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Chapter One Why Green Development?

The world’s development process is at a crossroad. Given the unsustainability of current eco-
nomic growth in both China and the world, a new approach to development is needed. The 
concept of green development is such an approach. Green development can become a poten-
tially transformative process for the economy, for society, for the environment, and for the role 
of government. It is an opportunity: an open door.

Green development is a pattern of development that decouples growth from heavy depen-
dence on resource use, carbon emissions and environmental damage, and promotes growth 
through the creation of new green product markets, technologies, investments, and changes in 
consumption and conservation behavior.1 The three key concepts in green development are that 
economic growth can be decoupled from rising GHG emissions and environmental degrada-
tion; that the process of “going green” can itself be a source of growth; and that “going green” 
is part of a virtuous circle that is mutually-reinforcing with growth. Green growth is the means 
by which green development is achieved.

a. The traditional model of development is no longer feasible
Since 1978, China has been developing at an average annual growth rate of nearly 10% per 
year. Over just three decades, it has developed in one giant leap from a poor country into the 
world’s second largest economy after the United States. Great changes have taken place in the 
quality of people’s lives. If this trend continues, then by 2030 China will have attained high-
income status in an unprecedented short period of time. This is considered by some as an 
economic miracle. But given the negative consequences of growth, it is, at best, an unfinished 
miracle. For various reasons, changes are needed in China’s growth model.

First, China’s development to date has resulted not only in past high emissions, resource con-
sumption, and environmental destruction, but also external, social, and regional imbalances. 
If these imbalances are not corrected soon, then they have the potential to precipitate economic 
and social crises. Reforms are needed and green development forms part of those necessary 
reforms. As income levels increase, the Chinese people are demanding improved welfare, a 
cleaner environment and higher quality of life—without the recurring risks of environment-
related disasters. 

Second, there are still many uncertainties whether China can attain high-income status by 
2030. According to projections by the DRC (Liu et al. 2011) and other research,2 China’s eco-
nomic growth will slow down in the coming years, exposing yet more social and political chal-
lenges. Therefore, China needs to find new sources of growth, driven by innovation and sup-
ported by medium- and high-value added production. Green development is part of the policy 
approach to overcoming future risks and finding new robust sources of growth. 

Third, apart from domestic conditions, changes in the international arena have also made 
it important for China to change its model of development. Western countries are making the 
transition to a more competitive form of green development. As a result, a new race towards 
green development is now being played out in the global economy, with significant benefits 
accruing to early movers. In 2009, the OECD issued a Declaration on Green Growth in which 
its member countries set forth a comprehensive green growth strategy. Under the EU’s “Europe 
2020” initiative, innovation and green growth form the core of a strategy to increase the com-
petitiveness of European countries. For “Rio+20,” the United Nations Conference on Sustain-
able Development to be held in Rio de Janeiro next year, green growth will be one of the main 

1 To date, no standard definition of green development has emerged from the public and policy debate. 
(Huberty, Gao and Mandell, 2011).
2 See the other supporting reports prepared as part of the China 2030 study, particularly the synthesis report.
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topics of discussion. In May 2011, Germany announced that it would strive to be the first 
industrialized country to achieve a complete shift to clean energy. The United States has issued 
a 10-year clean energy strategy; South Korea has already made green economic development a 
part of its national strategy going forward, Brazil has aggressively merged its forward-looking 
policies for growth, climate change, and environmental management; and Japan is pushing for 
an additional 30% in energy efficiency gains, starting from its position as already being one of 
the most energy efficient countries in the world (Box 1.1). 

BOx 1.1  Three Examples of National Green Development Strategies: Germany, Korea and Japan

Germany’s New Energy Plan. In May 2011, Germany determined to close all of its nuclear plants 
by 2022 and to become the first industrialized country to completely shift to clean energy by 
increasing investment and R&D for renewable energy and energy efficiency. Presently, nuclear 
power provides 22 percent of Germany’s electricity. To fill the gap in its energy supply after it 
abandons nuclear, Germany has proposed vigorous development of wind, solar, and biomass; 
new standards for the thermal efficiency of buildings; and the creation of a continent-wide super 
smart grid (which would include the import of power from sun-rich North Africa.

The Republic of Korea: a first-mover in the implementation of green growth. Born as a 
response to the global financial crisis of 2008, Korea’s move towards green growth combines 
three mutually-reinforcing objectives: (i) responding to the latest economic crisis through a green 
stimulus, (ii) reducing its energy dependency, (iii) and rebalancing its economy towards green 
sectors in the long term. The financial crisis exposed Korea’s reliance on imported energy as a 
major weakness in its growth model. Korea imports 96 percent of its energy—accounting for 2/3 
of all imports. To rebalance this situation by 2030, Korea aims to decrease its energy intensity by 
46 percent and increase the share of renewable energy in total primary energy from 2.4 percent 
in 2007 to 11 percent. Furthermore, the latest Five-Year Plan allocates 2 percent of GDP to 10 
green growth strategies, each containing quantitative objectives and well defined projects. Korea 
aims to increase its global market share of green technology exports from 2 percent in 2009 to 
10 percent by 2020. 

Japan’s energy efficiency strategy. Japan’s energy intensity decreased 26% between 1980 
and 2009, and it is one of the most energy-efficient countries in the world. Nevertheless, Japan 
pledged to go further with its 2006 “Energy Conservation Law” by improving energy efficiency 
by another 30 percent by 2030 relative to 2006. The plan’s implementation strategy fosters 
energy conservation technologies and develops a benchmarking approach to monitor energy con-
servation. In addition to promoting the most advanced technologies across the energy sector, the 
plan also introduces integrated energy consumption standards for all buildings and targets net-
zero-energy houses by 2020 (and the norm nationwide by 2030). Japan’s Top Runner Program, 
tests 21 types of appliances—ranging from vending machines and air conditioners to television 
sets—to determine the most efficient model, and make that model’s level of efficiency the new 
baseline. Then, manufacturers have the obligation to achieve the new baseline within four to 
eight years. Japan’s newest innovation is the concept of “smart community”, a model city that 
maximizes the use of renewable energy and relies on smart grids to deal with its intermittent 
nature. Four large-scale pilot projects were started in 2010. 

There are deep historical roots to the current transition toward green development. Devel-
oped countries, with 20% of global population, developed during a period of high fossil fuel 
and resource consumption. Now, the remaining 80% of the world’s population also seeks to 
rise economically. However, if the 80% modernizes in the same way as the developed countries 
did—especially considering that by 2050 the global population will rise to over nine billion 
people—the environmental costs will become insurmountable for all countries. Therefore, the 
traditional model of development is no longer feasible. 
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The global climate crisis is one of the most daunting of the crises precipitated by traditional 
economic growth. China will be one of the countries most affected by climate change. There-
fore, addressing climate change is a pressing need for China, and a matter of self-interest. There 
is a scientific consensus that to limit the rise in global average surface temperatures to 2˚C, 
global carbon emissions must peak in 2020 or so followed by dramatic decline of 2% per year 
(UNEP, 2011a). In short, there is simply not enough “carbon space” to satisfy the emission 
needs of all countries if they continue to grow in the traditional mode of development. 

Due to rapid economic expansion, and in spite of strong measures taken since 2006, both 
China’s total annual and per capita emissions are increasing at a high rate. Though its per 
capita emissions were historically low, they are now above those of France and Spain, and its 
total emissions are the largest in the world (Figure 1.1). During the period 2006–2010, Chi-
nese reduced the energy intensity of its economy (a close measure to carbon intensity) by 20%, 
through strict energy conservation and emission reduction measures, even as it maintained 
overall economic growth of over 10% per year. China’s current commitment is to decrease 
its carbon emissions intensity (per unit of GDP) by 40–45% by 2020 as compared to 2005. 
Nonetheless, China’s per capita GDP will have doubled by 2020, implying that both total and 
per capita emissions will continue to rise. It is clear that however global carbon budgets may be 
allocated via national actions and international negotiations over the next twenty years, there 
never be enough carbon emission space for China to copy the past industrialization model of 
developed countries (DRC, 2009; 2011). 

FiGurE 1.1 Emissions of CO2 from energy, annually and cumulatively

 
	  

Key:	  	  
	  

2009	  	   2030	  	  

2030	  

2009	  

Annual	  emissions	  of	  CO2	  from	  energy	  
(2009	  and	  2030)	  

Cumulative	  emissions	  of	  CO2	  from	  energy	  
(1900–2009	  and	  1900–2030)	  

Sources: World Bank. Historic emissions and population data for 1950–2009 from Boden et al 2010, World Bank World Development Indicators 
and UN Population Division (2011). Projections of emissions for China from 2010 to 2030 from World Bank and DRC. Projections for emissions 
from other countries from US EIA (2011); population projections from UN Population Division (2011).

In sum, green development is being driven by harsh economic realities, changing global pri-
orities, and growing technological possibilities (Box 1.2). Many of the forces operating in the 
rest of the world are also present in China. Chinese leadership has already shown its commit-
ment to green, low carbon development, even though it is at the early stages of a long journey. 
This study focuses on how to achieve green development, not on whether it is an option.



236 c h i n a  2 0 3 0   

BOx 1.2  Green development can help resolve the dilemma of global emission reductions

Traditional analysis shows that the benefits of climate change mitigation are global, while the 
costs local. This asymmetry leads to difficulties in global coordination of emission reduction. 
However, this analysis fails to include the broader local benefits that accrue to mitigation invest-
ments, such as greater economic efficiency and competitiveness, and local environmental co- 
benefits. As governments acknowledge these broader local benefits, the challenge of global emis-
sion reduction can begin to change from being a strictly zero-sum game to one with greater 
win-win potential. 

Source: DRC Project Team of “Fighting Climate Change”

b. New opportunities arise
While the transition toward green development will not be easy, it will open the door to new 
opportunities. China’s government has already clearly stated that “addressing climate change is 
an important opportunity to speed up economic restructuring as well as the transformation of 
China’s mode of development and hasten forth a new industrial revolution.” The 12th Five Year 
Plan (FYP) contains many important prerequisites for China’s efforts to “go green”, includ-
ing completing the transition to market through private sector development and factor market 
reforms, increasing the share of consumption, shifting towards less emissions-intensive service 
industries, increasing the pace of innovation, and developing human capital. It also supports 
increasing R&D expenditure to 2.5 percent of GDP by 2015, among the highest levels of any 
country.

Transitioning to green development is critical to China’s economic competitiveness in the 
future world economy. The core of global competition lies in technological innovation. The 
12th FYP has a strong focus on seven strategic industries—environmental protection and 
energy efficiency, new energy, next generation information technology, biotechnology, high-end 
manufacturing, clean-energy vehicles, and high-tech materials—which are all leading sectors 
for future growth. They are mostly all “green technologies” with high value-added and export 
potential. Growth in these areas will make China’s economical structure more competitive. 
Nevertheless, while technological breakthroughs are essential for green growth, the transition 
to green development is a much more profound process than technological changes. The transi-
tion will span manufacturing and services, construction and transport, city development and 
management, and energy production and consumption. This is why green development would 
be a significant break from China’s past pattern of development, cutting across all economic 
and social sectors.

There is mounting global evidence that economic growth and carbon emissions and pollu-
tion have already begun to decouple. According to UNEP, the carbon intensity of the world 
economy (CO2 emissions per unit of GDP) has dropped 23% since 1992. Since 1990, economic 
growth has increased faster than carbon emissions for both the developed countries and devel-
oping countries, as represented by the 5 BRICS countries, although that decoupling is much 
more complete in OECD countries (Figure 1.2). Overall, the data shows that high growth is 
compatible with lower carbon emissions, and that China and the other BRICS have an oppor-
tunity to compete by going further down this path.

Even though the transition to green development is a long-term process, the next 20 years 
are a crucial strategic period for China to seize the opportunity, gain competitive advantages, 
and show global leadership. It could catch up with and even surpass the United States and 
Europe on green measures. However, if China does not seize this opportunity, then its economy 
will lock into a high-emissions structure, lose competitiveness, and face much higher low car-
bon transition costs in the future. 
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FiGurE 1.2 Decoupling economic growth from carbon emissions worldwide (index, 1990 = 1)

	  Source: OECD 2011b.

As China positions itself to take advantage of green development opportunities, its vision 
can be defined by these major indicators:

•	 “Green”	will	become	an	important	source	of	economic	growth.	The	share	of	green	products	
and green services in China’s GDP will be among the highest in the world.

•	 China	will	become	a	world	leader	in	key	green	technologies	and	business	models,	and	
be an important destination for commercializing many globally important low-carbon 
technologies.

•	 China	will	have	made	real	gains	in	low-carbon	development.	The	correlation	between	
growth and carbon emissions will be significantly weakened, and carbon emissions will 
peak. 

•	 China	will	have	adopted	some	of	the	world’s	most	stringent	and	most	wide-reaching	envi-
ronmental standards, penetrating all sectors of the economy and society. 

•	 Similarly,	China	will	have	established	a	resource-efficient	society.	Its	resource	efficiency	
through all phases of supply, consumption, and recycling will be among the highest in the 
world.

•	 China’s	cities	will	have	low-carbon	and	smart	transportation	systems	and	buildings.	They	
will be livable by international standards.

•	 The	quality	of	air,	water,	and	natural	ecosystems	will	have	improved	dramatically.	The	
recovery of the natural environment will significantly improve both public health and natu-
ral assets. 

•	 Low-carbon	living	will	become	widespread	and	will	involve	all	aspects	of	people’s	lives,	
from housing, to transportation, to food, to other consumer items. 

•	 The	risks	posed	by	climate	change	will	be	addressed	through	proactive	planning	across	all	
key sectors, including water, agriculture, urban, and health.

How can China turn this vision into reality? What opportunities does transition to green 
growth bring to China? How does going green make China more competitive? How does it 
become a source of growth? How does it improve the quality of China’s economic growth? 
What advantages does China enjoy, and what obstacles? This report aims to answer some of 
these questions.
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Chapter Two “Green” as a Source of Growth

This chapter identifies the potential opportunities of how “green” could be a source of growth. 
In the past, a clean environment has too often been considered an unaffordable luxury—but 
green development goes far beyond the trade-off between growth and the environment. New 
evidence shows that the two goals—growth and a clean environment—not only may be realized 
simultaneously, but may be mutually reinforcing. When it comes to climate mitigation, new lit-
erature developed by researchers in the U.S. (Acemoglu, et al, in press), in Europe  (Jaeger, et al, 
2011) and in China (Zhang & Shi, 2011), suggests it is possible to significantly reduce emissions 
without reducing long-term growth.3 

a. How “green” contributes to growth?
Green development is primarily market-driven. The prerequisite for green development is a 
sound market economy in which the governmental functions to correct environmental market 
failures through combined policies, regulations, and investments. One can say that past unsus-
tainable growth represents the failure of government to fulfill this role. Once these government 
actions are introduced, the market will respond to reduce environmental and social costs. Fur-
thermore, high polluting, high emitting and resource-intensive products will become less com-
petitive as their external costs are internalized. These changes in relative prices will help push 
resources into industries and services more consistent with green development objectives. To be 
specific, “green” is a source of growth in three major ways.

Source 1: Green transformation of traditional sectors. A large number of existing conven-
tional techniques and management models can not only reduce energy-use and emissions, but also 
improve the level of corporate profitability. Although the greening of traditional sectors may seem 
less dramatic and revolutionary than the development of cutting-edge new technologies, it is clear 
that with information and financing, many energy-efficient investments are also cost-effective and 
yield high economic returns. These efficiency gains are growth enhancing (Section 2.b).

Source 2: Expansion of emerging green industries. Emerging green industries include solar 
and wind energy, together with upstream and downstream industries such as relevant equipment 
manufacturing and electric vehicle industries. More broadly, however, new markets and incen-
tives, supported by innovation and research, will likely stimulate new low-carbon, resource-lite, 
and environmentally friendly technologies, goods, and exports. In addition, increased public 
awareness will help shift consumer demand towards green products (Section 2.c). 

Source 3: Expansion of the service sector. Services will also expand as a complement to new 
green product markets and changes in consumer preferences. Not only will the rising share of 
services in GDP help reduce the economy’s carbon intensity, specialized services are likely to 
develop that specifically support green development. Examples of such services are ecosystem 
services, carbon asset management services, carbon trading, and contract energy management 
(Section 2.d). 

Of course, whether “green” will become a dominant source of growth will depend to a great 
extent on future technological improvements, which are uncertain. Still, with stable green devel-
opment policies, the pace of technological innovation and investment will no doubt quicken, 
thus increasing the possibility of technological breakthroughs. For example, between 1975 and 
1997, growth in the number of patents for wind power, battery technologies, electric vehi-
cles, marine power, solar power, and other green technologies was relatively slow. After 1997, 
with increased global awareness of climate change, more stringent environmental policies, and 

3 Acemoglu, et al, found that government interventions to redirect investments toward green technologies will 
have a short-term cost but that long term “green growth” rates will catch up to “non-green growth” rates. 
Growth will be unaffected overall. If immediate action is taken, then the catch-up period will be shorter. If 
action is delayed, the costs of intervention will be greater, and the catch-up period will be longer.
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increased investment in renewable capacity coinciding with the signing of the Kyoto Protocol, 
the number of patents for green technologies increased dramatically (Figure 2.1) (OECD 2010).

FiGure 2.1 index of innovation in climate change mitigation technologies (1990 = 1)
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Although green development is still in an early stage and the speed of development in the 
future is highly uncertain, the opportunities it presents are increasingly recognized. For example, 
the OECD’s latest Green Growth Strategy points out that “green growth has the potential to 
solve economic and environment problems and become a new source of growth” (OECD 2011b). 
According to Jaeger et al (2010), if Europe’s emissions reduction target is raised from 20% to 
30% by 2020, Europe’s annual rate of economic growth may increase by up to 0.6%, generating 
6 million new jobs may, and boosting investment as a share of GDP from 18% to 22%. Beyond 
these economy-wide benefits, additional sector-specific benefits may also accrue (Box 2.1). 

Box 2.1 Further Sectoral Benefits of Green Development

Beyond the above three reasons for why green development contributes to growth, the implementa-
tion of green development policies brings several further sectoral benefits that are growth inducing: 

•	 Rapid	growth	of	energy	consumption	has	strained	China’s	domestic	supplies	of	electricity,	
raised coal prices, and made it increasingly dependent on imported energy. With unchanged 
policies, China may have to import 75 percent of its oil (making it the world’s largest oil 
importer) and 50 percent of its natural gas by 2030. Alternative energy sector policies will 
dramatically reduce this import dependence.

•	 The	efficient	use	and	better	governance	of	land	will	help	reduce	urban	congestion	and	sprawl.	
•	 Agricultural	output	will	be	enhanced	by	reducing	the	degradation	of	land	and	water.	
•	 Infrastructure	constraints,	particularly	for	handling	coal,	will	be	eased,	and	infrastructure	

investment requirements reduced. 
•	 By	anticipating	climate	impacts	on	agriculture,	low-lying	coastal	areas,	and	areas	vulnerable	

to extreme weather events, green development will reduce climate-related risks, and improve 
investor and consumer confidence. 

All of these measures will support growth through reduced costs, improved certainty, and the 
reduced need for risk management options.

Source: World Bank analysis (see Annex)
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b. Source 1: Green transformation of traditional sectors 
Despite the unprecedented progress China has made in reducing the energy intensity of its 
economy over the past three decades, a large gap between China and the high-income coun-
tries remains (Figure 2.2). The energy intensity of China’s GDP, measured in terms of primary 
energy consumed per unit of output, was equal to 390 tons of coal equivalent (tce) per million 
US$ of output in 2009 (constant 2005 PPP). By comparison, the primary energy intensity of 
Germany’s economy was 167 tce per million US$.4

FiGure 2.2 energy intensity of GDP, 1990–2009 (energy used per unit of GDP)
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Whereas some new green technologies cost, many other technology and management 
changes that can help narrow the gap between China and the high-income countries already 
pay for themselves through lowered energy and input costs. Policies and investments to improve 
efficiency, by increasing returns for investments in green technologies and products, will imme-
diately add to growth. For example, according to estimates by McKinsey & Company, install-
ing LEDs for lighting in buildings could generate US$25 billion in financial savings per year by 
2030 compared to business as usual (measured in 2009 US$). Improving passive heating and 
cooling in buildings through design modifications could provide another US$6 billion. Industry 
is the largest sectoral user of energy, accounting for about 72% of primary energy demand in 
2008 (NBS 2010), and many efficiency gains can be found there. All together, the potential for 
direct savings through efficiency gains in China could be as high as US$65 billion per year by 
2030, if the full technical and economic potential of these no-regret options can be realized.5

The direct benefits of these “no-regrets” options are to reduce the amount of fossil fuels 
burned per unit of economic activity. However, they often have additional “co-benefits” that add 

4 The difference in energy intensity is due to more than energy efficiency. It is also due, for example, to output 
mix and relative prices. But the opportunity for further declines in China is clear.
5 These estimates of cost savings are drawn from detailed work done by McKinsey & Co on technologies for 
CO2 abatement in China (McKinsey 2009). The McKinsey cost estimates are often considered an upper bound 
on the annual cost savings to be achieved, for the reason that while they include potential technological gains, 
they do not include all transaction costs associated with implementing those technological gains.
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further value to the economy, such as (a) improving local air quality and thus reducing the inci-
dence of respiratory illness associated with air pollution; (b) reducing infrastructure constraints 
in related sectors, such as transport and water; and (c) reducing import dependence. In other 
words, cost-effective energy efficiency and renewable energy investments offer triple-win (“win-
win-win”) outcomes by trimming production costs, mitigating emissions of greenhouse gases, 
and improving public health risks in various sectors. The potential for no-regrets measures to 
contribute to both the quantity and quality of growth is illustrated in Figure 2.3. This figure 
shows the emissions reduction potential and levelized cost of certain energy efficiency technolo-
gies in 2030, as estimated for China by McKinsey & Co., but adjusted to reflect the social value 
of these co-benefits. The value of these health-related co-benefits is US$20 billion per year in 
2030, on top of the direct savings of US$65 billion per year (see Chapter 3 for more details).

