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ver the past decade, and especially
during the 11th Five-Year period
of 2006–10, China has prioritized
green development in almost all of
its leading economic sectors. One of the greatest
promises of China’s green transition is the potential for expanded employment in industries and
economic sectors that can help slow and possibly
reduce the country’s environmental impact. This
report explores greening activities in three leading sectors of China’s economy: energy, transportation, and forestry. In doing so, it aims to
shed light on the current scale of investment and
employment in these sectors and to offer estimates of potentials for 2020.
China’s energy sector is heavily dependent on
coal. Increasing the share of renewable energy in
the country’s energy mix would contribute significantly to reducing emissions and play a vital role
in greening the energy supply. This report focuses
on economic and employment prospects in three
renewable energy sectors that are advancing rapidly in China: solar hot water, solar photovoltaics
(PV), and wind power.
During the 11th Five-Year Period (2006–10),
China’s solar PV power sector generated some
2,700 direct jobs and 6,500 indirect jobs annually, on average. This is projected to increase to
an average of 6,680 direct jobs and 16,370 indirect jobs annually between 2011 and 2020. Given
the rapid growth in China’s solar industry and
potential upward revisions in government projections, these estimates for future green jobs could
increase considerably in the coming years.
China’s wind power industry—both the
power generation and turbine manufacturing sectors—created an average of 40,000 direct
green jobs annually between 2006 and 2010.

Divided highway and wind farm in Xinjiang province.

Even factoring in increased productivity, China’s
wind power development between 2011 and
2020 is projected to generate some 34,000 green
jobs annually on average.
Formerly the “kingdom of bicycles,” China is
expected to add as many as 220 million new vehicles between now and 2020. This report focuses
on economic and employment prospects in three
green transportation subsectors: China’s alternative-fuel vehicle industry (the development of
hybrid cars and electric cars), the high-speed rail
sector, and urban rail in Beijing.
Despite its relative newness, the Chinese market for alternatively fueled vehicles is expanding
rapidly. By mid-2010, China was home to some
5,000 such vehicles, with a combined distance
of just over 81 million kilometers traveled. If the
government continues to prioritize the development of hybrid and electric vehicles during the
2011–20 period, cumulative production could
Green Economy and Green Jobs in China
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reach 16.7 million, or an average of 1.67 million
vehicles annually. This would lead to the creation
of roughly 1.2 million green jobs annually in this
sector, on average.
Already a world leader in high-speed rail
(HSR) development, China aims to have 18,000
kilometers of HSR by 2020, which would create
an average of 230,000 direct and 400,000 indirect
jobs annually during the 2011–20 period, or a
total of 630,000 jobs annually.
As one of the most populated cities in the
world and still growing, Beijing’s municipal
government has stepped up its urban rail ambitions in recent years. Its current targets include
completion of 660 kilometers of lines by 2015 (at
a total investment of $77 billion) and construction of another 340 kilometers of lines during
2016–20 (at a total investment of $69 billion).
This could bring more than 437,000 jobs each
year by 2020.
On the forest resources front, China’s forests are home to more than 1,800 species of wild
animals, more than 2,000 tree species, and more
than 6,000 species of bushes, hundreds of which
are found only in China. Nourishing these forested areas is vital for sustaining the country’s
green transition. This report focuses on economic and employment prospects in three nontimber forestry subsectors: forestation, forest
management, and forest tourism.
Although China does not have abundant forest resources, government-led forestation efforts
have led to an impressive expansion in nationwide forest cover. Based on our estimation, the
forestation sector employed as many as 1.8 million full-time workers in 2010 alone, or an average of 1.6 million workers annually during the
2005–10 period. To achieve its 2020 goals, China’s forestation activities could offer as many as
1.1 million direct and indirect jobs annually during 2011–20. Managing the newly added forest
area during this period would bring another
1 million jobs.

6
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China also has great potential to expand its
niche sector of forest park tourism, as the country is home to more than 2,000 forest parks
nationwide. We estimate that by 2020, this relatively new green sector could provide 392,000
direct jobs and 607,000 indirect jobs, or nearly 1
million green jobs in total.
Due to the different methodologies used to
derive green jobs estimates in this report, it may
not be appropriate to simply add these estimates
together to derive an overall green jobs figure for
China. It can be stated with confidence, however,
that the three sectors highlighted in the report—
energy, transportation, and forestry—could
provide at least 4.5 million green jobs in 2020. If
these sectors continue their rapid expansion, and
if similar estimates could be obtained for other
emerging green sectors in China, it would be
clear that the economy-wide potential for green
jobs is enormous.
China has established a long-term green vision
and will almost certainly meet or surpass its
ambitious green economy goals. Yet vision alone
is not enough; attention also needs to be paid
to the actual steps being taken to achieve those
goals. One of the greatest lessons to be learned
from the early days of China’s green transition is
that building a sustainable future requires using
approaches and processes that are sustainable in
practice as well. To achieve that goal, the Chinese
government needs to enhance its administrative efficiency and to adopt new market-based
approaches to create a supportive yet stable environment for nourishing the green economy.
This report represents the most thorough
effort known to date to explore China’s green
economy and green jobs potentials. In the future,
the availability of more comprehensive and more
reliable data will allow for an expansion and
deepening of this effort, enabling Chinese policymakers and other stakeholders to better understand the options that are available to them in
pursuing an effective green transition.
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China’s Shift to a
Green Economy

C

hina is in the early stages of a potentially earthshaking transition. The
Chinese government recognizes that
“greening” the economy is an emerging
global aspiration and has embraced the strategic
goal of boosting the country’s economic growth
while also enhancing environmental protection.
Top Chinese political leaders have emphasized
on many occasions that their country is committed to a green development path that is based on
improved efficiency of energy and water use, shifts
to renewable energy, and other critical steps.
At the 17th National Congress of the Chinese
Communist Party in 2007, President Hu Jintao stated that “implementation of the scientific
concept of development must rely on comprehensive, coordinated, and sustainable development.”1* At other high-level occasions, including the 2010 APEC Summit in Yokohama, Japan,
President Hu affirmed that China seeks to transform its growth pattern and to engage in greener,
more sustainable development.2 Vice Premier Li
Keqiang has similarly noted that China “must
nurture and strengthen a green economy, promote green development,” and foster the necessary institutional arrangements to create both
policy incentives and standards for doing so.3
China’s shift to a greener economy provides an
opportunity to create new pathways for economic
growth, including through the creation of “green
* Endnotes are grouped by section and begin on page 28.
†
The terms “green economy” and “green jobs” have never
been well or precisely defined. For the purposes of this
report, a green economy refers to an economy that has
made a significant shift toward producing economic value
with less environmental impact; green jobs are jobs that
are brought into being entirely or largely through this
transformative economic process.

www.worldwatch. o r g

jobs.” † But it also reflects the need to address serious environmental problems that have resulted
from decades of rapid economic development.
China’s gross domestic product (GDP) has grown
by an average of 10 percent annually during the
last three decades—among the fastest rates in the
world.4 During the second quarter of 2010, China
passed Japan to become the world’s second largest economy.5 The rapid industrial development
required for this growth has left a heavy environmental toll.
Since the 1980s, China has been plagued by
worsening air pollution from coal burning and
other industrial sources. From the late 1990s to
the mid-2000s, more than 60 percent of Chinese
cities, home to two-thirds of the country’s urban
population, failed to meet the national Environmental and Air Quality Standard.6 In 2008, the
World Health Organization listed seven Chinese
cities, including the capital city Beijing, as among
the “10 most polluted places” in the world.7 The
Chinese Academy of Social Sciences has estimated that air pollution accounts for as much
as 16 percent of the economic toll caused by the
country’s environmental problems.8
Chinese greenhouse gas emissions are rising
rapidly as well. In 2006, China passed the United
States to become the world’s largest emitter of
carbon dioxide (CO2) from industrial sources,
primarily from fossil fuel combustion.9 Roughly
80 percent of Chinese CO2 emissions are from
the burning of coal for power generation and
other uses.10 One of the dirtiest fossil fuels, coal
accounts for nearly 70 percent of China’s total
energy consumption and was the source of
80 percent of the country’s power generation
between 2002 and 2008.11
Rapid industrialization has polluted China’s
Green Economy and Green Jobs in China
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water resources. By 2005, some 59 percent of the
country’s rivers were considered undrinkable,
based on the standard set by the State Environmental Protection Agency (SEPA).12 That same
year, more than 70 percent of inland lakes and
water reserves were considered heavily polluted
and one-quarter of underground aquifers were
deemed polluted, with more than half of urban
aquifers heavily polluted.13 Severe water pollution
posed health risks to more than 360 million Chinese in 2005.14

Coal-fired power plant in Shuozhou, Shanxi province.

