 

structural change and the improved energy efficiency. But the base amount of total energy 

consumption has been high up to 42.292 million ton (standard coal equivalent) in 2001, 

hence the continuous accumulation contributes up to 73.542 million ton energy consumption 

in 2013. (Beijing Municipal Statistics Bureau, 2014) 

 

From the Fig. 6, one can also see a clear correlation between economic growth and haze days 

increase in Beijing. Air pollution has been heavy and the haze days have been continually 
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increasing since 2000 in Beijing. From 2000 to 2004, the average number of annual haze 

days had been about 62 days, and the average GDP growth rate was about 11% (Beijing 

Municipal Meteorology Bureau, 2014) (Beijing Municipal Statistics Bureau, 2014). Starting 

from 2004, the GDP growth rate largely increased and the haze days also showed a climbing 

trend. Between the years of 2008 and 2009, there was even a decreasing trend in annual haze 

days, because of the 2008 'green' Beijing Olympic Games effects. But also during these 

periods, the GDP growth rate obviously decreased comparing to 2007 and 2010. From 2010, 

the hazes days has been increased at an uncontrollable high speed, from 63 days in 2010 

soared up to 189 days in 2013. In January 2013, the haze days were up to 29 days in one 

month (Su, 2013). The air pollution was so bad that the Shanghai Academy of Social 

Sciences declared in one report that the city was almost uninhabitable for human beings in 

2014 (Kaiman, 2014). While, along with the haze days ascending, the GDP in Beijing also 

displayed at a fast rising rate during 2010 to 2013. Therefore, this indicates that for the past 

decade, when Beijing‘s GDP growth increased at a comparatively lower speed, the hazes day 

stayed at around 60-70 days. When the economic growth boosted at a high speed, the hazes 

days accordingly accelerated quickly. Furthermore, this also illustrates that the Beijing 

economic growth is at the expense of high pollution cost, which is because of the high 

polluting fuel consumption, traditional industries, and the out-of-date technologies. 

 

 

Fig. 6. Social-Economic-Environmental comparison in Beijing from 2001 to 2013 

Source: Beijing Municipal Meteorology Bureau; Beijing Municipal Statistics Bureau. 

 

Among all the energy consumption, coal and petroleum accounted for most of the energy 

consumed. The main pollutants in Beijing come from the combustion of coal and petroleum. 

Moreover, the pollutants not only produced in Beijing, but also come from the neighboring 

cities where the industries mainly fueled by coal depletion. The large amount of coal burning 

and petroleum consumption from vehicle surge unavoidably produced huge emissions into 

the air and caused the increase of hazes days in Beijing. In order to control the air pollution in 

Beijing, the key point is reducing the emission from coal and vehicles.  
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4.1.4 Vehicle Increase and Beijing Haze Days  

Vehicle emission accounts for 31.1% of PM 2.5 pollutants in normal hazes days and 

contributes to 42% of the pollutants in heavy haze days in Beijing (Bai, 2015). Currently, it 

has become the key pollutants to cause haze that urgently need to be reduced. Although 

Beijing governments have taken the pollution control measures related to automobile, it did 

not effectively curb the pollution, especially in the past three years. 

 

The Beijing government has been keeping on improving gasoline and diesel qualities since 

2000 (Tab. 4). China started to use unleaded gasoline on July 1
st
 2000 around the country, and 

implemented in phases to use less sulfur contented fuels in different cities. Beijing has 

always been the first city in China that utilized the higher quality fuel compare to other cities. 

Since 2012, Beijing has provided the least sulfur content gasoline and diesel in all gas 

stations (Ministry of Environmental Protection of the PRC., 2013).  

 

 

Tab. 4. Timeline for Beijing adopting the improved Gasoline and Diesel Fuels  

Source: Ministry of Environmental Protection of the People‘s Republic of China. China Vehicle Emission Control Annual 

Report, 2013. 

 

Secondly, Beijing adopted driving restriction and motor vehicle purchase restriction. The 

‗driving restriction policy‘ first used as an interim measure during Beijing Olympic times in 

2008. Based on vehicle‘s license plate, the odd number vehicles were allowed to drive on 

road one day, the even numbers on the next day. Because it worked very effectively to reduce 

pollution and congestion, the policy became a formal traffic management measure after the 

Beijing Olympic Games. But the policy adapted to one-day-per-week restrictions, that means 

motor vehicles with last license plate number of 1 or 6, 2 or 7, 3 or 8, 4 or 9, 5 or 0 

respectively shall cease going on public road space (inside the 5
th

 Ring Road) once a week 

between 7 am and 8 pm. Moreover, Beijing began to restrict the purchasing of automobile by 

giving new license plates via a publicly-held vehicle lottery since 2011. The policy 

effectively decreases the rapid vehicle increasing speed, but does not cut down the 

accumulation of pollutants. 

 

From the Fig. 7, we can see a longtime range relation between vehicle increase and haze days 

rising in Beijing. Generally speaking, the hazes days ascended along with the rapid vehicles 

growth. Before 2010, the improved fuel qualities actively worked for air pollution control to 

some extent. From 1990 to 2007, the total amount of vehicle increased from 507 thousand to 

3.07 million, about six folds growth in the seventeen years. While, the improved fuel quality 

helped to control the pollution, so that the hazes days grew from about 42 days to 79 days. 

The fuel quality upgraded from high sulfur contented gasoline (above 1500 mg/kg) and 

diesel (above 2000 mg/kg) in 1990s to low sulfur ones, which contained 150 mg/kg and 350 

mg/kg sulfur in gasoline and diesel respectively in 2007. In 2008, because of the Beijing 

Olympic effects, the government took various measures to improve air quality to meet the 

Sulfur content (mg/kg) 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Gasoline Sulfur content 1500 1000 500 150 150 10
Diesel Sulfur content 500 10

800
2000/5000/10000 2000 350 50

50
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required environmental standards. In order to reduce vehicle emission, Beijing began to use 

high quality gasoline and diesel which contained 50 mg/kg sulfur, and implemented driving 

restriction policies. Hence, although in 2009, the vehicle amount attained to over 4.019 

million, the haze days even went down to about 60 days. 

 

 

Fig. 7. The relation between vehicle increase and haze days in Beijing 

Source: Beijing Municipal Meteorology Bureau; Beijing Municipal Statistics Bureau. 

 

But things changed in 2010. In order to curb pollution and solve traffic congestion, Beijing 

decided to apply motor vehicle purchasing restrictions in 2011. The policy led to a panic 

buying of automobile in 2010. The vehicle sales were more than 1.432 million, including 916 

thousand new cars and 516 thousand old cars. In the last two months of 2010, before the 

implementation of automobile purchase restriction in January 2011, the vehicle sales jumped 

to 387 thousand (China News, 2011). The registered vehicle was high to 4.809 million in 

2010. When these cars run in road in 2011, the haze days dramatically raised to 92 days from 

62 days in 2010.  

 

After that, even the improved fuel quality and vehicle restriction policies cannot effectively 

curb the pollution. In 2012, Beijing further adopted higher fuel quality that containing only 

10 mg/kg sulfur in gasoline and diesel. The vehicle lottery restrained the vehicle increase 

speed, and the driving restriction confined the total amount of vehicles running in the road. 

However, with many years accumulation and the soaring period in 2010, the total amount of 

vehicle in Beijing was high at 5.437 million in 2013. The above measures were not enough to 

curb the huge emissions and pollution when the number of vehicles reached such an amount. 

In 2012 and 2013, the annual haze days were up to 124 days and 189 days respectively. In 

2014, the haze days decreased a little bit at 156 days. During the three years, one third to half 

of the whole year, Beijing was covered by smog, which severely affected people‘s health and 

daily life.  

 

The number of vehicles would probably increase in future in Beijing, because more people 

would like to own private cars and the automobile market has a great demand. The restriction 
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policies may reduce the emission growth rate, but cannot truly mitigate the emission amount 

when the number of vehicles keeps on increasing in Beijing. Improved fuel quality could 

help reduce emission, but the fuel also need high quality vehicle to work together. Hence, 

enhancing the vehicles‘ ability to abate emission and pollution, and promoting energy-saving 

vehicles should be the right way to really reduce the total emission even when the overall 

number of vehicles is growing. Los Angeles used to meet the similar air pollution problem 

causing by vehicle emission in 1940s. However, the city and California state solved the 

heavy smog problem through developed emission abatement technologies, and finally 

reached the result of the number of motor vehicle increased and the air quality improved. The 

thesis will analyze what helped Los Angeles improve the air quality in the past.  

 

4.1.5 Coal Consumption and Beijing Haze Days 

Beijing air pollution has a direct correlation with the increasing energy consumption. From 

the Fig. 8, it can be seen that when the energy consumption doubled during 1990 to 2007, the 

annual haze days nearly doubled by the same quality. Since 2008, the growth trend of energy 

consumption has slowed, but the total consumption amount has still increased year by year. 

When the whole energy consumption was high up to 71.78 million tons in 2012, the haze 

days amounted to 124 days. In the next two years, the haze days were even more serious, they 

were up to 189 days in 2013 and 156 days in 2014 respectively.  

 

 

Fig. 8. Coal, oil, natural gas, electricity, and total energy consumption and haze days in Beijing from 1990 to 2012 

Source: Beijing Municipal Meteorology Bureau; National Bureau of Statistics of China. China Energy Statistical Yearbook, 

2000-2013. 

 

In Beijing, coal and oil are the main energies. Although the coal consumption has decreased 

since 2005, the coal is still the largest proportion of the total energy consumption. The 

emissions of coal burning are the particulate matters, SOX, NOX, CO, CO2, mercury, and 

other substances known to be hazardous to human health (Lockwood , Welker-Hood, Rauch, 
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& Gottlieb, 2009). These particles and the waste gases directly or indirectly cause the 

concentration of PM2.5 and the secondary particulate matters. According to the scientific 

estimations, coal burning accounts for 22.4% of PM 2.5 pollutants in haze days, and 28% of 

the pollutants in heavy haze days (Bai, 2015). Except the emission for vehicles, coal is the 

second main sources of pollutants that cause hazes in Beijing currently. 

 

From the perspective of coal consumption structure in Beijing, the coal is mainly used for 

thermal power plants to produce electricity, providing heating, industrial use, residential use 

and other kinds of uses. Because of the policies of the energy structural adjustment and 

industrial pollution reduction, it shows in the Fig. 9 that the coal consumption significantly 

reduced in the industrial use, thermal plants and other kinds in the past decades (National 

Bureau of Statistics of China, 2013). But because of the population increase, the heating 

demand in winter has increase. The coal consumption in heating system kept on growing. 