FiGure 2.3 No regrets options for reducing Co2 emissions in China, 2030
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Sources: World Bank calculations, based on McKinsey 2009, Ho & Jorgenson 2003, Cao Jing et al 2009, NBS 2008 and 2009, Liu X.L. et al 2011, and 
Matus et al 2011.

Feng F., et al (2011) estimates that there are presently several hundred mature energy-saving 
technologies available to but not fully deployed by China’s high energy-consumption indus-
tries. The analysis shows that if energy-intensive industrial sectors applied widely, by 2020, 79 
of these major technologies, the accumulated energy savings would be 456 million tce (with 
a corresponding reduction in CO2 emissions of 1.2 billion tCO2) (Figure 2.4). If all existing 
and emerging energy efficiency technologies available for energy-intensive industrial sectors 
were applied by 2020, the accumulated energy savings capacity would be 650–750 million tce 
(with corresponding reductions in CO2 of 1.7–1.9 billion tCO2). More detailed examples of the 
cement and iron & steel sectors are given in Box 2.2.



242 c h i n a  2 0 3 0   

FiGure 2.4 energy Savings (left) and Co2 emissions reductions (right) Achieved by Deploying 
79 efficiency Technologies in Heavy industry, 2005–2020
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Box 2.2 Detailed Analysis of Two industries: Cement and iron & Steel

Driven by an unprecedented construction boom over the past decade, China’s iron & steel and 
cement sectors accounted for nearly one-fourth of the country’s total energy consumption in 
2009. As the construction boom is expected to last well into the 2020s, demand will continue to 
grow (Zhou N. et al 2011; Fridley et al 2011). By 2030, the tonnage of coal consumed to make 
steel and cement could reach 926 million tons per year, an increase of 276 million tons (42%) 
over 2008 (NBS 2010; Zeng X.M. 2010; and Zhou N. et al 2011). 

Chinese cement makers have made impressive strides by reducing the energy intensity of pro-
duction by 30% between 1998 and 2009. While now more efficient than the US and comparable 
with Europe, China is still 30% above the energy efficiency level set by the world’s best practice 
cement technologies.

China’s iron & steel industry has farther to go to reach the efficiency levels of industry leaders 
(Figure 2.5). By deploying the best available technologies, it could save more than 100 million 
tons of coal per year (IEA 2010b). 

FiGure 2.5 Trends in Chinese iron & steel energy intensity compared to 
industry leaders (tons coal equivalent per million uS$ output, 2009 PPP)
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Combined, the iron & steel and cement industries could achieve average net savings of US$9.9 
billion per year between 2008 and 2030 by using a basket of technologies that are already avail-
able on the market. This estimate includes net incremental capital, operating and maintenance 
costs. Cost savings may be even greater depending on future energy prices. Energy-saving tech-
nologies also contribute to growth by reducing the burden of pollution-caused illness. The addi-
tional benefits to society due to reduced pollution amount to US$1.2 billion per year over the 
same period (see Chapter 3 for more details on welfare benefits of avoided pollution). 
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c. Source 2: expansion of emerging green industries 
Emerging industries are green if they are low emitting and low polluting. The most concrete 
example of emerging industries are clean energy, and some such as solar power, wind power, 
biomass, and hydropower have already been commercialized on a large scale. China’s seven 
targeted strategic industries, as mentioned above, are environmental protection and energy effi-
ciency, new energy, next generation information technology, biotechnology, high-end manu-
facturing, clean-energy vehicles, and high-tech materials. Globally, business opportunities in 
many of these sectors, including clean-energy vehicles and clean energy are shifting toward the 
developing countries. 

China is now the world leader in renewable energy investment, surpassing all other countries 
(Pew 2011). The wind power industry alone could account for over US$25 billion per year in 
investment, assuming 20 gigawatts installed per year. Furthermore, if the State Council targets 
are met, the contribution of emerging green industries to China’s GDP will be 15% by 2020. 
Relentless	cost	reductions	and	technological	progress	in	renewable	energy	technologies	

in China have exceeded expectations, mostly due to massive scaling-up of the industry. 
In renewable energy, the cost of both wind energy equipment and solar photovoltaic have 
decreased dramatically during the past 5 years (Feng & Wang, 2011). The wholesale prices 
of	coal-fired	and	wind	power	are	already	very	close	(just	under	RMB	0.50	per	kWh).	In	the	
case of solar PV, the price of unit modules has decreased from $23 per module in 1980 to less 
than $3 per module in 2010 (see US DOE 2010). Following this long-term trend, the existing 
gap between coal-fired and solar PV power will likely be closed by 2020. Similarly, the costs 
of biomass, marine power, shale gas, coal gasification, and other clean energies will continue 
to decrease.

The rapid progress of clean energy technologies is illustrated by the dramatic rise in the num-
ber of worldwide patent filings for wind power, solar PV, ocean energy, electric/hybrid vehi-
cles, and lighting energy efficiency technologies. China occupies a prominent place within this 
global trend of innovation. The number of wind power patents granted to Chinese inventors, 
for example, has surged within the past 5–7 years, and transfers of wind power technologies to 
China from the developed countries over the past two decades have exceeded any other country 
(Figures 2.6). As China continues to absorb and innovate new green technologies—supported 
in part by government investment and policies—these technologies will become increasingly 
competitive and contribute to the country’s growth in the upcoming years.

The growth of China’s nascent environmental protection industry, in particular, demon-
strates the important role that the state will play in promoting the growth of green sectors. 
Take the flue gas desulfurization (FGD) industry for example. Under the 11th Five Year Plan, 
the central government mandated that SO2 emissions be reduced 10% nationwide compared to 
2005.	This	target	was	bolstered	by	additional	standards	set	by	the	NDRC	and	MEP	for	emis-
sions from heavy industry. As a result, China’s FGD industry has grown dramatically since 
2006. Annual installations of SOx scrubbers on coal-fired power plants have increased at an 
average rate of 34%, even with spotty enforcement of the new standards (China Greentech 
Initiative 2011). By 2009, the FGD industry and other environmental protection industries, 
including	water	treatment	and	solid	waste	disposal,	were	valued	at	RMB	480	billion	(CAS	
2011). With stricter standards introduced under the 12th Five Year Plan, the government hopes 
that	the	environmental	protection	industry	can	grow	to	RMB	2	trillion	by	2015	(US$295	bil-
lion) (see Box 2.3).
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FiGure 2.6 Patent Assignee origins for Wind Power Technologies

Source: Chatham House, 2009, cited in Feng et al 2011 (forthcoming).

Box 2.3 robust growth projected for China’s environmental protection industries

In a speech in November, 2011, at the APEC Summit, President Hu Jintao announced, “Con-
tinue rapid growth is projected for China’s environmental protection industry during the 12th 
Five	Year	Plan	(2011–2015).	By	2015,	the	total	value	of	the	industry	may	exceed	RMB	2	tril-
lion.	Between	2011	and	2015,	China’s	central	government	plans	to	invest	RMB	3.1	trillion	in	
protecting the environment, more than double what was invested over the previous 5 years. 
China’s energy conservation and environmental protection industries are seen as major sectors 
for foreign investment. A flourishing demand for “green” products and services, combined with 
a favorable investment environment will provide a vast market and tremendous opportunity for 
enterprises from around the world. . . .” 

Green emerging industries also create exports and jobs. By 2030, the projected exports 
of green technologies and services specifically related to renewable energy and clean energy 
(mainly electric) vehicles will rise to US$229–395 billion in export sales (Figure 2.7) and 4.4–
7.8 million new jobs. These export sales are on the order of 6–10% of total projected exports, 
or 2–3% of projected GDP. Of course, this large scale-up is driven by global demand, and 
depends on decisive action to address climate change by the world’s governments.

FiGure 2.7 Projected Annual Chinese exports of Green Products and Services (2030)
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As a driver of growth, “green” clearly creates jobs. But “green” also implies some higher 
costs, industrial restrictions, and layoffs as well as government actions lead to changes in prices 
and production patterns. The positive impact on employment is greater the longer the time 
frame being considered and the wider the definition of “green jobs” being used. A recent study 
under the China Council of International Co-operation on Environment and Development 
(CCICED,	2011)	estimates	that	government	spending	of	RMB5.8	trillion	($91bn)	on	measures	
to save energy, protect the environment and replace polluting industries with hi-tech firms 
would create 10.6m jobs over the next five to ten years. In contrast, eliminating the dirtier 
sectors of the economy would lead to the loss of 950,000 jobs. The previous paragraph noted 
that 4.4–7.8 million new jobs may be created by 2030 due to increased exports of certain green 
technologies. Although approximate, all of these estimates confirm the notion that the net 
trade-offs favor green as a source of job creation (Box 2.4).

Box 2.4 The relationship between Green Development and employment

Empirical research done in other countries has concluded that in the medium term, green growth 
will have positive but small net effect on the number of jobs in the global economy (UNEP 
2011b; Martinez-Fernandez 2010; ILO 2009; Dupressoir et al 2007). Within this overall sce-
nario, of course, some countries, such as China, will excel in creating green technology jobs. 
Furthermore, evidence from developed countries also suggests that those jobs that are created 
in the transition to green growth are often more skilled and higher paying. A recent nationwide 
study of green industries in the United States revealed that the median wage in these industries 
is 13% higher than the median wage in the overall US economy (Muro et al 2011). Another 
study in Germany found that implementing measures to mitigate climate change led to more job 
opportunities for college graduates (cited in Dupressoir et al 2007). This finding is linked to the 
higher component of innovation found in newer technologies as opposed to in more traditional 
ones.6 In contrast, it is likely that extractive industries, utilities, marine fisheries, and some heavy 
manufacturing industries will likely shed jobs over the upcoming decades, primarily the result 
of gradually increasing energy prices, depleted natural capital (e.g. over-exploited fisheries and 
forests), more efficient technologies, and the automation of production processes.

d. expansion of the service sector 
The green transformation will impact the service sector in two ways. First, it will give birth 
to new green service industries, such as ecosystem services, carbon asset management ser-
vices, carbon trading, and contract energy management. Second, it will support the country’s 
intended economic rebalancing away from heavy manufacturing and towards a larger service 
sector. Both trends are important to reducing China’s carbon footprint, as its efficiency in 
manufacturing may soon approach, or even surpass the levels of high-income countries.

The emerging green service sector is already important. According to a trade association 
of energy conservation service providers in China, as of the end of 2010, the total value of 
China’s	energy	conservation	service	industry	was	RMB	80	billion	(US$12	billion).	The	industry	
reduced power consumption by 10.64 million tons of coal each year and reduced GHG emis-
sions by 26.62 million tons of CO2. Another important trend is that ecosystem management 
services are a growing industry in some poor areas of China, where farmers on marginal lands 
are paid to maintain the ecosystem rather than to sell wood or other crops.

6 At the same time, not all jobs produced by green investments are a priori “good jobs which offer adequate 
wages, safe working conditions, job security, reasonable career prospects, and worker rights” (UNEP et al 
2008, 4). The creation of new employment opportunities through green investments may not improve the 
plight of informal workers in such industries as construction, waste removal, and recycling. The effect of green 
growth on work conditions across industries is also as yet unclear. Green growth is not a substitute for effective 
social protection and investments in human capital.
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China’s traditional service sector is lagging and has significant room to develop. In 2010, the 
share of services in total value added was 43%, a figure which is much lower than the average 
for high-income countries (73% in 2008),7 and even lower than in most middle-income coun-
tries (56% in 2010) (World Bank 2011) (Figure 2.8). 

FiGure 2.8 Services, value added, as a share of GDP (2010)
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There are several reasons why the share of services in China’s economy is low. First of all, 
the level of government public service is very low, particularly in the lesser developed regions. 
Historically, the role of government has focused on facilitating economic growth more than 
on providing social services. Second, government over-regulation and even monopoly has 
restricted development of the service industry, has inhibited the flow of private capital into 
these sectors. This is particularly true in finance, insurance, navigation, railway, telecom, petro-
leum, power, education, medical services, entertainment, sports, and the arts. Third, China’s 
export-oriented development strategy has meant that local government has been dependent on 
large-scale, capital-intensive industries for tax revenue, and there has been less support to the 
service industry. All of these reasons are weakening, thus favoring the long-term development 
of China’s service industry.

China’s service sector growth over the long term will depend on the pace of reform of gov-
ernment restrictions, policies favoring the knowledge industries, and consumption patterns of 
the rising middle class. The rising share of services in GDP will help reduce the economy’s car-
bon	intensity.	According	to	estimates	by	the	DRC,	the	energy	intensity	of	output	(value	added)	
by secondary industries in 2009 was eight times higher than agriculture and five times that of 
services. Every percentage point increase in the share of services in GDP is associated with a 
decline in energy consumption of 1.4 percentage points.8 

7	Services	here	are	defined	as	activities	included	in	ISIC	Rev	3.1	Divisions	50–99,	excluding	public	administra-
tion and national defense.
8 Of course, if reductions in China’s manufacturing sector are offset by increased output in other countries, 
the rebalancing would have negligible effects on global emissions even as China’s emissions intensity would 
decrease.
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e. Additional opportunities for China’s under-developed regions 
The green development approach can help reduce China’s inter-regional inequality by helping 
its relatively under-developed central and western regions catch up. Although historically the 
east always led in economic development, since 2005, growth rates in the central and western 
regions have overtaken the east. However, the interior provinces should not follow the prec-
edent of the eastern provinces by growing first and then cleaning up later. This is especially true 
for those central and western provinces with abundant mineral resources. Although extractive 
industries may have led to high GDP growth rates, the income levels of people living in these 
regions has not grown commensurately, and in some places the natural environment has been 
severely degraded.

There are several reasons why the interior provinces should avoid the conventional (and 
environmentally degrading) growth path of the east. First, the ecological environment of the 
interior provinces is relatively fragile compared to the east, and the costs of “clean-up later” 
would be prohibitive. Second, China’s population is aging rapidly. As the surplus agricul-
tural labor force that filled the factories of the east gradually shrinks, this will prohibit labor-
intensive growth similar to that observed over past decades. Third, as China introduces more 
stringent energy conservation and GHG emissions reduction policies, the potential for growth 
from high-emissions, resource-intensive industries will be limited. The interior provinces have 
a strong comparative advantage in clean energy resources (Wang Yi, 2011). Fourth, with rapid 
expansion of cities onto increasingly scarce land, the national government has imposed stricter 
controls on the use of land for industry (Box 2.5). Thus, China’s under-developed regions have 
a direct interest in growing green while avoiding the clean-up costs being incurred by the east-
ern provinces. 

Box 2.5 China’s “Main Functional Area Development Plan”

In order to protect the environment and avoid “polluting first and cleaning up later”, China’s 
State Council launched the “Main Functional Area Development Plan” in 2010. This plan divides 
all of  China’s land area into four major types: (i) relatively affluent, industrial, urbanized areas 
where development should be “optimized” to solve existing environmental problems; (ii) key 
areas for future development; (iii) areas where development should be limited, and (iv) areas 
where development is prohibited. These classifications are somewhat controversial: for example, 
restricting the rights of different regions to development contains elements of a planned econ-
omy. Controversial aspects aside, the Plan represents stringent environmental regulation and will 
prevent certain regions from following the more traditional path to development. Without the 
Plan, local governments would likely be unable to implement such strict environmental policies. 
Thus, by limiting or prohibiting the development of certain regions, the Main Functional Area 
Development Plan will encourage these regions to take a new path to green development.

Source:	DRC.

Because their economies are currently less-developed, many ecological environment and cul-
tural resources of these regions have been preserved. With high-speed rail, highways, improved 
logistics, the internet, and other telecommunication technologies, the relationship between 
urban locations and economic development are changing. By capitalizing on better connectiv-
ity, the hitherto under-valued environmental resources of China’s interior regions may provide 
economic benefits that enable them to grow in a way that does not require sacrificing their 
environment.

Many under-developed regions of China are now pushing to develop in new ways, including 
high value-added agriculture, ecotourism, cultural tourism, training and conference centers, 
healthcare centers, and the arts. Some of these innovations require new business models, such 
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as franchise businesses that draw on local labor. Important opportunities exist for payments 
for ecosystem services as well as for installations of renewable energy. For example, farmers 
in some poor parts of China have already transitioned from selling timber to marketing eco-
system services to earn a living. Another example is the more complicated “big push” that is 
being piloted to better connect a poor county of Hunan province with the market economy 
(Box 2.6). Elsewhere in China, other examples of green development are appearing every day. 
Searching out different forms of green development that are suited to local conditions has great 
importance not only for China but for other poor countries as well.

Box 2.6 A “Big Push” Model for Green Growth in Poor Areas: the Case of Hunan

Huaihua in Hunan province is endeavoring to take full advantage of improved transportation, 
telecommunications, and logistics networks to pursue a new strategy for economy growth. The 
previously undervalued intangible resources of the Wuling Mountain Area, such as its beautiful 
natural environment and rich cultural heritage, will provide a new source of income for local 
people and help promote local economic growth.

Through the coordinated efforts of government and private entrepreneurs, poor regions are 
making a “big push” to utilize new market mechanisms and build green economies that include 
conference centers, medical services, eco-tourism, and cultural tourism. A more productive divi-
sion of labor is evolving, with the local population benefiting as both farmers and service provid-
ers. The slogan of this experiment, “Villages Making Life Better,” suggests that villages will no 
longer represent poverty in China, but will be a symbol of a high quality life style. More impor-
tantly, the models are duplicable elsewhere.

Source:	DRC.
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Chapter Three  “Green” Improves the Quality of Growth

People’s welfare includes such concepts as good health, quality of life, and a clean environ-
ment, in addition to income. While some of these other welfare concepts are not measured in 
traditional measures of GDP, they can, nevertheless, be measured. Improving the “quality of 
growth,” implies improving some or all of these welfare measures. Even though China’s cur-
rent levels of environmental degradation and resource pollution, measured as a percent of gross 
national income, are much higher than in high-income countries, it has already made great 
strides. This chapter addresses the magnitude of the welfare gains that can be made through 
green development. It also indicates that some improvements in environmental quality are nec-
essary investments in long-term quantity of growth benefits as well. 

a. Improving the quality of China’s growth by reducing 
environmental degradation
Green development will reduce China’s current high costs of environmental degradation and 
resource depletion, which is crucial for its continued growth and well-being.9 Under no sce-
nario can it achieve the quality of growth that is already articulated in its 12th Five Year Plan 
and longer-term social and economic targets without dramatic improvement in the use and sus-
tainability of its natural resource base. The experience of Japan shows that stringent environ-
mental policies do not interfere with economic growth. In fact, they may even catalyze growth. 
Intervention-style environmental policies play an important role in this (Kobayashi 2011). This 
implies that economic growth and improving the quality of the environment may be mutually 
reinforcing.

The overall environmental benefits from green development can be substantial. At its cur-
rent level of development, China’s level of environmental degradation and resource depletion 
in China is valued at approximately 9% of GNI (gross national income), over ten times higher 
than corresponding levels in Korea and Japan (Figure 3.1).10 A successful path of green devel-
opment would cut this value, by 2030, to the much lower level of 2.7% of GNI per year (i.e., 
comparable to current levels in the United States)—at an estimated additional cost of 0.5–1.0% 
of GNI per year beyond what it is currently spending on environmental protection (see Sec-
tion 3.c). While some of the benefits of this level of investment in the environment come in the 
form of financially viable “win-win” investments (see previous chapter and section 3.b), others 
would take the form of be economically viable investments in public welfare and ecological 
health.

9 These costs are typically measured by valuing a country’s environmental externalities, or the external costs 
associated with resource degradation (including pollution-related health damages, property damages, and 
global impacts), and resource depletion (soil erosion, deforestation, fisheries loss, biodiversity loss, water pol-
lution, and watershed degradation). 
10 It is recognized that Figure 3.1 compares countries at different levels of development. That said, the figure is 
intended to illustrate the level of potential improvement that China may achieve as it rises to high income status 
(for details, see Table 3.1).
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FIGure 3.1 environmental and natural resource degradation and depletion, 2008 
(% of Gross National Income)

Notes: Here, environmental degradation includes damages from CO2, small particulate matter (PM10), and water pollu-
tion. Damages from CO2 are estimated at $20 per ton of carbon (the unit damage in 1995 U.S. dollars) times the number of 
tons of carbon emitted. Damages from PM10 are calculated as the willingness to pay to reduce the risk of illness and death 
attributable to particulate emissions. Damages from water pollution for China are from 2003 and are based on estimates 
of health damages, calculated by monetizing premature mortality from diarrheal disease and cancer associated with 
water pollution and morbidity from diarrheal disease associated with water pollution (following World Bank 2007). Natu-
ral resource depletion is the sum of net forest depletion, energy depletion, mineral depletion, and soil nutrient. Net forest 
depletion is unit resource rents times the excess of roundwood harvest over natural growth. Energy depletion is the ratio of 
the value of the stock of energy resources to the remaining reserve lifetime (capped at 25 years). It includes coal, crude oil, 
and natural gas. Mineral depletion is the ratio of the value of the stock of mineral resources to the remaining reserve lifetime 
(capped at 25 years). It covers tin, gold, lead, zinc, iron, copper, nickel, silver, bauxite, and phosphate. Soil nutrient deple-
tion data from Shi M.J. & Ma G.X. 2009. 
Sources: World Development Indicators 2011; World Bank (2007); Shi M.J. & Ma G.X. (2009).

China’s specific environmental improvements would come from reducing reliance on fossil 
fuels, and achieving the lower levels of air pollution, water pollution, and resource depletion 
associated with high income countries (Table 3.1). The best way to achieve these improve-
ments is to ensure that environmental externalities are internalized as efficiently as possible in 
consumption, production, and investment decisions throughout the economy. Prices of natural 
resources and key factors of production will need to reflect scarcity value as well as environ-
mental costs and benefits. Green development, such as reduced reliance on fossil fuels, will 
improve local environmental outcomes—such as reduced air pollution, land degradation, and 
water contamination.