China’s rural environment and land-based
ecosystems are also suffering. By 2008, heavy
metals, the bulk of them from industrial sources,
were polluting one-fifth of the country’s arable
land, reducing the grain yield by an average of
10 million tons annually.15* With the reduction
in arable land, China’s per capita grain stocks
dropped from 412 kilograms in 1998 to 334
kilograms in 2003.16 Between 1994 and 2009,
the annual rate of desertification increased from
some 2,500 square kilometers to 3,500 square
kilometers, costing the country an average of 54
billion yuan (US$8.3 billion) annually.17†
Human pressures and the explosive growth
* Units of measure throughout this report are metric unless common usage dictates otherwise.
†
All dollar and cent amounts are expressed in U.S. dollars.
Currencies in this report are converted at the rate of 1 U.S.
dollar = 6.5 Chinese yuan.
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of China’s economy have likewise taken a toll on
wildlife in the country. China is currently home
to 156 of the 640 endangered species listed in the
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).18
Meanwhile, an estimated 15–20 percent of highelevation plants nationwide are under threat due
to forest loss and reduced ecosystem function.19
Overall, SEPA estimates that environmental damage cost China roughly 10 percent of
its GDP in 2005.20 Analysts have suggested that
the country will need to spend at least 2 percent of its GDP to clean up 30 years of industrial
waste.21 All of these environmental challenges
point to the need for a sweeping revision of
China’s development paradigm, a need now recognized by both the Communist Party and the
government that it directs.
China is hardly the only country embracing
a green economy. Its neighbor to the east, South
Korea, stands out among several nations that
have begun to adopt “green growth” initiatives
or plans. Building on its success in developing
more eco-conscious technologies, in 2010 South
Korea launched a pathbreaking Green Growth
Initiative that aims to transform the country
from a resource- and carbon-intensive economy
to one based on the efficient use of energy and
resources. More than any other country in the
world, South Korea has elevated the attainment
of a green economy to the level of national strategy and launched a comprehensive institutional
system for implementation.
South Korea’s green growth initiative presents valuable lessons for both China and the rest
of the developing world. Led by president Lee
Myung-Bak, the strategy has gained broad public support, including from the major opposition party, and is being implemented through
detailed and forceful legislation. Despite early
opposition from the steel and cement industries,
the initiative has been largely embraced by South
Korea’s major companies. Firms such as Hyundai
and Samsung have responded by creating their
own green growth strategies, including entering
into new business areas such as solar and wind
power, electric vehicles, and zero-emission factories. The government has also created a Global
Green Growth Institute with the aim of scaling
w w w. w o r l d watch.org
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up financial and technical support to help other
developing countries create their own green
growth strategies and policies.
Although China’s strategy is not as comprehensive as South Korea’s, many Chinese policies
and actions—both ongoing and planned—are
clearly in line with the green growth paradigm.
Over the past decade, and especially during the
11th Five-Year planning period of 2006–10,
China has prioritized green development in
almost all leading economic sectors. Efforts
have been undertaken to boost energy efficiency
in industry, transportation, and buildings; to
develop wind, solar, and other renewable energy
sources; to create a resource-saving “circular”
economy; and to transform traditional sectors
through the use of energy-efficient and environmentally sound technologies.
Yet China’s green economy potential has
barely been tapped. The United Nations Environment Programme (UNEP) defines a green
economy as one that “results in improved human
well-being and social equity, while significantly
reducing environmental risks and ecological scarcities.”22 Although China should aim to meet all
of these goals, in practice it is clear that establishing a green economy requires thinking more in
“shades of green” than in absolute terms. China
currently is in a transition period during which
new green sectors, such as renewable energy and
electric vehicles, co-exist with old “brown” industries, such as coal-based power.
One of the greatest promises of China’s green
transition is the potential for expanded employment in industries and economic sectors that
promise to reduce or at least slow the country’s
environmental impact. Often called “green jobs”
but ill-defined in practice, paid positions in such
industries and sectors are increasingly available to
jobseekers in China. As elsewhere, such opportunities are particularly important at a time of global
economic uncertainty, when any job is an asset.
Although China’s official unemployment rate
has remained low—in urban areas, it has been
below 5 percent for more than two decades—
actual joblessness may be much higher.23 According to a report from the Chinese Academy of
Social Sciences, urban unemployment reached
9.4 percent in 2008.24 Meanwhile, estimates put
www.worldwatch. o r g

surplus rural labor at more than 100 million
people.25 As agricultural productivity continues
to rise and as China’s economy shifts away from
a labor-intensive model, rural unemployment is
expected to increase further. New job opportunities in China’s emerging green sectors will help
relieve the social burden of unemployment in
more traditional economic sectors.
China’s green economy plans are focused in
three broad target areas: boosting the share of
renewable energy in the country’s energy supply; preserving and enhancing the country’s
natural assets, particularly forests; and embracing new technologies to reduce the environmental impacts of traditionally “dirty” sectors.26
But greening can and should occur in all sectors
of the economy. UNEP’s 2010 Green Economy
Report, for example, focuses on initiatives being
taken worldwide in 11 sectors: agriculture, buildings, cities, energy, fisheries, forests, manufacturing, tourism, transport, waste, and water.27
The following analysis explores greening
activities in three leading sectors of China’s
economy—energy, transportation, and forestry—covering activities in each of the three
target areas. These sectors are chosen both for
their overall importance and because they offer
the most data on environmentally sustainable
economic development in China. The report
sheds light on the current scale of investment
and employment in these sectors and also offers
estimates of potentials for 2020.* In doing so,
it provides the clearest picture to date of the
implications of China’s green economy transition both for the world’s most populous country and for the rest of the planet.

* Due to data availability, this report relies on a mix of
methodologies to derive green jobs estimates for China.
Input-output models, which seek to capture direct and
indirect employment and to estimate net employment
impacts, are used to the extent possible, based on the
2007 China Input-Output Table. For sectors not clearly
specified in the table, the report relies on industry surveys
or expert interviews. Calculations are generally based on
a key underlying assumption, such as reaching a given
level of spending or achieving a specific policy goal (for
example, generating a certain share of the energy supply
from renewable sources by a target year). The methodologies for each sectoral analysis are clarified in the endnotes
as necessary.
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Greening the
Energy Supply

C

hina’s energy sector is heavily dependent on coal, which emits more carbon dioxide into the atmosphere
per unit of energy released than any
other energy source. The country has vast coal
reserves and relies on this fossil fuel for roughly
75 percent of its energy production and 68 percent of its energy consumption—much higher
shares than in the rest of the world.1 Coal-fired
power generation accounted for at least 80 percent of the nation’s total electricity supply from
2002–08.2
Not surprisingly, coal also is responsible for
roughly 80 percent of China’s carbon dioxide
emissions, with more than half of this coming
from thermal power generation.3 In 2006, China
passed the United States to become the world’s
largest emitter of industrial CO2.4 Coal is also an
important contributor to air pollution, acid rain,
and human health problems nationwide.
In 2009, China passed the United States to

become the world’s largest energy consumer,
according to the International Energy Agency.5
Although China aims to increase the share of
renewable energy in its energy mix to 15 percent
by 2020, projections indicate that the country’s
total energy consumption will continue to rise
and that coal will remain dominant. For instance,
more than 60 percent of China’s electricity in
2020 is still expected to come from coal-fired
power plants.6 (See Figure 1.)
Increasing the share of renewable energy
sources—particularly wind and solar power—
would contribute significantly to emissions
reductions and play a vital role in greening China’s energy supply. According to the draft Development Plan for Emerging New Energy Industry,
China aims to invest some 5 trillion yuan ($770
billion) in new energy-related sectors between
2011 and 2020.7 Of this, some 2–3 trillion yuan
($308–462 billion) will be investments in renewable energy (excluding hydropower).8

Figure 1. China’s Electricity Mix, 2010 and Projections for 2020

2010

2020
Large
Hydropower
15.3%

Large
Hydropower
14.6%
Coal
73.0%

2.4%
2.3%

Nuclear

4.8%

Natural Gas

4.3%

Coal
67.4%

7.7%
Supply Gap

8.2%

Source: China Electric Power Research Institute
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Solar Hot Water
In a little over a decade, China has made unprecedented achievements in solar water heating.
Solar hot water accounted for half of the country’s total renewable energy use of 50 million tons
of coal equivalent (tce) in 2008, excluding large
hydropower and traditional biomass.9 That year,
Chinese companies manufactured 31 million
square meters of solar water heaters, accounting
for 76 percent of global production.10
In 2009, China added another 42 million
square meters of solar hot water, for a total of
177 million square meters installed.11 (See Figure
2.) This surpassed the national goal of 150 million square meters by 2010 (as outlined in the
Medium-and-Long Term Development Plan for
Renewable Energy) and represented more than 80
percent of the world total.12
Solar water heating, together with other solar
thermal applications such as solar cookstoves and
solar houses, is expected to replace more than 50
million tce of China’s energy use annually.13 And
there is significant potential for further growth.
Estimates suggest that if just 20 percent of the
country’s roof area were devoted to solar water
heating systems, this would replace 340 million
tons of coal, or 11.4 percent of China’s 2008 coal
consumption.14
China is by far the world’s leading manufacturer of solar water heaters, with domestic
production capacity topping 40 million square
meters in 2009.15 As of 2010, more than 2,000
manufacturers of these systems were operating
at scale.16 China is positioning itself as the technology leader in this area. Annual production
of Chinese-developed vacuum-tube solar heating systems, among the most advanced in the
world, now exceeds 16 million square meters.17
These systems are being used widely domestiwww.worldwatch. o r g