Because the coal burning would markedly increase during the heating season, this can 

explain well as to why hazes days became more prominent during winter times.  

 

 
Fig. 9. Coal consumption structure in Beijing from 2000 to 2012 

Source: National Bureau of Statistics of China. 2013. China Energy Statistical Yearbook, 2000-2013. 

 

 
Fig. 10. Energy structure in Beijing between 2009 and 2015 

Source: Li, et al. Coal Production and Consumption Analysis and Coal Demand Perspectives in Beijing. China Energy, 2011. 

Vol. 33, 29-32 (In Chinese).  
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In order to reduce coal emissions and pollution in Beijing, according to the ‗Beijing Twelfth 

Five year plan‘, Beijing would further reduce coal consumption and optimize the energy 

structure. The comparatively cleaner energies, such as natural gas, electricity and renewable 

energy, will be encouraged to use and raise the proportion of the total energy consumption. 

The plan was to reduce coal consumption to 20 million tons (15 million tons standardized) 

( Fig. 10) (Li, Rao, Song, & Tan, 2011). However, it should be noticed that if the electricity is 

produced by coal burning, it is not a cleaner energy. And although the use of natural gas 

would create less pollutants comparing with coal combustion, it still may produce lots of NO2 

which would aggravate the PM 2.5 formation. Hence, decreasing the contaminants from 

using energies and promoting the renewable energy are crucial to reducing emissions and 

control pollution.  

 

Except from the Beijing local pollution, another kind sources of the air smog is 

trans-boundary coal pollution from neighboring provinces and cities. Beijing is surrounded 

by Hebei province and Tianjin city. The two regions are quite high in coal consumption and 

the regional coal demands have been grown rapidly (Fig. 11). By the year of 2012, the coal 

consumed was 52.98 million ton in Tianjin, while 313.59 million ton in Hebei (Fig. 12) 

(National Bureau of Statistics of China, 2014). Such a huge amount of coal consumption not 

only led to a serious air pollution problem in Hebei and Tianjin, but also caused the 

trans-boundary pollution spreading into Beijing. Based on researches, in Beijing, the local 

pollution contributes about 64-72% of PM 2.5 in haze days, while the trans-boundary 

pollutions accounts for 28-36% of the pollutants (Luo, 2014). Hence, in order to solve the air 

pollution in Beijing, it also needs to reduce the pollutions from surrounding areas.   

 

 

Fig. 11. A map of energy efficiency comparison between Beijing, Tianjin and the cities of Hebei province 

Sources: Beijing Statistical Yearbook 2011; Tianjin Statistical Yearbook 2011; Hebei Economy Yearbook 2011. 
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Fig. 12. Total coal consumption in Beijing-Tianjing-Heibei region 

Source: National Bureau of Statistics of China. China Energy Statistical Yearbook, 2000-2013. 

 

4.1.6 Measures and Results of Beijing Air Pollution Control 

Air pollution problems gradually appeared in China along with the fast industrialization 

processes during 1980s. In 1979, the first ―Environmental Protection Law‖ was published in 

China. Since then, various environmental laws and regulations on air pollution control have 

been made and implemented (Tab. 5). Correspondingly, Beijing municipal people‘s congress 

and government have also developed a series of local pollution control regulations, policies 

and standards. Since 1997, annually Beijing government made and published either new 

regulations and measures, or new standards focusing on the local air pollution control and 

treatment. From 1998 to 2010, in a total of sixteen phases of Beijing air pollution control 

measures had been adopted in Beijing. It constantly forms the air pollution control measures 

in 7 aspects: (1) vehicle pollution control; (2) coal burning pollution control; (3) industrial 

pollution reduction; (4) city dust pollution reduction; (5) ecosystem construction; (6) 

strengthen environmental science research and monitoring; (7) encourage environmental 

information open and public participation. Beijing, Tianjin and Hebei governments decided 

to collaborate to combat the air pollution (Environmental Protection Bureau Beijing 

Municipal, 2013). Since 2011, the central and Beijing local government made a five years‘ 

air pollution control plan and set specific goals. In 2014 and 2015, the improved national 

―Environmental Protection Law‖ and the ―Draft Prevention and Control of Atmospheric 

Pollution Law‖ were published and implemented. The amended ―Environmental Protection 

Law‖ has been regarded as the strictest environmental law so far in China. 
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Tab. 5. National and Beijing air pollution control laws and regulations 

Sources: Ministry of Environmental Protection of the People‘s Republic of China. Environmental Protection Bureau of Beijing Municipal Government. 

National Air Pollution Control Laws and Measures Beijing Municipal Air Pollution Treatment Measures 

1979.9 - Environmental Protection Law (For Trial Implementation) 

1982.4 - First National Ambient Air Quality Standards  

1987.9 - Prevention and Control of Atmospheric Pollution Law 

1989.12 - Environmental Protection Law  

1995.8 - Prevention and Control of Atmospheric Pollution Law (1995 Amendment) 

1996.10 - Improved National Ambient Air Quality Standards  

1997.11 - The Economizing Energy Law 

2000.4 - Prevention and Control of Atmospheric Pollution Law (2000 Amendment) 

2002.10 - Environmental Impact Assessment Law 

2002.6 - Cleaner Production Promotion Law  

2007.10 - The Economizing Energy Law (2007 Amendament) 

2008.8 - Circular Economy Promotion Law  

2012.2 - Improved National Ambient Air Quality Standards - (Specified areas 

implemented firstly, while national Implementation in 2016) 

2012.12 - Key areas of prevention and control of atmospheric pollution —―the Twelfth 

Five-Year Plan"（2012） 

2013.9 - Air Pollution Control Action Plan (2013-2017) 

2014.4 - Environmental Protection Law of the People's Republic of China (2014 

Amendament) 

2015 - Draft version of Prevention and Control of Atmospheric Pollution Law (2014 

Amendment) 

1990 - Beijing Municipal Regulation on the Law of People's Republic of China on 

Prevention and Control of Atmospheric Pollution 

1997 - Beijing Regulation on Motor Vehicles exhaust pollution prevention and 

control management 

1997 - Beijing Municipal Emission standard of air pollutants for boilers  

1998.12 - Beijing Government announcement on urgent measures to control air 

pollution in Beijing 

1998 to 2010 - Sixteen Phases of Beijing Air Pollution Control Measures 

2000.12 - Measures of Beijing Municipality for Implementing the Prevention and 

Control of Air Pollution Law (2000 Amendment)  

2002 - Integrated emission standard of boilers pollutants 

2007 - Improved Beijing Municipal Emission standard of air pollutants for boilers 

2008.10 - Regulation of motor vehicle driving restriction  

2010.12 - Beijing Interim Provisions regulating the number of small passenger cars 

- (first vehicle purchasing restriction order around China) 

2013.9 - Beijing's Air Quality Management Initiatives (2013-2017) 

2013.10 - Beijing Heavy Air Pollution Contingency Plan (Trial)  

2014.1 - Beijing's air pollution control regulations 

2015.3 - Beijing Heavy Air Pollution Contingency Plan (2015)  
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However, the various laws, regulation and measures cannot stop the pollution, it only slows 

down to some extent the increasing speed of air pollution before 2011. From 1980 to 2010, 

the annual haze days ranged around 38 days during 1980s to 65 days during 2000s. This was 

pushed by the fast GDP growth and huge energy consumption. From 1980 to 2010, the 

average Beijing GDP growth rate was 10.6% per year (Beijing Municipal Statistics Bureau, 

2014). The main objective of Beijing development, as China‘s major goal of development, is 

economic growth. With stronger economic bases, the public living standards have improved, 

which mainly shows in the upgraded public infrastructure and the household income rise. But 

all of these was driven by high consumption of natural resources and was fuelled by 

immensely energy consuming way of life, such as the more private motor vehicle owner and 

users than ever before.  

 

During this period, the environmental laws and stricter emission standards have pushed 

industries to control soot emission and have required using high quality coal, gasoline and 

diesel fuels with less toxic emission (Ministry of Environmental Protection of the PRC., 

2013). Additionally, it is true that energy structure adjustment have reduced the proportion of 

industrial consumption in total energy use, and increase the relatively clean energy, such as 

electricity and natural gas. But the total amount consumed in industries increased 

continuously. And with fast population increase and living standard improvement, the energy 

used in daily life grew quickly. In 1980, the total energy consumption was only 19.07 million 

ton, of which 13.85 million ton (72.6%) was used in industries and 1.43 million ton (7.5%) 

was for household living. But by the end of 2010, the total energy consumption was high up 

to 69.54 million ton coal equivalent, which included 25.60 million tons industrial 

consumption (36.81%) and 12.30 million tons living expense (17.68%) (Beijing Municipal 

Statistics Bureau, 2014). The energy consumption in the industrial sector had almost doubled 

and that consumed by household living increased by ninefold. Therefore, from 1980 to 2010, 

the laws and regulations might hinder the rapid air quality deterioration, considering about 

such a huge amount of energy consumption. But the laws and measures that took in Beijing 

did not cut down the total amount of energy consumption and emission. 

 

When entering into 2011, in order to tackle the worsening haze days, Beijing settled the clear 

clean air goals and adopted new measures, such as restricting vehicles increase and providing 

higher quality gasoline and diesel fuels. But the annual haze days seemed totally 

uncontrollable and straighten up to 189 days in 2013, and then dropped a little to 156 days in 

2014. The sudden haze days broke out, on the one hand is because the vehicle population 

sharply increased by the end of 2010, subjecting to the vehicle purchasing restriction order. 

On the other hand, the total amount of energy consumption went up to 73.54 million tons, 

which contains 22.39 million tons industrial consumption (30.44%) and 14.27 million tons 

household expense (19.4%) (Beijing Municipal Statistics Bureau, 2014). Although the 

industrial energy use decreased compared to that in 2010, the consumption was still on a high 

level. Most industrial energy and parts of residential consume, such as heating and electricity 

provided, still largely depend on coal burning. While the residential energy consumption 

continued to increase, including fuel consumption increased as car ownership growth. Both 

the coal burning and fuel combustion produce most of emissions that leads to haze days. The 
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total emissions were far beyond the environmental carrying capacity of the city (Zheng, 

2014). Even implementing stricter emission requirements according to the national and local 

laws and regulations, the standards, such as the improved fuel standards and standard of 

boilers pollutants, were not good enough to reduce the total emission.  