Table 3.1 a Greener China

Environmental depletion and degradation, 
all number are % of GNI 2009 value “Greener” value, 

reachable by 2030 
Net 

improvement 
Energy depletion 2.9 1.9 1.0 
Mineral depletion 0.2 0.2 0.0 
PM10 health damage 2.8 0.1 2.7 
Air pollution material damage 0.5 0.1 0.4 
Water pollution health damage 0.5 0.1 0.4 
Soil nutrient depletion 1.0 0.1 0.9 
Carbon dioxide damage 1.1 0.2 0.9 
Total depletion & degradation 9.0 2.7 6.3 
	  Source: http://data.worldbank.org; World Bank (2007); Shi M.J. & Ma G.X. (2009); World Bank analysis.

The largest part of the projected improvement would be the economic benefits associated 
with human health and material damage improvements due to reduced air pollution. China 
currently faces one of the world’s highest current and projected burdens of environmental 
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disease linked to urban air quality (Cohen et al, 2004, and World Bank, 2007). Trends in urban 
air pollution are improving, but the impact on health is still extremely large, nearly 3 percent of 
GNI in 2009. The government has responded strongly in recent years to address the problem of 
air pollution. But despite improvements in urban air quality, the urban population has grown 
so much that the total health costs associated with air pollution, and the exposure of the popu-
lation most at risk, the elderly, continue to rise (Figure 3.2). 

A strong commitment to dealing with concentrations of particulate matter in cities will pay 
large dividends in improving health and social welfare. As China continues to grow, it will be 
possible to dramatically reduce air pollution levels—just as Japan did starting in the mid-1960s 
(see Figure 3.3). That is when Japan’s air quality and other environmental concerns reached 
crisis levels, and when it too was an upper middle income country. If air quality in China were 
brought to the level of Japan in 1980, these benefits would be valued at 3.1% of GNI. In addi-
tion, these air pollution improvements would bring large co-benefits associated with reduced 
use of fossil fuels, such as reduced depletion of fossil fuel resources, improved water quality, 
improved soil quality, and reduced CO2 emissions. 

FIGure 3.2 urban air Pollution Trends in China, 2003–2009

Trends in PM10 concentrations 
μg/m3, urban population weighted

Total value of excess mortality and morbidity 
linked to PM10 exposure, billion year 2000 yuan
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Source: World Bank analysis based on China Environmental Statistical Yearbook.

FIGure 3.3 average annual SO2 (left) and NO2 (right) concentrations observed for the 10 largest cities in 
Japan and China, 1970–2009 (μg/m3)

Japan nationwide average
Japan nationwide average

Beijing

Beijing

Shanghai

Shanghai

Chongqing

Chongqing

  
Notes: Includes ten largest cities in Japan by population in 1970; 10 largest cities in mainland China by downtown population in 2009 (excluding Dong-
guan city, Guangdong).
Sources: NIES database, Japan Ministry of Environment (1989), Kawasaki Air Pollution Monitoring Center; NBS, China Environmental Statistical 
Yearbook, various years; city statistical yearbooks for Beijing, Tianjin, Shenzhen, Chongqing, and Nanjing, various years. 
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Pollutants in water and soil also affect public health both directly and through the food 
chain. About 40 percent of the water sampled from the major rivers in the North and Northeast 
is at Grade V or V+.11 This exacerbates already critical water shortages, such as in the North 
and Northeast where freshwater resources are only 785 cubic meters per capita, about 200 
cubic meters below the international standard for “severe water stress”.12 With the urban popu-
lation growing by nearly 300 million over the next two decades, the stress on existing supplies 
will only increase. Cleaning up China’s water supply is a clear priority (see Box 3.1).

bOx 3.1 The challenge of China’s water pollution

China’s surface and groundwater supplies are low on 
a per capita basis, but useful supplies are much lower 
yet because of pollution. Although seen most viv-
idly in pictures of an algae-chocked Lake Tai, across 
water-stressed North China, 40% of the rivers fall 
in the two worst water quality categories of class V 
and VI, meaning direct use would endanger health 
and treatment is very expensive. The government has 
necessary, but ambitious, targets to control pollution:

Ministry of  
Environmental Protection Targets

•	 By	2020:	60%	of	China’s	surface	waters	
meet the standards for Grades I–III 
(compared to 57% in 2009)

•	 By	2030:	70%	of	China’s	surface	waters	
meet the standards for Grades I–III

•	 By	2050:	80%	of	China’s	surface	waters	
meet the standards for Grades I–III.

Figure 3.4 Waste water emissions projections (COD), 2005–2050 (million tons)
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Based on global experience, success in improving water quality will depend on a combination 
of aggressive regulatory monitoring and enforcement with a strong set of economic incentives. 
China’s interventions to date have focused on industrial and municipal point-source pollution. 
While continuing to reduce those sources of pollution, the country will need to tackle the even 
more difficult problem of non-point sources.

Land degradation presents a similar problem of scarcity. Heavy use of agrochemicals, 
combined with pollution from cities and industry has degraded soil quality. According to the 

11 NBS 2010; MEP 2009. Grade V is defined as water only suitable for agricultural water supply and general 
landscaping use; and Grade V+ is water unsuitable for any use (China Environmental Water Quality Standard 
GB3838-2002).
12 The national average of 1,812 cubic meters of freshwater resources available for every person in China is only 
one-quarter of the world average.
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Ministry of Environmental Protection and Chinese Academy of Engineering, heavy metal con-
tamination of farmland is a serious issue raising concerns that these pollutants can make their 
way into the food chain (MEP & CAE 2011; Zeng X.B. 2010). The presence of contaminated 
arable land may also restrict land availability for agriculture, which is already severely limited 
due to pressures from urban, industrial, and infrastructural development. Indeed, total agricul-
tural land may drop below the amount mandated by the government as “the red line” below 
which self-sufficiency in grain production will be hard to maintain.

b. environmental co-benefits of green development 
As highlighted in the previous chapter, there are investments and management improvements 
that are cost effective (assuming efficient markets), emissions-reducing, and pollution-reducing. 
These “no-regrets” cases contribute, therefore, to growth, climate mitigation and local environ-
mental benefits. The potential cost savings of these no-regrets low-carbon investments available 
in China were estimated by McKinsey & Co. to be on the order of US$65 billion per year by 
2030. The additional co-benefits of these investments associated with improved productivity 
of China’s workforce, thanks to fewer cases of respiratory illnesses each year, puts additional 
economic gains at around US$20 billion per year. The magnitude of various other potential 
“win-win” strategies to improving public health is highlighted in Table 3.2. Of these examples, 
more efficient buildings that require less coal to be burned for electricity would generate the 
largest health-related co-benefits (as much as US$9 billion), followed by the use of additives in 
place of clinker in cement production (as much as US$2.7 billion).

Table 3.2 Direct savings and additional co-benefits of annual reductions in CO2 emissions, 2030  
(million uS$/year)

Sector Cost Saving Abatement Option 
Direct Savings 
from Reduced 

Costs 

Additional Benefits 
from Avoided Air 

Pollution 

Buildings 

Replacing old bulbs with LEDs 24,992 2,364 
Appliances 9,007 978 
Efficient variable speed water pumps 3,453 750 
Water heating 2,085 489 
District heating controls 1,439 1,125 
Efficient buildings* 6,116 8,967 

Transport Light duty vehicles, efficient combustion engines 5,018 950 

Industry 

Combined cycle power plants (steel) 5,630 745 
Coal moisture control (steel) 2,085 827 
Utilizing or destroying coal bed methane (mining) 751 -- 
Clinker substitution (cement) 229 2,669 

Power Small scale hydropower - -- 

Agriculture/ 
Forestry 

Fertilizer management 2,280 162 
Cropland management and restoration 1,112 -- 
Methane utilization 834 -- 

TOTAL   65,030 20,027 
	  Notes:* Includes passive design, retrofit packages for commercial buildings, and other design improvements. US$ figures expressed in 
2009 dollars. For this table, a sector-by-sector estimate was made of the local environmental co-benefits associated with energy efficiency 
investments. These co-benefits include the avoided costs of respiratory illnesses due to reduced air pollution, which is correlated with reduced 
burning of fossil fuels. For some industries, such as iron & steel and cement, most GHG emissions can be attributed to burning coal. For 
others, such as the transportation sector, GHG emissions come mainly from burning oil. Since certain fuels are “dirtier” than others, different 
types of fuel use reductions have different impacts on local ground-level air pollution. A Chinese Academy of Sciences study calculated the 
fuel mix used by each industry type (Liu X.L. et al 2011), and estimated how many units of coal, oil, and natural gas were saved by reducing 
GHG emissions with the technology options in the McKinsey marginal abatement cost curve (McKinsey 2009). Damage estimates were taken 
from studies done by Harvard and Tsinghua University economists (Cao J. et al 2009; Ho & Jorgenson 2003) of the marginal cost of increasing 
people’s exposure to higher concentrations of pollutants. By summing the benefits from reduced coal, oil, and natural gas combustion for 
each abatement option, this study estimated the total value of avoided illness.
Sources: Authors based on McKinsey 2009; NBS 2008 and 2009; Ho & Jorgenson 2003; Cao Jing et al 2009; Liu and Wang 2011; Matus et al 2011.
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c. The benefits of investing in environmental protection
As China faces the challenge of reducing the degradation of its natural assets (measured as a 
percent of GNI), and makes targeted increases in spending on environmental protection, how 
much would it cost? It is clear that cleaning up China’s environment requires resources; other-
wise, it would have been done already. 

Current annual investment in the treatment of industrial pollution in China—about 0.15–
0.20% of GDP—is roughly comparable with the amount spent in several European countries 
each year. Considering how fast China’s economy has grown over the past decade, this reflects 
a great effort to reduce pollution, especially point-source pollution from industry. 

Overall, however, cleaning up industrial pollution is a relatively small fraction of total envi-
ronmental protection expenditures by government and business in high-income European 
countries. When the full range of environmental protection activities defined in the European 
System for the Collection of Economic Information on the Environment (SERIEE) are included, 
high-income European countries spent about 0.3% to 1.1% of GDP more than China on envi-
ronmental protection overall as a share of GDP in 2008 (Table 3.3).13 

Table 3.3 Total environmental protection expenditures, 2001–2009 (% GDP)

 2001 2002 2003 2004 2005 2006 2007 2008 2009 

China — — — — — — — 1.23% — 
France — — — 2.07% — — 2.16% — — 
Germany 1.73% 1.70% 1.69% 1.70% 1.51% 1.62% 1.53% — — 
Hungary 1.68% 1.76% 1.85% 2.00% 2.14% 1.95% 1.59% 1.52% — 
Italy — — — — — — — — — 
Poland — 1.75% 1.78% 1.74% 1.79% 2.04% 2.06% 2.38% 2.42% 
Portugal — — — — — 1.12% 1.25% — — 
Spain 1.48% 1.55% 1.56% 1.54% 1.61% 1.69% 1.78% 1.83% — 
Sweden 1.19% 1.19% 1.18% 1.16% 1.26% 1.20% — — — 
EU25 1.90% — — — — 1.82% — — — 
	  

Sources: NBS 2010, MEP 2010, Eurostat 2010, Eurostat data-base, MOF 2009, SFA 2009, Wang X. et al 2010, and authors’ calculations. 

Over the longer-term, to improve its environmental quality, China’s government expendi-
tures related to the environment should be at least 0.5% of GDP above current levels. Any 
increased environmental expenditure in China would include increased spending on both pol-
lution abatement and on efforts to protect and restore the health of its ecosystems. Although 
China is already spending RMB 83.7 billion (US$ 12.0 billion) each year on tree planting 
programs to combat soil loss, flooding, and desertification, the cost-effectiveness of these pro-
grams can be improved by setting targets based on ecosystem health rather than acres of forest 
planted. It can also direct more investment to relatively neglected areas, such as the conserva-
tion and restoration of wetlands and coastal ecosystems. 

Evidence from the US and elsewhere shows that such expenditures have extremely high rates 
of return when measured in economic terms (for example, the benefit-cost ratio of the US Clean 
Air Act is estimated to be 25:1 by 2015 and 31:1 by 2020) (USEPA 2011). Increased environ-
mental expenditure in China would have similar high rates of return by increasing natural and 
human capital in the economy. By this account, a relatively modest incremental increase in 
environment-related expenditures would go a long way towards securing the 6.3% of GNI gain 
in social welfare shown above in Table 3.3.

13 This is a rough estimate; due to a lack of more publicly available information on China’s national accounts, 
it may be an under-estimate of China’s expenditures. 
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d. adapting to a changing climate by increasing resilience to risk
A further benefit that green development would bring to the quality of China’s growth is 
increasing resiliency to climate risks.14 China’s climate is already changing, and changes will 
accelerate. Even taking into account current scientific uncertainty about the extent and nature 
of future climate change impacts, preparedness for a more variable, unpredictable, and extreme 
future climate will be a prerequisite for sustained economic growth. Adopting planning and 
investment approaches to better address risks and uncertainties are a reason for China to fully 
incorporate climate change in its economic management. 

Among the observed effects of climate change are: average annual surface temperatures 
increased by 1.1˚C over the last half of the 20th century for the country as a whole, and much 
faster in the north and northeastern provinces. The number of rainy days has decreased for 
most regions, and more precipitation has come from shorter, more intense storms (Di P.M. 
et  al, 2007; Zhai P.M. et al, 2005). The area of cropland exposed to drought has also increased 
for many regions. In the years to come, despite more rainfall projected for China as a whole, 
many regions may actually suffer from more droughts (Woetzel et al, 2009). Agriculture will 
be particularly hard hit, because precipitation will come during the winters and less during the 
crucial spring and summer months. The area of cropland affected by flooding each year has 
increased significantly for parts of the Yangtze River basin. Although the projections are highly 
uncertain, flooding may continue to increase for this region in the coming decades (Ding Y.H. 
et al, 2007; Ren G.Y. et al 2007). 

The agricultural sector is likely to have the greatest early climate change impacts. Annual 
crop losses due to drought in the Northern China plain and Northeast provinces are projected 
to rise (Chen et al and Nelson et al, forthcoming). While warming will probably hurt rain-fed 
agriculture in parts of the country where there is more indigent poverty, other areas may actu-
ally benefit from night-time warming, longer growing seasons, and increased water available to 
irrigation systems (Wang J.X. et al 2008 and 2010). Coping with the significant variability of 
future impacts will require geographic shifts in production and more flexible and robust water 
management. 

Urban populations and industry will also be more exposed to extreme weather events. Much 
of the population lives in areas where sea level rise, storm surges, flooding and tropical cyclones 
are a concern (Figure 3.5). The concentration and value of productive capital and valuable 
infrastructure increases in these areas, and so do potential damages. This is particularly worri-
some for long-term capital assets, such as power grids, water supply and wastewater treatment 
systems, and road and rail networks. 

14 Given the country’s importance as a carbon emitter, green (low-carbon) development will reduce emissions, 
reduce the magnitude of climate change, and reduce the need to China to adapt.
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Figure 3.5 Vulnerability to sea-level rise and storm surges by country, ca2000
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Note: “low-lying coastal area” defined as “the contiguous area along the coast that is less than 10 meters above sea level” 
(McGranahan et al 2007).
Source: World Bank, World Development Indicators; McGranahan et al 2007. 

Institutions, planning processes, and policies that effectively manage future risk through 
green development will increase the resilience of China’s economy. In turn, China will be able 
to mitigate, and recover quickly from damage due to adverse weather, and ready to seize new 
opportunities for growth should these arise. For example, long-term glacier melt on the Hima-
layan plateau will generate both enormous challenges and opportunities for water conservation 
and storage technologies. Opportunities, for both domestic and international gain, abound in 
other sectors as well, such as agriculture, building design, and infrastructure design.
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Chapter Four  Factors Favoring and Impeding Green 
Development in China

In pursuing green development, China enjoys a number of unique advantages that other coun-
tries do not have. At the same time, it also faces unique challenges. The largest of these chal-
lenges is not a lack of financing, but rather a lack of incentive structures to promote green 
development. If it can overcome these challenges in the next two decades, then it could position 
itself as a world leader in green development.

China’s advantages:

1. Government ability to mobilize action on high-priority issues
2. The advantage of being a relative late-comer
3. Large domestic market to scale up green sectors
4. Abundant capital (including human capital) to invest in green sectors
5. Natural endowment of resources for clean energy 
6. Potential to still avoid lock-in effects of higher levels of urbanization
7. A destination for global investments and R&D in green technologies

China’s challenges:

1. Distorted prices of resource commodities
2. Over-reliance on administrative measures for reducing carbon emissions
3. Weak incentives for environmental protection
4. Lack of a competitive market environment for green sectors
5. Sector coordination failures
6. Weak monitoring and enforcement of environmental standards, especially 

at the local level

a. Factors favoring green development in China
First, government ability to mobilize action on high-priority issues. China’s top leaders have 
already reached a high level of consensus on the importance of green development. As President 
Hu Jintao remarked in a speech at the November 2011 APEC summit, China is committed to 
“vigorously developing the green economy.” This commitment is also evidenced by the Work 
Program to Control Greenhouse Gas Emissions during the 12th Five Year Plan, in which the 
State Council makes clear that “addressing climate change will accelerate economic restructur-
ing and the reform of economic development, driving forward the opportunities of the next 
industrial revolution.” 

Beyond expressions of commitment, the government has demonstrated numerous times that 
it can take decisive action on issues of high political and economic priority. Reforms under-
taken over the past three decades have fundamentally redefined the functioning of the Chinese 
state in allowing the market to play a greater role. Green development is consistent with further 
market reforms that promote efficiency, while increasingly correcting for market externalities 
that can only be addressed with a proactive government.

Second, the advantage of being a relative late-comer. Because developed countries industri-
alized following a high-carbon model, their economies have to a great extent been locked into 
a high-carbon path. On the other hand, China and other developing countries can meet addi-
tional demand by building new green productive capacity and infrastructure without eliminat-
ing equal amounts of existing physical capital. China’s present level of economic development 
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is only one-eighth to one-tenth the level of developed countries, measured in terms of per capita 
energy use, car ownership, and other indicators (Table 4.1). Because China is still in a stage of 
rapid development, the incremental costs of green development will be relatively low. China can 
avoid the higher costs of transitioning to low-carbon technologies compared to countries with 
less rapid growth and less rapid turn-over of capital stock. 

Table 4.1 Comparison on selected indicators for China and developed countries

 China U.S. Japan OECD 

Per capita GDP ( US$, 2010) 4,393 47,184 43,137 34,673 

Per capita gasoline consumption (2008) 1.60 7.50 3.88 4.50 

# of automobiles per thousand population (2008) 27 451 319 391 

Per capita transport gasoline consumption (kg oil, 2008) 0.05 1.15 0.33 0.48 

Urbanization Rate (%, 2009) 49.95/* 82.3 66.8 77.0 

Note: (*) China’s latest urban census data is for 2010.
Source: World Development Indicators, 2010.

Nevertheless, capitalizing on this advantage and leap-frogging certain technological stages 
into the most efficient and greenest options will require early strengthening of incentives. This 
is clearly shown in how rapidly China has overtaken the United States in the efficiency of its 
coal-fired power plants (Figure 4.1). In the past 10 years, due to large-scale installations of 
larger and more efficient supercritical and ultra-supercritical power plants, the overall efficiency 
of China’s coal-fired plants has made a qualitative leap, and overtook the U.S. in 2005. 

FIGure 4.1 efficiency and CO2 emissions of coal-fired plants in China and united States
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Third, large domestic market to scale up green sectors. China has a vast domestic market 
that provides excellent conditions for the formation of industrial green sector supply chains, 
giving companies in China an advantage over competitors in other countries in seizing “first-
mover advantages”. The rapid expansion of both wind power and solar photo-voltaics (Box 
4.1), for instance, has shown that China is capable of achieving economies of scale with the sup-
port of its large and growing domestic market. Large market size will drive down production 
costs through learning by doing as well as by lowering unit costs. Scale combined with high 
investment levels and the ability to implement decisions quickly suggests that opportunities can 
be exploited ahead of competitors.
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bOx 4.1 China’s solar photo-voltaic (PV) industry

China is already the lowest-cost producer of solar panels in the world. This is due in no small 
part to the country’s large domestic market, which has allowed the solar industry to rapidly spe-
cialize and establish an efficient division of labor. From equipment manufacturing to the produc-
tion of accessories and auxiliary parts, the indigenization of the industry has been especially fast. 
As part of the supply chain for solar PV, by 2011 China already had 20–30 companies produc-
ing crystal silicon, more than 60 companies producing silicon panels, more than 60 companies 
making solar-powered batteries, and more than 330 companies producing components for solar 
technologies. There are 14 Chinese companies already listed on foreign stock exchanges, and 
15 companies listed on domestic stock exchanges. The industry’s annual production value has 
exceeded US$45 billion, imports and exports have topped US$22 billion, and it has employed 
around 300,000 people.

Source: Li J.F. et al 2011. 

Fourth, abundant capital (including human capital) to invest in green sectors. China has 
traditionally enjoyed high rates of savings and investment (Table 4.2); it attracts more direct 
foreign investment than any other country; it has built up an impressive research and develop-
ment infrastructure; and it will have more than 200 million college graduates within the next 
20 years. Clearly, China possesses an abundant amount of capital for green development that 
can be put to work, often with government support, to develop sunrise industries. The country 
is able to quickly acquire, adapt, and master new technologies. Combined with the previous 
advantage of its large market, China’s ability to attract foreign companies and investors seeking 
to commercialize their own technologies brings additional know-how and spill-over effects.

Table 4.2 Investment, savings, and consumption rates for various countries

Country 

Saving Rate  

(%) 

Investment Rate 

(%) 

Consumption Rate 

(%) 

1970 2008 1960 2008 1960 2008 

Average of developed countries 27 20 26 22 75 79 

Average of Russia and Eastern 

European countries 
26 25 31 27 70 69 

Average of South American countries 22 24 23 24 76 74 

Average of Asian and African countries 23 34 19 29 61 47 

China 27 54 36 44 61 47  
Source: World Development Indicators 2010.