Figure 2. China’s Installed Solar Hot Water Capacity,
1997–2009
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A wide variety of approaches are available for
greening the energy supply, including the use of
technologies such as carbon capture and storage (CCS) to transform existing fossil fuel power
generation. Due to data availability, however, this
report focuses on economic and employment
prospects in three renewable energy sectors that
are advancing rapidly in China: solar hot water,
solar photovoltaics, and wind power.
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cally and are also exported to Asia, Europe, and
Africa. Chinese manufacturers boast a remarkable 90 percent of the global market for these
products.18
Although comprehensive data on solar hot
water in China are lacking,* the 2010 Research
Report on Development of China’s Solar Thermal
Industry provides projections for growth of the
solar thermal sector to 2020.19 According to the
report’s medium scenario:
• Annual production of solar water heaters will
reach 135 million square meters in 2015 and
273 million square meters in 2020;
• Annual production of solar water heaters will
reach a nominal value of 180 billion yuan ($28
billion) by 2015 and 380 billion yuan ($58 billion) by 2020;
• Total installation of solar water heaters will
reach 400 million square meters in 2015 and
800 million square meters in 2020;
• Annual exports of solar water heaters will reach
$500 million by 2015 and $1 billion by 2020; and
* Rapid development of the solar heating industry and the
dispersive nature of installation and maintenance services
have prevented the creation of a sectorwide dataset for
solar hot water in China. Existing industry surveys do not
provide details on the methodology and datasets used,
and industrial associations and energy research institutes
offer varying visions for future development. Because
the industry is primarily market-oriented, the Chinese
government does not provide a detailed development plan
as it does for wind and solar photovoltaic.
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• Solar thermal overall will account for 16 percent of total renewable energy consumption
and 2 percent of total energy consumption
in 2020.
Achieving these 2020 goals for solar water
heating would result in the replacement of some
122 million tons of coal, equivalent to a reduction in CO2 emissions of 262 million tons.20
The employment effects of expanded solar
water heating are less certain. So far, Chinese
researchers and industry experts have not developed a reliable methodology to estimate potential
job creation in this sector because of the lack of
comprehensive data and continued uncertainty
about the industry’s development path.

Solar Photovoltaics
China is home to abundant solar resources, with
an annual usable capacity equivalent to 2.4 trillion tce.21 The most promising resources are
located in the country’s northwest, including in
Xizang, Qinghai, Xinjiang, Gansu, and Ningxia
provinces, and Inner Mongolia.22 (See Figure 3.)
Given the scale of this solar capital, there is significant potential for solar power to become an
important part of China’s energy mix.
Generally speaking, there are two kinds of
solar power-generation technologies: solar photovoltaic (PV) and solar thermal. Because the
latter is not yet commercialized in China and

Figure 3. Map of Solar Radiation Intensity in China

Kilowatt-hours per .
Square Meter per Day

Source: SWERA
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remains mostly at the demonstration stage, this
report focuses on solar PV manufacturing and
power generation activities.

PV Manufacturing
Since 2003, China’s solar photovoltaic manufacturing industry has experienced rapid growth.
Domestic solar cell production reached 1.2 gigawatts (GW) in 2006, and in 2008 China overtook
both Japan and Europe to become the largest PV
manufacturer worldwide.23 With improvements
in technology and newly added capacity for producing solar silicon materials, China is starting to
develop a comprehensive PV industry.24 By June
2008, the country was home to nearly 700 PV
manufacturing companies, of which roughly 40
were focused on polysilicon materials, 70 on silicon ingots, 40 on solar batteries, and more than
500 on PV components and other applications.25
In 2010, four out of the global top 10 solar PV
cell manufacturers were Chinese companies.26
According to industry reports, China’s PV
manufacturing industry had cumulative sales
of 88 billion yuan ($13.5 billion) and employed
some 83,000 workers in 2007—up sharply from
only 13 billion yuan ($2 billion) and 13,800
workers in 2005.27 (See Table 1.) Although more
recent data are not available, it can be assumed
that both sales and employment have continued
this strong growth.
Yet China’s photovoltaic manufacturing
industry faces great uncertainties, making it difficult to predict future prospects. Slow development of the country’s solar power generation
sector has stymied local demand for equipment and led to the creation of a manufacturing industry that is primarily export-oriented.
Overcapacity is also a concern. Since 2009, the
rapid growth in polysilicon manufacturing
worldwide has led to a global glut in both the
silicon supply and solar PV components. As a
result, the PV market is characterized by redundant production capacity.
China alone had the capacity to produce more
than 70,000 tons of polysilicon in 2010, enough
to meet current global demand.28 In August 2009,
the government announced that it would establish new standards to regulate industry access
and slow rampant development in photovoltaic
w w w. w o r l dwatch.org
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manufacturing.29 As more countries worldwide
promote domestic renewable energy, however,
China’s export-oriented PV industry may face
trade conflicts and other challenges that could
significantly affect the sector’s development.

PV Power Generation
PV power generation lags considerably behind
PV manufacturing in China. Whereas the country’s solar cell production increased more than
1,000 times between 1990 and 2007, the total
installed PV power capacity increased only 39
times, starting from a very small base.30 China’s
installed solar PV generation capacity reached
270 megawatts (MW) in 2009, with half of this
total installed that year.31 (See Figure 4.)
Based on the total installed capacity for 2006–
10 and on projections for 2020 (see Table 2), it is
possible to derive a rough estimate of job creation in China’s PV power sector.32 Our estimation shows that during the 11th Five-Year Period
(2006–10), the sector generated an average of
2,700 direct jobs and 6,500 indirect jobs annually.* This is projected to increase to an average of
6,680 direct jobs and 16,370 indirect jobs annually
between 2011 and 2020. Given the rapid growth
in China’s solar industry and potential upgrades
in government projections, estimates for future
green jobs could be much higher.

Table 1. Employment and Sales in China’s Solar Photovoltaic
Manufacturing Industry, 2005–07
.

Employment .
(number of positions)
Industry Subsector

2005

2006

2007

Components

2,700

9,000

25,000

Silicon ingots/wafers

2,400

7,700

13,000

Batteries

1,500

4,800

11,000

Polysilicon

1,000

3,600

7,000

Systems engineering and .
    marketing services

2,000

2,600

3,000

Special materials (glass, EVA, .
    silver aluminum, etc.)

500

1,800

2,500

Balance components (inverter, .
    battery, etc.)

500

1,000

1,500

3,000

8,500

1,500

300

500

800

13,800

39,500

82,800

12.8

43.3

88.2

Lighting, garden lights, consumer.
    goods
Research and development
Total Employment
Total Industrial Sales (billion yuan)
Source: See Endnote 27 for this section.

Figure 4. China’s Installed Solar Photovoltaic Capacity,
1990–2009

Wind Power

Source: China Solar PV Report, ERI

250
200
Megawatts

Since the mid-1990s, and especially during
the 11th Five-Year Period (2006–10), China’s
wind energy sector has expanded dramatically. The country invested more than 300 billion yuan ($46 billion) in 378 new wind energy
projects in 2010 alone.33 By the end of the year,
China’s grid-connected installed wind power
capacity reached 31 GW, second only to that of
the United States.34 If off-grid applications are
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Cumulative Capacity
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* Jobs here are defined as newly added one-year working
opportunities. Due to limitations with the input-output
method, estimates in this report capture only the employment opportunities created during the process of building
solar PV power generation facilities. The operation and
management share of potential employment is the subject
of future studies. Direct jobs are jobs created directly in
the target sector; indirect jobs are positions created in
related sectors due to increased economic activity in the
target sector.
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included, this figure approaches 42 GW, making
China the global leader in wind power development.35 (See Figure 5.)
China’s installed wind power capacity is
Green Economy and Green Jobs in China
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Table 2. China’s Installed Solar Photovoltaic Capacity,
Targets and Actual Capacity, 2006–20
Annual Addition
Year

Target

Cumulative Installed Capacity

Actual

Target

Actual

megawatts

2006

10

10

80

80

2007

20

26

100

106

2008

40

34

140

140

2009

160

130

300

270

2010

400

n/a

700

n/a

2020

—

—

1,800

—

Source: See Endnote 32 for this section.