 

4.1.7 Obstacles Analysis from Legal Perspective 

In addition, the effectiveness of implementation of the laws and regulation is always a 

problem in China. The above China air pollution control legal system is elaborate and 

detailed. Beijing had targeted the main pollutant sources and took measures since 2000, such 

as reducing emission from coal burning and vehicle. But the legal provisions on paper could 

not be surly implemented in reality. One big obstacle is environmental requirement might 

have conflicted with economic production. Stricter environmental laws and higher emission 

standards may ask for stopping high polluting factories, which had contributed a lot to local 

economic growth. Beijing needs to achieve the GDP growth goals, which is so important to 

maintain economic and social stability. Hence, when facing environmental requirements, the 

Beijing government chooses to move and close high pollution factories in stepwise manner, 

rather than a sharp closure even though these factories do not meet the emission standards. 

Therefore, until now, there is still high pollution factories which need to move out or close 

down in Beijing. For example, six heavy polluting manufactories just moved out of Beijing 

in 2014 (Li R. J., 2014). Based on ―Beijing Clean Air Action Plan (2013-2017)‖, about 2000 

small polluting enterprises will gradually be removed from the Beijing market from 2015 to 

2017 (Environmental Protection Bureau Beijing Municipal, 2013).  

 

On the other hand, although with a sound environmental legal system, some provisions in 

environmental laws and regulations are pretty vague and loose. The power of environmental 

administration and punishment cannot be independently controlled by environmental 

protection administration department, but have to subject to the local and central 

governments‘ supervision and agreement. Take one provision in the 1989 ―Environmental 

Protection Law‖, which had been implemented for twenty-five years in China, for example:  

 

The Article 39 of the law is “An enterprise or institution that has failed to eliminate or 

control pollution by the deadline as required shall, as provided for by the state, pay a fee for 

excessive discharge; in addition, a fine may be imposed on it on the basis of the damage 

incurred, or the enterprise or institution may be ordered to suspend its operations or close 

down. The fine as specified in the preceding paragraph shall be decided by the competent 

department of environmental protection administration. An order for the suspension of 

operations or shut-down of an enterprise or institution shall be issued by the government that 

set the deadline for the elimination or control of pollution. An order for the suspension of 

operations or shut-down of an enterprise or institution directly under the jurisdiction of the 

Central Government shall be submitted to and approved by the State Council.” (The 

Standing Committee of China's National People's Congress, 1989) 

 

Based on the article, if one enterprise does not obey the laws to control pollution, the certain 

punishment is only paying the fees for excessive discharge. But for the damage loss caused 
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by pollution, the article uses ―may‖ to define the possible fine or punishment of close down. 

It means that the punitive penalty and fines may be required or may not be required. The 

provision not only cannot discipline the polluting enterprises by punitive economic means, 

but rather leaves a space of corruption and rent-seeking for environmental department and 

government. Because the punitive fines ―may‖ be given or ―may not‖ be given by the 

decision made from the environmental department, the polluting enterprises might bribe the 

environmental department to avoid the penalties (Economy, 2003) (Bhatnagar , 2014). 

 

Moreover, only the financial punishment can be decided by environmental department, it is 

the local and central government that can decide if the enterprise should be suspended or shut 

down. Such article undermines the authority of the law and the power and responsibility of 

the environmental department. One possible reason to give the power to government is that 

the regular run of enterprises is quite important for economic operation (Mol & Carter, 2006). 

The governments know more than the environmental department whether stopping the 

enterprise‘ production would affect the local or national economy and employment or not. 

However, this sight only sees the direct economic gain from everyday production, but it fails 

to realize that the actual economic loss of the negative externality by environmental 

deterioration. Even worse, if one illegal polluting action would escape the deserved 

punishment in the name of economic consideration, and then other illegal actions can do the 

same. When the decision made has no legal basis to obey, and can only be determined by 

governmental officers, likewise, this just provides the local and central government officers 

the possibility to corrupt and rent-seeking (Bhatnagar , 2014).  

 

Apart from the loopholes of the law, low illegal cost leads some enterprises and people 

deliberately choosing to break the law. China published and started to implement the 

―Prevention and Control of Atmospheric Pollution Law (Amendment)‖ in 2000. According 

to the law, the financial penalty for all kind of illegal polluting action was comparatively 

cheap, the minimum fine was 200 RMB (about $ 30), while the maximum fine was only 

500,000 RMB (about $ 75,000). Most illegal actions are only punished by administrative 

and economic penalty, the criminal penalty to illegal action for business works only when 

―the serious atmospheric pollution accident happened‖ (The Standing Committee of China's 

National People's Congress, 2005). Beijing government made the local regulation for 

implementing the law at the same time. The law and the Beijing regulation had now been 

working for fourteen years. From 2000 to 2014, based on the regulation, the economic 

penalty in Beijing was much lower than the national economic penalty. The minimum fine 

in Beijing was 100 RMB (about $ 15), while the maximum fine was only 100,000 RMB 

(about $ 15,000) (The Beijing municipal people's congress, 2000). However, for some 

individuals and industries, such cheap penalty makes their illegal gain from polluting far 

beyond the fines. Naturally, when the illegal cost is far less than the illegal gains, the 

economic man might choose illegal actions rather than law-abiding. In addition, they might 

escape the punishment by using the legal loopholes or by bribing the officers when the 

violation is found (Economy, 2003) (Freeman & Lu, 2008). 

 

The low illegal cost, lax enforcement and corruption not only lead to more pollution emission, 
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but also might generate more illegal actions from both the business actors and governmental 

officers. Worse still, the undesirable legal environment cannot guide the market in the right 

way, but might induce vicious market competition, which not only aggravates environmental 

pollution, but also affects the economic growth in the long run. Because of such circumstance, 

when the economic actors can get profits from environmental indulgent and without 

punishment, they might try to neglect environmental cost and engage in environmental 

despoliation. As a consequence, they may not have the motivation to invest in energy 

efficiency and environmental-friendly technologies research and development. While, the 

developed countries have kept on developing and using more advanced technologies to 

improve energy efficiency and reduce environmental costs. When the two similar products, 

one is with high cost in energy consumption and environmental pollution, while another one 

is much lower, the first one is less competitive. Furthermore, the environmental deterioration 

must be improved sooner or later. When the environmental problem became too severe and 

cannot be neglected, it will need lots of investment to compensate the environmental 

degradation and change the traditional way of production. If until then, there is still lack of 

the updated energy saving technologies to replace the traditional high polluting technologies, 

the living environmental might be very undesirable for people to lead ordinary life because 

of the air pollution, and the stable economic growth might also be affected. 

 

The worsened air pollution situation and other environmental problems not only happened in 

Beijing, but also other provinces and cities in China. In order to tackle the serious 

environmental pollution and changing toward sustainable development, the ―Environmental 

Protection Law‖ was amended and released in 2014. The new law adds stringent legal 

liability for environmental offences, such as the fine will consider the operation cost of 

pollution prevention and control facilities, direct loss and illegal gains caused by such 

violations. The central government also requires local governments to meet strict 

environmental goals rather than only emphasis on the achievement of economic goals. In the 

laws, new liability provisions strengthen the government‘s responsibility in environmental 

protection and set clear punishment for covering illegal polluting. And the new law added a 

new chapter-―Information Disclosure and Public Participation‖ to encourage public scrutiny 

and public participation on environmental protection (The Standing Committee of China's 

National People's Congress, 2014). The law is more accurate and stringent comparing to the 

older one. Beijing government also makes more practical clean air plans and adopts more 

measures to solve the air pollution problems. 

 

Obviously, both the central government and Beijing municipal government want to use better 

laws and strong legal frameworks to curb the air pollutions. The worse situation should be 

improved if the laws and regulation can be effectively implemented. Good environmental 

laws and governance can control pollution and promote environmental protection, which 

have been proven by many developed countries. Los Angeles and London also used to 

experience air pollution problem in the 1940s and 1950s. After that, the US and the UK 

governments made a series of environmental laws and policies to solve the pollution and 

achieved remarkable effects. The thesis will analyze the laws and will discuss the implication 

for Beijing‘s pollution treatment.  
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4.2 Comparison of Los Angeles and London Air Smog with Beijing Air 

Pollutions 

During the 1900‘s, the fast development of many western countries was mainly powered by 

high consumption of coal and other kinds of fuels. And the ordinary life styles became more 

dependent on energy consuming, such as using vehicles, trains, and planes driven by fuel 

combustion. At that time, when the green technologies had not been developed yet, such the 

high consumption and pollution way of production and lifestyles had resulted in the air 

pollution problems in many places. Historically, severe air pollution, which leaded to many 

illnesses and deaths, had happened in several cities in the first developed countries, such as in 

Meuse Valley (Belgium), Donora (US), London (UK), Los Angeles (US), New York (US), 

and so on (Kretzschma, 2007).  

 

Although with largely different meteorological and topographical features in these areas, one 

common factor that caused the air pollution problem was the man-made emissions. And 

some air pollution, such as that occurred in Los Angeles and London, were quite similar with 

what is occurring in Beijing nowadays. Comparing what happened in the countries before 

and studying how the countries improved the air quality can provide good examples for 

Beijing to tackle the air pollution problem.  

 

In the early 1940s, Los Angeles (LA) experienced severe air smog problem. The smog 

reduced visibility and people felt eye and skin irritation during the smog days. The smog was 

heavy between August and September, when the weather condition were low humidity, less 

wind and with temperature inversion (Schnelle & Brown, 2001, pp. 3-12). After years of 

research, scientific studies finally revealed that the smog was caused through photochemical 

oxidation of the hydrocarbon by the ozone and NOX in the atmosphere (ibid). The many 

pollutants are secondary pollutants formed by oxidizing reaction. While the original 

pollutants mainly came from hydrocarbons (or VOCs) and NOX emitted by motor vehicles, 

backyard burning and other industrial processes (Goklany, 1998). The principal chemical 

compounds are ozone, nitrogen, oxides, organics, peroxyacetyl nitrite (PAN), carbon 

monoxide, and so on (Schnelle & Brown, 2001, pp. 3-12). Moreover, Los Angeles was 

surrounded by mountains and hills, the topographical characteristic also hindered the spread 

of contaminants.  

 

For all the historical air pollution accidents, the most serious one was London great smog of 

December 1952. It was estimated that 3500 – 4000 people had died in one week because of 

the severe pollution (Greater London Authority, 2002). Except the great smog, from 

1948-1963, heavy smog had always been a serious problem in London, it greatly reduced 

visibility and caused bronchial problem for people. The smog became heavy during the 

winter season, when lots of people burned coals to provide heat. The bad weather condition, 

such as high fog, calm weather and affected by anticyclone, would contribute to worse and 

longer smog days (Greater London Authority, 2002) (Schnelle & Brown, 2001). Unlike the 

Los Angeles air pollution, the cause of London air smog in 1950s had long been known as 
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the coal burning. The smoke and fume, which came from coal combustion and mixed with 

the moisture in the air, created the London smog. The components of the smog were sulfur 

compounds, carbon monoxide, particulate matters and so on (Schnelle & Brown, 2001).  