Fifth, natural endowment of resources for clean energy. China’s natural endowments, such 
as wind, solar, biogas, and shale gas energy sources, favor new energy sources (Table 4.3). The 
country’s theoretic solar energy reserves are equivalent to 1,700 billion tons of standard coal 
per year, and two-thirds of the country receives more than 2,200 hours of annual sunshine. 
Compared with other countries at the same latitude, China’s solar energy resource is at par 
with that of the United States, and much larger than that of Europe or Japan. China’s wind 
resources are also very high—almost two times its power generation capacity 2005 (NDRC 
2007). In addition, China’s current dependence on and large endowment of coal also provides 
an opportunity—in the form of strong demand for cleaner coal, and the continuing dynamism 
of investment in the coal sector—for lower emissions coal technologies (Shi, 2008). 
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Table 4.3 Total exploitable renewable energy resources in China

 Potential Capacity Based on Resources (TW)  

Wind power 173.4 

Small-scale hydropower 133.3 

Biomass   25.4 

Solar PV   22.7 

Total 354.7  
Source: Gao H. & Fan J.C. (2010), 48. Note: Small-scale hydropower includes retrofits.

Sixth, potential to avoid the lock-in effects of higher levels of urbanization. Although 
 China’s current level of urbanization is low (47.5 percent) compared to high-income countries, 
this will change. During the 12th Five-Year Plan period (2011–2015), the country is expected 
to invest US$ 300 billion in basic infrastructure. According to UN estimates, by 2030, about 
65 percent of China’s people will live in cities (UN Population Division 2009. 

The policy and investment choices made today and over the next two decades will have 
long-lasting implications for efficiency, life-style, environmental impacts, and carbon emissions. 
For example, if cities lack adequate public transit facilities, commuters have no alternative but 
to resort to private vehicles. As vehicle density increases, so does congestion, which, in turn, 
sharply increases pollution, including emissions of CO2. Similarly, commercial and residential 
building design will largely lock-in energy needs for the life of the building, even if future price 
and other policy incentives change dramatically. An electric generation plant has a lifetime of 
30–40 years; its carbon footprint is fixed at the time it is built. Only if China adopts green 
development policies sooner rather than later will it capture “lock-in” benefits of efficient 
buildings, cities, transport systems, and industries that use low-carbon, environmentally-
friendly technologies and standards (Figures 4.2 and 4.3). 

FIGure 4.2 What emissions growth path should China’s cities take?
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Conversely, high-carbon investments today will render it exceptionally difficult and expen-
sive to achieve future emissions targets. If negative lock-in effects occur, China will have to 
either retire assets early, well before the end of their service lives, or purchase emissions reduc-
tions elsewhere in the market. The incremental cost of going low-carbon now, such as by 
designing lower energy intensive urban and transport structures, is much less than the future 
cost to retrofit high carbon cities to a lower carbon track. High-carbon power plants may not 
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even be amenable to retro-fitting. The prudent strategy is to introduce forward-looking low-
carbon incentives now that lay the foundation for even stronger low carbon policies in the 
future. The sheer speed and scale of China’s urbanization and infrastructure construction lends 
urgency to this issue, as does the rapid expansion of the private automobile fleet.

FIGure 4.3 Which way will China’s transport sector efficiency evolve?

Source: World Bank, based on IEA World Energy Statistics and Balances, World Bank World Development Indicators.
Note: Bubble size corresponds with total annual CO 2 emissions from road transport.

Seventh, a destination for global investments and R&D. All of the above advan-
tages, coupled with China’s manufacturing capabilities, make China an excellent 
location for investments in many global green technologies (Figure 4.4). Regardless 
of whether future technologies are invented in China, they will likely be commer-
cialized in China. Global corporations find the competitiveness of China’s economy 
attractive. The case of coal technologies is illustrative. Since over 70% of China’s 
energy consumption is coal, there is a broad market space in China for technologies 
to clean up coal production and use. China can attract the world’s best green tech-
nologies. This will not only promote China’s own green transformation, but will also 
accelerate the development of technical options available elsewhere.

FIGure 4.4 Direction of Wind Power Technology Transfers, 1988–2008

Note: this figure illustrates the transfer of technologies from Annex I countries under the UNFCCC to non-Annex I 
countries, as measured by duplicate patent filings for wind power technologies in non-Annex I countries.
Source: OECD 2010.
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b. Factors impeding green development 
In spite of the above advantages that favor seizing green growth opportunities, China also has 
to overcome a range of obstacles, as described here. 

First, distorted prices of resource commodities. Due to market distortions and rigidities, 
the major factor markets of land, labor and capital have encouraged capital-, land-, energy-, 
and pollution-intensive development. As a consequence, damages to the environment and pub-
lic health associated with the use of resource-intensive production technologies have not been 
included in production costs of companies; nor does the supply and demand of these resources 
on the market reflect their true scarcity. This is partly due to inefficient pricing mechanisms, 
such as for water and land, and partly due to institutional weaknesses, such as the strong pres-
ence of monopolistic SOEs. For example, water tariffs in China are extremely low by developed 
country standards in China (Figure 4.5). For China to focus investments and innovation in 
green industries and technologies, it must pursue deep-reaching policy and institutional reforms 
and establish markets in which prices reflect scarcity as well as social and environmental costs.

FIGure 4.5 Household water and wastewater tariffs in China’s 10 largest cities compared 
to other major cities, 2008

Source: Global Water Intelligence (2008).

According to research by Huang Yiping and others, under-valuing China’s labor, capital, 
land, energy, and environment is tantamount to offering subsidies to resource-intensive indus-
tries (Huang Y.P. 2010; Huang & Tao 2010). For example, in 2009, subsidies embodied in arti-
ficially low energy prices were equal to about 0.7 percent of GDP. According to Li Hong (2011), 
based on 2007 data, eliminating fossil fuel subsidies reduce China’s carbon emissions by 6.21 
billion tons CO2. Similarly, Zheng Xinye (2011) predicts that if electricity prices are not raised, 
then by 2020, China’s urban residents will use 10 times the electricity they do today; and if 
water prices are not increased, then by 2020, the average urban household would use a multiple 
of current consumption. These research results suggest that raising electricity and water prices 
for urban residents may be an effective policy tool. In Beijing, for example, it is estimated that 
raising electricity prices by just RMB 0.02 per kWh will slow the average annual increase in 
household electricity consumption from 35.6 percent to 23.9 percent. It is also estimated that 
slightly raising the water tariff in Beijing from RMB 3.70 per cubic meter to RMB 4.00, would 
reduce the average annual increase in water use from 14.7 percent to 5 percent. The use of 
tiered pricing could prevent undue burden on low-income households. 

The distortion of factor prices in China is a serious problem, but not one that is unique to 
China. It is a global problem (Box 4.2). If perverse subsidies for fossil fuels are eliminated, this 
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will dramatically improve the competitiveness of solar power, wind power, and other forms of 
clean energy. Going further and including the social costs of pollution and illness associated 
with the burning of fossil fuels would raise the price of fossil fuels even more. 

bOx 4.2 International fossil fuel subsidies

The International Energy Agency (IEA) estimates that in 2008, fossil fuel subsidies reached 
US$557 billion. According to the IEA’s analysis, if subsidies can be gradually lowered by 2020, 
then global primary energy demand will decrease 5.8 percent and CO2 emissions from energy 
will be reduced by 6.9 percent, compared to a situation in which subsidies are unchanged. At 
the 2009 summit of the G20 in Pittsburgh, the G20 leaders reached consensus on the need to 
gradually reduce subsidies while providing support to low-income groups. The G20 resolved, 
“inefficient fossil fuel subsidies encourage wasteful consumption, reducing our safety, obstruct-
ing investment in clean energies, and negatively influencing measures to mitigate the dangers of 
climate change”. 

Source: cited in Feng F. 2011.

Second, over-reliance on command-and-control measures for reducing carbon emissions. 
By relying too much on inflexible administrative measures, resources for reducing carbon emis-
sions have not been optimally allocated and compliance has been uneven. This is exemplified by 
the current provincial allocation of targets to reduce the energy intensity of economic output. 
First, the targets are not allocated according to means or resources. During the 11th Five-Year 
Plan (2006–2010), energy intensity targets for individual provinces were pegged to the national 
target of 20 percent. Although this method seems to make sense, it has placed an overly heavy 
burden on the less-developed provinces. Because these provinces are currently experiencing a 
period of heavy industrialization, they faced an extra heavy burden in meeting their targets. 
Second, although targets for reducing energy or carbon intensity are the result of a negotiated 
political process, they are rigid (neither flexible nor tradable). This has increased the costs of 
compliance and made it more difficult for individual provinces to save energy and reduce emis-
sions, leading to such phenomena as cutting off power (i.e., resorting to “energy poverty”) in 
order to meet targets that are even lower than what could otherwise be achieved. 

Third, weak incentives for environmental protection. Clear environmental regulations 
enforced by government are crucial for improving the quality of the environment. However, at 
present, China’s environmental regulations remain relatively weak and there has been inconsis-
tent enforcement. 

The problems associated with a lack of incentives for environmental protection are evident 
in both pollution monitoring and compliance, and in natural resource management. Of course, 
there are some successes as well, often market-based. In agriculture, the lack of longer-term 
property rights in land and water has created a disincentive to farmers to invest in longer-term 
sustainability. Instead of increasing soil organic matter in their fields, for example, it is more 
economical to increase output in the short run by using more fertilizers and pesticides. The 
same is true for China’s grasslands, many of which have been over-grazed or encroached upon 
by expanding settlements and are in decline.15 It was also true for China’s forests, which, up 
until the late 1990s, experienced heavy cutting and were shrinking. This changed, though, 
largely due to the introduction of eco-compensation programs and reforms in forest ownership. 
Between 2000 and 2009, the central government invested RMB 365 billion (US$55 billion) on 
afforestation programs, providing cash payments and other incentives for farmers to engage in 

15 China’s Ministry of Agriculture (2007) estimates that 90 percent of the country’s grasslands are degraded, 
and that about one-third are seriously degraded.
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such activities as restoring marginal lands in fragile watersheds, planting shelterbelts to protect 
against sandstorms, and protecting natural forests. Reforms introduced in 2009 that extended 
the contract period for household forest rights to 70 years and allowed households to mortgage 
their rights strengthened the incentive for rural people to invest in sustaining forests. 

Similar to land, China’s water resources management system lacks incentives to promote 
efficiency at the scale required. As mentioned above, the first obstacle to efficient water use is 
low tariffs. In addition, the lagging water rights system reform and the inefficient utilization of 
market mechanisms result in the low efficiency of water resource use. Some of the examples are: 
the profligacy of water for irrigation and the inefficient allocation of water between different 
crops and regions result in the lowest productivity of water for agriculture, which accounts for 
65 percent of total water use but only 45 percent of which is actually used for crops. Only 40 
percent of industrial water is recycled in China, while the ratio in developed countries is 75 to 
85 percent. 

China’s existing fiscal policies have discouraged investment by local governments in envi-
ronmental protection. Since many local governments lack fiscal resources, they have found it 
difficult to support long-term public investments in projects that promote environmental sus-
tainability. Many have turned to an excessive reliance on rents from land in peri-urban areas 
that have been converted from farmland and leased for development. As localities have tried to 
attract outside investment and develop new industries to make up budgetary shortfalls, there 
has been a large influx into these areas of projects that have damaged the environment and 
depleted natural resources.

Finally, the lack of incentives for environmental protection is tied to the inadequacy of the 
predominantly command-and-control pollution control regulations, and to the small scale of 
market-based pilots undertaken to date. For example, China has already attempted to establish 
local SO2 permit trading schemes, modeled after the system in the United States. These pro-
grams have largely failed, however, because of over-involvement by the government in trading 
that has weakened the role of the market, led to the unfair allocation of permits, introduced 
problems in the design of trading mechanisms, and interfered with monitoring of emissions. 

Fourth, lack of a competitive market environment for green industries. There are really two 
levels to China’s transition to green development: the first is “greening” its current economic 
base, and the second is a more fundamental shift towards emerging industries. In terms of 
the more fundamental shift, some Chinese green industries have experienced rapid growth in 
recent years, as exemplified by the rise of its clean energy industries. Yet, despite this, its emerg-
ing industries lack a fair and open competitive market environment in which to grow.

At present, there is still not a level playing field for investment in emerging industries. In the 
case of the wind turbine and solar PV industries, for example, private companies are mainly 
concentrated in equipment manufacturing, while state-owned enterprises (SOEs) continue to 
monopolize the electricity generation market (SERC 2011). State-owned enterprises also domi-
nant the development of shale gas, which will continue to be non-competitive so long as the 
legal rights to shale gas resources are not clearly defined (Box 4.3). 

The Chinese government expects that SOEs will continue to play a leading role in strategic 
emerging industries, which may lead to disappointment given that SOEs have historically been 
unable to take on the role of green innovators. Not only do they lack the same incentives to 
innovate, they have also been placed in an awkward position by the government which expects 
them to meet short-term GDP growth targets while also engaging in the innovation of high-risk, 
cutting-edge technologies. As SOE managers are usually unwilling to take on the risk of failure; 
they are much more willing to purchase new technologies than invest in R&D on their own.

There is also a problem of regulation. Presently, wind power development projects smaller 
than 50 megawatts must be approved by local governments; and projects larger than 50 mega-
watts must be approved by the National Development and Reform Commission (NDRC). 
Egged on by local governments, a “clean energy rush” is now underway that has quickly led to 
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over-capacity in the small undertakings. This campaign-style investment has long been a prob-
lem in China, and one that has been hard to correct. 

bOx 4.3 a lack of competition has held up China’s shale gas exploration

China possesses abundant shale gas reserves with an estimated 25–35 trillion cubic meters of 
recoverable resources, comparable to the 38 trillion cubic meters of conventional natural gas 
on hand.16 The country’s richest shale gas reserves tend to overlap with areas in which state-
owned oil companies have registered conventional oil and gas fields. Under current policies, these 
reserves can only be explored by existing state-owned oil companies. Yet, these companies are 
mainly interested in conventional oil and gas resources and have made very limited investments 
in exploring shale gas resources. Some resources are claimed by companies but not explored. 
In other cases, companies are interested in developing the resources but lack access rights. The 
result of this situation has been to hold up technological innovation in the sector.

Extracting shale gas involves surveying, drilling, fracking, micro-seismic monitoring, envi-
ronmental monitoring, water treatment, and other advanced technologies. Exploiting shale gas 
resources requires sustained, successive investments over the span of many years. For that rea-
son, it is particularly suited for exploration via coordinated investment by a diverse number of 
investors. For a single company to develop a site from start to finish often puts great strain on the 
investor and leads to low-levels of efficiency and a lack of technological innovation.

Source: Zhang Y.W. 2010.

Fifth, sector coordination failures. Coordination failures between government and the pri-
vate sector, as well as between different levels of government, have stalled key green develop-
ment projects. The complexity of coordinating different areas of public policy and investment is 
apparent with green industries, since they tend to span multiple sectors and often require some 
form of government support due their infancy and infrastructure focus. Typically, since each 
agencies working in one sector only consider what is in their own interest and within their own 
purview, different agencies may actually hold each other back. The same is true between the 
central government and local government. For example, in the area of clean energy, investment 
in a single project may involve the National Development and Reform Commission (NDRC), 
the National Energy Administration, the Ministry of Environmental Protection, and various 
other local agencies. Generating electricity and connecting to the grid will involve the State 
Electricity Regulatory Commission and the state-owned power companies. Pricing subsidies 
are equally complicated and cumbersome to navigate. In the case of SOEs, top management 
will be evaluated by a number of different agencies.

For these reasons, the development of clean energy has been held back. For wind power, 
according to the State Electricity Regulatory Commission (SERC), coordination problems exist 
in several areas. First, there is difficulty in connecting wind power to the grid. In drawing 
up plans to develop wind power, local governments tend to consider only the availability of 
resources in one particular area in deciding the scale and timing of grid construction. Less 
thought is given to the long-term development of the wind power market. Second, the develop-
ment of power generation capacity and the electrical grid is not well coordinated. For example, 
China had proposed to construct seven large wind-power generating bases (with a capacity 
of 10 GW), but did not lay down plans for how that electricity would be transmitted and dis-
tributed. Third, the development of wind power is not well integrated with the development of 

16 China has yet to make a systematic exploration and assessment of its shale gas resources, and there are large 
discrepancies between various estimates. PetroChina, for example, has calculated that there are 21–45 trillion 
cubic meters of recoverable resources, while the US Energy Information Administration puts this number at 
around 36 trillion cubic meters (Zhang Yongwei 2011).
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other types of power. The potential benefits of inter-provincial trading and power-switching 
are very high, although coordination has proven difficult.

Sixth, weak monitoring and enforcement of standards, especially at the local level. Gov-
ernment monitoring and enforcement of standards remains weak. For example, China issued 
green building design standards, but these are not strictly enforced, even though buildings 
account for about 30 percent of the country’s energy demand. There are lax standards for air 
conditioners and large-scale chillers. In the case of wind farms, Standards are lax or lacking for 
low-voltage ride-through, and for operating frequency (inactive vs. active power). Since market 
externalities exist by definition in weak or distorted markets, the public market regulatory role 
based on standards is essential. Weak institutions will hinder progress into green growth unless 
adequate institutional strengthening is undertaken. There is no substitute for strong monitoring 
and enforcement, even when market-based instruments are used to reduce market externalities.

In summary, these above six barriers will have to be overcome through appropriate policy 
and institutional reforms that together provide clear incentives for changes in technologies, 
investments, and behaviors. That there is a long list of barriers should not be surprising; if it 
were otherwise, green development would already have been a reality in China. In the absence 
of reforms, financing for green investments will not be forthcoming, as the cost may continue 
to be seen as too high and the investment too risky.

c. addressing concerns on green development 
While ample opportunities exist to increase the environment and natural resource efficiency of 
the Chinese economy, there will be trade-offs, winners and losers. Policymakers need to recog-
nize that relative price changes arising from changes in taxes, subsidies, regulations, and stan-
dards generate losers as well as winners. This section notes various types of impacts across the 
economy, industries, regions and socio-economic groups. Section 5 will provide more details 
on the numerous policy options that government has available to dampen negative impacts on 
different groups.

First, economy-wide trade-offs. Concerns are often raised that the economic, social and 
even political cost of green development is unacceptably high. A proper response to that con-
cern is that while pursuing green development will require greater public investment in certain 
areas, such as environmental protection and basic infrastructure, the core of green develop-
ment is really to introduce market-based incentives that raise the efficiency and sustainability 
of China’s economy while also improving social well-being. By no means does China need to 
undergo “shock therapy” in order to transition to green development.

It is unlikely that green development will divert public expenditures from important pub-
lic services. As China introduces new market incentives such as auctioning permits for car-
bon trading, strengthens a property tax, and/or raises prices of under-valued resources, green 
development may actually increase tax revenues and bolster the capacity of the government to 
provide funding for social services. Moreover, improving the quality of the environment will 
significantly reduce the need for spending on healthcare related to the burden of environment-
related diseases.

In terms of political costs, it is important to remember that the political economy of policy 
reform is complex and difficult in all countries, including China. Every subsidy creates its own 
lobby, whether the subsidy takes the form of preferential access to land and credit, or access to 
cheap energy and resources. State-owned enterprises have political power and lobbying capac-
ity, and energy-intensive export industries will also lobby for subsidies to maintain their com-
petitiveness. Government will need to balance the wider social benefits of reforms with the 
losses of those adversely affected. Safety net policies for those likely to be negatively affected 
may include income support, and access to alternative employment, retraining opportunities, 
and relocation assistance. Such policies will go a long way in mobilizing the political and work-
place-based support for the changes that are needed (ILO 2011).
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Second, impacts on different industries. High emission industries include power generation, 
coal gas, metallurgy, non-metallic mineral products, shipping, coal mining, oil refining. Three 
industrial sub-sectors are the most energy intensive ones, and will be most directly affected by 
stringent carbon emissions policies (Figure 4.6). More generally, raising the costs of energy, 
water, natural resources, and/or of pollution, will more directly impact those industries that 
incur relatively more of those costs. Some firms may even be eliminated, while others will sur-
vive and upgrade their production processes, supply chains, and management techniques by 
investing in greater efficiency. 

FIGure 4.6 Direct CO2 emission intensities of different Chinese industries (2007)

       
  

2

Source: DRC, based on the 2007 input-output table in NBS 2008a.

Third, impacts on different regions. As less-affluent provinces tend to invest more in heavy 
manufacturing and other lower value-added industries, they may be relatively more affected by 
green development policies. A number of China’s poorer interior provinces are undergoing a 
period of heavy industrialization. If policies are administratively allocated and relatively rigid, 
as has been the case in China in recent years, this will place a heavy burden on these provinces. 
Conversely, relaxing price controls on energy so that the environmental costs of extracting fos-
sil fuels may be passed onto the more affluent regions that consume more of these fuels, and 
introducing flexible trading mechanisms for emissions and energy intensity targets, may soften 
the negative impacts on the interior provinces.

As discussed in Section 3, the less-developed regions of China will benefit in the long-term 
by avoiding the costs of being locked into a high-carbon pathway. Once green development 
policies are put in place, they will also be able to better capitalize on previously undervalued 
resources, such as water, forests, grasslands, and renewable energy. Since these regions should 
no longer follow the precedent set by the more-affluent provinces in growing first and cleaning 
up later, they will find new opportunities provided by green development. 

Fourth, impacts on different social-economic groups. Since energy use is so pervasive in 
production and in the household, reforms in energy and carbon pricing will have impacts on a 
broad range of consumer prices, and the net effect may be regressive for some households. In 
general, energy price increases will generally be progressive rather than regressive, since high 
income households use proportionately more energy than poorer ones (Cao J., 2011). (How-
ever, some argue that poorer households are more emissions intensive because of their heavy 
dependence on coal (Golley et al, 2008).) In response, fiscal transfers to households, financed 
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by revenues from eco-taxes, resource fees, or emissions reductions auctions, could be trans-
ferred to consumers to offset price increases without affecting incentives to use energy more 
efficiently. Even more importantly, carbon revenues might be best considered in a revenue-
neutral fashion, in which the selection of revenue sources to be replaced would also have a 
distributional element. The specific distributional impact of a carbon emissions trading scheme 
(ETS) can also be adjusted by freely allocating permits in the initial stage (Zhang & Wu, 2011). 