Figure 5. China’s Installed Wind Power Capacity,
1997–2010
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expected to exceed 110 GW in 2015.36 According
to the draft Development Plan for Emerging New
Energy Industry, the country will invest up to 5
trillion yuan ($770 billion) in new energy-related
sectors during 2011–20, including an estimated
1.5 trillion yuan ($231 billion) in wind power
exclusively.37
This report focuses on economic and employment prospects in two subsectors of China’s
wind industry: power generation and equipment
manufacturing.38 Additional subsectors, such as
research and development (R&D), consulting,
and other technical services, are not covered due
to limited data availability.
14
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Wind Power Generation
Based on projections for China’s wind power
market, it is possible to estimate potential job
creation in the sector. Industry data indicate
that for every megawatt of installed wind power
capacity, this requires the employment of 1.5–2
full-time workers (defined as operations personnel on wind farms).39 Assuming that this ratio
continues to hold as installed capacity expands,
this means that China’s wind power development
during 2006–10 resulted in the creation of some
61,000 to 81,400 full-time positions.40 (See Table
3.) In 2010 alone, China’s 16 GW of newly added
wind power capacity created an estimated 24,000
to 32,000 new jobs. We estimate that there may
be closer to 83,000 full-time employees working
on China’s 42 GW of installed wind turbines.
To meet its 2020 goal for wind power development of 120 GW, China will need to install an additional 78 GW of generation capacity between 2011
and 2020.41 This could result in as many as 66,000
new jobs over this period, or an average of 6,600
jobs annually.42 The actual number of green jobs in
the sector could be far greater, however, because this
estimate represents only operations personnel on
wind farms and does not include potential installation workers needed. Moreover, at the current pace
of wind development, China could achieve much
greater installed capacity by 2020.43
Using the available multipliers for indirect
employment, it can be estimated that China’s
wind power development generated an average
of 32,000 indirect jobs annually between 2006
and 2010.44 The addition of 78 GW of capacity
between 2011 and 2020 would generate an average of 30,000 indirect jobs annually in related
sectors during this period.
Wind Turbine Manufacturing
China’s wind turbine manufacturing sector offers
significant potential for green jobs as well. In
2007, the average per-kilowatt price for a wind
turbine in China was 6,000–7,000 yuan ($924–
1,078).45 With increasing economies of scale, the
price dropped to roughly 4,000 yuan ($616) in
2008 and even lower in 2010.46 Assuming an average turbine price of 6,500 yuan in 2006–07, 4,000
yuan in 2008–10, and 3,500 yuan in 2011–20, it is
possible to estimate the annual investment needs
w w w. w o r l dwatch.org
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Table 3. Employment in China’s Wind Power
Industry, 2006–10
.
Year

Annual Addition to
Installed Capacity

.
Employment

gigawatts

positions created

2006
2007
2008
2009
2010

1.34
3.4
6.1
13.8
16.0

2,000–2,700
5,200–6,900
9,200–12,200
20,700–27,600
24,000–32,000

Total
(2006–10)

40.7

61,000–81,400

Source: See Endnote 40 for this section.

and job creation in the country’s wind turbine
industry.47 (See Table 4.)
Assuming that there was no significant change
in China’s economic infrastructure, and assuming
that the share of wind turbines produced domestically reached the government-mandated level of
80 percent, the wind equipment manufacturing
sector generated an estimated 50,000 direct jobs
in 2010. For the 2006–10 period, this total rises to
126,200 jobs. Due to the lack of reliable data on
Chinese turbine exports, however, this green jobs
estimate does not capture the full employment
effect of China’s wind manufacturing industry.

For the 2011–20 period, based on the addition
of 78 GW of wind capacity and assuming that 80
percent of equipment is produced domestically,
an estimated 219 billion yuan will need to be
invested in China’s turbine manufacturing sector.
This would lead to an average of 21,000 new jobs
created annually during this period.
Using the available indirect employment
multipliers, it can be estimated that China’s turbine manufacturing sector generated an average
of 67,000 indirect jobs annually between 2006
and 2010. Meeting the equipment demands of
an additional 78 GW of capacity by 2020 would
require adding an average of 56,000 jobs annually
to turbine manufacturing-related sectors.
In total, China’s wind power industry—both
the power generation and turbine manufacturing sectors—created an average of 40,000 direct
green jobs annually between 2006 and 2010. Even
factoring in increased productivity, China’s wind
power development between 2011 and 2020 will
continue to generate an estimated 34,000 green
jobs annually on average. Although not all of
the indirect jobs associated with the wind power
industry can be considered green jobs, the sheer
scale of indirect employment—averaging 1 million jobs annually for 2006–10 and 86,000 jobs
annually for 2011–20—suggests that China’s
massive wind development plans make an important contribution to the overall economy.

Table 4. China’s Wind Turbine Manufacturing and Job Creation, 2006–10
.
.
Year

2006
2007
2008
2009
2010
Total
(2006–10)

.
Newly Installed
Turbine Capacity

Share of Turbines
Domestically
Produced

Turbine Capacity
Domestically .
Produced*

Investment .
in Turbine
Production

.
Direct .
Employment

gigawatts

percent

gigawatts

billion yuan

jobs created

1.3
3.3
6.2
13.8
16.0

45
58
76
80
80

0.6
1.9
4.7
11.0
12.8

3.8
12.4
18.6
44.2
51.2

3,660
12,010
18,050
42,850
49,670
126,240

*Because some of China’s annual added turbine capacity is imported equipment, the table breaks out the portion of
capacity produced only by domestic manufacturers.
Source: See Endnote 47 for this section.
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Greening
Transportation

C

Australian cowboy

hina’s transportation sector, like its
energy sector, is undergoing a transformation. As the average wealth of
Chinese citizens increases, the former “kingdom of bicycles” is experiencing a
swell of motorization. In 2009, China overtook
the United States to become the world’s largest
automotive market, home to some 170 million
vehicles.1 The transportation sector now accounts
for just over one-tenth of China’s total primary
energy consumption, although this remains well
below the U.S. transportation sector’s share of 28
percent.2 As its vehicle volume continues to grow,
China’s energy consumption from transportation
will increase rapidly as well.

Traffic on Chang’an Avenue, Beijing.

China is expected to add as many as 220 million new vehicles between now and 2020.3 Yet
there is a green lining to this increasing mobility.
The government plans to invest trillions of dol16
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lars between now and 2020 to make the transportation sector more environmentally sustainable,
and it is adopting low-pollution strategies to both
meet rising vehicle demand and improve public
transport.
China’s rising interest in green transportation
is in large part a response to the environmental
and social problems associated with the country’s
rapid transition to a “car-and-truck” economy.
Air pollution routinely cloaks many Chinese
cities, and congestion of roads and highways is
becoming a painful fact of life. The most extreme
illustration of this growing headache was a nearly
two-week traffic jam that occurred north of Beijing in August 2010.4
Notably, this traffic jam was caused in part
by the country’s growing energy needs. In 2009,
after the Chinese government began implementing coal industry reforms in Shanxi province,
China’s largest coal production base, Inner Mongolia became the alternative major coal supplier.
This geographical shift led to a dramatic increase
in heavy truck traffic along highways connecting
Inner Mongolia to Beijing, which were not projected to accommodate such an increase in fleet
volume until 2035.5
Although data on green transportation in
China are sparse, various analyses explore elements of this transition. Intercity and urban rail,
for example, have attracted tremendous investment in China and can be considered “green”
approaches when compared to fossil fuel-intensive road and air transport. Between 2005 and
2008, investment in China’s intercity and urban
rail industry jumped from 170 billion yuan ($26
billion) to more than 530 billion yuan ($82 billion).6 During that same period, the “green” share
of China’s overall transportation investment
w w w. w o r l dwatch.org
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increased from 16.5 percent to 28 percent.7
Data on employment in China’s green transportation sector are similarly sparse, although
estimates have been derived for certain subsectors. Assuming that intercity rail and urban
public transport (including urban rail as well as
public buses) are green transportation options,
then these sectors supported as many as 2.9 million green jobs in 2009, accounting for 62 percent of total transport employment, according
to China’s 2010 Statistical Yearbook.8
This report focuses on economic and employment prospects in three green transportation
subsectors: China’s alternative-fuel vehicle industry (the development of hybrid cars and electric
cars); the high-speed rail sector; and urban rail
in Beijing.

electric, and fuel-cell vehicles—by 2012. To
encourage rapid uptake, in 2009 and 2010 the
government expanded the promotion of alternative-fuel vehicles to private buyers and released
a series of financial incentives for their purchase,
including a subsidy cap of 60,000 yuan ($9,200)
per vehicle.14 As of October 2010, an estimated
8.5 billion yuan ($1.3 billion) had been invested
in China’s electric vehicle industry through capital markets.15

China is experiencing a boom in private vehicle
ownership. On average, the country’s vehicle fleet
increased 14.5 percent annually between 2000
and 2009.9 The number of private cars alone
more than doubled between 2005 and 2008.10
According to the China Association of Automobile Manufacturers, the country produced 18.3
million vehicles in 2010, and 18.1 million vehicles
were sold that year.11 As elsewhere, almost all cars
in China run on gasoline.
Despite its relative newness, the Chinese market for alternatively fueled vehicles is expanding
rapidly. In January 2009, four government bodies* jointly initiated the “Ten Cities, One Thousand Vehicles” project to promote fuel-efficient
and alternative-fuel vehicles. The goal is to deploy
an average of 1,000 hybrid and/or electric vehicles for public service use in each of 10 pilot cities
annually between 2009 and 2012.12 By mid-2010,
China was home to an estimated 5,000 alternative-fuel vehicles, with a combined distance of
just over 81 million kilometers traveled.13
The Chinese government aims to achieve
a 10-percent market share for so-called “newenergy vehicles”—including hybrid-electric,

John Lloyd

Alternative Fuel Vehicles

Brochure cover for the Benni Mini electric car.