 

Comparing the Los Angeles and London air smog with Beijing haze days, it can be found 

that the vehicles emission and coal burning pollutants which used to result in air smog in LA 

and London respectively, were the first and second sources of air pollutants in Beijing now. 

The topographic feature in Beijing is in U shape and surrounded by mountains from three 

directions. The feature is about the same with LA‘s that is quite adverse for pollutants 

diffusion. Moreover, like in Los Angele, the container topographic character traps all the 

pollutants and more likely creates an oxidization reaction to form secondary pollutants. 

While, the bad weather, such as less wind, high atmospheric pressure, and temperature 

inversion, is also a typical weather conditions in Beijing, as in LA and London, which would 

accelerate the oxidation reaction and aggravate the haze days. Moreover, pushing by fast 

development in the 20
th

 century, both of LA and London experienced city expansion and 

population growth. Hence the more people led to more demand for energy consumption and 

produced more emissions correspondingly. This situation is what Beijing experiences now. 

LA is a scattering city and the public transport was developed weakly. Therefore car was the 

heart of transport for the public and caused lots of emission at that time. Beijing is much 

bigger than LA. Although the public transport developed at the same time, but more and 

more people would like to have their own cars. Hence, the continual increase of population 

and vehicles caused lots of emissions and pollutions. 

 

The more complex situation in Beijing is the pollutants are mixed from more different kinds 

of emissions, which made the chemical reaction even more complicated. According to the 

studies, the main sources of Beijing haze days are the emissions from motor vehicles and 

coal burning. Los Angeles used to spend lots of efforts on reducing the motor vehicles‘ 

emissions and the related fuel combustions‘ emissions afterwards 1950s, while London 

mainly focused on solving the coal burning pollutants to tackle the smog problem from 1950s 

to 1980s. Both Los Angeles and London had made the ―Environmental Laws‖ and the 

―Clean Air Acts‖ to curb the pollution and guide a standardized production market in 

emission control. The latter improved air qualities shows that the laws, regulation and 

pollution control measures were quite effective. The former lessons and experiences, which 

the developed countries took before, can provide useful implications for China on pollution 

abatement.  

4.3 Effects of Laws in Los Angeles Air Smog Control 

When the first recognized episodes of smog occurred in Los Angeles in 1943, the LA, 

California governments and the federal governments initiated researching the air smog 

problem and tried to tackle it. Environmental legislation has been one of the most important 

measures in the US to solve environmental problems. Since the 1940s to 2000s, the air 

quality in LA and California had been improved a lot. From 1963 to 2010, the economic 

growth had been on an increasing trend, while the smog days in the area, which exceeded 

Stage 1 smog alerts (1-hour average ozone > 0.20 ppm), had been reduced from 118 days in 
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1975 to 0 in 2000 (Fig. 13) (Bureau of Economic Analysis) (California Science Teacher, 

2015). The most pollutants for the smog in LA and California were from vehicle emissions. 

But actually, both the population amount and the vehicle quantity had increased from 7 

million and 2.8 million respectively in 1940 to 34 million and 23.4 million in 2000. The total 

vehicle miles travelled (VMT) rose from 24 billion miles in 1940 to 280 billion miles in 2000. 

However, the cumulative California vehicle emissions for NOX and HCs cut down to 1.2 

million tons in 2000 year from 1.6 million tons in 1970, despite of an increase of 170 billion 

miles VMT (Air Resources Board, California, 2015). Although the air quality in LA and 

California still needs the improvement because of so many vehicles and intensive human 

activities, the most serious smog days, that would severely threat human health, have no 

longer existed. 

 

 
Fig. 13. Economic growth and smog days in California, US from 1963 to 2009 

Sources: Bureau of Economic Analysis, US Department of Commerce. Database. 2010, 2013; CST, California Science 

Teacher. 2015. Smog Alerts (Stage 1) - Ozone, 1976-2010. 

 

From a historical perspective, such achievements were not made quickly. Since the smog in 

LA got great public and governmental attention, it was not until the 1970s, that the 

governments were able to specify and quantify the alarm smog days and measure the air 

quality improvements. It took a long time for researching on the smog problem, targeting the 

pollution sources, figuring out how to solve it, initiating measures and strategies, adapting 

plans and achieving one by one progress. For the first developed country, this kind of air 

smog, especially photochemical smog in LA, California, had never happened in other areas 

before. The US had to discover and try to solve by their own studies and researches. What‘s 

promoted the country to study and finally solve the problems? By listing the governmental 

legislations on the air pollution control that had done before (Tab. 6, 7), we could see that the 

national and local environmental and air pollution legislation had played an important role in 

solving the smog problem. 

 

The first phase to tackle the air pollution problem was by studying the smog and target what 

had caused the smog. From 1945 onwards, the pollution study laboratory and Boards, and 

the local Acts had been gradually created and made in LA and California. In 1947, Los 
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Angeles and California made the local ―Air Pollution Control Act‖ and invested on scientific 

research to analyze the problem. This promoted the scientific studies and discovered the 

culprit of LA smog: ozone and oxidizing reaction by the emissions mostly from the motor 

vehicles and fuel combustion in 1952. With the solid scientific proof and support, California 

government has been focusing on tackling the air pollution by reducing emission from 

vehicles. Then, in 1955, the first national ―Air Pollution Control Act 1955‖ was enacted. Its 

main function was to provide for research and technical assistance and encouraged a better 

understanding of the causes and effects of air pollution (Air Resources Board, California, 

2015). From the chronological perspective, it can clearly be seen that the CA air pollution 

laws promoted the scientific study to find the cause of LA smog (Tab. 7, 8). And the proven 

scientific results once again provide more scientific legislation foundation and enhance the 

legislating at a federal level (Tab. 6, 7, 8).  

 

Nationally, the most important federal law on air pollution control – ―Clean Air Act‖ has 

been amended for several times, in 1963, 1965, 1970, 1977 and 1990 respectively. From 

1955 to 1965, because of further focusing on the vehicle emission control, the Act was 

amended to clarify the auto emission standard. Along with better understanding the air 

pollution problem, the ―1970 Clean Air Act Amendment‖ formed the basic US air pollution 

control policies: setting air quality standards, new source performance standards, emission 

standards, and encouraging each state to achieving the standards (USL, 2014). The standards 

were settled up based on a goal of 90% reduction in emissions from new automobiles by 

1975. While many states failed to meet the requirements of various standards, in 1977, then 

the ―Clean Air Act‖ was amended to address the issue and aid and make sure the states to 

attain the environmental goals. By 1990, the air pollution had been improved to such an 

extent that the Act further planned to reduce more pollutants source that could be released in 

the air (USL, 2014) (Kenney & Gastman , 2012).  

 

The standards that were required to be set up by laws are based on scientific study and 

technological development. For example, the ―Clean Air Act‖ formulates the air quality 

standards according to the criteria of protecting public health and welfare. Making process 

includes: planning, integrating science assessment, risk assessment, and policy assessment. 

Moreover, the standards may be changed or adapted according to further scientific studies 

and support (EPA, 2015). The emission standard is not only made based on the technology 

performance, but also need to consider the cost of available technologies. Hence, the Act 

tries to promote the technical development by setting performances that could be achievable 

in future based on information available today (EPA, 2013). This scientific basis assessment 

and prescribed by laws make sure the attainable of standards and encourage the ongoing 

technological innovation that could reduce emission and control cost.   

 

Followed by the stricter regulation, there were a series of the environmental science and 

technique breakthrough (Tab. 8). The new technologies - Positive Crankcase Ventilation 

(PVC), which could cut motor vehicle emissions, was invented and adopted to use on  the 

passenger cars in 1961 (Air Resources Board, California, 2015). The improved catalytic 

converters were invented and put into use in the middle of 1970s. And Volvo, the Swedish car 
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company, introduced Smog-free cars and sold in the US market. In 1990s, California, which 

bothered by the auto emissions and air smog most in the States, produced cleaner fuel and 

gasoline, which can largely reduce emissions. Moreover, since 1996, California gasoline has 

been the cleanest fuel in the world (ARB, 2008). In addition to the advanced auto emission 

control techniques, many other technologies have been made and used for controlling 

pollution, such as the Scrubbers that greatly control SO2 emission in boilers, sophisticated 

new valve seals and leak detection equipment for refineries and chemical plans, hybrid 

vehicles, and so on (EPA, 2014).  

 

The effects of the laws and pollution control strategies not only show in providing restraints 

and implementing new standards, but also in enhancing the technical research and 

development. It is the rigorous laws and regulation that push the government, business and 

research agencies to find the solution of the air problem and invent the advance technologies 

to improve the high polluting vehicle system. If we say that the technologies development 

help to solve the many environmental problem, the laws are one of the most important 

pushing hands behind the inventions.



36 

 

Year United Stated National Air Pollution Laws and the Main Purposes of the laws from 1945 to 2000 
1955 Federal Air Pollution Control Act of 1955  

- provided research and technical assistance and authorizing the Secretary of Health, Education and Welfare to get better understanding of the causes and effects of air 

pollution. 

1960 Federal Motor Vehicle Act of 1960  

- responsible for research to address air pollution from motor vehicles 

1963 Federal Clean Air Act of 1963  

- reduced air pollution from stationary sources such as power plants and steel mills 

- empowered the Secretary of the federal Health, Education, and Welfare to define air quality criteria based on scientific studies 

- provided grants to state and local air pollution control districts. 

1965 Federal Clean Air Act of 1963 was amended by the Motor Vehicle Air Pollution Control Act of 1965  

- direct regulation of air pollution by the federal government 

- the Department of Health, Education, and Welfare was directed to establish auto emission standards. 

1967 Federal Air Quality Act of 1967  

- established a framework for defining "air quality control regions" based on meteorological and topographical factors of air pollution. 

1970 National Environmental Protection Act 

Federal Clean Air Act Amendments of 1970  

- served as the principal source of statutory authority for controlling air pollution.  

- established the basic US program for controlling air pollution. 

- Environmental Protection Agency sets national standards for air quality, required a 90% reduction in emissions from new automobiles by 1975 

1977 Federal Clean Air Act Amendments of 1977  

- aided the states that were not achieving national air quality objective as to auto emission to achieve their original goals. 