Other aspects of green growth reforms, such as strengthening of rural property rights and 
reduced air and water pollution levels, are typically progressive because the poor have tradi-
tionally suffered the most. Investments in improved ecosystem health, biodiversity, and water-
shed management will be sustainable with local people’s engagement and employment through 
ecological protection, restoration and related payments for ecological services.
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Chapter Five  The Road Towards Green Development

Whether China can capture strategic green opportunities over the next two decades will depend 
on whether it can create implement reforms sufficient to remove the obstacles in its way. Wide-
ranging policies are needed to provide the necessary long-term incentives to the private sector 
and to strengthen the public sector’s regulation of lingering environmental problems. Policies 
for green development should focus on six main goals. 

Key policy packages to achieve green development:

1. Provide strong market stimuli for transitioning to green development
2. Foster green sources of growth 
3. Improve environmental quality 
4. Minimize the negative impacts of green development
5. Manage risks associated with climate change impacts
6. Strengthen local institutions

Goal 1: Provide strong market stimuli for transitioning to green 
development 
The basic driver of green development is market stimuli. The most pressing market reforms 
will kick-start the transformation of traditional sectors, start reducing environmental exter-
nalities, and mainstream long-term sustainability goals. The highest priority interventions are 
described here.

First, reforming pricing mechanisms for coal, electricity, gas and water and other resource 
commodities to provide the basic market conditions for green development. This is the most 
urgent reform so that prices reflect not only the market scarcity, but also as much as possible the 
external hazards on environment and health in the process of mining, producing and utilizing 
these resource commodities. At the same time, this reform requires removing and eliminating 
direct and indirect subsidies for the traditional energy and resource commodities, and charging 
the state-owned enterprises full market price for their resource inputs (such as minerals, oil, 
natural gas, shale gas, and coalbed methane). 

Second, continue to impose CO2 emission reduction targets, and accelerate the estab-
lishment of market-based mechanisms to reduce emissions. The Chinese government has 
announced ambitious plans to reduce emissions of carbon dioxide and environmental protec-
tion, and the emission reduction and environmental protection objectives set for the local gov-
ernment are binding. For example, in 2020 the carbon dioxide emissions per unit of GDP is 
targeted to be 40%–45% lower than in 2005. However, these policy objectives over-rely on 
administrative measures, and emission reduction and environmental resources are not opti-
mized. The measures do not promote technological innovation to the extent possible. Accord-
ing to DRC (2011), the following short-term steps should be considered. First, convert the cur-
rent target for reducing the carbon intensity per unit of GDP into a total emissions reduction 
target, so as to create the conditions for introducing more flexible market mechanisms. Second, 
the emissions cap could then be distributed in accordance with advanced industrial emission 
standards, regional GDP per capita and other criteria, and a carbon budget account shall be 
established for each area. The carbon budgets set by the different provinces can be balanced to 
ensure the achievement of nationwide targets. Third, establish flexible and diverse mechanisms 
to achieve emission reduction targets, including emissions trading, a carbon tax on fuels, emis-
sion technology standards, regional cooperation mechanisms for emission reduction, admin-
istrative control measures. Among them, emissions trading might initially cover about 1000 
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high emitters, or about 1/3 of the country’s total emissions.17 The emissions of most other 
enterprises could be addressed via other emission reduction policy instruments. Fourth, estab-
lish new assessment methods for emission reductions, by province. Provinces should be able to 
reduce their actual carbon emissions, or achieve their reduction targets via cross-regional or 
national trading.

The above approach puts a price on carbon using diversified instruments including a cap and 
trade market mechanism. Analysis shows that it will be possible for China to significantly limit 
its emissions without reducing social welfare (see Annex for details). Any carbon revenue col-
lections could be done in a revenue-neutral way. For example, recycling the revenue from emis-
sions auctions by offsetting labor taxes normally paid by employers is one way of achieving job 
creation goals via green growth. In this way, governments tax “bads” such as CO2 emissions 
rather than “goods” such as labor. Such a strategy has proven successful in Germany, where 
revenues from a tax on fossil fuels and electricity was channeled to workers’ pension funds, 
thereby lowering the overall cost of labor and contributing to a increase net employment (cited 
in ILO 2011). 

Third, strengthening other environment-related markets, and introducing market-based 
environmental incentives. Property rights for water, land and forests should be strengthened, 
and market mechanisms for water, ecosystems and land should be increasingly introduced. 
These resource issues are complex, politically as well as socially, but urgent. Poorer regions, 
for example, might bring new areas of land under cultivation and sell these quotas of farm-
land to the more developed regions to increase the efficiency of land use. For water scarce 
regions, conservation and quality improvements can be market-driven. For degraded ecosys-
tems, expanded payments for ecological services (PES) in poor and ecologically important rural 
areas (for example, upriver watersheds or downriver flood plains) are needed. PES programs 
have the potential to provide supplementary source of financing for local governments and cre-
ate alternative job opportunities. For all of the above measure, reforms in property rights and 
land markets are fundamental to improving farmer and business incentives to protect the local 
environment.

Goal 2: Foster green sources of growth 
Going beyond the provision of market stimuli for transitioning to green development is the 
need to more actively promote emerging green technologies and services. The national goal as 
articulated in the current Five-Year Plan is to turn China’s green industries into a world-class 
example of innovation and competition. Further steps to be taken involve both focusing the role 
of the state, and opening up competition in the private sector. Priority actions include:

Removing barriers to private capital and stimulating private investment. There is great 
potential in urban infrastructure and services (such as water treatment, waste disposal, con-
taminated site clean-up), but various barriers exist for private capital entry, including informa-
tion barriers. Once financial access restrictions are released, and new sources of capital are 
created, such as through international climate policies, investment would grow. 

Reforming state enterprises to eliminate monopolies that limit new entrants to better pro-
mote innovation without excess state market presence (see the Innovation paper of this China 
2030 study). 

Increasing governmental investment in critical infrastructure for green development. Two 
examples are in charging stations required by the emerging electric car market and improved 
electrical grids designed to absorb large amounts of fluctuating power generated by solar PV 
and wind generators. Related to expanding government investment are addressing institutional 
and governance issues (see goal 6, below).

17 These industries include power generation, iron & steel, non-ferrous metals, chemicals, petroleum, and 
building materials.
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Offering targeted support for R&D, especially in strategic industries, either through com-
petitive grants to private research or through public RD&D in sectors where public goods 
dominate. Complementary policies to “grow bigger fish by adding more water” may also be 
applied, such as through limited tax relief, enterprise bonds, and preferential financing to infant 
green industries. It should be ensured that subsidies are phased out as each sector matures and 
the need for public support diminishes. To complement support for green sectors, the govern-
ment should also draw up a schedule to cancel export tax rebates and perhaps set export quotas 
for the most polluting and most resource-intensive products.

Encouraging green consumer habits and increasing demand on green products. For exam-
ple, governments can engage in public advocacy of green consumption; establishment of labels 
and standards for green products and services so that they are easily recognizable by consum-
ers; and efforts to mobilize NGOs, media and other organizations to promote green consump-
tion (Box 5.1). 

Box 5.1 Energy efficiency and consumer behavior

Prices are typically very poor for signaling the carbon content of consumer products, even if a 
country has adopted carbon pricing, since it is likely a very small share of a product’s price. As 
a result, guiding consumers to choose low-carbon goods and services through other means than 
pricing will be a key factor in determining the country’s future emissions profile.

In the US, households use one-third of total energy and it is estimated that existing energy 
efficiency measures could save 30% of household energy use, reducing overall energy use by 
10% (World Bank 2010). While these measures would be money-saving as well as energy-saving, 
many profitable energy efficiency measures are never undertaken. Compact fluorescent lighting 
(CFL) provides one example: while the up-front cost of CFL bulbs is higher than for incandes-
cent bulbs, the life-cycle cost is lower. In practice, the uptake of CFL bulbs by consumers contin-
ues to be low in many countries.

While this low uptake may be due to credit constraints, behavioral economics also offers a 
range of explanations for this household behavior, falling under the general heading of ‘cognitive 
biases’ (Diamond and Vartiainen 2008):

•	 Status	quo	bias—the	tendency	to	‘continue	doing	what	you	are	doing’	instead	of	taking	more	
profitable actions

•	 Anchoring—giving	undue	weight	to	one	piece	of	information	over	other	available	information
•	 Heuristic	decision-making—(for	example)	using	‘rules	of	thumb’	to	evaluate	investments	

instead of accurate accounting of expected costs and benefits

Given these and similar divergences from what economists would consider rational behavior, 
traditional economic incentives such as taxes and subsidies may have weak impacts on consumer 
behavior. A broader policy mix for energy efficiency could therefore include information pro-
grams (which can help to reduce anchoring effects and status quo bias) and quotas and technical 
standards (which can overcome the limitations of heuristic decision-making). Similarly, promot-
ing social norms in favor of saving energy and avoiding waste can help to change consumer 
behavior at relatively low cost.

Source: World Development Report, World Bank 2010.

Goal 3: Improve regulation of environmental quality and the 
management of natural resources
Although market incentives are fundamental to achieving green development, there are impor-
tant areas where regulations and other government actions are an important complement. The 
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first is to strengthen regulation generally, i.e., improving the monitoring and enforcement of 
existing regulations. In addition, there are other priority steps to be taken that will enhance the 
basic market incentives established above.

Strengthen standards. Standards are a key regulatory area where improvements will shape 
behavior and create market incentives for green technologies. A key example is the automo-
bile industry where standards can be set for fuel consumption. Another is the appliance and 
lighting industry where new standards for energy efficiency can have a direct and widespread 
impact. A third is the potential for national standards related to  climate-robust green buildings, 
urban design, and transportation to prevent cities from “locking in” their carbon footprints, 
especially given the scale of urban construction. Compliance with standards can be increased 
through tougher inspections and buttressed by market-based incentives (such as insurance poli-
cies that require flood proofing or compliance with energy efficiency standards). And a fourth 
is to establish labels and standards for green products, services, and technologies so they are 
easily recognizable and understood by consumers.

Government procurement. Government can signal its seriousness about environmental goals 
by changing the way it conducts its own business. The most important and pervasive approach 
would be to introduce green standards for the roughly RMB 1 trillion (US$150 billion) in 
government procurement each year, which can open up a huge market for green products and 
usher in a robust period of private sector growth. 

Information disclosure. Health damages from air pollution in China’s cities have increased 
as the urban population is growing faster than air quality is improving. Investing in the moni-
toring of the most damaging pollutant, PM2.5, and then regulating it, is the first step to curb-
ing this trend. Public disclosure of air quality data is critical for both awareness and effective 
action. In rural areas, an expanded network of water quality monitoring stations is needed to 
identify and reduce non-point sources of pollution from agriculture, the next major challenge 
to improving China’s water quality.

Waste minimization and recycling in cities. Recycling guidelines and targets can reduce the 
need for new urban landfills or incinerators. By some estimates, China may need an additional 
1,400 municipal landfills over the next 20 years, creating sitting challenges and competition for 
scarce land resources. It can significantly reduce waste generation and landfill through waste 
separation and recycling. Germany and the Netherlands, for example, send only 1 percent of 
their waste to landfills and recycle 60 percent. Reducing waste will be especially critical as the 
size and population of Chinese cities continue to grow and as land becomes scarcer.

Immediate measures to protect natural resources and biodiversity. The natural resource-
oriented market mechanisms mentioned above will take time to implement, and many of 
China’s ecosystem problems are urgent and irreversible. Therefore, complementary measures 
are required to invest in ecosystem management programs, protected areas, and watershed 
conservation. (In some cases, maintaining healthy ecosystems, such as wetlands and coastal 
mangroves, can be the most cost-effective way to manage weather-related risks, such as storm 
surges and flooding.) In parallel, investments in water use efficiency and water quality monitor-
ing stations would complement market-based initiatives concerning water rights, just as invest-
ments in agricultural R&D and extension services would complement reforms concerning agri-
cultural land property rights. 

Goal 4: Minimizing the negative impacts on vulnerable groups
Overall, green development will bring enormous benefits for China; however, as with previous 
reforms, such as those leading up to China’s accession to the World Trade Organization, some 
sectors, regions, and groups will inevitably bear higher costs than others. The introduction of 
reforms, whether fiscal and financial incentives or non-market policy instruments (such as new 
standards and regulations) will inevitably alter relative prices and change the profitability of 
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different sectors. Pollution-intensive sectors will see profitability reduced while green sectors 
will see profitability enhanced. Resources will need to shift over time from one to the other, 
and this may pose adjustment challenges. Similarly, jobs in pollution-intensive industries will 
decline, while those in clean industries will increase. Through a mix of properly designed poli-
cies, the adverse impacts of green development may be minimized. 

First, for regions most impacted by policies to reduce emissions, compensation for carbon 
pricing (whether through taxation or tradable permits) could be made through fiscal transfers. 
If done in a fiscally neutral manner, other taxes that may be more regressive could be replaced 
by carbon revenues. In addition, where price increases in water, electricity, oil, gas and other 
markets specifically affect low-income groups, progressive “social” tariffs could be introduced. 

Second, if carbon trading is introduced, the initial allocation of permits, both by sector and 
across regions, can be done in an equitable manner with the specific cost of the low carbon 
transition in mind. Less developed areas may have relatively fewer opportunities for emissions 
reductions, and may therefore receive more favorable emissions allocations so as to not nega-
tively impact their economies. High-emission enterprises that may be most affected (especially 
industries still subject to price controls or that cannot pass on the cost of carbon emissions to 
consumers) could receive free allocations at the beginning, moving to a partial and then full 
auction over time. 

Third, for displaced workers, job retraining as well as labor market policies that permit 
workers to move jobs and locations at relatively low cost will be needed. Managing this transi-
tion, and ensuring that the pace of change is well within the capacity of the economy absorb, 
will require careful policy planning and pro-active implementation of social safeguards.

Goal 5: Reduce risks associated with climate impacts
In parallel to reducing the social and economic costs of green development, China’s future 
strategy should also reduce environmental risks associated with the impacts of climate change. 
China’s climate will not only become warmer, it will become more variable, with both greater 
extremes and increasing frequency of extreme weather events. Policies to better understand and 
manage	risk—and	recover	from	damages—are	pro-growth	by	nature,	since	they	reduce	uncer-
tainty and diversity risk. New planning tools can help ensure that long-lived infrastructure 
assets can withstand future climate change impacts, and new financial tools, such as insurance 
for disaster recovery, can help transfer disperse weather-related risks. The recommended steps 
include:

Improve information on weather-related risks. Already, China has invested considerably in 
its network of weather monitoring stations, and it has set up emergency alert systems in coastal 
areas. The country can continue to improve its understanding of past, present, and future 
impacts of climate change by increasing the quantity, quality, and accessibility of weather data. 
It should also continue to invest more in public institutions to research, analyze, and dissemi-
nate this information. 

Update and develop new climate-robust technical standards for valuable infrastructure and 
physical assets. For example, China should ensure that transmission lines and distribution sys-
tems for power grids in coastal areas are designed so that these assets can resist to increases in 
sustained peak wind speeds. Storm water drainage systems in cities should be designed to han-
dle changes in peak daily and weekly rainfall at least 30 to 40 years ahead. And ports should be 
assessed for exposure to at least 50–100 cm of sea level rise.

Strengthen the enforcement of technical standards and building codes. Not only do building 
codes and other standards need to be climate-robust, they should also be uniformly enforced. 
Compliance with standards can be increased through tougher inspections and the introduction 
of more market-based incentives (e.g. insurance policies that require flood proofing or compli-
ance with energy efficiency standards).
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Enhance disaster response systems. Emergency preparedness plans and coordinated proce-
dures for government agencies to respond to disasters are critical, especially if the intensity and 
destructiveness of extreme weather events increases. 

Offer insurance and other financial instruments to transfer risk and assist with recovery. 
This includes such instruments such as disaster and calamity funds, contingent lines of credits, 
insurance, micro-insurance, re-insurance, and risk pooling. Insurance schemes can be designed 
in a way that they encourage beneficiaries to avoid occupation of high-risk areas, comply with 
building standards, and implement flood- and storm-proofing.

Invest in agricultural R&D and extension services to help make the agricultural sector more 
resilient to the impacts of climate change. Well-funded research institutions can help develop 
new seeds and management techniques that require fewer agrochemical inputs and are better 
suited changing climate patterns. More effective extension services can help to diffuse these 
technologies and practices. In this effort, cooperation between the public and private sector 
will be critical.

Mainstream risk management into development planning. China has issued laws for pro-
tecting cities against floods, the outbreak of disease, and other hazards; however, the current 
approach to risk management is highly fragmented, especially at the local level. Planning for 
weather-related risks should be better integrated into infrastructure and land use plans. Risk 
management audits should be incorporated into performance evaluations for local officials.

Goal 6: Strengthen local institutions 
Smart urban planning, water supply management, pollution control, and disaster risk reduc-
tion planning all require coordinated action at the lowest levels of government. To achieve this, 
measures are needed to strengthen local-level governance and institutions, and to provide clear 
incentives in the direction of green growth. New, sustainable sources of fiscal revenue and 
standards for evaluating the performance of local government agents are needed to provide the 
right incentives for provinces, cities, counties, and townships to pursue green growth strategies.

First, encourage different regions to explore different models. In the past, some of China’s 
most successful reforms, such as the household responsibility system, originated as local experi-
ments that were later scaled up. The same could be said for green development. As the green 
development is still in its infancy, some places will play a pioneering role. For example, in 
Baoding and Rizhao, bold efforts are underway to deploy clean technologies, improve energy 
efficiency, and reduce GHG emissions. The success of a few regions, will play a very good dem-
onstration effect, and were soon imitated elsewhere. Yet, local institutional innovation is often 
suppressed because local officials are still under immense pressure to grow their economies 
and protect jobs, and there is often a lack of incentive for officials from different localities or 
bureaucracies to cooperate in solving trans-jurisdictional environmental problems. The current 
competition between municipalities across China is healthy, and can benefit from following 
some basic principles for low carbon urban development (Box 5.2).
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Box 5.2 Low-carbon urban development in China

Cities account for about 70% of energy related carbon emissions worldwide. This is expected to 
increase to 76% by 2030, with most of the increase coming from rapidly urbanizing countries 
such as China and India. Chinese cities already have relatively high levels of per capita GHG 
emissions. With hundreds of millions of people expected to migrate to the cities in China over 
the next 20 years, implementing policies to reign in carbon emissions in urban areas will be a 
central feature of China’s emissions reduction strategy. Taking into consideration the character-
istics of Chinese cities, the following elements are essential building blocks for successful low-
carbon urban development:

•	 Increasing	energy	efficiency	and	clean	energy	sources:	Cities should make a consistent and 
dedicated effort to reduce carbon emissions by sustaining demand-side energy efficiency mea-
sures—particularly	in	industry,	power,	heating	and	buildings.	In	addition,	clean	sources	of	
energy supply can be developed within cities, with rooftop solar PV and solar water heating 
installations. 

•	 Reducing	transport	sector	emissions:	to minimize emissions from the transportation sector, 
reduced motorization will be required. Decisive action should be taken to both adopt new 
technologies and provide high-quality public and non-motorized transport. 

•	 Managing	cities’	physical	growth:	Cities need to intervene in the shape and direction of their 
physical growth. Cities with higher densities emit less GHG. Cities not only need to grow 
denser but also smarter, fostering compact communities, multiple use buildings, and public 
transport networks. 

•	 Support	of	low-carbon	lifestyles: With rising income and higher individual purchasing power 
and consumption demands, a low-carbon lifestyle will be a key determinant factor of future 
energy demand in Chinese cities. Some tools have been developed internationally to engage 
citizens in understanding their household carbon footprint and taking action to reduce it. 
Similar partnerships at the city and neighborhood level in China could contribute to less car-
bon intensive households. 

•	 Replacing	energy-intensive	manufacturing	with	low-energy	intensive	economic	activities: 
changes in the urban economic base, such as through expanded services, will reduce emis-
sions. However, such strategies need to be considered carefully. For today’s industrial centers, 
simply relocating higher emission industries outside a city boundary to reduce the carbon 
footprint of that city would make little (if any) difference on the national scale. But rapidly 
growing small and medium-cities may have the opportunity to leap-frog and bypass the pol-
luting, high-carbon growth paths taken by the earlier generation of Chinese cities.

Source: Based on Low Carbon Cities in China, the World Bank, December 2011.

Second, improve coordination vertically, between the central state and provinces, and hori-
zontally, between different agencies and across jurisdictional boundaries. Urban, transport, 
and environmental problems are not confined to the jurisdictional boundaries of local govern-
ments. The design aspects, costs and benefits of land use planning, transport networks, and 
water resources management are not confined to one jurisdiction. Also, competition between 
local governments to attract business investment and create jobs can discourage coordinated 
planning on issues such as protecting against floods or preventing urban sprawl. Incentives are 
needed to encourage smart urban planning and risk management by local and regional gov-
ernments. Trans-jurisdictional bodies, such as river basin commissions and regional planning 
boards, should be given more authority. Membership should be expanded to include representa-
tives from multiple line agencies, local governments, and major users of natural resources. 