Based on China’s total investment in developing and producing new energy vehicles, it is
possible to calculate potential job creation in this
sector during the 2011–20 period.16 If the government prioritizes the development of alternative-fuel vehicles, then cumulative production of
hybrid and electric vehicles could reach 16.7 million (15 percent of total vehicle production), or
an average of 1.67 million vehicles annually. This
would lead to the creation of roughly 1.2 million green jobs annually in this sector on average.
Under a less rosy development scenario, however,
China’s alternative fuel vehicle industry would
generate an average of only 640,000 jobs annually
between 2011 and 2020.

High-Speed Rail
* The Ministry of Science and Technology (MOST),
Ministry of Finance, National Development and Reform
Commission (NDRC), and Ministry of Industry and
Information Technology (MIIT).

www.worldwatch. o r g

China’s first high-speed rail line was established
only in 2004, yet the country has already become
the global leader in high-speed rail (HSR) develGreen Economy and Green Jobs in China
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opment. By the end of 2010, China was home to
17 HSR lines with a total operational length of
some 8,400 kilometers, making it the most extensive HSR network in the world.17 According to
the country’s Long-Term Railway Network Plan,
which was updated in 2008, China aims to have
18,000 kilometers of HSR by 2020.18

The Shanghai Transrapid maglev train leaving the station.

To reach this goal, China will need to build
another 10,000 kilometers of HSR lines over the
coming decade. Based on the calculation that
building 1 kilometer of HSR costs roughly 112
million yuan ($17.3 million), this brings the total
investment needed for the remaining lines to 1.11
trillion yuan ($171 billion).19 Applying employment coefficients to these investment figures translates into an average of 230,000 direct and 400,000
indirect jobs created annually during the 2011–20
period, or a total of 630,000 jobs annually.20

Urban Rail
In 2006, China’s urban rail network—defined
here as metro and light rail systems*—transported 1.8 billion passengers, twice as many as
in 2001.21 During this same period, rail’s share
* Other urban rail formats, such as trams and those based
on magnetic levitation (“maglevs”), are not discussed in
this report due to their low prevalence in China. Only two
commercialized maglev lines exist in China, in Shanghai
and Beijing, and trams are found only in a few mediumsized cities, including Dalian, Changchun, and Anshan.
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of urban passenger transport increased from 2.4
percent to 3.9 percent.22 Since then, urban rail has
continued to expand.
As of 2007, 10 Chinese municipalities boasted
urban rail systems, with a total of 30 lines in
operation.23 By 2010, this total had increased to 37
lines, with a combined length of 1,130 kilometers.
24
Shanghai and Beijing have the longest urban
rail networks by far, spanning 420 kilometers and
330 kilometers respectively in 2010.25 Shanghai’s
metro, which added lines during the 2010 World
Expo, has overtaken London’s to become the
world’s most extensive subway network.26
During the 10th Five-Year Period (2001–05),
China invested 200 billion yuan ($31 billion) in
urban rail construction.27 The country deployed
more than 400 kilometers of urban rail, of
which 293 kilometers are metro lines.28 Twentyfive of China’s 48 cities with more than 1 million residents are planning a combined total
of 5,000 kilometers of urban rail systems, at an
estimated investment cost exceeding 800 billion
yuan ($123 billion).29
Although data limitations make it difficult to
estimate the employment effect of China’s urban
rail sector, specific analysis of urban rail in Beijing allows for broader insight into these green
jobs potentials.30
Beijing’s municipal government has stepped
up its urban rail ambitions in recent years. Current targets include completion of 660 kilometers of lines by 2015, at a total investment of 500
billion yuan ($77 billion), and construction of
another 340 kilometers of lines during 2016–20,
at a total investment of 445 billion yuan ($69
billion).31 These investment projections can be
used to estimate the future employment effects
of Beijing’s urban rail development plan.32 (See
Table 5.)
For the period from 2011 through 2015,
investment in Beijing’s urban rail systems could
create an average of 164,000 direct jobs and close
to 300,000 indirect jobs annually. Further development of urban rail from 2016 through 2020
to achieve the municipal government’s target
could create an average of 146,000 direct jobs and
266,300 indirect jobs annually. Overall, from 2011
through 2020, development of urban rail in Beijing could bring more than 437,000 jobs each year.
w w w. w o r l d watch.org
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These trends in China’s transportation sector—for alternative-fuel vehicles, high-speed rail,
and urban rail—suggest that the nation’s green
development strategy is not only compatible with
economic growth, but can serve as a powerful
economic driver. The rest of the world may face
difficulties trying to match China’s tremendous
investment in green transportation. The Chinese
example only strengthens the case for a global
green transition and can boost worldwide confidence about the benefits of green growth in both
developing and developed countries.
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Table 5. Job Creation Potentials in Beijing’s Urban Rail Transit,
2011–20
Direct .
Employment

Indirect .
Employment

Total .
Employment

                                                         number of positions

2011–15

820,200

1,496,100

2,316,300

2016–20

730,000

1,331,500

2,061,500

1,550,200

2,827,600

4,377,800

Total (2011–20)

Source: See Endnote 32 for this section.
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Greening the
Forestry Sector

F

Forestation
Relative to the global average, China does not
have abundant forest resources. According to
the State Forestry Administration (SFA), forest
20
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Figure 6. Economic Output of China’s
Forestry Sector, 2006–10
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Source: China Forestry Yearbook
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orests serve as the Earth’s largest terrestrial carbon reservoir and play an
important role in maintaining the carbon balance through carbon sequestration and oxygen release. Managing forest ecosystems is also vital to protecting biodiversity and
ecosystem health. In China, forests are home to
more than 1,800 species of wild animals, more
than 2,000 tree species, and more than 6,000
species of bushes, hundreds of which are found
only in China.1
From an economic perspective, China’s forestry sector includes various subsectors such as
cultivation, planting, and management; logging
and timber transport; processing and manufacturing of forest products; and cultivation of
flowers and bamboos. Newer subsectors in recent
decades include forest tourism, forest ecosystem
management, and forest bio-industry.
China’s forestry sector saw rapid expansion
during the period from 2006 through 2010, outpacing GDP with an average annual growth rate
of 18.3 percent.2 (See Figure 6.) Assuming similar growth in the future, China’s forestry sector
could be worth as much as 4.1 trillion yuan ($632
billion) in 2015 and 8 trillion yuan ($1.2 trillion)
in 2020.3 More than half of this annual revenue,
however, comes from timber-related activities
and cannot be considered part of the green economy. Due to data limitations, this report focuses
on economic and employment prospects in three
non-timber forestry subsectors: forestation, forest management, and forest tourism.
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coverage nationwide in 2009 was only 20.4 percent—roughly two-thirds the worldwide average
and lagging behind 138 other countries.4 China’s per capita forest area and forest reserve are
one-fourth and one-seventh the global average,
respectively.
Considering that China’s forest coverage
was as low as 8.6 percent in 1948, however, it
is apparent that government-led forestation
efforts—planting activities undertaken to create
forest area—have been effective.5 Of 195 million hectares of forest in China, some 62 million
were planted, the largest such area worldwide.6
Although the annual forestation area has fluctuated over the past half-century, it generally ranges
between 3 and 6 million hectares.7 (See Figure 7.)
Government-led forestation efforts in China
include both afforestation (the establishment of
forest where there was none before) and reforestation (the establishment of forest in areas where
w w w. w o r l d watch.org
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Figure 7. Annual Forestation Area in China, 1953–2008
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Source: Development Research Center
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trees or forest have been removed*). A major
SFA initiative is the Six Key Forestry Projects,
which includes programs to protect natural forest resources; restore agricultural lands to forest;
control the sources of sandstorms in Beijing and
Tianjin; create shelter forests in various regions;
protect wildlife and establish nature reserves;
and cultivate fast-growing and high-yield forests
in barren areas. Between 1999 and 2008, these
projects added some 52 million hectares of forest
area, increasing China’s forest coverage by more
than 30 percent.8 In 2009, they added another 4.6
million hectares of forest area, or nearly threequarters of the total forestation that year.9
In addition, the government has initiated
a national campaign to encourage voluntary
tree-planting. Since 1979, March 12 has been
designated as National Arbor Day, when citizens ranging from high-ranking members of the
Communist Party to elementary school students
participate in collective tree-planting activities.
Between 1982 and 2009, more than 56 billion
trees were planted through this campaign.10
China’s forestation efforts have resulted in
significant environmental benefits. Data from
the National Climate Change Program indicate
that forestation activities, including both national