- prevented air quality deterioration in areas where the air had previously been clean. 

- instituted the New Source Review (NSR), which requires companies to obtain permits before modifying equipment.  

1990 Federal Clean Air Act Amendments of 1990  

- required a number of new programs aimed at curbing urban ozone, rural acid rain, stratospheric ozone, toxic air pollutant emissions and vehicle emissions, and 

establishes a new, uniform national permit system. 

Tab. 6. Air pollution control laws in the US from 1945 to 2000 

Source: ARB, California, Air Resources Board. 2015. Key Events in the History of Air Quality in California. 
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Year Los Angeles (LA) and California (CA) Strategies on Air Pollution Control from 1945 to 2000 
1947 CA - Air Pollution Control Act. 

LA - Air Pollution Control District 

CA adopted the Ringelmann System. 

1950 CA's Rule 50A passed. 

1955 LA Motor Vehicle Pollution Control laboratory established. 

1959 CA enacted legislation requiring the state Department of Public Health establish air quality standards and necessary controls for motor vehicle emissions.  

1960 The Motor Vehicle Pollution Control Board was established. Primary function was to test and certify devices for installation on cars for sale in California. 

1966 First national Auto tailpipe emission standards for HC and CO were adopted by the CA Motor Vehicle Pollution Control Board. 

1967 The CA Air Resources Board (ARB) was created - merging the CA Motor Vehicle Pollution Control Board and the Bureau of Air Sanitation and its Laboratory.  

1969 Air Quality Standards were set by the new ARB for total suspended particulates, photochemical oxidants, sulfur dioxide, nitrogen dioxide, and carbon monoxide. 

1970 Backyard burning was banned in selected areas of California. 

1975 CA Air Pollution Control Officers Association was created. 

1976 The South Coast Air Quality Management District was formed.  

ARB limited lead in gasoline. 

1984 CA Smog Check Program went into effect 

1988 The ARB regulated that the 1994 model cars should be equipped with on-board computer systems to monitor emission performance and alert owners when there is a 

problem. 

1990 The ARB approved standards for cleaner burning gasoline and low and zero emission vehicles. 

1993 The ARB enacted new standards for cleaner diesel fuel 

1994 Smog Check II signed into law, designed to meet the requirements of the Federal Clean Air Act as amended in 1990. 

1996 CA's State Implementation Plan for ozone. 

1998 The ARB identified diesel particulate emissions as a toxic air contaminant, and amended off-road engine regulations for lawn mowers, weed trimmers and other small 

engine power tools. 

1999 The ARB regulated to reduce by over 70% the smog-forming emissions from portable gas cans, and approved a new set of gasoline rules that will ban the additive 

MTBE (methyl-tert.-butyl-ether). 

Tab. 7. The strategies on air pollution control in Los Angeles and California from 1945 to 2000 

Source: ARB, California, Air Resources Board. 2015. Key Events in the History of Air Quality in California. 
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Year Scientific and Technological Development on Air Pollution Control from 1945 to 2000 
1952 Dr. Arie Haagen-Smit discovered the nature and causes of photochemical smog in Los Angeles. 

1961 The first automotive emissions control technology - Positive Crankcase Ventilation, was mandated by the California Motor Vehicle State Bureau of Air Sanitation 

to control hydrocarbon crankcase emissions.  

1963 Positive Crankcase Ventilation requirement of 1961 went into effect on domestic passenger vehicles for sale in California. 

1975 The first two-way catalytic converters came into use as part of the ARB's Motor Vehicle Emission Control Program. 

1976 Volvo introduced 1977 year "Smog-Free" car, which had the first three-way catalytic converter to control HC, NOx, and CO emissions. 

1992 Phase I California Cleaning Burning Gasoline (CBG) came to market. The CBG results in 220 tons less of reactive organic gases released every day (6% reduction), 

and elimination of the use of lead in gasoline.  

1993 California fuel came to market. 

1996 Phase II California Cleaner Burning Gasoline (CBG) came to market. The CBG reduces lung-damaging ozone and ozone precursors by 300 tons/day, as well as 

reducing airborne toxic chemicals like benzene that can cause cancer. This is equivalent to taking 3.5 million cars off the road. 

Big seven automakers commit to manufacture and sell Zero Emission Vehicles. 

Tab. 8. Scientific and technological development on air pollution control in the US from 1945 to 2000 

Source: ARB, California, Air Resources Board. 2015. Key Events in the History of Air Quality in California. 
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4.4 Effects of Laws in London Air Smog Control 

The air pollution problem caused by coal burning in the UK can be traced back to the 17
th

 

century. With rapid industrialization, coal became widely used in industries, boilers and 

domestic fireplaces. By the 18
th

 century, coal consumption in London grew in line with, and 

in some areas, faster than the population growth rate (Brimblecombe, 2011). But until the 

1950s, the Great smog in London, which led to severe health impacts, aroused the public and 

governments to begin seriously addressing the air pollution problems in London and the UK. 

(POST, 2002).  

 

Before the Clean Air Act, there were several legislations on controlling coal pollutions from 

industries. Around the 1850s, the UK had passed the ―Smoke Nuisance Abatement Act of 

1853‖. It restricted industrial furnace and steam boat to control pollution or burn coke instead 

of coal (Giussani, 1994). Later regulations put smoke control clauses separately in the 

―Sanitary Acts‖ and the ―Public Health Act‖. In 1882, the pollution control lobby group had 

demonstrated to the public the improvement of facilities and smokeless fuel. But the public 

lacked the will to change the open fire. In 1947, influenced by the official smokeless fuel 

advices, the London and Manchester had been empowered by laws to create smokeless zone. 

However, the governments took little real actions on it (ibid). The ignorance of the laws not 

only came from industries and governments, but also from individual households because of 

additional costs for changing after the war. Hence, in spite of having the laws and available 

technologies on pollution control, the smoke continued to rise in London and the UK (ibid). 

 

After the London Great Smog in 1952, the authority, leading by Sir Hugh Beaver, started 

seriously to research on the cause and effects of air pollutions and present measures. The 

―Beaver Report‖, focused on the London smog, showed that the domestic fire as well as the 

industries coal burning caused the smoke, and suggested to provide smokeless fuel, create 

smokeless zones and smoke control areas, and recommended a ―Clean Air Act‖ (Greater 

London Authority, 2002). Then in 1956, the government finally released the ―Clean Air Act‖, 

which was a comprehensive single act and replaced all the former separate air pollution 

legislations (Giussani, 1994).  

 

Because of the cause of London‘s as well as the UK‘s air smog was simply by coal burning in 

the 1950s, the ―Clean Air Act 1956‖ mainly focused on limiting smoke, grit and dust from 

domestic, commercial use and industrial processes. The main provisions and strategies of the 

―Clean Air Acts 1956‖ were: (1) Dark smoke was prohibited from any building. While 

considering about the altering time and technical limitations, the industries were given seven 

years grace for the longest. (2) Required that grits and dust from furnace should be measured, 

arrested and minimized, and new furnace shall be designed and built as far as practicable 

smokeless. (3) The height of Chimneys should be sufficient to prevent the smoke, dust, grit 

and gas, as far as practicable, to become hazards or nuisance to people health. (4) Local 

authorities can be empowered to declare the whole or parts of areas to be smoke control areas, 

where only smokeless fuel can be used. Official financial support provided to necessary 

private dwelling adaptation in order to meet the requirement. (5) A ―Clean Air Council‖ was 
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established to review the progress under the implementation of the Act and obtain advices. (6) 

Local authorities were responsible to enforce the Act and may contribute to research and 

publicity of the air pollution problem (HMSO, 2010) (Giussani, 1994).  

 

The ―Clean Air Act‖ got an extension in 1968. The ―1968 Act‖ brought in the basic principle 

in using tall chimneys for industrial burning coal, liquid or gaseous fuels. The higher 

chimneys could help the dispersion of sulfur dioxide, which at that time is hard to remove 

(Hare, Cresswell, Twigg, & Buchdahl, 2002). Moreover, in the Act, it granted the Minister 

the power to force local authorities solving the domestic smoke problems (Giussani, 1994). 

In 1993, the Act of 1956 and 1968 were replaced and consolidated by the ―Clean Air Act 

1993‖, in which added more pollutants control regulations about motor fuel and oil fuel. 

Furthermore, it empowered the local authority to delimit areas where should be smokeless 

and only allowed fuel with less than 2% sulfur content (Brimblecombe, 2007). In 1995, the 

―Environment Act 1995‖ started to require the government to formulate national air quality 

standards and objectives to further improve air quality in the UK (Greater London Authority, 

2002).  

 

The Acts were quite effective in air quality improvement in London and the UK in the 

following aspects: (1) largely reducing domestic emission because of smoke control areas; (2) 

encouraging the use of cleaner fuel, such as gas, electricity and fuel with low sulfur; (3) high 

chimneys on power station and relocation the stations to rural areas; (4) promoting the 

decline in heavy industries (Giussani, 1994) (Hare, Cresswell, Twigg, & Buchdahl, 2002). 

Of which, the role of smoke control area is most notable. The measures largely decreased the 

coal consumption and reduced the smoke and emissions. Although the ―Clean Air Act 1956 

and 1968‖ did not legislate against sulfur, reducing coal burning contributed to the sulfur 

emission decline at the same time (ibid).  

 

In London, the local authority actively enforced the Acts and used the power of delimiting 

smokeless areas. The Metropolitan Borough of Holborn was the first in the country to be 

marked as the smoke control area in 1962. By the year of 1969, the smoke control area had 

covered over 60% of premises and over 50% of the area of Greater London (Greater London 

Authority, 2002). Accompanied by the effects of other measures, the enforcement of ―Clean 

Air Act 1993‖ and the later air quality standards, the smoke and sulfur dioxide had been 

continuously decreased and the air quality in London had been improved a lot (Fig. 14). 
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Fig. 14. Annual average smoke and sulfur dioxide concentrations in London from 1950 to 2000 

Sources: AEA Technology Environment 2002; Fifty years on-The struggle for air quality in London since the great smog of 

December 1952.  

 

Furthermore, the ―Clean Air Acts‖ and the following air pollution control measures also 

contributed to the energy structure changes in London and around the UK. In 1952, the coal 

consumption constituted 61% of London‘s energy needs, in which 28% was accounted for 

housing use. And coal also used by power stations to provide town gas. In 1965, natural gas 

was discovered in abundance in the North Sea, which began to replace the coal gas and 

increase the energy structure transition from coal to clean fuels. With available natural gas, 

London started to convert boiler and other town gas to use natural gas (Greater London 

Authority, 2002). From the Fig. 15, it can be seen that the coal has no longer been used in 

London around 1990s, which largely contributed to the air quality improvement.  