Third, provide greater environmental protection incentives for local governments. Adjust-
ing the tax structure by establishing stable local revenue sources (such as a property tax, not 
land sales) is fundamental to more efficient land use. A property tax would also encourage 
localities to improve the quality of the environment so as to raise property values and thereby 
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increase local tax revenues. The introduction of explicit performance indicators for local gov-
ernments that support green growth is also key. Higher-level governments could reform the per-
formance and promotion system to reward lower-level officials with new and specific emphasis 
on measuring the quality of growth and the sustainability in the use of natural assets. Indica-
tors of “greenness” and quality of growth should carry the same weight as GDP in performance 
reviews. To make these indicators work, local targets for ecosystem health will be needed, and 
jurisdictional authority of various agencies responsible for meeting these targets need to be 
clearly defined by law in anticipation of possible bureaucratic gridlock.
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Annex:  Sequencing Actions and Confirming Results

The policy areas described in this paper will have a profound effect on the pattern of  China’s 
development. The demands on government to correct years of market failures and price dis-
tortions are enormous. This annex makes some cross-sectoral observations about how to 
sequence these recommendations, measure results, and confirm that the long-term targets for 
green development are being achieved. It was prepared by and represents the views of the 
World Bank team.

a. Sequencing of green development actions 
The concrete actions needed to achieve greener growth in China fall under the broad headings: 
(i) creating market incentives which alter current behavior and foster technological innova-
tion, (ii) using regulation, backed by enforcement, to complement these market incentives, (iii) 
financing public investments in domains where public goods, such as better weather monitor-
ing, will not be provided by the private sector, and (iv) reforming and strengthening the local 
institutions which play a key role in resource allocation and managing environmental quality. 
While steps in all four of these areas can be taken now, the gains from green growth will follow 
a natural sequence (Figure A.1):

•	 Short-term	gains	will	be	due	to	improved	economy-wide	efficiencies, to be achieved through 
efficient pricing (land, water, carbon, and pollution), regulatory reform, and public invest-
ment in critical green infrastructure. Early steps should also be taken to tighten standards in 
areas that will pave the way for technical developments and behavioral change, such as more 
efficient buildings, transport vehicles, and household appliances. 

•	 Medium	term	gains	will	accrue	from	innovation and changing behaviors, which will come 
in	response	to	government	reforms	to	SOEs;	targeted	R&D	in	support	of	new	technologies,	
goods,	and	services;	infrastructure	and	information	support	to	green	domestic	and	export	
markets;	and	scaled	up	public	education	for	all	ages	to	help	induce	consumer	and	household	
behavior changes. The growth impacts of new technologies—in output, employment and 
exports—should be measurable and significant by 2020.

•	 By	2030,	important	targets	in	lower	emissions	growth,	clean	energy,	air	pollution,	waste	
management, and efficient land markets can be met. In addition, risks associated with 
resource scarcity, climate change, and irreversible biodiversity losses can be managed. How-
ever, sustained government intervention will be required in all of these areas, at both the 
national and local levels, for the simple reason that most environmental gains require gov-
ernment intervention to help internalize environmental externalities, and government moni-
toring of compliance with standards.

Finally,	while	the	twenty-year	time	frame	up	to	2030	is	sufficient	time	for	some	early	and	
important successes—such as in renewable energy, air pollution, and waste management—
other challenges will certainly remain, such as ecosystem conservation, water pollution, carbon 
emissions reduction, and adapting to climate change.
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FiguRe A.1 indicative sequencing of green development reforms

b. Measuring progress towards green development 
Part of defining, pursuing, and achieving green growth is measuring progress. This point has 
been	recognized	both	in	OECD	work	on	green	growth	(OECD	2011b)	and	the	World	Bank’s	
new program to develop a green growth “knowledge platform” to guide its activities in devel-
oping	countries.	For	example,	the	OECD	has	identified	four	clusters	of	appropriate	indicators	
for monitoring progress towards green growth:18

•	 Environmental and resource productivity, to capture the need for efficient use of natural 
capital and to capture aspects of production which are rarely quantified in economic models 
and accounting frameworks.

•	 Economic and environmental assets, to reflect the fact that a declining asset base presents 
risks to growth and because sustained growth requires the asset base to be maintained.

•	 Environmental quality of life, capturing the direct impacts of the environment on people’s 
lives, through e.g. access to water or the damaging effects of air pollution.

•	 Economic opportunities and policy responses, which can be used to help discern the effec-
tiveness of policy in delivering green growth and where the effects are most marked.

Not	all	of	the	desired	OECD	indicators	are	measurable	today,	and	many	countries	and	agen-
cies are working to establish an optimal set of green development indicators. Although this 
topic remains a work in progress, the two most important areas for defining indicators are the 
quantity of growth and the quality of growth. 

For the quantity	of	growth,	in	addition	to	measuring	economic	output	(GDP	or	GNI),	it	is	
also important to measure changes in people’s wellbeing.19 Two indicators used by the World 
Bank are the Adjusted Net National Income (aNNI):	a	truer	measure	of	income	than	GDP	or	
GNI, and the Adjusted Net Savings (ANS).20

18 Towards Green Growth—Monitoring Progress,	OECD,	May	2011.
19	The	UN’s	work	on	a	system	of	environmental	and	economic	accounts	(SEEA),	building	on	the	SNA,	is	one	
such initiative to measure the change in social welfare as a measure of progress toward green growth. The 
World	Bank’s	work	on	comprehensive	wealth	accounting	(World	Bank	2006	and	2011)	is	a	complementary	
initiative.
20 aNNI accounts for the both the depreciation of produced capital and the depletion of natural resources such 
as forests, minerals, and fossil fuels. The growth rate of real aNNI is proportional to the change in social 
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For the quality of growth, indicators are needed at the sector or even sub-sector level. At this 
level, one challenge is to keep the list of indicators to a manageable size. A highly selective but 
informative set of indicators for the quality of growth includes:

•	 Energy productivity:	increasing	GDP	per	unit	of	energy	used	is	greener	because	it	is	a	sign	of	
increasing energy efficiency

•	 Share of fossil fuels: decreasing the shares of fossil fuel in total energy used increases green-
ness, as does increasing the share of alternative and nuclear energy

•	 CO2 emissions intensities of total energy and of GDP
•	 CO2 emissions per capita

One	of	the	important	functions	provided	by	green	growth	indicator	systems	is	the	ability	
to benchmark performance against international good practice examples. These benchmarked 
indicators are shown in Table A.1 and Figure A.2, with these results: 

•	 In	terms	of	quantity of growth, the adjusted income and saving indicators show China’s out-
standing	growth	achievements.	Over	the	period	2000–2009,	the	average	growth	rate	of	real	
aNNI	per	capita	in	China	was	roughly	10	times	that	in	the	OECD;	and	net	wealth	creation	
in	2009	as	a	share	of	GNI	was	7	times	higher	in	China	than	in	the	OECD.	

•	 The	quality of growth indicators shows, however, where progress is needed. China’s energy 
productivity	is	half	that	of	OECD	countries;	its	fossil	fuel	share	of	energy	is	10%	higher	
than	OECD	countries;	its	share	of	renewable	and	nuclear	energy	production	is	only	one	
quarter	that	of	OECD	countries,	and	its	CO2	intensity	of	GDP	is	over	twice	that	of	OECD	
countries.	(On	a	per	capita	basis,	however,	OECD	countries	emit	80%	more	CO2 per capita 
as China.)

TAble A.1 Comparison of specific indicators, China vs High income OeCD

Indicator China  OECD Year  Measure 

aNNI % growth rate 5.5 0.6 2009  Growth of real per capita PPP $, 2000-2009 

ANS % of GNI 37.7 5.5 2009  Share of GNI 

Energy productivity 3.77 6.73 2009  Constant 2005 PPP $ GDP per kg oil equiv. 

Share of fossil fuels  92.6 82.9 2009  % of total primary energy use 

Alternative and nuclear energy 

production 
3.53 13.88 2008  % of total energy use 

CO2 intensity of energy 3.44 2.54 2009  t CO2 per t oil equivalent 

CO2 intensity of GDP 0.91 0.38 2009  kg CO2 per 2005 PPP $ GDP 

CO2 emissions per capita 5.67 10.36 2009  t CO2 per capita 

Source: World Bank, based on World Bank database, BP 2011, and US EIA database.

welfare, and so the sign of this growth rate indicates whether the economy is on a sustainable path. A higher 
aNNI means that a country is using its natural resources more efficiently. ANS is a measure of net wealth 
creation that measures the depreciation of fixed capital, the depletion of natural capital, investments in human 
capital, and health damages from pollution. Positive savings represent an improvement in social welfare, while 
negative savings indicate a decline, implying that an economy is on an unsustainable path. 
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FiguRe A.2 CO2 emissions per capita and per unit of gDP, 1990–2009

	  
Source: World Bank, based on World Bank World Development Indicators, BP 2011, IEA World Energy Statistics and Balances, and US EIA Interna-
tional Energy Statistics.

As China transforms its economy towards high income status, both benchmarks and targets 
will be useful in measuring progress towards greening growth. For example, specific targets 
could be set for China’s green growth, such as the share of renewable energy, the declining 
share	of	coal	in	total	energy	use,	the	declining	level	of	average	urban	air	pollution;	and	the	
increasing value of water productivity. Chinese targets, based on international benchmarks, 
could include:

•	 an	OECD	benchmark	of	energy	productivity	that	nearly	doubles	between	2010	and	2030;
•	 the	EU	target	of	reaching	a	20%	share	in	renewable	energy	by	2020,	and	30%	by	2030;	
•	 the	Japanese	air	quality	level	of	25	μg/m3	in	annual	average	PM10	concentrations;	
•	 a	water	productivity	target	of	reaching	best	practice	in	OECD	countries;	and
•	 CO2	emissions	intensity	falling	by	60–65%	between	2010	and	2030.

As	is	the	case	in	OECD	countries,	green	growth	indicators	and	future	targets	are	a	work	in	
progress in China, but an important step to be taken in implementing a green growth strategy. 

c. The potential impact of a carbon price
Carbon pricing, whether achieved via trading or taxation, would impact such variables as the 
cost of emissions reduction and structural shifts in the economy. By applying the base model 
used	in	Supporting	Report	5	of	this	China	2030	study,	the	World	Bank	team	simulated	the	
introduction	of	a	carbon	price	in	China,	starting	in	2015	and	phased	in	over	eight	years.

Figure A.3	shows	the	path	of	CO2 emissions in gigatons for three scenarios. The “business 
as	usual	(BAU)”	scenario	features	continued	strong	growth	in	CO2	emission	to	2030,	from	
7.2	gigatons	(5.4	tons	per	capita)	in	2010	to	10.9	gigatons	(7.6	tons	per	capita)	in	2030.	The	
key	moderating	influence	on	emissions	in	this	scenario	is	the	decline	in	GDP	growth	rates	in	
2025–2030.	In	contrast,	the	scenario	in	which	a	$10/ton	CO2 price is gradually phased in over 
eight	years	beginning	in	2023	produces	substantial	reductions	and	flattens	the	upward	growth	
in	China’s	emissions,	resulting	in	total	emissions	of	9.2	gigatons	of	CO2	(6.4	tons	per	capita)	
in	2030.	And	the	$20/ton	CO2 price scenario produces an even greater effect, so that China’s 
absolute	emissions	peak	and	then	drop	down	to	8.4	gigatons	(5.8	tons	per	capita)	in	2030—a	
total	level	about	17%	higher	than	in	2010.
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FiguRe A.3 China’s annual CO2 emissions under three scenarios, 2010–2030

Carbon	revenues	in	China	could	be	significant	in	macroeconomic	terms.	The	$10/ton	sce-
nario	would	yield	fiscal	revenues	of	1.4%	of	GDP	by	2030,	and	the	$20/ton	scenario	would	
go	up	to	2.7%	of	GDP.	If	the	carbon	revenues	were	rebated	to	households,	this	would	amount	
from	$329	to	634	per	household	per	year	by	2030,	depending	on	the	price	and	assuming	a	
household	size	of	3.	While	government	has	considerable	discretion	on	how	such	a	lump	sum	
could be distributed, a flat lump sum per capita would be progressive by definition, helping to 
offset any regressive tendencies of the carbon price itself. Further notes on lessons learned from 
other countries on selecting and implementing climate policy instruments are given in Box A.1.

Although the simulated carbon price rates used in this analysis are too low to significantly 
affect	the	structure	of	the	Chinese	economy	in	2030,	there	is	a	clear	impact	on	the	amount	of	
coal the country would consume (Figure A.4).	In	the	$10	price	scenario,	China	uses	492	mil-
lion	tons	less	coal	compared	to	business	as	usual	in	2030	(a	difference	of	15%).	Under	the	$20	
price	scenario,	coal	use	drops	by	770	million	tons	compared	to	business	as	usual	(a	difference	
of	23%).	Both scenarios result in a peak in China’s coal use before 2020. This decline is driven 
largely by a shift in the relative prices of different fuels for electricity generation. The market 
share of coal-fired electricity in the power sector (in terms of the portion of coal-fired power 
in	total	real	output	by	the	sector)	drops	6%	and	11%	by	2030	in	the	U$10	and	US$20	carbon	
price scenarios respectively. This drop is made up for by mainly by an increase in output vol-
ume for hydropower.

These results actually under-estimate the benefits of the simulated carbon price, since they 
do not include the co-benefits from reducing fossil fuel use related to reduced impacts on human 
health	and	crops.	One	important	study	(Aunan	et	al	2007)	shows	that	the	cost	to	households	of	
imposing	a	carbon	tax	of	RMB	290	per	ton	of	CO2	(US$	43	in	2007	dollars)	generates	the	same	
amount of economic co-benefits associated with reduced air pollution, improved health, and 
increased crop production. According to this analysis, the co-benefits in China associated with 
reducing carbon emissions and recycling carbon tax revenues are substantial.
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bOx A.1 lessons from international experience on climate policy instruments

The World	Development	Report	2010 on climate change outlines the issues concerning instru-
ment choice for reducing carbon emissions. Permit systems give certainty on emission reductions, 
but uncertainly about price. Taxes are the opposite—they give certainly on price, but uncertainly 
about	emission	reductions.	Since	price	volatility	is	an	issue	more	with	permits	than	taxes,	invest-
ment	in	R&D	for	new	technologies	(especially	without	government	support)	may	be	depressed	
with	permits.	Revenue	generation	is	possible	under	both	regimes,	though	the	administrative	effi-
ciency	of	the	instruments	differs	considerably.	Taxes	on	CO2 can be integrated with fuel excise 
systems, requiring little additional monitoring effort. Permit systems require new regulatory 
institutions as well as monitoring and enforcement systems to ensure compliance.

The International Energy Agency recently reviewed existing and proposed carbon trading 
schemes	in	Alberta,	Australia,	the	EU,	New	Zealand,	Switzerland,	Tokyo	and	the	United	States	
(both	national	and	state-level	schemes).	Some	of	the	key	conclusions	are:

•	 Targets. Ambitious long-run targets are needed if firms are to invest in lowering their carbon 
footprints.

•	 Allocation. Countries tend to allocate permits free of charge or to rebate costs to sectors 
heavily affected by taxes, since it eases the transition to a lower-carbon investment. It does, 
however, lead to some windfall profits and also delays adjustments by firms. The European 
ETS	is	phasing	out	the	free	allocation	of	permits.	

•	 Startup. Trading schemes have tended to over-allocate in the initial phase, leading to a price 
collapse. Banking permits can overcome this, but this only carries forward the surplus per-
mits	into	the	next	phase.	Other	options	include	establishing	a	price	floor	with	cancellation	of	
any	unsold	permits;	or	using	a	fixed	price	in	the	initial	phase,	which	would	aid	in	the	collec-
tion of emissions and cost data to better guide subsequent phases.

•	 Support to carbon-intensive sectors. Concerns about potential competitive impacts on 
 carbon-intensive sectors will lead to lobbying for financial support to these sectors. Any sup-
port should be time-limited, and communicated as such, in order to reduce fiscal costs and 
provide incentives for firms to invest in less-polluting technologies.

In practice, many jurisdictions have opted for hybrid schemes, using tradable permits for the 
big emitting sectors and taxes for smaller sectors characterized by many actors, such as trans-
port.	Environmental	taxes	and	levies	are	used	in	all	OECD	countries,	raising	revenues	totaling	
2.0–2.5	percent	of	GDP.

Source:	World	Bank	2010;	Hood	2010,	OECD	2006.

FiguRe A.4 Coal consumption trends for China under three scenarios, 2011–2030
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d. Sectoral considerations
Fully pursued, green development will pervade all sectors of the economy, ranging from indus-
try and energy to the management of cities, water resources, agriculture, forestry, and biodiver-
sity resources. Background papers prepared for this report include sector-specific studies of the 
issues	involved	in	achieving	green	development	targets	by	2030.21 

Each sector-specific paper follows a similar structure, which is to, first, indicate a vision for 
China	2030	consistent	with	its	status	as	a	high	income	country,	and	second,	conduct	an	analy-
sis of the issues surrounding the implementation of that vision. While each sector is very differ-
ent in its challenges and targets, the recommended actions fall into the various policy packages 
introduced	in	Section	5,	above.	The	chart	at	the	end	of	this	chapter	summarizes	the	key	findings	
of these seven sectoral background papers.

21	The	seven	sectoral	background	papers	covered:	(i)	Energy,	(ii)	Urbanization;	(iii)	Water	Resources;	(iv)	Pollu-
tion	and	Waste;	(v)	Agriculture;	(vi)	Natural	Resource	Management;	and	(vii)	Adapting	to	a	Changing	Climate.	
They are available on-line.



284 c h i n a  2 0 3 0   

TA
bl

e 
A

.2
 

Se
ct

or
-s

pe
ci

fic
 re

co
m

m
en

da
ti

on
s f

or
 a

ch
ie

vi
ng

 g
re

en
 g

ro
w

th
 in

 C
hi

na

T
o

d
a

y
's

 c
h

a
ll

e
n

g
e
s 

S
h

o
r
t 

te
r
m

 t
a

r
g

e
ts

 a
n

d
 p

o
li

c
ie

s 
M

e
d

iu
m

 t
e
r
m

 t
a

r
g

e
ts

 a
n

d
 p

o
li

c
ie

s 
L

o
n

g
 t

e
r
m

 g
o

a
ls

 (
b

y
 2

0
3

0
) 

E
n

e
r
g

y
 

 S
e
e
k

 c
o

st
-e

ff
e
c
ti

v
e
, 

m
a

r
k

e
t-

b
a

se
d

 s
o

lu
ti

o
n

s 
u

si
n

g
 

e
x

is
ti

n
g

 t
e
c
h

n
o

lo
g

ie
s 

 S
c
a

le
 u

p
 a

n
d

 a
c
c
e
le

r
a

te
 i

n
n

o
v

a
ti

o
n

 

 D
e
v

e
lo

p
 a

 s
u

st
a

in
a

b
le

, 
e
ff

ic
ie

n
t,

 a
n

d
 c

o
m

p
e
ti

ti
v

e
 

e
n

e
r
g

y
 s

e
c
to

r
 

  

 R
ed

u
ce

 e
n

er
g

y
 s

ec
to

r 
su

b
si

d
ie

s 
an

d
 i

n
tr

o
d

u
ce

 m
ar

k
et

 

p
ri

ci
n

g
 

 S
ca

le
 u

p
 r

en
ew

ab
le

 e
n

er
g

y
 i

n
 a

 c
o

m
p

et
it

iv
e 

m
ar

k
et

 

 A
 g

re
en

er
 e

n
er

g
y

 m
ix

 i
n

 w
h

ic
h

 r
en

ew
ab

le
 e

n
er

g
y

 m
ee

ts
 

3
0

%
 o

f 
p

ri
m

ar
y

 e
n

er
g

y
 d

em
an

d
 

  
In

v
es

t 
in

 i
m

p
ro

v
in

g
 p

er
fo

rm
an

ce
 a

n
d

 r
ed

u
ci

n
g

 c
o

st
 o

f 

ex
is

ti
n

g
 r

en
ew

ab
le

 e
n

er
g

y
 t

ec
h

n
o

lo
g

ie
s 

C
ap

 f
o

ss
il

 f
u

el
 c

o
n

su
m

p
ti

o
n

 a
n

d
 d

ep
lo

y
 C

C
S

 o
n

 a
 l

ar
g

e 

sc
al

e 

C
ar

b
o

n
 e

m
is

si
o

n
s 

p
ea

k
 a

n
d

 d
ec

li
n

e 
 

  
A

m
en

d
 e

n
er

g
y

 l
eg

is
la

ti
o

n
 a

n
d

 c
re

at
e 

a
 m

o
re

 e
ff

ec
ti

v
e 

re
g

u
la

to
ry

 b
o

d
y

 

Im
p

le
m

en
t 

ca
rb

o
n

 c
ap

 a
n

d
 t

ra
d
e
 

C
h

in
es

e 
en

er
g

y
 c

o
m

p
an

ie
s 

ar
e 

w
o

rl
d

-c
la

ss
 b

u
si

n
es

se
s,

 

o
p

er
at

in
g

 i
n

 a
n

 o
p

en
, 

co
m

p
et

it
iv

e 
m

ar
k

et
 

  
C

o
n

ti
n

u
e 

to
 f

o
cu

s 
o

n
 r

ed
u

ci
n

g
 e

n
er

g
y

 i
n

te
n

si
ty

 a
n

d
 

im
p

ro
v

in
g

 e
ff

ic
ie

n
cy

 
 

A
 s

o
u

n
d

, 
fu

ll
y

 f
u

n
ct

io
n

in
g

 p
u

b
li

c 
re

g
u

la
to

r 
se

p
ar

at
e 

fr
o

m
 

th
e 

g
o

v
er

n
m

en
t 

fo
cu

se
d

 o
n

 m
ak

in
g

 p
o

li
cy

 

  
 

 
C

h
in

a 
is

 t
h

e 
g

lo
b

al
 l

ea
d

er
 i

n
 c

le
an

 e
n

er
g

y
 t

ec
h

n
o

lo
g

ie
s 

an
d

 

in
n

o
v

at
io

n
 

W
a

te
r
 

U
se

 d
ir

e
c
ti

v
e
s 

a
n

d
 m

a
r
k

e
t-

b
a

se
d

 a
p

p
r
o

a
c
h

e
s 

to
 

c
o

n
tr

o
l 

w
a

te
r
 u

se
 b

y
 m

a
in

 s
e
c
to

rs
 

D
e
e
p

e
n

 r
e
so

u
r
c
e
 g

o
v

e
r
n

a
n

c
e
 r

e
fo

r
m

s;
 e

n
su

r
e
 

c
le

a
n

 w
a

te
r
 s

u
p

p
li

e
s 

a
n

d
 s

a
n

it
a

ti
o

n
 

A
c
h

ie
v

e
 e

ff
ic

ie
n

t,
 b

a
la

n
c
e
d

, 
a

n
d

 s
u

st
a

in
a

b
le

 u
se

 

o
f 

w
a

te
r
 r

e
so

u
r
c
es

 