* In principle, reforestation can be done either naturally
(by natural seeding, coppice, or root suckers) or artificially
(by direct seeding or planting). This report covers only the
artificial share of reforestation activities.
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programs and voluntary tree-planting by individuals, absorbed as much as 3.1 billion tons of
carbon dioxide between 1980 and 2005.11 Meanwhile, the pace of desertification has slowed from
an average annual expansion of 3,500 cubic kilometers in the late 1990s to less than 1,300 cubic
kilometers in 2010.12
By the end of 2010, China had designated
more than 122 million hectares, about 2.7 percent of its territory, as nature reserves.13 The
country now boasts more than 2,150 forest parks,
spanning 16 million hectares nationwide, which
play a crucial role in protecting biodiversity.14
More than 95 million hectares of natural forest were considered “protected” in 2010, helping
to decrease forest resource usage by 426 million
cubic meters in total.15
In total, China’s forests provide an estimated
10 trillion yuan ($1.54 trillion) in ecosystem services each year.16 This includes conserving some
500 billion cubic meters of fresh water, solidifying more than 7 billion tons of soil, preserving
some 364 million tons of nutrients; absorbing 32
million tons of air pollutants, and keeping down
up to 5 billion tons of dust.17 In 2008, China’s
forestation activities generated an economic output of 48 billion yuan ($7.4 billion), representing
3.3 percent of the forestry economy.18
As a labor-intensive activity, forestation can
significantly increase employment, especially
in rural areas. According to the SFA, the typical
working time required for forestation—includGreen Economy and Green Jobs in China
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ing land preparation, land cultivation, planting,
and plant cultivation—ranges between 71 and
136 person-days per hectare, or an average of 104
person-days per hectare. Assuming that a standard full-time forestation position requires 300
working days annually, it is possible to estimate
the employment effect of China’s forestation sector between 2005 and 2010.20 (See Table 6.)

Encroaching desert near the western end of the Great Wall at .
Jiayuguan, Gansu province.

Table 6. Job Creation from Forestation Activities in China,
2005–08
.
Year

Annual .
Forestation Area

Working Days
Needed

Direct Job .
Creation

million hectares

million

million year-long
positions

2005

3.6

377

1.3

2006

3.8

397

1.3

2007

3.9

405

1.4

2008

5.4

554

1.9

2009

6.3

648

2.2

2010

5.3

549

1.8

Source: See Endnote 20 for this section.

Based on this analysis, it can be estimated that
the forestation sector employed as many as 1.8
million full-time workers in 2010 alone, or an
average of 1.6 million workers annually during
22
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the 2005–10 period. This assumes, of course, that
an employed worker can engage in forestation for
as many as 300 days a year; in reality, forestation
tends to be short-term, seasonal work and does
not require a year-long, full-time position. The
actual number of workers hired (on a short-term
basis) would therefore be much higher than the
number of average full-time positions.
Because forestation activities are closely linked
to other economic sectors such as seed nurseries and technical training, these activities boost
employment in these sectors as well. Using indirect
employment multipliers, it can be estimated that
forestation in China created an average of 1.84
million year-long, full-time indirect jobs annually
during 2005–10.21 In total, the country’s forestation
activities created an average of 3.47 million direct
and indirect jobs annually during this period.
The prospects for continued green jobs creation from forestation are high. At the United
Nations climate change conference in Copenhagen, Denmark, in 2009, President Hu Jintao
stated that an important way for China to mitigate the effects of climate change is to “increase
forest coverage by 40 million hectares and forest
reserves by 1.3 billion cubic meters [from the
2005 level] by 2020.”22 Assuming that forestation continues to account for 3.3 percent of the
forestry sector’s economic output, these activities
could be worth 130 billion yuan ($20 billion) by
2015 and 270 billion yuan ($42 billion) by 2020.
According to our estimation, achieving these
goals for the coming decade would require a total
of 1.56 billion working days, providing full-time
employment for an average of 520,000 forestation workers annually between 2011 and 2020.23
In addition, forestation activities could create
an average of 590,000 indirect jobs annually in
related sectors during this period. Overall, China’s forestation activities could offer as many as
1.1 million direct and indirect jobs annually during 2011–20. This employment potential should
not be interpreted as “new jobs,” however, due to
the short-term nature of forestation work.

Forest Management
After forestation takes place, careful management
is generally needed to help preserve and maintain this valuable green capital. In China, most
w w w. w o r l dwatch.org
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Table 7. Job Creation from Forest
Management in China, 2005–10
.
Year

Annually Added .
Forest Area

Direct Job .
Creation

million .
hectares

number of .
full-time positions*

2005

3.6

24,251

2006

3.8

25,592

2007

3.9

26,051

2008

5.4

35,699

2009

6.3

41,749

2010

5.3

35,333

Total

28.3

188,675

* Forest management jobs are considered long-term positions. Because these jobs increase as the forested area
expands, job creation here refers to the net increment.
Source: See Endnote 26 for this section.

taken to appreciate forest scenic resources.
China’s forest tourism involves mainly the establishment of forest recreation areas, such as forest parks, nature reserves, scenic spots, botanical
gardens, and state-operated forest farms, as well
as the development of associated resources. Due
to limited data availability, this report focuses on
the economic and employment prospects related
to forest parks, which account for 70–80 percent
of forest tourism activities.29 Consequently, any

Sung Ming Whang

forest management duties are undertaken by forest rangers who are responsible for tasks such as
monitoring and preventing forest fires, preventing illegal logging and wildlife hunting, and identifying forest pests.
Specific data on China’s forest management
subsector are not available; however, official Chinese statistics include these activities under the
general category of “public forestry management
and related services,” which was valued at 10.6
billion yuan ($1.6 billion) in 2008.24 Although
forest management accounts for only a small
share of China’s forestry economy, as with forestation it has significant environmental value and
is therefore a crucial sector of the green economy.
Based on China’s annual forestation area and
the SFA’s guideline that each full-time forest
manager should oversee no more than 150 hectares of forest per year, it is possible to estimate
direct job creation from forest management in
recent years.25 In total, more than 188,000 fulltime forest management jobs were created during
the 2005–10 period, including some 35,000 positions in 2010 alone.26 (See Table 7.) This estimate
captures only the employment effects of newly
added forest area, due to the lack of relevant
data for existing forests. If all forest area were
included, the actual number of forest management jobs in China would be much higher.
Based on the indirect employment multiplier,
each direct job in China’s forest management sector would create a further 1.48 jobs in related sectors.27 This results in more than 52,000 indirect
jobs created in 2010, or an average of 46,000 jobs
created annually from 2005 through 2010.
Looking ahead, the estimated forestation area
needed to achieve the government’s 2020 goal
is 18.3 million hectares.28 Managing this newly
added forest area during 2011–20 would require
some 1.2 million employees. Assuming 3 percent
annual growth in productivity on average, direct
job creation would drop to 1.04 million. Correspondingly, these new forest management jobs
would help bring 1.5–1.8 million new jobs in
related sectors during the 2011–20 period.

Forest Tourism
A third significant “green” sector in China is forest tourism, defined as tourism activities underwww.worldwatch. o r g