 

 

Fig. 15. Energy structure in London from 1950 to 2000. 

Sources: Greater London Authority, Fifty years on-The struggle for air quality in London since the great smog of December 

1952. 

 

Nationally, in 1950, coal was the primary fuel in UK, which accounted for 89.6% of total 

energy consumption, while others were 10% of petroleum and 0.4% of hydroelectricity 

(Beynon, Cox, & Hudson, 1999). After the ―Clean Air Acts‖, the energy structure started to 

transit into four major fuels (Tab. 9). When entering into the 21
st
 century, the clean energies 

continually increase, such as gas, bioenergy and waste, and electricity. By the year of 2013, 

the coal and other solid fuel only accounted for 19.04% of total energy consumption (DECC, 

2014). Moreover, contributed by energy efficiency techniques, the total consumption of fuels 

decreased comparing to the 1970‘s level.   

 

 Solid Fuel Petroleum Gas Bioenergy and waste Electricity Total 
1970 99.0 92.4 11.3 - 7.4 210.1 

1980 73.3 76.2 44.8 - 10.2 204.5 

1990 67.0 77.2 51.2 0.7 17.7 213.7 

2000 38.5 76.7 95.9 2.3 21.4 234.8 

2010 32.7 70.2 93.6 6.9 15.3 218.7 

2013 39.2 65.5 72.7 8.8 19.7 205.9 
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Tab. 9. Energy consumption structure changes in the UK from 1970 to 2013 (Million tons of oil equivalent (mtoe)) 

Notes: Solid fuel includes: coal, manufactured solid fuels, benzole, tars, coke oven gas and blast furnace gas. Electricity 

includes: electricity generated from nuclear, hydro, wind and solar sources. 

Source: Department of Energy and Climate Change - Secondary Analysis of Data from the Digest of UK Energy Statistics. 

2014. 

 

Economically, the GDP per capita in the UK had been an increasing trend from 1950 to 2010 

(Fig. 2). The recessions had been influenced by WWII, the sharp increases in oil prices and 

economic crises, rather than air pollution control actions. The coal industry in the UK had 

been shrinking since the implementation of ―Clean Air Act‖. It did lead to unemployment in 

the mining industries. But the expanding service sectors and the cleaner fuel economy also 

created job opportunities at the same time. For the past century, the UK has experienced the 

industrial structure adaptation changing from the heavy industries to service industries, such 

as banking, transportation, public services, and so on (ONS, 2013). In 1948, 45% of workers 

were employed in the manufacturing industries, which contributed with 42% to GDP in the 

UK (Jacqui, 2013). While, in 2012, the people worked in production decreased to 10% and 

its GDP contribution was only 15% (ibid). But, the employees, whom worked in the services 

industries, increased from 44% in 1948 to 85% in 2012 (ibid). And the UK service industries 

accounted for 78% of GDP in 2012, increased from 46% in 1948 (ibid). The service sector 

can produce much more economic growth than the traditional manufactory industry. Hence, 

generally speaking, the economy did not be adversely impacted by the decreasing in the coal 

and manufactory industries. 

  

Because of a lack of accurate GDP data of the 1950s in London, the economic situation can 

only be estimated according to the UK‘s GDP trend and other relevant data, such as the 

personal income in London and the percentage of London‘s GDP contribution to the UK‘s 

GDP. London also experienced the structural changes from factory to office based economy 

in the 1960s. During the 1970s, the unemployment rates in London were relatively high 

compared to the 1960s‘ and the later 1980s‘. However, this was because of the structural 

business change rather than the impacts of air pollution control and the ―Clean Act Acts‖ on 

the coal industries. But the London earnings for full-time workers as a ratio of Great Britain 

had ranged between 111% and 140% from 1971 to 2007 (LSE, 2008). This can partly show 

that the economy in London during the period was relatively at a higher level than the 

average UK level. Since the early 1980s, London‘s economy has been continuously growing 

with a faster rate than the UK‘s growth rate. London, as a national and global financial center, 

has contributed a lot to the UK‘s GDP growth. Between 2007 and 2012, London‘s economy 

grew by 12.7%, and its share of the UK‘s output increased from 20.7% to 21.9% (Rowley, 

2013). Hence, it can show that the economic growth in London hasn‘t been affected by the air 

pollution control and the implementation of the ―Clean Air Acts‖ either.  

 

In order to reduce the air smog, the ―Clean Air Acts‖ has worked on directly cutting down the 

coal consumption in London and the UK, and promoted the use of alternative energies, 

including petroleum, natural gas, electricity and other renewable energies. The impact of the 

―Clean Air Acts‖ was accelerating by the decline of the coal industries, but the shrinking of 
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the industry was also affected by other reasons. One of the reasons is the weak UK coal 

industry, which had already lost competitiveness in the global coal market with high labor 

and unit costs in the UK. Hence, when the petroleum and natural gas were discovered in the 

UK that can provide cheaper and cleaner energies, the coal was naturally replaced in the 

UK‘s economy (Pettinger , 2012). 

 

In this context during the 1960s, instead of destructing the UK‘s industries and economy, 

actually the ―Clean Air Acts‖ helped the UK‘s structural alternation. Promoting by the air 

pollution control measures and the stringent laws and regulation, the industries were pushed 

to find, develop and use cleaner energies and keep on enhancing energy efficiency. Even in 

the declining coal industries, the high costs for coal raised the price of products that also 

forced the actors to enhance energy efficiency. These largely increase the economic growth 

by saving the costs of industries and increasing the technology development. Moreover, the 

good air quality provides a better living environment, decreases the cost of the health impacts 

of air pollution and protects the public health which can help people to work better and make 

more contribution to the society.  
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5. Implications from Previous Experiences  

5.1 Path Dependence in Air Pollution Control 

Throughout studying the air pollution control history in Los Angeles and London, it is clear 

that the Clean Air Acts, environmental legislations and various measures largely contributed 

to air quality improvement. However, the changing took a long time. The hindrances of 

pollution control were not only a lack of technological breakthrough, but also impeded by the 

denying the industrial emission from industries, the neglecting from government, and the 

lack of strong public support for pollution control in the earlier stage.  

 

In Los Angeles, California, the industrial smoke and fume had caused the air pollution since 

the 1900‘s, and had aggravated the pollution because of increased industrial base during 

World War II. During the 1940s, the city‘s population and automobile boom finally resulted 

in the photochemical smog in 1943, at that time the source of air pollution came not only 

from industrial smoke but also from vehicle emissions and oil refineries. Although Los 

Angele city started the air pollution control in 1943, the other 45 cities in Los Angeles 

County took no actions because of lack the clout and legislative authority to effectively 

control the regional spread of smog. Until in 1947, the county established a Board to tackle 

the problem and enforce air pollution regulation, but this was opposed by the oil companies 

and the Chamber of Commerce. Moreover, when the scientists firstly announced the smog 

causality was the high ozone concentration led by a photochemical reaction resulted from the 

emissions from oil refineries and motor vehicles in 1952; the business leaders denied and 

defended that the ozone came from stratosphere rather than from oil combustion and cars 

(South Coast Air Quality Management District, 2014).  

 

A similar case happened in London, UK too. The smoke from coal industrial and the smoke 

control laws can be traced back to the 18-19
th

 century in London. Between 1800 and 1900, 

the London government had passed the ―Smoke Nuisance Bill‖ and the ―Smoke Nuisance 

Abatement Acts‖, but that only constraint the smoke from steam engines, factories and public 

infrastructures, even though they had realized that the private housing smoke also needed 

regulation. And the laws did not pass easily which had been protested against by the smoke 

maker industries. After centuries‘ efforts, the industrial coal smoke had been controlled to 

some extent, the coal burning in private house had became the main pollutants in London 

since the end of 19
th

 century. But the London County Council argued that the open fire was an 

important part of national home life which cannot be abolished (Greater London Authority, 

2002). Not only ignored by the government, the public also were lack of willingness to 

change the open fire even though they knew the available technologies. Therefore, they just 

connived the air smog haunted in London for another fifty years until the smog episode in 

1952. (Greater London Authority, 2002) 

 

The delayed pollution control cases in the US and the UK show a distinct path dependent 

feature in the institutional changing. The first developed countries chose the industrialization 

process driven by coal and oil and the high polluting system at that time restricted by the 
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limited knowledge and technology. Since the 19
th

 century, the industrialization had provided 

high speed economic growth and living standard improvement in the US, the UK and the 

other developed countries. Although air pollution emerged much earlier than severe smog 

evens, the big economic scale and the institution built on traditional industrialization 

hindered the motivation from business and government to choose or develop a new optimal 

way and build a new equilibrium. Benefited from the previous development, even the public 

in the US and the UK also inclined to endure the pollution if there were no the serious health 

impacts showed in smog events in the 1940s and 1950s.  

 

The historical pollution events, such as the smog accidents in Los Angeles and London, made 

the two cities‘ residents and politicians aware of the problem and also influenced the two 

countries to find the alternative ways of industrialization. Warned by the smog accidents and 

pushed by the public pressures, the government decided to investigate the cause of smog and 

then legislated against the pollution. The new rules considering the environmental protection 

have been gradually set on by progressive legislation and promoted the social norm changing 

since that time. The decisions made at once created a new path which determined the current 

environmental friendly institution in the US, the UK and the other developed countries. From 

this, it can be concluded that the path dependence may prevent the institutional change to a 

better mode, while also can contribute the institution changing towards sustainability. During 

the critical juncture, such as after the hazardous smog events, the decisions of targeting 

pollution source and reducing emission, made by the government and the public, had shaped 

the later environmental legislations and guided the social norm change for environmental 

friendly economic institutions in the next several decades. Among all the conditions of 

institutional change, the legislation plays an important role in making the rules which direct 

the people, industries, business and the governments made their choices that eventually form 

the norms, development of technology and economy, and the society.  

 

China is facing the critical moment of curbing the pollution now. Both the national and 

international surveys have shown that the air pollution and other environmental problems 

had badly affected the human health and caused a large sum of economic loss (The World 

Bank; State Environmental Protection Administration, P. R. China, 2007) (UNEP, 2014). 