  
In

tr
o

d
u

ce
 c

o
n

su
m

p
ti

o
n

-b
as

ed
 w

at
er

 a
ll

o
ca

ti
o

n
 r

ig
h

ts
 a

n
d

 

fe
es

 f
o

r 
ag

ri
cu

lt
u

re
 a

n
d

 i
n

d
u

st
ry

 

E
x

p
an

d
 w

at
er

 a
ll

o
ca

ti
o

n
 r

ig
h

t 
an

d
 f

ee
 p

ro
g

ra
m

s 
to

 o
th

er
 

m
aj

o
r 

b
as

in
s 

an
d

 i
n

d
u

st
ri

al
 s

ec
to

rs
 

A
ll

 m
aj

o
r 

w
at

er
 u

se
rs

 a
re

 c
o

v
er

ed
 b

y
 c

o
n

su
m

p
ti

o
n

-b
as

ed
 

al
lo

ca
ti

o
n

 s
y

st
em

 

  
L

au
n

ch
 n

at
io

n
al

 r
u

ra
l 

sa
n

it
at

io
n

 p
ro

g
ra

m
 

E
n

su
re

 s
af

e 
d

ri
n

k
in

g
 w

at
er

 f
ro

m
 t

h
e 

ta
p

 f
o

r 
la

rg
e 

ci
ti

es
 a

n
d

 

im
p

ro
v

ed
 s

an
it

at
io

n
 f

o
r 

al
l 

ru
ra

l 
p

eo
p

le
 

S
af

e 
d

ri
n

k
in

g
 w

at
er

 f
o

r 
al

l 
u

rb
an

 r
es

id
en

ts
 

  
E

x
p

an
d

 m
em

b
er

sh
ip

 i
n

 a
  

m
aj

o
r 

ri
v

er
 b

as
in

 c
o

m
m

is
si

o
n

 t
o
 

in
cl

u
d

e 
a 

w
id

er
 r

an
g

e 
o

f 
w

at
er

 u
se

rs
 

6
0

%
 o

f 
C

h
in

a'
s 

su
rf

ac
e 

w
at

er
s 

m
ee

t 
st

an
d

ar
d

s 
fo

r 
G

ra
d

es
 I

-

II
I 

7
0

%
 o

f 
C

h
in

a'
s 

su
rf

ac
e 

w
at

er
s 

m
ee

t 
st

an
d

ar
d

s 
fo

r 
G

ra
d

es
 I

-

II
I 

  

D
o

u
b

le
 e

ff
ic

ie
n

cy
 o

f 
w

at
er

 u
se

 a
n

d
 a

ch
ie

v
e 

5
0

%
 r

eu
se

 r
at

e 

in
 i

n
d

u
st

ry
 b

y
 2

0
1

5
 

E
x

p
an

d
 r

iv
er

 b
as

in
 c

o
m

m
is

si
o

n
 m

em
b

er
sh

ip
 f

o
r 

al
l 

m
aj

o
r 

ri
v

er
s;

 n
ew

 f
in

an
ci

al
 m

ec
h

an
is

m
s 

su
ch

 a
s 

fl
o

o
d

 i
n

su
ra

n
ce

 

W
at

er
 u

se
 e

ff
ic

ie
n

cy
 r

ea
ch

es
 c

u
rr

en
t 

h
ig

h
-i

n
co

m
e 

co
u

n
tr

y
 

av
er

ag
e 

  
E

x
p

an
d

 p
ay

m
en

t 
fo

r 
ec

o
sy

st
em

 s
er

v
ic

es
 

W
at

er
 u

se
 e

ff
ic

ie
n

cy
 d

o
u

b
le

s 
ag

ai
n

 
  

C
it

ie
s 

P
il

o
t 

n
e
w

 r
e
g

u
la

ti
o

n
s,

 p
o

li
c
ie

s,
 a

n
d

 f
in

a
n

c
in

g
 

m
e
c
h

a
n

is
m

s 
to

 a
lt

e
r
 c

u
r
r
e
n

t 
g

r
o

w
th

 p
a

tt
e
r
n

s.
 

S
c
a

le
 u

p
 c

o
o

r
d

in
a

te
d

 p
o

li
c
ie

s 
fo

r
 l

a
n

d
 u

se
 

p
la

n
n

in
g

, 
u

r
b

a
n

 f
in

a
n

c
e
, 

a
n

d
 u

r
b

a
n

 g
o

v
e
r
n

a
n

c
e
 

C
r
e
a

te
 e

ff
ic

ie
n

t,
 l

iv
e
a

b
le

, 
a

n
d

 s
u

st
a

in
a

b
le

 c
it

ie
s 

  

 P
il

o
t 

n
ew

 p
er

fo
rm

an
ce

 i
n

d
ic

at
o

rs
 f

o
r 

lo
ca

l 
o

ff
ic

ia
ls

 

 R
o

ll
 o

u
t 

g
re

en
 g

ro
w

th
 p

er
fo

rm
an

ce
 i

n
d

ic
at

o
rs

 f
o

r 
lo

ca
l 

o
ff

ic
ia

ls
 a

cr
o

ss
 t

h
e 

co
u

n
tr

y
 

 U
rb

an
 i

n
-f

il
l 

an
d

 h
ig

h
er

 d
en

si
ty

 w
it

h
o

u
t 

sp
at

ia
l 

ex
p

an
si

o
n

  

  
In

tr
o

d
u

ce
 n

ew
 f

in
an

ci
n

g
 m

ec
h

an
is

m
s 

to
 s

u
p

p
o

rt
 g

re
en

 

g
ro

w
th

 a
n

d
 s

te
er

 c
it

ie
s 

aw
ay

 f
ro

m
 l

an
d

 s
al

es
 

 E
x

p
an

d
 f

is
ca

l 
su

p
p

o
rt

 t
o

o
ls

 
L

iv
ab

il
it

y
 a

ch
ie

v
ed

 t
h

ro
u

g
h

 c
o

n
n

ec
ti

v
it

y
, 

st
ra

te
g

ic
 

d
ev

el
o

p
m

en
t 

co
rr

id
o

rs
, 

an
d

 e
ff

ic
ie

n
t 

tr
an

sp
o

rt
 o

p
ti

o
n

s 



 S e i z i n g  t h e  O p p O r t u n i t y  O f  g r e e n  D e v e l O p m e n t  i n  c h i n a  285

  
P

il
o

t 
a 

fl
ex

ib
le

 l
an

d
 c

o
n

v
er

si
o

n
 q

u
o

ta
 a

n
d

 r
ea

ll
o

ca
ti

o
n
 

m
ec

h
an

is
m

 

C
re

at
e 

fu
n

ct
io

n
in

g
 u

rb
an

 a
n

d
 p

er
i-

u
rb

an
 l

an
d

 m
ar

k
et

s 
in

 

se
v

er
al

 m
u

n
ic

ip
al

it
ie

s 
N

at
io

n
al

 i
n

te
g

ra
ti

o
n

 o
f 

m
ar

k
et

s 
o

f 
g

o
o

d
s,

 c
ap

it
al

, 
an

d
 l

ab
o

r 
 

  
C

h
an

g
e 

re
g

u
la

ti
o

n
s 

an
d

 s
ta

n
d

ar
d

s 
le

ad
in

g
 t

o
 i

n
ef

fi
ci

en
t 

la
n

d
 u

se
 

C
o

o
rd

in
at

e 
al

l 
n

ew
 d

ev
el

o
p

m
en

t 
an

d
 m

as
s 

tr
an

si
t 

p
la

n
s 

w
it

h
 u

rb
an

 l
an

d
 u

se
 z

o
n

in
g

 r
eg

u
la

ti
o

n
s 

L
o

w
 c

ar
b

o
n

 s
ta

tu
s 

th
ro

u
g

h
 o

v
er

al
l 

re
so

u
rc

e 
u

se
 e

ff
ic

ie
n

cy
, 

b
en

ch
-m

ar
k

ed
 i

n
te

rn
at

io
n

al
ly

 

  
R

o
ll

 o
u

t 
m

ar
k

et
-b

as
ed

 m
ec

h
an

is
m

s 
to

 e
n

co
u

ra
g

e 
ef

fi
ci

en
t 

re
so

u
rc

e 
u

se
 

 
  

E
c
o

sy
st

e
m

s 
Id

e
n

ti
fy

 a
n

d
 i

m
p

le
m

e
n

t 
im

m
e
d

ia
te

 a
c
ti

o
n

s 

n
e
e
d

e
d

 t
o

 r
e
st

o
r
e
 e

c
o

sy
st

e
m

 h
e
a

lt
h

 

B
r
in

g
 a

ll
 m

a
jo

r
 e

c
o

sy
st

e
m

s 
u

n
d

e
r
 s

o
u

n
d

 

m
a

n
a

g
e
m

e
n

t 
a

n
d

 s
ig

n
if

ic
a

n
tl

y
 r

e
d

u
c
e
 t

h
e
 c

o
st

s 
o

f 

e
c
o

sy
st

e
m

 d
e
g

r
a

d
a

ti
o

n
  

H
a

lt
 b

io
d

iv
e
r
si

ty
 l

o
ss

 a
n

d
 t

h
e
 d

e
g

r
a

d
a

ti
o

n
 o

f 

e
c
o

sy
st

e
m

s 

  
In

tr
o

d
u

ce
 t

ar
g

et
s 

fo
r 

al
l 

n
at

u
ra

l 
re

so
u

rc
e 

m
an

ag
em

en
t 

(N
R

M
) 

se
ct

o
rs

 b
as

ed
 o

n
 m

ea
su

re
s 

o
f 

ec
o

sy
st

em
 h

ea
lt

h
 

E
co

sy
st

em
 h

ea
lt

h
 t

ar
g

et
s 

fo
r 

N
R

M
 f

u
ll

y
 i

n
co

rp
o

ra
te

d
 a

n
d

 

g
iv

en
 e

q
u

al
 w

ei
g

h
t 

as
 p

ro
d

u
ct

io
n

 t
ar

g
et

s 

In
te

g
ra

te
d

 e
co

sy
st

em
 l

an
d

sc
ap

e
-s

ca
le

 p
la

n
n

in
g

 w
it

h
 f

u
ll

 

co
st

 a
n

d
 v

al
u

at
io

n
 d

at
a 

  

N
ew

 i
n

ce
n

ti
v

es
 i

n
tr

o
d

u
ce

d
 f

o
r 

re
st

o
ra

ti
o

n
 o

f 
d

eg
ra

d
ed

 

ec
o

sy
st

em
s 

an
d

 e
co

sy
st

em
 s

er
v

ic
es

, 
p

ro
v

id
in

g
 r

u
ra

l 

em
p

lo
y

m
en

t 

A
ll

 K
B

A
s 

ar
e 

w
el

l 
m

an
ag

ed
 c

o
m

p
o

n
en

ts
 o

f 
th

e 
n

at
io

n
al

 

p
ro

te
ct

ed
 a

re
a 

(P
A

) 
sy

st
em

 
P

er
v

er
se

 e
n

v
ir

o
n

m
en

ta
l 

su
b

si
d

ie
s 

ar
e 

el
im

in
at

ed
 

  

K
ey

 b
io

d
iv

er
si

ty
 a

re
as

 (
K

B
A

s)
 a

re
 d

es
ig

n
at

ed
 a

n
d

 a
ct

io
n

s 

ta
k

en
 t

o
 b

eg
in

 m
an

ag
em

en
t 

o
f 

th
es

e 
ar

ea
s 

A
g

ro
ch

em
ic

al
 a

n
d

 f
er

ti
li

ze
r 

u
se

 i
s 

h
al

v
ed

 
B

io
d

iv
er

si
ty

 l
o

ss
 i

s 
h

al
te

d
 

  

A
g

ri
cu

lt
u

ra
l 

p
ro

d
u

ct
io

n
 t

ar
g

et
s 

re
o

ri
en

te
d

 a
n

d
 r

em
ed

ia
ti

o
n

 

m
ea

su
re

s 
ta

k
en

 t
o

 r
es

to
re

 a
g

ri
cu

lt
u

ra
l 

sy
st

em
 h

ea
lt

h
 

R
em

ed
ia

ti
o

n
 a

ct
io

n
s 

st
ar

te
d

 f
o

r 
fa

rm
la

n
d

 t
h

at
 i

s 
m

o
st

 

co
n

ta
m

in
at

ed
 w

it
h

 h
ea

v
y

 m
et

al
s 

L
an

d
 d

eg
ra

d
at

io
n

 i
s 

h
al

te
d

 

  
In

sp
ec

ti
o

n
 c

ap
ac

it
y

 i
s 

d
o

u
b

le
d

 a
n

d
 p

en
al

ti
es

 a
re

 i
n

cr
ea

se
d

 

fo
r 

il
le

g
al

 i
m

p
o

rt
 o

r 
sa

le
 o

f 
n

at
iv

e 
o

r 
im

p
o

rt
ed

 w
il

d
 

p
ro

d
u

ct
s 

In
v

as
iv

e 
sp

ec
ie

s 
co

st
s 

an
d

 i
ll

eg
al

 p
ro

d
u

ct
 t

ra
d

e 
ar

e 
b

o
th

 

h
al

v
ed

 

H
ea

lt
h

 o
f 

m
aj

o
r 

ec
o

sy
st

em
s 

is
 r

es
to

re
d

 

  

U
rg

en
t 

ac
ti

o
n

s 
n

ee
d

ed
 t

o
 p

ro
te

ct
 f

o
re

st
 h

ea
lt

h
 a

re
 i

d
en

ti
fi

ed
 

an
d

 i
m

p
le

m
en

te
d

 i
n

 r
em

ai
n

in
g

 n
at

u
ra

l 
fo

re
st

s 

 
E

ff
ic

ie
n

t 
an

d
 e

ff
ec

ti
v

e 
n

at
io

n
al

-l
ev

el
 P

A
 s

y
st

em
 i

s 
in

 p
la

c
e
 

A
g

r
ic

u
lt

u
r
e
 

R
e
m

o
v

e
 m

a
r
k

e
t 

d
is

to
r
ti

o
n

s 

 C
r
e
a

te
 a

 c
o

m
p

e
ti

ti
v

e
 a

g
r
ic

u
lt

u
r
a

l 
m

a
r
k

e
t 

fo
c
u

se
d

 

o
n

 h
ig

h
-v

a
lu

e
 p

r
o

d
u

c
ts

 

 D
e
v

e
lo

p
 m

o
d

e
r
n

, 
c
o

m
m

e
r
c
ia

l 
sm

a
ll

h
o

ld
e
r
 

a
g

r
ic

u
lt

u
r
e
 

  

 R
ef

o
rm

s 
in

 s
u

p
p

o
rt

 r
u

ra
l 

la
n

d
 r

en
ta

l 
m

ar
k

et
s 

 L
an

d
 c

o
n

so
li

d
at

io
n

 t
h

ro
u

g
h

 i
m

p
ro

v
ed

 r
en

ta
l 

m
ar

k
et

s 
an

d
 

su
p

p
o

rt
in

g
 i

n
st

it
u

ti
o

n
s 

 F
u

ll
y

 f
u

n
ct

io
n

in
g

 l
an

d
 m

ar
k

et
s 

  
L

im
it

 g
ro

w
th

 o
f 

ag
ri

cu
lt

u
ra

l 
su

b
si

d
ie

s 
(e

v
en

 i
f 

W
T

O
 

co
m

p
li

an
t)

 

E
x

p
an

d
 e

x
te

n
si

o
n

 s
er

v
ic

es
 t

o
 b

et
te

r 
m

an
ag

e 
cl

im
at

e 
ch

an
g

e 

ri
sk

s 

M
ea

su
ra

b
le

 s
h

ar
e 

o
f 

lo
w

-c
ar

b
o

n
 a

g
ri

cu
lt

u
re

 

  
R

ef
o

rm
 e

x
te

n
si

o
n

 s
er

v
ic

es
 t

o
  

S
ca

le
 u

p
 p

il
o

t 
sc

h
em

es
 f

o
r 

in
p

u
t 

sa
v

in
g

 t
ec

h
n

o
lo

g
ie

s 
C

o
m

p
le

te
 c

o
v

er
ag

e 
o

f 
lo

w
-w

at
er

 t
ec

h
n

o
lo

g
ie

s 
in

 w
at

er
-

sc
ar

ce
 a

re
as

 

  
R

ef
o

rm
 p

ro
d

u
ce

r 
co

o
p

er
at

iv
es

 
S

tr
en

g
th

en
 p

ro
d

u
ce

r 
co

o
p

er
at

iv
es

 i
n

 s
u

p
p

ly
 c

h
ai

n
 f

o
r 

h
ig

h
-

v
al

u
e 

ag
ri

cu
lt

u
ra

l 
p

ro
d

u
ct

s 

  



286 c h i n a  2 0 3 0   

A
ir

 P
o

ll
u

ti
o

n
 a

n
d

 W
a

st
e
 

In
v

e
st

 i
n

 s
y

st
e
m

s 
to

 c
o

n
tr

o
l 

th
e
 m

o
st

 d
a

m
a

g
in

g
 

fo
r
m

s 
o

f 
p

o
ll

u
ti

o
n

 a
n

d
 w

a
st

e
 

B
r
in

g
 p

o
ll

u
ti

o
n

 t
o

 w
it

h
in

 s
a

fe
 l

im
it

s 
fo

r
 p

e
o

p
le

 

a
n

d
 e

c
o

sy
st

e
m

s 

C
o

m
p

le
te

 c
o

v
e
r
a

g
e
 a

n
d

 a
tt

a
in

m
e
n

t 
o

f 
p

o
ll

u
ti

o
n

 

ta
r
g

e
ts

 

  
A

g
re

e 
o

n
 s

ta
n

d
ar

d
s 

fo
r 

P
M

2
.5

 
A

ch
ie

v
e 

C
la

ss
 I

 t
ar

g
et

s 
fo

r 
P

M
2

.5
 i

n
 m

aj
o

r 
ci

ti
es

 
A

ch
ie

v
e 

C
la

ss
 I

 t
ar

g
et

s 
fo

r 
P

M
2

.5
 f

o
r 

al
l 

ci
ti

es
 

  
P

h
as

e 
o

u
t 

in
ef

fi
ci

en
t 

w
as

te
 d

is
p

o
sa

l 
m

et
h

o
d

s,
 p

il
o

t 
n

ew
 

m
et

h
o

d
s 

P
il

o
t 

ai
r 

q
u

al
it

y
 m

an
ag

em
en

t 
p

la
n

s 
in

 m
aj

o
r 

ci
ti

es
 

C
o

m
p

le
te

 i
m

p
le

m
en

ta
ti

o
n

 o
f 

ai
r 

q
u

al
it

y
 m

an
ag

em
en

t 
p

la
n
s 

  
P

il
o

t 
in

ce
n

ti
v

es
 f

o
r 

ef
fi

ci
en

t 
w

as
te

 u
ti

li
za

ti
o
n

 
A

ll
 n

ew
 l

an
d

fi
ll

s 
m

ee
t 

in
te

rn
at

io
n

al
 s

ta
n

d
ar

d
s;

 i
n

ci
n

er
at

io
n
 

o
f 

m
u

n
ic

ip
al

 w
as

te
 r

ea
ch

es
 1

0
%

 

H
ig

h
-t

ec
h

 m
o

n
it

o
ri

n
g

 o
f 

w
as

te
 s

tr
ea

m
 a

n
d

 u
ti

li
za

ti
o
n

 

  
 

S
ca

le
 u

p
 w

as
te

 u
ti

li
za

ti
o

n
 i

n
it

ia
ti

v
es

 
  

A
d

a
p

ti
n

g
 t

o
 c

li
m

a
te

 

c
h

a
n

g
e
 

Im
p

r
o

v
e
d

 i
n

fo
r
m

a
ti

o
n

 a
n

d
 u

n
d

e
r
st

a
n

d
in

g
 o

f 

cl
im

a
te

 r
is

k
s 

M
a

in
st

r
e
a

m
 c

li
m

a
te

 r
is

k
s 

in
to

 d
e
v

e
lo

p
m

e
n

t 

p
o

li
c
ie

s 

D
e
v

e
lo

p
 a

n
 e

c
o

n
o

m
y

 t
h

a
t 

is
 r

e
si

li
e
n

t 
to

 c
li

m
a

te
 

c
h

a
n

g
e
 i

m
p

a
c
ts

 a
n

d
 u

n
c
e
r
ta

in
ti

e
s 

  

 In
v

es
t 

in
 w

ea
th

er
 i

n
fo

rm
at

io
n

 a
n

d
 w

ar
n

in
g

 s
y

st
em

s 

 U
p

d
at

e 
an

d
 e

n
fo

rc
e 

b
u

il
d

in
g

 c
o

d
es

 

 F
u

ll
y

 f
u

n
ct

io
n

in
g

 r
is

k
 m

an
ag

em
en

t 
an

d
 r

ec
o

v
er

y
 

m
ec

h
an

is
m

s 

  
M

ak
e 

in
fo

rm
at

io
n

 o
n

 h
az

ar
d

s 
ac

ce
ss

ib
le

 
In

tr
o

d
u

ce
 f

in
an

ci
n

g
 f

ra
m

ew
o

rk
s 

fo
r 

ca
ta

st
ro

p
h

ic
 r

is
k

s 
  

  
Id

en
ti

fy
 c

o
st

-e
ff

ec
ti

v
e 

ad
ap

ta
ti

o
n

 m
ea

su
re

s 
E

x
p

an
d

 s
o

ci
al

 s
er

v
ic

es
 a

n
d

 s
u

p
p

o
rt

 n
et

w
o

rk
s 

in
 v

u
ln

er
ab

le
 

ru
ra

l 
ar

ea
s 

  



 S e i z i n g  t h e  O p p O r t u n i t y  O f  g r e e n  D e v e l O p m e n t  i n  c h i n a  287

References

Acemoglu, D. et al, in press. “The Environment and Directed Technical Change.” American Economic 
Review

Ang, B. 2004. “Decomposition Analysis for Policymaking in Energy: Which is the Preferred Method?” 
Energy Policy 32: 1131–1139.