A forest park in Shanghai.
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Figure 8. Jobs and Revenue from Forest Park Tourism
in China, 1998–2008
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job creation estimates will be smaller than under
the broader definition of forest tourism.
With more than 2,000 forest parks nationwide, China has great potential to expand this
niche form of tourism. Between 1990 and 2008,
the forestry department invested more than 1.1
billion yuan ($170 million) in forest park construction and maintenance, according to China’s
Forestry Yearbook.30 In 2008, the sector generated
nearly 19 billion yuan ($2.9 billion) in revenue
and directly employed some 140,000 full-time
workers.31 (See Figure 8.) Although data for more
recent years are not available, estimates suggest
that in 2010, revenue totaled 27–29.3 billion yuan
($4.2–4.5 billion) and the sector generated some
178,000 direct jobs.32
Forest tourism has strong linkages with other
economic sectors including business, transpor-
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tation, infrastructure, forest cultivation, water
conservation, religion, and the service and leisure industries. Development of this industrial
chain will speed job creation in related sectors,
especially in newer areas such as forest healthcare (using forest resources to improve people’s
health), forest industry investment, tourism
employee training, and the leisure culture industry. Based on the indirect employment multiplier
for China’s tourism sector, which suggests that
one job created in tourism will bring 1.55 jobs
to related sectors, it can be calculated that forest
tourism generated between 243,000 and 276,000
indirect jobs in 2010.33
Looking ahead, assuming that the annual revenue from forest park tourism will continue to
increase by an average of 20 percent annually, by
2015 this sector could provide 273,000 direct jobs
and generate 423,000 indirect jobs in related sectors. For 2020, these estimates would increase to
392,000 direct jobs and 607,000 indirect jobs, or a
total of nearly 1 million green jobs.
By combining the job creation estimates in
these three forestry-related subsectors—forestation, forest management, and forest tourism—
it is possible to gain a rough sense of how many
green jobs exist in China’s forestry sector in a
given year.* For 2010, for example, as many as
2 million newly created positions in the sector
could be considered green jobs.
* Due to the different methodologies used to derive green
jobs estimates in this report, it may not be appropriate to
simply add these estimates together to derive an overall
green jobs figure. However, such summation can be useful
in providing a rough calculation of green jobs in a specific
sector in a given year.
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ased on the analysis provided above, it
can be stated with confidence that the
three sectors highlighted in this report—
energy, transportation, and forestry—
could provide at least 4.5 million green jobs in
2020. If these sectors continue their rapid expansion, and if similar estimates could be obtained
for other emerging green sectors in China, it
would be evident that the economy-wide potential for green jobs is enormous.
Greening initiatives in these leading economic
sectors indicate that the Chinese government is
making great strides in shifting the country’s economic development to a more sustainable path.
As a largely top-down political system, China has
set goals for nearly every aspect of sustainable
development over the coming decade. With tremendous investment already approved and additional support policies being planned, the country has established a long-term green vision and
will almost certainly meet or surpass its ambitious green economy goals.
Yet a green vision alone is not enough; attention also needs to be paid to the actual steps
being taken to achieve those goals. Ultimately,
it is not the green development policies and
plans, but rather their effective implementation, that will make a measurable difference for
China’s environment and for human well-being.
Indeed, one of the greatest lessons to be learned
from the early days of China’s green transition is
that building a sustainable future requires using
approaches and processes that are sustainable in
practice as well.
Due largely to inefficient implementation,
several key green development measures in
China have resulted in unintended economic or
environmental costs. For example, although the
www.worldwatch. o r g

country is now the world leader in installed wind
power capacity, roughly one-third of this Chinese
capacity has difficulty connecting to the grid,
resulting in millions of dollars of investment
loss.1 The solar photovoltaic industry faces significant hurdles as well. China is the world’s largest PV producer, yet domestic photovoltaic power
remains in the early stages, and the country’s
export-oriented PV market has become overheated. Rapid growth in manufacturing and the
lack of effective environmental enforcement have
led to serious pollution problems.2 China needs
urgently to expedite domestic PV development if
it hopes to further green its energy supply.
To avoid these and other costs, the Chinese
government needs to enhance its administrative efficiency and to adopt new market-based
approaches to create a supportive yet stable environment for nourishing the green economy. One
challenge will be smoothing the rough edges in
the relationships among different levels of government. In China, provincial and local governments are mandated to take the lead in implementing green development policies, yet their
lack of coordination and their preference for
actions that boost local GDP can impede efficient
and effective implementation of national policy.
Moreover, as China advances its economic and
political reforms, the country has become less
centralized than two decades ago, making relationships among the different levels of government increasingly complex.
Another significant barrier to China’s green
transition is the lack of basic research and statistical capacity. It is extremely difficult to find
accurate, reliable data on economic and social
trends in China, either because this has not been
collected or because of problems with the existGreen Economy and Green Jobs in China
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ing statistical system. Expert estimates and projections often vary significantly, requiring careful
scrutiny to determine their reliability and/or suitability to China’s context.
This report represents the most thorough
effort known to date to explore China’s green
economy and green jobs potentials. In the future,
the availability of more comprehensive and more
reliable data will allow for an expansion and
deepening of this effort, enabling Chinese policymakers and other stakeholders to better understand the options that are available to them in
pursuing an effective green transition.
Until then, the following recommendations
can be used to help these and other actors facilitate the transition to a green economy in China:
1.	Enhance research and development (R&D)
in key green technology areas. Chinese “clean
technology” industries maintain a significant
competitive advantage in global manufacturing
because of preferential government policies and
low labor costs. But many Chinese industries
lack the core or most-advanced technologies
in their fields, meaning that they must either
pay high licensing fees or import the necessary
components at high cost. As the scale of Chinese
clean tech expands, these industries will eventually need to develop their own R&D capacity to
better position themselves in the global market.
Enhancing R&D capacity will also bring related
jobs. The Chinese government should continue
to increase its R&D investment as well as create more reliable channels to help R&D projects
grow into mature businesses.
2.	Emphasize the importance of sustainable
policy implementation and build institutional mechanisms to ensure it. Government decision makers need to understand
that setting green development goals alone is
not enough—that a successful shift to a green
economy ultimately depends on how effective
and efficient this transition process is. Policymakers should be more comprehensive in the
design and planning of policy implementation,
incorporating non-economic impacts such as
environmental costs and the effects on human
health. Green development policies should also
lay out relevant support mechanisms to ensure
that the policies are implemented in the most
26
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sustainable manner possible. Mechanisms to
ensure smooth and sustainable implementation need to be built into the policymaking
process and determined before policies are
finalized and released. Green development
policies should also be subject to regulatory
review to determine whether they meet sustainability standards, and greater transparency
is needed in the policymaking process.
3.	Improve the role of market-based incentives
and expedite maturity of China’s market system more generally. China has experimented
with market-oriented reform since the late
1980s, but because the country’s market system is not fully fledged, many market behaviors and actions remain subject to administrative decisions. Preferential policies provided
the initial push for much of China’s green
economy, but as the scale and scope of green
sectors expand, the quality of the transition
will depend on a mature market system. The
Chinese government needs to send a strong
market signal to promote green development
and ensure that the market mechanism carrying that signal is functioning well. In addition, governments at all levels need to nourish
a fully functional labor market that is flexible enough to adjust to the rapid growth of
emerging green sectors. A transitional labor
market is needed to accommodate unemployed workers from traditional industries that
are expected to be replaced with workers in
newer, green industries.
4.	Enact a comprehensive capacity-building plan
to better prepare for a full-speed green transition. Data availability remains a major barrier
to in-depth analysis of China’s green economy.
However, statistical challenges exist even in
areas where strict evaluation systems have been
established. For instance, although China has
enacted a plan to assess the performance of provincial and local government officials in energy
savings and emissions reduction, a recent report
found that reliable data are not only unavailable
but also difficult to improve upon because of
the lack of expertise and training among local
statistical staff.3 China has committed internationally to reducing the carbon intensity of its
economy 40–45 percent (from the 2005 level)
w w w. w o r l dwatch.org

by 2020 and is holding provincial and local
leaders accountable to achieve this goal. Consequently, the government needs to invest greater
effort in improving the quality of its data collection and processing. More broadly, capacity building is needed in all green development
areas, and the government should be coordinating this in an efficient manner.
5.	Initiate a national public education campaign to promote the concept and practice
of green living. The government has been the
major promoter of nearly every significant
social and economic reform in China in recent
decades. The ease and quality of the green
economy transition, however, will depend to
a great extent on the support and behavior
of the wider public. The government needs
to design and implement a proper education campaign to increase public awareness of
consumer behaviors that help bring about a
green economy. Greater societal demand for
green living would create a strong incentive
for industries and businesses to be creative in
fostering this shift. In addition to being large
scale, the public education campaign needs
to be of the highest quality possible. China is
rife with examples of “greenwashing”—activities that create a public relations impression
of environmental improvement—at all levels.
These not only fail to meet reasonable standards of environmental sustainability but also
distort the public’s view of what a truly green
economy is.4
6.	Elevate green development to a national strategy and develop a systematic plan for implementation. In practice, the Chinese government considers many of the country’s policies
and actions to be greening efforts. But scaling
up these efforts and creating effective synergies among them will require elevating green
development to the level of national strategy.
The government needs to issue specific policy
measures that outline detailed workplans and
support mechanisms for green development
(including financing mechanisms) and to designate dedicated institutions to carry out the
strategy. A sound, science-based green development strategy is needed to consolidate China’s
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Children are the future of China’s green power.