Alike the cases in past in the developed countries, the current economic scope in China is 

highly depended on the traditional high polluting system, such as the high coal and oil 

consumption, which have already caused the lock-in in the industries and institutions. The 

situation has impeded the structural change in China and the institutional transition towards 

sustainability. The decisions that the governments made now would determine the future 

institution, legislation, economic growth mode, sustainable development and the living 

environment for Chinese people.  

 

China also tries to use stringent legislation to tackle the air pollution problem. The laws 

would work effectively on curbing pollution from the past countries‘ experience, while it 

may not achieve the goal if it cannot be implemented. It should be noticed that the air 

pollution control laws have been made in China since the 1980s, but the pollution situation 

did not stop but aggravate until now. Similar cases also happed in London before, although 
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with laws on control smoke, the air smog became heavier over time, because the laws at that 

time either were not effective or were not implemented in reality. Therefore, from the past 

cases analysis, it can be concluded that: in order to reduce emission, the air pollution 

control legislation and its enforcement should work to promote energy efficiency, science 

and technology development, renewable energy and build economic transaction that 

considering the environmental costs. These are the key components that could make the 

emission reduction economically, technologically and institutionally available.  

5.2 Legislation in Pollution Control 

5.2.1 Legal Path Dependence 

Similarly, path dependence also exists in legislation. The laws and regulations are formal 

institutional rules with an apparent feature of stability and predictability, so that people can 

trust and obey the rules to make decisions and predict the consequences of their actions. The 

past rules lead the current social institution and the economic mode, while the present ones 

will frame the future rule of game. With an inertia of the past setting rules, the transforming 

of the formal rules is not easy. Especially when today‘s social and economic development has 

been built on and still benefits from the previous rules. Such as the high polluting factories 

would still gain profit from it if they could get away without considering the environmental 

costs or the illegal costs are low. Although there are signs that it had not been the optimal 

ones for them and the society, the vested interest groups, who used to invest a lot on it, tend to 

maintain and further benefit from it rather than changing it spontaneously and actively. As it 

had been shown in the US‘s and the UK‘s pollution control history, the industries, commerce 

sectors commonly protested against the new air pollution control laws, and the governments 

once tried to deny and ignore the problem. Additionally, the lax environmental legal system 

and the leaving space for corruption cause bureaucratic corruption, which further prevent the 

ability to make advanced environmental laws and create a vicious circle in environment and 

institution. These hindered the pace of pollution control, environmental legislation and the 

enforcement of stringent environmental laws, and resulted in the breakout of the smog 

episodes.  

 

For example, the smoke control laws were made during the 19
th

 century in London, but the 

articles only regulated the factories but not the privates. The federal air pollution control law 

first released in the US in the 1950s, but until the middle of the 1970s the smog alert days still 

accounted for a third of the year. Not until 1975, the air quality started to be on a significant 

improvement track when the air quality standard was required by the ―National Environment 

Protection Act‖ and the emission reduction goals was set by governments in 1970. The loose 

regulations had been existent in the developed countries too, which may be confined by the 

deliberately indulgence from both the government and business, or by the technology and 

economic cost limitations. The progress in air pollution control was more influenced by the 

improved and stricter laws and standards, such as the ―Clean Air Act 1956‖ in the UK, and 

the ―Environment Protection Act‖ and the ―Clean Air Act 1967‖ in the US.  

 

In China, the environmental laws were initially published in 1979 and had been gradually 

amended and formulated the environmental protection legal system over the next few 
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decades. But many cases show that some actors used the loopholes in the past environmental 

laws and bribed the government officers to escape the liability of environmental protection 

(Xinhua, 2015) (Bhatnagar , 2014). Even the state-owned enterprises are not that active in 

changing and adjusting the polluting system when facing the interest conflicts. The 

governments, used to put the economic growth goal in the first place, also had indulged the 

pollution and ignored the environmental costs for many years, even though the pollution had 

shown in the early 1980s. These had hampered the implementation of the previous laws and 

the draft of stricter laws, which lead to the high pollution situation in China nowadays. Until 

in 2014, a reformed and stringent ―Environmental Protection Law‖ and the the amended ―Air 

Pollution Control Law‖ had been released. It would influence the rules, economic mode and 

social institutions today and in the future. While the effects of the laws and the 

implementation of the laws still need time to be evaluated by the actual air quality 

improvement situation in future.  

 

5.2.2 Legislation Promotion of Technological and Economic Development  

Legislation, as the most important formal rule in the institutional framework, it formulates 

the rule of game for economic and society activities. From the past pollution cases, we can 

see that: when without air pollution control legislation or under lax laws, the economic 

production and operation was built on the designs and technologies without considering 

much about the environmental externality. Because they are formal rules, it can give the 

industries a justified excuse to neglect the environmental costs and disregard the pollution 

control measures. When the legislation started to count the pollution costs in and put forward 

the emission reduction regulations and standards, the economic institution begun to change 

towards a new environmental friendly way in the developed countries. Accordingly, the 

actors have to make their decision following the new rules and take the environment costs 

into account. This motived the industries and businesses to reconsider the production and 

design to meet the environmental requirement as well as gain profits.  

 

Take the US for example, when scientists revealed the culprit of air smog came from oil 

refinery and motor vehicle emissions, these companies firstly tried to deny. However, as the 

following scientific results proved the fact and the government legislate against emissions 

from automobiles, they reacted to research on advanced technologies that could cut down the 

emissions. Then the green technologies have been invented gradually. For example, General 

Motors (GM) invented the first vehicle emission device in the vehicle industry – the Positive 

Crankcase Ventilation valve, which was required by law in all passenger cars sold in 

California in 1963. In 1975, the two-way catalytic converter was invented and put into use in 

the US In 1976, Volvo developed smog-free cars with the catalytic converter that can control 

the emissions of HC, NOX, and CO. Since the 1990s, California produced and put into the 

market the cleaner gasoline which can largely reduce toxic pollutants in fuel. From 1970 to 

2000, the alert smog days in Los Angeles, California went down from over 100 days to 0. 

This was significantly attributed to the emission control technologies, which made the 

emission reduction practically feasible. While all the technological breakthroughs and 

enforcement of using the advanced technologies were promoted by the pollution control laws 

and regulations. Vice versa, the improved technologies and decreasing costs in applying 



48 

 

these techniques make it possible for the government to set the higher air quality standard 

and the air become cleaner and cleaner.  

 

In London, initiated by the enforcement of the ―Clean Air Act 1956‖, the smoke and sulfur 

pollution had been continuously decreased. The technologies in adjusting the furnace to 

reduce smoke had been generated in the UK for a long time, so there were not many technical 

obstacles. But enforcement of the law meant the technologies could be put into use in private 

houses. According to the Act, furnace alteration in private dwellings was financially 

supported by the government. This solved the economic problems from the public. On the 

coal consumption reduction, it was quite lucky that the UK found natural gas and made the 

replacement of the coal burning steam possible. However, it was the rule of smokeless zone 

that promoted the industries to use the cleaner energies, such as gas, petroleum and electricity. 

The changing energy structure also pushed the coal industries to develop emission control 

technologies and lift up the efficiency both in producing and using coals in order to survive in 

the intense market competition. Nevertheless, the coal had no longer been used in London 

during 1990s. Moreover, the energy structure change stimulated London to develop tertiary 

industries, such as financial and tour industries that do not need heavy energy consumption.  

 

Gradually, influenced by the stringent environmental legal system, the social and economic 

institution in the US and the UK have changed from the high energy consumption and 

pollution towards a sustainable structure driven by the energy saving and the green energy. 

While looking back to the past decades‘ development situation in the US and the UK, the 

economic growth has been an increasing trend, the air quality and other environmental 

problems have got better, and the social welfare also has improved. Currently, the economic 

growth has no longer depended on high polluting industries and manufacturing, but has been 

created by energy efficiency to saving costs and high technology embedded in the production 

and services. Tackling the air pollution did not hinder the economic growth. On the contrary, 

it promotes the societal research and development and technology innovation, which make 

the production highly competitive in the global markets. The economic institutional changing 

from the traditional industrialized development to the current sustainable development is 

motivated by several factors, such as the changing of the rules, technological breakthroughs, 

public attitude changes, price mechanism, global market influences, etc. One of the spurs, 

the strong environmental legislation and its enforcement play an important role in spurring 

the business to innovate and push the government to find a better solution.  

 

China is trying to make stringent legislation to tackle air pollution. Compared to the previous 

environmental laws, the stricter environmental protection law and air pollution control laws 

are rigorous in illegal fines and pollution damage penalty, government liability to enforce the 

law and meet environmental goals. Based on the laws, the central and local governments 

make the ―Clean Air Action Plans‖ and set specific stepwise environmental goals. This kind 

of legal system design is similar to the US and the UK‘s environmental laws. Also like most 

countries‘ legal system, the basic function of legislation is to set the code of conduct to guide 

the behavior and set the punishment to deter the illegal offense. The harsh punishments in 

strict environmental laws work as a strong deterrence to directly curb the emission from 
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industries, while the rigorous reliability to government push the governments to implement 

the laws. However, the effects of the laws are not only using the way to stop or close polluting 

factories, but also underling the role of promoting institutional and technological innovation.  

 

From the cases in the US, it can be seen that the US achieved the air quality improvement 

largely by purifying the fuel and developing green technologies to reduce vehicle emissions. 

The consequences were: the vehicle selling and using increased while the total emission and 

smog reduced. This did not hurt the industries, but rather enhance the industries developing 

in a green and sustainable way. While in the UK, the changes are more fundamental to an 

energy structural and economic institutional change by greatly cutting coal consumption and 

using comparatively clean energy, and by developing the tertiary industry to replace the 

primary industries and manufacturing. As the coal industry had gone, there were other 

industries developed to support the economic growth. That is partly why their economic 

growth did not be hindered by the actions of pollution control.  

 

Therefore, the above cases of air pollution control from developed countries might teach the 

governments of Beijing and China an important implication that: the effectiveness of 

environmental laws in pollution control would bring about the direct emission reduction, air 

quality improvement, and more importantly the promotion to the development of green 

technical and the environmentally friendly economic institutional transformation. The 

legislation can build the new rules to take the environmental costs into account, and strongly 

enforce the formal rules on the institutional level, governance, and macro and micro 

economy activities. And under higher environmental standards requirements and harsh 

punishment, the governments and industries will be motivated to research, invent and find 

better solutions.  

 

5.2.3 Scientific Legislation Makes Pollution Control Feasible  

From the above analysis and discussion, it can be seen that the pollution control legislation 

can reduce emission and push forward sustainable institutional change. However, the laws 

and regulation also need effective implementation to really work in economic activities and 

in society. Governmental enforcement is important, while the feasibility of the legislation is 

also crucial in implementing the law in reality.  