Atkinson, G. et al. 2011. “Trade in ‘virtual carbon’: Empirical results and implications for policy.” In 
Global Environmental Change 21, no. 2: 563–574.

Aunan, K. et al. 2007. “Benefits and costs to China of a climate policy.” In Environment and Develop-
ment Economics 12: 471–497.

Bennett, M. 2009. “Markets for Ecosystem Services in China: An Exploration of China’s ‘Eco- 
Compensation’ and Other Market-Based Environmental Policies.” Forest Trends report. http://www.
forest-trends.org/documents/files/doc_2317.pdf.

Boden et al. 2010. Global, Regional, and National Fossil-Fuel CO2 Emissions. Carbon Dioxide Infor-
mation Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, 
TN., U.S.A. doi 10.3334/CDIAC/00001_V2010.

BP. 2011. BP Statistical Review of World Energy. http://www.bp.com/statisticalreview.
Burns, J., and X. Wang. 2010. “Civil Service Reform in China: Impacts on Civil Servants’ Behavior.” The 

China Quarterly 201: 58–78.
Cao J. 2011. “Is Fuel Taxation Progressive or Regressive in China?” in Fuel Taxes and the poor: the distri-

butional effects of gasoline and their implications for climate policy, edited by T. Sterner. Washington, 
DC: RFF Press.

Cao J. et al. 2009. “The Local and Global Benefits of Green Tax Policies in China.” Review of Environ-
mental Economics and Policy 3(2): 189–208.

Chang, D. et al. 2010. “Adjusting the Scope of China’s Environmental Protection Investment Accounts” 
(in Chinese). Environmental Economics. 

Chen, J. 2007. “Rapid Urbanization in China: A Real Challenge to Soil Protection and Food Security.” 
Catena 69: 1–15.

Cohen, A. J., et al. 2004. “Urban air pollution.” In Comparative quantification  of  health  risks:  Global  
and regional burden of disease due to selected major risk factors, edited by M. Ezzati, A. D. Rodgers, 
A. D. Lopez, and C. J. L. Murray. Vol 2. Geneva: World Health Organization.

Dai, T., and H. Cheng. 2008. “Analysis of Industrial Water Use and Water Saving Measures in China” 
(in Chinese). Industrial Water Treatment 28, no. 10.

Deng, X. et al. 2010. “Economic Growth and the Expansion of Urban Land in China.” Urban Studies 
47: 813–843.

Diamond, P.A. and H. Vartiainen, eds. (2007). Behavioral Economics and its Applications. Princeton: 
Princeton University Press. See also Gillingham, K., R. Newell and K. Palmer, 2009. Energy Efficiency 
Economics and Policy, NBER Working Paper 15031, National Bureau of Economic Research.

Ding Y.H. et al, eds. 2007. National Assessment Report on Climate Change. Beijing: Sciences Press.
Di P.M. et al, “A Survey of the Research on Changes in Extreme Precipitation Events” (in Chinese), 

Advances in Climate Change Research 3, no. 3 (2007): 144–148.
DRC (Development Research Center of the State Council, China). 2009. “Greenhouse gas emissions 

reduction: a theoretical framework and global solution.” In China’s New Place in a World in Crisis: 
Economic, Geopolitical and environmental dimensions, edited by Ross Garnaut, Ligang Song and 
Wing Thye Woo, 389–408. The Australian National University E-Press, and Brookings Institution 
Press.

DRC Project Team. 2011.  “CO2 Emission Account: Governance Framework in response to climate 
change and green growth” (in Chinese). Economic Research, Vol 12.

Dupressoir, S. et al. 2007. “Climate Change and Employment: Impact on Employment in the European 
Union-25 of Climate Change and CO2 Emission Reduction Measures by 2030.” European Trade 
Union Confederation. 

European Commission (EC). 2002. SERIEE: European System for the Collection of Economic Informa-
tion on the Environment — 1994 version (updated). KS-BE-02-002-EN-N.

Eurostat. Environment statistics database. http://epp.eurostat.ec.europa.eu/portal/page/portal/
environment/introduction.



288 c h i n a  2 0 3 0   

———. 2010. Environmental Statistics and Accounts on Europe. http://epp.eurostat.ec.europa.eu/cache/
ITY_OFFPUB/KS-32-10-283/EN/KS-32-10-283-EN.PDF.

Feng, F., and J. Wang. 2011. “Focusing on New Developments in Wind and Solar Power” (in Chinese). 
Survey Report No. 88, Development Research Center of the State Council, China.

Feng F. et al. 2011. “China’s Low Carbon Industrial Development Strategy” (in Chinese). Report to the 
China Council for International Cooperation on Environment and Development.

Fridley, D. et al. 2011. “China Energy and Emissions Pathways to 2030.” Paper No. LBNL-4866E, Law-
rence Berkeley National Laboratory.

Gao Hu and Fan Jingchun. 2010. Techno-Economic Evaluation of China’s Renewable Energy Power 
Technologies and Development Targets (in Chinese). Beijing: China Environment Press. 

Global Water Intelligence (GWI). 2008. Global Water Market 2008: Opportunities in Scarcity and 
Environmental Regulation. http://www.globalwaterintel.com.

Golley, J., D. Meagher, and X. Ming, 2008. “Chinese Urban Household Energy Requirements and CO2 
Emissions.” In China’s Dilemma: Economic growth, development and climate change, edited by in 
Song, L. and W.T. Woo. Washington DC: Brookings Institution Press.

Guo, J. et al. 2010. “Significant Acidification in Major Chinese Cropland.” Science 327: 1008–1012.
Han, S. 2010. “Analysis of Water Use by the Thermal Power Plant Industry and Suggested Responses” 

(in Chinese). Industrial Water Treatment 30, no. 2: 4–7.
Hasanbeigi, A. et al. 2010. “Analysis of Energy-Efficiency Opportunities for the Cement Industry in 

Shandong Province, China: A Case Study of 16 Cement Plants.” Energy 35: 3461–3473.
He, L. 2011. “Analysis: Rising Coal Prices Exacerbate China’s Electricity Shortages.” Financial Times 

Chinese edition, 18 May.
Ho, M., and D. Jorgenson. 2003. “Air Pollution in China: Sector Allocation of Emissions and Health 

Damage.”
Hood, C. 2010. “Reviewing Existing and Proposed Emissions Trading Schemes.” IEA Information 

Paper. Paris: OECD/IEA.
Huang, Y.P. 2010. “Dissecting the China Puzzle: Asymmetric Liberalization and Cost Distortion,” Asian 

Economic Policy Review, 5: 281–295.
Huberty, Gao and Mandell. 2011. “Shaping the Green Growth Economy, A Review of the Public Debate 

and the Prospects for Green Growth.” The Berkeley Roundtable on the International Economy.
International Energy Agency (IEA). World Energy Statistics and Balances. DOI 10.1787/data-00510-en.
———. 2009. Energy Technology Transitions for Industry. Paris: OECD.
———. 2010a. Energy Technology Perspectives 2010: Strategies and Scenarios to 2050. Paris: OECD.
———. 2010b. World Energy Outlook 2010. Paris: OECD.
———. 2011. CO2 Emissions from Fuel Combustion. Paris: OECD.
ILO (International Labor Organization). 2009. World of Work Report 2009: The Global Jobs Crisis and 

Beyond. Geneva: ILO. 
———. 2011. “Promoting Decent Work in a Green Economy.” ILO Background Note to Towards a 

Green Economy: Pathways to Sustainable Development. http://www.ilo.org/wcmsp5/groups/public/ 
@ed_emp/@emp_ent/documents/publication/wcms_152065.pdf.

IPCC (Intergovernmental Panel on Climate Change). 2007. Mitigation of climate change, Contribution 
of Working Group III to the Fourth Assessment Report of the IPCC. B. Metz, O.R. Davidson, 
P.R. Bosch, R. Dave & L.A. Meyer, eds. Cambridge: Cambridge University Press.

ISTAS (Instituto Sindical de Trobajo, Ambiente y Salud), Social Development Agency, Syndex, and Wupper-
tal Institute paper.  http://www.unizar.es/gobierno/consejo_social/documents/070201ClimateChang-
Employment.pdf. 

Jaeger et al. 2011.“A new growth path for Europe. Generating prosperity and jobs in the low-carbon 
economy”. Synthesis Report, a study commissioned by the German Federal Ministry for the Environ-
ment, Nature Conservation and Nuclear Safety.

Japan, Ministry of Environment. 1989. Quality of the Environment in Japan. Available at http://www.
env.go.jp/en/wpaper/index.html.

Jolley, J., D. Meagher, and X. Meng. 2008. “Chinese Urban Household Energy Requirements and CO2 
Emissions.” In L. Song and W. Woo (eds.) China’s Dilemma: Economic Growth, the Environment 
and Climate Change. Australian National University ePress and Brookings Institution Press.

Jotzo, Frank. 2010. “Comparing the Copenhagen emission targets.” CCEP working paper 1.10, Centre 
for Climate Economics & Policy, Crawford School of Economics and Government, The Australian 
National University, Canberra.



 S e i z i n g  t h e  O p p O r t u n i t y  O f  g r e e n  D e v e l O p m e n t  i n  c h i n a  289

Kartha, Sivan and Peter Erickson. 2011. “Comparison of Annex 1 and non-Annex 1 pledges under the 
Cancun Agreements.” Stockholm Environment Institute working paper WP-US-1107.

Kawasaki Air Pollution Monitoring Center. “Air Pollution Monitoring Data.” http://www.city.kawasaki.
jp/30/30kansic/home/en/e_index.htm.

Krugman, Paul. 2011. “Here Comes the Sun.” The New York Times, 6 Nov 2011, A25.
Li, T. 2004. “The Energy Intensity of China’s Cement Industry and Potential for Energy Conservation” 

(in Chinese). International Cement Forum 9: 30–37.
Lin, B., and J. Liu, 2010. “Estimating Coal Production Peak and Trends of Coal Imports in China.” 

Energy Policy 38: 512–519.
Lin, B. et al. 2011. “Estimates of the Potential for Energy Conservation in the Chinese Steel Industry.” 

Energy Policy 39: 3680–3689.
Liu, G. 2011. “Causes of and Solutions to Present Coal Supply Shortages” (in Chinese). The Collective 

Economy (May): 20–22. 
Liu S.J. et al. 2011. Trap or High Wall? Real Challenges the Chinese Economy Faces and Its Strategic 

Choice (in Chinese). China CITIC Press.
Liu, Y., and J. He. 2011. “Slowing Economic Growth in the East and Shrinking Regional Disparities: 

Short-term Fluctuations or Long-term Trends” (in Chinese). Working Paper, Development Research 
Center of the State Council, China.

Liu Xiuli et al. 2011. “2011 Forecast of CO2 Emissions from Primary Energy Consumption by Sector for 
China” (in Chinese). Science & Technology for Development 1: 22–33.

Martinez-Fernandez, C. et al. 2010. “Green Jobs and Skills: The Local Labor Market Implications of 
Addressing Climate Change.” Working document, OECD, CFE/LEED. http://www.oecd.org/dataoecd/ 
54/43/44683169.pdf?contentId=44683170.

Matus, Kira et al. 2011. “Health Damages from Air Pollution in China.” MIT Joint Program on the Sci-
ence and Policy of Global Change Report No. 196 (March).

McKinsey & Company. 2009. “China’s Green Revolution: Prioritizing Technologies to Achieve Energy 
and Environmental Sustainability.” http://www.mckinsey.com/locations/greaterchina/mckonchina/
reports/china_green_revolution.aspx.

MEP (Ministry of Environmental Protection, China). 2009. Environmental Yearbook.
MEP and CAE (Chinese Academy of Engineering). 2011. Macro-Strategy for China’s Environment: 

Strategy for Protection of China’s Environmental Factors (in Chinese), Vols. 1 and 2. Beijing: China 
Environmental Sciences Press.

Messner, Dirk. 2009. “Four lessons from the present global financial crisis for the 21st century: An essay 
on global transformations from a European Perspective.” Presentation at Development Forum, 2009.

MLR (Ministry of Land Resources, China). 2008. “1.831 Million Hectares of Cropland Converted to 
Construction Use Land Across Country During the Last Land Use Planning Period” (in Chinese), 30 
October. http://www.mlr.gov.cn/xwdt/jrxw/200810/t20081030_111262.htm.

Muro, M. et al. 2011. “Seizing the Clean Economy: A National and Regional Green Jobs Assessment.” 
Metropolitan Policy Program study, Brookings Institution. http://www.brookings.edu/~/media/Files/
Programs/Metro/clean_economy/0713_clean_economy.pdf.

Murphy, Kevin, Andrei Shleifer, and Robert Vishny. 1989. “Industrialization and the Big Push.” The 
Journal of Political Economy 97, no. 5: 1003–1026.

NBS (National Bureau of Statistics, China). 2000–2010a. China Statistical Yearbook. Beijing: China 
Statistics Press.

NBS. 2009–2010b. China Energy Statistical Yearbook. Beijing: China Statistics Press.
NDRC (National Development and Reform Commission) Bureau of Energy, NDRC Energy Research 

Institute, China Association of Resource Comprehensive Utilization Expert Committee, and China 
Renewable Energy Industry Work Committee. 2007. China Renewable Energy Industry Develop-
ment Report (2006). 

Netherlands Environmental Assessment Agency, and JRC (European Commission’s Joint Research 
Centre). 2011. Long-term trend in global CO2 emissions, #500253004, PBL. The Hague: European 
Union.

NIES (National Institute for Environmental Studies, Japan). Monthly air quality data base. http://www.
nies.go.jp/igreen/td_down.html. 

Organization for Economic Cooperation and Development (OECD). 2007. OECD Environmental Data 
Compendium 2006/2007: Environmental Expenditure and Taxes. 

———. 2008. Environmental Policy, Technological Innovation and Patents. Paris: OECD.



290 c h i n a  2 0 3 0   

———. 2009. Patent Statistics Manual. Paris: OECD.
———. 2010. “Climate Policy and Technological Innovation and Transfer: An Overview of Trends and 

Recent Empirical Results.” OECD Environment Directorate, Environment Policy Committee, Work-
ing Party on Global and Structural Policies report ENV/EPOC/GSP(2010)10/FINAL.

———. 2011a. Invention and Transfer of Environmental Technologies. OECD Studies on Environmen-
tal Innovation. Paris: OECD.

———. 2011b. Towards Green Growth. OECD Green Growth Studies. Paris: OECD. 
Pan, J. et al. 2011. “Green Economy and Green Jobs in China: Current Status and Potentials for 2020.” 

Worldwatch Report 185. Worldwatch Institute. http://www.worldwatch.org/node/8677.
Peng, W.. 2011. “Coal Sector Reform and Its Implications for the Power Sector in China.” Resources 

Policy 36: 60–71.
Rosensterin-Rodan, P.N. 1943. “Problems of Industrialization of Eastern and South-Eastern Europe.” 

The Economic Journal 52, no. 210/211: 202–211.
Shi, M., and G. Ma. 2009. The Real Price of China’s Economic Growth—An Empirical Study of Genu-

ine Savings (in Chinese). Beijing: China Sciences Press.
Shi, X. 2008. “Can China’s Coal industry be reconciled with the environment?” In L. Song and W. Woo 

(eds.) China’s Dilemma: Economic Growth, the Environment and Climate Change. Australian 
National University ePress and Brookings Institution Press.

Stiglitz, J. and N. Stern. 2009. “Climate crisis and economic crisis” Commentary in the VoxEU Debate 
on the Global Crisis. Open Markets. 7 March 2009. http://voxeu.org/index.php?q=node/2840.

UN, EC, IMF, OECD, and World Bank. 2003. Handbook of National Accounting: Integrated Environ-
mental and Economic Accounting. 

UNEP (United Nations Environmental Programme) et al. 2008. Green Jobs: Towards Decent Work in 
a Sustainable, Low-Carbon World. Washington, DC: Worldwatch Institute. http://www.unep.org/
labour_environment/features/greenjobs.asp.  

———. 2010. “The Emissions Gap Report: Are the Copenhagen Accord Pledges Sufficient to Limit 
Global Warming to 2°C or 1.5°C?” Preliminary assessment report. http://www.unep.org/publications/ 
ebooks/emissionsgapreport/pdfs/The_EMISSIONS_GAP_REPORT.pdf.

———. 2011a. Bridging the Emissions Gap. 
———. 2011b. Towards a Green Economy: Pathways to Sustainable Development and Poverty Reduc-

tion. http://www.unep.org/greeneconomy.
UNIDO. INDSTAT. http://data.un.org.
UN Population Division. 2009. World Urbanization Prospects: The 2009 Revision. http://esa.un.org/

unpd/wup/index.htm.
——— 2011. World Population Prospects: The 2010 Revision. http://esa.un.org/unpd/wpp/index.htm.
UN Statistics Division. National Accounts Main Aggregates. http://data.un.org.
———. National Accounts Official Country Data. http://data.un.org.
US EIA (Energy Information Administration, United States). International Energy Statistics database. 

http://www.eia.gov/countries/data.cfm.
———. 2011. International Energy Outlook 2011. http://205.254.135.7/forecasts/ieo/pdf/0484(2011).pdf.
US EPA (Environmental Protection Agency, United States). 2011. “The Benefits and Costs of the Clean 

Air Act from 1990 to 2020”. http://www.epa.gov/air/sect812/prospective2.html.
Wang, J. N., and Y. Lu. Undated. “An Analysis on Statistical Indicators and Methodology of Environ-

mental Investments in China.” Report by Chinese Academy for Environmental Planning, Beijing. 
http://www.caep.org.cn/english/paper/An_Analysis_on_StatisticalIndicators_and_Methodology_of_
Environmental_Investments_in_China.pdf

Wang, J. X. et al. 2008. “Can China Continue Feeding itself?” World Bank Policy Research Working  
Paper 4470. http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2008/ 
03/03/000158349_20080303090028/Rendered/PDF/wps4470.pdf.

———. 2010. “Climate Change and China’s Agricultural Sector: An Overview of Impacts, Adaptation 
and Mitigation.” International Centre for Trade and Sustainable Development and International Food 
and Agricultural Trade Policy Council Issue Brief No. 5, http://www.agritrade.org/events/documents/
ClimateChangeChina_final_web.pdf.

Wang, X. et al. 2010. “How Have China’s Environmental Protection Investment Statistics Become Inac-
curate?” (in Chinese). Environmental Protection 17: 35–37. 

WBCSD (World Business Council for Sustainable Development). Cement Sustainability Initiative. http://
www.wbcsdcement.org/.



 S e i z i n g  t h e  O p p O r t u n i t y  O f  g r e e n  D e v e l O p m e n t  i n  c h i n a  291

Woetzel, J. et al. 2009. “From Bread Basket to Dust Bowl? Assessing the Economic Impact of Tackling 
Drought in North and Northeast China.” McKinsey & Company report. http://www.mckinsey.com/
locations/chinatraditional/From_Bread_Basket_Dust_Bowl_EN.pdf.

World Bank. World Development Indicators. http://data.worldbank.org/data-catalog/world-development- 
indicators.

———. 2006. Where is the Wealth of Nations? Measuring Capital for the 21st Century.
———. 2007. Cost of Pollution in China: Economic Estimates of Physical Damages.
———. 2008. Climate Resilient Cities: A Primer.
———. 2010. World Development Report.
———. 2011. The Changing Wealth of Nations: Measuring Sustainable Development in the New 

Millennium.
Worrell, E. et al. 2008. “World Best Practice Energy Intensity Values for Selected Industrial Sectors.” 

Paper No. LBNL-62806 Rev. 2, Lawrence Berkeley National Laboratory.
WRI (World Resources Institute). Climate Analysis Indicators Tool (CAIT), version 8.0. http://cait. 

wri.org/.
Wu, S. et al. 2007. “Analysis of the Distortion of China’s Environmental Protection Investments, and 

Some Recommendations” (in Chinese). China Population, Resources, and Environment 17, no. 3: 
112–17.

Xiong, W. et al. 2010. “Climate Change, Water Availability, and Future Cereal Production in China.” 
Agricultural Ecosystems and Environment 135: 58–69.

Zeng, X. 2010a. “Heavy Metals Cycling and its Regulation in China Cropland Systems” (in Chinese). 
Chinese Journal of Applied Ecology 21, no. 9: 2418–2426.

Zhai Panmao et al. 2005. “Trends in Total Precipitation and Frequency of Daily Precipitation Extremes 
over China.” Journal of Climate 18: 1096–1108.

Zhang, L. et al. 2008. “Situation and Problem Analysis of Water Resource Security in China” (in Chi-
nese). Environment and Water Resources of the Yangtze River 18: 116–120.

Zhang, Y. and H. Shi. 2011. “How Carbon Emission Mitigation Promotes Economic Development—
A Theoretical Framework” (in Chinese). Project Paper of “Fighting Climate Change”, Development 
Research Center of the State Council, China.

Zhang, Y.S.. and Wu J. 2011. “Auction or Free Allocation? Investigating the Effects of different alloca-
tion approach of carbon emissions permits” (in Chinese). Project Paper of “Fighting Climate Change”, 
Development Research Center of the State Council, China. 

Zhang Y.W. 2011. “Recommendations to Accelerate the Development of China’s Shale Gas Resources” 
(in Chinese). Development Research Center of the State Council, Investigatory Research Report 
No.  51.

———. 2010b. “China’s Cement Industry Moves for Energy Intensity Indicators.” China Cement (April): 
25–27. 

Zhong, X. 2011. “Release of Report on Quality of Life in Chinese Cities” (in Chinese). Chinacity.org.cn, 
13 June. http://www.chinacity.org.cn/csfz/csxw/71597.html.

Zhou, C. 2003. Quality of Life in China: Situation and Evaluation (in Chinese). Beijing: Social Sciences 
Materials Press.

Zhou, N. et al. 2011. “China’s Energy and Carbon Emissions Outlook to 2050.” Paper No. LBNL-4472E,  
Lawrence Berkeley National Laboratory.