resources and talents and to help the country
achieve a green economy in a sustainable manner. The process of forming such a strategy
would allow for the evaluation of existing green
development efforts, providing better guidance
for expediting and improving the quality of
China’s green transition.
Already, China is taking the lead in green
investment and has become a global leader in
renewable energy development. As the government continues its efforts to improve energy efficiency and reduce greenhouse gas emissions, and
as the Chinese public becomes more aware of the
climate and environmental impacts associated
with the country’s “old” development path, the
shift to a green economy is likely to gain momentum. Over the coming decades, the world will
most likely witness China making ever greater
strides toward evolving a green economy.
China’s experience with green development
will have a significant influence on efforts to
establish green economies around the world. As
the largest developing country and the world’s
second largest economy, China’s achievement in
a comprehensive, economy-wide national green
transition would encourage countless other
countries—developed and developing—to follow
the challenging yet rewarding path toward true
environmental sustainability.
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and special equipment manufacturing industry. The wind
technology R&D and maintenance service industry is
associated with the scientific research industry and comprehensive technical services category.
39. Interview with Chinese wind industry expert Dr.
Zhang Anhua, December 2010.
40. Table 3 based on the following sources: data on added
wind capacity in 2006–09 from Li Junfeng et al., China
Wind Power Outlook 2010 (Hainan Province: Hainan
Press, October 2010); data for 2010 derived from Greenpeace, “China Becomes World’s Number 1 in Wind Installation,” 12 January 2011, at www.greenpeace.org/eastasia/
press/release/china-world-leader-wind-energy.
41. The 2020 goal of 120 GW is based on the high-development scenario in CREIA, 2008 China Wind Power Outlook. The 12th Five-Year Plan, released in March 2011, set
a wind development goal for 2015 close to 120 GW, but
there is no official wind development goal for 2020. This
report therefore uses the CREIA 2020 goal; however, this
is subject to change as the 2020 goal is officially clarified in the future, meaning that future employment could
increase significantly as well.
42. This estimation assumes that the 2020 goal for total
installed wind capacity is 120 GW and that advancements
in productivity will reduce the employment needs per
unit of installed capacity by 38 percent between 2011 and
2020.
43. China’s total installed wind capacity could reach as
much as 253 GW by 2020, per CREIA, China Wind Power
Outlook 2010 (in Chinese), at http://download.chinagate
.cn/ch/pdf/101014.pdf.
44. Multipliers obtained from the 2007 China InputOutput Table.
45. “Wind Power Equipment Price Changes When More
Companies Are in the Market” (in Chinese), 31 October
2007, at www.86wind.com/info/detail/32-3554.html.
46. “Global Wind Turbine Needs Will Grow at 20%
Compound Growth Rate” (in Chinese), www.51sole.com/
Content.aspx?newsid=67578; “Jinfeng Technology Co.
Bid With Low Price, Wind Turbine Cost Only 3000 yuan”
(in Chinese), http://stock.stockstar.com/SN20101027300
00181.shtml.
47. To estimate employment in Chinese wind turbine
manufacturing, this study uses input-output analysis to
calculate the scale of annual investment in the sector. The
market price of a wind turbine unit is used to estimate
the total production cost, which is then used as a proxy
for total investment needed. This analysis uses the 2007
China Input-Output Table’s direct and indirect employment multipliers for the wind turbine manufacturing
sector (0.0097 and 0.0256 per 10,000 yuan of investment,
respectively).Table 4 is based on the following sources:
data on installed capacity of China’s wind farms from
Shi Pengfei, various years; 16 GW for 2010 from “China
Installed Wind Capacity Is Top 1 in the World, More Than
U.S,” Caijing, 13 January 2011; 80 percent domestic share
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for 2009 from projections in NDRC, Development Plan for
Emerging New Energy Industry, draft.
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Market,” China Daily, 26 April 2010; Chinese Ministry of
Environmental Protection, China Vehicle Emission Control
Annual Report 2010 (Beijing: November 2010), at www
.vecc-mep.org.cn/index/20101110nianbao.pdf.
2. Data from International Energy Agency, 2008 Energy
Balance for China and from U.S. Energy Information
Agency, both available at http://grchina.com/gb/gbj/spot/
spo06271.htm.
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this report assumes that production and sales of fossilfueled vehicles will maintain the same growth rate from
2011 to 2020. The number of new civilian vehicles in 2020
is estimated at 40 million, close to the forecast in the Automobile Industry White Paper. As a compromise, this report
uses a figure for total automobile production from 2011
to 2020 of 222 million. However, this method results in a
new vehicle estimate for 2010 of only 8.9 million, which
is much lower than the actual production and sales figure
of 18 million. Because automobile trade is generally balanced, exports are not considered in this report.
4. Anita Chang, “China’s Massive Traffic Jam Could Last
for Weeks,” ABCNews.go.com, 24 August 2010.
5. Feng Xiang, “Investigation on the Massive Traffic Jam
on the Tibet-Beijing Highway” (in Chinese), Yunan Information Newspaper, 16 September 2010.
6. Intercity railway investment data based on historical statistic reports released by the Statistical Center of
the Ministry of Railway; urban rail investment data from
“Urban Rail Investment in China’s 25 Cities Amounts to
800 Billion Yuan,” Xinhua News, www.chinaditie.com/
news_show.asp?n_id=575.
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from China Statistical Yearbook. The added value in the
rail sector is in line with the yearly investment in fixed
assets reported in the Statistics Center of the Ministry
of Railways’ Statistical Express and Statistical Bulletins.
No specific data were found for the rail transport sector.
China reportedly invested some 200 billion yuan in urban
rail transit construction during the 10th Five-Year Period,
or 40 billion yuan per year, per “Total Planned Investment
for Urban Rails in 25 Chinese Cities Reaches 800 Billion”
(in Chinese), Xinhua News,18 July 2009, at www.chinadi
tie.com/news_show.asp?n_id=575.
8. China Statistics Press, China Statistical Yearbook 2010
(Beijing: October 2010).
9. Based on data from the National Bureau of Statistics,
at www.stats.gov.cn/tjsj/ndsj/2010/indexch.htm.
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will be estimated by dynamic investment. Thus, from
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down these investments to correspond with the relevant
categories of employment coefficients in the 2007 China
Input-Output Table.
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Endnotes
32. Due to data limitations, projections are used to estimate sectoral revenue and employment figures for 2009
and 2010. For 2009, the estimated revenue was 22.5–23.4
billion yuan and the jobs estimate was 155,000 direct jobs.
Because of the unavailability of crucial data required by
Input-Output Modeling estimates, such as annual investment in forest park tourism, this report uses scenario
analysis to project revenue and then uses employment
elasticity over revenue to estimate the direct employment
effect. Based on the historical data provided in Figure 8,
we could derive an average of 0.40 elasticity of employment over revenue. From 1998 to 2008, China’s forest
park tourism revenue experienced average annual growth
of 37.6 percent. To calculate direct employment creation from forest park tourism, this study relies on three
scenarios for revenue growth and employment for 2008
onward: a high-growth scenario of 25 percent average
growth in annual revenue from 2009–15 and 20 percent
from 2016–20; a moderate-growth scenario of 20 percent
average growth for the entire period 2009–20; and a lowgrowth scenario of 20 percent average from 2009–15 and
10 percent average growth from 2016 onward.
33. Because there is no specific forest park tourism category in the 2007 China Input-Output Table, this study
uses data for the overall tourism sector. Chinese statistics
categorize tourism income data into six sectors: transportation and storage, postal industry, wholesale and retail,
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accommodation and catering, residential services and
other services, and the culture, sports, and entertainment
industry. Calculations for China’s 2007 tourism income
was analyzed under related service sectors, with results
indicating that 1.95 million direct jobs were created and
another 3.03 million jobs could be created through the
service industry chain, i.e. every direct job created in
tourism would create 1.55 jobs in other relevant sectors.
Applying these calculations enables calculations of direct
and indirect jobs in forest park tourism in 2009 and 2010.

Accelerating China’s Green Transition
1. For details on China’s wind development, see ,
“Beyond the Numbers: A Closer Look at China’s Wind
Power Success,” ReVolt (Worldwatch Institute blog), 28
February 2011.
2. “Solar PV Industry Leaves Pollution in China?”
Southern Weekend, 23 July 2010, available at http://energy
.people.com.cn/GB/12231525.html.
3. “Energy Saving Assessment and Evaluation Face
Statistical Difficulties” (in Chinese), available at www
.ccchina.gov.cn/cn/NewsInfo.asp?NewsId=27890.
4. See Haibing Ma and Lini Fu, “Green Design Faces
Gray Reality for China’s ‘Eco-Cities,’” ReVolt (Worldwatch
Institute blog), 27 January 2011.
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Green Economy and
Green Jobs in China:
Current Status and Potentials for 2020
This report represents the most thorough effort known to date to explore
China’s green economy and green jobs potentials. Since 2000, and especially
during the 11th Five-Year period of 2006–10, China has prioritized green
development in almost all of its leading economic sectors. One of the greatest
promises of China’s green transition is the potential for expanded employment
in industries and economic sectors that can help slow and possibly reduce the
country’s environmental impact.
This report explores greening activities in three leading sectors of China’s
economy: energy, transportation, and forestry. It aims to shed light on the
current scale of investment and employment in these sectors as well as to
offer estimates of potentials for 2020. China’s success in an economy-wide
green transition would encourage countless other countries—developed
and developing—to follow the challenging yet rewarding path toward
environmental sustainability.
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