 

Both the pollution control laws and standards in the US and the UK are based on scientific 

studies of health impacts and on the technologies that can be applied and improved. In the US, 

the making processes of the ―Clean Air Acts‖ were and are: planning, integrating science 

assessment, risk assessment, and policy assessment. The setting of emission standards need 

to consider the technology performance and the costs of available technologies. The effects 

of the laws also need to be evaluated and the law can be amended based on the evaluation. 

For example, when the federal government found that many states failed to meet the air 

quality standards proposed in the ―Clean Air Act 1970‖. They modified the Act in 1977 and 

regulated in the Act to aid the states to attain the original goals (Kenney & Gastman , 2012). 

In London, the ―Clean Air Act 1956‖ considered the urgent need to change private smoke 

equipment and decided to subsidize the fees. Considering the limitation of the technological 
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problem, the Act stipulated a ―seven years grace period‖ for changing smoke devices. It 

stipulates “best practicable means had been employed to prevent or minimize the emission of 

dark smoke”, and further explains the ―practicable‖ as “reasonably practicable having 

regard, amongst other things, to local conditions and circumstances, to the financial 

implications and to the current state of technical knowledge, and „practicable means‟ 

includes the provision and maintenance of plant and the proper use thereof” (HMSO, Clean 

Air Act 1956, 2010, pp. 15, 26). Moreover, both of the US and the UK drew up to encourage 

the scientific studies on the cause and effects of air smog, promote technology development, 

and designate that the government has the responsibility to educate and raise public 

awareness on the issue.  

 

This scientific based legislation ensured the laws and regulations can be adopted in reality, 

and can push forward the progress of air pollution control measures. This kind of legislative 

measure should be learnt by China. The amended ―Environment Protection Law‖ and draft 

version of improved ―Prevention and Control of Atmospheric Pollution Law‖ in China show 

some improvement in provisions. It regulates in principle that the emission reduction 

depends on technology development and encourage scientific and technical research. The 

―Environmental Protection Law‖ has added more clauses about this, such as making 

economic and technological polices should consider the impacts on environment, 

establishing national standards for environment quality, and so on. Because the real 

implementation of laws has always been a problem for China, the new law strengthens the 

liability of government by adopting environmental protection targets with accountability and 

performance evaluation system. And the law provides the public the rights to supervise and 

participate in environment protection activities. (The Standing Committee of China's 

National People's Congress, 2014) 

 

These articles are reasonable, stricter and improved to some extent, but the real effects should 

be evaluated according to the pollution control and the other environmental improvement 

situation. If the laws should further strengthen in some part based on the changing condition, 

it should be adjusted. The UK‘s ―Clean Air Acts‖ has been only changed twice since 1956, 

because the law has worked effectively in emission reduction. While the US‘s ―Clean Air 

Acts‖ had been changed many times since 1955, the changing years are 1963, 1965, 1970, 

1977, and 1990 respectively. Because the pollution actually showed a significant reduction in 

the 1970s, the government had to amend the law many times to make it effective. One of the 

important improvements was making the air quality standards and building a pollution 

measurement and control system. In 1971, the National Ambient Air Quality Standards for 

various pollutants was set in the US. Since then, the quality of air and the improvement level 

of air quality can be clearly measured. The control system helped to test the effectiveness of 

pollution control laws. Therefore, scientific control systems and the evaluation of the 

effectiveness of the law are important. These can help to find the weaknesses or loopholes in 

the laws and the problems that hinder the law‘s implementation, and to further improve the 

pollution control laws and measures.  
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5.3 Public Awareness on Pollution Control  

Transformation of formal rules in institutions, such as legal reform, can influence the change 

in the informal rules, such as the social norms, the public attitude, etc. On the other hand, the 

informal rules also can exert an impact on the institutional change, which might be either a 

hindrance or promotion. For example in the US and the UK, before the severe smog 

accidents, the air smog problem had been haunted in the sky of Los Angeles and London for 

many years. But most of people might have complained about it and tolerated the bad 

weather. Until in the 1940s and 1950s, the smog caused severe morbidity and mortality, the 

angry people started to give the government pressure to address the issue. From then on, 

more scientific research began focusing on the causes of air pollution and the impacts of 

pollution to human health. The scientific results were published in academia as well as 

popular science journals and magazines. Based on the laws, one of the responsibilities of the 

authority was to let the public access the knowledge. Therefore, more and more people knew 

about the cause of the smog, the hazards of pollution, and the related knowledge. The public 

awareness and public influence to some extent, pushed the government to make the air 

pollution control laws and regulations.  

 

However, in these cases, the main driving force was the heavy smog episodes‘ killing effect, 

which let the people feel uncomfortable living in the polluted environment and determine to 

fight against the pollution. But when the air quality had deteriorated to such a serious degree, 

the pollution control became urgent and difficult. Because the interdependent relationship 

between the economic scope and the polluting system were so closely connected, that made 

the change very difficult. When the old economic mode still can generate positive feedback 

to maintain economic growth in spite of the pollution, the industries and the public might 

endure or only change in minor part. Moreover, when the pollutants concentrations are so 

high, the air quality is much harder to improve than when it is less. Such as the case in Beijing, 

the complex chemical reaction from two major emissions of vehicle and coal made the 

pollution control much arduous compared with the Los Angeles and London smog control.   

 

A wide public awareness on pollution issues can promote the countries to prevent the air 

quality from deteriorating to a serious extent and contribute to addressing environmental 

problem in earlier stage. Many European countries benefit from the pollution control in 

earlier stage from the late 1960s and 1970s. Because of the killing smog accidents in the US, 

the UK and the other countries, the public in America and Europe began paying more and 

more attention to air pollution and environmental issues. Moreover, the book ―Silent Spring‖, 

published in 1962 in the US, led to a widespread environmental movement around the US 

and Europe (McKie , 2012). Many European countries, although haven‘t experienced the 

serious air smog, also established environmental protection agencies. Sweden was the first 

country to found the ―Environmental Protection Agency‖ in 1967, because of the wide 

democratic discussion on pollution issues in the public and parliament, and the scientific 

evidence related to the pollutions (Lars, 2011). They began to research environmental issues, 

measure the existing emissions and pollution, and try control their environmental pollution in 

the early stages. The pollution situation and pollutants sources are different in each country. 
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These countries set their emission reduction strategies and measure based on their conditions. 

For example, in Sweden, the Swedish emission reduced by 97% from 1970 to 2010 by energy 

saving, reinvestments in the industry, replacing fossil fuels with renewable energies. West 

German took measures of flue gas desulphurization to tackle the acid rain problem around 

1980, which achieved a 2 million ton annual emission reduction between 1980 and 1990. In 

1979, 51 parties in Europe signed the ―Convention on Long-range Trans-boundary Air 

Pollution‖ covered the pollutants of SO2, NOX, VOC, NH3, PM, etc. The convention is based 

on scientific results, and the policies made closely interacted with science. From 1980 to 

2010, the SO2, NOX and NH3 largely decreased in Europe. (Grennfelt, 2013) 

 

In China, although the air smog has become worse for years, the air pollution has attracted 

the public attention when the haze days in Beijing reached around 100 days in 2011 and 

continued to increase. By then, the air pollution not only raised the Chinese people‘s 

discontent and concern, but also attracted the international attention. More and more media 

reported the air pollution and other environmental issues in China. Consequently, the Beijing 

government made the ―Clean Air Act Plan‖ in 2011. In 2014, the improved ―Environmental 

Protection Law‖ was published in China. Obviously, the raise of public awareness and 

attention on the issue pushed the government to take action and measures. 

 

Moreover, the public attitudes and participation can contribute constructive proposals and 

improve the laws‘ amendment. In 2013, a draft ―Environmental Protection Law‖ made that 

only one organization called ―All-China Environment Federation‖ have the rights to file 

public interest lawsuits in cases of environmental pollution. But lots of NGOs, professors and 

lawyers claimed that the provision deprived other social groups‘ litigation rights and 

weakened the public supervision. An environmental protection NGO-―Friends of Nature‖ 

submitted an open letter to the National People's Congress Standing Committee, saying that 

the draft amendment will be difficult to enforce and suggesting revising the stipulation 

(Brown-Inz, 2013). Finally, the released ―Environmental Protection Law‖ in 2014 adopted 

the suggestion and expanded the entity that can file the environmental litigation to the courts 

by the Article 58, which allows more legal social groups the rights to file the environmental 

lawsuits (The Standing Committee of China's National People's Congress, 2014).  

 

The ―Environmental Protection Law 2014‖ adds a new chapter 5 – ―Information Disclosure 

and Public Participation‖ to provide the public rights to obtain environmental information, 

participate and supervise the environment protection activities in governments and business 

(The Standing Committee of China's National People's Congress, 2014). It is necessary and 

important, because the real implementation of the laws needs not only the governmental 

enforcement, but also the public support and supervision. Solving environment problems 

and reaching sustainable development require not only the top-down government regulatory 

and legislation constrain, but also the bottom-up public concern and participation to create a 

good democratic environment and generate constructive suggestions and wise measures. 

Therefore, the public awareness, wide education and public participation on the pollution 

control should be encouraged and popularized.  
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6. Conclusion  

The thesis tries to learn the workable solution to air pollution problem in Beijing and China 

through comparing and studying the previous pollution cases in the US and the UK. The 

historical pollution control cases, the EKC and path dependence theories prove that the 

environmental sustainability and economic development can go forward together, although 

the change from environmental deterioration to improvement took time. However, the 

positive results required environmental friendly science and technology development, the 

determination of changing towards sustainability, economic and social support for the 

transformation, etc. The thesis focuses on the effectiveness of environmental laws to 

contribute this. Through contrasting the economic and environmental situation before and 

after the implementation of environmental laws in the US and the UK, the thesis finds that 

the scientific based pollution control laws and regulations can curb the pollution, promote 

the research and development and enhance the sustainable social transformation. This is 

what Beijing and China can learn from when trying to legislate against the similar air 

pollution currently.  

 

However, there are many other crucial factors that are necessary to reach the sustainable 

transformation, such as the science and technology development, environmental protection 

education, the role of environmental NGOs, financial investment, economic spur, and so on. 

Even the study of environmental laws, the thesis only makes a broad analysis of the 

correlation between the laws and the environmental technique development, and the later 

economic and air quality improvement. Deep studies of the role of environmental laws on 

pollution control and the relationship between the laws and environmental science and 

technology development and the consequent economic and social changes would be more 

useful for a deeper understanding of the subject and for solving the similar problem.  
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